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Jaypirca delivered a robust response1

IN PATIENTS WITH R/R MCL PREVIOUSLY TREATED WITH A BTK INHIBITOR (n=120)1

Indication 
Jaypirca is a kinase inhibitor indicated for the treatment of adult patients with relapsed or refractory (R/R) mantle cell lymphoma (MCL) after at least two lines of systemic 
therapy, including a BTK inhibitor.

This indication is approved under accelerated approval based on response rate. Continued approval for this indication may be contingent upon verification and description of 

clinical benefit in a confirmatory trial.

Important Safety Information
Infections: Fatal and serious infections (including bacterial, viral, or fungal) and opportunistic infections have occurred in patients treated with Jaypirca. In the clinical trial, Grade 
≥3 infections occurred in 17% of 583 patients with hematologic malignancies, most commonly pneumonia (9%); fatal infections occurred in 4.1% of patients. Sepsis (4.5%) and 
febrile neutropenia (2.9%) occurred. Opportunistic infections after Jaypirca treatment included, but are not limited to, Pneumocystis jirovecii pneumonia and fungal infection. 
Consider prophylaxis, including vaccinations and antimicrobial prophylaxis, in patients at increased risk for infection, including opportunistic infections. Monitor patients for signs 
and symptoms, evaluate promptly, and treat appropriately. Based on severity, reduce dose, temporarily withhold, or permanently discontinue Jaypirca.

Hemorrhage: Fatal and serious hemorrhage has occurred with Jaypirca. Major hemorrhage (Grade ≥3 bleeding or any central nervous system bleeding) occurred in 2.4% of 583 patients 
with hematologic malignancies treated with Jaypirca, including gastrointestinal hemorrhage; fatal hemorrhage occurred in 0.2% of patients. Bleeding of any grade, excluding bruising 
and petechiae, occurred in 14% of patients. Major hemorrhage occurred in patients taking Jaypirca with (0.7%) and without (1.7%) antithrombotic agents. Consider risks/benefits of 
co-administering antithrombotic agents with Jaypirca. Monitor patients for signs of bleeding. Based on severity, reduce dose, temporarily withhold, or permanently discontinue Jaypirca. 
Consider benefit/risk of withholding Jaypirca 3-7 days pre- and post-surgery depending on type of surgery and bleeding risk. 

Cytopenias: Grade 3 or 4 cytopenias, including neutropenia (24%), anemia (11%), and thrombocytopenia (11%) have developed in patients with hematologic malignancies treated with 
Jaypirca. In a clinical trial, Grade 4 neutropenia (13%) and Grade 4 thrombocytopenia (5%) developed. Monitor complete blood counts regularly during treatment. Based on severity, reduce 
dose, temporarily withhold, or permanently discontinue Jaypirca.

Atrial Fibrillation and Atrial Flutter: Atrial fibrillation or atrial flutter were reported in 2.7% of patients, with Grade 3 or 4 atrial fibrillation or flutter reported in 1% of 583 patients with 
hematologic malignancies treated with Jaypirca. Patients with cardiac risk factors such as hypertension or previous arrhythmias may be at increased risk. Monitor for signs and symptoms of 
arrhythmias (e.g., palpitations, dizziness, syncope, dyspnea) and manage appropriately. Based on severity, reduce dose, temporarily withhold, or permanently discontinue Jaypirca.

Second Primary Malignancies: Second primary malignancies, including non-skin carcinomas, developed in 6% of 583 patients with hematologic malignancies treated with Jaypirca 
monotherapy. The most frequent malignancy was non-melanoma skin cancer (3.8%). Other second primary malignancies included solid tumors (including genitourinary and breast 
cancers) and melanoma. Advise patients to use sun protection and monitor for development of second primary malignancies.

Embryo-Fetal Toxicity: Based on animal findings, Jaypirca can cause fetal harm in pregnant women. Administration of pirtobrutinib to pregnant rats during organogenesis caused embryo-
fetal toxicity, including embryo-fetal mortality and malformations at maternal exposures (AUC) approximately 3-times the recommended 200 mg/day dose. Advise pregnant women of 
potential risk to a fetus and females of reproductive potential to use effective contraception during treatment and for one week after last dose.

Adverse Reactions (ARs) in Patients with Mantle Cell Lymphoma Who Received Jaypirca 
Serious ARs occurred in 38% of patients. Serious ARs occurring in ≥2% of patients were pneumonia (14%), COVID-19 (4.7%), musculoskeletal pain (3.9%), hemorrhage (2.3%), 
pleural effusion (2.3%), and sepsis (2.3%). Fatal ARs within 28 days of last dose of Jaypirca occurred in 7% of patients, most commonly due to infections (4.7%), including 
COVID-19 (3.1%).

Dose Modifications and  Discontinuations: ARs led to dosage reductions in 4.7%, treatment interruption in 32%, and permanent discontinuation of Jaypirca in 9% of patients. 
ARs resulting in dosage modification in >5% of patients included pneumonia and neutropenia. ARs resulting in permanent discontinuation of Jaypirca in >1% of patients included 
pneumonia.

ARs (all Grades %; Grade 3-4 %) in ≥10% of Patients: fatigue (29; 1.6), musculoskeletal pain (27; 3.9), diarrhea (19; -), edema (18; 0.8), dyspnea (17; 2.3), pneumonia (16; 14), 
bruising (16; -), peripheral neuropathy (14; 0.8), cough (14; -), rash (14; -), fever (13; -), constipation (13; -), arthritis/arthralgia (12; 0.8), hemorrhage (11; 3.1), abdominal pain (11; 
0.8), nausea (11; -), upper respiratory tract infections (10; 0.8), dizziness (10; -).

DoR Rate at 6 MonthsOverall Response Rate*†‡ BRUIN Study Design

Important Safety Information (cont'd) 
Select Laboratory Abnormalities (all grades %; Grade 3 or 4 %) that Worsened from Baseline in ≥10% of Patients: hemoglobin decreased (42; 9), platelet count decreased (39; 14), 
neutrophil count decreased (36; 16), lymphocyte count decreased (32; 15), creatinine increased (30; 1.6), calcium decreased (19; 1.6), AST increased (17; 1.6), potassium decreased (13; 
1.6), sodium decreased (13; -), lipase increased (12; 4.4), alkaline phosphatase increased (11; -), ALT increased (11; 1.6), potassium increased (11; 0.8). Grade 4 laboratory abnormalities in 
>5% of patients included neutrophils decreased (10), platelets decreased (7), lymphocytes decreased (6).  

All grade ARs with higher frequencies in the total BRUIN population of patients with hematologic malignancies (n=583) were decreased neutrophil count (41%), bruising (20%), diarrhea 
(20%).

Drug Interactions 
Strong CYP3A Inhibitors: Concomitant use with Jaypirca increased pirtobrutinib systemic exposure, which may increase risk of Jaypirca adverse reactions. Avoid use of strong CYP3A 
inhibitors during Jaypirca treatment. If concomitant use is unavoidable, reduce Jaypirca dosage according to the approved labeling.

Strong or Moderate CYP3A Inducers: Concomitant use with Jaypirca decreased pirtobrutinib systemic exposure, which may reduce Jaypirca efficacy. Avoid concomitant use of Jaypirca 
with strong or moderate CYP3A inducers. If concomitant use with moderate CYP3A inducers is unavoidable, increase Jaypirca dosage according to the approved labeling.

Sensitive CYP2C8, CYP2C19, CYP3A, P-gp, or BCRP Substrates: Concomitant use with Jaypirca increased their plasma concentrations, which may increase risk of adverse reactions 
related to these substrates for drugs that are sensitive to minimal concentration changes. Follow recommendations for these sensitive substrates in their approved labeling.

Use in Special Populations  
Pregnancy and Lactation: Inform pregnant women of potential for Jaypirca to cause fetal harm. Verify pregnancy 
status in females of reproductive potential prior to starting Jaypirca and advise use of effective contraception during 
treatment and for one week after last dose. Presence of pirtobrutinib in human milk and effects on the breastfed 
child or on milk production is unknown. Advise women not to breastfeed while taking Jaypirca and for one week 
after last dose.

Geriatric Use: In the pooled safety population of patients with hematologic malignancies, 392 (67%) were ≥65 
years of age. Patients aged ≥65 years experienced higher rates of Grade ≥3 ARs and serious ARs compared to 
patients <65 years of age. 

Renal Impairment: Severe renal impairment (eGFR 15-29 mL/min) increases pirtobrutinib exposure. Reduce 
Jaypirca dosage in patients with severe renal impairment according to the approved labeling. No dosage adjustment is 
recommended in patients with mild or moderate renal impairment.

PT HCP ISI MCL APP

Please see Important Safety Information on previous page and Brief Summary of 
Prescribing Information for Jaypirca on subsequent pages. 

References: 1. Jaypirca (pirtobrutinib). Prescribing Information. Lilly USA, LLC. 2. Mato AR, Shah NN, Jurczak W, et al. Pirtobrutinib in relapsed or 
refractory B-cell malignancies (BRUIN): a phase 1/2 study. Lancet. 2021;397(10277)(suppl app.):119-125. 3. Mato AR, Shah NN, Jurczak W, et al. 
Pirtobrutinib in relapsed or refractory B-cell malignancies (BRUIN): a phase 1/2 study. Lancet. 2021;397(10277):892-901. 

*PET-CT scans were utilized in response assessments (in 41% of patients), with the remainder being assessed by CT scans only.1

†ORR using CT scan-based assessments in all patients was 48% (95% CI: 38, 57) and CR rate was 13%.1

‡ORR, the primary endpoint, includes patients with a best response of CR or PR and was assessed by IRC using 2014 Lugano criteria.1

§Based on Kaplan-Meier estimation. 
||DoR was calculated for patients who achieved a response of PR or better and was defined as the time from first evidence of response to progression or death from any cause.2

¶Trial excluded patients with significant cardiovascular disease, major bleeding, or grade ≥3 arrhythmia with prior BTKi, prolonged QTc interval, or need for strong CYP3A inhibitor or inducer or 
strong P-gp inhibitor.1 

#Patients with active CNS lymphoma or allogeneic HSCT or CAR T-cell therapy within 60 days were excluded.1

**Ibrutinib (67%), acalabrutinib (30%), and zanubrutinib (8%) in efficacy population.1

††The phase 1 primary outcome was to determine maximum tolerated dose and recommended phase 2 dose. All patients received at least one dose of Jaypirca.3

THE FIRST-AND-ONLY 
APPROVED REVERSIBLE* BTKi1

NOW APPROVED

BTKi=Bruton's tyrosine kinase inhibitor; CAR=chimeric antigen receptor; CI=confidence interval; CNS=central nervous system; CR=complete response; DoR=duration of response; 
HSCT=hematopoietic stem cell transplantation; IRC=independent review committee; LDi=longest transverse diameter; PR=partial response; ULN=upper limit of normal.
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The phase 1/2, open-label, single-arm BRUIN 
trial evaluated Jaypirca in 583 adult patients with 
hematologic malignancies, including patients with 
MCL who received Jaypirca 200 mg orally once daily 
until disease progression or unacceptable toxicity. The 
trial required patients with a platelet count ≥50 x 109/L, 
absolute neutrophil count ≥0.75 x 109/L, hepatic 
transaminases ≤2.5 times ULN. The safety (n=128)¶ and 
efficacy (n=120)# of Jaypirca were evaluated in patients 
with R/R MCL previously treated with a BTK inhibitor.** 
Patients received a median of 3 prior lines of therapy 
(range: 1-9) with 93% having ≥2 prior lines. The phase 
2 primary endpoint was overall response rate (ORR).†† 
Efficacy of Jaypirca was based on response as assessed 
by an IRC using 2014 Lugano Criteria.1,3

• 36 of 60 responders had not progressed or 
died prior to data cutoff (censored)1,2

• Median DoR was 8.3 months§ (95% CI: 5.7, NE) 
with a median follow-up of 7.3 months1||

*Noncovalent

Please see Important Safety Information and Brief Summary of Prescribing Information for Jaypirca on subsequent pages.
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Jaypirca delivered a robust response1

IN PATIENTS WITH R/R MCL PREVIOUSLY TREATED WITH A BTK INHIBITOR (n=120)1

Indication 
Jaypirca is a kinase inhibitor indicated for the treatment of adult patients with relapsed or refractory (R/R) mantle cell lymphoma (MCL) after at least two lines of systemic 
therapy, including a BTK inhibitor.

This indication is approved under accelerated approval based on response rate. Continued approval for this indication may be contingent upon verification and description of 

clinical benefit in a confirmatory trial.

Important Safety Information
Infections: Fatal and serious infections (including bacterial, viral, or fungal) and opportunistic infections have occurred in patients treated with Jaypirca. In the clinical trial, Grade 
≥3 infections occurred in 17% of 583 patients with hematologic malignancies, most commonly pneumonia (9%); fatal infections occurred in 4.1% of patients. Sepsis (4.5%) and 
febrile neutropenia (2.9%) occurred. Opportunistic infections after Jaypirca treatment included, but are not limited to, Pneumocystis jirovecii pneumonia and fungal infection. 
Consider prophylaxis, including vaccinations and antimicrobial prophylaxis, in patients at increased risk for infection, including opportunistic infections. Monitor patients for signs 
and symptoms, evaluate promptly, and treat appropriately. Based on severity, reduce dose, temporarily withhold, or permanently discontinue Jaypirca.

Hemorrhage: Fatal and serious hemorrhage has occurred with Jaypirca. Major hemorrhage (Grade ≥3 bleeding or any central nervous system bleeding) occurred in 2.4% of 583 patients 
with hematologic malignancies treated with Jaypirca, including gastrointestinal hemorrhage; fatal hemorrhage occurred in 0.2% of patients. Bleeding of any grade, excluding bruising 
and petechiae, occurred in 14% of patients. Major hemorrhage occurred in patients taking Jaypirca with (0.7%) and without (1.7%) antithrombotic agents. Consider risks/benefits of 
co-administering antithrombotic agents with Jaypirca. Monitor patients for signs of bleeding. Based on severity, reduce dose, temporarily withhold, or permanently discontinue Jaypirca. 
Consider benefit/risk of withholding Jaypirca 3-7 days pre- and post-surgery depending on type of surgery and bleeding risk. 

Cytopenias: Grade 3 or 4 cytopenias, including neutropenia (24%), anemia (11%), and thrombocytopenia (11%) have developed in patients with hematologic malignancies treated with 
Jaypirca. In a clinical trial, Grade 4 neutropenia (13%) and Grade 4 thrombocytopenia (5%) developed. Monitor complete blood counts regularly during treatment. Based on severity, reduce 
dose, temporarily withhold, or permanently discontinue Jaypirca.

Atrial Fibrillation and Atrial Flutter: Atrial fibrillation or atrial flutter were reported in 2.7% of patients, with Grade 3 or 4 atrial fibrillation or flutter reported in 1% of 583 patients with 
hematologic malignancies treated with Jaypirca. Patients with cardiac risk factors such as hypertension or previous arrhythmias may be at increased risk. Monitor for signs and symptoms of 
arrhythmias (e.g., palpitations, dizziness, syncope, dyspnea) and manage appropriately. Based on severity, reduce dose, temporarily withhold, or permanently discontinue Jaypirca.

Second Primary Malignancies: Second primary malignancies, including non-skin carcinomas, developed in 6% of 583 patients with hematologic malignancies treated with Jaypirca 
monotherapy. The most frequent malignancy was non-melanoma skin cancer (3.8%). Other second primary malignancies included solid tumors (including genitourinary and breast 
cancers) and melanoma. Advise patients to use sun protection and monitor for development of second primary malignancies.

Embryo-Fetal Toxicity: Based on animal findings, Jaypirca can cause fetal harm in pregnant women. Administration of pirtobrutinib to pregnant rats during organogenesis caused embryo-
fetal toxicity, including embryo-fetal mortality and malformations at maternal exposures (AUC) approximately 3-times the recommended 200 mg/day dose. Advise pregnant women of 
potential risk to a fetus and females of reproductive potential to use effective contraception during treatment and for one week after last dose.

Adverse Reactions (ARs) in Patients with Mantle Cell Lymphoma Who Received Jaypirca 
Serious ARs occurred in 38% of patients. Serious ARs occurring in ≥2% of patients were pneumonia (14%), COVID-19 (4.7%), musculoskeletal pain (3.9%), hemorrhage (2.3%), 
pleural effusion (2.3%), and sepsis (2.3%). Fatal ARs within 28 days of last dose of Jaypirca occurred in 7% of patients, most commonly due to infections (4.7%), including 
COVID-19 (3.1%).

Dose Modifications and  Discontinuations: ARs led to dosage reductions in 4.7%, treatment interruption in 32%, and permanent discontinuation of Jaypirca in 9% of patients. 
ARs resulting in dosage modification in >5% of patients included pneumonia and neutropenia. ARs resulting in permanent discontinuation of Jaypirca in >1% of patients included 
pneumonia.

ARs (all Grades %; Grade 3-4 %) in ≥10% of Patients: fatigue (29; 1.6), musculoskeletal pain (27; 3.9), diarrhea (19; -), edema (18; 0.8), dyspnea (17; 2.3), pneumonia (16; 14), 
bruising (16; -), peripheral neuropathy (14; 0.8), cough (14; -), rash (14; -), fever (13; -), constipation (13; -), arthritis/arthralgia (12; 0.8), hemorrhage (11; 3.1), abdominal pain (11; 
0.8), nausea (11; -), upper respiratory tract infections (10; 0.8), dizziness (10; -).

DoR Rate at 6 MonthsOverall Response Rate*†‡ BRUIN Study Design

Important Safety Information (cont'd) 
Select Laboratory Abnormalities (all grades %; Grade 3 or 4 %) that Worsened from Baseline in ≥10% of Patients: hemoglobin decreased (42; 9), platelet count decreased (39; 14), 
neutrophil count decreased (36; 16), lymphocyte count decreased (32; 15), creatinine increased (30; 1.6), calcium decreased (19; 1.6), AST increased (17; 1.6), potassium decreased (13; 
1.6), sodium decreased (13; -), lipase increased (12; 4.4), alkaline phosphatase increased (11; -), ALT increased (11; 1.6), potassium increased (11; 0.8). Grade 4 laboratory abnormalities in 
>5% of patients included neutrophils decreased (10), platelets decreased (7), lymphocytes decreased (6).  

All grade ARs with higher frequencies in the total BRUIN population of patients with hematologic malignancies (n=583) were decreased neutrophil count (41%), bruising (20%), diarrhea 
(20%).

Drug Interactions 
Strong CYP3A Inhibitors: Concomitant use with Jaypirca increased pirtobrutinib systemic exposure, which may increase risk of Jaypirca adverse reactions. Avoid use of strong CYP3A 
inhibitors during Jaypirca treatment. If concomitant use is unavoidable, reduce Jaypirca dosage according to the approved labeling.

Strong or Moderate CYP3A Inducers: Concomitant use with Jaypirca decreased pirtobrutinib systemic exposure, which may reduce Jaypirca efficacy. Avoid concomitant use of Jaypirca 
with strong or moderate CYP3A inducers. If concomitant use with moderate CYP3A inducers is unavoidable, increase Jaypirca dosage according to the approved labeling.

Sensitive CYP2C8, CYP2C19, CYP3A, P-gp, or BCRP Substrates: Concomitant use with Jaypirca increased their plasma concentrations, which may increase risk of adverse reactions 
related to these substrates for drugs that are sensitive to minimal concentration changes. Follow recommendations for these sensitive substrates in their approved labeling.

Use in Special Populations  
Pregnancy and Lactation: Inform pregnant women of potential for Jaypirca to cause fetal harm. Verify pregnancy 
status in females of reproductive potential prior to starting Jaypirca and advise use of effective contraception during 
treatment and for one week after last dose. Presence of pirtobrutinib in human milk and effects on the breastfed 
child or on milk production is unknown. Advise women not to breastfeed while taking Jaypirca and for one week 
after last dose.

Geriatric Use: In the pooled safety population of patients with hematologic malignancies, 392 (67%) were ≥65 
years of age. Patients aged ≥65 years experienced higher rates of Grade ≥3 ARs and serious ARs compared to 
patients <65 years of age. 

Renal Impairment: Severe renal impairment (eGFR 15-29 mL/min) increases pirtobrutinib exposure. Reduce 
Jaypirca dosage in patients with severe renal impairment according to the approved labeling. No dosage adjustment is 
recommended in patients with mild or moderate renal impairment.

PT HCP ISI MCL APP

Please see Important Safety Information on previous page and Brief Summary of 
Prescribing Information for Jaypirca on subsequent pages. 

References: 1. Jaypirca (pirtobrutinib). Prescribing Information. Lilly USA, LLC. 2. Mato AR, Shah NN, Jurczak W, et al. Pirtobrutinib in relapsed or 
refractory B-cell malignancies (BRUIN): a phase 1/2 study. Lancet. 2021;397(10277)(suppl app.):119-125. 3. Mato AR, Shah NN, Jurczak W, et al. 
Pirtobrutinib in relapsed or refractory B-cell malignancies (BRUIN): a phase 1/2 study. Lancet. 2021;397(10277):892-901. 

*PET-CT scans were utilized in response assessments (in 41% of patients), with the remainder being assessed by CT scans only.1

†ORR using CT scan-based assessments in all patients was 48% (95% CI: 38, 57) and CR rate was 13%.1

‡ORR, the primary endpoint, includes patients with a best response of CR or PR and was assessed by IRC using 2014 Lugano criteria.1

§Based on Kaplan-Meier estimation. 
||DoR was calculated for patients who achieved a response of PR or better and was defined as the time from first evidence of response to progression or death from any cause.2

¶Trial excluded patients with significant cardiovascular disease, major bleeding, or grade ≥3 arrhythmia with prior BTKi, prolonged QTc interval, or need for strong CYP3A inhibitor or inducer or 
strong P-gp inhibitor.1 

#Patients with active CNS lymphoma or allogeneic HSCT or CAR T-cell therapy within 60 days were excluded.1

**Ibrutinib (67%), acalabrutinib (30%), and zanubrutinib (8%) in efficacy population.1

††The phase 1 primary outcome was to determine maximum tolerated dose and recommended phase 2 dose. All patients received at least one dose of Jaypirca.3

THE FIRST-AND-ONLY 
APPROVED REVERSIBLE* BTKi1

NOW APPROVED

BTKi=Bruton's tyrosine kinase inhibitor; CAR=chimeric antigen receptor; CI=confidence interval; CNS=central nervous system; CR=complete response; DoR=duration of response; 
HSCT=hematopoietic stem cell transplantation; IRC=independent review committee; LDi=longest transverse diameter; PR=partial response; ULN=upper limit of normal.
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The phase 1/2, open-label, single-arm BRUIN 
trial evaluated Jaypirca in 583 adult patients with 
hematologic malignancies, including patients with 
MCL who received Jaypirca 200 mg orally once daily 
until disease progression or unacceptable toxicity. The 
trial required patients with a platelet count ≥50 x 109/L, 
absolute neutrophil count ≥0.75 x 109/L, hepatic 
transaminases ≤2.5 times ULN. The safety (n=128)¶ and 
efficacy (n=120)# of Jaypirca were evaluated in patients 
with R/R MCL previously treated with a BTK inhibitor.** 
Patients received a median of 3 prior lines of therapy 
(range: 1-9) with 93% having ≥2 prior lines. The phase 
2 primary endpoint was overall response rate (ORR).†† 
Efficacy of Jaypirca was based on response as assessed 
by an IRC using 2014 Lugano Criteria.1,3

• 36 of 60 responders had not progressed or 
died prior to data cutoff (censored)1,2

• Median DoR was 8.3 months§ (95% CI: 5.7, NE) 
with a median follow-up of 7.3 months1||

*Noncovalent

Please see Important Safety Information and Brief Summary of Prescribing Information for Jaypirca on subsequent pages.
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JaypircaTM (pirtobrutinib) tablets, for oral use 
Initial U.S. Approval: 2023
Brief Summary: Consult the package insert for complete prescribing information.

INDICATIONS AND USAGE 
Jaypirca is a kinase inhibitor indicated for the treatment of adult patients with relapsed or refractory 
mantle cell lymphoma (MCL) after at least two lines of systemic therapy, including a BTK inhibitor. 

This indication is approved under accelerated approval based on response rate. Continued approval 
for this indication may be contingent upon verification and description of clinical benefit in a 
confirmatory trial.

CONTRAINDICATIONS: None

WARNINGS AND PRECAUTIONS
Infections: Fatal and serious infections (including bacterial, viral, or fungal infections) and 
opportunistic infections have occurred in patients treated with Jaypirca. In the clinical trial, Grade 3 
or higher infections occurred in 17% of 583 patients, most commonly pneumonia (9%), with fatal 
infections occurring in 4.1% of patients. Sepsis occurred in 4.5% of patients and febrile neutropenia 
in 2.9%. Opportunistic infections after treatment with Jaypirca have included, but are not limited to, 
Pneumocystis jirovecii pneumonia and fungal infection. 

Consider prophylaxis, including vaccinations and antimicrobial prophylaxis, in patients who are 
at increased risk for infections, including opportunistic infections. Monitor patients for signs and 
symptoms of infection, evaluate promptly, and treat appropriately. Based on severity, reduce dose, 
temporarily withhold, or permanently discontinue Jaypirca [see Dosage and Administration].
Hemorrhage: Fatal and serious hemorrhage has occurred with Jaypirca. Major hemorrhage (defined as 
Grade 3 or higher bleeding or any central nervous system bleeding) occurred in 2.4% of 583 patients 
treated with Jaypirca, including gastrointestinal hemorrhage; fatal hemorrhage occurred in 0.2% of 
patients. Bleeding of any grade, excluding bruising and petechiae, occurred in 14% of patients. 

Major hemorrhage occurred in 1.7% of patients taking Jaypirca without antithrombotic agents and 
0.7% of patients taking Jaypirca with antithrombotic agents. Consider the risks and benefits of 
antithrombotic agents when co-administered with Jaypirca. Monitor patients for signs of bleeding. 
Based on severity of bleeding, reduce dose, temporarily withhold, or permanently discontinue Jaypirca 
[see Dosage and Administration].
Consider the benefit-risk of withholding Jaypirca for 3 to 7 days pre- and post-surgery depending 
upon the type of surgery and risk of bleeding.

Cytopenias: Grade 3 or 4 cytopenias, including neutropenia (24%), anemia (11%), and 
thrombocytopenia (11%) have developed in patients treated with Jaypirca. In the clinical trial, Grade 4 
neutropenia developed in 13% of patients and Grade 4 thrombocytopenia developed in 5% of patients. 

Monitor complete blood counts regularly during treatment. Based on severity, reduce dose, temporarily 
withhold, or permanently discontinue Jaypirca [see Dosage and Administration].
Atrial Fibrillation and Atrial Flutter: Atrial fibrillation and atrial flutter were reported in recipients 
of Jaypirca. Atrial fibrillation or flutter were reported in 2.7% of patients, with Grade 3 or 4 atrial 
fibrillation or flutter reported in 1.0% of 583 patients in the clinical trial. Patients with cardiac risk 
factors, such as hypertension or previous arrhythmias may be at increased risk. 

Monitor for signs and symptoms of arrhythmias (e.g., palpitations, dizziness, syncope, dyspnea) 
and manage appropriately. Based on severity, reduce dose, temporarily withhold, or permanently 
discontinue Jaypirca [see Dosage and Administration].
Second Primary Malignancies: Second primary malignancies, including non-skin carcinomas, 
developed in 6% of 583 patients treated with Jaypirca monotherapy. The most frequent malignancy 
was non-melanoma skin cancer, reported in 3.8% of 583 patients. Other second primary malignancies 
included solid tumors (including genitourinary and breast cancers) and melanoma. Advise patients to 
use sun protection and monitor patients for the development of second primary malignancies.

Embryo-Fetal Toxicity: Based on findings in animals, Jaypirca can cause fetal harm when 
administered to a pregnant woman. In animal reproduction studies, administration of pirtobrutinib to 
pregnant rats during the period of organogenesis caused embryo-fetal toxicity including embryo-fetal 
mortality and malformations at maternal exposures (AUC) approximately 3-times the recommended 
dose of 200 mg once daily. Advise pregnant women of the potential risk to a fetus. Advise females of 
reproductive potential to use effective contraception during treatment with Jaypirca and for one week 
after the last dose [see use in Specific Populations].

ADVERSE REACTIONS
The following clinically significant adverse reactions are described in the Warnings and Precautions 
section of labeling:
Infections, Hemorrhage, Cytopenias, Atrial Fibrillation and Atrial Flutter, and Second Primary Malignancies

Clinical Trials Experience
Because clinical trials are conducted under widely varying conditions, adverse reaction rates observed 
in the clinical trials of a drug cannot be compared to rates in the clinical trials of another drug and may 
not reflect the rates observed in the general patient population.

The data in the WARNINGS AND PRECAUTIONS reflect exposure to Jaypirca as a single-agent, 
administered at 200 mg once daily in 583 patients with hematologic malignancies in the BRUIN study. 
Among these 583 patients, the median duration of exposure was 7.5 months, 56% were exposed for 
at least 6 months and 29% were exposed for at least one year.  

In this pooled safety population, the most common (≥ 20%) adverse reactions, including laboratory 
abnormalities, were decreased neutrophil count (41%), decreased hemoglobin (37%), decreased 
platelet count (27%), fatigue (27%), musculoskeletal pain (26%), decreased lymphocyte count (24%), 
bruising (20%), and diarrhea (20%).

Mantle Cell Lymphoma

BRUIN: The safety of Jaypirca was evaluated in the BRUIN trial in patients with MCL who received 
a prior BTK inhibitor. The trial required a platelet count ≥ 50 x 109/L, absolute neutrophil count  
≥ 0.75 x 109/L, hepatic transaminases ≤ 2.5 times upper limit of normal (ULN), and an ECOG 

performance status of 0 to 2. The trial excluded patients with active central nervous system (CNS) 
involvement by lymphoma, significant cardiovascular disease, major bleeding or grade ≥ 3 arrhythmia 
with a prior BTK inhibitor, prolonged QTc interval, or need for a strong CYP3A inhibitor or inducer or 
strong P-gp inhibitor.

Patients received Jaypirca 200 mg orally once daily until disease progression or unacceptable toxicity 
(n = 128); 36% were exposed for 6 months or longer and 10% were exposed for at least one year. 
The median number of prior therapies was 3 (range: 1-9). The median age was 71 years (range: 
46 to 88 years) and 80% of patients were male.

Serious adverse reactions occurred in 38% of patients who received Jaypirca. Serious adverse 
reactions that occurred in ≥ 2% of patients were pneumonia (14%), COVID-19 (4.7%), musculoskeletal 
pain (3.9%), hemorrhage (2.3%), pleural effusion (2.3%), and sepsis (2.3%). Fatal adverse reactions 
within 28 days of the last dose of Jaypirca occurred in 7% of patients, most commonly due to 
infections (4.7%) including COVID-19 (3.1% of all patients). 

Adverse reactions led to dosage reductions in 4.7%, treatment interruption in 32%, and permanent 
discontinuation of Jaypirca in 9%. Adverse reactions that resulted in dosage modification in > 5% of 
patients included pneumonia and neutropenia. Adverse reactions which resulted in permanent 
discontinuation of Jaypirca in > 1% of patients included pneumonia.

The most common adverse reactions (≥ 15%), excluding laboratory terms, were fatigue, 
musculoskeletal pain, diarrhea, edema, dyspnea, pneumonia, and bruising.

Table 2 summarizes select adverse reactions in BRUIN.

Table 2: Adverse Reactions (≥ 10%) in Patients with MCL Who Received Jaypirca

Jaypirca
200 mg once daily

N=128
Adverse Reactionsa All Grades (%) Grade 3-4 (%)
General Disorders
Fatigue 29 1.6

Edema 18 0.8

Fever 13 -

Musculoskeletal and Connective Tissue Disorders
Musculoskeletal pain 27 3.9

Arthritis or arthralgia 12 0.8

Gastrointestinal Disorders
Diarrhea 19 -

Constipation 13 -

Abdominal pain 11 0.8

Nausea 11 -

Respiratory, thoracic, and mediastinal disorders
Dyspnea 17 2.3

Cough 14 -

Injury
Bruising 16 -

Infections
Pneumonia 16b 14

Upper respiratory tract infections 10 0.8

Nervous system disorders
Peripheral neuropathy 14 0.8

Dizziness 10 -

Skin and subcutaneous disorders
Rash 14 -

Vascular disorders
Hemorrhage 11c 3.1
aEach term listed includes other related terms
bincludes 1 fatality from COVID-19 pneumonia
cincludes 1 fatality from hemorrhage

Clinically relevant adverse reactions in < 10% include vision changes, memory changes, headache, 
urinary tract infection, herpesvirus infection, and tumor lysis syndrome.

Table 3 summarizes laboratory abnormalities in BRUIN.

Table 3: Select Laboratory Abnormalities (≥ 10%) That Worsened from Baseline in Patients with 
MCL Who Received Jaypirca

Laboratory Abnormality Jaypircaa

200 mg once daily
All Grades (%) Grade 3 or 4 (%)

Hematology
Hemoglobin decreased 42 9

Platelet count decreased 39 14

Neutrophil count decreased 36 16

Lymphocyte count decreased 32 15
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Laboratory Abnormality Jaypircaa

200 mg once daily
All Grades (%) Grade 3 or 4 (%)

Chemistry
Creatinine increased 30 1.6

Calcium decreased 19 1.6

AST increased 17 1.6

Potassium decreased 13 1.6

Sodium decreased 13 -

Lipase increased 12 4.4

Alkaline phosphatase increased 11 -

ALT increased 11 1.6

Potassium increased 11 0.8
a  The denominator used to calculate the rate varied from 90 to 127 based on the number of patients 
with a baseline value and at least one post-treatment value.

Grade 4 laboratory abnormalities in > 5% of patients included neutrophils decreased (10%), platelets 
decreased (7%), and lymphocytes decreased (6%). 

Lymphocytosis: Upon initiation of Jaypirca, a temporary increase in lymphocyte counts (defined as 
absolute lymphocyte count increased ≥ 50% from baseline and a post-baseline value ≥ 5,000/µL) 
occurred in 34% of MCL patients in BRUIN. The median time to onset of lymphocytosis was 1.1 weeks, 
with 75% of cases occurring within 2.1 weeks, and the median duration was 11 weeks.

DRUG INTERACTIONS
Effect of Other Drugs on Jaypirca
Strong CYP3A Inhibitors: Pirtobrutinib is a CYP3A substrate. Concomitant use of Jaypirca with a strong 
CYP3A inhibitor increased pirtobrutinib systemic exposure, which may increase the risk of Jaypirca 
adverse reactions. Avoid concomitant use of strong CYP3A inhibitors during treatment with Jaypirca. If 
concomitant use of strong CYP3A inhibitors is unavoidable, reduce the Jaypirca dosage [see Dosage 
and Administration].
Strong or Moderate CYP3A Inducers: Concomitant use of Jaypirca with a strong or moderate CYP3A 
inducer decreased pirtobrutinib systemic exposure, which may reduce Jaypirca efficacy. Avoid 
concomitant use of Jaypirca with strong or moderate CYP3A inducers. If concomitant use of moderate 
CYP3A inducers is unavoidable, increase the Jaypirca dosage [see Dosage and Administration].
Effect of Jaypirca on Other Drugs
Sensitive CYP2C8, CYP2C19, CYP3A, P-gp, or BCRP Substrates: Jaypirca is a P-gp inhibitor, a 
moderate CYP2C8 and BCRP inhibitor, and a weak CYP2C19 and CYP3A inhibitor. Concomitant use of 
Jaypirca with sensitive P-gp, CYP2C8, BCRP, CYP2C19, or CYP3A substrates increased their plasma 
concentrations, which may increase the risk of adverse reactions related to these substrates for drugs 
which are sensitive to minimal concentration changes. Follow recommendations for sensitive CYP2C8, 
CYP2C19, CYP3A, P-gp, or BCRP substrates provided in their approved product labeling.

USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary
Based on findings from animal studies, Jaypirca can cause fetal harm when administered to a 
pregnant woman. There are no available data on Jaypirca use in pregnant women to evaluate for a 
drug-associated risk. In an animal reproduction study, administration of pirtobrutinib to pregnant rats 
during organogenesis resulted in adverse developmental outcomes, including structural abnormalities, 
altered fetal growth, and embryo-fetal mortality, at maternal exposures approximately 3-times those 
in patients at the recommended daily dose of 200 mg (see Data). Advise pregnant women of the 
potential risk to a fetus. 

The background risk in the U.S. general population of major birth defects is 2% to 4% and of 
miscarriage is 15% to 20% of clinically recognized pregnancies. 

Data
Animal Data: In an embryo-fetal development study in rats, pregnant animals were administered 
oral doses of pirtobrutinib at up to 500 mg/kg twice daily during the period of organogenesis. 
Doses ≥ 375 mg/kg twice daily caused decreased fetal body weights and increased incidence of 
malformations and variations in the urinary tract (including absent or abnormal ureters and kidneys), 
reproductive tract (malpositioned ovaries and misshapen uterus), and bone (misshapen sternebrae). At 
500 mg/kg twice daily, total resorption was observed. At 375 mg/kg twice daily in rats, the maternal 
systemic exposures (AUC) were approximately 3 times the human exposure at 200 mg once daily.

Lactation
Risk Summary
There are no data on the presence of pirtobrutinib in human milk or the effects on the breastfed child 
or milk production. Because of the potential for serious adverse reactions in the breastfed child, advise 
women not to breastfeed during treatment with Jaypirca and for one week after the last dose.

Females and Males of Reproductive Potential: Based on findings from animal studies, Jaypirca can 
cause fetal harm when administered to a pregnant woman [see Use in Specific Populations].
Pregnancy Testing
Verify pregnancy status in females of reproductive potential prior to initiating Jaypirca. 

Contraception
Females: Advise females of reproductive potential to use effective contraception during treatment with 
Jaypirca and for one week after the last dose.

Pediatric Use: Safety and effectiveness of Jaypirca have not been established in pediatric patients.

Geriatric Use: Of the patients with MCL who received the 200 mg dose of Jaypirca in BRUIN, 
93 (78%) were 65 years of age and older and 39 (33%) were 75 years and older. Clinical studies of 
Jaypirca did not include sufficient numbers of patients with MCL who were less than 65 years of age 
to determine whether older patients respond differently from younger adult patients.

In the pooled safety population in patients with hematologic malignancies, 392 (67%) were 65 years 
of age and older, while 153 (26%) were 75 years of age and older. Patients aged 65 years and older 
experienced higher rates of Grade 3 and higher adverse reactions and serious adverse reactions 
compared to patients who were less than 65 years of age.

Renal Impairment: Severe renal impairment (eGFR 15-29 mL/min) increases pirtobrutinib exposure. 
Reduce the Jaypirca dosage in patients with severe renal impairment [see Dosage and Administration]. 
No dosage adjustment of Jaypirca is recommended in patients with mild (60-89 mL/min) or moderate 
(30-59 mL/min) renal impairment.

Hepatic Impairment: No dosage adjustment of Jaypirca is recommended in patients with mild hepatic 
impairment (total bilirubin ≤ upper limit of normal (ULN) and aspartate aminotransferase (AST) > ULN 
or total bilirubin > 1 to 1.5 × ULN and any AST), moderate hepatic impairment (total bilirubin 
> 1.5 to 3 × ULN and any AST), or severe hepatic impairment (total bilirubin > 3 × ULN and any AST).

DOSAGE AND ADMINISTRATION
Recommended Dosage: The recommended dosage of Jaypirca is 200 mg orally once daily until 
disease progression or unacceptable toxicity. Advise patients of the following:
•  Swallow tablets whole with water. Do not cut, crush, or chew tablets.
•  Take Jaypirca at the same time each day. Jaypirca may be taken with or without food.
•  If a dose of Jaypirca is missed by more than 12 hours, do not make up the dose and take the 

next dose as scheduled.

Dosage Modifications for Adverse Reactions: Recommended dosage modifications of Jaypirca for 
adverse reactions are presented in Table 1 [see Warnings and Precautions].
Table 1: Recommended Dosage Modification of Jaypirca for Adverse Reactions

Adverse Reaction Occurrences Requiring
Dose Modification

Modification
(Starting Dosage: 200 mg once daily)

•  Grade 3 or greater 
non-hematologic toxicity a

•  Absolute neutrophil count 
< 1 to 0.5 x 109/L with 
fever and/or infection

•  Absolute neutrophil count 
< 0.5 x 109/L lasting 7 or 
more days 

•  Platelet count 
< 50 to 25 x 109/L with 
bleeding

•  Platelet count < 25 x 109/L

First occurrence Interrupt Jaypirca until recovery to 
Grade 1 or baseline; restart at original 
dosage (200 mg once daily).a

Second occurrence Interrupt Jaypirca until recovery to 
Grade 1 or baseline; restart at 100 mg 
once daily.

Third occurrence Interrupt Jaypirca until recovery to 
Grade 1 or baseline; restart at 50 mg 
once daily.

Fourth occurrence Discontinue Jaypirca.

Dose modification is not recommended for asymptomatic lymphocytosis. Asymptomatic lipase 
increase may not necessarily warrant dose modification. 
a  Evaluate the benefit-risk before resuming treatment at the same dose for a Grade 4 non-
hematological toxicity. 

Dosage Modifications for Patients with Severe Renal Impairment: For patients with severe renal 
impairment (eGFR 15-29 mL/min), reduce the Jaypirca dose to 100 mg once daily if the current 
dose is 200 mg once daily otherwise reduce the dose by 50 mg. If the current dosage is 50 mg once 
daily, discontinue Jaypirca [see Use in Specific Populations]. No dosage adjustment of Jaypirca is 
recommended in patients with mild to moderate renal impairment (eGFR 30-89 mL/min).

Dosage Modifications for Concomitant Use with Strong CYP3A Inhibitors: Avoid concomitant use 
of strong CYP3A inhibitors with Jaypirca [see Drug Interactions]. If concomitant use of a strong CYP3A 
inhibitor is unavoidable, reduce the Jaypirca dose by 50 mg. If the current dosage is 50 mg once daily, 
interrupt Jaypirca treatment for the duration of strong CYP3A inhibitor use. After discontinuation of a 
strong CYP3A inhibitor for 5 half-lives, resume the Jaypirca dose that was taken prior to initiating the 
strong CYP3A inhibitor.

Dosage Modifications for Concomitant Use with CYP3A Inducers: Avoid concomitant use of strong 
or moderate CYP3A inducers with Jaypirca [see Drug Interactions]. If concomitant use with moderate 
CYP3A inducers is unavoidable and the current dosage of Jaypirca is 200 mg once daily, increase the 
dose to 300 mg. If the current dosage is 50 mg or 100 mg once daily, increase the dose by 50 mg.

PATIENT COUNSELING INFORMATION: Advise the patient to read the FDA-approved patient labeling 
(Patient Information).

Additional information can be found at www.jaypirca.com

Marketed by: Lilly USA, LLC, Indianapolis, IN 46285, USA
Copyright ©2023, Eli Lilly and Company. All rights reserved.
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JaypircaTM (pirtobrutinib) tablets, for oral use 
Initial U.S. Approval: 2023
Brief Summary: Consult the package insert for complete prescribing information.

INDICATIONS AND USAGE 
Jaypirca is a kinase inhibitor indicated for the treatment of adult patients with relapsed or refractory 
mantle cell lymphoma (MCL) after at least two lines of systemic therapy, including a BTK inhibitor. 

This indication is approved under accelerated approval based on response rate. Continued approval 
for this indication may be contingent upon verification and description of clinical benefit in a 
confirmatory trial.

CONTRAINDICATIONS: None

WARNINGS AND PRECAUTIONS
Infections: Fatal and serious infections (including bacterial, viral, or fungal infections) and 
opportunistic infections have occurred in patients treated with Jaypirca. In the clinical trial, Grade 3 
or higher infections occurred in 17% of 583 patients, most commonly pneumonia (9%), with fatal 
infections occurring in 4.1% of patients. Sepsis occurred in 4.5% of patients and febrile neutropenia 
in 2.9%. Opportunistic infections after treatment with Jaypirca have included, but are not limited to, 
Pneumocystis jirovecii pneumonia and fungal infection. 

Consider prophylaxis, including vaccinations and antimicrobial prophylaxis, in patients who are 
at increased risk for infections, including opportunistic infections. Monitor patients for signs and 
symptoms of infection, evaluate promptly, and treat appropriately. Based on severity, reduce dose, 
temporarily withhold, or permanently discontinue Jaypirca [see Dosage and Administration].
Hemorrhage: Fatal and serious hemorrhage has occurred with Jaypirca. Major hemorrhage (defined as 
Grade 3 or higher bleeding or any central nervous system bleeding) occurred in 2.4% of 583 patients 
treated with Jaypirca, including gastrointestinal hemorrhage; fatal hemorrhage occurred in 0.2% of 
patients. Bleeding of any grade, excluding bruising and petechiae, occurred in 14% of patients. 

Major hemorrhage occurred in 1.7% of patients taking Jaypirca without antithrombotic agents and 
0.7% of patients taking Jaypirca with antithrombotic agents. Consider the risks and benefits of 
antithrombotic agents when co-administered with Jaypirca. Monitor patients for signs of bleeding. 
Based on severity of bleeding, reduce dose, temporarily withhold, or permanently discontinue Jaypirca 
[see Dosage and Administration].
Consider the benefit-risk of withholding Jaypirca for 3 to 7 days pre- and post-surgery depending 
upon the type of surgery and risk of bleeding.

Cytopenias: Grade 3 or 4 cytopenias, including neutropenia (24%), anemia (11%), and 
thrombocytopenia (11%) have developed in patients treated with Jaypirca. In the clinical trial, Grade 4 
neutropenia developed in 13% of patients and Grade 4 thrombocytopenia developed in 5% of patients. 

Monitor complete blood counts regularly during treatment. Based on severity, reduce dose, temporarily 
withhold, or permanently discontinue Jaypirca [see Dosage and Administration].
Atrial Fibrillation and Atrial Flutter: Atrial fibrillation and atrial flutter were reported in recipients 
of Jaypirca. Atrial fibrillation or flutter were reported in 2.7% of patients, with Grade 3 or 4 atrial 
fibrillation or flutter reported in 1.0% of 583 patients in the clinical trial. Patients with cardiac risk 
factors, such as hypertension or previous arrhythmias may be at increased risk. 

Monitor for signs and symptoms of arrhythmias (e.g., palpitations, dizziness, syncope, dyspnea) 
and manage appropriately. Based on severity, reduce dose, temporarily withhold, or permanently 
discontinue Jaypirca [see Dosage and Administration].
Second Primary Malignancies: Second primary malignancies, including non-skin carcinomas, 
developed in 6% of 583 patients treated with Jaypirca monotherapy. The most frequent malignancy 
was non-melanoma skin cancer, reported in 3.8% of 583 patients. Other second primary malignancies 
included solid tumors (including genitourinary and breast cancers) and melanoma. Advise patients to 
use sun protection and monitor patients for the development of second primary malignancies.

Embryo-Fetal Toxicity: Based on findings in animals, Jaypirca can cause fetal harm when 
administered to a pregnant woman. In animal reproduction studies, administration of pirtobrutinib to 
pregnant rats during the period of organogenesis caused embryo-fetal toxicity including embryo-fetal 
mortality and malformations at maternal exposures (AUC) approximately 3-times the recommended 
dose of 200 mg once daily. Advise pregnant women of the potential risk to a fetus. Advise females of 
reproductive potential to use effective contraception during treatment with Jaypirca and for one week 
after the last dose [see use in Specific Populations].

ADVERSE REACTIONS
The following clinically significant adverse reactions are described in the Warnings and Precautions 
section of labeling:
Infections, Hemorrhage, Cytopenias, Atrial Fibrillation and Atrial Flutter, and Second Primary Malignancies

Clinical Trials Experience
Because clinical trials are conducted under widely varying conditions, adverse reaction rates observed 
in the clinical trials of a drug cannot be compared to rates in the clinical trials of another drug and may 
not reflect the rates observed in the general patient population.

The data in the WARNINGS AND PRECAUTIONS reflect exposure to Jaypirca as a single-agent, 
administered at 200 mg once daily in 583 patients with hematologic malignancies in the BRUIN study. 
Among these 583 patients, the median duration of exposure was 7.5 months, 56% were exposed for 
at least 6 months and 29% were exposed for at least one year.  

In this pooled safety population, the most common (≥ 20%) adverse reactions, including laboratory 
abnormalities, were decreased neutrophil count (41%), decreased hemoglobin (37%), decreased 
platelet count (27%), fatigue (27%), musculoskeletal pain (26%), decreased lymphocyte count (24%), 
bruising (20%), and diarrhea (20%).

Mantle Cell Lymphoma

BRUIN: The safety of Jaypirca was evaluated in the BRUIN trial in patients with MCL who received 
a prior BTK inhibitor. The trial required a platelet count ≥ 50 x 109/L, absolute neutrophil count  
≥ 0.75 x 109/L, hepatic transaminases ≤ 2.5 times upper limit of normal (ULN), and an ECOG 

performance status of 0 to 2. The trial excluded patients with active central nervous system (CNS) 
involvement by lymphoma, significant cardiovascular disease, major bleeding or grade ≥ 3 arrhythmia 
with a prior BTK inhibitor, prolonged QTc interval, or need for a strong CYP3A inhibitor or inducer or 
strong P-gp inhibitor.

Patients received Jaypirca 200 mg orally once daily until disease progression or unacceptable toxicity 
(n = 128); 36% were exposed for 6 months or longer and 10% were exposed for at least one year. 
The median number of prior therapies was 3 (range: 1-9). The median age was 71 years (range: 
46 to 88 years) and 80% of patients were male.

Serious adverse reactions occurred in 38% of patients who received Jaypirca. Serious adverse 
reactions that occurred in ≥ 2% of patients were pneumonia (14%), COVID-19 (4.7%), musculoskeletal 
pain (3.9%), hemorrhage (2.3%), pleural effusion (2.3%), and sepsis (2.3%). Fatal adverse reactions 
within 28 days of the last dose of Jaypirca occurred in 7% of patients, most commonly due to 
infections (4.7%) including COVID-19 (3.1% of all patients). 

Adverse reactions led to dosage reductions in 4.7%, treatment interruption in 32%, and permanent 
discontinuation of Jaypirca in 9%. Adverse reactions that resulted in dosage modification in > 5% of 
patients included pneumonia and neutropenia. Adverse reactions which resulted in permanent 
discontinuation of Jaypirca in > 1% of patients included pneumonia.

The most common adverse reactions (≥ 15%), excluding laboratory terms, were fatigue, 
musculoskeletal pain, diarrhea, edema, dyspnea, pneumonia, and bruising.

Table 2 summarizes select adverse reactions in BRUIN.

Table 2: Adverse Reactions (≥ 10%) in Patients with MCL Who Received Jaypirca

Jaypirca
200 mg once daily

N=128
Adverse Reactionsa All Grades (%) Grade 3-4 (%)
General Disorders
Fatigue 29 1.6

Edema 18 0.8

Fever 13 -

Musculoskeletal and Connective Tissue Disorders
Musculoskeletal pain 27 3.9

Arthritis or arthralgia 12 0.8

Gastrointestinal Disorders
Diarrhea 19 -

Constipation 13 -

Abdominal pain 11 0.8

Nausea 11 -

Respiratory, thoracic, and mediastinal disorders
Dyspnea 17 2.3

Cough 14 -

Injury
Bruising 16 -

Infections
Pneumonia 16b 14

Upper respiratory tract infections 10 0.8

Nervous system disorders
Peripheral neuropathy 14 0.8

Dizziness 10 -

Skin and subcutaneous disorders
Rash 14 -

Vascular disorders
Hemorrhage 11c 3.1
aEach term listed includes other related terms
bincludes 1 fatality from COVID-19 pneumonia
cincludes 1 fatality from hemorrhage

Clinically relevant adverse reactions in < 10% include vision changes, memory changes, headache, 
urinary tract infection, herpesvirus infection, and tumor lysis syndrome.

Table 3 summarizes laboratory abnormalities in BRUIN.

Table 3: Select Laboratory Abnormalities (≥ 10%) That Worsened from Baseline in Patients with 
MCL Who Received Jaypirca

Laboratory Abnormality Jaypircaa

200 mg once daily
All Grades (%) Grade 3 or 4 (%)

Hematology
Hemoglobin decreased 42 9

Platelet count decreased 39 14

Neutrophil count decreased 36 16

Lymphocyte count decreased 32 15
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Laboratory Abnormality Jaypircaa

200 mg once daily
All Grades (%) Grade 3 or 4 (%)

Chemistry
Creatinine increased 30 1.6

Calcium decreased 19 1.6

AST increased 17 1.6

Potassium decreased 13 1.6

Sodium decreased 13 -

Lipase increased 12 4.4

Alkaline phosphatase increased 11 -

ALT increased 11 1.6

Potassium increased 11 0.8
a  The denominator used to calculate the rate varied from 90 to 127 based on the number of patients 
with a baseline value and at least one post-treatment value.

Grade 4 laboratory abnormalities in > 5% of patients included neutrophils decreased (10%), platelets 
decreased (7%), and lymphocytes decreased (6%). 

Lymphocytosis: Upon initiation of Jaypirca, a temporary increase in lymphocyte counts (defined as 
absolute lymphocyte count increased ≥ 50% from baseline and a post-baseline value ≥ 5,000/µL) 
occurred in 34% of MCL patients in BRUIN. The median time to onset of lymphocytosis was 1.1 weeks, 
with 75% of cases occurring within 2.1 weeks, and the median duration was 11 weeks.

DRUG INTERACTIONS
Effect of Other Drugs on Jaypirca
Strong CYP3A Inhibitors: Pirtobrutinib is a CYP3A substrate. Concomitant use of Jaypirca with a strong 
CYP3A inhibitor increased pirtobrutinib systemic exposure, which may increase the risk of Jaypirca 
adverse reactions. Avoid concomitant use of strong CYP3A inhibitors during treatment with Jaypirca. If 
concomitant use of strong CYP3A inhibitors is unavoidable, reduce the Jaypirca dosage [see Dosage 
and Administration].
Strong or Moderate CYP3A Inducers: Concomitant use of Jaypirca with a strong or moderate CYP3A 
inducer decreased pirtobrutinib systemic exposure, which may reduce Jaypirca efficacy. Avoid 
concomitant use of Jaypirca with strong or moderate CYP3A inducers. If concomitant use of moderate 
CYP3A inducers is unavoidable, increase the Jaypirca dosage [see Dosage and Administration].
Effect of Jaypirca on Other Drugs
Sensitive CYP2C8, CYP2C19, CYP3A, P-gp, or BCRP Substrates: Jaypirca is a P-gp inhibitor, a 
moderate CYP2C8 and BCRP inhibitor, and a weak CYP2C19 and CYP3A inhibitor. Concomitant use of 
Jaypirca with sensitive P-gp, CYP2C8, BCRP, CYP2C19, or CYP3A substrates increased their plasma 
concentrations, which may increase the risk of adverse reactions related to these substrates for drugs 
which are sensitive to minimal concentration changes. Follow recommendations for sensitive CYP2C8, 
CYP2C19, CYP3A, P-gp, or BCRP substrates provided in their approved product labeling.

USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary
Based on findings from animal studies, Jaypirca can cause fetal harm when administered to a 
pregnant woman. There are no available data on Jaypirca use in pregnant women to evaluate for a 
drug-associated risk. In an animal reproduction study, administration of pirtobrutinib to pregnant rats 
during organogenesis resulted in adverse developmental outcomes, including structural abnormalities, 
altered fetal growth, and embryo-fetal mortality, at maternal exposures approximately 3-times those 
in patients at the recommended daily dose of 200 mg (see Data). Advise pregnant women of the 
potential risk to a fetus. 

The background risk in the U.S. general population of major birth defects is 2% to 4% and of 
miscarriage is 15% to 20% of clinically recognized pregnancies. 

Data
Animal Data: In an embryo-fetal development study in rats, pregnant animals were administered 
oral doses of pirtobrutinib at up to 500 mg/kg twice daily during the period of organogenesis. 
Doses ≥ 375 mg/kg twice daily caused decreased fetal body weights and increased incidence of 
malformations and variations in the urinary tract (including absent or abnormal ureters and kidneys), 
reproductive tract (malpositioned ovaries and misshapen uterus), and bone (misshapen sternebrae). At 
500 mg/kg twice daily, total resorption was observed. At 375 mg/kg twice daily in rats, the maternal 
systemic exposures (AUC) were approximately 3 times the human exposure at 200 mg once daily.

Lactation
Risk Summary
There are no data on the presence of pirtobrutinib in human milk or the effects on the breastfed child 
or milk production. Because of the potential for serious adverse reactions in the breastfed child, advise 
women not to breastfeed during treatment with Jaypirca and for one week after the last dose.

Females and Males of Reproductive Potential: Based on findings from animal studies, Jaypirca can 
cause fetal harm when administered to a pregnant woman [see Use in Specific Populations].
Pregnancy Testing
Verify pregnancy status in females of reproductive potential prior to initiating Jaypirca. 

Contraception
Females: Advise females of reproductive potential to use effective contraception during treatment with 
Jaypirca and for one week after the last dose.

Pediatric Use: Safety and effectiveness of Jaypirca have not been established in pediatric patients.

Geriatric Use: Of the patients with MCL who received the 200 mg dose of Jaypirca in BRUIN, 
93 (78%) were 65 years of age and older and 39 (33%) were 75 years and older. Clinical studies of 
Jaypirca did not include sufficient numbers of patients with MCL who were less than 65 years of age 
to determine whether older patients respond differently from younger adult patients.

In the pooled safety population in patients with hematologic malignancies, 392 (67%) were 65 years 
of age and older, while 153 (26%) were 75 years of age and older. Patients aged 65 years and older 
experienced higher rates of Grade 3 and higher adverse reactions and serious adverse reactions 
compared to patients who were less than 65 years of age.

Renal Impairment: Severe renal impairment (eGFR 15-29 mL/min) increases pirtobrutinib exposure. 
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Tyrosine kinase inhibitors have been revolutionizing treatments for patients with newly diagnosed acute 
lymphoblastic leukemia for decades. For those with Philadelphia chromosome–positive disease, waves of 
change are more frequent than ever.
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oped a Health Equity Report 
Card pilot program, which has 
the potential for serial scoring eval-
uations, to track progress of action 
plans developed in response to lower perfor-
mance areas. “The goal of this initiative is to 
develop a tool that is feasible to implement and 
useful to an organization striving to provide or 
improve equitable cancer care,” Crystal  
S. Denlinger, MD, NCCN senior vice president and chief scientific officer, said in an email to 
OncLive®. “We hope that this sparks conversations about how best to deliver equitable care 
in their own communities, how best to engage with the surrounding community, and how 
best to support the patients who live in the local community surrounding them.”

Recommended practice changes include guidelines identifying and addressing discrim-
inatory behaviors and bias in care delivery, addressing social determinants of health, and 
overcoming systemic barriers to optimal care. Efforts to eliminate these barriers must also 
extend to drug development, clinical trials for which often fail to reasonably represent the 
actual population of patients seen in routine community practice.

Markman, the editor in chief of OncologyLive® and a 2018 Giants of Cancer Care® award 
winner in Gynecologic Cancers, highlights the concern of real-world patients in clinical 
trials. “Where available, discussions of disease management should always begin with a 
critical acknowledgment of relevant data from such studies, but the specific plan for an indi-
vidual patient needs to also focus on the unique clinical features of the individual and that 
patient’s input into the decision-making process,” Markman writes in his column.

These provocative questions, posed by thoughtful oncologists, are worth pondering at a 
time when information is so readily accessible but so easily misunderstood. More insights 
on these topics can be gleaned from enduring content from Physician’s Education Resource® 
(PER®), LLC. New and archived programming is updated regularly and includes topics, 
such as “Strategies for Recognizing and Taking Steps to Address Disparities in Cancer Care 
Among Diverse Populations,” featuring, Narjust Duma, MD; Coral Olazagasti, MD; Gilberto 
de Lima Lopes, MD, MBA, FASCO; Ana Maria López, MD, MPH, MACP, FRCP; and Vonetta M. 
Williams, MD, PhD. Visit gotoper.com to learn more.

The OncLive® editorial team is interested in fostering this conversation. Please let vice 
president of content Gina Mauro know your thoughts at GMauro@Onclive.com.

As always, thank you for reading.
Mike Hennessy Jr
President and CEO

MJH Life Sciences®

R E F E R E N C E

Health equity report card pilot project to help close the care gap highlighted on World Cancer Day. News release. The National Comprehensive 

Cancer Network. February 4, 2023. Accessed February 7, 2023. bit.ly/3XbFPjd
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“Where available, discussions of disease management should always 
begin with a critical acknowledgment of relevant data from such studies, 

but the specific plan for an individual patient needs to also focus on the 
unique clinical features of the individual and that patient’s input into the 

decision-making process.”
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WHEN AVAILABLE, DATA GENERATED 
from well-designed, phase 3 randomized 
trials are appropriately considered the high-
est level of evidence for optimal management 

for patients with cancer. Unfortunately, it is increasingly recog-
nized that such studies often fail to reasonably represent the 
actual population of patients seen in routine community prac-
tice. Concerns include limited numbers of patients older than 
65 or 70 years and individuals with common comorbid medical 
conditions who participate in these studies.1,2

The magnitude of this deficiency was emphasized by a study 
reported several years ago, which examined the Surveillance, 
Epidemiology, and End Results–Medicare database for the 
noninvestigative administration of bevacizumab (Avastin) to 
patients with metastatic cancers of the lung, breast, or colon 
who were aged at least 65 years.3 The clinical trials that led 
to regulatory approval of this agent in the management of 
these advanced cancers specifically excluded individuals 
with certain contraindicated cardiac, vascular, and bleeding 
conditions. Remarkably, in the reported analysis, approxi-
mately one-third of the individuals who received this agent 

were also found to have Medicare bill-
ing claims for 1 or more of the 

so-called contraindicated condi-
tions. These data raise a 

serious question regarding 
the relevance of actual clin-
ical practice to trial data 
employed for regulatory 
antineoplastic drug approval

The first 2 words of this 
commentary are a second 

issue here: “When available.” 

Randomized trials are generally quite complex and expensive 
to conduct, require large numbers of patients and investiga-
tors, and take considerable time (usually measured in years) 
to complete. As a result, it is reasonable to suggest random-
ized trials realistically define the care in only a limited 
number of specific cancer settings. It is also relevant to note 
that by the time results of many randomized trials are avail-
able, new management paradigms may have been introduced 
into the clinic based on phase 2 or even robust phase 1 study 
results that make the study findings only modestly or even 
minimally relevant.

Further, a large percentage of randomized cancer trials 
conducted today focus on establishing a role for new thera-
peutic strategies rather than answering perhaps less exciting 
but equally compelling clinical questions, such as the opti-
mal sequencing of available antineoplastic drug regimens 
for patients with metastatic disease. Another example is the 
absence of studies directly comparing checkpoint inhibitors 
approved in each clinical setting to determine whether there 
are relevant differences in efficacy or toxicity.

As a result, clinical guidelines or pathways developed as 
decision support strategies or as insurance-mandated payment 
mechanisms are frequently based as much on opinion as on 
objective, statistically significant study results. Although this 
statement does not negate the potential use of such efforts, it 
is important to note the prominent role of expert opinion vs 
randomized trial data.

Finally, it is essential to emphasize the following in this 
discussion: The absence of evidence-based phase 3 trial data in 
support of a particular approach to cancer management is not 
equivalent to evidence of absence of clinical value.

For example, fallopian tube cancer and primary cancer of 
the peritoneum have been and continue to be appropriately 
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managed (eg, surgical, antineoplastic drug therapy) in an identical manner 
to epithelial ovarian cancer (EOC). Further, these 2 malignant entities are 
routinely included in clinical trials examining novel approaches in the 
management of EOC. However, in the absence of phase 3, randomized trials 
conducted in these conditions that have independently examined outcomes, 
is it fair to conclude there is equivalent activity of bevacizumab or of PARP 
inhibitors compared with the administration of these agents in EOC?

The issue highlighted here is one of many where members of the scientific 
investigative communities have carefully considered the available evidence 
and concluded the assumptions are both scientifically valid and of clinical 
value in disease management. In fact, the alternative to making such ratio-
nal decisions would be to simply declare there are no meaningful data upon 
which clinicians can base management decisions.

One might describe the process noted above as being a pragmatic strategy 
to define optimal approaches to treatment in the absence of existing phase 3 
trial data or where it is unlikely such information will even exist.

The relevance of this critical process to multiple questions in cancer 
management cannot be overemphasized. As previously noted, research 
subjects in phase 3 trials often poorly represent the population of indi-
viduals seen in clinical practice. Of course, oncologists always desire 
to offer appropriate patients the potential benefits associated with the 
delivery of agents revealed to improve outcome in the research setting, 
regardless of whether the clinical characteristics of the study population 
completely match that of the patient they are considering for noninvestiga-
tive drug delivery.

But to proceed in the unfortunate absence of adequate safety data (eg, 
bevacizumab (Avastin) in the presence of a patient history of contraindi-
cated comorbidity) clinicians may need to do their own “trial.” For example, 
to observe for excessive toxicity (eg, bone marrow suppression in a patient 
previously treated with external beam radiation) the new drug may 
initially be administered at a lower dose or on a less frequent schedule than 
recommended in the product label, with subsequent dose escalation assum-
ing acceptable toxicity.

In addition, clinicians may elect to employ strategies to mitigate potential 
toxicity that have not been documented through the conduct of phase 3  
randomized trials, but that do not require regulatory approval for their use 
and, importantly, have no realistic risk of causing harm. For example, a 
recent study prospectively followed patients receiving oxaliplatin as adjuvant 
therapy for stage III colon cancer and noted that individuals who had higher 
levels of exercise after treatment experienced a reduced degree of periph-
eral neuropathy.4 What is wrong with strongly recommending an exercise 
regimen for such patients in the absence of phase 3 trial data that docu-
mented its value?

There is no inherent conflict in this discussion of pragmatic approaches 
to disease management to complement the value of data generated from 
phase 3 randomized trials. Where available, discussions of disease manage-
ment should always begin with a critical acknowledgment of relevant data 
from such studies, but the specific plan for an individual patient needs 
to also focus on the unique clinical features of the individual and that 
patient’s input into the decision-making process. ■
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Medical World News™ is a first-of-its-kind on-demand service for 
health care professionals, by health care professionals. The site 
provides video editorial content on a variety of cutting-edge topics 
for all health care stakeholders, offering the latest news and  
information in an easily digestible, one-stop-shop format.

UP NEXT

AFTER HOURS ® 
Oncologist Finds Joy in Voyage to Antarctica 
Bartosz Chmielowski, MD, a health sciences clinical professor of medicine in the 
Division of Hematology-Oncology at UCLA, details his vacation to Antarctica on a ship 
with approximately 90 travelers in this episode of After Hours®. He describes it as a 
“national geographic expedition.” Wanting to see a place where people do not usually 
travel, Chmielowski says he was surprised by the complete silence of the area and en-
joyed seeing penguins interact with each other as well as the view, which was absorbed 
differently in person. Next up is a trip to the Namibian desert!

 TO WATCH,  VISIT   bit. ly/3lkGVw1.

MEDICAL WORLD NEWS BEHIND THE SCIENCE ™ 
Investigators Highlight Key Trials Presented at ASCO GI 
Clinicians discuss notable trials and data from presentations given during the 2023 Amer-
ican Society of Clinical Oncology Gastrointestinal Cancers Symposium. Highlights from 
the meeting include how using circulating tumor DNA may be an exciting step forward in 
the field, and how studies, such as the phase 3 NAPOLI 3 trial (NCT04083235) and the 
phase 3 SPOTLIGHT trial (NCT03504397), are changing standards of care. Joleen M. 
Hubbard, MD, a medical oncologist at the Mayo Clinic in Rochester, Minnesota, notes 
that findings from the phase 3 SUNLIGHT trial (NCT04737187) in metastatic colorectal 
cancer, are not only statistically significant but also clinically relevant.  

 TO WATCH,  VISIT   bit. ly/3I8eUAK.

MEDICAL WORLD NEWS DEEP DIVE ™ 
Pafolacianine Provides Path to Ensure  
Removal of Malignant Tissue
The tumor-targeted fluorescent dye pafolacianine (Cytalux) assists surgeons with finding 
cancerous lesions, ensuring the whole tumor is removed. Pafolacianine was developed 
in the laboratory of Philip S. Low, PhD, the Presidential Scholar for Drug Discovery and 
Ralph C. Corley Distinguished Professor of Chemistry at Purdue University in West La-
fayette, Indiana. After injection, the agent binds to cancerous tissue and the use of near 
infrared light produces a glow. First approved by the FDA for the treatment of patients 
with ovarian cancer, the diagnostic is also approved for non–small cell lung cancer and 
aids with finding buried lumps in the lung, resulting in less damage to healthy tissue. 

 TO WATCH,  VISIT   bit. ly/3xbpdNP. ©
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PREFERRED

Cabozantinib (CABOMETYX) + nivolumab (OPDIVO) is a 1L combination with a 
Category 1, preferred designation across all IMDC risk groups in clear-cell aRCC7

National Comprehensive Cancer Network® (NCCN®)

NCCN Category 1: Based upon high-level evidence, there is uniform NCCN consensus that the intervention is appropriate. NCCN makes  
no warranties of any kind whatsoever regarding their content, use or application and disclaims any responsibility for their application or  
use in any way. 

1L aRCC treatment that
OFFERS A BALANCE OF DATA:

superior OS,* safety & tolerability, patient-reported quality of life1-6†‡

* vs sunitinib in patients with previously untreated aRCC. Primary analysis OS results: 40% reduction in risk of death with CABOMETYX + OPDIVO vs 
sunitinib (HR=0.60; 98.89% CI: 0.40-0.89; P=0.001); median OS was not reached in either arm.1,4

LEARN MORE  
ON NEXT PAGE

Please see additional Important Safety Information and Brief Summary of the Prescribing Information  
for CABOMETYX on adjacent pages.

† The primary endpoint was PFS, and secondary endpoints included OS, ORR, and safety.4
‡ Quality of life was evaluated as an exploratory endpoint using the FKSI-19 scale, and the clinical significance is unknown.4,6

INDICATIONS
CABOMETYX® (cabozantinib), in combination with nivolumab, is indicated for the first-line treatment of patients with advanced  
renal cell carcinoma (RCC).
CABOMETYX is indicated for the treatment of patients with advanced RCC.

IMPORTANT SAFETY INFORMATION
WARNINGS AND PRECAUTIONS
Hemorrhage: Severe and fatal hemorrhages occurred with CABOMETYX. The incidence of Grade 3 to 5 hemorrhagic events was 5% in CABOMETYX patients in RCC, HCC, 
and DTC studies. Discontinue CABOMETYX for Grade 3 or 4 hemorrhage and prior to surgery as recommended. Do not administer CABOMETYX to patients who have a 
recent history of hemorrhage, including hemoptysis, hematemesis, or melena. 
Perforations and Fistulas: Fistulas, including fatal cases, occurred in 1% of CABOMETYX patients. Gastrointestinal (GI) perforations, including fatal cases, occurred in 1% of 
CABOMETYX patients. Monitor patients for signs and symptoms of fistulas and perforations, including abscess and sepsis. Discontinue CABOMETYX in patients who 
experience a Grade 4 fistula or a GI perforation. 
Thrombotic Events: CABOMETYX increased the risk of thrombotic events. Venous thromboembolism occurred in 7% (including 4% pulmonary embolism) and arterial 
thromboembolism in 2% of CABOMETYX patients. Fatal thrombotic events occurred in CABOMETYX patients. Discontinue CABOMETYX in patients who develop an acute 
myocardial infarction or serious arterial or venous thromboembolic events that require medical intervention.

1L=first-line; aRCC=advanced renal cell carcinoma; CI=confidence interval; FKSI-19=Functional Assessment of Cancer Therapy-Kidney Symptom Index 19; HR=hazard ratio; IMDC=International Metastatic RCC Database Consortium; 
ORR=overall response rate; OS=overall survival; PFS=progression-free survival.
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EARLY AND SUSTAINED SEPARATION OF OS CURVES
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Learn more at CABOMETYXhcp.com

DISCOVER THE BALANCE OF DATA AT CABOMETYXhcp.com

* PFS and ORR were assessed by BICR.1

IMPORTANT SAFETY INFORMATION (cont’d)
WARNINGS AND PRECAUTIONS
Hypertension and Hypertensive Crisis: CABOMETYX can cause hypertension, 
including hypertensive crisis. Hypertension was reported in 37% (16% Grade 3 
and <1% Grade 4) of CABOMETYX patients. Do not initiate CABOMETYX in 
patients with uncontrolled hypertension. Monitor blood pressure regularly 
during CABOMETYX treatment. Withhold CABOMETYX for hypertension that 
is not adequately controlled with medical management; when controlled, 
resume at a reduced dose. Permanently discontinue CABOMETYX for severe 
hypertension that cannot be controlled with anti-hypertensive therapy or for 
hypertensive crisis. 
Diarrhea: Diarrhea occurred in 62% of CABOMETYX patients. Grade 3 diarrhea 
occurred in 10% of CABOMETYX patients. Monitor and manage patients using 
antidiarrheals as indicated. Withhold CABOMETYX until improvement to ≤
Grade 1, resume at a reduced dose. 
Palmar-Plantar Erythrodysesthesia (PPE): PPE occurred in 45% of 
CABOMETYX patients. Grade 3 PPE occurred in 13% of CABOMETYX patients. 
Withhold CABOMETYX until improvement to Grade 1 and resume at a reduced 
dose for intolerable Grade 2 PPE or Grade 3 PPE. 
Hepatotoxicity: CABOMETYX in combination with nivolumab can cause 
hepatic toxicity with higher frequencies of Grades 3 and 4 ALT and AST 
elevations compared to CABOMETYX alone.
Monitor liver enzymes before initiation of and periodically throughout 
treatment. Consider more frequent monitoring of liver enzymes than when the 
drugs are administered as single agents. For elevated liver enzymes, interrupt 
CABOMETYX and nivolumab and consider administering corticosteroids.
With the combination of CABOMETYX and nivolumab, Grades 3 and 4 
increased ALT or AST were seen in 11% of patients. ALT or AST >3 times ULN 
(Grade ≥2) was reported in 83 patients, of whom 23 (28%) received systemic 
corticosteroids; ALT or AST resolved to Grades 0-1 in 74 (89%). Among the 44 
patients with Grade ≥2 increased ALT or AST who were rechallenged with 
either CABOMETYX (n=9) or nivolumab (n=11) as a single agent or with both 
(n=24), recurrence of Grade ≥2 increased ALT or AST was observed in 2 
patients receiving CABOMETYX, 2 patients receiving nivolumab, and 7 patients 
receiving both CABOMETYX and nivolumab. Withhold and resume at a 
reduced dose based on severity.
Adrenal Insuffi  ciency: CABOMETYX in combination with nivolumab can cause 
primary or secondary adrenal insuffi  ciency. For Grade 2 or higher adrenal 
insuffi  ciency, initiate symptomatic treatment, including hormone replacement 
as clinically indicated. Withhold CABOMETYX and/or nivolumab and resume 
CABOMETYX at a reduced dose depending on severity.

Adrenal insuffi  ciency occurred in 4.7% (15/320) of patients with RCC who 
received CABOMETYX with nivolumab, including Grade 3 (2.2%), and Grade 2 
(1.9%) adverse reactions. Adrenal insuffi  ciency led to permanent discontinuation 
of CABOMETYX and nivolumab in 0.9% and withholding of CABOMETYX and 
nivolumab in 2.8% of patients with RCC.
Approximately 80% (12/15) of patients with adrenal insuffi  ciency received 
hormone replacement therapy, including systemic corticosteroids. Adrenal 
insuffi  ciency resolved in 27% (n=4) of the 15 patients. Of the 9 patients in 
whom CABOMETYX with nivolumab was withheld for adrenal insuffi  ciency, 6 
reinstated treatment after symptom improvement; of these, all (n=6) received 
hormone replacement therapy and 2 had recurrence of adrenal insuffi  ciency.
Proteinuria: Proteinuria was observed in 8% of CABOMETYX patients. Monitor 
urine protein regularly during CABOMETYX treatment. For Grade 2 or 3 
proteinuria, withhold CABOMETYX until improvement to ≤ Grade 1 proteinuria, 
resume CABOMETYX at a reduced dose. Discontinue CABOMETYX in patients 
who develop nephrotic syndrome.
Osteonecrosis of the Jaw (ONJ): ONJ occurred in <1% of CABOMETYX 
patients. ONJ can manifest as jaw pain, osteomyelitis, osteitis, bone erosion, 
tooth or periodontal infection, toothache, gingival ulceration or erosion, 
persistent jaw pain, or slow healing of the mouth or jaw after dental surgery. 
Perform an oral examination prior to CABOMETYX initiation and periodically 
during treatment. Advise patients regarding good oral hygiene practices. 
Withhold CABOMETYX for at least 3 weeks prior to scheduled dental surgery 
or invasive dental procedures, if possible. Withhold CABOMETYX for 
development of ONJ until complete resolution, resume at a reduced dose. 
Impaired Wound Healing: Wound complications occurred with CABOMETYX. 
Withhold CABOMETYX for at least 3 weeks prior to elective surgery. Do not 
administer CABOMETYX for at least 2 weeks after major surgery and until 
adequate wound healing. The safety of resumption of CABOMETYX after 
resolution of wound healing complications has not been established.
Reversible Posterior Leukoencephalopathy Syndrome (RPLS): RPLS, a 
syndrome of subcortical vasogenic edema diagnosed by characteristic fi ndings 
on MRI, can occur with CABOMETYX. Evaluate for RPLS in patients presenting 
with seizures, headache, visual disturbances, confusion, or altered mental 
function. Discontinue CABOMETYX in patients who develop RPLS.
Thyroid Dysfunction: Thyroid dysfunction, primarily hypothyroidism, has been 
observed with CABOMETYX. Based on the safety population, thyroid 
dysfunction occurred in 19% of patients treated with CABOMETYX, including 
Grade 3 in 0.4% of patients.

Superior outcomes: results in the ITT population1,3,4

(median follow-up time of 18.1 months; range: 10.6-30.6 months)

CheckMate-9ER study design

A randomized (1:1), open-label, Phase 3 trial vs sunitinib in 651 patients with previously untreated aRCC with a clear-cell component. The trial 
evaluated CABOMETYX 40 mg (starting dose) PO once daily in combination with OPDIVO 240 mg fl at dose IV every 2 weeks vs sunitinib 
50 mg (starting dose) PO once daily for 4 weeks, followed by 2 weeks off , per cycle. The primary endpoint was PFS, and secondary 
endpoints included OS, ORR, and safety.1,3,4,8

© 2021 Exelixis, Inc.        CA-1749-2               09/21                OPDIVO® and the related logo is a registered trademark of Bristol-Myers Squibb Company.

Patients should be assessed for signs of thyroid dysfunction prior to the 
initiation of CABOMETYX and monitored for signs and symptoms of thyroid 
dysfunction during CABOMETYX treatment. Thyroid function testing and 
management of dysfunction should be performed as clinically indicated.
Hypocalcemia: CABOMETYX can cause hypocalcemia. Based on the safety 
population, hypocalcemia occurred in 13% of patients treated with CABOMETYX, 
including Grade 3 in 2% and Grade 4 in 1% of patients. Laboratory abnormality 
data were not collected in CABOSUN.
In COSMIC-311, hypocalcemia occurred in 36% of patients treated with 
CABOMETYX, including Grade 3 in 6% and Grade 4 in 3% of patients.
Monitor blood calcium levels and replace calcium as necessary during 
treatment. Withhold and resume at reduced dose upon recovery or permanently 
discontinue CABOMETYX depending on severity.
Embryo-Fetal Toxicity: CABOMETYX can cause fetal harm. Advise pregnant 
women and females of reproductive potential of the potential risk to a fetus. 
Verify the pregnancy status of females of reproductive potential prior to 
initiating CABOMETYX and advise them to use eff ective contraception during 
treatment and for 4 months after the last dose.

ADVERSE REACTIONS
The most common (≥20%) adverse reactions are:
CABOMETYX as a single agent: diarrhea, fatigue, PPE, decreased appetite, 
hypertension, nausea, vomiting, weight decreased, constipation. 
CABOMETYX in combination with nivolumab: diarrhea, fatigue, hepatotoxicity, 
PPE, stomatitis, rash, hypertension, hypothyroidism, musculoskeletal pain, 
decreased appetite, nausea, dysgeusia, abdominal pain, cough, and upper 
respiratory tract infection.

DRUG INTERACTIONS
Strong CYP3A4 Inhibitors: If coadministration with strong CYP3A4 inhibitors 
cannot be avoided, reduce the CABOMETYX dosage. Avoid grapefruit or 
grapefruit juice.
Strong CYP3A4 Inducers: If coadministration with strong CYP3A4 inducers 
cannot be avoided, increase the CABOMETYX dosage. Avoid St. John’s wort.

USE IN SPECIFIC POPULATIONS
Lactation: Advise women not to breastfeed during CABOMETYX treat ment 
and for 4 months after the fi nal dose.

Hepatic Impairment: In patients with moderate hepatic impairment, reduce 
the CABOMETYX dosage. Avoid CABOMETYX in patients with severe hepatic 
impairment.

For additional safety information, please see Brief 
Summary of the Prescribing Information for CABOMETYX 
on adjacent pages.

References: 1. CABOMETYX® (cabozantinib) Prescribing Information. Exelixis, Inc, 2021. 
2. Data on fi le. Topline 9ER. Exelixis, Inc. 3. Motzer RJ, Choueiri TK, Powles T, et al. Nivolumab 
plus cabozantinib versus sunitinib for advanced renal cell carcinoma: outcomes by 
sarcomatoid histology and updated trial results with extended follow-up of CheckMate 9ER. 
Poster presented at: Genitourinary Cancers Symposium; February 11-13, 2021. 4. Choueiri TK, 
Powles T, Burotto M, et al; CheckMate 9ER Investigators. Nivolumab plus cabozantinib 
versus sunitinib for advanced renal-cell carcinoma. N Engl J Med. 2021;384(9):829-841. 
5. Choueiri TK, Powles T, Burotto M, et al. Nivolumab plus cabozantinib versus sunitinib in 
fi rst-line treatment for advanced renal cell carcinoma: fi rst results from the randomized 
phase 3 CheckMate 9ER trial. Presented at the European Society for Medical Oncology  
(ESMO) Virtual Congress 2020; September 19-21, 2020. Presentation 6960. 6. Choueiri TK, 
Powles T, Burotto M, et al; CheckMate 9ER Investigators. Nivolumab plus cabozantinib 
versus sunitinib for advanced renal-cell carcinoma [supplementary appendix]. N Engl J Med.
2021;384(9):829-841. 7. Referenced with permission from the NCCN Clinical Practice 
Guidelines in Oncology (NCCN Guidelines®) for Kidney Cancer V1.2022. © National 
Comprehensive Cancer Network, Inc. 2021. All rights reserved. Accessed July 27, 2021. 
To view the most recent and complete version of the guideline, go online to NCCN.org. 
8. Apolo AB, Powles T, Burotto M, et al. Nivolumab plus cabozantinib versus sunitinib for 
advanced renal cell carcinoma: outcomes by baseline disease characteristics in the phase 3 
CheckMate 9ER trial. Poster presented at the American Society of Clinical Oncology (ASCO) 
Annual Meeting; June 4-8, 2021.

BICR=blinded independent central review; CR=complete response; ITT=intent to treat; IV=intravenous; 
PO=orally; PR=partial response.

You are encouraged to report negative side eff ects of 
prescription drugs to the FDA. Visit www.FDA.gov/medwatch 
or call 1-800-FDA-1088.

P<0.0001

(95% CI: 
50.1-61.2; 
n=323)

(95% CI: 
22.4-32.3; 
n=328) 

ORR WAS DOUBLED1*

55.7%
CABOMETYX 

+ OPDIVO

27.1%
sunitinib

vs vs

vs

8.0%
(n=26/323)

CABOMETYX + 
OPDIVO

47.6%
(n=154/323)

CABOMETYX + 
OPDIVO

4.6%
(n=15/328)
sunitinib

22.5%
(n=74/328)

sunitinib

CR

PR

MEDIAN PFS WAS DOUBLED1*

16.6
months

CABOMETYX 
+ OPDIVO

8.3
months
sunitinib

HR=0.51 
(95% CI: 

0.41-0.64)
P<0.0001

(95% CI: 
12.5-24.9; 
n=323)

(95% CI: 
7.0-9.7; 
n=328)

vs

72299_CA-1749-2_3_Page_Journal_Ad_King_Size_OncologyLive_10-75x13-75_r2v1jl.indd   2-372299_CA-1749-2_3_Page_Journal_Ad_King_Size_OncologyLive_10-75x13-75_r2v1jl.indd   2-3 2/22/22   9:25 AM2/22/22   9:25 AM



EARLY AND SUSTAINED SEPARATION OF OS CURVES

98.89% CI: 0.40-0.89
P=0.001

0 6 12 18 24

100

90

80

70

60

50

40

30

20

10

0

Months
3 9 15 21 27 30

O
S 

(p
ro

b
ab

ili
ty

)

323 295 259 106 11
223 83 10273328

308
296

283
253

184
154

55
36 

3
3

0
0

CABOMETYX + OPDIVO (n=323)
sunitinib (n=328)

Patients at risk

40% reduction in risk 
of death (HR=0.60)

MEDIAN

Median OS not reached in either treatment arm1

+

Learn more at CABOMETYXhcp.com

DISCOVER THE BALANCE OF DATA AT CABOMETYXhcp.com

* PFS and ORR were assessed by BICR.1

IMPORTANT SAFETY INFORMATION (cont’d)
WARNINGS AND PRECAUTIONS
Hypertension and Hypertensive Crisis: CABOMETYX can cause hypertension, 
including hypertensive crisis. Hypertension was reported in 37% (16% Grade 3 
and <1% Grade 4) of CABOMETYX patients. Do not initiate CABOMETYX in 
patients with uncontrolled hypertension. Monitor blood pressure regularly 
during CABOMETYX treatment. Withhold CABOMETYX for hypertension that 
is not adequately controlled with medical management; when controlled, 
resume at a reduced dose. Permanently discontinue CABOMETYX for severe 
hypertension that cannot be controlled with anti-hypertensive therapy or for 
hypertensive crisis. 
Diarrhea: Diarrhea occurred in 62% of CABOMETYX patients. Grade 3 diarrhea 
occurred in 10% of CABOMETYX patients. Monitor and manage patients using 
antidiarrheals as indicated. Withhold CABOMETYX until improvement to ≤
Grade 1, resume at a reduced dose. 
Palmar-Plantar Erythrodysesthesia (PPE): PPE occurred in 45% of 
CABOMETYX patients. Grade 3 PPE occurred in 13% of CABOMETYX patients. 
Withhold CABOMETYX until improvement to Grade 1 and resume at a reduced 
dose for intolerable Grade 2 PPE or Grade 3 PPE. 
Hepatotoxicity: CABOMETYX in combination with nivolumab can cause 
hepatic toxicity with higher frequencies of Grades 3 and 4 ALT and AST 
elevations compared to CABOMETYX alone.
Monitor liver enzymes before initiation of and periodically throughout 
treatment. Consider more frequent monitoring of liver enzymes than when the 
drugs are administered as single agents. For elevated liver enzymes, interrupt 
CABOMETYX and nivolumab and consider administering corticosteroids.
With the combination of CABOMETYX and nivolumab, Grades 3 and 4 
increased ALT or AST were seen in 11% of patients. ALT or AST >3 times ULN 
(Grade ≥2) was reported in 83 patients, of whom 23 (28%) received systemic 
corticosteroids; ALT or AST resolved to Grades 0-1 in 74 (89%). Among the 44 
patients with Grade ≥2 increased ALT or AST who were rechallenged with 
either CABOMETYX (n=9) or nivolumab (n=11) as a single agent or with both 
(n=24), recurrence of Grade ≥2 increased ALT or AST was observed in 2 
patients receiving CABOMETYX, 2 patients receiving nivolumab, and 7 patients 
receiving both CABOMETYX and nivolumab. Withhold and resume at a 
reduced dose based on severity.
Adrenal Insuffi  ciency: CABOMETYX in combination with nivolumab can cause 
primary or secondary adrenal insuffi  ciency. For Grade 2 or higher adrenal 
insuffi  ciency, initiate symptomatic treatment, including hormone replacement 
as clinically indicated. Withhold CABOMETYX and/or nivolumab and resume 
CABOMETYX at a reduced dose depending on severity.

Adrenal insuffi  ciency occurred in 4.7% (15/320) of patients with RCC who 
received CABOMETYX with nivolumab, including Grade 3 (2.2%), and Grade 2 
(1.9%) adverse reactions. Adrenal insuffi  ciency led to permanent discontinuation 
of CABOMETYX and nivolumab in 0.9% and withholding of CABOMETYX and 
nivolumab in 2.8% of patients with RCC.
Approximately 80% (12/15) of patients with adrenal insuffi  ciency received 
hormone replacement therapy, including systemic corticosteroids. Adrenal 
insuffi  ciency resolved in 27% (n=4) of the 15 patients. Of the 9 patients in 
whom CABOMETYX with nivolumab was withheld for adrenal insuffi  ciency, 6 
reinstated treatment after symptom improvement; of these, all (n=6) received 
hormone replacement therapy and 2 had recurrence of adrenal insuffi  ciency.
Proteinuria: Proteinuria was observed in 8% of CABOMETYX patients. Monitor 
urine protein regularly during CABOMETYX treatment. For Grade 2 or 3 
proteinuria, withhold CABOMETYX until improvement to ≤ Grade 1 proteinuria, 
resume CABOMETYX at a reduced dose. Discontinue CABOMETYX in patients 
who develop nephrotic syndrome.
Osteonecrosis of the Jaw (ONJ): ONJ occurred in <1% of CABOMETYX 
patients. ONJ can manifest as jaw pain, osteomyelitis, osteitis, bone erosion, 
tooth or periodontal infection, toothache, gingival ulceration or erosion, 
persistent jaw pain, or slow healing of the mouth or jaw after dental surgery. 
Perform an oral examination prior to CABOMETYX initiation and periodically 
during treatment. Advise patients regarding good oral hygiene practices. 
Withhold CABOMETYX for at least 3 weeks prior to scheduled dental surgery 
or invasive dental procedures, if possible. Withhold CABOMETYX for 
development of ONJ until complete resolution, resume at a reduced dose. 
Impaired Wound Healing: Wound complications occurred with CABOMETYX. 
Withhold CABOMETYX for at least 3 weeks prior to elective surgery. Do not 
administer CABOMETYX for at least 2 weeks after major surgery and until 
adequate wound healing. The safety of resumption of CABOMETYX after 
resolution of wound healing complications has not been established.
Reversible Posterior Leukoencephalopathy Syndrome (RPLS): RPLS, a 
syndrome of subcortical vasogenic edema diagnosed by characteristic fi ndings 
on MRI, can occur with CABOMETYX. Evaluate for RPLS in patients presenting 
with seizures, headache, visual disturbances, confusion, or altered mental 
function. Discontinue CABOMETYX in patients who develop RPLS.
Thyroid Dysfunction: Thyroid dysfunction, primarily hypothyroidism, has been 
observed with CABOMETYX. Based on the safety population, thyroid 
dysfunction occurred in 19% of patients treated with CABOMETYX, including 
Grade 3 in 0.4% of patients.

Superior outcomes: results in the ITT population1,3,4

(median follow-up time of 18.1 months; range: 10.6-30.6 months)

CheckMate-9ER study design

A randomized (1:1), open-label, Phase 3 trial vs sunitinib in 651 patients with previously untreated aRCC with a clear-cell component. The trial 
evaluated CABOMETYX 40 mg (starting dose) PO once daily in combination with OPDIVO 240 mg fl at dose IV every 2 weeks vs sunitinib 
50 mg (starting dose) PO once daily for 4 weeks, followed by 2 weeks off , per cycle. The primary endpoint was PFS, and secondary 
endpoints included OS, ORR, and safety.1,3,4,8
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Patients should be assessed for signs of thyroid dysfunction prior to the 
initiation of CABOMETYX and monitored for signs and symptoms of thyroid 
dysfunction during CABOMETYX treatment. Thyroid function testing and 
management of dysfunction should be performed as clinically indicated.
Hypocalcemia: CABOMETYX can cause hypocalcemia. Based on the safety 
population, hypocalcemia occurred in 13% of patients treated with CABOMETYX, 
including Grade 3 in 2% and Grade 4 in 1% of patients. Laboratory abnormality 
data were not collected in CABOSUN.
In COSMIC-311, hypocalcemia occurred in 36% of patients treated with 
CABOMETYX, including Grade 3 in 6% and Grade 4 in 3% of patients.
Monitor blood calcium levels and replace calcium as necessary during 
treatment. Withhold and resume at reduced dose upon recovery or permanently 
discontinue CABOMETYX depending on severity.
Embryo-Fetal Toxicity: CABOMETYX can cause fetal harm. Advise pregnant 
women and females of reproductive potential of the potential risk to a fetus. 
Verify the pregnancy status of females of reproductive potential prior to 
initiating CABOMETYX and advise them to use eff ective contraception during 
treatment and for 4 months after the last dose.

ADVERSE REACTIONS
The most common (≥20%) adverse reactions are:
CABOMETYX as a single agent: diarrhea, fatigue, PPE, decreased appetite, 
hypertension, nausea, vomiting, weight decreased, constipation. 
CABOMETYX in combination with nivolumab: diarrhea, fatigue, hepatotoxicity, 
PPE, stomatitis, rash, hypertension, hypothyroidism, musculoskeletal pain, 
decreased appetite, nausea, dysgeusia, abdominal pain, cough, and upper 
respiratory tract infection.

DRUG INTERACTIONS
Strong CYP3A4 Inhibitors: If coadministration with strong CYP3A4 inhibitors 
cannot be avoided, reduce the CABOMETYX dosage. Avoid grapefruit or 
grapefruit juice.
Strong CYP3A4 Inducers: If coadministration with strong CYP3A4 inducers 
cannot be avoided, increase the CABOMETYX dosage. Avoid St. John’s wort.

USE IN SPECIFIC POPULATIONS
Lactation: Advise women not to breastfeed during CABOMETYX treat ment 
and for 4 months after the fi nal dose.

Hepatic Impairment: In patients with moderate hepatic impairment, reduce 
the CABOMETYX dosage. Avoid CABOMETYX in patients with severe hepatic 
impairment.

For additional safety information, please see Brief 
Summary of the Prescribing Information for CABOMETYX 
on adjacent pages.

References: 1. CABOMETYX® (cabozantinib) Prescribing Information. Exelixis, Inc, 2021. 
2. Data on fi le. Topline 9ER. Exelixis, Inc. 3. Motzer RJ, Choueiri TK, Powles T, et al. Nivolumab 
plus cabozantinib versus sunitinib for advanced renal cell carcinoma: outcomes by 
sarcomatoid histology and updated trial results with extended follow-up of CheckMate 9ER. 
Poster presented at: Genitourinary Cancers Symposium; February 11-13, 2021. 4. Choueiri TK, 
Powles T, Burotto M, et al; CheckMate 9ER Investigators. Nivolumab plus cabozantinib 
versus sunitinib for advanced renal-cell carcinoma. N Engl J Med. 2021;384(9):829-841. 
5. Choueiri TK, Powles T, Burotto M, et al. Nivolumab plus cabozantinib versus sunitinib in 
fi rst-line treatment for advanced renal cell carcinoma: fi rst results from the randomized 
phase 3 CheckMate 9ER trial. Presented at the European Society for Medical Oncology  
(ESMO) Virtual Congress 2020; September 19-21, 2020. Presentation 6960. 6. Choueiri TK, 
Powles T, Burotto M, et al; CheckMate 9ER Investigators. Nivolumab plus cabozantinib 
versus sunitinib for advanced renal-cell carcinoma [supplementary appendix]. N Engl J Med.
2021;384(9):829-841. 7. Referenced with permission from the NCCN Clinical Practice 
Guidelines in Oncology (NCCN Guidelines®) for Kidney Cancer V1.2022. © National 
Comprehensive Cancer Network, Inc. 2021. All rights reserved. Accessed July 27, 2021. 
To view the most recent and complete version of the guideline, go online to NCCN.org. 
8. Apolo AB, Powles T, Burotto M, et al. Nivolumab plus cabozantinib versus sunitinib for 
advanced renal cell carcinoma: outcomes by baseline disease characteristics in the phase 3 
CheckMate 9ER trial. Poster presented at the American Society of Clinical Oncology (ASCO) 
Annual Meeting; June 4-8, 2021.

BICR=blinded independent central review; CR=complete response; ITT=intent to treat; IV=intravenous; 
PO=orally; PR=partial response.

You are encouraged to report negative side eff ects of 
prescription drugs to the FDA. Visit www.FDA.gov/medwatch 
or call 1-800-FDA-1088.

P<0.0001

(95% CI: 
50.1-61.2; 
n=323)

(95% CI: 
22.4-32.3; 
n=328) 

ORR WAS DOUBLED1*

55.7%
CABOMETYX 

+ OPDIVO

27.1%
sunitinib

vs vs

vs

8.0%
(n=26/323)

CABOMETYX + 
OPDIVO

47.6%
(n=154/323)

CABOMETYX + 
OPDIVO

4.6%
(n=15/328)
sunitinib

22.5%
(n=74/328)

sunitinib

CR

PR

MEDIAN PFS WAS DOUBLED1*

16.6
months

CABOMETYX 
+ OPDIVO

8.3
months
sunitinib

HR=0.51 
(95% CI: 

0.41-0.64)
P<0.0001

(95% CI: 
12.5-24.9; 
n=323)

(95% CI: 
7.0-9.7; 
n=328)

vs

72299_CA-1749-2_3_Page_Journal_Ad_King_Size_OncologyLive_10-75x13-75_r2v1jl.indd   2-372299_CA-1749-2_3_Page_Journal_Ad_King_Size_OncologyLive_10-75x13-75_r2v1jl.indd   2-3 2/22/22   9:25 AM2/22/22   9:25 AM



CABOMETYX® (cabozantinib) TABLETS 
BRIEF SUMMARY OF PRESCRIBING INFORMATION. 
PLEASE SEE THE CABOMETYX PACKAGE INSERT FOR FULL PRESCRIBING 
INFORMATION. 
INITIAL U.S. APPROVAL: 2012

1  INDICATIONS AND USAGE 

1.1  Renal Cell Carcinoma 
CABOMETYX is indicated for the treatment of patients with advanced renal cell 
carcinoma (RCC). 
CABOMETYX, in combination with nivolumab, is indicated for the first-line treatment of 
patients with advanced RCC. 

1.2  Hepatocellular Carcinoma 
CABOMETYX is indicated for the treatment of patients with hepatocellular carcinoma 
(HCC) who have been previously treated with sorafenib. 

1.3  Differentiated Thyroid Cancer 
CABOMETYX is indicated for the treatment of adult and pediatric patients 12 years of 
age and older with locally advanced or metastatic differentiated thyroid cancer (DTC) 
that has progressed following prior VEGFR-targeted therapy and who are radioactive 
iodine-refractory or ineligible. 

4  CONTRAINDICATIONS 
None. 
5  WARNINGS AND PRECAUTIONS 

5.1  Hemorrhage 
Severe and fatal hemorrhages occurred with CABOMETYX. The incidence of Grade 
3 to 5 hemorrhagic events was 5% in CABOMETYX patients in the RCC, HCC, and 
DTC studies. 
Discontinue CABOMETYX for Grade 3 or 4 hemorrhage and prior to surgery as 
recommended. Do not administer CABOMETYX to patients who have a recent history 
of hemorrhage, including hemoptysis, hematemesis, or melena. 

5.2  Perforations and Fistulas 
Fistulas, including fatal cases, occurred in 1% of CABOMETYX-treated patients. 
Gastrointestinal (GI) perforations, including fatal cases, occurred in 1% of 
CABOMETYX-treated patients. 
Monitor patients for signs and symptoms of fistulas and perforations, including abscess 
and sepsis. Discontinue CABOMETYX in patients who experience a Grade 4 fistula or 
a GI perforation. 

5.3  Thrombotic Events 
CABOMETYX increased the risk of thrombotic events. Venous thromboembolism 
occurred in 7% (including 4% pulmonary embolism) and arterial thromboembolism 
occurred in 2% of CABOMETYX-treated patients. Fatal thrombotic events occurred 
in CABOMETYX-treated patients.
Discontinue CABOMETYX in patients who develop an acute myocardial infarction or 
serious arterial or venous thromboembolic events that require medical intervention. 

5.4  Hypertension and Hypertensive Crisis 
CABOMETYX can cause hypertension, including hypertensive crisis. Hypertension was 
reported in 37% (16% Grade 3 and <1% Grade 4) of CABOMETYX-treated patients. 
Do not initiate CABOMETYX in patients with uncontrolled hypertension. Monitor 
blood pressure regularly during CABOMETYX treatment. Withhold CABOMETYX 
for hypertension that is not adequately controlled with medical management; when 
controlled, resume CABOMETYX at a reduced dose. Permanently discontinue 
CABOMETYX for severe hypertension that cannot be controlled with anti-hypertensive 
therapy or for hypertensive crisis. 

5.5  Diarrhea 
Diarrhea occurred in 62% of patients treated with CABOMETYX. Grade 3 diarrhea 
occurred in 10% of patients treated with CABOMETYX. 
Monitor and manage patients using antidiarrheals as indicated. Withhold CABOMETYX 
until improvement to ≤ Grade 1, resume CABOMETYX at a reduced dose.

5.6  Palmar-Plantar Erythrodysesthesia 
Palmar-plantar erythrodysesthesia (PPE) occurred in 45% of patients treated with 
CABOMETYX. Grade 3 PPE occurred in 13% of patients treated with CABOMETYX. 
Withhold CABOMETYX until improvement to Grade 1 and resume CABOMETYX at a 
reduced dose for intolerable Grade 2 PPE or Grade 3 PPE. 

5.7  Hepatotoxicity 
CABOMETYX in combination with nivolumab can cause hepatic toxicity with higher 
frequencies of Grades 3 and 4 ALT and AST elevations compared to CABOMETYX 
alone. Monitor liver enzymes before initiation of and periodically throughout treatment. 
Consider more frequent monitoring of liver enzymes as compared to when the drugs 
are administered as single agents. For elevated liver enzymes, interrupt CABOMETYX 
and nivolumab and consider administering corticosteroids. 
With the combination of CABOMETYX and nivolumab, Grades 3 and 4 increased 
ALT or AST were seen in 11% of patients. ALT or AST > 3 times ULN (Grade ≥2) 
was reported in 83 patients, of whom 23 (28%) received systemic corticosteroids; 
ALT or AST resolved to Grades 0-1 in 74 (89%). Among the 44 patients with Grade 
≥2 increased ALT or AST who were rechallenged with either CABOMETYX (n=9) 
or nivolumab (n=11) as a single agent or with both (n=24), recurrence of Grade ≥2 
increased ALT or AST was observed in 2 patients receiving CABOMETYX, 2 patients 
receiving nivolumab, and 7 patients receiving both CABOMETYX and nivolumab. 
Withhold and resume at a reduced dose based on severity. 

5.8  Adrenal Insufficiency 
CABOMETYX in combination with nivolumab can cause primary or secondary adrenal 
insufficiency. For Grade 2 or higher adrenal insufficiency, initiate symptomatic treatment, 
including hormone replacement as clinically indicated. Withhold CABOMETYX and/or 
nivolumab and resume CABOMETYX at a reduced dose depending on severity. 
Adrenal insufficiency occurred in 4.7% (15/320) of patients with RCC who received 
CABOMETYX with nivolumab, including Grade 3 (2.2%), and Grade 2 (1.9%) adverse 
reactions. Adrenal insufficiency led to permanent discontinuation of CABOMETYX 
and nivolumab in 0.9% and withholding of CABOMETYX and nivolumab in 2.8% of 
patients with RCC. 
Approximately 80% (12/15) of patients with adrenal insufficiency received hormone 
replacement therapy, including systemic corticosteroids. Adrenal insufficiency 
resolved in 27% (n=4) of the 15 patients. Of the 9 patients in whom CABOMETYX 
with nivolumab was withheld for adrenal insufficiency, 6 reinstated treatment after 
symptom improvement; of these, all (n=6) received hormone replacement therapy 
and 2 had recurrence of adrenal insufficiency. 

5.9  Proteinuria 
Proteinuria was observed in 8% of patients receiving CABOMETYX. 
Monitor urine protein regularly during CABOMETYX treatment. For Grade 2 or 3 
proteinuria, withhold CABOMETYX until improvement to ≤ Grade 1 proteinuria, 
resume CABOMETYX at a reduced dose. Discontinue CABOMETYX in patients who 
develop nephrotic syndrome. 

5.10  Osteonecrosis of the Jaw 
Osteonecrosis of the jaw (ONJ) occurred in <1% of patients treated with CABOMETYX. 
ONJ can manifest as jaw pain, osteomyelitis, osteitis, bone erosion, tooth or 
periodontal infection, toothache, gingival ulceration or erosion, persistent jaw pain  
or slow healing of the mouth or jaw after dental surgery. Perform an oral examination 
prior to initiation of CABOMETYX and periodically during CABOMETYX. Advise 
patients regarding good oral hygiene practices. Withhold CABOMETYX for at least 
3 weeks prior to scheduled dental surgery or invasive dental procedures, if possible. 
Withhold CABOMETYX for development of ONJ until complete resolution, resume at 
a reduced dose. 

5.11 Impaired Wound Healing 
Wound complications occurred with CABOMETYX. Withhold CABOMETYX for at 
least 3 weeks prior to elective surgery. Do not administer CABOMETYX for at least 2 
weeks after major surgery and until adequate wound healing. The safety of resumption 
of CABOMETYX after resolution of wound healing complications has not been 
established. 

5.12  Reversible Posterior Leukoencephalopathy Syndrome 
Reversible Posterior Leukoencephalopathy Syndrome (RPLS), a syndrome of 
subcortical vasogenic edema diagnosed by characteristic finding on MRI, can occur 
with CABOMETYX. Perform an evaluation for RPLS in any patient presenting with 
seizures, headache, visual disturbances, confusion or altered mental function. 
Discontinue CABOMETYX in patients who develop RPLS. 

5.13  Thyroid Dysfunction 
Thyroid dysfunction, primarily hypothyroidism, has been observed with CABOMETYX. 
Based on the safety population, thyroid dysfunction occurred in 19% of patients 
treated with CABOMETYX, including Grade 3 in 0.4% of patients.
Patients should be assessed for signs of thyroid dysfunction prior to the initiation of 
CABOMETYX and monitored for signs and symptoms of thyroid dysfunction during 
CABOMETYX treatment. Thyroid function testing and management of dysfunction 
should be performed as clinically indicated. 

5.14  Hypocalcemia 
CABOMETYX can cause hypocalcemia. Based on the safety population, hypocalcemia 
occurred in 13% of patients treated with CABOMETYX, including Grade 3 in 2% and 
Grade 4 in 1% of patients. Laboratory abnormality data were not collected in CABOSUN.
In COSMIC-311, hypocalcemia occurred in 36% of patients treated with CABOMETYX, 
including Grade 3 in 6% and Grade 4 in 3% of patients.
Monitor blood calcium levels and replace calcium as necessary during treatment. 
Withhold and resume at reduced dose upon recovery or permanently discontinue 
CABOMETYX depending on severity. 

5.15  Embryo-Fetal Toxicity 
Based on data from animal studies and its mechanism of action, CABOMETYX can 
cause fetal harm when administered to a pregnant woman. Cabozantinib administration 
to pregnant animals during organogenesis resulted in embryolethality at exposures 
below those occurring clinically at the recommended dose, and in increased incidences 
of skeletal variations in rats and visceral variations and malformations in rabbits. 
Advise pregnant women of the potential risk to a fetus. Advise females of reproductive 
potential to use effective contraception during treatment with CABOMETYX and for 4 
months after the last dose. 

6  ADVERSE REACTIONS 
The following clinically significant adverse reactions are discussed elsewhere in the 
labeling: Hemorrhage, Perforations and Fistulas, Thrombotic Events, Hypertension 
and Hypertensive Crisis, Diarrhea, Palmar-plantar Erythrodysesthesia, Hepatotoxicity, 
Adrenal Insufficiency, Proteinuria, Osteonecrosis of the Jaw, Impaired Wound Healing, 
Reversible Posterior Leukoencephalopathy Syndrome, Thyroid Dysfunction and 
Hypocalcemia. 

6.1  Clinical Trial Experience 
The data described in the WARNINGS AND PRECAUTIONS section and below reflect 
exposure to CABOMETYX as a single agent in 409 patients with RCC enrolled in 
randomized, active-controlled trials (CABOSUN, METEOR), 467 patients with HCC 
enrolled in a randomized, placebo-controlled trial (CELESTIAL), in 125 patients 
with DTC enrolled in a randomized, placebo-controlled trial (COSMIC-311), and in 
combination with nivolumab 240 mg/m2 every 2 weeks in 320 patients with RCC 
enrolled in a randomized, active-controlled trial (CHECKMATE-9ER). 
Because clinical trials are conducted under widely varying conditions, adverse reaction 
rates observed in the clinical trials of a drug cannot be directly compared to rates in 
the clinical trials of another drug and may not reflect the rates observed in practice. 

Renal Cell Carcinoma 
METEOR 
The safety of CABOMETYX was evaluated in METEOR, a randomized, open-label 
trial in which 331 patients with advanced renal cell carcinoma received CABOMETYX 
60 mg once daily and 322 patients received everolimus 10 mg once daily until 
disease progression or unacceptable toxicity. Patients on both arms who had disease 
progression could continue treatment at the discretion of the investigator. The median 
duration of treatment was 7.6 months (range 0.3 – 20.5) for patients receiving 
CABOMETYX and 4.4 months (range 0.21 – 18.9) for patients receiving everolimus. 
Adverse reactions which occurred in ≥ 25% of CABOMETYX-treated patients, in 
order of decreasing frequency, were: diarrhea, fatigue, nausea, decreased appetite, 
palmar-plantar erythrodysesthesia (PPE), hypertension, vomiting, weight decreased, 
and constipation. Grade 3-4 adverse reactions and laboratory abnormalities which 
occurred in ≥ 5% of patients were hypertension, diarrhea, fatigue, PPE, hyponatremia, 
hypophosphatemia, hypomagnesemia, lymphopenia, anemia, hypokalemia, and 
increased GGT. 
The dose was reduced in 60% of patients receiving CABOMETYX and in 24% 
of patients receiving everolimus. Twenty percent (20%) of patients received 
CABOMETYX 20 mg once daily as their lowest dose. The most frequent adverse 
reactions leading to dose reduction in patients treated with CABOMETYX were: 
diarrhea, PPE, fatigue, and hypertension. Adverse reactions leading to dose 
interruption occurred in 70% patients receiving CABOMETYX and in 59% patients 
receiving everolimus. Adverse reactions led to study treatment discontinuation in 10% 
of patients receiving CABOMETYX and in 10% of patients receiving everolimus. The 
most frequent adverse reactions leading to permanent discontinuation in patients 
treated with CABOMETYX were decreased appetite (2%) and fatigue (1%).

Table 1. Adverse Reactions Occurring in ≥ 10% Patients Who Received 
CABOMETYX in METEOR

Adverse Reaction

CABOMETYX 
(n=331) 1

Everolimus  
(n=322)

All  
Grades2

Grade  
3-4

All  
Grades2

Grade  
3-4

Percentage (%) of Patients
Gastrointestinal
Diarrhea 74 11 28 2
Nausea 50 4 28 <1
Vomiting 32 2 14 <1
Stomatitis 22 2 24 2
Constipation 25 <1 19 <1
Abdominal pain3 23 4 13 2
Dyspepsia 12 <1 5 0

General
Fatigue 56 9 47 7
Mucosal inflammation 19 <1 23 3
Asthenia 19 4 16 2

Metabolism and Nutrition
Decreased appetite 46 3 34 <1

Skin and Subcutaneous Tissue
Palmar-plantar erythrodysesthesia 42 8 6 <1
Rash4 23 <1 43 <1
Dry skin 11 0 10 0

Vascular
Hypertension5 39 16 8 3

Investigations
Weight decreased 31 2 12 0

Nervous System
Dysgeusia 24 0 9 0
Headache 11 <1 12 <1
Dizziness 11 0 7 0

Endocrine
Hypothyroidism 21 0 <1 <1

Respiratory, Thoracic, and 
Mediastinal
Dysphonia 20 <1 4 0
Dyspnea 19 3 29 4
Cough 18 <1 33 <1

Blood and Lymphatic
Anemia 17 5 38 16

Musculoskeletal and Connective 
Tissue
Pain in extremity 14 1 8 <1
Muscle spasms 13 0 5 0
Arthralgia 11 <1 14 1

Renal and Urinary
Proteinuria 12 2 9 <1

1   One subject randomized to everolimus received cabozantinib.
2  National Cancer Institute (NCI) Common Terminology Criteria for Adverse Events (CTCAE) 

Version 4.0
3  Includes the following terms: abdominal pain, abdominal pain upper, and abdominal pain lower
4  Includes the following terms: rash, rash erythematous, rash follicular, rash macular, rash 

papular, rash pustular, rash vesicular, genital rash, intermittent leg rash, rash on scrotum and 
penis, rash maculo-papular, rash pruritic, contact dermatitis, dermatitis acneiform

5  Includes the following terms hypertension, blood pressure increased, hypertensive crisis, blood 
pressure fluctuation

Other clinically important adverse reactions (all grades) that were reported in  
<10% of patients treated with CABOMETYX included: wound complications (2%), 
convulsion (<1%), pancreatitis (<1%), osteonecrosis of the jaw (<1%), and hepatitis 
cholestatic (<1%).

Table 2. Laboratory Abnormalities Occurring in ≥ 25% Patients Who Received 
CABOMETYX in METEOR

Laboratory Abnormality CABOMETYX (n=331) Everolimus  
(n=322)

All Grades Grade 3-4 All Grades Grade 3-4
Percentage (%) of Patients

Chemistry
Increased AST 74 3 40 <1
Increased ALT 68 3 32 <1
Increased creatinine 58 <1 71 0
Increased triglycerides 53 4 73 13
Hypophosphatemia 48 8 36 5
Hyperglycemia 37 2 59 8
Hypoalbuminemia 36 2 28 <1
Increased ALP 35 2 29 1
Hypomagnesemia 31 7 4 <1
Hyponatremia 30 8 26 6
Increased GGT 27 5 43 9

Hematology
Leukopenia 35 <1 31 <1
Neutropenia 31 2 17 <1
Anemia1 31 4 71 17
Lymphopenia 25 7 39 12
Thrombocytopenia 25 <1 27 <1

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; 
GGT, gamma glutamyl transferase. 
NCI CTCAE, Version 4.0
1   Based on laboratory abnormalities

CABOSUN 
The safety of CABOMETYX was evaluated in CABOSUN, a randomized, open-label 
trial in patients with advanced renal cell carcinoma, in which 78 patients received 
CABOMETYX 60 mg once daily and 72 patients received sunitinib 50 mg once 

72299_Exelixis_Cabometyx_HCP-Brief_KingSize_OncLive_10-75x13-75_r3v1jl.indd   172299_Exelixis_Cabometyx_HCP-Brief_KingSize_OncLive_10-75x13-75_r3v1jl.indd   1 2/22/22   9:25 AM2/22/22   9:25 AM



daily (4 weeks on treatment followed by 2 weeks off), until disease progression or 
unacceptable toxicity. The median duration of treatment was 6.5 months (range 
0.2 – 28.7) for patients receiving CABOMETYX and 3.1 months (range 0.2 – 25.5)  
for patients receiving sunitinib.
Within 30 days of treatment, there were 4 deaths in patients treated with 
CABOMETYX and 6 deaths in patients treated with sunitinib. Of the 4 patients  
treated with CABOMETYX, 2 patients died due to gastrointestinal perforation,  
1 patient had acute renal failure, and 1 patient died due to clinical deterioration.  
All Grade 3-4 adverse reactions were collected in the entire safety population. 
The most frequent Grade 3-4 adverse reactions (≥5%) in patients treated with 
CABOMETYX were hypertension, diarrhea, hyponatremia, hypophosphatemia,  
PPE, fatigue, increased ALT, decreased appetite, stomatitis, pain, hypotension,  
and syncope. 
The median average daily dose was 50.3 mg for CABOMETYX and 44.7 mg for 
sunitinib (excluding scheduled sunitinib non-dosing days). The dose was reduced in 
46% of patients receiving CABOMETYX and in 35% of patients receiving sunitinib. 
The dose was held in 73% of patients receiving CABOMETYX and in 71% of 
patients receiving sunitinib. Based on patient disposition, 21% of patients receiving 
CABOMETYX and 22% of patients receiving sunitinib discontinued due to an 
adverse reaction. 

Table 3. Grade 3-4 Adverse Reactions Occurring in ≥ 1% Patients Who 
Received CABOMETYX in CABOSUN

Adverse Reaction
CABOMETYX

(n = 78)
Sunitinib
(n = 72)

Grade 3-41 Grade 3-41

Percentage (%) of Patients
Patients with any Grade 3-4  
Adverse Reaction 68 65

Gastrointestinal
Diarrhea 10 11
Stomatitis 5 6
Nausea 3 4
Vomiting 1 3
Constipation 1 0

General
Fatigue 6 17
Pain 5 0

Metabolism and Nutrition
Hyponatremia2 9 8
Hypophosphatemia2 9 7
Decreased appetite 5 1
Dehydration 4 1
Hypocalcemia2 3 0
Hypomagnesemia2 3 0
Hyperkalemia2 1 3

Skin and Subcutaneous Tissue 
Palmar-plantar erythrodysesthesia 8 4
Skin ulcer 3 0

Vascular
Hypertension3 28 21
Hypotension 5 1
Angiopathy 1 1

Investigations
Increased ALT2 5 0
Weight decreased 4 0
Increased AST2 3 3
Increased blood creatinine2 3 3
Lymphopenia2 1 6
Thrombocytopenia2 1 11

Nervous System
Syncope 5 0

Respiratory, Thoracic, and Mediastinal
Dyspnea 1 6
Dysphonia 1 0

Blood and Lymphatic
Anemia 1 3

Psychiatric
Depression 4 0
Confusional state 1 1

Infections
Lung infection 4 0

Musculoskeletal and Connective Tissue
Back pain 4 0
Bone pain 3 1
Pain in extremity 3 0
Arthralgia 1 0

Renal and Urinary
Renal failure acute 4 1
Proteinuria 3 1

ALT, alanine aminotransferase; AST, aspartate aminotransferase
1  NCI CTCAE Version 4.0
2  Laboratory abnormalities are reported as adverse reactions and not based on shifts in 

laboratory values
3 Includes the following term: hypertension

CHECKMATE-9ER 
The safety of CABOMETYX with nivolumab was evaluated in CHECKMATE-9ER, a 
randomized, open-label study in patients with previously untreated advanced RCC. 
Patients received CABOMETYX 40 mg orally once daily with nivolumab 240 mg 
over 30 minutes every 2 weeks (n=320) or sunitinib 50 mg daily, administered orally 
for 4 weeks on treatment followed by 2 weeks off (n=320). CABOMETYX could 
be interrupted or reduced to 20 mg daily or 20 mg every other day. The median 
duration of treatment was 14 months (range: 0.2 to 27 months) in CABOMETYX and 
nivolumab-treated patients. In this trial, 82% of patients in the CABOMETYX and 
nivolumab arm were exposed to treatment for >6 months and 60% of patients were 
exposed to treatment for >1 year. 

Serious adverse reactions occurred in 48% of patients receiving CABOMETYX and 
nivolumab. 
The most frequent (≥2%) serious adverse reactions were diarrhea, pneumonia, 
pneumonitis, pulmonary embolism, urinary tract infection, and hyponatremia. Fatal 
intestinal perforations occurred in 3 (0.9%) patients. 
Adverse reactions leading to discontinuation of either CABOMETYX or nivolumab 
occurred in 20% of patients: 8% CABOMETYX only, 7% nivolumab only, and 6% both 
drugs due to the same adverse reaction at the same time. Adverse reactions leading 
to dose interruption or reduction of either CABOMETYX or nivolumab occurred in 83% 
of patients: 46% CABOMETYX only, 3% nivolumab only, and 21% both drugs due to 
the same adverse reaction at the same time, and 6% both drugs sequentially. 
The most common adverse reactions reported in ≥20% of patients treated with 
CABOMETYX and nivolumab were diarrhea, fatigue, hepatotoxicity, PPE, stomatitis, 
rash, hypertension, hypothyroidism, musculoskeletal pain, decreased appetite, 
nausea, dysgeusia, abdominal pain, cough, and upper respiratory tract infection.

Table 4. Adverse Reactions in ≥15% of Patients receiving CABOMETYX and 
Nivolumab-CHECKMATE-9ER

Adverse Reaction

CABOMETYX and 
Nivolumab (n=320)

Sunitinib (n=320)

Grades 
1-4

Grades 
3-4

Grades 
1-4

Grades 
3-4

Percentage (%) of Patients
Gastrointestinal 
Diarrhea 64 7 47 4.4
Nausea 27 0.6 31 0.3
Abdominal Paina 22 1.9 15 0.3
Vomiting 17 1.9 21 0.3
Dyspepsiab 15 0 22 0.3

General 
Fatiguec 51 8 50 8

Hepatobiliary
Hepatotoxicityd 44 11 26 5

Skin and Subcutaneous Tissue 
Palmar-plantar erythrodysesthesia 40 8 41 8
Stomatitise 37 3.4 46 4.4
Rashf 36 3.1 14 0
Pruritis 19 0.3 4.4 0

Vascular 
Hypertensiong 36 13 39 14

Endocrine 
Hypothyroidismh 34 0.3 30 0.3

Musculoskeletal and Connective Tissue 
Musculoskeletal paini 33 3.8 29 3.1
Arthralgia 18 0.3 9 0.3

Metabolism and Nutrition 
Decreased appetite 28 1.9 20 1.3

Nervous System Disorders
Dysgeusia 24 0 22 0
Headache 16 0 12 0.6

Respiratory, Thoracic, and Mediastinal 
Coughj 20 0.3 17 0
Dysphonia 17 0.3 3.4 0

Infections and Infestations
Upper respiratory tract infectionk 20 0.3 8 0.3

Toxicity was graded per NCI CTCAE v4. 
a  Includes abdominal discomfort, abdominal pain lower, abdominal pain upper. 
b Includes gastroesophageal reflux disease. 
c Includes asthenia. 
d  Includes hepatotoxicity, ALT increased, AST increased, blood alkaline phosphatase 

increased, gamma-glutamyl transferase increased, autoimmune hepatitis, blood 
bilirubin increased, drug induced liver injury, hepatic enzyme increased, hepatitis, 
hyperbilirubinemia, liver function test increased, liver function test abnormal, transaminases 
increased, hepatic failure.

e  Includes mucosal inflammation, aphthous ulcer, mouth ulceration. 
f  Includes dermatitis, dermatitis acneiform, dermatitis bullous, exfoliative rash, rash 

erythematous, rash follicular, rash macular, rash maculo-papular, rash papular, rash pruritic. 
g  Includes blood pressure increased, blood pressure systolic increased. 
h Includes primary hypothyroidism. 
i  Includes back pain, bone pain, musculoskeletal chest pain, musculoskeletal discomfort, 

myalgia, neck pain, pain in extremity, spinal pain. 
j Includes productive cough. 
k Includes nasopharyngitis, pharyngitis, rhinitis

Table 5. Laboratory Values Worsening from Baselinea Occurring in >20% of 
Patients receiving CABOMETYX and Nivolumab-CHECKMATE-9ER

Laboratory Abnormality
CABOMETYX and 

Nivolumab
Sunitinib

Grades 1-4 Grades 3-4 Grades 1-4 Grades 1-4
Percentage (%) of Patients

Chemistry
Increased ALT 79 9.8 39 3.5
Increased AST 77 7.9 57 2.6
Hypophosphatemia 69 28 48 10
Hypocalcemia 54 1.9 24 0.6
Hypomagnesemia 47 1.3 25 0.3
Hyperglycemia 44 3.5 44 1.7
Hyponatremia 43 11 36 12
Increased lipase 41 14 38 13
Increased amylase 41 10 28 6
Increased alkaline 
phosphatase 41 2.8 37 1.6

Increased creatinine 39 1.3 42 0.6
Hyperkalemia 35 4.7 27 1
Hypoglycemia 26 0.8 14 0.4

Laboratory Abnormality
CABOMETYX and 

Nivolumab
Sunitinib

Grades 1-4 Grades 3-4 Grades 1-4 Grades 1-4
Percentage (%) of Patients

Hematology
Lymphopenia 42 6.6 45 10
Thrombocytopenia 41 0.3 70 9.7
Anemia 37 2.5 61 4.8
Leukopenia 37 0.3 66 5.1
Neutropenia 35 3.2 67 12

a  Each test incidence is based on the number of patients who had both baseline and at least one 
on-study laboratory measurement available: CABOMETYX and nivolumab group (range: 170 to 
317 patients) and sunitinib group (range: 173 to 311 patients).

Hepatocellular Carcinoma 
The safety of CABOMETYX was evaluated in CELESTIAL, a randomized, double-
blind, placebo-controlled trial in which 704 patients with advanced hepatocellular 
carcinoma were randomized to receive CABOMETYX 60 mg orally once daily 
(n=467) or placebo (n=237) until disease progression or unacceptable toxicity. The 
median duration of treatment was 3.8 months (range 0.1 – 37.3) for patients receiving 
CABOMETYX and 2.0 months (range 0.0 – 27.2) for patients receiving placebo. The 
population exposed to CABOMETYX was 81% male, 56% White, and had a median 
age of 64 years. 
Adverse reactions occurring in ≥ 25% of CABOMETYX- treated patients, in order 
of decreasing frequency were: diarrhea, decreased appetite, PPE, fatigue, nausea, 
hypertension, and vomiting. Grade 3-4 adverse reactions which occurred in ≥ 5% of 
patients were PPE, hypertension, fatigue, diarrhea, asthenia, and decreased appetite. 
There were 6 adverse reactions leading to death in patients receiving CABOMETYX 
(hepatic failure, hepatorenal syndrome, esophagobronchial fistula, portal vein 
thrombosis, pulmonary embolism, upper gastrointestinal hemorrhage). 
The median average daily dose was 35.8 mg for CABOMETYX. The dose was reduced 
in 62% of patients receiving CABOMETYX; 33% of patients required a reduction to 
20 mg daily. The most frequent adverse reactions or laboratory abnormalities leading 
to dose reduction of CABOMETYX were: PPE, diarrhea, fatigue, hypertension, and 
increased AST. Adverse reactions leading to dose interruption occurred in 84% patients 
receiving CABOMETYX. Adverse reactions leading to permanent discontinuation 
of CABOMETYX occurred in 16% of patients. The most frequent adverse reactions 
leading to permanent discontinuation of CABOMETYX were PPE (2%), fatigue (2%), 
decreased appetite (1%), diarrhea (1%), and nausea (1%).

Table 6. Adverse Reactions Occurring in ≥5% of CABOMETYX-Treated Patients 
in CELESTIAL1 

Adverse Reaction
CABOMETYX  

(n = 467)
Placebo 
(n = 237) 

All Grades2 Grade 3-4 All Grades2 Grade 3-4
Percentage (%) of Patients

Gastrointestinal 
Diarrhea 54 10 19 2
Nausea 31 2 18 2
Vomiting 26 <1 12 3
Stomatitis 13 2 2 0
Dyspepsia 10 0 3 0

General 
Fatigue 45 10 30 4
Asthenia 22 7 8 2
Mucosal inflammation 14 2 2 <1

Metabolism and Nutrition 
Decreased appetite 48 6 18 <1

Skin and Subcutaneous Tissue 
Palmar-plantar 
erythrodysesthesia 46 17 5 0
Rash3 21 2 9 <1

Vascular 
Hypertension4 30 16 6 2

Investigations
Weight decreased 17 1 6 0

Nervous System 
Dysgeusia 12 0 2 0

Endocrine 
Hypothyroidism 8 <1 <1 0

Respiratory, Thoracic, and 
Mediastinal 
Dysphonia 19 1 2 0
Dyspnea 12 3 10 <1

Musculoskeletal and 
Connective Tissue 
Pain in extremity 9 <1 4 1
Muscle spasms 8 <1 2 0

1   Includes terms with a between-arm difference of ≥ 5% (all grades) or ≥ 2% (Grade 3-4)
2 NCI CTCAE Version 4.0
3  Includes the following terms: rash, rash erythematous, rash generalized, rash macular, rash 

maculo-papular, rash papular, rash pruritic, rash pustular, rash vesicular, dermatitis, dermatitis 
acneiform, dermatitis contact, dermatitis diaper, dermatitis exfoliative, dermatitis infected

4  Includes the following terms: hypertension, blood pressure diastolic increased, blood pressure 
increased

Table 7. Laboratory Abnormalities Occurring in ≥5% of CABOMETYX-Treated 
Patients in CELESTIAL1 

Laboratory Abnormality
CABOMETYX 

N=467
Placebo 
N=237

All Grades Grade 3-4 All Grades Grade 3-4
Percentage of Patients

Chemistry
Increased LDH 84 9 29 2
Increased ALT 73 12 37 6
Increased AST 73 24 46 19
Hypoalbuminemia 51 1 32 1
Increased ALP 43 8 38 6
Hypophosphatemia 25 9 8 4
Hypokalemia 23 6 6 1
Hypomagnesemia 22 3 3 0
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Laboratory Abnormality
CABOMETYX 

N=467
Placebo 
N=237

All Grades Grade 3-4 All Grades Grade 3-4
Percentage of Patients

Increased amylase 16 2 9 2
Hypocalcemia 8 2 0 0

Hematology
Decreased platelets 54 10 16 1
Neutropenia 43 7 8 1
Increased hemoglobin 8 0 1 0

1   Includes laboratory abnormalities with a between-arm difference of ≥ 5% (all grades) or ≥ 2% 
(Grade 3-4)

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDH, 
blood lactate dehydrogenase 

Differentiated Thyroid Cancer
The safety of CABOMETYX was evaluated in COSMIC-311, a randomized, double-
blind, placebo-controlled trial in which 187 patients with advanced differentiated thyroid 
cancer were randomized to receive CABOMETYX 60 mg orally once daily (n=125) or 
placebo (n=62) with supportive care until disease progression or unacceptable toxicity. 
At the time of the primary efficacy analysis, the median duration of treatment was 4.4 
months (range 0.0 – 15.7) for patients receiving CABOMETYX and 2.3 months (range 
0.3 – 11.6) for patients receiving placebo. The median age was 66 years (range 32 to 
85 years), 55% were female, 70% were White, 18% were Asian, 2% were Black, 2% 
were American Indian or Alaska Native, and 63% received prior lenvatinib.
Adverse reactions occurring in ≥ 25% of CABOMETYX-treated patients, in order of 
decreasing frequency were: diarrhea, PPE, fatigue, hypertension, and stomatitis. 
Grade 3-4 adverse reactions which occurred in ≥ 5% of patients were PPE, 
hypertension, fatigue, diarrhea, and stomatitis. Serious adverse reactions occurred 
in 34% of patients who received CABOMETYX. Serious adverse reactions in ≥2% 
included diarrhea, pleural effusion, pulmonary embolism and dyspnea. Fatal adverse 
reactions occurred in 1.6% of patients in the CABOMETYX arm, including arterial 
hemorrhage (0.8%) and pulmonary embolism (0.8%). 
The median average daily dose was 42.0 mg for CABOMETYX. The dose was 
reduced in 56% of patients receiving CABOMETYX; 22% of patients required a 
second dose reduction. The most frequent adverse reactions (≥5%) leading to dose 
reduction of CABOMETYX were PPE, diarrhea, fatigue, proteinuria, and decreased 
appetite. Dose interruptions occurred in 72% patients receiving CABOMETYX. 
Adverse reactions requiring dosage interruption in ≥5% of patients were PPE, 
diarrhea, dyspnea, hypertension, decreased appetite and proteinuria. Adverse 
reactions leading to permanent discontinuation of CABOMETYX occurred in 5%  
of patients.

Table 8. Adverse Reactions Occurring in ≥5% of CABOMETYX-Treated Patients 
in COSMIC-3111

Adverse Reaction
CABOMETYX  

(N=125)
Placebo 
(N=62) 

All Grades2 Grade 3-4 All Grades2 Grade 3-4
Percentage (%) of Patients

Gastrointestinal 
Diarrhea 51 7 3 0
Nausea 24 3 2 0
Vomiting 14 1 8 0
Stomatitis3 26 5 3 0
Dry mouth 10 1 2 0

General 
Fatigue4 42 10 23 0

Metabolism and Nutrition 
Decreased appetite 23 3 16 0

Skin and Subcutaneous Tissue 
Palmar-plantar erythrodysesthesia 46 10 0 0

Vascular 
Hypertension5 30 10 5 3

Investigations
Weight decreased 18 1 5 0

Nervous System 
Dysgeusia 10 0 0 0
Headache 10 2 2 0

Respiratory, Thoracic, and 
Mediastinal 
Dysphonia 10 0 2 0
Pulmonary embolism 5 2 0 0

Renal and Urinary
Proteinuria 15 1 3 0

1   Includes terms that are more frequent in the CABOMETYX arm and have a between-arm 
difference of ≥ 5% (all grades) or ≥ 2% (Grade 3-4)

2 NCI CTCAE Version 5.0
3  Includes the following terms: mucosal inflammation, stomatitis
4  Includes the following terms: fatigue, asthenia
5  Includes the following terms: hypertension, blood pressure increased, hypertensive crisis

Table 9. Laboratory Abnormalities Occurring in ≥10% of CABOMETYX-Treated 
Patients in COSMIC-3111

Laboratory Abnormality
CABOMETYX 

N=125
Placebo 

N=62
All Grades Grade 3 or 4 All Grades Grade 3 or 4

Percentage (%) of Patients
Chemistry
LDH increased2 90 10 32 3
AST increased 77 1 18 0
ALT increased 66 2 11 0
Hypocalcemia 36 9 10 2
ALP increased 34 0 15 0
GGT increased 26 2 21 2
Hypomagnesemia 25 2 5 0
Hypoalbuminemia 19 1 7 0
Hypokalemia 18 1 3 0
Hyponatremia 15 0 10 2
Hyperbilirubinemia 12 0 5 0

Laboratory Abnormality
CABOMETYX 

N=125
Placebo 

N=62
All Grades Grade 3 or 4 All Grades Grade 3 or 4

Percentage (%) of Patients
Hematology
Leukocytes decreased 38 2 7 2
Neutrophils decreased 31 2 5 2
Platelets decreased 26 0 5 0

1   Includes laboratory abnormalities that are more frequent in the CABOMETYX arm and have a 
between-arm difference of ≥ 5% (all grades) or ≥ 2% (Grade 3-4)

2   Sponsor-defined grades for LDH were as follows: Grade 1 (> ULN to ≤ 2 × ULN), Grade 2 (> 2 × 
ULN to ≤ 3 × ULN), Grade 3 (> 3 × ULN).

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, 
gamma glutamyl transferase; LDH, blood lactate dehydrogenase

7  DRUG INTERACTIONS 
7.1  Effects of Other Drugs on CABOMETYX 
Strong CYP3A4 Inhibitors 
Coadministration of a cabozantinib capsule formulation with a strong CYP3A4 inhibitor 
increased the exposure of cabozantinib, which may increase the risk of exposure-
related adverse reactions. Avoid coadministration of CABOMETYX with strong 
CYP3A4 inhibitors. Reduce the dosage of CABOMETYX if coadministration with 
strong CYP3A4 inhibitors cannot be avoided. Avoid grapefruit or grapefruit juice which 
may also increase exposure of cabozantinib. 
Strong CYP3A Inducers 
Coadministration of a cabozantinib capsule formulation with a strong CYP3A4 
inducer decreased the exposure of cabozantinib, which may reduce efficacy. Avoid 
coadministration of CABOMETYX with strong CYP3A4 inducers. Increase the dosage 
of CABOMETYX if coadministration with strong CYP3A4 inducers cannot be avoided. 
Avoid St. John’s wort which may also decrease exposure of cabozantinib.

8  USE IN SPECIFIC POPULATIONS 
8.1  Pregnancy 
Risk Summary 
Based on findings from animal studies and its mechanism of action, CABOMETYX 
can cause fetal harm when administered to a pregnant woman. There are no available 
data in pregnant women to inform the drug-associated risk. In animal developmental 
and reproductive toxicology studies administration of cabozantinib to pregnant rats and 
rabbits during organogenesis resulted in embryofetal lethality and structural anomalies 
at exposures that were below those occurring clinically at the recommended dose (see 
Data). Advise pregnant women of the potential risk to a fetus. 
In the U.S. general population, the estimated background risk of major birth defects and 
miscarriage in clinically recognized pregnancies is 2-4% and 15-20%, respectively. 
Data 
Animal Data 
In an embryo-fetal development study in pregnant rats, daily oral administration of 
cabozantinib throughout organogenesis caused increased embryo-fetal lethality 
compared to controls at a dose of 0.03 mg/kg (approximately 0.12-fold of human 
area under the curve [AUC] at the recommended dose). Findings included delayed 
ossification and skeletal variations at a dose of 0.01 mg/kg/day (approximately 
0.04-fold of human AUC at the recommended dose). 
In pregnant rabbits, daily oral administration of cabozantinib throughout organogenesis 
resulted in findings of visceral malformations and variations including reduced spleen 
size and missing lung lobe at 3 mg/kg (approximately 1.1-fold of the human AUC at 
the recommended dose). 
In a pre- and postnatal study in rats, cabozantinib was administered orally from 
gestation day 10 through postnatal day 20. Cabozantinib did not produce adverse 
maternal toxicity or affect pregnancy, parturition or lactation of female rats, and did 
not affect the survival, growth or postnatal development of the offspring at doses up to 
0.3 mg/kg/day (0.05-fold of the maximum recommended clinical dose). 

8.2  Lactation 
Risk Summary 
There is no information regarding the presence of cabozantinib or its metabolites in 
human milk, or their effects on the breastfed child or milk production. Because of the 
potential for serious adverse reactions in breastfed children, advise women not to 
breastfeed during treatment with CABOMETYX and for 4 months after the final dose. 
8.3 Females and Males of Reproductive Potential 
Pregnancy Testing 
Verify the pregnancy status of females of reproductive potential prior to initiating 
CABOMETYX. 
Contraception 
CABOMETYX can cause fetal harm when administered to a pregnant woman. 
Females 
Advise females of reproductive potential to use effective contraception during treatment 
with CABOMETYX and for 4 months after the final dose. 
Infertility 
Females and Males 
Based on findings in animals, CABOMETYX may impair fertility in females and males 
of reproductive potential. 

8.4  Pediatric Use 
The safety and effectiveness of CABOMETYX for the treatment of differentiated thyroid 
cancer (DTC) have been established in pediatric patients aged 12 years and older.
Use of CABOMETYX in pediatric patients aged 12 years and older with DTC is 
supported by evidence from adequate and well-controlled studies of CABOMETYX 
in adults with additional population pharmacokinetic data demonstrating that 
cabozantinib exposure is within the same range between adults and pediatric patients 
aged 12 years and older at the recommended dosages.
The safety and effectiveness of CABOMETYX in pediatric patients less than 12 years 
of age have not been established. 
Juvenile Animal Toxicity Data 
Juvenile rats were administered cabozantinib at doses of 1 or 2 mg/kg/day from 
Postnatal Day 12 (comparable to less than 2 years in humans) through Postnatal 
Day 35 or 70. Mortalities occurred at doses ≥1 mg/kg/day (approximately 0.16 
times the clinical dose of 60 mg/day based on body surface area). Hypoactivity was 
observed at both doses tested on Postnatal Day 22. Targets were generally similar 
to those seen in adult animals, occurred at both doses, and included the kidney 
(nephropathy, glomerulonephritis), reproductive organs, gastrointestinal tract (cystic 
dilatation and hyperplasia in Brunner’s gland and inflammation of duodenum; and 
epithelial hyperplasia of colon and cecum), bone marrow (hypocellularity and lymphoid 
depletion), and liver. Tooth abnormalities and whitening as well as effects on bones 
including reduced bone mineral content and density, physeal hypertrophy, and 
decreased cortical bone also occurred at all dose levels. Recovery was not assessed 
at a dose of 2 mg/kg (approximately 0.32 times the clinical dose of 60 mg based on 

body surface area) due to high levels of mortality. At the low dose level, effects on 
bone parameters were partially resolved but effects on the kidney and epididymis/
testis persisted after treatment ceased. 

8.5  Geriatric Use 
In CABOSUN and METEOR, 41% of 409 patients treated with CABOMETYX were 
age 65 years and older, and 8% were 75 years and older. In CELESTIAL, 49% of 467 
patients treated with CABOMETYX were age 65 years and older, and 15% were 75 
years and older. In COSMIC-311, 50% of 125 patients treated with CABOMETYX were 
age 65 years and older, and 12% were 75 years and older.
No overall differences in safety or effectiveness were observed between these patients 
and younger patients. 
Of the 320 patients randomized to CABOMETYX administered with nivolumab in 
CHECKMATE-9ER, 41% were 65 years or older and 9% were 75 years or older. No 
overall difference in safety was reported between elderly patients and younger patients. 

8.6  Hepatic Impairment 
Increased exposure to cabozantinib has been observed in patients with moderate 
(Child-Pugh B) hepatic impairment. Reduce the CABOMETYX dose in patients with 
moderate hepatic impairment. Avoid CABOMETYX in patients with severe hepatic 
impairment (Child-Pugh C), since it has not been studied in this population. 

8.7 Renal Impairment 
No dosage adjustment is recommended in patients with mild or moderate renal 
impairment. There is no experience with CABOMETYX in patients with severe renal 
impairment. 

10  OVERDOSAGE 
One case of overdosage was reported following administration of another formulation 
of cabozantinib; a patient inadvertently took twice the intended dose for 9 days. The 
patient suffered Grade 3 memory impairment, Grade 3 mental status changes, Grade 
3 cognitive disturbance, Grade 2 weight loss, and Grade 1 increase in BUN. The 
extent of recovery was not documented. 

17  PATIENT COUNSELING INFORMATION 
Advise the patient to read the FDA-approved patient labeling (Patient Information). 
Hemorrhage: Instruct patients to contact their healthcare provider to seek immediate 
medical attention for signs or symptoms of unusual severe bleeding or hemorrhage. 
Perforations and fistulas: Advise patients that gastrointestinal disorders such as 
diarrhea, nausea, vomiting, and constipation may develop during CABOMETYX 
treatment and to seek immediate medical attention if they experience persistent or 
severe abdominal pain because cases of gastrointestinal perforation and fistula have 
been reported in patients taking CABOMETYX. 
Thrombotic events: Venous and arterial thrombotic events have been reported. 
Advise patients to report signs or symptoms of an arterial thrombosis. Venous 
thromboembolic events including pulmonary embolus have been reported. Advise 
patients to contact their health care provider if new onset of dyspnea, chest pain, or 
localized limb edema occurs.
Hypertension and hypertensive crisis: Inform patients of the signs and symptoms of 
hypertension. Advise patients to undergo routine blood pressure monitoring and to 
contact their health care provider if blood pressure is elevated or if they experience 
signs or symptoms of hypertension. 
Diarrhea: Advise patients to notify their healthcare provider at the first signs of poorly 
formed or loose stool or an increased frequency of bowel movements.
Palmar-plantar erythrodysesthesia: Advise patients to contact their healthcare provider 
for progressive or intolerable rash. 
Hepatotoxicity: Advise patients to contact their healthcare provider immediately for 
jaundice, severe nausea or vomiting, or easy bruising or bleeding. 
Adrenal insufficiency: Advise patients receiving with nivolumab to contact their 
healthcare provider immediately for signs or symptoms of adrenal insufficiency. 
Proteinuria: Advise patients to contact their healthcare provider for signs or symptoms 
of proteinuria. 
Osteonecrosis of the jaw: Advise patients regarding good oral hygiene practices. 
Advise patients to immediately contact their healthcare provider for signs or symptoms 
associated with osteonecrosis of the jaw. 
Impaired wound healing: Advise patients that CABOMETYX may impair wound 
healing. Advise patients to inform their healthcare provider of any planned surgical 
procedure. 
Reversible posterior leukoencephalopathy syndrome: Advise patients to immediately 
contact their health care provider for new onset or worsening neurological function. 
Thyroid dysfunction: Advise patients that CABOMETYX can cause thyroid dysfunction 
and that their thyroid function should be monitored regularly during treatment. Advise 
patients to immediately contact their healthcare provider for signs or symptoms of 
thyroid dysfunction. 
Hypocalcemia: Advise patients that CABOMETYX can cause low calcium levels and 
that their serum calcium levels should be monitored regularly during treatment. Advise 
patients to immediately contact their healthcare provider for signs or symptoms of 
hypocalcemia. 
Embryo-fetal toxicity:
•  Advise females of reproductive potential of the potential risk to a fetus. Advise 

females to inform their healthcare provider of a known or suspected pregnancy. 
•  Advise females of reproductive potential to use effective contraception during 

treatment with CABOMETYX and for 4 months after the final dose. 
Lactation: Advise women not to breastfeed during treatment with CABOMETYX and 
for 4 months following the last dose. 
Drug interactions: Advise patients to inform their healthcare provider of all prescription 
or nonprescription medications, vitamins or herbal products. Inform patients to avoid 
grapefruit, grapefruit juice, and St. John’s wort. 
Important administration information 
Instruct patients to take CABOMETYX at least 1 hour before or at least 2 hours 
after eating. 

This brief summary is based on the CABOMETYX Prescribing Information 
Revision 10/2021 
Distributed by Exelixis, Inc. Alameda, CA 94502 

CABOMETYX is a registered trademark of Exelixis, Inc. © 2021 Exelixis, Inc.

Printed in USA   10/2021   CA-1121-4
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Pembrolizumab Receives Seal of Approval for Adjuvant NSCLC Treatment

Pembrolizumab (Keytruda) has been approved by the FDA as adju-
vant treatment following surgical resection and platinum-based 
chemotherapy for patients with stage IB (T2a ≥ 4 cm), II, or IIIA non–
small cell lung cancer. 

Data from the multicenter, randomized, triple-blind, placebo- 
controlled phase 3 KEYNOTE-091 trial (NCT02504372) supported the 
regulatory decision. Patients who received adjuvant chemotherapy expe-
rienced a median investigator-assessed disease-free survival (DFS) of 
58.7 months (95% CI, 39.2-not reached [NR]) in the pembrolizumab 
arm (n = 506) and 34.9 months (95% CI, 28.6-NR) in the placebo arm 

(n = 504; HR, 0.73; 95% CI, 0.60-0.89). Overall survival data were imma-
ture at the time of analysis. 

In an exploratory subgroup analysis, patients who did not receive 
adjuvant chemotherapy (n = 167) experienced a DFS HR of 1.25 (95% CI, 
0.76-2.05). Serious adverse events (SAEs) occurred in 24% of patients 
receiving pembrolizumab and 4 events led to death. In the placebo group, 
15% of patients experienced an SAE.

 TO READ MORE,  V ISIT   bit. ly/3l1DDNT.

Elacestrant Is Approved for ER+/HER2–, ESR1-Mutated Advanced or Metastatic Breast Cancer 

The FDA granted approval to elacestrant (Orserdu) for the treatment of 
postmenopausal women or adult men with estrogen receptor–positive, 
HER2-negative, ESR1-mutated advanced or metastatic breast cancer with 
disease progression following at least 1 line of endocrine therapy. The 
Guardant360 CDx assay was also approved as a companion diagnostic 
device to identify patients who are eligible to receive the agent.

The randomized, open-label, active-controlled, phase 3 EMERALD trial 
(NCT03778931) supported the regulatory decision after patients with 
ESR1 mutational status who received elacestrant (n = 115) achieved a 

median progression-free survival (PFS) of 3.8 months (95% CI, 2.2-7.3) vs 
1.9 months (95% CI, 1.9-2.1) for those receiving standard of care (SOC) 
endocrine therapy with fulvestrant (Faslodex) or an aromatase inhibitor 
(n = 113; HR, 0.55; 95% CI, 0.39-0.77; P = .0005).

Additionally, an exploratory PFS analysis showed patients without 
ESR1 mutations who received elacestrant (n = 250) were not drivers of 
overall efficacy outcomes, with an HR of 0.86 (95% CI, 0.63-1.19) vs SOC.

 TO READ MORE,  V ISIT   bit. ly/3jpU3PQ.

Pirtobrutinib Gets Go-ahead in Relapsed/Refractory Mantle Cell Lymphoma

Pirtobrutinib (Jaypirca) has been granted accelerated approval for the 
treatment of adult patients with relapsed or refractory mantle cell 
lymphoma following at least 2 lines of systemic therapy, including a Bruton 
tyrosine kinase (BTK) inhibitor. 

The decision was supported by findings from the phase 2 portion of the 
open-label, single-arm, phase 1/2 BRUIN trial (NCT03740529). Patients who 
received pirtobrutinib monotherapy (n = 120) had an objective response 
rate of 50% (95% CI, 41%-59%), with a complete response rate of 13%. The 
median time to response with the selective noncovalent BTK inhibitor was 

1.8 months (range, 0.8-4.2). Additionally, the estimated median duration of 
response (DOR) was 8.3 months (95% CI, 5.7-not evaluable) with an esti-
mated 6-month DOR rate of 65.3% (95% CI, 49.8%-77.1%).

The most common adverse effects (≥ 15%) were fatigue, musculoskeletal 
pain, diarrhea, edema, dyspnea, pneumonia, and bruising. Grade 4 labo-
ratory abnormalities included decreased neutrophils (10%), platelets (7%), 
and lymphocytes (6%).

 TO READ MORE,  V ISIT   bit. ly/3jB1Nyh.

FDA Approves Sacituzumab Govitecan for Pretreated HR+/HER2– Metastatic Breast Cancer

Sacituzumab govitecan-hziy (Trodelvy) has been approved by the FDA for 
the treatment of adult patients with unresectable locally advanced or 
metastatic hormone receptor–positive, HER2-negative breast cancer who 
have received endocrine-based therapy and at least 2 additional systemic 
therapies in the metastatic setting. 

Data from the phase 3 TROPiCS-02 trial (NCT03901339) supported the 
approval. Patients who received the Trop-2–directed antibody (n = 272) 
achieved a median overall survival of 14.4 months (95% CI, 13.0-15.7) vs 
11.2 months (95% CI, 10.1-12.7) in the chemotherapy arm (n = 271; HR, 
0.79; 95% CI, 0.65-0.96; P = .02). 

Additionally, median progression-free survival (PFS) per RECIST 1.1 
was 5.5 months (95% CI, 4.2-7.0) compared with 4.0 months (95% CI, 
3.1-4.4) in the investigational and control arms, respectively (HR, 0.66; 
95% CI, 0.53-0.83; P = .0003), which translated to a 34% reduction in the 
risk of disease progression or death. One-year PFS rates were 21% vs 
7%, respectively. 

Sacituzumab govitecan comes with a box warning for neutropenia and 
severe diarrhea. 

 TO READ MORE,  V ISIT   bit. ly/40lwMiB.
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PIRTOBRUTINIB  ( JAYPIRCA)

Pirtobrutinib Approval Addresses Unmet Need  
in MCL Treatment Paradigm

by MEGAN HOLLASCH

THE NONCOVALENT BRUTON TYROSINE kinase (BTK) inhibitor 
pirtobrutinib (Jaypirca) offers patients with mantle cell lymphoma (MCL) an alter-
native treatment to overcome resistance to standard therapy, according to 
Michael L. Wang, MD. 

On January 27, 2023, the FDA granted accelerated approval to the agent for 
patients with MCL after 2 prior lines of therapy including a BTK inhibitor based on 
data from the phase 1/2 BRUIN trial (NCT03740529).1

Among 120 patients previously treated with a covalent BTK inhibitor, the overall 
response rate was 50% (95% CI, 41%-59%), with 13% of responders having a 
complete response. The median duration of response was 8.3 months  
(95% CI, 5.7-not estimable).2 At 6 months, an estimated 65.3% (95% CI, 
49.8%-77.1%) of responders had an ongoing response to treatment.1 
Most patients in the study (67%) received ibrutinib (Imbruvica), with  
30% and 8% receiving acalabrutinib (Calquence) and zanubrutinib 
(Brukinsa), respectively.1,2

The pirtobrutinib label comes with a warning for atrial fibrillation and 
flutter.2 However, Wang noted that compared with other BTK inhibitors, 
the incidence of this adverse effect is considerably lower.

“[Pirtobrutinib will] have unlimited usage in the current treatment 
paradigm,” Wang said. “We can use it to overcome [resistance to] BTK inhibitors, 
we can use it before chimeric antigen receptor [CAR] T cells, in combination with 
the CAR T cells, and after CAR T cells. It’s going to be a big change in the para-
digm of [MCL] therapy.”

Common adverse effects of any grade across all doses and cohorts included 
fatigue, diarrhea, neutropenia, and contusion. No dose-limiting toxicities were 
reported, and the maximum-tolerated dose was not reached. Additionally, the 
agent elicited strong response rates in the BTK-exposed population, which histori-
cally has had few effective and accessible options.

In an interview with OncologyLive®, Wang, a professor in the Department of 
Lymphoma/Myeloma at The University of Texas MD Anderson Cancer Center in 
Houston, discussed the efficacy of the noncovalent BTK inhibitor, as well as safety 
data from the BRUIN trial.

Q
Please describe the significance of the approval  
for MCL.

BTK inhibitors have revolutionized therapy for B-cell malignancies. So far, the  
3 FDA-approved BTK inhibitors are covalent, nonreversible BTK inhibitors 
including the first-generation ibrutinib [and] the second-generation [agents] 
acalabrutinib and zanubrutinib. Those drugs bind to the same epitope of ADP 
[adenosine diphosphate] binding site in the BTK protein, binding to the same 
pocket containing C481. If the C481 is mutated, [that] 1 mutation [after]  
1 therapy would render cross-resistance to the other 2 BTK inhibitors.

If the BTK inhibitor becomes ineffective, we will change to another kind of 
therapy, oftentimes CAR T-cell therapy, and bispecific antibody therapies or other 
T-cell engager therapies. But those are invariably associated with cytokine release 
syndrome toxicities, such as neurotoxicity. 

Ideally, we would have a [drug] like acalabrutinib, ibrutinib, and zanubrutinib 
that would overcome the resistance. Therefore, the third-generation BTK inhibitor 
is born, and this BTK inhibitor is the first-in-class pirtobrutinib.

Q
Please explain the mechanism of action of pirtobrutinib. 
The characteristic of this drug is that it binds to the BTK protein in a 

reversible, noncovalent manner so there’s constant binding [and] rebinding. 
When you use a covalent BTK inhibitor, it binds to a target and [does] not let it 
go, so when a new target is synthesized by the body it will bypass the covalently 
bound BTK inhibitors. With the reversible BTK inhibitor, it’s constantly binding and 
rebinding in the equilibrium, so there’s a constant binding even with the newly 
produced BTK proteins.

The reversible BTK inhibitor such as pirtobrutinib not only binds to new proteins 
but also binds to the ATP [adenosine triphosphate] site independent of C481. So 
even [when] C481 is mutated [and] it’s no longer responsive to the covalent BTK 

inhibitors, pirtobrutinib can still exert its effect. In other words, if the 
covalent BTK inhibitors stop working, we can still use the pirtobrutinib to 
rescue it. This is a great, significant [approval] for our patients and their 
families. It is so far very effective. In a clinical trial called the BRUIN 
study, in the MCL part, [for] those [patients] who received prior covalent 
BTK inhibitors, their response rate is still 51%. And for those who never 
used a prior BTK inhibitor, the response rate was as high as 81%.

Q
What were the top safety takeaways from the  
BRUIN trial?

In terms of toxicity, BRUIN is a first-in-human study with pirtobrutinib. In  
618 patients, no dose-limiting toxicities were reported. Therefore, [the] maximum- 
tolerated dose was not reached. Ninety-six patients received [oral] pirtobru-
tinib at a dose of 200 mg daily, a dose we chose to move [forward] with in other 
studies. Only 1% of patients permanently discontinued [because of] treatment- 
related AEs [adverse effects], [and] 1% is a remarkably small number for such a 
big number of patients.

Of note, the atrial fibrillation rate with the first-generation covalent BTK inhib-
itor is approximately 6% to 11%, and [with] the second-generation covalent BTK 
inhibitors, [it] is approximately 3% to 5%. However, in the 618 patients in this 
study, the atrial fibrillation rate was only 2%. This is a very low atrial fibrillation 
rate, and please remember our study entry age was 70 [years]. In the general 
population [of] the United States without a history of cancer, the baseline atrial 
fibrillation rate is approximately 3% to 4%. With a limited follow-up for 600 
patients, the atrial fibrillation rate is promisingly low. 

Q
What unmet needs remain in MCL, and how might  
they be addressed going forward? 

All BTK inhibitors plus other targeted agents such as bortezomib [Velcade], lena-
lidomide [Revlimid], and venetoclax [Venclexta] share 1 good aspect: They can 
reduce big tumors to very small [tumors]. [There are] big reductions in the tumor 
mass; however, they’re not universally curable because they only attack 1 link in 
1 pathway, and the proteins can mutate and other pathways can easily bypass 
them to continue to active the MCL growth.

[So] what are we going to do? We’re using CAR T cells, immunotherapies such 
as BiTEs [bispecific T-cell engagers], bispecific antibodies, NK [natural killer]  
T cells, etc. There are limitations, but we already have many therapies that could 
overcome this limitation. ■

R E F E R E N C E S 

1. FDA grants accelerated approval to pirtobrutinib for relapsed or refractory mantle cell lymphoma. FDA. Janu-

ary 27, 2023. Accessed January 30, 2023. bit.ly/3jflo71

2. Jaypirca. Prescribing information. Eli Lilly & Company; 2023. Accessed January 30, 2023. bit.ly/3YE3CK7

Michael L.  
Wang, MD
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BASELINE PATIENT CHARACTERISTICS
Median age, years (range) Median prior lines of therapy

71
(46-88)
N = 120

3
(range, 1-9)

MCL histology sMIPI score

78%
12%
11% 15%

59% 26%

■ Classic/leukemic variant 
■ Pleomorphic ■ Blastoid 

MCL, mantle cell lymphoma.

■ Low ■ Intermediate 
■ High

sMIPI, Simplified Mantle Cell Lymphoma 
International Prognostic Index.

Prior therapies received
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■ BTK inhibitor ■ Chemoimmunotherapy ■ HSCT 
■ Lenalidomide ■ CAR T-cell therapy

CAR, chimeric antigen receptor; HSCT, hematopoietic stem cell transplant.

Most common prior BTK inhibitors received
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■ Ibrutinib ■ Acalabrutinib ■ Zanubrutinib

R E F E R E N C E S 
1. Jaypirca. Prescribing information. Eli Lilly & Company; 2023. Accessed January 31, 2023.  

bit.ly/3YE3CK7
2. FDA grants accelerated approval to pirtobrutinib for relapsed or refractory mantle cell  

lymphoma. FDA. January 27, 2023. Accessed January 31, 2023. bit.ly/3kY0DgR

FDA approval—January 27, 2023
The FDA grants accelerated approval to pirtobrutinib (Jaypirca) for the treatment 
of patients with relapsed or refractory mantle cell lymphoma (MCL) who have 
received at least 2 lines of systemic therapy, including a Bruton tyrosine kinase 
(BTK) inhibitor.

Mechanism of action 
• Pirtobrutinib is a small molecule 

noncovalent BTK inhibitor that 
binds to wild-type BTK and BTK 
harboring C481 mutations, inhibit-
ing BTK activity.

How supplied 
• 50-mg and 100-mg tablets

Dose 
• 200 mg taken orally once daily 

until disease progression or 
unacceptable toxicity

Company: Eli Lilly and Company

PIVOTAL CLINICAL TRIAL
The BRUIN trial (NCT03740529) was an open-label, single-arm trial evaluating the efficacy of 
pirtobrutinib monotherapy in patients with MCL previously treated with a BTK inhibitor.  

WARNINGS AND PRECAUTIONS

• Infections 
• Hemorrhage 
• Cytopenias

• Atrial fibrillation and atrial flutter
• Second primary malignancies
• Embryo-fetal toxicity

EFFICACY RESULTS IN THE BRUIN TRIAL

Outcome Pirtobrutinib (n = 120)

ORR (95% CI) 50% (41%-59%)

CR 13%

Median time to response, months (range) 1.8 (0.8-4.2)

Median DOR, months (95% CI) 8.3 (5.7-NE)

CR, complete response; DOR, duration of response; NE, not estimable; ORR, overall response rate.

COMMONLY REPORTED ADVERSE EFFECTS IN THE BRUIN TRIAL

Adverse effects Pirtobrutinib (n = 128)

All grades Grade 3/4

Fatigue 29% 1.6%

Musculoskeletal pain 27% 3.9%

Diarrhea 19% 0%

Edema 18% 0.8%

Dyspnea 17% 2.3%

Pneumonia 16% 14%

Peripheral neuropathy 14% 0.8%

Hemorrhage 11% 3.1%

SAFET Y OVERVIEW WITH PIRTOBRUTINIB IN BRUIN
Safety outcome Pirtobrutinib (n = 128)

Serious adverse reactions 38%

Pneumonia 14%

COVID-19 4.7%

Musculoskeletal pain 3.9%

Dose reductions due to adverse reactions 4.7%

Treatment interruption due to adverse reactions 32%

Permanent discontinuation 9%
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EL ACESTRANT  (ORSERDU)

Elacestrant Secures a Place for ER+, HER2–, ESR1-Mutated 
Advanced/Metastatic Breast Cancer

by MEGAN HOLLASCH

THE FDA APPROVAL OF elacestrant (Orserdu) expands options for post-
menopausal patients with estrogen receptor [ER]-positive, HER2-negative, 
ESR1-mutated advanced or metastatic breast cancer with disease progression 
following at least 1 line of endocrine therapy.1

Data from the phase 3 EMERALD trial (NCT03778931) supported the regula-
tory decision. Elacestrant elicited a median progression-free survival (PFS) of  
3.8 months (95% CI, 2.2-7.3) in patients with ESR1 mutations (n = 115) 
compared with 1.9 months (95% CI, 1.9-2.1) in patients who received investi-
gator’s choice of fulvestrant or an aromatase inhibitor (n = 113; HR, 0.55; 95% 
CI, 0.39-0.77; P = .0005). Overall survival was not statistically significant with 
elacestrant (HR, 0.90; 95% CI, 0.63-1.30).2

An exploratory analysis of patients without ESR1-mutant disease reported a 
14% reduction in the risk of disease progression of death with elacestrant, indi-
cating that improvements in the overall population were attributed to 
the ESR1-mutant population on study.1

“[Elacestrant] is a new drug…that will fill an unmet need for many 
patients,” François-Clément Bidard, MD, PhD, said. “From a drug devel-
opment perspective, it is a first-in-class oral selective estrogen receptor 
degrader [SERD]. We know with this first approval that this drug can 
make it to patients, and that’s a very significant signal that we can 
increase the efficacy of endocrine therapy.”

The Guardant360 CDx assay was used to assess ESR1 missense 
mutations in the ligand binding domain of circulating tumor DNA. The 
assay was also approved as a companion diagnostic device to identify patients 
who are eligible to receive elacestrant.1

In an interview with OncologyLive®, Bidard discussed how elacestrant fits into 
the treatment paradigm of patients with ESR1 mutations. He is a professor of 
medicine at France’s Institut Curie and UVSQ/Université Paris-Saclay, as well 
as head of the institute’s translational research group for circulating cancer 
biomarkers and co-coordinator of breast cancer research.

Q
What were some of the key efficacy findings  
from EMERALD?

EMERALD had almost 500 patients who were randomly assigned between 
[standard of care] SOC and elacestrant. All patients had to be pretreated with 
CDK4/6 inhibitors and most patients had received either 2 lines of endo-
crine therapy in the metastatic stage or 1 line of chemotherapy. Interestingly, 
there were 2 subgroups of patients [and 1 cohort was for those] who had 
an ESR1 mutation.

The FDA approval is only for the patients with ESR1 mutations, [and these] 
were detected [in approximately] about half of the patient population. In the 
ESR1-mutated specific population, we observed a 45% reduction in the risk 
of [disease] progression or death during the trial. The 6-month PFS rate was 
[approximately] 40% with elacestrant vs 20% with SOC. The proportion of 
patients who were progression free at 1 year was approximately 26%, whereas 
only 8% of patients treated with SOC were still progression free at 1 year. 
These landmark analyses are telling you that endocrine therapy can work in a 
subset of patients. 

Q
How does prior treatment with CDK4/6 inhibitors  
influence the efficacy of this agent? 

Recent subgroup analysis has shown that the benefit of elacestrant is influenced 

by PFS in the first line, namely [by] the duration of CDK4/6 inhibitor treatment.3 
Patients [with ESR1 mutations] who received 6 months or more of CDK4/6 in the 
first line had a median PFS with elacestrant of [approximately] 4.1 months [and] 
patients treated with SOC had a median PFS of 1.8 months. 

If you focus on the subgroup of patients who received CDK4/6 inhibitors  
for at least 1 year, [it is notable that] these patients had a median PFS of 
8.6 months with elacestrant vs 1.9 months with SOC when they had an  
ESR1 mutation detected prior to treatment. [These data] show it is very  
important to understand that in patients who received more than 1 year of 
[treatment with] CDK4/6 inhibitors, the median PFS with elacestrant is very 
acceptable for an oral drug and is very likely to be widely adopted by clinicians all 
over the world.

Q
What adverse effects were seen with elacestrant?
It is very well tolerated. The main toxicities were nausea and 

vomiting but it was low grade for most patients. There was also some 
fatigue that was noted, as well as decreased appetite, but most of these 
toxicities were low grade. Overall, [based on] my experience and the 
data we have, we can consider this quite safe and an easy [option] to 
propose to patients.

Q
How does this approval fill an unmet need  
in this specific patient population?

[One] can see 2 different strategic options. First, you can find patients who had 
more than 1 year exposure to CDK4/6 inhibitors in the first line and if they have 
an ESR1 mutation [and] remember the median PFS with elacestrant, as a single 
agent in the second- or third-line setting. This kind of PFS is very satisfactory in 
the second line, given the easy [to manage] toxicity profile of the drug, so in that 
setting, I would consider it as a very reasonable option.

The other way to use elacestrant could be later in the disease because we 
know that patients treated with multiple lines of therapies, are willing to have a 
break from the hospital, and we don’t have many oral drugs that could be given. 
At one point or another, pending the detection of an ESR1 mutation, most if not 
all [patients with] ESR1-mutant [disease] will probably receive elacestrant in 
the years to come.

Q
What further research directions for elacestrant  
are on the horizon? 

EMERALD is the first step of development for elacestrant since it has shown its 
efficacy as a single agent. [In] the future, [we could] use [it in] combination with 
new agents that we know can increase the efficacy of endocrine therapy, such as 
CDK4/6 inhibitors. ■

R E F E R E N C E S

1. FDA approves elacestrant for ER-positive, HER2-negative, ESR1-mutated advanced or metastatic breast 

cancer. FDA. January 27, 2023. Accessed February 13, 2023. bit.ly/3HwRaon

2. Orserdu. Prescribing information. Stemline Therapeutics Inc; 2023. Accessed February 13, 2023.  

bit.ly/40U5v7a

3. Bardia A, Bidard FC, Neven P, et al. EMERALD phase 3 trial of elacestrant versus standard of care endocrine 

therapy in patients with ER+/HER2- metastatic breast cancer: updated results by duration of prior CDK4/6i 

in metastatic setting. Presented at 2022 San Antonio Breast Cancer Symposium; December 6-10, 2022; 

San Antonio, TX.

François-Clément 
Bidard, MD, PhD



Drug Spotlight

Vol. 24 | No. 5 | MARCH 2023   21

FDA approval—January 27, 2023
Elacestrant (Orserdu) was granted approval by the FDA for treatment of 
postmenopausal women or adult men with estrogen receptor (ER)-positive, 
HER2-negative, ESR1-mutated advanced or metastatic breast cancer with dis-
ease progression who have received at least 1 line of endocrine therapy. 

Mechanism of action 
• Elacestrant is an ER antagonist 

that binds to ERα, inhibiting 
17β-estradiol mediated–cell prolif-
eration at concentrations inducing 
degradation of ERα protein mediat-
ed through proteasomal pathway in 
ER-positive, HER2-negative breast 
cancer cells. 

How supplied 
• 345-mg or 86-mg tablets 

Dose 
• 345 mg taken orally once daily  

with food until disease progression 
or unacceptable toxicity

Company: Stemline Therapeutics Inc

PIVOTAL CLINICAL TRIAL
EMERALD (NCT03778931) was a randomized, open-label, active-controlled, multicenter trial 
of patients with ER-positive/HER2-negative advanced or metastatic breast cancer, including 
those with ESR1 mutations.

EFFICACY DATA FOR PATIENTS WITH ESR1  MUTATIONS  
IN EMERALD

Outcome Elacestrant  
(n = 115)

Fulvestrant or an aromatase inhibitor  
(n = 113)

Median PFS, months  
(95% CI)

3.8 (2.2-7.3) 1.9 (1.9-2.1)

HR, 0.55; 95% CI, 0.39-0.77; P = .0005

OS event rate
53% 53%

HR, 0.90; 95% CI, 0.63-1.30

OS, overall survival; PFS, progression free survival.

OVERALL EFFICACY RESULTS IN EMERALD
Outcome Elacestrant (n = 239) Standard of care (n = 238)

PFS event rate
60.3% 65.5%

HR, 0.70; 95% CI, 0.55-0.88; P = .0018

6-month PFS rate (95% CI) 34.3% (27.2%-41.5%) 20.4% (14.1%-26.7%)

12-month PFS rate (95%) 22.3% (15.2%-29.4%) 9.4% (4.0%-14.8%)

OS event rate
29.3% 33.2%

HR, 0.75; 95% CI, 0.54-1.04; P = .0821

6-month OS rate (95% CI) 93.0% (89.7%-96.3%) 85.2% (80.5%-90.0%)

12-month OS rate (95%) 79.3% (73.8%-84.7%) 73.3% (67.2%-79.4%)

WARNINGS AND PRECAUTIONS

• Dyslipidemia
• May cause hypercholesterolemia and hypertriglyceridemia

• Embryo-fetal toxicity

COMMONLY REPORTED ADVERSE EFFECTS IN THE EMERALD TRIAL
Adverse effects Elacestrant (n = 237) Standard of care (n = 230)

All grades Grade 3/4 All grades Grade 3/4

Musculoskeletal pain 41% 7% 39% 1%

Nausea 35% 2.5% 19% 0.9%

Fatigue 26% 2% 27% 1%

Vomiting 19% 0.8% 9% 0%

Decreased appetite 15% 0.8% 10% 0.4%

Diarrhea 13% 0% 10% 1%

Headache 12% 2% 12% 0%

BASELINE PATIENT CHARACTERISTICS
Median age, years (range)

63
(28-89)

PATIENTS WITH  
ESR1 MUTATIONS
n = 228

ECOG performance status Visceral disease

43%
57%

29%

71%

■ 0 ■ 1 ■ Yes ■ No

Prior therapy received
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■ CDK4/6 inhibitor ■ Prior fulvestrant 
■ Chemotherapy in the advanced or metastatic setting

Lines of endocrine therapy received  
in the advanced or metastatic

1 line: 62%
2 lines: 39%

R E F E R E N C E S 
1. Orserdu. Prescribing information. Stemline Therapeutics Inc; 2023. Accessed February 2, 2023. 
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breast cancer. FDA. January 27, 2023. Accessed February 3, 2023. bit.ly/3HwRaon
3. Bidard FC, Kaklamani VG, Neven P, et al. Elacestrant (oral selective estrogen receptor degrader) 

versus standard endocrine therapy for estrogen receptor-positive, human epidermal growth 
factor receptor 2-negative advanced breast cancer: results from the randomized phase III EMER-
ALD trial. J Clin Oncol. 2022;40(28):3246-3256. doi:10.1200/JCO.22.00338



To decrease the incidence of chemotherapy-induced 
myelosuppression in patients when administered prior to a platinum/
etoposide-containing regimen or topotecan-containing regimen

FOR EXTENSIVE-STAGE 
SMALL CELL LUNG 
CANCER (ES-SCLC)

SPARE THE MARROW. SPEAR THE TUMOR.
COSELA HELPS PROTECT AGAINST MYELOSUPPRESSION, WHILE CHEMOTHERAPY TARGETS CANCER CELLS

COSELA™ (trilaciclib) helps 
protect hematopoietic stem 
and progenitor cells (HSPCs), 
the source of blood cell 
lineages, including neutrophils, 
red blood cells, and platelets

THE FIRST AND ONLY PROACTIVE MULTILINEAGE MYELOPROTECTION THERAPY
In the Pivotal Study in 1st-line ES-SCLC, COSELA administered before an etoposide/carboplatin + atezolizumab (E/P/A) 
regimen resulted in1:

REDUCED INCIDENCE AND DURATION OF SEVERE NEUTROPENIA
Primary Endpoints: 1.9% vs 49.1% (P<0.0001) and 0 days vs 4 days (P<0.0001) with and without COSELA, respectively* 
NUMERICALLY LOWERED INCIDENCE OF GRADE 3/4 ANEMIA AND RBC TRANSFUSIONS
Secondary Endpoints: 19% vs 28% and 13% vs 21% with and without COSELA, respectively†

REDUCED THE INCIDENCE OF GRADE 3/4 THROMBOCYTOPENIA
Secondary Endpoint: 1.9% vs 37.7% with and without COSELA (P=0.0026)‡

REDUCED RATE OF CHEMOTHERAPY DOSE REDUCTIONS
Secondary Endpoint: 2.1 vs 8.5 with and without COSELA (P=0.0195)§

   REVIEW MULTILINEAGE EFFICACY AT COSELA.COM

INDICATION
COSELA is indicated to decrease the incidence of chemotherapy-induced myelosuppression in adult patients when 
administered prior to a platinum/etoposide-containing regimen or topotecan-containing regimen for extensive-stage small 
cell lung cancer (ES-SCLC).
* Multiplicity-adjusted P values. Adjusted relative risk (aRR) 0.038 (95% CI, 0.008, 0.195) and mean difference -3.6 (95% CI, -4.9, -2.3), respectively. Duration 
evaluated in Cycle 1.

†aRR 0.663 (95% CI, 0.336, 1.310) and aRR 0.642 (95% CI, 0.294, 1.404). RBC transfusions measured on/after 5 weeks. Grade 3/4 anemia defined as Grade 3/4 
decreased hemoglobin.

‡ Raw one-sided P value not adjusted for multiplicity. aRR 0.053 (95% CI, 0.008, 0.356). Results for platelet endpoints including incidence of Grade 3/4 
thrombocytopenia and platelet transfusions were not consistent across COSELA clinical trials; in studies 2 and 3, no difference in the incidence of Grade 3/4 
thrombocytopenia AEs was observed between the COSELA and placebo groups.

§ Raw one-sided P value not adjusted for multiplicity. Rate of all-cause dose reductions, events per 100 cycles. aRR 0.242 (95% CI, 0.079, 0.742).

References: COSELA (trilaciclib). Prescribing Information. G1 Therapeutics, Inc; 02/2021. 1. Daniel D, 
Kuchava V, Bondarenko I, et al. Trilaciclib prior to chemotherapy and atezolizumab in patients with 
newly diagnosed extensive-stage small cell lung cancer: a multicentre, randomised, double-blind, 
placebo-controlled Phase II trial. Int J Cancer. 2021;148:2557-2570. doi: 10.1002/ijc.33453.
G1 Therapeutics™ and the G1 Therapeutics logo, COSELA™ and the COSELA logo are trademarks 
of G1 Therapeutics, Inc.
©2022 G1 Therapeutics, Inc. All rights reserved. US-2200057 05/2022

SELECT IMPORTANT SAFETY INFORMATION
CONTRAINDICATION
•  COSELA is contraindicated in patients with a history 

of serious hypersensitivity reactions to trilaciclib.

WARNINGS AND PRECAUTIONS
Injection-Site Reactions, Including Phlebitis 
and Thrombophlebitis
•   COSELA administration can cause injection-site reactions, 

including phlebitis and thrombophlebitis, which occurred in 
56 (21%) of 272 patients receiving COSELA in clinical trials, 
including Grade 2 (10%) and Grade 3 (0.4%) adverse reactions. 
Monitor patients for signs and symptoms of injection-site 
reactions, including infusion-site pain and erythema during 
infusion. For mild (Grade 1) to moderate (Grade 2) injection-site 
reactions, flush line/cannula with at least 20 mL of sterile 0.9% 
Sodium Chloride Injection, USP or 5% Dextrose Injection, USP 
after end of infusion. For severe (Grade 3) or life-threatening 
(Grade 4) injection-site reactions, stop infusion and permanently 
discontinue COSELA. Injection-site reactions led to 
discontinuation of treatment in 3 (1%) of the 272 patients. 

Acute Drug Hypersensitivity Reactions
•  COSELA administration can cause acute drug hypersensitivity 

reactions, which occurred in 16 (6%) of 272 patients receiving 
COSELA in clinical trials, including Grade 2 reactions (2%). 
Monitor patients for signs and symptoms of acute drug 
hypersensitivity reactions. For moderate (Grade 2) acute drug 

hypersensitivity reactions, stop infusion and hold COSELA until 
the adverse reaction recovers to Grade ≤1. For severe (Grade 3) 
or life-threatening (Grade 4) acute drug hypersensitivity 
reactions, stop infusion and permanently discontinue COSELA

Interstitial Lung Disease/Pneumonitis
•  Severe, life-threatening, or fatal interstitial lung disease 

(ILD) and/or pneumonitis can occur in patients treated with 
cyclin-dependent kinases (CDK)4/6 inhibitors, including 
COSELA, with which it occurred in 1 (0.4%) of 272 patients 
receiving COSELA in clinical trials. Monitor patients for 
pulmonary symptoms of ILD/pneumonitis. For recurrent 
moderate (Grade 2) ILD/pneumonitis, and severe (Grade 3) 
or life-threatening (Grade 4) ILD/pneumonitis, permanently 
discontinue COSELA. 

Embryo-Fetal Toxicity
•  Based on its mechanism of action, COSELA can cause fetal 

harm when administered to a pregnant woman. Females 
of reproductive potential should use an effective method 
of contraception during treatment with COSELA and for 
at least 3 weeks after the final dose

ADVERSE REACTIONS
•  The most common adverse reactions (≥10%) were fatigue, 

hypocalcemia, hypokalemia, hypophosphatemia, aspartate 
aminotransferase increased, headache, and pneumonia.

To report suspected adverse reactions, contact G1 Therapeutics at 1-800-790-G1TX 
or FDA at 1-800-FDA-1088 or www.fda.gov/medwatch.
This information is not comprehensive. Please see the Brief Summary of Prescribing 
Information on the adjacent page.
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To decrease the incidence of chemotherapy-induced 
myelosuppression in patients when administered prior to a platinum/
etoposide-containing regimen or topotecan-containing regimen

FOR EXTENSIVE-STAGE 
SMALL CELL LUNG 
CANCER (ES-SCLC)

SPARE THE MARROW. SPEAR THE TUMOR.
COSELA HELPS PROTECT AGAINST MYELOSUPPRESSION, WHILE CHEMOTHERAPY TARGETS CANCER CELLS

COSELA™ (trilaciclib) helps 
protect hematopoietic stem 
and progenitor cells (HSPCs), 
the source of blood cell 
lineages, including neutrophils, 
red blood cells, and platelets

THE FIRST AND ONLY PROACTIVE MULTILINEAGE MYELOPROTECTION THERAPY
In the Pivotal Study in 1st-line ES-SCLC, COSELA administered before an etoposide/carboplatin + atezolizumab (E/P/A) 
regimen resulted in1:

REDUCED INCIDENCE AND DURATION OF SEVERE NEUTROPENIA
Primary Endpoints: 1.9% vs 49.1% (P<0.0001) and 0 days vs 4 days (P<0.0001) with and without COSELA, respectively* 
NUMERICALLY LOWERED INCIDENCE OF GRADE 3/4 ANEMIA AND RBC TRANSFUSIONS
Secondary Endpoints: 19% vs 28% and 13% vs 21% with and without COSELA, respectively†

REDUCED THE INCIDENCE OF GRADE 3/4 THROMBOCYTOPENIA
Secondary Endpoint: 1.9% vs 37.7% with and without COSELA (P=0.0026)‡

REDUCED RATE OF CHEMOTHERAPY DOSE REDUCTIONS
Secondary Endpoint: 2.1 vs 8.5 with and without COSELA (P=0.0195)§

   REVIEW MULTILINEAGE EFFICACY AT COSELA.COM

INDICATION
COSELA is indicated to decrease the incidence of chemotherapy-induced myelosuppression in adult patients when 
administered prior to a platinum/etoposide-containing regimen or topotecan-containing regimen for extensive-stage small 
cell lung cancer (ES-SCLC).
* Multiplicity-adjusted P values. Adjusted relative risk (aRR) 0.038 (95% CI, 0.008, 0.195) and mean difference -3.6 (95% CI, -4.9, -2.3), respectively. Duration 
evaluated in Cycle 1.

†aRR 0.663 (95% CI, 0.336, 1.310) and aRR 0.642 (95% CI, 0.294, 1.404). RBC transfusions measured on/after 5 weeks. Grade 3/4 anemia defined as Grade 3/4 
decreased hemoglobin.

‡ Raw one-sided P value not adjusted for multiplicity. aRR 0.053 (95% CI, 0.008, 0.356). Results for platelet endpoints including incidence of Grade 3/4 
thrombocytopenia and platelet transfusions were not consistent across COSELA clinical trials; in studies 2 and 3, no difference in the incidence of Grade 3/4 
thrombocytopenia AEs was observed between the COSELA and placebo groups.

§ Raw one-sided P value not adjusted for multiplicity. Rate of all-cause dose reductions, events per 100 cycles. aRR 0.242 (95% CI, 0.079, 0.742).

References: COSELA (trilaciclib). Prescribing Information. G1 Therapeutics, Inc; 02/2021. 1. Daniel D, 
Kuchava V, Bondarenko I, et al. Trilaciclib prior to chemotherapy and atezolizumab in patients with 
newly diagnosed extensive-stage small cell lung cancer: a multicentre, randomised, double-blind, 
placebo-controlled Phase II trial. Int J Cancer. 2021;148:2557-2570. doi: 10.1002/ijc.33453.
G1 Therapeutics™ and the G1 Therapeutics logo, COSELA™ and the COSELA logo are trademarks 
of G1 Therapeutics, Inc.
©2022 G1 Therapeutics, Inc. All rights reserved. US-2200057 05/2022

SELECT IMPORTANT SAFETY INFORMATION
CONTRAINDICATION
•  COSELA is contraindicated in patients with a history 

of serious hypersensitivity reactions to trilaciclib.

WARNINGS AND PRECAUTIONS
Injection-Site Reactions, Including Phlebitis 
and Thrombophlebitis
•   COSELA administration can cause injection-site reactions, 

including phlebitis and thrombophlebitis, which occurred in 
56 (21%) of 272 patients receiving COSELA in clinical trials, 
including Grade 2 (10%) and Grade 3 (0.4%) adverse reactions. 
Monitor patients for signs and symptoms of injection-site 
reactions, including infusion-site pain and erythema during 
infusion. For mild (Grade 1) to moderate (Grade 2) injection-site 
reactions, flush line/cannula with at least 20 mL of sterile 0.9% 
Sodium Chloride Injection, USP or 5% Dextrose Injection, USP 
after end of infusion. For severe (Grade 3) or life-threatening 
(Grade 4) injection-site reactions, stop infusion and permanently 
discontinue COSELA. Injection-site reactions led to 
discontinuation of treatment in 3 (1%) of the 272 patients. 

Acute Drug Hypersensitivity Reactions
•  COSELA administration can cause acute drug hypersensitivity 

reactions, which occurred in 16 (6%) of 272 patients receiving 
COSELA in clinical trials, including Grade 2 reactions (2%). 
Monitor patients for signs and symptoms of acute drug 
hypersensitivity reactions. For moderate (Grade 2) acute drug 

hypersensitivity reactions, stop infusion and hold COSELA until 
the adverse reaction recovers to Grade ≤1. For severe (Grade 3) 
or life-threatening (Grade 4) acute drug hypersensitivity 
reactions, stop infusion and permanently discontinue COSELA

Interstitial Lung Disease/Pneumonitis
•  Severe, life-threatening, or fatal interstitial lung disease 

(ILD) and/or pneumonitis can occur in patients treated with 
cyclin-dependent kinases (CDK)4/6 inhibitors, including 
COSELA, with which it occurred in 1 (0.4%) of 272 patients 
receiving COSELA in clinical trials. Monitor patients for 
pulmonary symptoms of ILD/pneumonitis. For recurrent 
moderate (Grade 2) ILD/pneumonitis, and severe (Grade 3) 
or life-threatening (Grade 4) ILD/pneumonitis, permanently 
discontinue COSELA. 

Embryo-Fetal Toxicity
•  Based on its mechanism of action, COSELA can cause fetal 

harm when administered to a pregnant woman. Females 
of reproductive potential should use an effective method 
of contraception during treatment with COSELA and for 
at least 3 weeks after the final dose

ADVERSE REACTIONS
•  The most common adverse reactions (≥10%) were fatigue, 

hypocalcemia, hypokalemia, hypophosphatemia, aspartate 
aminotransferase increased, headache, and pneumonia.

To report suspected adverse reactions, contact G1 Therapeutics at 1-800-790-G1TX 
or FDA at 1-800-FDA-1088 or www.fda.gov/medwatch.
This information is not comprehensive. Please see the Brief Summary of Prescribing 
Information on the adjacent page.
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COSELA™ (trilaciclib) for injection, for intravenous use

Initial U.S. Approval: 2021

BRIEF SUMMARY OF PRESCRIBING INFORMATION
INDICATIONS AND USAGE
COSELA is indicated to decrease the incidence of chemotherapy-induced myelosuppression  
in adult patients when administered prior to a platinum/etoposide-containing regimen or 
topotecan-containing regimen for extensive-stage small cell lung cancer (ES-SCLC).

DOSAGE AND ADMINISTRATION
Recommended Dosage
The recommended dose of COSELA is 240 mg/m2 per dose. Administer as a 30-minute 
intravenous infusion completed within 4 hours prior to the start of chemotherapy on each day 
chemotherapy is administered.
The interval between doses of COSELA on sequential days should not be greater than 28 hours.
Missed Treatment Session(s)
If the COSELA dose is missed, discontinue chemotherapy on the day the COSELA dose was 
missed. Consider resuming both COSELA and chemotherapy on the next scheduled day  
for chemotherapy.
Discontinuation of Treatment
If COSELA is discontinued, wait 96 hours from the last dose of COSELA before resumption  
of chemotherapy only.
Dose Modification for Adverse Reactions
Withhold, discontinue, or alter the administration of COSELA to manage adverse reactions  
as described in Table 1 [see Warnings and Precautions (5)].
Table 1: Recommended Actions for Adverse Reactions

Adverse 
Reaction

Severity Grade* Recommended Action

Injection site 
reactions 
including 
phlebitis and 
thrombophlebitis

Grade 1: Tenderness with  
or without symptoms (e.g., 
warmth, erythema, itching)

Interrupt or slow infusion of COSELA. If 
0.9% Sodium Chloride Injection, USP is 
being used as a diluent/flush, consider 
changing to 5% Dextrose Injection, USP 
as appropriate for subsequent infusions.

Grade 2: Pain; lipodystrophy; 
edema; phlebitis

Interrupt infusion of COSELA. If pain not 
severe, follow instructions for Grade 1. 
Otherwise, stop infusion in extremity and 
rotate site of infusion to site in alternative 
extremity. If 0.9% Sodium Chloride 
Injection, USP is being used as a diluent/
flush, consider changing to 5% Dextrose 
Injection, USP as appropriate for 
subsequent infusions. Central access 
may also be considered.

Grade 3: Ulceration or 
necrosis; severe tissue 
damage; operative  
intervention indicated.
Grade 4: Life- threatening 
consequences; urgent 
interventions indicated.

Stop infusion and permanently 
discontinue COSELA.

Acute drug 
hypersensitivity 
reactions

Grade 2: Moderate;  
minimal, local or noninvasive 
intervention indicated; limiting 
Activities of Daily Living (ADL).

Stop infusion and hold COSELA until 
recovery to Grade ≤1 or baseline, then 
consider resuming COSELA. If Grade 2 
recurs, permanently discontinue COSELA.

Grade 3: Severe or  
medically significant but not 
immediately life-threatening; 
hospitalization or prolongation 
of hospitalization indicated; 
disabling; limiting  
self-care ADL.
OR
Grade 4: Life-threatening 
consequences; urgent 
intervention indicated.

Permanently discontinue COSELA.

Interstitial  
lung disease/
pneumonitis

Grade 2 (symptomatic) Hold COSELA until recovery to  
Grade ≤1 or baseline, then consider 
resuming COSELA.
If Grade 2 recurs, permanently 
discontinue COSELA.

Grades 3: Severe symptoms; 
limiting self-care ADL;  
oxygen indicated.
OR 
Grade 4: Life-threatening 
respiratory compromise; 
urgent intervention  
indicated (e.g., tracheotomy  
or intubation)

Permanently discontinue COSELA.

Other toxicities

Grade 3: Severe or medically 
significant but not immediately 
life-threatening; hospitalization 
or prolongation of 
hospitalization indicated; 
disabling; limiting  
self-care ADL.

Hold COSELA until recovery to  
Grade ≤1 or baseline, then consider 
resuming COSELA. 
If Grade 3 recurs, permanently 
discontinue COSELA. 

Grade 4: Life-threatening 
consequences; urgent 
intervention indicated.

Permanently discontinue COSELA.

* National Cancer Institute – Common Terminology for Adverse Events (NCI-CTCAE) Version 4.03x

CONTRAINDICATIONS 
COSELA is contraindicated in patients with a history of serious hypersensitivity reactions  
to trilaciclib. Reactions have included anaphylaxis [see Warnings and Precautions (5.2)].

WARNINGS AND PRECAUTIONS
Injection-Site Reactions, Including Phlebitis and Thrombophlebitis
COSELA administration can cause injection-site reactions, including phlebitis and thrombophlebitis. 
Injection-site reactions, including phlebitis and thrombophlebitis, occurred in 56 (21%) of 
272 patients receiving COSELA in clinical trials, including Grade 2 (10%) and Grade 3 (0.4%) 
adverse reactions (ARs). The median time to onset from start of COSELA was 15 days (range 1 to 
542) and from the preceding dose of COSELA was 1 day (1 to 15). The median duration was 1 day 
(range 1 to 151 for the resolved cases). Injection-site reactions, including phlebitis and 
thrombophlebitis, resolved in 49 (88%) of the 56 patients and led to discontinuation of treatment 
in 3 (1%) of the 272 patients.
Monitor patients for signs and symptoms of injection-site reactions, phlebitis, and thrombophlebitis, 
including infusion-site pain and erythema during infusion. For mild (Grade 1) to moderate (Grade 2) 
injection-site reactions, flush line/cannula with at least 20 mL of sterile 0.9% Sodium Chloride 
Injection, USP or 5% Dextrose Injection, USP after end of infusion. For severe (Grade 3) or life-
threatening (Grade 4) injection-site reactions, stop infusion and permanently discontinue COSELA 
[see Dosage and Administration (2.2)].
Acute Drug Hypersensitivity Reaction
COSELA administration can cause acute drug hypersensitivity reactions, including facial edema 
and urticaria. Acute drug hypersensitivity reactions occurred in 16 (6%) of 272 patients receiving 
COSELA in clinical trials, including Grade 2 reactions (2%). One patient experienced a Grade 2 
anaphylactic reaction 4 days after receiving COSELA, which resolved with epinephrine, and 
treatment with COSELA was continued. The median time to onset from start of COSELA was 
77 days (range 2 to 256) and from the preceding dose of COSELA was 1 day (range 1 to 28). The 
median duration was 6 days (range 1 to 69 for the resolved cases). Acute drug hypersensitivity 
reactions resolved in 12 (75%) of the 16 patients.
Monitor patients for signs and symptoms of acute drug hypersensitivity reactions including  
facial, eye, and tongue edema, urticaria, pruritus, and anaphylactic reactions. For moderate 
(Grade 2) acute drug hypersensitivity reactions, stop infusion and hold COSELA until the adverse  

reaction recovers to Grade ≤1. For severe (Grade 3) or life-threatening (Grade 4) acute drug 
hypersensitivity reactions, stop infusion and permanently discontinue COSELA [see Dosage and 
Administration (2.2)].
Interstitial Lung Disease/Pneumonitis
Severe, life-threatening, or fatal interstitial lung disease (ILD) and/or pneumonitis can occur in 
patients treated with cyclin-dependent kinases (CDK)4/6 inhibitors, the same drug class as 
COSELA. ILD/pneumonitis occurred in 1 (0.4%) of 272 patients receiving COSELA in clinical trials. 
The adverse reaction was Grade 3 and reported 2 months after discontinuing COSELA, in a patient 
receiving a confounding medication. The adverse reaction did not resolve.
Monitor patients for pulmonary symptoms indicative of ILD/pneumonitis such as cough, dyspnea, 
and hypoxia. For recurrent moderate (Grade 2) ILD/pneumonitis, permanently discontinue 
COSELA. For severe (Grade 3) or life-threatening (Grade 4) ILD/pneumonitis, permanently 
discontinue COSELA [see Dosage and Administration (2.2)].
Embryo-Fetal Toxicity
Based on its mechanism of action, COSELA can cause fetal harm when administered to  
a pregnant woman. Females of reproductive potential should use an effective method  
of contraception during treatment with COSELA and for at least 3 weeks after the final dose [see 
Use in Specific Populations (8.1, 8.3)].

ADVERSE REACTIONS
The following clinically significant adverse reactions are described elsewhere in the label:
•  Injection-Site Reactions, including phlebitis and thrombophlebitis [see Warnings and  

Precautions (5.1)]
• Acute Drug Hypersensitivity Reactions [see Warnings and Precautions (5.2)]
• ILD/Pneumonitis [see Warnings and Precautions (5.3)]
Clinical Trials Experience
Because clinical trials are conducted under widely varying conditions, adverse reaction rates 
observed in the clinical trials of a drug cannot be directly compared with rates in the clinical trials 
of another drug and may not reflect the rates observed in clinical practice.
The safety of COSELA was evaluated in Studies 1, 2, and 3 [see Clinical Studies (14)]. Patients 
received COSELA 240 mg/m2 by 30-minute intravenous infusion prior to chemotherapy on each 
chemotherapy day. The data described in this section reflect exposure to COSELA among 
240 patients (122 patients in the trilaciclib group and 118 patients in the placebo group) being 
treated for extensive stage-small cell lung cancer (ES-SCLC) in 3 randomized, double-blind, 
placebo-controlled trials: 32 patients with treatment naïve ES-SCLC received carboplatin (AUC 5 
Day 1) + etoposide (100 mg/m2 Days 1-3) every 21 days; 58 received carboplatin (AUC 5 Day 1) 
+ etoposide (100 mg/m2 Days 1-3) every 21 days + atezolizumab (1200 mg on Day 1) every 
21 days; 32 patients with previously treated ES-SCLC received topotecan (1.5 mg/m2 Days 1-5) 
every 21 days.
Study 1: COSELA Prior to Etoposide, Carboplatin, and Atezolizumab (E/P/A)
Patients with newly diagnosed ES-SCLC not previously treated with chemotherapy
Study 1 (G1T28-05; NCT03041311) was an international, randomized (1:1), double-blind, 
placebo-controlled study of COSELA or placebo administered prior to treatment with etoposide, 
carboplatin, and atezolizumab (E/P/A) for patients with newly diagnosed ES-SCLC not previously 
treated with chemotherapy. The data presented below are for the 105 patients who received 
study treatment.
Eighty-five percent of patients receiving COSELA and 91% receiving placebo completed 4 cycles 
of induction therapy.
Study 2: COSELA Prior to Etoposide and Carboplatin (E/P)
Patients with newly diagnosed ES-SCLC not previously treated with chemotherapy
Study 2 (G1T28-02; NCT02499770) was an international, randomized (1:1), double-blind, 
placebo-controlled study of COSELA or placebo administered prior to treatment with etoposide 
and carboplatin (E/P) for patients with newly diagnosed ES-SCLC not previously treated with 
chemotherapy. The data presented below are for the 75 patients who received study treatment.
Seventy-six percent of patients in the COSELA group and 87% of patients in the placebo group 
completed at least 4 cycles of therapy. The median duration of treatment was 6 cycles in each 
treatment group.
Study 3: COSELA Prior to Topotecan
Patients with ES-SCLC previously treated with chemotherapy
Study 3 (G1T28-03; NCT02514447) was an international, randomized (2:1), double-blind, 
placebo-controlled study of COSELA or placebo administered prior to treatment with topotecan for 
patients with ES-SCLC previously treated with chemotherapy. The data presented below are for 
the 60 patients who received study treatment with the 1.5 mg/m2 dose of topotecan.
Thirty-eight percent of patients receiving COSELA and 29% of patients receiving placebo 
completed 5 or more cycles of therapy. The median duration of treatment was 3 cycles in each 
treatment group.
Integrated Safety Analysis
The adverse reaction summary presented in Table 3 are pooled safety results from Studies 1, 2, 
and 3. The patients included in the pooling are those randomized patients that received at least 1 
dose of COSELA (122 patients) or placebo (118 patients).
Seventy-one percent of patients receiving COSELA and 78% of patients receiving placebo 
completed at least 4 cycles of therapy. The median duration of treatment was the same (4 cycles) 
for patients receiving COSELA and placebo.
Serious adverse reactions occurred in 30% of patients receiving COSELA. Serious adverse 
reactions reported in >3% of patients who received COSELA included respiratory failure, 
hemorrhage, and thrombosis.
Permanent discontinuation due to an adverse reaction occurred in 9% of patients who received 
COSELA. Adverse reactions leading to permanent discontinuation of any study treatment for 
patients receiving COSELA included pneumonia (2%), asthenia (2%), injection-site reaction, 
thrombocytopenia, cerebrovascular accident, ischemic stroke, infusion-related reaction, 
respiratory failure, and myositis (<1% each).
Fatal adverse reactions were observed in 5% of patients receiving COSELA. Fatal adverse 
reactions for patients receiving COSELA included pneumonia (2%), respiratory failure (2%), acute 
respiratory failure (<1%), hemoptysis (<1%), and cerebrovascular accident (<1%).
Infusion interruptions due to an adverse reaction occurred in 4.1% of patients who  
received COSELA.
The most common adverse reactions (≥10%) were fatigue, hypocalcemia, hypokalemia, 
hypophosphatemia, aspartate aminotransferase increased, headache, and pneumonia. The most 
frequently reported Grade ≥3 adverse reaction (≥5%) in patients receiving COSELA occurring at 
the same or higher incidence than in patients receiving placebo was hypophosphatemia.
The most common adverse reactions reported in at least 5% of patients receiving COSELA with  
a ≥2% higher incidence compared to patients receiving placebo are shown in Table 3.
Table 3: Adverse Reactions in ≥5% Patients with SCLC Receiving COSELA (with ≥2% Higher 
Incidence in COSELA Compared to Placebo)

Adverse Reaction COSELA (N=122) Placebo (N=118)

All Gradesa 
(%)

Grade ≥3  
(%)

All Gradesa 
(%)

Grade ≥3  
(%)

Fatigue 34 3 27 2

Hypocalcemiab 24 <1 21 <1

Hypokalemiac 22 6 18 3

Hypophosphatemiad 21 7 16 2

Aspartate aminotransferase 
increasede

17 <1 14 <1

Headache 13 0 9 0

Pneumonia 10 7 8 7

Rash 9 <1 6 0

Infusion-related reaction 8 0 2 0

Edema peripheral 7 0 4 <1

Abdominal pain upper 7 0 3 0

Thrombosis 7 3 2 2

Hyperglycemia 6 2 3 0
a Graded per NCI CTCAE v4.03x
b Hypocalcemia=calcium decreased (lab) or treatment-emergent adverse event (TEAE) preferred term 
‘Hypocalcemia’

c Hypokalemia=potassium decreased (lab) or TEAE preferred terms ‘Hypokalemia,’ ‘Blood  
potassium decreased’

d Hypophosphatemia=phosphate decreased (lab) or TEAE preferred terms ‘Hypophosphatemia,’ ‘Blood 
phosphorus decreased’

e Aspartate aminotransferase increased=aspartate aminotransferase increased (lab) or TEAE preferred 
term ‘Blood aspartate aminotransferase increased’
Grade 3/4 hematological adverse reactions occurring in patients treated with COSELA and 
placebo included neutropenia (32% and 69%), febrile neutropenia (3% and 9%), anemia (16% 
and 34%), thrombocytopenia (18% and 33%), leukopenia (4% and 17%), and lymphopenia (<1% 
and <1%), respectively.

DRUG INTERACTIONS
Effect of COSELA on Other Drugs, Certain OCT2, MATE1, and MATE 2K Substrates
COSELA is an inhibitor of OCT2, MATE1, and MATE-2K. Co-administration of COSELA may 
increase the concentration or net accumulation of OCT2, MATE1, and MATE-2K substrates in the 
kidney (e.g., dofetilide, dalfampridine, and cisplatin) [see Clinical Pharmacology (12.3)].
Refer to the prescribing information for these concomitant medications for assessing the benefit and 
risk of concomitant use of COSELA.
Table 4: Potentially Significant Drug Interactions with COSELA

Drugs Recommendations Comments
Dofetilide The potential benefits of  

taking COSELA concurrently 
with dofetilide should be 
considered against the risk  
of QT interval prolongation.

Increased dofetilide blood levels  
may occur in patients who are also 
receiving COSELA. Increased plasma 
concentrations of dofetilide may  
cause serious ventricular arrhythmias 
associated with QT interval prolongation, 
including torsade de pointes.

Dalfampridine The potential benefits of taking 
COSELA concurrently with 
dalfampridine should be 
considered against the risk  
of seizures in these patients.

Increased dalfampridine blood levels  
may occur in patients who are also 
receiving COSELA. Elevated levels of 
dalfampridine increase the risk of seizure. 

Cisplatin Closely monitor for 
nephrotoxicity. 

Concurrent treatment with COSELA may 
increase the exposure and alter the net 
accumulation of cisplatin in the kidney, 
which may associate with dose-related 
nephrotoxicity. 

USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary
Based on the mechanism of action, COSELA can cause fetal harm when administered to  
a pregnant woman [see Clinical Pharmacology (12)]. There are no available human or animal  
data on COSELA use to evaluate for a drug-associated risk of major birth defects, miscarriage  
or adverse maternal or fetal outcomes. Advise pregnant women of the potential risk to a fetus.
The background risk of major birth defects and miscarriage for the indicated population is 
unknown. All pregnancies have a background risk of birth defect, loss, or other adverse outcomes. 
However, the background risk of major birth defects is 2% to 4% and of miscarriage is 15%  
to 20% of clinically recognized pregnancies in the United States general population.
Lactation
Risk Summary
There are no data on the presence of trilaciclib in either human or animal milk, the effects on the 
breastfed child or the effects on milk production. Because of the potential for serious adverse 
reactions in breastfed children, advise lactating women to not breastfeed while taking COSELA 
and for at least 3 weeks after the last dose.
Females and Males of Reproductive Potential
Pregnancy Testing
Based on its mechanism of action, COSELA can cause fetal harm if administered to a pregnant 
woman [see Use in Specific Populations (8.1)]. Pregnancy testing is recommended for females of 
reproductive potential prior to initiating COSELA.
Contraception
COSELA can cause fetal harm when administered to pregnant women [see Use in Specific 
Populations (8.1)]. Advise female patients of reproductive potential to use effective contraception 
during treatment with COSELA and for at least 3 weeks after the final dose.
Infertility
No studies have been performed in humans to evaluate the effects of COSELA on fertility  
in either sex.
Based on animal toxicology studies, COSELA may impair fertility in females of reproductive 
potential [see Nonclinical Toxicology (13.1)].
Pediatric Use
Safety and effectiveness in pediatric patients have not been established.
Geriatric Use
In the pooled efficacy dataset from Studies 1, 2 and 3, 46% of 123 patients randomized to 
COSELA were ≥65 years of age, and 49% of 119 patients randomized to placebo were ≥65 years 
of age. No overall differences in safety or effectiveness of COSELA were observed between these 
patients and younger patients.
Hepatic Impairment
Use of COSELA is not recommended in patients with moderate or severe hepatic impairment. No 
dosage adjustment is recommended for patients with mild hepatic impairment (total bilirubin 
≤ upper limit of normal [ULN] and aspartate aminotransferase [AST] > ULN, or total bilirubin 
>1.0 to 1.5 × ULN, irrespective of AST). The pharmacokinetics of COSELA have not been 
studied in patients with moderate or severe hepatic impairment (total bilirubin >1.5 × ULN, 
irrespective of AST) [see Clinical Pharmacology (12.3)]. 

PATIENT COUNSELING INFORMATION
Injection Site Reactions, Including Phlebitis and Thrombophlebitis
Inform patients of the signs and symptoms of injection-site reactions, including phlebitis and 
thrombophlebitis. Advise patients to contact their healthcare provider immediately for signs and 
symptoms of injection-site reactions, including phlebitis and thrombophlebitis [see Warnings and 
Precautions (5.1)].
Acute Drug Hypersensitivity Reactions
Advise patients to contact their healthcare provider immediately for signs and symptoms of acute 
drug hypersensitivity reactions, including facial, eye, and tongue edema, urticaria, pruritis, and 
anaphylactic reactions [see Warnings and Precautions (5.2)].
Interstitial Lung Disease/Pneumonitis
Advise patients to immediately report new or worsening respiratory symptoms [see Warnings and 
Precautions (5.3) and Dosage and Administration (2.2)].
Embryo-Fetal Toxicity
Advise females of reproductive potential of the potential risk to a fetus and to inform their 
healthcare provider of a known or suspected pregnancy [see Use in Specific Populations (8.1)].
Advise females of reproductive potential to use effective contraception during treatment with 
COSELA and for at least 3 weeks after the final dose [see Use in Specific Populations (8.1, 8.3)].
Lactation
Advise women not to breastfeed during treatment with COSELA and for at least 3 weeks after the 
final dose of COSELA [see Use in Specific Populations (8.2)].
Drug Interactions
Advise patients to inform their health care providers of all concomitant medications, including 
prescription medicines, over-the-counter drugs, vitamins, and herbal products [see Drug 
Interactions (7)].
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 Participating in the panel are, from left, Uwe Platzbecker, MD; Sanam Loghavi, MD; Rami Komrokji, MD;  
Guillermo Garcia-Manero, MD; and Thomas Cluzeau, MD, PhD.

MDS Options Are Poised to Expand Across Risk Groups
by KYLE DOHERTY

TRADITIONALLY, THE TREATMENT 
backbone for patients with myelodysplastic 
syndromes (MDS) has been supportive care for the 
symptomatic cytopenias and anemia that charac-
terize the malignancy.1 That paradigm is likely to 
change, however, with the development of novel 
drug regimens across the MDS risk spectrum, 
according to an international panel of experts.

Findings from several large phase 3 studies 
along with continued development of emerging 
therapies promise to alter the treatment land-
scape, experts said during a recent 
OncLive Peer Exchange® program. 
The panelists discussed diagnostic 
issues as well as data on investiga-
tional agents presented during the 64th 
American Society of Hematology 
(ASH) Annual Meeting and Exposition 
in December 2022.

“We don’t have a lot of drugs today, 
but there are drugs in development with 
a lot of promising [signals] in low-risk 
and high-risk MDS,” Thomas Cluzeau, 
MD, PhD, said. “We hope to have a new 
standard very soon to improve outcomes 
for our patients.”

“We are in a transition period,” 
Guillermo Garcia-Manero, MD, 
added. “We need to see [findings] from 
phase 3 trials. Hopefully, some of them 
will be positive.”

Specifically, Garcia-Manero mentioned 
4 such trials: the COMMANDS study 
(NCT03682536) comparing luspatercept-aamt 
(Reblozyl) with epoetin alfa in treatment-naïve 
patients; the VERONA trial (NCT04401748) 

evaluating venetoclax (Venclexta) with or without 
azacitidine; the ENHANCE study (NCT04313881) 
testing magrolimab or placebo with azacitidine; 
and the IMerge trial (NCT02598661) evaluating 
imetelstat vs placebo. Additionally, the panelists 
discussed the prospects for sabatolimab, 
which is being studied in combination 
with hypomethylating agents (HMAs) 
in the phase 3 STIMULUS-MDS2 trial 
(NCT04266301). (TABLE)

Rami Komrokji, MD, who moder-
ated the program, added that 
perceptions about MDS have 
changed over the years, noting 
that there was a time when 
insurance carriers would not 
recognize MDS as a type of 
cancer.  “I think we’ve made 
progress in making people 
know that MDS is really a seri-
ous disease,” he said.

DIAGNOSING MDS
The term MDS describes a 
group of myeloid disorders 
marked by 1 or more periph-
eral blood cytopenias that carry a risk 
of progression to acute myeloid leuke-
mia (AML).1,2 Most patients with MDS 
experience anemia and anemia- 
related symptoms that can negatively 
affect quality of life. Treatment options 
are limited, and relapse rates are high.2 

The FDA has approved 6 therapies to treat specific 
types of MDS,3 but many patients are not eligible 
for these regimens.2

“Myelodysplastic syndromes are essen-
tially bone marrow failure syndromes,” Sanam 
Loghavi, MD, said. “Patients typically present 
with sequela cytopenias. Anemia can be short-
ness of breath, tiredness, or infections if they 

have leukopenia or neutropenia, and 
then thrombocytopenia can present 
with bleeding.”

Other potential causes for cytopenias 
must be ruled out before proceeding 
to a bone marrow biopsy, which is the 
gold standard for making a diagno-
sis of MDS, Loghavi said. “Nowadays, 
really, adequate diagnosis and prog-
nostication of MDS require molecular 
and cytogenetic testing, which includes 
a conventional karyotype and FISH 
[fluorescence in situ hybridization]. 
You don’t necessarily have to do it 
all, but it can be a constellation. Most 
academic and private practice settings 
now have panel-based next-genera-
tion sequencing testing that covers 
genes that are recurrently mutated in 
myeloid malignancies.”

Risk stratification through tools such 
as the International Prognostic Scoring System 
(IPSS) and its revised version (IPSS-R) is essen-
tial for the initial work-up of patients with MDS 
and for guiding the treatment course.2 The IPSS-R 
system takes into account prognostic variables 
such as the patient’s cytogenetic profile, percent-
age of marrow blasts, hemoglobin level, platelet 
counts, and absolute neutrophil counts. Overall 
scores range from very low (≤ 1.5) to very high 
(> 6.0).3  “At the end, we are just trying to put 

Thomas Cluzeau, 
MD, PhD

Guillermo Garcia-
Manero, MD

Rami Komrokji, MD

Sanam  
Loghavi, MD
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Luspatercept was evaluated for safety and effi-
cacy among patients rated on the IPSS-R system as 
having very low-, low-, or intermediate-risk MDS 
in the phase 3 MEDALIST trial (NCT02631070). 
The trial enrolled adult patients with ring sidero-
blasts who had been receiving regular red blood 
cell (RBC) transfusions and were either refrac-
tory to erythropoiesis-stimulating agents (ESAs) 
or unlikely to respond to them. Patients were 
randomly assigned to receive either luspater-
cept at a dose ranging from 1.0 mg/kg to  
1.75 mg/kg (n = 153) or placebo (n = 76), both 
administered subcutaneously every  
3 weeks for 24 weeks.4

The median age of patients enrolled on the 
trial was 71 years (range, 26-95). Most patients 
were men (63%), had an IPSS-R risk category of 
low (72%), and had MDS with refractory cytope-
nia with multilineage dysplasia (96%). The median 
time since the original diagnosis of MDS was 
41.8 months (range, 3-421).4

The primary end point of the study was trans-
fusion independence (TI) for 8 weeks or longer 
during weeks 1 through 24.4 

Results from the trial showed that at the  
May 8, 2018, data cutoff, 38% of patients in the 
luspatercept arm achieved TI for 8 weeks or longer 
compared with 13% of patients in the placebo arm 
(P < .001). During the first 24 weeks of treatment, 
28% of patients who received luspatercept had TI 
for 12 weeks or longer compared with 8% in the 
placebo group (P < .001). Over weeks 1 through 
48, the TI rate for at least 12 weeks was 33% vs 
12%, respectively.4 

Regarding safety, the most common adverse 
effects (AEs) of any grade in the investigational 
arm included fatigue (27%), diarrhea (22%), 
and nausea (20%). In the control arm, the most 
commonly occurring any-grade AEs consisted 
of peripheral edema (17%), cough (13%), and 
fatigue (13%). Seven patients who received luspa-
tercept had a dose reduction due to AEs and 
13 patients discontinued treatment with the 
agent due to AEs. 

In light of the strong findings from the 
MEDALIST trial, the FDA approved luspatercept 
in April 2020 for the treatment of anemia failing 
an ESA and requiring 2 or more RBC units over 
8 weeks in adult patients with very low-risk to 
intermediate-risk MDS with ring sideroblasts.5

Additional findings from MEDALIST presented 
during the 2022 American Society of Clinical 
Oncology Annual Meeting showed that, at a data 
cutoff of January 15, 2021, 31.4% (95% CI, 24.12%-
39.39%) of patients who received luspatercept 
achieved RBC TI for at least 16 weeks compared 
with 7.9% (95% CI, 2.95%-16.40%) in the placebo 
arm (odds ratio [OR], 5.90; 95% CI, 2.34-14.90; 
P < .0001). Additionally, patients who received 
luspatercept progressed to high-risk MDS or 
AML at a rate of 8.5% vs 6.6% for those treated 
with placebo. The median cumulative duration of 
response was 80.7 weeks (95% CI, 53.71–154.14) 
vs 21.0 weeks (95% CI, 10.86-not evaluable [NE]), 
respectively.6 

The study was not powered to evaluate progres-
sion-free survival (PFS) or overall survival 
(OS) but showed the potential of luspatercept 
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TABLE.  Ongoing Late-Stage Cl in ical  Tr ia ls  of  Therapies for  MDS

Regimens Agent type(s) Clinical setting IPSS risk 
group(s)a

Trial phase;  
ClinicalTrials.gov 
identifier

Enrollment

Luspatercept-aamt
(Reblozyl) vs epoetin 
alfa

EMA vs ESA
Treatment of anemia in ESA-
naïve patients who require 
RBC transfusions

Very low, low, or 
intermediate risk 

Phase 3;
COMMANDS 
NCT03682536b

347c

Venetoclax 
(Venclexta) + 
azacitidine or 
placebo + azacitidine

BCL2 inhibitor 
+ HMA

Newly diagnosed patients Higher 
Phase 3;
VERONA
NCT04401748b

525c

Magrolimab + 
azacitidine vs 
placebo + azacitidine

CD47 inhibitor 
+ HMA

Previously untreated patients
Intermediate, high, 
very high

Phase 3;
ENHANCE
NCT04313881b

520d

Sabatolimab + 
azacitidine vs 
placebo + azacitidine 

TIM-3–directed 
immunotherapy 
+ HMA

Eligible for first-line azacitidine 
therapy but not intensive 
chemotherapy or HSCT

Intermediate, high, 
very high MDS or 
CMML-2

Phase 3;
STIMULUS-MDS2
NCT04266301b

530c

Imetelstat vs placebo
Telomerase 
inhibitor

Transfusion-dependent 
patients with ESA relapsed/
refractory MDS

Low, 
intermediate-1

Phase 2/3;
IMerge
NCT02598661

278d

CMML-2, chronic myelomonocytic leukemia-2; EMA, erythroid maturation agent; ESA, erythroid stimulating agent; HMA, hypomethylating agent; HSCT, hematopoi-
etic stem cell transplantation; IPSS, International Prognostic Scoring System; MDS, myelodysplastic syndromes; RBC, red blood cell.

aRisk groups are defined with revised IPSS scores except for the IMerge trial.

bTrial is active but no longer recruiting.

cActual enrollment.

dEstimated enrollment.

patients into 2 major categories: higher risk, 
where we’re thinking of transplant immedi-
ately, and lower risk, where we could go stepwise, 
managing cytopenias,” Komrokji said. 
 
LOWER-RISK MDS
Luspatercept
One agent that is making waves in the MDS 
treatment space is luspatercept, a recombinant 
fusion protein that binds selectively to transform-
ing growth factor β ligands, thereby decreasing 
SMAD2 and SMAD3 signaling. Reduction of 
SMAD2 and SMAD3 signaling has been shown to 
reduce erythroid hyperplasia, enhance erythroid 
maturation, and increase hemoglobin levels in 
mouse models of MDS.4 The therapy is categorized 
as an erythroid maturation agent.5
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to enhance outcomes for patients in certain 
subgroups. For the intent-to-treat population, 
median PFS was not significantly different with 
luspatercept (P = .3514). 

Treatment with luspatercept also had 
a minimal impact on OS compared with 
placebo (P < .9604).7 

However, treatment with luspatercept was 
associated with a higher 36-month OS rate 
(77.8%) for the 18 patients in the study with 
IPSS-R very low-risk disease (OR, 17.50; 95% 
CI, 1.56-196.32; P = .0088), as well as a high 
36-month PFS rate (97.3%) in the 37 patients 
with a baseline serum erythropoietin level of 
100 to less than 200 U/L (OR, 9.60; 95% CI, 0.99-
93.16; P = .0238). Comparatively, these rates 
were 16.7% and 78.9% , respectively, in the 
corresponding subgroups that received placebo 
(n = 6 and n = 19, respectively).7

“I’m wondering if data from the MEDALIST 
trials should push us toward considering 
when to stop the ESA and move to second-line 
therapy,” Garcia-Manero said. “For heavily 
transfusion-dependent patients, an ESA may not 
make a lot of clinical sense. Perhaps adopting 
drugs like luspatercept a little bit earlier in the 
second line [would]….This is very exciting.” 

There also has been some interest in combin-
ing luspatercept with other agents for patients 
with lower-risk MDS, particularly ESAs. 
Komrokji et al examined the activity of luspater-
cept plus ESA in a cohort of patients off protocol 
at Moffitt Cancer Center in Tampa, Florida. The 
rationale for combining the therapies was that 
ESAs stimulate early stages of erythropoiesis 
and luspatercept improves terminal eryth-
roid maturation.8

From February 2020 to September 2021, 28 
patients with lower-risk MDS received 
the combination after no response to 
luspatercept monotherapy (n = 18), 
a loss of initial response to luspater-
cept (n = 7), or as an initial treatment 
(n = 3). The treating physician chose 
which ESA to use as well as dosing for 
luspatercept and the ESA.8 

Participants had a median age of 
72 years (range, 51-94) and 96.4% had 
intermediate- or lower-risk MDS by 
IPSS-R. Overall, the hematologic response rate 
following treatment with the combination was 
36%; 71% of patients who originally responded 
to luspatercept monotherapy responded when 
an ESA was added, whereas 17% of patients who 
did not respond to luspatercept monotherapy 
responded when an ESA was added.8 

Two of 3 patients who received the combi-
nation as their frontline regimen displayed a 
hematologic response. Among patients who 
responded, the median duration of response from 
time of response to luspatercept monotherapy or 

combination was 18.9 months (range, 5.4-27.3). 
Study authors said these were the first proof-of-
concept results that displayed the synergistic 
activity of luspatercept plus ESA.8

Luspatercept monotherapy has demonstrated 
“a highly statistically significant and clini-
cally meaningful improvement” in RBC TI 
compared with epoetin alfa, an ESA, as first-line 
therapy for adults with very low-, low-, or inter-
mediate-risk MDS who require transfusions, 
according to a prespecified interim analysis of 
findings from the COMMANDS trial. Bristol 
Myers Squibb, the company developing luspater-
cept, said in October 2022 that detailed results 
would be presented at a future medical meeting.9

Imetelstat
Besides luspatercept, multiple investigational 
regimens have been showing promise for 
patients with lower-risk MDS. Imetelstat, a  
first-in-class telomerase inhibitor, is being 
compared with placebo in patients with 
low- or intermediate-1–risk MDS in the ongo-
ing phase 2/3 IMerge trial (NCT02598661). 
Participants have MDS that is relapsed/refrac-
tory after ESA therapy.

At the 2022 ASH Annual Meeting, Uwe 
Platzbecker, MD, and colleagues reported find-
ings for a subset of IMerge participants with 
heavily transfused non-del(5q) disease that was 
relapsed/refractory to ESAs who had not received 
lenalidomide (Revlimid) or an HMA. As part of the 
study, patients received imetelstat 7.5 mg/kg via 
2-hour intravenous (IV) infusion every 4 weeks.10 

Of the 38 patients in this cohort, 11 achieved 
sustained TI for more than 1 year. Moreover, 
among 27 patients with ring sideroblasts,  
37% maintained TI for 1 year or longer. The  

11 patients who experienced TI for at 
least 1 year had a median indepen-
dence period of 92.4 weeks (95% CI, 
69.6-140.9) after a median of 126.1 
weeks (range, 70.1-168.1) of treatment 
with imetelstat. At a median follow-up 
of 51.5 months, the median PFS was 
34.2 months (95% CI, 25.1-39.2), the 
median OS was 57.0 months (95% CI, 
29.4-NE), and none of the patients had 
progressed to AML.10

AG-946 
AG-946 is an investigational, small molecule, 
allosteric activator of wild-type and mutated 
RBC-specific pyruvate kinase (PK) isoforms. 
Acquired PK deficiency has been detected in 
patients with MDS, and investigators believe 
that RBC-specific PK enzymes may be directly 
involved in the development of  MDS-associated 
anemia. AG-946 may enhance RBC survival and 
functionality.11

Investigators are currently recruiting 
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patients with anemia attributed to lower-risk 
MDS in a phase 2a/2b proof-of-concept and 
double-blind randomized study (NCT05490446). 
The primary end point of the second portion of 
the study is modified hematologic improvement–
erythroid response.11 

Fostamatinib
Investigators believe the SYK inhibitor fostamati-
nib (Tavalisse) may help improve hematopoiesis in 
MDS. The FDA approved the agent in April 2018 
for the treatment of thrombocytopenia in adults 
with chronic immune thrombocytopenia who had 
an insufficient response to prior therapy.12,13

Fostamatinib is being evaluated in a phase 1 
trial (NCT05030675) recruiting transfusion- 
dependent patients with lower-risk MDS and 
chronic myelomonocytic leukemia (CMML) who 
have not responded to ESAs or HMAs.12 As of July 
2022, 5 patients, including 3 with MDS and ring 
sideroblasts, were treated on the study. The median 
age was 71 years (range, 59-82) as of July 2022.12 

Early findings showed that 3 patients developed 
treatment-emergent AEs (TEAEs), mostly grade 1 to 
2 diarrhea or constipation. There were no instances 
of expected on-target uncontrolled hypertension or 
transaminitis. At a median follow-up of 2.7 months 
(95% CI, 0-5.6), no responses were observed, and 
all 5 patients remained on the study. Investigators 
concluded that treatment with fostamatinib was 
safe up to 200 mg twice daily and noted that enroll-
ment was ongoing to further characterize the 
efficacy of the agent up to this dose.12

Decitabine and Cedazuridine
There also is interest in the potential for low-dose 
HMA therapy for patients with lower-risk MDS. 
In July 2020, the FDA approved an oral combina-
tion of decitabine and cedazuridine (Inqovi), for 
patients with MDS characterized by refractory 
anemia, including with ringed sideroblasts and 
excess blasts, in the IPSS intermediate-1– , inter-
mediate-2– , and high-risk groups.14

Garcia-Manero and colleagues are evaluat-
ing whether lowering the decitabine dose will 
prove effective.15

At the June 17, 2022, data cutoff, a total of 47 
patients with a median age of 76 years (range, 
51-88) received study treatment. The cohort of 
patients who received 10 mg of decitabine for 10 
days was closed after 4 patients were treated due 
to hematologic dose-limiting toxicity (DLT), lead-
ing to cohort A3 being closed before any patients 
were randomly assigned to that regimen. 

Overall, the hematologic response rate was 
29.8%. Nearly half (47%) of the patients on the 
study died at the data cutoff. The median OS was 
929 days (95% CI, 526-NE). The median leukemia- 
free survival was 690 days (95% CI, 428-934).15

Study authors selected 10-mg decitabine plus 
100-mg cedazuridine daily for 5 days as the 

recommended phase 2 dose, noting that this regi-
men balanced clinical efficacy with a manageable 
safety profile. In the ongoing phase 2 portion of the 
study, investigators are comparing safety and effi-
cacy of the dose with that of 35-mg decitabine and 
100-mg cedazuridine for 3 days in a 28-day cycle.15

 
HIGHER-RISK MDS
Investigators also plan to evaluate oral combina-
tion of decitabine and cedazuridine in combination 
with magrolimab, an investigational anti-CD47 
monoclonal antibody, for patients with higher-risk 
MDS. They hope to enroll approximately 100 
patients in a phase 2 single-arm, open-label study 
that will evaluate the safety and preliminary 
efficacy of the combination in patients with inter-
mediate- to very high-risk MDS by IPSS-R.16 

“Magrolimab is a CD47 antibody, and CD47 [acts 
as] a so-called don’t-eat-me signal,” Platzbecker 
said. “It’s overexpressed on myeloid progenitor 
cells. By capturing this, macrophage mono-
cytes can actually target leukemic cells. That’s 
the concept, which initially was pioneered in 
patients with lymphoma with the addition of ritux-
imab [Rituxan], sensitizing lymphoma cells to 
rituximab again.” 

Secondary objectives of the trial include deter-
mining the pharmacokinetic profiles of oral 
decitabine/cedazuridine and magrolimab, addi-
tional clinical efficacy of the combination, 
and safety and efficacy in prespecified patient 
subgroups, such as patients with TP53-mutant 
MDS. To be eligible for enrollment, patients must 
have an ECOG performance score of 2 or less and 
previously untreated MDS.16 

Investigators also have hypothesized that 
combining HMAs with lysine-specific demeth-
ylase 1 inhibition could be synergistic and 
ultimately lead to enhanced antileukemic and 
prodifferentiation effects in MDS. The selective 
lysine-specific demethylase 1 inhibitor seclidem-
stat plus the HMA azacitidine is under study for 
patients with intermediate- or higher-risk MDS 
and chronic myelomonocytic leukemia in a phase 
1/2 trial (NCT04734990).17

Patients enrolled on the study will be treated 
with oral seclidemstat at 1 of 6 dosing levels 
(150 mg, 300 mg, 450 mg, 600 mg, 900 mg, or 
1200 mg twice daily) on days 1 through 28 of 
each 28-day cycle during the dose-escalation 
phase. Participants also will receive azacitidine at 
75 mg/m2 daily on days 1 through 7 of each cycle.17

As of July 2022, 3 patients were treated with 
seclidemstat 150 mg and 3 received the agent at 
a dose of 300 mg. Five patients were evaluable 
for toxicity and efficacy; no DLTs were reported. 
All patients experienced TEAEs, but none were of 
grade 3 severity. Dose interruption occurred in 
1 patient due to grade 2 creatinine elevation, but 
treatment was resumed following normalization of 
creatinine levels.17  

At a median follow-up of 4.3 months (95% CI, 
2.0-6.6), with a median of 3 (range, 2-4) cycles 
of therapy, 2 patients displayed a response. Of 
these respondents, 1 patient who was treated 
at the 150-mg dose experienced a marrow 
complete response with a partial cytogenetic 
response, and 1 patient treated at the 300-mg 
dose experienced a marrow complete response. 
Two patients, both treated at the 300-mg dose, 
remained on study.17

Another HMA-containing regimen is being 
examined for patients with intermediate- to  
higher-risk MDS in the phase 2 STIMULUS-MDS1 
trial (NCT03946670). In this study, sabatolimab 
(MBG453), a novel TIM-3–targeted immunother-
apy, was combined with investigator’s choice of 
azacitidine or decitabine. Patients received saba-
tolimab 400 mg or placebo in addition to either IV 
or subcutaneous azacitidine 75 mg/m2 or decit-
abine 20 mg/m2 IV.18 

At a median follow-up of 24 months, patients 
in the sabatolimab arm (n = 65) experienced 
a median PFS of 11.1 months (95% CI, 7.6-17.6) 
compared with 8.5 months (95% CI, 6.9-11.3) in 
the 62-patient placebo arm (HR, 0.749; 95% CI, 
0.479-1.173; P = .102). The updated complete 
remission rate was 23.1% (95% CI, 13.5%-35.2%) vs 
21.0% (95% CI, 11.7%-33.2%), respectively.18

Although the complete response and PFS find-
ings were not statistically significant, study 
authors noted that better duration of response 
findings may suggest a delayed-onset benefit of 
adding sabatolimab to an HMA. The median dura-
tion of complete remission was 18.0 months (95% 
CI, 6.5-not reached) compared with 9.2 months 
(95% CI, 5.1-15.1) in the sabatolimab and placebo 
arms, respectively. A potentially preferential 
effect was also observed for patients with a lower 
disease burden. STIMULUS-MDS2 is an ongoing 
phase 3 trial with a primary end point of OS that 
investigators hope will more clearly define the 
efficacy of sabatolimab plus an HMA.18

Finally, investigators are seeking to add a thera-
peutic option for patients with relapsed/refractory 
MDS who have experienced treatment failure 
with HMAs. In a phase 1b study (NCT02936752), 
the investigational histone deacetylase inhibitor 
entinostat was added to the anti–PD-1 antibody 
pembrolizumab (Keytruda) for patients with MDS 
or oligoblastic AML.19

The overall cohort of 28 patients had a median 
IPSS-R of 5.5 (range, 2-10). Two DLTs were 
observed at the higher dose level and 4 patients 
died while on study. At a median follow-up of 5.9 
months (range, 0.5-59.1), the median OS was 6.9 
months (95% CI, 4.8-13.6). Investigators noted that 
the combination was well tolerated but showed 
limited efficacy. Additional correlative studies 
are planned.19 ■

For a full list of references,  
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TYROSINE KINASE INHIBITORS (TKIs) have 
been revolutionizing treatments for patients 
with newly diagnosed acute lymphoblas-
tic leukemia (ALL) for decades. For those with 
Philadelphia chromosome (Ph)-positive disease, 
found in a significant number of patients with 
ALL, the advent of effective first-generation TKIs 
has allowed for improvements among those with 
this disease subtype, which is traditionally asso-
ciated with a poor prognosis, as it generally 
does not respond to conventional chemo-
therapy options.1,2

In adults with ALL, the incidence of Ph-positive 
disease increases with age, with more than half  
of patients over the age of 50 years having 
the chromosomal abnormality.2 “The 
older age of the patient population 
makes delivering those conventional 
chemotherapy regimens difficult or 
impossible,” Marlise R. Luskin, MD, 
MSCE, said in a presentation of the 
landscape during a recent American 
Society of Clinical Oncology Plenary 
Session.1 Luskin is associate program 
director of the Dana-Farber/Mass 
General Brigham Hematology/Oncology 
Fellowship Program, the educational director 
of the Adult Leukemia Program at Dana-Farber 
Cancer Institute, and an assistant professor of 
medicine at Harvard Medical School, both in 
Boston, Massachusetts.

Attempts to identify optimal frontline ther-
apy for older patients evaluated intensive 
chemotherapy, such as in ECOG 2993, but only 

approximately 20% patients are able to achieve 
long-term durable remission from their disease.3 
“Historically, allogeneic stem cell transplant has 
been needed for cure, but rarely achieved because 
of the poor response to initial chemotherapy and 
ineligibility of patients for transplantation due 
to age or morbidity and/or lack of unsuitable 
donor,” Luskin added. 

However, nearly 2 decades ago, imatinib 
(Gleevec) changed the course of treatment and 
aided in an exploration to better understand 
the biology of the disease.2 “An inhibitor of the 
ABL kinase, [imatinib] is administered as an 
oral chemotherapy is very potent,” Luskin said. 
The agent was eventually added into the trial 

protocol for ECOG 2993 and patients 
with Ph-positive ALL were assigned 
to receive the TKI. “This resulted in 
higher [complete remission] CR rates, 
which resulted in more eligibility for 
transplantation and better overall 
survival [OS].” 

More work, however, remained to 
de-escalate the chemotherapy compo-
nent of the combination therapy. Small 
improvements in OS were achieved 

in studies assessing steroid and TKI combina-
tions as well as dose reductions of chemotherapy 
during induction phases of treatment regimens, 
according to Luskin. Despite this, OS rates were 
under 50% for patients in the frontline setting.2 
Insufficient depths of CR achieved by many 
patients were cited as a root cause of the lack of 
efficacy, as patients also presented with persistent 

measurable residual disease or low amounts of 
disease below the morphologic threshold, accord-
ing to Luskin.1,2

“Some patients have high-risk genetic abnor-
malities in combination with the Ph chromosome, 
which may result from insufficient potency of 
the TKI. In addition to insufficient depths of CR, 
patients who achieve a deep CR may relapse 
either systemically or in the central nervous 
system,” she said.

Several approaches are being pursued to try to 
improve the rate of cure and durable remission 
for patients with Ph-positive ALL, including more 
potent TKIs, which may serve as successors to 
imatinib, Luskin said (FIGURE).1

PhALLCON REGIMEN SHIFTS SOC
The most recent data to play a role in changing 
treatment were seen with the phase 3 PhALLCON 
study (NCT03589326), which met its primary end 
point, and were presented during the American 
Society of Clinical Oncology Plenary Session.1 
First-line ponatinib (Iclusig), a third-generation 
TKI, plus reduced-intensity chemotherapy outper-
formed imatinib for the treatment of patients with 
newly diagnosed Ph-positive ALL.

“Ponatinib, a potent third-generation TKI [has] 
increased potency compared with imatinib and 
activity against the T315 [mutation], the so-called 
gatekeeper mutation,” Luskin explained. “This 
is important because the majority of relapses in 
imatinib-treated patients and then second-gener-
ation TKI–treated patients occur via acquisition 
of this mutation. Retrospective comparisons have 

Marlise R. Luskin, 
MD, MSCE

New Generation of TKIs 
Challenge Standards 
of Care in Newly 
Diagnosed Ph+ ALL
by BRITTANY LOVELY



ALL

Vol. 24 | No. 5 | MARCH 2023   31

suggested that outcomes are improved in 
patients who are treated with second-gen-

eration and then third-generation TKIs, 
but this has not been compared in a 
randomized fashion.”

Minimal residual disease (MRD)-
negative CR at the end of induction 
was achieved in 34.4% of patients who 
received ponatinib (n = 154) vs 16.7% 
of patients who received imatinib 

(n = 78; risk ratio, 2.06; 95% CI, 1.19-3.56; 
P = .0021). This end point was defined as 

having a hematologic CR for at least 4 weeks 
plus MRD negativity defined as BCR::ABL1 

no greater than 0.01% (MR4). Median follow-up 
was 20.4 months (range, 18.4-23.9) in the pona-
tinib arm and 18.1 months (range, 13.9-24.3) in 
the imatinib arm.1

Overall, the MRD negativity rate 
at the end of induction was 41.6% 

with ponatinib vs 20.5% with imati-
nib (risk ratio, 1.94; 95% CI, 1.19-3.17; 
P = .0017). The median duration of MRD 
negativity—defined as time from first 
documented MRD negativity to first 
documented loss of MRD negativity—was 
not estimable (NE; 95% CI, 17.0-NE) in 
the ponatinib arm compared with 20.9 
months (95% CI, 10.9-NE) in the imatinib arm. 
The median time to treatment failure was NE 
with ponatinib vs 21.9 months with imatinib.1

“Ponatinib is a very potent BCR::ABL1 inhibi-
tor with activity against wild-type and BCR::ABL1 
[mutated disease] including T315I mutations,” 
Elias J. Jabbour, MD, said in a presentation of the 
data. “The combination of ponatinib with steroid, 
chemotherapy, or immunotherapy has [been 
shown to be] very promising [and] with propen-
sity score matching was thought to be superior 
to dasatinib [Sprycel] and imatinib.” Jabbour is 
a professor of medicine in the Department of 
Leukemia, Division of Cancer Medicine, at The 
University of Texas MD Anderson Cancer Center 
in Houston. “The PhALLCON trial shows the supe-
rior efficacy of ponatinib compared with imatinib 
in combination with low-dose chemotherapy in 
patients with Ph-positive ALL with a significantly 
higher and clinically meaningful MRD-negativity 
CR rate at the end of induction.”

He added, “The combination of TKI and chemo-
therapy or steroids is the SOC [standard of 
care] for patients with Ph-positive ALL, [and] 
cross-trial comparison of low-intensity chemo-
therapy with first- or second-generation TKIs 
reported a 12-week CR rate of approximately 14% 
to 40%. Despite the high rate of initial response, 
resistance is often observed and frequently 
driven by the acquisition of the T315I kinase 
domain mutation.”

The secondary end point of the study was 
event-free survival (EFS), which was assessed 

among the intention-to-treat population of  
164 patients who received ponatinib and  
81 patients who received imatinib. The median 
was NE with ponatinib vs 29.0 months with imati-
nib (HR, 0.65; 95% CI, 0.39-1.10). Events for this 
analysis included death from any cause, fail-
ure to achieve CR at the end of induction, or 
relapse from CR.1

Progression-free survival (PFS) and OS also 
were reported. The median PFS was 20.0 months 
(95% CI, 11.8-NE) vs 7.9 months (95% CI, 6.2-12.4) 
with ponatinib and imatinib, respectively (HR, 
0.58; 95% CI, 0.41-0.83). The median OS was NE 
is both arms but showed a trend toward a bene-
fit with ponatinib vs imatinib (HR, 0.76; 95% 
CI, 0.38-1.52).1

PhALLCON was designed to assess the primary 
end point after the induction phase, 
which was followed by consolidation, 
postconsolidation, and single-agent use 
phases per study protocol. 

Adult patients with Ph-positive ALL or 
BCR::ABL1-positive ALL were randomly 
assigned to ponatinib at a starting dose 
of 30 mg once daily with a dose reduc-
tion to 15 mg if MRD-negative CR was 
achieved after the induction phase, or 
imatinib 600 mg once daily. Both TKIs 

were given in combination with low-dose vincris-
tine plus dexamethasone during the induction 
phase of three 28-day cycles, followed by low-dose 
methotrexate plus cytarabine for six 28-day cycles, 
and then low-dose vincristine plus prednisone for 
eleven 28-day cycles during the postconsolidation 
stage. A single-agent TKI was administered there-
after until the end of treatment.

Enrollment criteria also included ECOG perfor-
mance status 0 to 2; no history or current 
diagnosis of chronic-phase, accelerated-phase, 
or blast-crisis chronic myeloid leukemia; and no 
clinically significant or uncontrolled cardiovascu-
lar disease. The median age in the ponatinib arm 
was 54 years (range, 19-82) and 52 years (range, 
19-75) in the imatinib arm. Men accounted for just 
under half of the study population—45% and 47% 
of the ponatinib and imatinib arms, respectively—
and most patients (96% and 94%) had an ECOG 
performance status of 0 or 1.1

At enrollment the median leukocyte count 
was 4.4 × 109/L (range, 0.4-198) in the ponati-
nib arm compared with a median of 3.2 × 109/L 
(range, 0.2-81) in the imatinib arm. The median 
blast count was slightly higher in the ponatinib 
arm at baseline, Jabbour noted, with a median of 
80% (range, 0%-100%) vs 75% (range, 0%-100%) in 
the imatinib arm.

POTENCY

Second- and third-generation TKIs

Novel immunotherapy agents

Better MRD monitoring

Better genetic risk stratification

De-escalate postremission  
chemotherapy

Risk-adapted allocation to BMT

More CNS penetration

PREDICTION

PREVENT TOXICITY

PROTECT THE BRAIN

ALL, acute lymphoblastic 
leukemia; BMT, bone 
marrow transplant; CNS, 
central nervous system; CR, 
complete remission; MRD, 
minimal residual disease; Ph, 
Philadelphia chromosome; TKI, 
tyrosine kinase inhibitor.

Reasons for therapeutic failure in Ph+ ALL:

❚ Relapse
❚ Systemic via resistance mutations
❚ CNS appears in long-term responders

❚ Toxicity of postremission treatment

❚ Insufficient depth of CR
❚ High-risk genetics
❚ Insufficient potency of TKI

FIGURE.  Chal lenges and Solut ions for  Ph+ ALL 1

Elias J.  
Jabbour, MD
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The dominant BCR::ABL1 variants identi-
fied were p190 (70% vs 65%) and p210 (24% 
vs 31%) in the ponatinib arm and imatinib 
arm, respectively.1

MRD negativity was assessed during treat-
ment cycles 3, 5, 7, and 9. Using the MR4 cutoff, 
the MRD-negativity response rate for ponatinib 
during each cycle was 43% (n = 61 of 142), 
63% (n = 57 of 90), 70% (n = 41 of 59), and 92% 
(n = 44 of 48), respectively. These rates in the imati-
nib arm were 22% (n = 15 of 68), 52% (n = 17 of 33), 
40% (n = 8 of 20), and 47% (n = 7 of 15), respectively.

Using a threshold of BCR::ABL1 no greater 
than 0.0032%, ponatinib outperformed imatinib 
in each cycle. The rates of MRD negativity with 
ponatinib vs imatinib were 27% vs 15%, 40% vs 
30%, 48% vs 25%, and 63% vs 27%, for cycles 3, 5, 
7, and 9, respectively.1

At the time of data cutoff more patients in the 
ponatinib arm were receiving study treatment 
compared with those in the imatinib arm (41% vs 
12%, respectively). Reasons for treatment discon-
tinuation among the 95 patients in the ponatinib 
arm included hematopoietic stem cell trans-
plant (HSCT; 30%), lack of efficacy (7%), adverse 
effect (AE; 12%), progressive disease (4%), or 
other (4%). In the imatinib arm, the 70 patients 
who discontinued treatment cited HSCT (37%), 
lack of efficacy (26%), AEs (12%), progressive 
disease (6%), and other (5%). Twenty-one patients 
in the ponatinib arm died, and 13 patients in the 
imatinib arm died.

Subsequent anticancer treatment was 
received by 35% of patients available 
for follow-up after ponatinib (n = 163) 
and 57% of patients who received imati-
nib (n = 81). Second- or third-generation 
BCR::ABL1 TKIs and/or immunotherapy 
was received by 19% and 37% of patients, 
respectively. Of note, 13 patients went 
on to receive ponatinib-based treatment 
following imatinib on study.

“Ponatinib had a safety profile comparable 
to imatinib, which is known to be a very 
well-tolerated TKI,” Jabbour said. The 
safety-evaluable population included 163 patients 
in the ponatinib arm and 81 in the imatinib 

arm. Serious treatment-emergent AEs 
(TEAEs) were comparable, with 60% of 

patients in the ponatinib arm and 
56% of patients in the imatinib 

arm experiencing them. Grade 
3/4 TEAEs occurred in 90% 
and 93% of patients in each 
arm, respectively. Grade 5 
TEAEs were reported for 5% of 
patients in each arm. 

Of interest, treatment-emer-
gent arterial occlusive events 

were reported among 4 patients 
in the ponatinib arm and 1 patient 

in the imatinib arm. Treatment-emergent venous 
thromboembolic events were reported in 12% of 
patients in each arm. Dose modifications, reduc-
tions, and interruptions due to TEAEs were 
reported in 10% vs 9%, 20% vs 22%, and 68% 
vs 40% of patients in the ponatinib vs imatinib 
arms, respectively.

The most common grade 3/4 nonhematologic 
TEAEs in the ponatinib and imatinib arms, respec-
tively, included alanine aminotransferase level 
increase (19% vs 9%), lipase level increase (13% vs 
19%), hypokalemia (6% vs 19%), hypertension (12% vs 
6%), and nausea (3% vs 7%). The most common grade 
3/4 hematologic TEAEs were decrease in platelet 
count (63% vs 58%), white blood cell count decrease 
(53% vs 49%), neutrophil count decrease 
(49% vs 46%), lymphocyte count decrease 
(38% vs 47%), anemia (31% vs 36%), and 
febrile neutropenia (23% vs 19%).

CLINICAL IMPLICATIONS  
OF PHALLCON
In a discussion of the data, Anjali Advani, 
MD, provided perspective on how these 
data would impact clinical practice in the 
United States. “The strength of this trial 
[is that] this is the only prospective randomized 
trial comparing TKIs in this patient population in 
combination with chemotherapy,” she said. “This 
is a large number of patients in a relatively rare 
population, this was an international study, and 

finally, results were encouraging with no 
increased risk of TEAEs.”

Advani noted that the trial did have 
some caveats. “This was a relatively 
young patient population, with a median 
age of 54 years, and Ph-positive ALL is 
typically a disease of [older adults]. This 
population also had a low incidence of 
cardiovascular risk factors and so the 
question is whether we can generalize 

these results to the larger population who may 
be older and have comorbidities,” Advani said. 
Advani is a staff physician in the Department of 
Hematologic Oncology and Blood Disorders and 
director of the Inpatient Leukemia Program at 
the Cleveland Clinic Taussig Cancer Institute; 
she also is an associate professor at the Cleveland 
Clinic Lerner College of Medicine of Case Western 
Reserve University in Cleveland, Ohio.

“There was a trend toward improved EFS with 
ponatinib; however, with the new treatments we 
have such as antibody-based therapies, [or] CAR 
chimeric antigen receptor] T cells, we are now 
able to salvage these patients,” Advani added. 
“There was no difference in OS between the 2 
arms, although follow-up is short and the results 
are not mature yet.”

Advani added, “Although imatinib was a reason-
able comparison to ponatinib in the United States, 
typically most clinicians are using dasatinib and 

so it would have been nice to 
have this comparison. The land-
scape is changing with the use of 
blinatumomab [Blincyto] plus TKIs 
either dasatinib or ponatinib in the 
up-front setting and there are data now 
published from various groups showing 
excellent results, although longer follow-up is 
needed on all of these studies.”1,4,5

Advani noted that despite the chang-
ing landscape, the PhALLCON regimen is an 
exciting treatment option for patients with 
Ph-positive ALL.

In a discussion from the European perspective, 
Nicolas Boissel, MD, PhD, head of the Hematology 

Adolescent and Young Adult Unit at 
the Hôpital Saint-Louis and a profes-
sor of medicine at Université de Paris 
in France, noted that there may be 
other insights gleaned from the ongo-
ing studies in the European Union 
and United States assessing ponatinib 
plus blinatumomab.

“It is expected that the access to 
ponatinib will be delayed in Europe 
compared to the United States, so mean-

while clinical trials remain a good option to gain 
access to ponatinib in the front line,” Boissel said. 
He also cited similar concerns as Advani, includ-
ing disparities for patients with comorbidities 
and the role of other second-generation TKIs. 

Boissel concluded by highlighting some 
questions to address in next steps with these 
investigations: “Can you get rid of chemother-
apy and allogeneic HSCT in some patients [with 
Ph-positive ALL]? How can we identify these 
patients with MRD monitoring, or by identifying 
additional abnormalities?” ■
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BET Inhibitors in Cancer Therapy:  
Finding the Right Combination 
by GINA BATTAGLIA, PhD

MOST MEMBERS OF THE BET protein family 
are ubiquitously expressed in human tissues and 
play an important role in epigenetic regulation 
of gene transcription and cell-cycle progression.1 
BET proteins are commonly dysregulated in 
human malignancies, which leads to abnormal 
expression of oncogenes. An understanding of 
these processes has prompted investigators to 
explore the idea of these proteins as a therapeutic 
target for cancer.1 

Monotherapy with first-generation BET inhibi-
tors was largely unsuccessful in clinical contexts 
because of dose-limiting toxicities (DLTs), 
particularly thrombocytopenia, that prevented 
escalation to a dose that would completely inhibit 
the target.1 However, development of rational 
therapeutic combinations that include BET inhib-
itors may deliver a synergistic antitumor effect 
and enable safe and effective use in the clini-
cal setting.1 Investigators are testing a new crop 
of novel BET inhibitors as monotherapy and in 
combinations, particularly in hematologic malig-
nancies (TABLE).

ROLE OF BET PATHWAY PROTEINS  
IN HEALTHY AND MALIGNANT CELLS
In a variety of contexts, the proteins BRD2, 
BRD3, and BRD4 are upregulated or abnormally 
expressed in activated immune cells, where they 
tend to exert proinflammatory effects.2 Another 
member of the BET family, BRDT, is primarily 
found in germ cells.3 

Of the BET proteins, BRD4 has particularly 
abundant levels. Numerous stimuli cause elevated 
BRD4 expression in various resident immune 
cells, leading to increased transcriptional activa-
tion of immune and inflammatory genes.2 BRD4 
may act as a stress protein. For example, it is 
upregulated in the uterus and fetal membranes 
during labor and infection, as well as in the 
placenta during severe early-onset preeclampsia.2

BRD2 expression is high in pancreatic ß cells, 
where it has been shown to interfere with mito-
sis and insulin transcription; induction of BRD2 
expression also triggers the neuroinflammation 
associated with Parkinson disease.2 

BRD3 expression is upregulated in activated 
lymphocytes, suggesting its involvement in 
the development of adaptive immunity, and has 
been found in macrophages in synovial tissue 
from individuals with rheumatoid arthritis and 
osteoarthritis.2 

BRD2, BRD3, and BRD4 also have been 
shown to exert effects without changes in their 

expression. Further studies are needed to eluci-
date the mechanisms regulating the expression 
of BET proteins and the relationship between 
these proteins’ expression and function in various 
clinical settings.2

BET proteins also mediate changes in 
histone acetylation that can lead to develop-
ment of cancer.3 BET proteins have been linked 
to abnormal expression of the MYC onco-
gene in mixed-lineage leukemia, acute myeloid 
leukemia (AML), Burkitt lymphoma, and Burkitt-
like lymphoma.3 

BET family proteins also can form oncogenic 
fusion proteins, such as the in-frame fusion 
of BRD and NUT, which is a key driver of NUT 
midline carcinoma.3 

Interactions between BET proteins and 
nuclear factor κB (NF-κB), a proinflammatory, 
heterodimeric transcription factor, also contribute 

to cancer, and BRD2 and BRD4 are involved in 
constitutive activation of NF-κB in models of 
activated B-cell diffuse large B-cell lymphoma.1 

BET INHIBITION STRATEGIES IN CANCER
Because of the role of BET proteins in the develop-
ment of many tumor types, inhibition of BET has 
been proposed as an antitumor strategy for the 
treatment of numerous solid tumors and hemato-
logic malignancies.4 
       Additionally, BET inhibitors appear to target 
tumor cells over normal cells selectively because 
they bind preferentially to superenhancers, or 
noncoding DNA regions bound by multiple tran-
scription factors that help determine cellular 
identity.4 Several BET inhibitors have been stud-
ied as monotherapy in early-stage clinical trials, 
although multiple DLTs, including thrombocyto-
penia, gastrointestinal and testicular toxicities, 

TABLE.  Select  BET Inhibitors in  Cl in ical  Development

Agent Study description Clinical setting(s) Study phase;
ClinicalTrials.gov identifier

Pelabresib
(CPI-0610)

Pelabresib or placebo plus ruxolitinib 
(JAK1/2 inhibitor)

MF with no prior JAK inhibitor 
therapy

Phase 3;
MANIFEST-2
NCT04603495

Pelabresib monotherapy or with ruxolitinib, 
depending on prior JAK inhibitor therapy

MF, ET
Phase 1/2;
NCT02158858a

ZEN-3694

ZEN-3694 + enzalutamide (antiandrogen) 
and pembrolizumab (PD-1 inhibitor) 

mCRPC with disease progression
Phase 2;
NCT04471974

ZEN-3694 + enzalutamide vs enzalutamide 
monotherapy

mCRPC progressing after 
abiraterone therapy

Phase 2;
NCT04986423

ZEN-3694 + talazoparib 
(PARP inhibitor)

Metastatic/unresectable 
molecularly selected solid 
tumors 

Phase 2;
ComBET
NCT05327010

ZEN-3694 + talazoparib
Metastatic, recurrent, or locally 
advanced TNBC without germline 
BRCA1/2 mutations

Phase 2;
NCT03901469

BMS-986158

BMS-986158 monotherapy or with 
ruxolitinib or fedratinib (JAK2/FLT3 
inhibitor)

Intermediate- or high-risk MF
Phase 1/2;
CA011-023
NCT04817007

BMS-986158 + novel therapies R/R multiple myeloma
Phase 1/2;
NCT05372354

NUV-868
NUV-868 monotherapy or in combination 
with enzalutamide or olaparib 
(PARP inhibitor) 

Advanced solid tumors 
progressing after prior therapy

Phase 1/2;
NCT05252390

PLX51107 PLX51107 monotherapy Steroid-refractory acute GVHD
Phase 1b/2;
NCT04910152

ABBV-744
ABBV-744 monotherapy or in combination 
with oral ruxolitinib or oral navitoclax 
(BLC2 inhibitor)

Previously treated MF
Phase 1;
NCT04454658

ET, essential thrombocythemia; GVHD, graft-versus-host disease; mCRPC metastatic castration-resistant prostate cancer; MF, myelofibrosis; R/R, relapsed/
refractory; TNBC, triple-negative breast cancer.

aTrial is active but no longer recruiting participants.
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neutropenia, anemia, dysgeusia, and fatigue, 
precluded escalation to a dose that would be suffi-
cient for adequate target inhibition.1 Therefore, 
strategies combining agents that act synergisti-
cally with BET inhibitors may be more successful 
as anticancer therapies and have shown promise 
in early-stage clinical trials.1 

Pelabresib Plus Ruxolitinib
Pelabresib (CPI-0610) is an investigational, 
orally administered, small molecule BET inhib-
itor that reduces expression of BET target genes 
and modulates NF-κB signaling.5,6 Analysis of 
preliminary data from the open-label, phase 1/2 
MANIFEST study (NCT02158858) of patients with 
myelofibrosis found that pelabresib plus ruxoli-
tinib (Jakafi), a JAK1/2 inhibitor, led to a 35% or 
greater reduction in spleen volume (SVR35) in 
68% (57 of 84) and a 50% or greater reduction in 
total symptom score (TSS50) at week 24 in 56% 
(46 of 82) of patients with JAK inhibitor–naïve 
disease (arm 3).5 SVR35 was achieved by 20% (16 
of 81) and TSS50 occurred in 37% (30 of 81) of 
patients with myelofibrosis who previously had 
a suboptimal response to ruxolitinib (arm 2).5 
Thrombocytopenia was the most common hema-
tologic treatment-emergent adverse event (TEAE) 
in arm 3 (any grade, 52%; grade ≥ 3, 12%) and 
arm 2 (any grade, 52%; grade ≥ 3, 33%).5 Anemia 
was reported in 42% (grade ≥ 3, 35%) and 27% 
(grade ≥ 3, 19%) of patients in arm 3 and arm 
2, respectively.5

Although low-grade gastrointestinal TEAEs 
and respiratory infections occurred, they rarely 
required discontinuation of treatment.5 Based 
on the findings in arm 3, the global phase 3 
MANIFEST-2 trial (NCT04603495) was devel-
oped and is randomly assigning patients with 
JAK inhibitor–naïve myelofibrosis to receive pela-
bresib plus ruxolitinib or ruxolitinib alone  
(N = 200 per arm).6 SVR35 response and TSS50 
response at week 24 are the primary and key 
secondary end points, respectively.6 

BMS-986158 Plus  Ruxolitinib or Fedratinib 
BMS-986158 is an orally administered, potent, 
and selective small molecule BET inhibitor that 
has a dose-proportional pharmacokinetic profile 
and modulates BET target gene expression in a 
dose-dependent manner.7 Concomitant inhibi-
tion of BET-mediated and JAK/STAT pathways has 
additional therapeutic benefits over BET-targeted 
inhibition alone in patients with myelofibrosis.7

The phase 1/2 CA011-023 study (NCT04817007) 
includes a dose-escalation phase of BMS-986158 
plus ruxolitinib in patients with myelofibro-
sis and no prior exposure to ruxolitinib (part 
1A) or BMS-986158 plus fedratinib (Inrebic) in 
patients with myelofibrosis previously treated 
with ruxolitinib (part 1B). The study also includes 
a dose-expansion phase at the recommended 

BET Signaling Plays Role  
in Regulating Cell Cycle

THE BROMODOMAIN AND EXTRATERMINAL domain (BET) protein family is a subfamily of the 
bromodomain (BRD) protein family. These proteins have a common domain architecture that includes  
2 N-terminal bromodomains (BD1 and BD2) and an extra C terminal domain.1 

The BET family includes BRD containing 2 (BRD2), BRD3, BRD4, and bromodomain testis-specific 
protein (BRDT).1 Whereas BRDT is mostly found in germ cells, BRD2, BRD3, and BRD4 are expressed in 
multiple tissues throughout the body and control gene transcription by interacting with acetylated lysine 
residues on histone tails.1

PTEF-b, which phosphorylates Ser2 of RNA polymerase II (Pol II), relies on BRD4 for nuclear localiza-
tion and activation of the CDK9 kinase subunit of PTEF-b (FIGURE1). In this way, BRD4 helps switch gene 
transcription from a baseline level to high rates of active elongation by RNA Pol II.1 BRD4’s extra- 
terminal domain also acts independently to recruit the transcriptional activators NSD3 (a histone methyl 
transferase), JMJD6 (a histone arginine demethylase), and CHD4 (catalytic subunit of the NuRD chroma-
tin remodeler).1

BRD2 is part of the Mediator complex, which binds Pol II to initiate transcription, and recruits E2F tran-
scription factors to the cyclin A promoter.2 BRD2 also activates the promoters of multiple genes involved 
in cell cycle regulation, including cyclin D11 and cyclin E, and couples histone acetylation to transcrip-
tion, independent of PTEF-b, by providing a scaffold on chromatin for histone acetyltransferases, histone 
deacetylases, and E2F.1,2 BRD3 acts on the E2F-Rb pathway to modify transcription, regulating differentia-
tion of erythroid, megakaryocyte, and mast cell lineages.1 

BRD2 and BRD4 are also involved in cell cycle regulation and act as “mitotic bookmarks.”1 During mitosis, 
BRD4 is bound to chromosomes (particularly to acetylated H3 and H4) and “bookmarks” genes to be tran-
scribed during the late mitosis (M) and early G1 phases.2 BRD4 interacts with H4K5 during M, which promotes 
decompaction of chromatin and gene transcription.1 BRD4 also bookmarks the start sites for transcription of 
several M/G1 genes and is essential for progression from the G1 to S and G2 to M phases of the cell cycle.1,2 
BRD2 is associated with E2F1 and E2F2, which are the principal transcriptional regulators of the S phase.1 ■

For a full list of references, see the article at  . 

FIGURE.  Mechanism of  BET Protein Interact ions 1 

BET proteins bind to acetylated (AC) histones and recruit positive transcriptional elongation factor complex (PTEF-b) to sites of active growth-promoting 
oncogenes such as MYC and NUT. The proteins also independently recruit transcriptional activators. 

Reprinted under a Creative Commons license from Alqahtani A, Choucair K, Ashraf M, et al. Future Sci OA. 2019;5(3):FSO372.  
doi:10.4155/fsoa-2018-0115
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phase 2 dose of BMS-986158 plus ruxolitinib (part 
2A), BMS-986158 in combination with ruxolitinib 
(part 2A), or BMS-986158 with or without fedrati-
nib (part 2B).7 

A report of initial safety and efficacy data from 
parts 1A (n = 11) and 1B (n = 12) presented at 
the 2022 American Society of Hematology (ASH) 
Annual Meeting showed that DLTs occurred in 
2 patients in part 1A (both thrombocytopenia) 
and 3 patients in part 1B (diarrhea, thrombo-
cytopenia, and elevated bilirubin).7 All patients 
in part 1A remained on treatment, whereas 
2 patients in part 1B discontinued treatment 
because of TEAEs (thrombocytopenia and 
elevated bilirubin).7 

In part 1A, 5 of 6 evaluable patients (83%) 
achieved SVR35 at 12 weeks (mean SV change, 
−50.3%; SD, 14.5), and all 6 patients (100%) 
achieved SVR35 at 24 weeks (mean SV change, 
−56.8%; SD, 9.7).7 In part 1B, none of the 6 evalu-
able patients achieved SVR35 at 12 weeks (mean 
SV change, −9.9%; SD, 11.4) and only 1 of the 3 
remaining evaluable patients achieved SVR35 at 
24 weeks (mean SV change, −32.7%; SD, 11.2).7 

The authors concluded that BMS-986158 
combined with ruxolitinib or fedratinib had a 
manageable safety profile, and that the combi-
nation of BMS-986158 plus ruxolitinib led to a 
considerable reduction in SV that continued to 
deepen between 12 and 24 weeks of treatment in 
ruxolitinib-naïve patients.7

ZEN-3694 Plus Enzalutamide
ZEN-3694 is an orally administered, 
second-generation pan-BET inhibitor that reduces 
expression of androgen receptor (AR) signaling 
genes, AR splice variants, MYC, glucocorticoid 
receptor, and other oncogenes and has shown 
synergistic activity with enzalutamide (Xtandi), 
an AR inhibitor, in models of castration-resistant 
prostate cancer (CRPC).8 A first-in-human, phase 
1b/2 trial (NCT02711956) evaluated the safety 
and efficacy of ZEN-3694 plus enzalutamide in  
75 patients with metastatic CRPC and prior 
progression on at least 1 androgen signal-
ing inhibitor.8 Grade 3 or higher TEAEs were 
observed in 18.7% of patients, with nausea (4%), 
thrombocytopenia (4%), anemia (2.7%), fatigue 
(2.7%), and hypophosphatemia (2.7%) most 
commonly reported.8 The most common any-grade 
AEs attributed to ZEN-3694 were visual distur-
bances (67%), nausea (45%), fatigue (40%), 
decreased appetite (25%), dysgeusia (20%), throm-
bocytopenia (15%), and decrease in body weight 
(11%).8 Dose reductions or treatment discontinu-
ation due to AEs were needed in 32% of patients, 
with gastrointestinal toxicities accounting for 
83% of discontinuations and dose reductions.8 

Pharmacodynamic analysis showed 
dose-dependent decreases in whole-blood mRNA 
levels of several BET inhibitor target genes, and 

the mean radiographic progression-free survival 
(rPFS) was 9.0 months (95% CI, 4.6-12.9).8 The 
on-treatment median rPFS was 10.6 months 
(95% CI, 7.5-not reached) among the subset of 
12 patients with primary resistance to first-line 
AR-targeted therapy.8 

These findings prompted the initiation of 
an open-label, randomized phase 2b trial 
(NCT04986423), which is comparing ZEN-3694 
plus enzalutamide with enzalutamide alone in 
2 cohorts of patients with metastatic CRPC who 
have progressed on abiraterone acetate (Zytiga), 
an antiandrogen therapy.9 Cohort A (n = 150) 
includes patients who had a poor response to 
abiraterone, and cohort B (n = 50) consists of 
patients who responded to abiraterone.9 The 
primary end point is rPFS by blinded indepen-
dent central review in cohort A evaluated by 
Prostate Cancer Clinical Trials Working Group 3 
consensus for trials in CRPC.9 The study, which 
seeks to enroll 200 participants, was launched in 
September 2021 and has an estimated primary 
completion date of March 2024.

ZEN-3694 Plus Talazoparib
ZEN-3694 also has been shown to decrease 
mRNA levels of multiple genes involved in DNA 
repair, thus increasing sensitization of PARP 
inhibitor–resistant breast cancers to PARP inhib-
itors.10 Although PARP inhibitors typically are 
administered only to patients with breast cancer 
with germline BRCA1/2 mutations, ZEN-3694 is 
believed to be effective in BRCA wild-type and 
BRCA-mutant tumors.10

A phase 1b/2 trial (NCT03901469) evalu-
ated ZEN-3694 in combination with the PARP 
inhibitor talazoparib (Talzenna) in 52 patients 
with triple-negative breast cancer (TNBC) with-
out germline BRCA mutations, and results were 
presented at the 2022 American Society of 
Clinical Oncology Annual Meeting.11 

Thrombocytopenia was the most common AE 
(any grade, 55%; grade ≥ 3, 34%), although this 
was ameliorated with dose holds and reductions.11 
Assessment of BET-dependent and homologous 
recombination repair transcripts in paired 
tumor biopsies taken before and after treatment 
revealed robust engagement of target DNA repair 
genes on treatment.11 

In the phase 2 portion of the trial, the  
clinical benefit rate, defined as objective 
response rate (ORR) plus stable disease for more 
than 16 weeks, was 30% (11 of 37 patients), 
which met that phase’s primary end point.11 
For the entire phase 1b/2 trial, the investiga-
tor-assessed ORR was 22% (11 of 50 patients, 
including 2 complete responses), the clinical 
benefit rate was 35% (18 of 51), and median dura-
tion of response was 24 weeks.11 Notably, all the 
confirmed responses occurred in the subset of 34 
patients with TNBC at diagnosis (ie, no history 

of hormone receptor–positive disease), consistent 
with the expectation that TNBC tumors would 
be more sensitive to the combination because of 
their basal-like properties.11 The trial has been 
expanded to phase 2b, in which enrollment of 
an additional 80 patients with TNBC at diagno-
sis is planned.11

PLX51107 Plus Dinaciclib
PLX51107 is a BET inhibitor with a novel bind-
ing site in the acetylated lysine-binding pocket 
of BRD4, which exerts effects on gene transcrip-
tion.12,13 PLX51107 showed antitumor effects in 
in vitro and in vivo models of AML; however, 
extended exposure to BET inhibition can lead 
to resistance mediated by increased activa-
tion of the canonical ß-catenin–dependent Wnt 
signaling pathway.12,13 

PLX51107 may exert synergistic activ-
ity with dinaciclib, a multi-CDK inhibitor, 
and reverse resistance to BET inhibition by 
inhibiting Wnt signaling.13 Results of a preclin-
ical study presented at the 2022 ASH Annual 
Meeting showed that PLX51107 and dinaci-
clib had synergistic activity in AML cell lines, 
as demonstrated by a decrease in mitochondrial 
activity.13 Additionally, dinaciclib downregulated 
Wnt/ß-catenin signaling in AML cell lines, and 
sensitivity to dinaciclib was similar in PLX51107-
resistant and -sensitive cells.13 

The combination of PLX51107 and dinaciclib 
also demonstrated synergy in a xenograft mouse 
model of AML. In addition to decreased disease 
burden, mice that received the combination had 
significantly longer median overall survival than 
those that received PLX51107 alone or vehicle 
treatment (57 days with combination vs 42 days 
with PLX51107 and 28 days with vehicle treat-
ment; P < .05); dinaciclib alone did not improve 
survival compared with vehicle treatment.13 The 
authors concluded that these data support the 
addition of a multi-CDK inhibitor as a potential 
strategy for thwarting resistance to BET-targeted 
agents in AML.13 

FUTURE DIRECTIONS
Inhibition of BET has emerged as a promising 
anticancer strategy in several tumor types, and 
development of rational therapeutic combinations 
may allow clinical benefits to be achieved from 
BET inhibitors at tolerable doses.1 Development of 
more selective BET inhibitors such as agents that 
selectively target the BD1 or BD2 domain on all 4 
BET proteins or that target specific BRDs, targeted 
delivery approaches such as antibody-drug conju-
gates, or therapies that selectively degrade BRDs 
may be other strategies to maintain or improve 
efficacy of BET inhibitors while reducing hemato-
logic toxicity.1 ■
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*The NINLARO regimen included NINLARO+lenalidomide+dexamethasone. The Rd regimen included 
placebo+lenalidomide+dexamethasone.4

 †TOURMALINE-MM1: a global, phase 3, randomized (1:1), double-blind, placebo-controlled study 
that evaluated the safety and efficacy of NINLARO (an oral PI) vs placebo, both in combination with 
lenalidomide and dexamethasone, until disease progression or unacceptable toxicity in 722 patients 
with relapsed and/or refractory multiple myeloma who received 1-3 prior therapies.1,4
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care. Diarrhea resulted in the discontinuation of one or 
more of the three drugs in 3% of patients in the NINLARO 
regimen and 2% of patients in the placebo regimen. 
Adjust dosing for Grade 3 or 4 symptoms.

• Peripheral Neuropathy was reported with NINLARO. 
The most commonly reported reaction was peripheral 
sensory neuropathy (24% and 17% in the NINLARO 
and placebo regimens, respectively). Peripheral motor 
neuropathy was not commonly reported in either 
regimen (<1%). Peripheral neuropathy resulted in 
discontinuation of one or more of the three drugs in  
4% of patients in the NINLARO regimen and <1% of 
patients in the placebo regimen. During treatment, 
monitor patients for symptoms of neuropathy and 
consider adjusting dosing for new or worsening 
peripheral neuropathy.

• Peripheral Edema was reported with NINLARO.  
Evaluate for underlying causes and provide supportive 
care, as necessary. Adjust dosing of NINLARO for  
Grade 3 or 4 symptoms or dexamethasone per its 
prescribing information.

• Cutaneous Reactions, including a fatal case of Stevens-
Johnson syndrome, were reported with NINLARO. If 
Stevens-Johnson syndrome occurs, discontinue NINLARO 
and manage as clinically indicated. Rash, most commonly 
maculo-papular and macular rash, was reported with 
NINLARO. Rash resulted in discontinuation of one or 
more of the three drugs in <1% of patients in both 
regimens. Manage rash with supportive care or with  
dose modification if Grade 2 or higher.

• Thrombotic Microangiopathy has been reported with 
NINLARO. Fatal cases of thrombotic microangiopathy, 
including thrombotic thrombocytopenic purpura/
hemolytic uremic syndrome (TTP/HUS), have been 
reported in patients who received NINLARO. Monitor 
for signs and symptoms of TTP/HUS. If the diagnosis is 
suspected, stop NINLARO and evaluate. If the diagnosis 
of TTP/HUS is excluded, consider restarting NINLARO. 
The safety of reinitiating NINLARO therapy in patients 
previously experiencing TTP/HUS is not known.

• Hepatotoxicity has been reported with NINLARO. 
Drug-induced liver injury, hepatocellular injury, hepatic 
steatosis, hepatitis cholestatic and hepatotoxicity have 
each been reported in <1% of patients treated with 
NINLARO. Hepatotoxicity has been reported (10% in 
the NINLARO regimen and 9% in the placebo regimen). 
Monitor hepatic enzymes regularly and adjust dosing for 
Grade 3 or 4 symptoms.

• Embryo-fetal Toxicity: NINLARO can cause fetal harm. 
Advise pregnant women of the potential risk to a fetus. 
Advise females of reproductive potential to use effective 
non-hormonal contraception during treatment with 
NINLARO and for 90 days following the last dose. Advise 
males with female partners of reproductive potential 
to use effective contraception during treatment with 
NINLARO and for 90 days following the last dose.

• Increased Mortality in Patients Treated with NINLARO 
in the Maintenance Setting: In two prospective 
randomized clinical trials in multiple myeloma in the 
maintenance setting, treatment with NINLARO resulted 
in increased deaths. Treatment of patients with NINLARO 
for multiple myeloma in the maintenance setting is not 
recommended outside of controlled trials.

ADVERSE REACTIONS
The most common adverse reactions (≥ 20%) in the 
NINLARO regimen compared to placebo in combination 
with lenalidomide plus dexamethasone, respectively were 
thrombocytopenia (85%, 67%; pooled from adverse event 
and laboratory data), neutropenia (74%, 70%; pooled 
from adverse event and laboratory data), diarrhea (52%, 
43%), constipation (35%, 28%), peripheral neuropathy 
(32%, 24%), nausea (32%, 23%), edema peripheral (27%, 
21%), rash (27%, 16%), vomiting (26%, 13%), and bronchitis 
(22%, 17%). Serious adverse reactions reported in ≥ 2% of 
patients in the NINLARO regimen included diarrhea (3%), 
thrombocytopenia (2%), and bronchitis (2%).

DRUG INTERACTIONS: Avoid concomitant administration 
of NINLARO with strong CYP3A inducers.

USE IN SPECIFIC POPULATIONS
• Lactation: Advise women not to breastfeed during 

treatment with NINLARO and for 90 days after the  
last dose.

• Hepatic Impairment: Reduce the NINLARO starting  
dose to 3 mg in patients with moderate or severe  
hepatic impairment.

• Renal Impairment: Reduce the NINLARO starting dose  
to 3 mg in patients with severe renal impairment or  
end-stage renal disease requiring dialysis. NINLARO is  
not dialyzable.

Please see additional Important Safety Information  
on the previous page and accompanying Brief Summary.

IMPORTANT SAFETY INFORMATION (cont’d)
WARNINGS AND PRECAUTIONS (cont'd)

INDICATION AND USAGE
Indication: NINLARO is indicated in combination with 
lenalidomide and dexamethasone for the treatment of 
patients with multiple myeloma who have received at  
least one prior therapy.
Limitations of Use: NINLARO is not recommended for  
use in the maintenance setting or in newly diagnosed  
multiple myeloma in combination with lenalidomide  
and dexamethasone outside of controlled clinical trials.

IMPORTANT SAFETY INFORMATION
WARNINGS AND PRECAUTIONS
• Thrombocytopenia has been reported with NINLARO. 

Platelet nadirs typically occurred between Days 14-21 
of each 28-day cycle and recovered to baseline by the 
start of the next cycle. Grade 3 thrombocytopenia was 
reported in 17% of patients in the NINLARO regimen 
and Grade 4 thrombocytopenia was reported in 13% 
in the NINLARO regimen. During treatment, monitor 
platelet counts at least monthly, and consider more 
frequent monitoring during the first three cycles. Manage 
thrombocytopenia with dose modifications and platelet 
transfusions as per standard medical guidelines.

• Gastrointestinal Toxicities, including diarrhea, 
constipation, nausea and vomiting were reported with 
NINLARO and may occasionally require the use of 
antidiarrheal and antiemetic medications, and supportive 
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The NINLARO regimen extended median PFS by ~6 months vs the Rd 
regimen.* Median PFS: 20.6 vs 14.7 months for the NINLARO and Rd 

regimens, respectively; HR=0.74 (95% CI, 0.59-0.94); P=0.012.4† 

•  At the final analysis, with a median follow-up of ~85 months, median OS  
in the ITT population was 53.6 months for patients receiving the NINLARO 
regimen* and 51.6 months for patients receiving the Rd regimen* (HR=0.94 
[95% CI, 0.78-1.13])4
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care. Diarrhea resulted in the discontinuation of one or 
more of the three drugs in 3% of patients in the NINLARO 
regimen and 2% of patients in the placebo regimen. 
Adjust dosing for Grade 3 or 4 symptoms.

• Peripheral Neuropathy was reported with NINLARO. 
The most commonly reported reaction was peripheral 
sensory neuropathy (24% and 17% in the NINLARO 
and placebo regimens, respectively). Peripheral motor 
neuropathy was not commonly reported in either 
regimen (<1%). Peripheral neuropathy resulted in 
discontinuation of one or more of the three drugs in  
4% of patients in the NINLARO regimen and <1% of 
patients in the placebo regimen. During treatment, 
monitor patients for symptoms of neuropathy and 
consider adjusting dosing for new or worsening 
peripheral neuropathy.

• Peripheral Edema was reported with NINLARO.  
Evaluate for underlying causes and provide supportive 
care, as necessary. Adjust dosing of NINLARO for  
Grade 3 or 4 symptoms or dexamethasone per its 
prescribing information.

• Cutaneous Reactions, including a fatal case of Stevens-
Johnson syndrome, were reported with NINLARO. If 
Stevens-Johnson syndrome occurs, discontinue NINLARO 
and manage as clinically indicated. Rash, most commonly 
maculo-papular and macular rash, was reported with 
NINLARO. Rash resulted in discontinuation of one or 
more of the three drugs in <1% of patients in both 
regimens. Manage rash with supportive care or with  
dose modification if Grade 2 or higher.

• Thrombotic Microangiopathy has been reported with 
NINLARO. Fatal cases of thrombotic microangiopathy, 
including thrombotic thrombocytopenic purpura/
hemolytic uremic syndrome (TTP/HUS), have been 
reported in patients who received NINLARO. Monitor 
for signs and symptoms of TTP/HUS. If the diagnosis is 
suspected, stop NINLARO and evaluate. If the diagnosis 
of TTP/HUS is excluded, consider restarting NINLARO. 
The safety of reinitiating NINLARO therapy in patients 
previously experiencing TTP/HUS is not known.

• Hepatotoxicity has been reported with NINLARO. 
Drug-induced liver injury, hepatocellular injury, hepatic 
steatosis, hepatitis cholestatic and hepatotoxicity have 
each been reported in <1% of patients treated with 
NINLARO. Hepatotoxicity has been reported (10% in 
the NINLARO regimen and 9% in the placebo regimen). 
Monitor hepatic enzymes regularly and adjust dosing for 
Grade 3 or 4 symptoms.

• Embryo-fetal Toxicity: NINLARO can cause fetal harm. 
Advise pregnant women of the potential risk to a fetus. 
Advise females of reproductive potential to use effective 
non-hormonal contraception during treatment with 
NINLARO and for 90 days following the last dose. Advise 
males with female partners of reproductive potential 
to use effective contraception during treatment with 
NINLARO and for 90 days following the last dose.

• Increased Mortality in Patients Treated with NINLARO 
in the Maintenance Setting: In two prospective 
randomized clinical trials in multiple myeloma in the 
maintenance setting, treatment with NINLARO resulted 
in increased deaths. Treatment of patients with NINLARO 
for multiple myeloma in the maintenance setting is not 
recommended outside of controlled trials.

ADVERSE REACTIONS
The most common adverse reactions (≥ 20%) in the 
NINLARO regimen compared to placebo in combination 
with lenalidomide plus dexamethasone, respectively were 
thrombocytopenia (85%, 67%; pooled from adverse event 
and laboratory data), neutropenia (74%, 70%; pooled 
from adverse event and laboratory data), diarrhea (52%, 
43%), constipation (35%, 28%), peripheral neuropathy 
(32%, 24%), nausea (32%, 23%), edema peripheral (27%, 
21%), rash (27%, 16%), vomiting (26%, 13%), and bronchitis 
(22%, 17%). Serious adverse reactions reported in ≥ 2% of 
patients in the NINLARO regimen included diarrhea (3%), 
thrombocytopenia (2%), and bronchitis (2%).

DRUG INTERACTIONS: Avoid concomitant administration 
of NINLARO with strong CYP3A inducers.

USE IN SPECIFIC POPULATIONS
• Lactation: Advise women not to breastfeed during 

treatment with NINLARO and for 90 days after the  
last dose.

• Hepatic Impairment: Reduce the NINLARO starting  
dose to 3 mg in patients with moderate or severe  
hepatic impairment.

• Renal Impairment: Reduce the NINLARO starting dose  
to 3 mg in patients with severe renal impairment or  
end-stage renal disease requiring dialysis. NINLARO is  
not dialyzable.

Please see additional Important Safety Information  
on the previous page and accompanying Brief Summary.

IMPORTANT SAFETY INFORMATION (cont’d)
WARNINGS AND PRECAUTIONS (cont'd)

INDICATION AND USAGE
Indication: NINLARO is indicated in combination with 
lenalidomide and dexamethasone for the treatment of 
patients with multiple myeloma who have received at  
least one prior therapy.
Limitations of Use: NINLARO is not recommended for  
use in the maintenance setting or in newly diagnosed  
multiple myeloma in combination with lenalidomide  
and dexamethasone outside of controlled clinical trials.

IMPORTANT SAFETY INFORMATION
WARNINGS AND PRECAUTIONS
• Thrombocytopenia has been reported with NINLARO. 

Platelet nadirs typically occurred between Days 14-21 
of each 28-day cycle and recovered to baseline by the 
start of the next cycle. Grade 3 thrombocytopenia was 
reported in 17% of patients in the NINLARO regimen 
and Grade 4 thrombocytopenia was reported in 13% 
in the NINLARO regimen. During treatment, monitor 
platelet counts at least monthly, and consider more 
frequent monitoring during the first three cycles. Manage 
thrombocytopenia with dose modifications and platelet 
transfusions as per standard medical guidelines.

• Gastrointestinal Toxicities, including diarrhea, 
constipation, nausea and vomiting were reported with 
NINLARO and may occasionally require the use of 
antidiarrheal and antiemetic medications, and supportive 
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doi:10.2217/fon-2020-1225. 6. Gandolfi S, Laubach JP, Hideshima T,  
Chauhan D, Anderson KC, Richardson PG. The proteasome and proteasome 
inhibitors in multiple myeloma. Cancer Metastasis Rev. 2017;36(4):561-584.

The NINLARO regimen extended median PFS by ~6 months vs the Rd 
regimen.* Median PFS: 20.6 vs 14.7 months for the NINLARO and Rd 

regimens, respectively; HR=0.74 (95% CI, 0.59-0.94); P=0.012.4† 

•  At the final analysis, with a median follow-up of ~85 months, median OS  
in the ITT population was 53.6 months for patients receiving the NINLARO 
regimen* and 51.6 months for patients receiving the Rd regimen* (HR=0.94 
[95% CI, 0.78-1.13])4
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BRIEF SUMMARY OF PRESCRIBING INFORMATION
NINLARO (ixazomib) capsules, for oral use

1 INDICATIONS AND USAGE
NINLARO (ixazomib) is indicated in combination with lenalidomide and 
dexamethasone for the treatment of patients with multiple myeloma who have 
received at least one prior therapy.
Limitations of Use: NINLARO is not recommended for use in the maintenance 
setting or in newly diagnosed multiple myeloma in combination with lenalidomide 
and dexamethasone outside of controlled clinical trials.

4 CONTRAINDICATIONS
None.

5 WARNINGS AND PRECAUTIONS
5.1 Thrombocytopenia: Thrombocytopenia has been reported with NINLARO 
with platelet nadirs typically occurring between Days 14-21 of each 28-day 
cycle and recovery to baseline by the start of the next cycle. Grade 3 
thrombocytopenia was reported in 17% of patients in the NINLARO regimen and 
Grade 4 thrombocytopenia was reported in 13% in the NINLARO regimen. The 
rate of platelet transfusions was 10% in the NINLARO regimen and 7% in the 
placebo regimen. Monitor platelet counts at least monthly during treatment with 
NINLARO. Consider more frequent monitoring during the first three cycles. 
Manage thrombocytopenia with dose modifications and platelet transfusions as 
per standard medical guidelines.
5.2 Gastrointestinal Toxicities: Diarrhea, constipation, nausea, and vomiting 
have been reported with NINLARO, occasionally requiring use of antidiarrheal 
and antiemetic medications, and supportive care. Diarrhea was reported in 52% 
of patients in the NINLARO regimen and 43% in the placebo regimen, 
constipation in 35% and 28%, respectively, nausea in 32% and 23%, 
respectively, and vomiting in 26% and 13%, respectively. Diarrhea resulted in 
discontinuation of one or more of the three drugs in 3% of patients in the 
NINLARO regimen and 2% of patients in the placebo regimen. Adjust dosing for 
Grade 3 or 4 symptoms.
5.3 Peripheral Neuropathy: The majority of peripheral neuropathy adverse 
reactions were Grade 1 (18% in the NINLARO regimen and 16% in the placebo 
regimen) and Grade 2 (11% in the NINLARO regimen and 6% in the placebo 
regimen). Grade 3 adverse reactions of peripheral neuropathy were reported at 
2% in both regimens. The most commonly reported reaction was peripheral 
sensory neuropathy (24% and 17% in the NINLARO and placebo regimen, 
respectively). Peripheral motor neuropathy was not commonly reported in either 
regimen (<1%). Peripheral neuropathy resulted in discontinuation of one or more 
of the three drugs in 4% of patients in the NINLARO regimen and <1% of 
patients in the placebo regimen. Patients should be monitored for symptoms of 
neuropathy. Patients experiencing new or worsening peripheral neuropathy may 
require dose modification.
5.4 Peripheral Edema: Peripheral edema was reported in 27% and 21% of 
patients in the NINLARO and placebo regimens, respectively. The majority of 
peripheral edema adverse reactions were Grade 1 (17% in the NINLARO 
regimen and 14% in the placebo regimen) and Grade 2 (7% in the NINLARO 
regimen and 6% in the placebo regimen). Grade 3 peripheral edema was 
reported in 2% and 1% of patients in the NINLARO and placebo regimens, 
respectively. Peripheral edema resulted in discontinuation of one or more of the 
three drugs in <1% of patients in both regimens. Evaluate for underlying causes 
and provide supportive care, as necessary. Adjust dosing of dexamethasone per 
its prescribing information or NINLARO for Grade 3 or 4 symptoms.
5.5 Cutaneous Reactions: Rash was reported in 27% of patients in the 
NINLARO regimen and 16% of patients in the placebo regimen. The majority of 
the rash adverse reactions were Grade 1 (15% in the NINLARO regimen and 9% 
in the placebo regimen) or Grade 2 (9% in the NINLARO regimen and 4% in the 
placebo regimen). Grade 3 rash was reported in 3% of patients in the NINLARO 
regimen and 2% of patients in the placebo regimen. Serious adverse reactions 
of rash were reported in <1% of patients in the NINLARO regimen. The most 
common type of rash reported in both regimens included maculo-papular and 
macular rash. Rash resulted in discontinuation of one or more of the three drugs 
in <1% of patients in both regimens. Manage rash with supportive care or with 
dose modification if Grade 2 or higher. Stevens-Johnson syndrome, including a 
fatal case, has been reported with NINLARO. If Stevens-Johnson syndrome 
occurs, discontinue NINLARO and manage as clinically indicated.
5.6 Thrombotic Microangiopathy: Cases, sometimes fatal, of thrombotic 
microangiopathy, including thrombotic thrombocytopenic purpura/hemolytic 
uremic syndrome (TTP/HUS), have been reported in patients who received 
NINLARO. Monitor for signs and symptoms of TTP/HUS. If the diagnosis is 
suspected, stop NINLARO and evaluate. If the diagnosis of TTP/HUS is excluded, 
consider restarting NINLARO. The safety of reinitiating NINLARO therapy in 
patients previously experiencing TTP/HUS is not known.
5.7 Hepatotoxicity: Drug-induced liver injury, hepatocellular injury, hepatic 
steatosis, hepatitis cholestatic and hepatotoxicity have each been reported in 
<1% of patients treated with NINLARO. Hepatotoxicity has been reported (10% 

in the NINLARO regimen and 9% in the placebo regimen). Monitor hepatic 
enzymes regularly and adjust dosing for Grade 3 or 4 symptoms.
5.8 Embryo-Fetal Toxicity: NINLARO can cause fetal harm when administered 
to a pregnant woman based on the mechanism of action and findings in animal 
studies. Ixazomib caused embryo-fetal toxicity in pregnant rats and rabbits at 
doses resulting in exposures that were slightly higher than those observed in 
patients receiving the recommended dose. Advise pregnant women of the 
potential risk to a fetus. Advise females of reproductive potential to use effective 
non-hormonal contraception during treatment with NINLARO and for 90 days 
following the last dose. Advise males with female partners of reproductive 
potential to use effective contraception during treatment with NINLARO and for 
90 days following the last dose.
5.9 Increased Mortality in Patients Treated with NINLARO in the 
Maintenance Setting: In two prospective randomized clinical trials in multiple 
myeloma in the maintenance setting, treatment with NINLARO resulted in 
increased deaths. Treatment of patients with NINLARO for multiple myeloma in 
the maintenance setting is not recommended outside of controlled trials.

6 ADVERSE REACTIONS
6.1 Clinical Trials Experience
Because clinical trials are conducted under widely varying conditions, adverse 
reaction rates observed in the clinical trials of a drug cannot be directly 
compared to rates in the clinical trials of another drug and may not reflect the 
rates observed in practice.
The safety population from the randomized, double-blind, placebo-controlled 
clinical study included 720 patients with relapsed and/or refractory multiple 
myeloma, who received NINLARO in combination with lenalidomide and 
dexamethasone (NINLARO regimen; N=361) or placebo in combination with 
lenalidomide and dexamethasone (placebo regimen; N=359).
The most frequently reported adverse reactions (≥20% with a difference of ≥5% 
compared to placebo) in the NINLARO regimen were thrombocytopenia, neutropenia, 
diarrhea, constipation, peripheral neuropathy, nausea, peripheral edema, rash, 
vomiting, and bronchitis. Serious adverse reactions reported in ≥2% of patients in 
the NINLARO regimen included diarrhea (3%), thrombocytopenia (2%) and 
bronchitis (2%). One or more of the three drugs was permanently discontinued in 
4% of patients reporting peripheral neuropathy, 3% of patients reporting diarrhea 
and 2% of patients reporting thrombocytopenia. Permanent discontinuation of 
NINLARO due to an adverse reaction occurred in 10% of patients.
Table 4 summarizes the non-hematologic adverse reactions occurring in at least 
5% of patients with at least a 5% difference between the NINLARO regimen and 
the placebo regimen.

Table 4: Non-Hematologic Adverse Reactions Occurring in ≥5% of 
Patients with a ≥5% Difference Between the NINLARO Regimen and the 
Placebo Regimen (All Grades, Grade 3 and Grade 4)

NINLARO +  
Lenalidomide and  
Dexamethasone  

N=361

Placebo +  
Lenalidomide and  
Dexamethasone 

N=359
System Organ Class / 

Preferred Term (%) (%)

All 
Grades

Grade 
3

Grade 
4

All 
Grades

Grade 
3

Grade 
4

Gastrointestinal disorders
Diarrhea
Constipation
Nausea
Vomiting

52
35
32
26

10
<1
2
1

0
0
0
0

43
28
23
13

3
<1
0

<1

0
0
0
0

Nervous system disorders
Peripheral neuropathies† 32 2 0 24 2 0

Musculoskeletal and  
connective tissue disorders

Back pain* 27 <1 0 24 3 0
Infections and infestations

Upper respiratory tract 
infection* 
Bronchitis

27 
22

1 
2

0 
0

23 
17

1 
2

0 
<1

Skin and subcutaneous 
tissue disorders

Rash† 27 3 0 16 2 0
General disorders and  
administration site conditions

Edema peripheral 27 2 0 21 1 0

Note: Adverse reactions included as preferred terms are based on MedDRA version 23.0.
 * At the time of the final analysis, these adverse reactions no longer met the criterion for 

a ≥5% difference between the NINLARO regimen and the placebo regimen.
†Represents a pooling of preferred terms

(Continued on next page)

Brief Summary (cont’d)
Table 5 represents pooled information from adverse event and laboratory data.
Table 5: Thrombocytopenia and Neutropenia

NINLARO +  
Lenalidomide and  
Dexamethasone  

N=361

Placebo +  
Lenalidomide and  
Dexamethasone 

N=359
(%) (%)

Any Grade Grade 3-4 Any Grade Grade 3-4
Thrombocytopenia 85 30 67 14

Neutropenia 74 34 70 37

Herpes Zoster
Herpes zoster was reported in 6% of patients in the NINLARO regimen and 3% 
of patients in the placebo regimen. Antiviral prophylaxis was allowed at the 
healthcare provider’s discretion. Patients treated in the NINLARO regimen who 
received antiviral prophylaxis had a lower incidence (1%) of herpes zoster 
infection compared to patients who did not receive prophylaxis (10%).
Eye Disorders
Eye disorders were reported with many different preferred terms but in 
aggregate, the frequency was 38% in patients in the NINLARO regimen. The 
most common adverse reactions of the eyes were cataract (15%), conjunctivitis 
(9%), blurred vision (7%), and dry eye (6%).
Other Clinical Trials Experience
The following serious adverse reactions have each been reported at a frequency 
of <1% in patients treated with NINLARO: acute febrile neutrophilic dermatosis 
(Sweet’s syndrome), Stevens-Johnson syndrome, transverse myelitis, posterior 
reversible encephalopathy syndrome, tumor lysis syndrome, and thrombotic 
thrombocytopenic purpura.
7 DRUG INTERACTIONS
7.1 Strong CYP3A Inducers: Avoid concomitant administration of NINLARO with 
strong CYP3A inducers (such as rifampin, phenytoin, carbamazepine, and  
St. John’s Wort).
8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy: Risk Summary: Based on its mechanism of action and data from 
animal reproduction studies, NINLARO can cause fetal harm when administered to 
a pregnant woman. There are no available data on NINLARO use in pregnant 
women to evaluate drug-associated risk. Ixazomib caused embryo-fetal toxicity in 
pregnant rats and rabbits at doses resulting in exposures that were slightly higher 
than those observed in patients receiving the recommended dose. Advise pregnant 
women of the potential risk to a fetus. In the U.S. general population, the estimated 
background risk of major birth defects and miscarriage in clinically recognized 
pregnancies is 2-4% and 15-20%, respectively.
8.2 Lactation: Risk Summary: There are no data on the presence of ixazomib or 
its metabolites in human milk, the effects of the drug on the breast fed infant, or the 
effects of the drug on milk production. Because of the potential for serious adverse 
reactions from NINLARO in a breastfed infant, advise women not to breastfeed 
during treatment with NINLARO and for 90 days after the last dose.
8.3 Females and Males of Reproductive Potential: NINLARO can cause fetal 
harm when administered to pregnant women. Pregnancy Testing: Verify 
pregnancy status in females of reproductive potential prior to initiating NINLARO. 
Contraception: Females: Advise females of reproductive potential to use effective 
non-hormonal contraception during treatment with NINLARO and for 90 days 
after the last dose. Dexamethasone is known to be a weak to moderate inducer 
of CYP3A4 as well as other enzymes and transporters. Because NINLARO is 
administered with dexamethasone, the risk for reduced efficacy of contraceptives 
needs to be considered. Males: Advise males with female partners of reproductive 
potential to use effective contraception during treatment with NINLARO and for 90 
days after the last dose.
8.4 Pediatric Use: Safety and effectiveness have not been established in 
pediatric patients.
8.5 Geriatric Use: Of the total number of subjects in clinical studies of NINLARO, 
55% were 65 and over, while 17% were 75 and over. No overall differences in 
safety or effectiveness were observed between these subjects and younger 
subjects, and other reported clinical experience has not identified differences in 
responses between the elderly and younger patients, but greater sensitivity of 
some older individuals cannot be ruled out.
8.6 Hepatic Impairment: In patients with moderate or severe hepatic impairment, 
the mean AUC increased by 20% when compared to patients with normal hepatic 
function. Reduce the starting dose of NINLARO in patients with moderate or severe 
hepatic impairment.
8.7 Renal Impairment: In patients with severe renal impairment or ESRD requiring 
dialysis, the mean AUC increased by 39% when compared to patients with normal 
renal function. Reduce the starting dose of NINLARO in patients with severe renal 
impairment or ESRD requiring dialysis. NINLARO is not dialyzable and therefore can 
be administered without regard to the timing of dialysis.
10 OVERDOSAGE: Overdosage, including fatal overdosage, has been reported in 
patients taking NINLARO. Manifestations of overdosage include adverse reactions 
reported at the recommended dosage. Serious adverse reactions reported with 
overdosage include severe nausea, vomiting, diarrhea, aspiration pneumonia, 

multiple organ failure and death. In the event of an overdosage, monitor for adverse 
reactions and provide appropriate supportive care. NINLARO is not dialyzable.

17 PATIENT COUNSELING INFORMATION
Advise the patient to read the FDA-approved patient labeling (Patient Information).
Dosing Instructions
• Instruct patients to take NINLARO exactly as prescribed.
•  Advise patients to take NINLARO once a week on the same day and at 

approximately the same time for the first three weeks of a four week cycle. The 
importance of carefully following all dosage instructions should be discussed with 
patients starting treatment. Advise patients to take the recommended dosage as 
directed, because overdosage has led to deaths [see Overdosage (10)].

•  Advise patients to take NINLARO at least one hour before or at least two hours 
after food.

•  Advise patients that NINLARO and dexamethasone should not be taken at the 
same time, because dexamethasone should be taken with food and NINLARO 
should not be taken with food.

•  Advise patients to swallow the capsule whole with water. The capsule should 
not be crushed, chewed or opened.

•  Advise patients that direct contact with the capsule contents should be 
avoided. In case of capsule breakage, avoid direct contact of capsule contents 
with the skin or eyes. If contact occurs with the skin, wash thoroughly with 
soap and water. If contact occurs with the eyes, flush thoroughly with water.

•  If a patient misses a dose, advise them to take the missed dose as long as the 
next scheduled dose is ≥72 hours away. Advise patients not to take a missed 
dose if it is within 72 hours of their next scheduled dose.

•  If a patient vomits after taking a dose, advise them not to repeat the dose but 
resume dosing at the time of the next scheduled dose.

•  Advise patients to store capsules in original packaging, and not to remove the 
capsule from the packaging until just prior to taking NINLARO.

[see Dosage and Administration (2.1)]
Thrombocytopenia: Advise patients that they may experience low platelet counts 
(thrombocytopenia). Signs of thrombocytopenia may include bleeding and easy 
bruising. [see Warnings and Precautions (5.1)].
Gastrointestinal Toxicities: Advise patients they may experience diarrhea, 
constipation, nausea and vomiting and to contact their healthcare providers if 
these adverse reactions persist. [see Warnings and Precautions (5.2)].
Peripheral Neuropathy: Advise patients to contact their healthcare providers if 
they experience new or worsening symptoms of peripheral neuropathy such as 
tingling, numbness, pain, a burning feeling in the feet or hands, or weakness in 
the arms or legs. [see Warnings and Precautions (5.3)].
Peripheral Edema: Advise patients to contact their healthcare providers if they 
experience unusual swelling of their extremities or weight gain due to swelling 
[see Warnings and Precautions (5.4)].
Cutaneous Reactions: Advise patients to contact their healthcare providers 
immediately if they experience new or worsening rash [see Warnings and 
Precautions (5.5)].
Thrombotic Microangiopathy: Advise patients to seek immediate medical 
attention if any signs or symptoms of thrombotic microangiopathy occur [see 
Warnings and Precautions (5.6)].
Hepatotoxicity: Advise patients to contact their healthcare providers if they 
experience jaundice or right upper quadrant abdominal pain [see Warnings and 
Precautions (5.7)].
Other Adverse Reactions: Advise patients to contact their healthcare providers if 
they experience signs and symptoms of acute febrile neutrophilic dermatosis 
(Sweet’s syndrome), Stevens-Johnson syndrome, transverse myelitis, posterior 
reversible encephalopathy syndrome, tumor lysis syndrome, herpes zoster, 
cataracts, dry eyes, blurred vision, conjunctivitis and thrombotic thrombocytopenic 
purpura [see Adverse Reactions (6.1)].
Embryo-Fetal Toxicity: Advise pregnant women and females of reproductive 
potential of the potential risk to a fetus. Advise females of reproductive potential 
to inform their healthcare provider of a known or suspected pregnancy [see 
Warnings and Precautions (5.8) and Use in Specific Populations (8.1)]. Advise 
females of reproductive potential to use effective contraception during treatment 
with NINLARO and for 90 days following the last dose. Advise women using 
hormonal contraceptives to also use a barrier method of contraception [see Use 
in Specific Populations (8.1)]. Advise males with female partners of reproductive 
potential to use effective contraception during treatment with NINLARO and for 90 
days following the last dose [see Use in Specific Populations (8.1)].
Lactation: Advise women not to breastfeed during treatment with NINLARO and 
for 90 days after the last dose [see Use in Specific Populations (8.2)].
Concomitant Medications: Advise patients to speak with their healthcare 
providers about any other medication they are currently taking and before starting 
any new medications.
Please see full Prescribing Information for NINLARO at NINLAROhcp.com.
All trademarks are the property of their respective owners.
©2022 Takeda Pharmaceuticals U.S.A., Inc. All rights reserved.
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BRIEF SUMMARY OF PRESCRIBING INFORMATION
NINLARO (ixazomib) capsules, for oral use

1 INDICATIONS AND USAGE
NINLARO (ixazomib) is indicated in combination with lenalidomide and 
dexamethasone for the treatment of patients with multiple myeloma who have 
received at least one prior therapy.
Limitations of Use: NINLARO is not recommended for use in the maintenance 
setting or in newly diagnosed multiple myeloma in combination with lenalidomide 
and dexamethasone outside of controlled clinical trials.

4 CONTRAINDICATIONS
None.

5 WARNINGS AND PRECAUTIONS
5.1 Thrombocytopenia: Thrombocytopenia has been reported with NINLARO 
with platelet nadirs typically occurring between Days 14-21 of each 28-day 
cycle and recovery to baseline by the start of the next cycle. Grade 3 
thrombocytopenia was reported in 17% of patients in the NINLARO regimen and 
Grade 4 thrombocytopenia was reported in 13% in the NINLARO regimen. The 
rate of platelet transfusions was 10% in the NINLARO regimen and 7% in the 
placebo regimen. Monitor platelet counts at least monthly during treatment with 
NINLARO. Consider more frequent monitoring during the first three cycles. 
Manage thrombocytopenia with dose modifications and platelet transfusions as 
per standard medical guidelines.
5.2 Gastrointestinal Toxicities: Diarrhea, constipation, nausea, and vomiting 
have been reported with NINLARO, occasionally requiring use of antidiarrheal 
and antiemetic medications, and supportive care. Diarrhea was reported in 52% 
of patients in the NINLARO regimen and 43% in the placebo regimen, 
constipation in 35% and 28%, respectively, nausea in 32% and 23%, 
respectively, and vomiting in 26% and 13%, respectively. Diarrhea resulted in 
discontinuation of one or more of the three drugs in 3% of patients in the 
NINLARO regimen and 2% of patients in the placebo regimen. Adjust dosing for 
Grade 3 or 4 symptoms.
5.3 Peripheral Neuropathy: The majority of peripheral neuropathy adverse 
reactions were Grade 1 (18% in the NINLARO regimen and 16% in the placebo 
regimen) and Grade 2 (11% in the NINLARO regimen and 6% in the placebo 
regimen). Grade 3 adverse reactions of peripheral neuropathy were reported at 
2% in both regimens. The most commonly reported reaction was peripheral 
sensory neuropathy (24% and 17% in the NINLARO and placebo regimen, 
respectively). Peripheral motor neuropathy was not commonly reported in either 
regimen (<1%). Peripheral neuropathy resulted in discontinuation of one or more 
of the three drugs in 4% of patients in the NINLARO regimen and <1% of 
patients in the placebo regimen. Patients should be monitored for symptoms of 
neuropathy. Patients experiencing new or worsening peripheral neuropathy may 
require dose modification.
5.4 Peripheral Edema: Peripheral edema was reported in 27% and 21% of 
patients in the NINLARO and placebo regimens, respectively. The majority of 
peripheral edema adverse reactions were Grade 1 (17% in the NINLARO 
regimen and 14% in the placebo regimen) and Grade 2 (7% in the NINLARO 
regimen and 6% in the placebo regimen). Grade 3 peripheral edema was 
reported in 2% and 1% of patients in the NINLARO and placebo regimens, 
respectively. Peripheral edema resulted in discontinuation of one or more of the 
three drugs in <1% of patients in both regimens. Evaluate for underlying causes 
and provide supportive care, as necessary. Adjust dosing of dexamethasone per 
its prescribing information or NINLARO for Grade 3 or 4 symptoms.
5.5 Cutaneous Reactions: Rash was reported in 27% of patients in the 
NINLARO regimen and 16% of patients in the placebo regimen. The majority of 
the rash adverse reactions were Grade 1 (15% in the NINLARO regimen and 9% 
in the placebo regimen) or Grade 2 (9% in the NINLARO regimen and 4% in the 
placebo regimen). Grade 3 rash was reported in 3% of patients in the NINLARO 
regimen and 2% of patients in the placebo regimen. Serious adverse reactions 
of rash were reported in <1% of patients in the NINLARO regimen. The most 
common type of rash reported in both regimens included maculo-papular and 
macular rash. Rash resulted in discontinuation of one or more of the three drugs 
in <1% of patients in both regimens. Manage rash with supportive care or with 
dose modification if Grade 2 or higher. Stevens-Johnson syndrome, including a 
fatal case, has been reported with NINLARO. If Stevens-Johnson syndrome 
occurs, discontinue NINLARO and manage as clinically indicated.
5.6 Thrombotic Microangiopathy: Cases, sometimes fatal, of thrombotic 
microangiopathy, including thrombotic thrombocytopenic purpura/hemolytic 
uremic syndrome (TTP/HUS), have been reported in patients who received 
NINLARO. Monitor for signs and symptoms of TTP/HUS. If the diagnosis is 
suspected, stop NINLARO and evaluate. If the diagnosis of TTP/HUS is excluded, 
consider restarting NINLARO. The safety of reinitiating NINLARO therapy in 
patients previously experiencing TTP/HUS is not known.
5.7 Hepatotoxicity: Drug-induced liver injury, hepatocellular injury, hepatic 
steatosis, hepatitis cholestatic and hepatotoxicity have each been reported in 
<1% of patients treated with NINLARO. Hepatotoxicity has been reported (10% 

in the NINLARO regimen and 9% in the placebo regimen). Monitor hepatic 
enzymes regularly and adjust dosing for Grade 3 or 4 symptoms.
5.8 Embryo-Fetal Toxicity: NINLARO can cause fetal harm when administered 
to a pregnant woman based on the mechanism of action and findings in animal 
studies. Ixazomib caused embryo-fetal toxicity in pregnant rats and rabbits at 
doses resulting in exposures that were slightly higher than those observed in 
patients receiving the recommended dose. Advise pregnant women of the 
potential risk to a fetus. Advise females of reproductive potential to use effective 
non-hormonal contraception during treatment with NINLARO and for 90 days 
following the last dose. Advise males with female partners of reproductive 
potential to use effective contraception during treatment with NINLARO and for 
90 days following the last dose.
5.9 Increased Mortality in Patients Treated with NINLARO in the 
Maintenance Setting: In two prospective randomized clinical trials in multiple 
myeloma in the maintenance setting, treatment with NINLARO resulted in 
increased deaths. Treatment of patients with NINLARO for multiple myeloma in 
the maintenance setting is not recommended outside of controlled trials.

6 ADVERSE REACTIONS
6.1 Clinical Trials Experience
Because clinical trials are conducted under widely varying conditions, adverse 
reaction rates observed in the clinical trials of a drug cannot be directly 
compared to rates in the clinical trials of another drug and may not reflect the 
rates observed in practice.
The safety population from the randomized, double-blind, placebo-controlled 
clinical study included 720 patients with relapsed and/or refractory multiple 
myeloma, who received NINLARO in combination with lenalidomide and 
dexamethasone (NINLARO regimen; N=361) or placebo in combination with 
lenalidomide and dexamethasone (placebo regimen; N=359).
The most frequently reported adverse reactions (≥20% with a difference of ≥5% 
compared to placebo) in the NINLARO regimen were thrombocytopenia, neutropenia, 
diarrhea, constipation, peripheral neuropathy, nausea, peripheral edema, rash, 
vomiting, and bronchitis. Serious adverse reactions reported in ≥2% of patients in 
the NINLARO regimen included diarrhea (3%), thrombocytopenia (2%) and 
bronchitis (2%). One or more of the three drugs was permanently discontinued in 
4% of patients reporting peripheral neuropathy, 3% of patients reporting diarrhea 
and 2% of patients reporting thrombocytopenia. Permanent discontinuation of 
NINLARO due to an adverse reaction occurred in 10% of patients.
Table 4 summarizes the non-hematologic adverse reactions occurring in at least 
5% of patients with at least a 5% difference between the NINLARO regimen and 
the placebo regimen.

Table 4: Non-Hematologic Adverse Reactions Occurring in ≥5% of 
Patients with a ≥5% Difference Between the NINLARO Regimen and the 
Placebo Regimen (All Grades, Grade 3 and Grade 4)

NINLARO +  
Lenalidomide and  
Dexamethasone  

N=361

Placebo +  
Lenalidomide and  
Dexamethasone 

N=359
System Organ Class / 

Preferred Term (%) (%)

All 
Grades

Grade 
3

Grade 
4

All 
Grades

Grade 
3

Grade 
4

Gastrointestinal disorders
Diarrhea
Constipation
Nausea
Vomiting

52
35
32
26

10
<1
2
1

0
0
0
0

43
28
23
13

3
<1
0

<1

0
0
0
0

Nervous system disorders
Peripheral neuropathies† 32 2 0 24 2 0

Musculoskeletal and  
connective tissue disorders

Back pain* 27 <1 0 24 3 0
Infections and infestations

Upper respiratory tract 
infection* 
Bronchitis

27 
22

1 
2

0 
0

23 
17

1 
2

0 
<1

Skin and subcutaneous 
tissue disorders

Rash† 27 3 0 16 2 0
General disorders and  
administration site conditions

Edema peripheral 27 2 0 21 1 0

Note: Adverse reactions included as preferred terms are based on MedDRA version 23.0.
 * At the time of the final analysis, these adverse reactions no longer met the criterion for 

a ≥5% difference between the NINLARO regimen and the placebo regimen.
†Represents a pooling of preferred terms

(Continued on next page)

Brief Summary (cont’d)
Table 5 represents pooled information from adverse event and laboratory data.
Table 5: Thrombocytopenia and Neutropenia

NINLARO +  
Lenalidomide and  
Dexamethasone  

N=361

Placebo +  
Lenalidomide and  
Dexamethasone 

N=359
(%) (%)

Any Grade Grade 3-4 Any Grade Grade 3-4
Thrombocytopenia 85 30 67 14

Neutropenia 74 34 70 37

Herpes Zoster
Herpes zoster was reported in 6% of patients in the NINLARO regimen and 3% 
of patients in the placebo regimen. Antiviral prophylaxis was allowed at the 
healthcare provider’s discretion. Patients treated in the NINLARO regimen who 
received antiviral prophylaxis had a lower incidence (1%) of herpes zoster 
infection compared to patients who did not receive prophylaxis (10%).
Eye Disorders
Eye disorders were reported with many different preferred terms but in 
aggregate, the frequency was 38% in patients in the NINLARO regimen. The 
most common adverse reactions of the eyes were cataract (15%), conjunctivitis 
(9%), blurred vision (7%), and dry eye (6%).
Other Clinical Trials Experience
The following serious adverse reactions have each been reported at a frequency 
of <1% in patients treated with NINLARO: acute febrile neutrophilic dermatosis 
(Sweet’s syndrome), Stevens-Johnson syndrome, transverse myelitis, posterior 
reversible encephalopathy syndrome, tumor lysis syndrome, and thrombotic 
thrombocytopenic purpura.
7 DRUG INTERACTIONS
7.1 Strong CYP3A Inducers: Avoid concomitant administration of NINLARO with 
strong CYP3A inducers (such as rifampin, phenytoin, carbamazepine, and  
St. John’s Wort).
8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy: Risk Summary: Based on its mechanism of action and data from 
animal reproduction studies, NINLARO can cause fetal harm when administered to 
a pregnant woman. There are no available data on NINLARO use in pregnant 
women to evaluate drug-associated risk. Ixazomib caused embryo-fetal toxicity in 
pregnant rats and rabbits at doses resulting in exposures that were slightly higher 
than those observed in patients receiving the recommended dose. Advise pregnant 
women of the potential risk to a fetus. In the U.S. general population, the estimated 
background risk of major birth defects and miscarriage in clinically recognized 
pregnancies is 2-4% and 15-20%, respectively.
8.2 Lactation: Risk Summary: There are no data on the presence of ixazomib or 
its metabolites in human milk, the effects of the drug on the breast fed infant, or the 
effects of the drug on milk production. Because of the potential for serious adverse 
reactions from NINLARO in a breastfed infant, advise women not to breastfeed 
during treatment with NINLARO and for 90 days after the last dose.
8.3 Females and Males of Reproductive Potential: NINLARO can cause fetal 
harm when administered to pregnant women. Pregnancy Testing: Verify 
pregnancy status in females of reproductive potential prior to initiating NINLARO. 
Contraception: Females: Advise females of reproductive potential to use effective 
non-hormonal contraception during treatment with NINLARO and for 90 days 
after the last dose. Dexamethasone is known to be a weak to moderate inducer 
of CYP3A4 as well as other enzymes and transporters. Because NINLARO is 
administered with dexamethasone, the risk for reduced efficacy of contraceptives 
needs to be considered. Males: Advise males with female partners of reproductive 
potential to use effective contraception during treatment with NINLARO and for 90 
days after the last dose.
8.4 Pediatric Use: Safety and effectiveness have not been established in 
pediatric patients.
8.5 Geriatric Use: Of the total number of subjects in clinical studies of NINLARO, 
55% were 65 and over, while 17% were 75 and over. No overall differences in 
safety or effectiveness were observed between these subjects and younger 
subjects, and other reported clinical experience has not identified differences in 
responses between the elderly and younger patients, but greater sensitivity of 
some older individuals cannot be ruled out.
8.6 Hepatic Impairment: In patients with moderate or severe hepatic impairment, 
the mean AUC increased by 20% when compared to patients with normal hepatic 
function. Reduce the starting dose of NINLARO in patients with moderate or severe 
hepatic impairment.
8.7 Renal Impairment: In patients with severe renal impairment or ESRD requiring 
dialysis, the mean AUC increased by 39% when compared to patients with normal 
renal function. Reduce the starting dose of NINLARO in patients with severe renal 
impairment or ESRD requiring dialysis. NINLARO is not dialyzable and therefore can 
be administered without regard to the timing of dialysis.
10 OVERDOSAGE: Overdosage, including fatal overdosage, has been reported in 
patients taking NINLARO. Manifestations of overdosage include adverse reactions 
reported at the recommended dosage. Serious adverse reactions reported with 
overdosage include severe nausea, vomiting, diarrhea, aspiration pneumonia, 

multiple organ failure and death. In the event of an overdosage, monitor for adverse 
reactions and provide appropriate supportive care. NINLARO is not dialyzable.

17 PATIENT COUNSELING INFORMATION
Advise the patient to read the FDA-approved patient labeling (Patient Information).
Dosing Instructions
• Instruct patients to take NINLARO exactly as prescribed.
•  Advise patients to take NINLARO once a week on the same day and at 

approximately the same time for the first three weeks of a four week cycle. The 
importance of carefully following all dosage instructions should be discussed with 
patients starting treatment. Advise patients to take the recommended dosage as 
directed, because overdosage has led to deaths [see Overdosage (10)].

•  Advise patients to take NINLARO at least one hour before or at least two hours 
after food.

•  Advise patients that NINLARO and dexamethasone should not be taken at the 
same time, because dexamethasone should be taken with food and NINLARO 
should not be taken with food.

•  Advise patients to swallow the capsule whole with water. The capsule should 
not be crushed, chewed or opened.

•  Advise patients that direct contact with the capsule contents should be 
avoided. In case of capsule breakage, avoid direct contact of capsule contents 
with the skin or eyes. If contact occurs with the skin, wash thoroughly with 
soap and water. If contact occurs with the eyes, flush thoroughly with water.

•  If a patient misses a dose, advise them to take the missed dose as long as the 
next scheduled dose is ≥72 hours away. Advise patients not to take a missed 
dose if it is within 72 hours of their next scheduled dose.

•  If a patient vomits after taking a dose, advise them not to repeat the dose but 
resume dosing at the time of the next scheduled dose.

•  Advise patients to store capsules in original packaging, and not to remove the 
capsule from the packaging until just prior to taking NINLARO.

[see Dosage and Administration (2.1)]
Thrombocytopenia: Advise patients that they may experience low platelet counts 
(thrombocytopenia). Signs of thrombocytopenia may include bleeding and easy 
bruising. [see Warnings and Precautions (5.1)].
Gastrointestinal Toxicities: Advise patients they may experience diarrhea, 
constipation, nausea and vomiting and to contact their healthcare providers if 
these adverse reactions persist. [see Warnings and Precautions (5.2)].
Peripheral Neuropathy: Advise patients to contact their healthcare providers if 
they experience new or worsening symptoms of peripheral neuropathy such as 
tingling, numbness, pain, a burning feeling in the feet or hands, or weakness in 
the arms or legs. [see Warnings and Precautions (5.3)].
Peripheral Edema: Advise patients to contact their healthcare providers if they 
experience unusual swelling of their extremities or weight gain due to swelling 
[see Warnings and Precautions (5.4)].
Cutaneous Reactions: Advise patients to contact their healthcare providers 
immediately if they experience new or worsening rash [see Warnings and 
Precautions (5.5)].
Thrombotic Microangiopathy: Advise patients to seek immediate medical 
attention if any signs or symptoms of thrombotic microangiopathy occur [see 
Warnings and Precautions (5.6)].
Hepatotoxicity: Advise patients to contact their healthcare providers if they 
experience jaundice or right upper quadrant abdominal pain [see Warnings and 
Precautions (5.7)].
Other Adverse Reactions: Advise patients to contact their healthcare providers if 
they experience signs and symptoms of acute febrile neutrophilic dermatosis 
(Sweet’s syndrome), Stevens-Johnson syndrome, transverse myelitis, posterior 
reversible encephalopathy syndrome, tumor lysis syndrome, herpes zoster, 
cataracts, dry eyes, blurred vision, conjunctivitis and thrombotic thrombocytopenic 
purpura [see Adverse Reactions (6.1)].
Embryo-Fetal Toxicity: Advise pregnant women and females of reproductive 
potential of the potential risk to a fetus. Advise females of reproductive potential 
to inform their healthcare provider of a known or suspected pregnancy [see 
Warnings and Precautions (5.8) and Use in Specific Populations (8.1)]. Advise 
females of reproductive potential to use effective contraception during treatment 
with NINLARO and for 90 days following the last dose. Advise women using 
hormonal contraceptives to also use a barrier method of contraception [see Use 
in Specific Populations (8.1)]. Advise males with female partners of reproductive 
potential to use effective contraception during treatment with NINLARO and for 90 
days following the last dose [see Use in Specific Populations (8.1)].
Lactation: Advise women not to breastfeed during treatment with NINLARO and 
for 90 days after the last dose [see Use in Specific Populations (8.2)].
Concomitant Medications: Advise patients to speak with their healthcare 
providers about any other medication they are currently taking and before starting 
any new medications.
Please see full Prescribing Information for NINLARO at NINLAROhcp.com.
All trademarks are the property of their respective owners.
©2022 Takeda Pharmaceuticals U.S.A., Inc. All rights reserved.
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STELLAR-303 Aims to Carve Out Space  
for XL092 in mCRC Treatment Paradigm 
by KYLE DOHERTY

DESPITE INCREMENTAL ADVANCES in 
the treatment landscape of metastatic colorec-
tal cancer (mCRC), patients with the disease still 
face a poor prognosis. The 5-year survival rate 
of approximately 14% underscores the need for 
more effective therapeutics in the space,1 but 
the recent emergence of XL092, a novel tyrosine 
kinase inhibitor (TKI), has sparked hope that 
the agent could become a key part of the mCRC 
treatment armamentarium.

“Most patients with mCRC will 
die from their disease; they [gener-
ally] don’t die from something else 
first,” J. Randolph Hecht, MD, direc-
tor of the UCLA Gastrointestinal 
Oncology Program and a professor of 
clinical medicine at the David Geffen 
School of Medicine at UCLA in Los 
Angeles, California, told OncologyLive®. 
“Unfortunately, we have not moved 
the bar, really, in more than a decade. 
Fluorouracil was synthesized in the 1950s and 
was approved in 1962. Oxaliplatin and irinote-
can come from the late 1990s. VEGF inhibitors 
are from the early 2000s, [followed by] EGFR 
[inhibitors]. We have had minor improvements 
since that time. Regorafenib [Stivarga] has 
some modest benefit. [There is also] trifluri-
dine/tipiracil; there was just recently a phase 3 
trial showing some modest benefit adding beva-
cizumab [Avastin] to that, but we’re talking 
benefits in months.”

XL092 has multiple targets, including MET, 
VEGFR2, and TAM kinases, which have been 
shown to stimulate tumor growth, metasta-
sis, angiogenesis, and immune suppression 
of the tumor microenvironment.2 The agent 
was also engineered to have a short half-life of 
approximately 21 hours, which enables it to be 
administered via daily dosing and adds to its 
manageable tolerability profile. Additionally, 
previous phase 1/2 trials have shown that 
VEGFR2 TKIs can be effective in mCRC that 
is not microsatellite instability high (MSI-H) 
or mismatch repair deficient (dMMR) when 
combined with immune checkpoint inhibitors.2

XL092 SHOWS PROMISE  
IN EARLY-PHASE STUDY
Building off preclinical findings, XL092 has 
displayed preliminary efficacy with a manage-
able safety profile, both as a monotherapy and in 
combination with the immune checkpoint inhib-
itor atezolizumab (Tecentriq) targeting PD-L1 in 

patients with advanced solid tumors in the ongo-
ing phase 1 STELLAR-001 trial (NCT03845166).3

STELLAR-001 is a dose-escalation and expan-
sion study that is enrolling adult patients with 
an ECOG performance status of 1 or 0. As of June 
13, 2022, 47 patients have been treated with 
XL092 monotherapy and 40 have received the 
combination regimen. 

In the monotherapy cohort, daily oral XL092 
was given at doses of 10 mg (n = 3), 20 mg 

(n = 7), 40 mg (n = 6), 80 mg (n = 5), 
100 mg (n = 5), 120 mg (n = 14), and 
140 mg (n = 7). Doses at the 10-mg 
and 20-mg levels were administered 
in powder form, and all higher doses 
were via tablet.3

In the combination arm, patients 
were treated with XL092 40 mg (n = 3), 
80 mg (n = 16), 100 mg (n = 14), and 
120 mg (n = 7), via daily oral admin-
istration. Atezolizumab 1200 mg was 

given intravenously every 3 weeks.
The dose-limiting toxicity (DLT) evaluation 

period was days 1 through 28 for the mono-
therapy cohort and days 1 through 21 for the 
combination cohort. In the monotherapy arm, 
safety was assessed on day 1 of the first 4 weeks, 
with additional assessments on day 2 of week 1, 
day 7 of week 4, day 1 of week 6, day 1 of week 9, 
and then every 4 weeks thereafter. In the combi-
nation arm, safety was assessed on day 1 of the 
first 4 weeks, with additional assessments on 
day 2 of week 2, day 7 of week 3, and then every 
3 weeks thereafter.3

Patients had a median age of 61 years (range, 
19-79) and 59 years (range, 24-82) in the mono-
therapy and combination arms, respectively. 
Most patients in both arms were White (81% and 
73%, respectively), had an ECOG performance 
status of 1 (62% and 55%), and had previously 
undergone at least 3 lines of systemic antican-
cer therapy (68% and 68%). Three patients in 
the monotherapy arm had a diagnosis of CRC, 
compared with 7 in the combination arm.

The primary end point was to determine 
the maximum-tolerated dose (MTD) and/or 
the recommended dose of XL092 alone and in 
combination with atezolizumab. Secondary end 
points included assessing safety, tolerability, 
and plasma pharmacokinetics. Overall response 
rate (ORR) per RECIST 1.1 and other efficacy 
measures served as exploratory end points.3

Safety findings from the trial showed that 
at a median follow-up of 17.9 months (range, 

4.6-38.8), 20 patients in the monotherapy arm 
experienced dose reductions of XL092 and  
9 patients discontinued treatment with the 
agent due to treatment-emergent adverse effects 
(TEAEs). Treatment-related adverse effects 
(TRAEs) led to discontinuation in 7 patients. 
DLTs were observed in 2 patients, and 14 
remained on study treatment at the data cutoff.

In the combination arm, at a median follow-up 
of 6 months (range, 0.2-20.0), TEAEs leading 
to dose reductions of XL092 were observed in 
9 patients. Eight patients discontinued treat-
ment due to TEAEs, and 3 patients discontinued 
treatment due to TRAEs. Atezolizumab was 
discontinued due to TEAEs and TRAEs in  
7 and 3 patients, respectively. DLTs were present 
in 3 patients.3

The 2 DLTs in the monotherapy arm both 
occurred at the 140-mg dose level (grade 3 
hypertension and grade 3 diarrhea). In the 
combination arm, DLTs were present at 3 
different dose levels: 80 mg (grade 2 fatigue), 
100 mg (grade 3 gastritis), and 120 mg (grade 
3 abdominal pain). No grade 5 TRAEs were 
reported in either arm.

All patients in the monotherapy arm experi-
enced an any grade TEAE, including nausea (51%), 
hypertension (45%), diarrhea (43%), and fatigue 
(36%). Grade 3/4 TEAEs were reported in 60% of 
patients and included hypertension (19%), diar-
rhea (9%), fatigue (6%), and vomiting (2%).3

Similarly in the combination arm, nearly all 
patients (98%) experienced a TEAE of any grade, 
including fatigue (63%), diarrhea (48%), decreased 
appetite (43%), and hypertension (25%). Grade 3/4 
TEAEs occurred in fewer patients compared with 
the monotherapy arm (38% vs 60%), and included 
hypertension (13%), thrombocytopenia (5%), and 
abdominal pain (5%).3

Preliminary efficacy findings showed that 
XL092 displayed antitumor activity as both 
monotherapy and as a component of the combi-
nation. Overall, the ORRs were 10% (95% 
CI, 2.7%-23.1%) and 4% (95% CI, 0.1%-19.0%), 
respectively. Moreover, the disease control 
rates were 90% (95% CI, 76.9%-97.3%) and 74% 
(95% CI, 53.7%-88.9%), respectively. Tumor 
reduction was observed in 71% and 56% of 
patients, respectively.

“XL092 in combination with PD-L1 path-
way inhibitors showed the patients actually had 
responses [even though] we would expect not 
to see any responses or very small number of 
responses,” Hecht said. “Now there are lots of 

J. Randolph  
Hecht, MD
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potential reasons for this, [one of which] may be 
what they’re inhibiting. All those [kinases] have 
to do with immunosuppression. That’s the theo-
retical reason for this.”

Investigators determined the MTD of XL092 
to be 120 mg and the recommended dose to be 
100 mg for the agent both as monotherapy and 
in combination with atezolizumab. The 100-mg 
dose was chosen based on the manageable toxic-
ity profile, best overall response data, and 
plasma biomarker data suggesting a consistent 
peripheral pharmacodynamic effect.3

PIVOTAL STELLAR-303 TRIAL LOOKS  
TO VALIDATE PRELIMINARY FINDINGS
Following the positive preclinical and early-
phase findings displayed by XL092, investigators 
are initiating the phase 3, global, open-label 
STELLAR-303 trial (NCT05425940).4 Exelixis, 
the developer of XL092, cited promising 
outcomes observed with cabozantinib 
(Cabometyx) in combination with immuno-
therapies, such as atezolizumab in the phase 
1b COSMIC-021 trial (NCT03170960), which 
supported the investigation.5,6 Among 31 patients 
with CRC in the multicohort study, the objective 
response rate was 10%, with a disease control 
rate of 71% and median duration of response of 
7.6 months (95% CI, 4.2-not estimable). Further, 
the combination elicited a median progression- 
free survival (PFS) of 3.0 months (95% CI, 
2.7-5.4) and a median overall survival (OS) of 
14.0 months (95% CI, 5.5-16.7).6

RAS mutational status also was evaluated in 
the study as an exploratory end point, and 12 
patients with RAS wild-type disease drove the 
outcomes. The ORR for those with RAS wild-
type disease vs those without (n = 19) was 25% 

vs 0%, respectively. This advantage extended to 
PFS and OS outcomes. The median PFS was 5.8 
months (95% CI, 2.8-11.0) vs 2.7 months (95% 
CI, 1.6-4.1), respectively, with a median OS of 
16.7 months (95% CI, 8.4-NE) compared with 8.7 
months (95% CI, 4.7-15.9), respectively.6

“These small molecules [TKIs] all block other 
kinases—sometimes they’re called multitar-
geted—and some of those kinases may actually 
have to do with immune suppression,” Hecht 
said. “There’s been a thought that perhaps 
combining these drugs together might finally 
kind of crack the code and get long-term 
responses, or even any responses at all, in this 
huge group of patients.”

STELLAR-303 has an estimated enrollment 
of approximately 600 adult patients with RAS 
wild-type or RAS-mutant mCRC. Investigators 
want to include approximately 400 patients with 
RAS wild-type disease and 200 patients with 
RAS-mutant disease. The trial will compare the 
safety and efficacy of XL092 in combination with 
atezolizumab with that of the multikinase inhib-
itor regorafenib.2,4

To be eligible for enrollment, patients must 
have measurable disease per RECIST 1.1 and an 
ECOG performance status of 1 or 0. Patients need 
to have experienced radiographic progression 
on, be refractory to, or be intolerant to stan-
dard-of-care therapy for mCRC. Additionally, 
progression must have occurred during treat-
ment or within 3 months of receiving the most 
recent standard-of-care therapy. Patients with 
MSI-H/dMMR disease will be excluded.

After enrollment, patients will be randomly 
assigned 1:1 to receive either oral XL092 100 mg 
daily in combination with intravenous atezoli-
zumab 1200 mg once every 3 weeks or oral 

FIGURE.  STELLAR-303 Phase 3 Tr ia l  Design 4

KEY INCLUSION CRITERIA
•  Histologically/cytologically confirmed 

adenocarcinoma of the colon or rectum;
•  Have received standard-of-care anticancer 

therapies as prior therapy for mCRC that has 
radiographically progressed, is refractory, or is 
intolerant to these therapies;

•  Measurable disease according to RECIST 1.1 as 
determined by investigators;

•  Have available archival tumor biopsy material—if 
archival tissue unavailable, must provide fresh 
tumor tissue biopsy prior to randomization;

•  Recovered to baseline or at most grade 1 
severity from AEs related to any prior treatments, 
unless AEs are clinically nonsignificant and/or 
stable on supportive therapy;

• Age ≥ 18 years on the day of consent
•  ECOG performance status of 0 or1
•  Adequate organ and marrow function

N
 =

 6
00

Experimental: XL092 plus 
atezolizumab 

Oral XL092 100 mg daily
IV atezolizumab 1200 mg 

once every 3 weeks END POINTS 
Primary 
OS

Secondary
ORR
PFS
DORActive comparator: 

Regorafenib 
Oral regorafenib 160 mg 
daily for the first 21 days 

of each 28-day cycle

AE, adverse effect; DOR, duration of response; IV, intravenous; mCRC, metastatic colorectal cancer; ORR, overall response rate; OS, overall survival;  
PFS, progression-free survival.

regorafenib 160 mg daily for the first 21 days 
of each 28-day cycle (FIGURE).4 Patients will be 
stratified by geographic region (Asia vs other), 
RAS status (wild-type vs mutant), and the pres-
ence of liver metastases (yes vs no).

“In some of the early trials, there was a 
correlation between being RAS wild-type—that’s 
approximately 50% of colorectal cancers—and 
better response. STELLAR-303 builds on those 
trials,” Hecht said.

Tumor assessment per RECIST 1.1 will be 
performed every 8 weeks through week 49, then 
once every 12 weeks thereafter. Patients will 
receive study treatment until intolerable toxicity 
or lack of clinical benefit is reported.

The primary end point is overall survival 
(OS) in the RAS wild-type population.2,4 
Secondary end points include PFS, ORR, dura-
tion of response, OS, and safety. Recruitment for 
STELLAR-303 began in June 2022 and is ongo-
ing.5 The study is estimated to be completed in 
February 2026.4 ■

The trial is open for enrollment.

For a full list of references,  
see the article at  . 
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Will Immunotherapy Become a Standard  
of Care for Glioblastoma?
by DAVID A. REARDON, MD; and BRIAN M. ANDERSEN, MD, PHD

IMMUNOTHERAPIES APPROVED BY THE FDA in the past 
decade have become standard of care for many malignancies. 
Despite the ability of these agents to slow or eradicate numer-
ous tumors, even those metastasized to the brain,1-3 none thus 
far have extended survival in glioblastoma (GBM). Given the 
current lack of positive phase 3 immunotherapy trials for GBM, 
a misconception held by oncologists and neuro-oncologists is 
that immunotherapy has no place in this malignancy. In reality, 
tumor immunology is far too complex to determine infeasibility 
based on these initial completed trials. In fact, these negative 
trials provide valuable lessons on designs of future trials based 
on the hurdles limiting anti-GBM immune responses (FIGURE). 

Clinicians treating patients with GBM are crucial to the 
future of immunotherapy development. Patients must continue 
to be enrolled into we newer generations of trials that build on 
past lessons by testing novel therapeutics, combinations, and 
longitudinal biomarker analyses.

DOCUMENTED DATA WITH NIVOLUMAB
Antagonism of T-cell immune checkpoint molecules PD-1, 
PD-L1, and CTLA4 unleashes immune responses against 
many tumors. The remarkable efficacy of antibodies blocking 
these checkpoints has brought immunotherapy to thousands 
of patients.4,5 Three recently completed randomized phase 3 
trials in GBM—CheckMate 143 (NCT02017717),6 CheckMate 498 
(NCT02617589),7 and CheckMate 548 (NCT02667587)8—tested 
PD-1 blockade, but each demonstrated an objective response 
rate of less than 10%. 

CheckMate 143 evaluated the anti–PD-1 monoclonal antibody 
nivolumab (Opdivo) in patients with a first recurrence of GBM.6 
CheckMate 498 tested radiation and nivolumab vs radiation 
with standard-of-care temozolomide (Temodar) in patients with 
newly diagnosed GBM with an unmethylated MGMT promoter.7 
CheckMate 548 tested the addition of nivolumab to radiation 
and temozolomide in newly diagnosed patients with a methyl-
ated MGMT promoter.8 These well-designed trials demonstrated 
that anti–PD-1 therapy lacks efficacy as a single agent or in 
combination with standard-of-care therapy for patients with 
recurrent or newly diagnosed GBM. Importantly, tumors 
responsive to anti–PD-1 in CheckMate 548 expressed more than 
5% PD-L1.8 Therefore, inhibition of local glioblastoma-reactive 
T cells via PD-L1 is a rare mechanism of immune suppression 
(Figure). Low PD-L1 expression characterizes immunologically 
“cold” tumors such as GBM, which is further reflected by a low 
mutational burden, relatively fewer neoepitopes for T cells, 
heterogeneity in antigen expression, and a paucity of T cells 
infiltrating the tumor bed (Figure). 

NOVEL THERAPIES
Trials moving forward in GBM are attempting to address 
the lessons learned from the negative phase 3 trials with 
new checkpoint combinations, timings, and agents target-
ing multiple antigens. Dozens of other T-cell checkpoints 
have been identified, many of which are being tested in novel 

combinations. Examples of these trials include urelumab (anti-
LAG3) with nivolumab (anti–PD-1; NCT02658981); sabatolimab 
(anti–TIM-3) with spartalizumab (anti–PD-1) and radiosurgery 
(NCT03961971); and domvanalimab (anti-TIGIT) with zimbere-
limab (anti–PD-1; NCT04656535). 

These agents potentially modulate T cells in the periphery 
or in the tumor, with the potential for synergy with radiation 
or surgery to release tumor antigens and increase T-cell prolif-
eration. Some neoadjuvant or window-of-opportunity trials 
include surgical resection of recurrent tumor among patients 
who do or do not receive a preoperative dose of experimen-
tal immunotherapy; therefore, pharmacodynamic measures of 
intratumoral or systemic immune activation can be compared 
between responders and nonresponders (NCT04656535 and 
NCT04606316). Clinical trials are increasingly available using 
novel combinations of immune checkpoint blocking antibod-
ies separately or in combination with standard therapies for 
patients with recurrent GBM. 

NOVEL VACCINATION STRATEGIES
Vaccination strategies have been attempted in GBM for many 
years. Prior strategies failed to encompass the heterogene-
ity in antigen expression9 or expand enough T cells into the 
tumor.10 Three ongoing trials employ novel strategies to vacci-
nate against more potent GBM antigens in combination with 
immune checkpoint blockade to assist with initial expansion11 
in addition to cytolytic activity of T cells.12 

The multicenter, multinational ROSALIE study 
(NCT04116658) combines pools of peptides derived from GBM 
that resemble peptides from the gut microbiome, with the 
rationale that T cells reactive to these peptides are already 
relatively prevalent because of prior expansion and activa-
tion physiologically in the gut, and thus they could be capable 
of enhanced tumor killing. This multipeptide vaccine is 
combined with the anti–PD-1 nivolumab for patients with 
recurrent glioblastoma with or without the anti–VEGF-A agent 
bevacizumab (Avastin). Another trial (NCT03491683) incorpo-
rates a novel DNA plasmid approach that vaccinates against 3 
GBM-associated antigens and adds IL-12 in combination with 
the anti–PD-1, cemiplimab-rwlc (Libtayo). This regimen is 
added to chemoradiation with temozolomide for patients with 
newly diagnosed GBM. Another example includes a personal-
ized neoantigen peptide vaccination strategy in combination 
with the anti–PD-1 antibody pembrolizumab (Keytruda) plus 
standard-of-care therapy for patients with newly diagnosed 
GBM (NCT02287428). Of note, this trial is further evaluating 
the timing of PD-1 blockade relative to vaccine priming based 
on emerging data implicating PD-1 signaling on T-cell prim-
ing and memory responses.13,14

CAR T-CELL STRATEGIES AND BEYOND
Clinical trials using other approaches to address the hurdles of 
intratumoral heterogeneity and other immune suppressive cells 
as well as factors in the GBM microenvironment (Figure) are 
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also in development. For example, chimeric antigen receptor (CAR)-positive 
T cells, which show evidence of efficacy in select patients,15 are being engi-
neered to target more than 1 antigen to account for heterogeneity in GBM.16 
Along these lines, City of Hope in Duarte, California, is preparing to launch 
a trial in which CAR T cells engineered against 2 distinct tumor antigens are 
coadministered. Such approaches may help overcome therapeutic limitations 
associated with intratumoral heterogeneity and antigen escape by providing 
supraphysiologic expansion of distinct tumor-targeting T cells ex vivo that 
are infused into the tumor or ventricular space. 

In addition, oncolytic viral therapy remains an attractive approach for 
reversing the poorly understood complexities of the tumor microenviron-
ment, which likely arise in great part from myeloid and other prevalent cell 
populations in GBM.17 Oncolytic viruses induce proinflammatory changes 
in the microenvironment by introducing of viral proteins and nucleic 
acids and lysis-mediated release of powerful danger signals, in addi-
tion to releasing GBM antigens in the microenvironment. Combinations of 
oncolytic virus and immune checkpoint blockade now seek to potentiate 
T-cell responses to glioblastoma antigens,18 including some trials incor-
porating serial, longitudinal oncolytic virus injection19 (NCT03636477; 
NCT02798406; NCT03152318). Although specific mechanisms of immune 
suppression in the GBM microenvironment are being elucidated, oncolytic 

FIGURE.  Hurdles and Strategies to Ef fect ive Immunotherapy  
in  Gl ioblastoma

viral therapy represents a promising approach to potentially reverse this 
immensely complex problem. 

Single agent blockade of PD-1 has failed to extend survival in patients 
with GBM as it has in other cancers. However, advances in our understand-
ing of the key hurdles to immune-mediated tumor killing are informing the 
current generation of clinical trials using rational combinations. Patients in 
clinical trials contribute to the understanding of immune suppression in this 
disease through immune monitoring. Given the complexity of the immune 
system and an equally complex set of mechanisms for therapeutic targeting, 
the current landscape of trials is only the beginning of the story of immuno-
therapy for GBM. ■
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Low mutational burden
• Fewer T-cell neoantigens
• Fewer infiltrating T cells

Low PD-L1 expression
•  Poor response to anti–PD-1 therapy

Strategies in ongoing clinical trials to overcome hurdles
•  Oncolytic viral therapies with or without anti–T-cell checkpoints
•  Dual antigen-targeting CAR T cells
•  Antibodies targeting alternate checkpoints
•  Combinations targeting T and non-T cells
•  Robust, innovative tumor vaccine strategies plus anti–T-cell checkpoints
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ILLUMINATED
INDICATION
JEMPERLI is indicated for the treatment of adult patients with mismatch 
repair deficient (dMMR) recurrent or advanced endometrial cancer (EC), as 
determined by an FDA-approved test, that has progressed on or following 
prior treatment with a platinum-containing regimen.
This indication is approved under accelerated approval based on tumor 
response rate and durability of response. Continued approval for this 
indication may be contingent upon verification and description 
of clinical benefit in a confirmatory trial(s).

Learn more about JEMPERLI at JEMPERLIHCP.COM 

IMPORTANT SAFETY INFORMATION
Severe and Fatal Immune-Mediated Adverse Reactions 
•  Immune-mediated adverse reactions, which can be severe 

or fatal, can occur in any organ system or tissue and can 
occur at any time during or after treatment with a PD-1/PD-L1– 
blocking antibody, including JEMPERLI. 

•  Monitor closely for signs and symptoms of immune-
mediated adverse reactions. Evaluate liver enzymes, 
creatinine, and thyroid function tests at baseline and 
periodically during treatment. For suspected immune-
mediated adverse reactions, initiate appropriate workup to 
exclude alternative etiologies, including infection. Institute 
medical management promptly, including specialty 
consultation as appropriate. 

•  Based on the severity of the adverse reaction, withhold or  
permanently discontinue JEMPERLI. In general, if JEMPERLI  
requires interruption or discontinuation, administer systemic  
corticosteroids (1 to 2 mg/kg/day prednisone or equivalent)  
until improvement to ≤Grade 1. 
Upon improvement to ≤Grade 1, initiate corticosteroid 
taper and continue to taper over at least 1 month. Consider 
administration of other systemic immunosuppressants in 
patients whose immune-mediated adverse reaction is not 
controlled with corticosteroids.

Immune-Mediated Pneumonitis
•  JEMPERLI can cause immune-mediated pneumonitis, which 

can be fatal. In patients treated with other PD-1/PD-L1– 
blocking antibodies, the incidence of pneumonitis is higher 
in patients who have received prior thoracic radiation. 
Pneumonitis occurred in 1.4% (7/515) of patients, including 
Grade 2 (1.2%) and Grade 3 (0.2%) pneumonitis.

Immune-Mediated Colitis
•  Colitis occurred in 1.4% (7/515) of patients, including 

Grade 2 (0.8%) and Grade 3 (0.6%) adverse reactions. 
Cytomegalovirus infection/reactivation have occurred in 
patients with corticosteroid-refractory immune-mediated 
colitis. In such cases, consider repeating infectious workup 
to exclude alternative etiologies.  

Immune-Mediated Hepatitis
•   JEMPERLI can cause immune-mediated hepatitis, which 

can be fatal. Grade 3 hepatitis occurred in 0.2% (1/515) of 
patients. 

Immune-Mediated Endocrinopathies 
  •  Adrenal Insufficiency  

○  Adrenal insufficiency occurred in 1.4% (7/515) of patients, 
including Grade 2 (0.8%) and Grade 3 (0.6%). For Grade 2 
or higher adrenal insufficiency, initiate symptomatic 
treatment per institutional guidelines, including  
hormone replacement as clinically indicated. Withhold or 
permanently discontinue JEMPERLI depending on severity. 

 •   Hypophysitis 
○  JEMPERLI can cause immune-mediated hypophysitis. 

Initiate hormone replacement as clinically indicated. 
Withhold or permanently discontinue JEMPERLI  
depending on severity.

•  Thyroid Disorders 
○  Thyroiditis occurred in 0.4% (2/515) of patients; both 

were Grade 2. Hypothyroidism occurred in 7.2% (37/515) 
of patients, all of which were Grade 2. Hyperthyroidism 
occurred in 1.9% (10/515) of patients, including Grade 2 
(1.7%) and Grade 3 (0.2%). Initiate hormone replacement 
or medical management of hyperthyroidism as clinically 
indicated. Withhold or permanently discontinue JEMPERLI 
depending on severity.

•  Type 1 Diabetes Mellitus, Which Can Present with Diabetic 
Ketoacidosis  
○  JEMPERLI can cause type 1 diabetes mellitus, which can  

present with diabetic ketoacidosis. Monitor patients for  
hyperglycemia or other signs and symptoms of diabetes. 
Initiate treatment with insulin as clinically indicated. 
Withhold or permanently discontinue JEMPERLI depending  
on severity.

Immune-Mediated Nephritis with Renal Dysfunction
•  JEMPERLI can cause immune-mediated nephritis, which can 

be fatal. Nephritis occurred in 0.4% (2/515) of patients; both 
were Grade 2.     

Immune-Mediated Dermatologic Adverse Reactions
•  JEMPERLI can cause immune-mediated rash or dermatitis. 

Bullous and exfoliative dermatitis, including Stevens-Johnson 
syndrome (SJS), toxic epidermal necrolysis (TEN), and drug 
rash with eosinophilia and systemic symptoms (DRESS), 
have occurred with PD-1/PD-L1–blocking antibodies. 
Topical emollients and/or topical corticosteroids may be 
adequate to treat mild to moderate non-bullous/exfoliative 
rashes. Withhold or permanently discontinue JEMPERLI 
depending on severity.  

JEMPERLI has demonstrated clinically meaningful efficacy1,2

•  In the primary analysis, the median duration of response was not reached with a median follow-up 
time of 14.1 months.1†

•  The updated analysis showed a median duration of response of 34.7 months with a median 
follow-up of 20.4 months2‡

The efficacy of JEMPERLI was investigated in a global, multicenter, multiple cohort, open-label study of  
71 patients with recurrent or advanced dMMR endometrial cancer who had progressed on or after treatment 
with a platinum-containing regimen. Patients received JEMPERLI 500 mg via intravenous infusion every  
3 weeks for 4 doses followed by 1000 mg every 6 weeks until disease progression or unacceptable toxicity. 
An updated efficacy analysis for JEMPERLI included 103 patients using the same study criteria.1

JEMPERLI has an established safety profile1,2

•  4.8% of patients permanently discontinued treatment due to adverse reactions
•  The most common adverse reactions (≥20%) were fatigue/asthenia, nausea, diarrhea, anemia,  

and constipation
• Safety data from the updated analysis were consistent with the established safety profile
CI=confidence interval; ORR=overall response rate.

†As measured from time of first response.1

‡Median follow-up time is a post hoc analysis of time since initial response.2
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Other Immune-Mediated Adverse Reactions
•  The following clinically significant immune-mediated adverse  

reactions occurred in <1% of the 515 patients treated with 
JEMPERLI or were reported with the use of other  
PD-1/PD-L1–blocking antibodies. Severe or fatal cases  
have been reported for some of these adverse reactions. 
○  Nervous System: Meningitis, encephalitis, myelitis and 

demyelination, myasthenic syndrome/myasthenia gravis, 
Guillain-Barre syndrome, nerve paresis, autoimmune 
neuropathy

  ○ Cardiac/Vascular: Myocarditis, pericarditis, vasculitis 
  ○   Ocular: Uveitis, iritis, other ocular inflammatory toxicities. 

Some cases can be associated with retinal detachment. 
Various grades of visual impairment to include blindness 
can occur  

  ○  Gastrointestinal: Pancreatitis, including increases in serum  
amylase and lipase levels, gastritis, duodenitis

  ○  Musculoskeletal and Connective Tissue: Myositis/
polymyositis, rhabdomyolysis and associated sequelae 
including renal failure, arthritis, polymyalgia rheumatica

  ○ Endocrine: Hypoparathyroidism
  ○  Other (Hematologic/Immune): Autoimmune 

hemolytic anemia, aplastic anemia, hemophagocytic 
lymphohistiocytosis, systemic inflammatory response 
syndrome, histiocytic necrotizing lymphadenitis (Kikuchi 
lymphadenitis), sarcoidosis, immune thrombocytopenia, 
solid organ transplant rejection 

Infusion-Related Reactions
•   Severe or life-threatening infusion-related reactions have 

been reported with PD-1/PD-L1–blocking antibodies. Severe  
infusion-related reactions (Grade 3) occurred in 0.2% (1/515) 
of patients receiving JEMPERLI. Monitor patients for signs 
and symptoms of infusion-related reactions. Interrupt 
or slow the rate of infusion or permanently discontinue 
JEMPERLI based on severity of reaction.

Complications of Allogeneic HSCT
•  Fatal and other serious complications can occur in 

patients who receive allogeneic hematopoietic stem cell 
transplantation (HSCT) before or after treatment with a 
PD-1/PD-L1–blocking antibody, which may occur despite 
intervening therapy. Monitor patients closely for transplant-
related complications and intervene promptly. 

Embryo-Fetal Toxicity and Lactation
•  Based on its mechanism of action, JEMPERLI can cause 

fetal harm. Advise pregnant women of the potential risk 
to a fetus. Advise females of reproductive potential to use 
effective contraception during treatment with JEMPERLI and 
for 4 months after their last dose. Because of the potential 
for serious adverse reactions from JEMPERLI in a breastfed 
child, advise women not to breastfeed during treatment with 
JEMPERLI and for 4 months after their last dose.   

Common Adverse Reactions
The most common adverse reactions (≥20%) in patients with  
dMMR EC were fatigue/asthenia, nausea, diarrhea, anemia,  
and constipation. The most common Grade 3 or 4 laboratory 
abnormalities (≥2%) were decreased lymphocytes, decreased  
sodium, decreased leukocytes, decreased albumin, increased  
creatinine, increased alkaline phosphatase, and increased 
alanine aminotransferase.

Please see Brief Summary of full Prescribing Information on 
the following pages.

References: 
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fetal harm. Advise pregnant women of the potential risk 
to a fetus. Advise females of reproductive potential to use 
effective contraception during treatment with JEMPERLI and 
for 4 months after their last dose. Because of the potential 
for serious adverse reactions from JEMPERLI in a breastfed 
child, advise women not to breastfeed during treatment with 
JEMPERLI and for 4 months after their last dose.   

Common Adverse Reactions
The most common adverse reactions (≥20%) in patients with  
dMMR EC were fatigue/asthenia, nausea, diarrhea, anemia,  
and constipation. The most common Grade 3 or 4 laboratory 
abnormalities (≥2%) were decreased lymphocytes, decreased  
sodium, decreased leukocytes, decreased albumin, increased  
creatinine, increased alkaline phosphatase, and increased 
alanine aminotransferase.

Please see Brief Summary of full Prescribing Information on 
the following pages.

References: 
1. JEMPERLI. Prescribing Information. GlaxoSmithKline; 2022.  
2. Data on file, GlaxoSmithKline.
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Brief Summary of Prescribing Information 

JEMPERLI (dostarlimab-gxly) injection, for 
intravenous use

The following is a brief summary only; see full 
prescribing information for complete product 
information available at www.JEMPERLIHCP.com.  

1  INDICATIONS AND USAGE
JEMPERLI is indicated for the treatment of adult  
patients with mismatch repair deficient (dMMR) 
recurrent or advanced endometrial cancer (EC), 
as determined by an FDA-approved test, that 
has progressed on or following prior treatment 
with a platinum-containing regimen [see Dosage 
and Administration (2.1) of full prescribing 
information].

This indication is approved under accelerated 
approval based on tumor response rate and 
durability of response [see Clinical Studies (14) of 
full prescribing information]. Continued approval 
for this indication may be contingent upon 
verification and description of clinical benefit in a 
confirmatory trial(s).

4  CONTRAINDICATIONS
None.

5  WARNINGS AND PRECAUTIONS

5.1  Severe and Fatal Immune-Mediated 
Adverse Reactions
JEMPERLI is a monoclonal antibody that 
belongs to a class of drugs that bind to either 
the programmed death receptor-1 (PD-1) or 
PD-ligand 1 (PD-L1), blocking the PD-1/PD-L1 
pathway, thereby removing inhibition of the 
immune response, potentially breaking peripheral 
tolerance, and inducing immune-mediated 
adverse reactions. Important immune-mediated 
adverse reactions listed in WARNINGS AND 
PRECAUTIONS may not include all possible 
severe and fatal immune-mediated reactions. 

Immune-mediated adverse reactions, which 
can be severe or fatal, can occur in any organ 
system or tissue. Immune-mediated adverse 
reactions can occur at any time after starting 
a PD-1/PD-L1–blocking antibody. While 
immune-mediated adverse reactions usually 
manifest during treatment with PD-1/PD-L1– 
blocking antibodies, they can also manifest 
after discontinuation of PD-1/PD-L1–blocking 
antibodies. 

Early identification and management of immune-
mediated adverse reactions are essential 
to ensure safe use of PD-1/PD-L1–blocking 
antibodies. Monitor closely for symptoms and 
signs that may be clinical manifestations of 
underlying immune-mediated adverse reactions. 
Evaluate liver enzymes, creatinine, and thyroid 
function tests at baseline and periodically during 
treatment. In cases of suspected immune-
mediated adverse reactions, initiate appropriate 
workup to exclude alternative etiologies, 
including infection. Institute medical management 
promptly, including specialty consultation as 
appropriate. 

Withhold or permanently discontinue 
JEMPERLI depending on severity [see Dosage 
and Administration (2.3) of full prescribing 
information]. In general, if JEMPERLI requires 
interruption or discontinuation, administer 
systemic corticosteroids (1 to 2 mg/kg/day 
prednisone or equivalent) until improvement to 

present with acute symptoms associated with 
mass effect such as headache, photophobia, 
or visual field cuts. Hypophysitis can cause 
hypopituitarism. Initiate hormone replacement 
as clinically indicated. Withhold or permanently 
discontinue JEMPERLI depending on severity 
[see Dosage and Administration (2.3) of full 
prescribing information]. 

Thyroid Disorders: JEMPERLI can cause 
immune-mediated thyroid disorders. Thyroiditis 
can present with or without endocrinopathy. 
Hypothyroidism can follow hyperthyroidism. 
Initiate hormone replacement or medical 
management of hyperthyroidism as clinically 
indicated. Withhold or permanently discontinue 
JEMPERLI depending on severity [see Dosage 
and Administration (2.3) of full prescribing 
information].

Thyroiditis: Thyroiditis occurred in 0.4% 
(2/515) of patients receiving JEMPERLI; both 
were Grade 2. Neither event of thyroiditis 
resolved; there were no discontinuations of 
JEMPERLI due to thyroiditis.

Hypothyroidism: Hypothyroidism occurred in 
7.2% (37/515) of patients receiving JEMPERLI, 
all of which were Grade 2. Hypothyroidism did 
not lead to discontinuation of JEMPERLI and 
resolved in 35% of the 37 patients. Systemic 
corticosteroids were not required for any of 
the 37 patients with hypothyroidism.

Hyperthyroidism: Hyperthyroidism occurred in 
1.9% (10/515) of patients receiving JEMPERLI, 
including Grade 2 (1.7%) and Grade 3 (0.2%). 
Hyperthyroidism did not lead to discontinuation 
of JEMPERLI and resolved in 80% of the 
10 patients. Systemic corticosteroids were 
not required for any of the 10 patients with 
hyperthyroidism. 

Type 1 Diabetes Mellitus, Which Can Present 
with Diabetic Ketoacidosis: JEMPERLI can 
cause type 1 diabetes mellitus, which can 
present with diabetic ketoacidosis. Monitor 
patients for hyperglycemia or other signs 
and symptoms of diabetes. Initiate treatment 
with insulin as clinically indicated. Withhold or 
permanently discontinue JEMPERLI depending 
on severity [see Dosage and Administration 
(2.3) of full prescribing information].

Immune-Mediated Nephritis with Renal 
Dysfunction
JEMPERLI can cause immune-mediated 
nephritis, which can be fatal. Nephritis 
occurred in 0.4% (2/515) of patients receiving 
JEMPERLI; both were Grade 2. Nephritis 
did not lead to discontinuation of JEMPERLI 
and resolved in both patients. Systemic 
corticosteroids were required in 1 of the  
2 patients experiencing nephritis.

Immune-Mediated Dermatologic Adverse 
Reactions
JEMPERLI can cause immune-mediated rash or 
dermatitis. Bullous and exfoliative dermatitis, 
including Stevens-Johnson syndrome (SJS), 
toxic epidermal necrolysis (TEN), and drug 
rash with eosinophilia and systemic symptoms 
(DRESS), have occurred with PD-1/PD-L1–
blocking antibodies. Topical emollients and/
or topical corticosteroids may be adequate to 
treat mild to moderate non-bullous/exfoliative 
rashes. Withhold or permanently discontinue 
JEMPERLI depending on severity [see Dosage 
and Administration (2.3) of full prescribing 
information].

Other Immune-Mediated Adverse Reactions
The following clinically significant immune-

Table 1. Adverse Reactions (≥10%) in 
Patients with dMMR Endometrial Cancer 

Who Received JEMPERLI in GARNET

Adverse Reaction 

JEMPERLI (N=104)

All Grades 
 %

Grade 
3 or 4 

 %

  General and administration site

  Fatiguea 48 1

  Gastrointestinal

  Nausea 30 0

  Diarrhea 26 1.9

  Constipation 20 0.9

  Vomiting 18 0

  Blood and lymphatic system

  Anemiab 24 13

  Metabolism and nutrition

   Decreased 
appetite 14 0

  Respiratory, thoracic, and mediastinal

  Cough 14 0

  Skin and subcutaneous tissue

  Pruritus 14 1

  Infections

   Urinary tract 
infection 13 1.9

  Musculoskeletal and connective tissue

  Myalgia 12 0

Toxicity was graded per National Cancer 
Institute Common Terminology Criteria for 
Adverse Events Version 4.03. 
a Includes fatigue and asthenia.
b  Includes anemia, decreased hemoglobin, iron deficiency, 
and iron deficiency anemia.

Grade 1 or less. Upon improvement to Grade 1 
or less, initiate corticosteroid taper and 
continue to taper over at least 1 month. 
Consider administration of other systemic 
immunosuppressants in patients whose immune-
mediated adverse reaction is not controlled with 
corticosteroids.

Toxicity management guidelines for adverse 
reactions that do not necessarily require 
systemic steroids (e.g., endocrinopathies, 
dermatologic reactions) are discussed below.

Immune-Mediated Pneumonitis
JEMPERLI can cause immune-mediated 
pneumonitis, which can be fatal. In patients 
treated with other PD-1/PD-L1–blocking 
antibodies, the incidence of pneumonitis is higher 
in patients who have received prior thoracic 
radiation.

Immune-mediated pneumonitis occurred in 1.4% 
(7/515) of patients receiving JEMPERLI, including 
Grade 2 (1.2%) and Grade 3 (0.2%) pneumonitis. 
Pneumonitis led to discontinuation of JEMPERLI 
in 0.6% patients. 

Systemic corticosteroids were required in all 
patients with pneumonitis. Pneumonitis resolved 
in 86% of the 7 patients. Two patients reinitiated 
JEMPERLI after symptom improvement; of these, 
1 patient had recurrence of pneumonitis.

Immune-Mediated Colitis
JEMPERLI can cause immune-mediated 
colitis. Cytomegalovirus infection/reactivation 
have occurred in patients with corticosteroid-
refractory immune-mediated colitis treated 
with PD-1/PD-L1–blocking antibodies. In cases 
of corticosteroid-refractory colitis, consider 
repeating infectious workup to exclude 
alternative etiologies. 

Immune-mediated colitis occurred in 1.4% 
(7/515) of patients receiving JEMPERLI, 
including Grade 2 (0.8%) and Grade 3 (0.6%) 
adverse reactions. Colitis led to discontinuation 
of JEMPERLI in 1 (0.2%) patient.

Systemic corticosteroids were required in 29% 
(2/7) of patients with colitis. Colitis resolved in 
71% of the 7 patients. Of the 3 patients in whom 
JEMPERLI was withheld for colitis, all reinitiated 
treatment with JEMPERLI.

Immune-Mediated Hepatitis
JEMPERLI can cause immune-mediated hepatitis, 
which can be fatal.

Immune-mediated hepatitis occurred in 0.2% 
(1/515) of patients receiving JEMPERLI, which 
was Grade 3. Systemic corticosteroids were 
required and the event resolved.

Immune-Mediated Endocrinopathies
Adrenal Insufficiency: JEMPERLI can cause 
primary or secondary adrenal insufficiency. 
For Grade 2 or higher adrenal insufficiency, 
initiate symptomatic treatment per institutional 
guidelines, including hormone replacement as 
clinically indicated. Withhold or permanently 
discontinue JEMPERLI depending on severity 
[see Dosage and Administration (2.3) of full 
prescribing information].

Adrenal insufficiency occurred in 1.4% (7/515) 
patients receiving JEMPERLI, including Grade 2 
(0.8%) and Grade 3 (0.6%). Adrenal insufficiency 
resulted in discontinuation in 1 (0.2%) patient and 
resolved in 29% of the 7 patients.

Hypophysitis: JEMPERLI can cause immune-
mediated hypophysitis. Hypophysitis can

5.1  Severe and Fatal Immune-Mediated 
Adverse Reactions (cont)
mediated adverse reactions occurred in <1%  
of the 515 patients treated with JEMPERLI  
or were reported with the use of other  
PD-1/PD-L1–blocking antibodies. Severe  
or fatal cases have been reported for some  
of these adverse reactions.

Nervous System: Meningitis, encephalitis, 
myelitis and demyelination, myasthenic 
syndrome/myasthenia gravis, Guillain-Barre 
syndrome, nerve paresis, autoimmune 
neuropathy.

Cardiac/Vascular: Myocarditis, pericarditis, 
vasculitis.

Ocular: Uveitis, iritis, other ocular inflammatory 
toxicities. Some cases can be associated with 
retinal detachment. Various grades of visual 
impairment to include blindness can occur. 
If uveitis occurs in combination with other 
immune-mediated adverse reactions, consider 
a Vogt-Koyanagi-Harada–like syndrome, as this 
may require treatment with systemic steroids to 
reduce the risk of permanent vision loss.

Gastrointestinal: Pancreatitis, including increases 
in serum amylase and lipase levels, gastritis, 
duodenitis.

Musculoskeletal and Connective Tissue: 
Myositis/polymyositis, rhabdomyolysis and 
associated sequelae including renal failure, 
arthritis, polymyalgia rheumatica.

Endocrine: Hypoparathyroidism.

Other (Hematologic/Immune): Autoimmune 
hemolytic anemia, aplastic anemia, 
hemophagocytic lymphohistiocytosis, systemic 
inflammatory response syndrome, histiocytic 
necrotizing lymphadenitis (Kikuchi lymphadenitis), 
sarcoidosis, immune thrombocytopenia, solid 
organ transplant rejection.

5.2  Infusion-Related Reactions
Severe or life-threatening infusion-related 
reactions have been reported with PD-1/PD-L1–
blocking antibodies. Severe infusion-related
reactions (Grade 3) occurred in 0.2% (1/515) 
of patients receiving JEMPERLI. All patients 
recovered from the infusion-related reactions.

Monitor patients for signs and symptoms of 
infusion-related reactions. Interrupt or slow the 
rate of infusion or permanently discontinue 
JEMPERLI based on severity of reaction 
[see Dosage and Administration (2.3) of full 
prescribing information].

5.3  Complications of Allogeneic HSCT
Fatal and other serious complications can occur 
in patients who receive allogeneic hematopoietic 
stem cell transplantation (HSCT) before or 
after being treated with a PD-1/PD-L1–blocking 
antibody. Transplant-related complications 
include hyperacute graft-versus-host disease 
(GVHD), acute GVHD, chronic GVHD, hepatic 
veno-occlusive disease after reduced intensity 
conditioning, and steroid-requiring febrile 
syndrome (without an identified infectious 
cause). These complications may occur despite 
intervening therapy between PD-1/PD-L1 
blockade and allogeneic HSCT.

Follow patients closely for evidence of 
transplant-related complications and intervene 
promptly. Consider the benefit versus risks of 
treatment with a PD-1/PD-L1–blocking antibody 
prior to or after an allogeneic HSCT.

5.4  Embryo-Fetal Toxicity
Based on its mechanism of action, JEMPERLI

Clinically relevant adverse reactions in <10%  
of patients who received JEMPERLI included:
Endocrine Disorders: Hypothyroidism, 
hyperthyroidism, hypophysitis.
Eye Disorders: Iridocyclitis.
Gastrointestinal Disorders: Colitis, acute 
pancreatitis.
General Disorders and Administration Site 
Conditions: Pyrexia, chills.
Renal and Urinary Disorders: Nephritis.
Respiratory, Thoracic, and Mediastinal 
Disorders: Pneumonitis.
Skin and Subcutaneous Tissue Disorders: 
Rash, erythema, pemphigoid.

Table 2 summarizes laboratory abnormalities 
worsening from baseline to Grade 3 or 4 in 
≥1% of patients with dMMR EC on JEMPERLI 
in GARNET.

Continued on next page

can cause fetal harm when administered 
to a pregnant woman. Animal studies have 
demonstrated that inhibition of the PD-1/
PD-L1 pathway can lead to increased risk of 
immune-mediated rejection of the developing 
fetus, resulting in fetal death. Advise pregnant 
women of the potential risk to a fetus. Advise 
females of reproductive potential to use effective 
contraception during treatment with JEMPERLI 
and for 4 months after the last dose [see Use in 
Specific Populations (8.1, 8.3)].

6  ADVERSE REACTIONS
The following clinically significant adverse 
reactions are described elsewhere in the 
labeling: 
•   Severe and fatal immune-mediated  

adverse reactions [see Warnings and 
Precautions (5.1)]

•   Infusion-related reactions [see Warnings  
and Precautions (5.2)]

6.1  Clinical Trials Experience
Because clinical trials are conducted under 
widely varying conditions, adverse reaction rates 
observed in the clinical trials of a drug cannot be 
directly compared with rates in the clinical trials 
of another drug and may not reflect the rates 
observed in practice.

The pooled safety population described in 
WARNINGS AND PRECAUTIONS reflects 
exposure to JEMPERLI as a single-agent in  
515 patients with advanced or recurrent solid 
tumors in the non-randomized, open-label, 
multicohort GARNET trial that enrolled  
290 patients with endometrial cancer and  
225 patients with other solid tumors. JEMPERLI 
was administered intravenously at doses of 
500 mg every 3 weeks for 4 doses followed 
by 1,000 mg every 6 weeks until disease 
progression or unacceptable toxicity. Among the 
515 patients, 42% were exposed for ≥24 weeks 
and 26% were exposed for >48 weeks.

Mismatch Repair Deficient (dMMR) Endometrial 
Cancer
The safety of JEMPERLI was evaluated in 
GARNET in 104 patients with advanced or 
recurrent dMMR EC who received at least  
1 dose of JEMPERLI [see Clinical Studies (14.1) 
of full prescribing information]. Patients received 
JEMPERLI 500 mg every 3 weeks for 4 doses 
followed by 1,000 mg every 6 weeks as an 
intravenous infusion until disease progression or 
unacceptable toxicity. Patients with autoimmune 
disease that required systemic therapy within  
2 years of treatment or a medical condition that 
required immunosuppression were ineligible. 
Among patients receiving JEMPERLI, 47% were 
exposed for 6 months or longer and 20% were 
exposed for >1 year.

Serious adverse reactions occurred in 34% of 
patients receiving JEMPERLI. Serious adverse 
reactions in >2% of patients included sepsis 
(2.9%), acute kidney injury (2.9%), urinary tract 
infection (2.9%), abdominal pain (2.9%), and 
pyrexia (2.9%).

JEMPERLI was permanently discontinued due to 
adverse reactions in 5 (4.8%) patients, including 
increased transaminases, sepsis, bronchitis, 
and pneumonitis. Dosage interruptions due to 
an adverse reaction occurred in 23% of patients 
who received JEMPERLI. Adverse reactions that 
required dosage interruption in ≥1% of patients 
who received JEMPERLI were anemia, diarrhea, 
increased lipase, and pyrexia.

The most common adverse reactions (≥20%) 
were fatigue/asthenia, nausea, diarrhea, anemia, 

and constipation. The most common Grade 3 
or 4 adverse reactions (≥2%) were anemia and 
increased transaminases. The most common 
Grade 3 or 4 laboratory abnormalities (≥2%) 
were decreased lymphocytes, decreased 
sodium, decreased leukocytes, decreased 
albumin, increased creatinine, increased 
alkaline phosphatase and increased alanine 
aminotransferase.

Table 1 summarizes the adverse reactions that 
occurred in ≥10% of patients with dMMR EC 
on JEMPERLI in GARNET.
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Brief Summary of Prescribing Information 

JEMPERLI (dostarlimab-gxly) injection, for 
intravenous use

The following is a brief summary only; see full 
prescribing information for complete product 
information available at www.JEMPERLIHCP.com.  

1  INDICATIONS AND USAGE
JEMPERLI is indicated for the treatment of adult  
patients with mismatch repair deficient (dMMR) 
recurrent or advanced endometrial cancer (EC), 
as determined by an FDA-approved test, that 
has progressed on or following prior treatment 
with a platinum-containing regimen [see Dosage 
and Administration (2.1) of full prescribing 
information].

This indication is approved under accelerated 
approval based on tumor response rate and 
durability of response [see Clinical Studies (14) of 
full prescribing information]. Continued approval 
for this indication may be contingent upon 
verification and description of clinical benefit in a 
confirmatory trial(s).

4  CONTRAINDICATIONS
None.

5  WARNINGS AND PRECAUTIONS

5.1  Severe and Fatal Immune-Mediated 
Adverse Reactions
JEMPERLI is a monoclonal antibody that 
belongs to a class of drugs that bind to either 
the programmed death receptor-1 (PD-1) or 
PD-ligand 1 (PD-L1), blocking the PD-1/PD-L1 
pathway, thereby removing inhibition of the 
immune response, potentially breaking peripheral 
tolerance, and inducing immune-mediated 
adverse reactions. Important immune-mediated 
adverse reactions listed in WARNINGS AND 
PRECAUTIONS may not include all possible 
severe and fatal immune-mediated reactions. 

Immune-mediated adverse reactions, which 
can be severe or fatal, can occur in any organ 
system or tissue. Immune-mediated adverse 
reactions can occur at any time after starting 
a PD-1/PD-L1–blocking antibody. While 
immune-mediated adverse reactions usually 
manifest during treatment with PD-1/PD-L1– 
blocking antibodies, they can also manifest 
after discontinuation of PD-1/PD-L1–blocking 
antibodies. 

Early identification and management of immune-
mediated adverse reactions are essential 
to ensure safe use of PD-1/PD-L1–blocking 
antibodies. Monitor closely for symptoms and 
signs that may be clinical manifestations of 
underlying immune-mediated adverse reactions. 
Evaluate liver enzymes, creatinine, and thyroid 
function tests at baseline and periodically during 
treatment. In cases of suspected immune-
mediated adverse reactions, initiate appropriate 
workup to exclude alternative etiologies, 
including infection. Institute medical management 
promptly, including specialty consultation as 
appropriate. 

Withhold or permanently discontinue 
JEMPERLI depending on severity [see Dosage 
and Administration (2.3) of full prescribing 
information]. In general, if JEMPERLI requires 
interruption or discontinuation, administer 
systemic corticosteroids (1 to 2 mg/kg/day 
prednisone or equivalent) until improvement to 

present with acute symptoms associated with 
mass effect such as headache, photophobia, 
or visual field cuts. Hypophysitis can cause 
hypopituitarism. Initiate hormone replacement 
as clinically indicated. Withhold or permanently 
discontinue JEMPERLI depending on severity 
[see Dosage and Administration (2.3) of full 
prescribing information]. 

Thyroid Disorders: JEMPERLI can cause 
immune-mediated thyroid disorders. Thyroiditis 
can present with or without endocrinopathy. 
Hypothyroidism can follow hyperthyroidism. 
Initiate hormone replacement or medical 
management of hyperthyroidism as clinically 
indicated. Withhold or permanently discontinue 
JEMPERLI depending on severity [see Dosage 
and Administration (2.3) of full prescribing 
information].

Thyroiditis: Thyroiditis occurred in 0.4% 
(2/515) of patients receiving JEMPERLI; both 
were Grade 2. Neither event of thyroiditis 
resolved; there were no discontinuations of 
JEMPERLI due to thyroiditis.

Hypothyroidism: Hypothyroidism occurred in 
7.2% (37/515) of patients receiving JEMPERLI, 
all of which were Grade 2. Hypothyroidism did 
not lead to discontinuation of JEMPERLI and 
resolved in 35% of the 37 patients. Systemic 
corticosteroids were not required for any of 
the 37 patients with hypothyroidism.

Hyperthyroidism: Hyperthyroidism occurred in 
1.9% (10/515) of patients receiving JEMPERLI, 
including Grade 2 (1.7%) and Grade 3 (0.2%). 
Hyperthyroidism did not lead to discontinuation 
of JEMPERLI and resolved in 80% of the 
10 patients. Systemic corticosteroids were 
not required for any of the 10 patients with 
hyperthyroidism. 

Type 1 Diabetes Mellitus, Which Can Present 
with Diabetic Ketoacidosis: JEMPERLI can 
cause type 1 diabetes mellitus, which can 
present with diabetic ketoacidosis. Monitor 
patients for hyperglycemia or other signs 
and symptoms of diabetes. Initiate treatment 
with insulin as clinically indicated. Withhold or 
permanently discontinue JEMPERLI depending 
on severity [see Dosage and Administration 
(2.3) of full prescribing information].

Immune-Mediated Nephritis with Renal 
Dysfunction
JEMPERLI can cause immune-mediated 
nephritis, which can be fatal. Nephritis 
occurred in 0.4% (2/515) of patients receiving 
JEMPERLI; both were Grade 2. Nephritis 
did not lead to discontinuation of JEMPERLI 
and resolved in both patients. Systemic 
corticosteroids were required in 1 of the  
2 patients experiencing nephritis.

Immune-Mediated Dermatologic Adverse 
Reactions
JEMPERLI can cause immune-mediated rash or 
dermatitis. Bullous and exfoliative dermatitis, 
including Stevens-Johnson syndrome (SJS), 
toxic epidermal necrolysis (TEN), and drug 
rash with eosinophilia and systemic symptoms 
(DRESS), have occurred with PD-1/PD-L1–
blocking antibodies. Topical emollients and/
or topical corticosteroids may be adequate to 
treat mild to moderate non-bullous/exfoliative 
rashes. Withhold or permanently discontinue 
JEMPERLI depending on severity [see Dosage 
and Administration (2.3) of full prescribing 
information].

Other Immune-Mediated Adverse Reactions
The following clinically significant immune-

Table 1. Adverse Reactions (≥10%) in 
Patients with dMMR Endometrial Cancer 

Who Received JEMPERLI in GARNET

Adverse Reaction 

JEMPERLI (N=104)

All Grades 
 %

Grade 
3 or 4 

 %

  General and administration site

  Fatiguea 48 1

  Gastrointestinal

  Nausea 30 0

  Diarrhea 26 1.9

  Constipation 20 0.9

  Vomiting 18 0

  Blood and lymphatic system

  Anemiab 24 13

  Metabolism and nutrition

   Decreased 
appetite 14 0

  Respiratory, thoracic, and mediastinal

  Cough 14 0

  Skin and subcutaneous tissue

  Pruritus 14 1

  Infections

   Urinary tract 
infection 13 1.9

  Musculoskeletal and connective tissue

  Myalgia 12 0

Toxicity was graded per National Cancer 
Institute Common Terminology Criteria for 
Adverse Events Version 4.03. 
a Includes fatigue and asthenia.
b  Includes anemia, decreased hemoglobin, iron deficiency, 
and iron deficiency anemia.

Grade 1 or less. Upon improvement to Grade 1 
or less, initiate corticosteroid taper and 
continue to taper over at least 1 month. 
Consider administration of other systemic 
immunosuppressants in patients whose immune-
mediated adverse reaction is not controlled with 
corticosteroids.

Toxicity management guidelines for adverse 
reactions that do not necessarily require 
systemic steroids (e.g., endocrinopathies, 
dermatologic reactions) are discussed below.

Immune-Mediated Pneumonitis
JEMPERLI can cause immune-mediated 
pneumonitis, which can be fatal. In patients 
treated with other PD-1/PD-L1–blocking 
antibodies, the incidence of pneumonitis is higher 
in patients who have received prior thoracic 
radiation.

Immune-mediated pneumonitis occurred in 1.4% 
(7/515) of patients receiving JEMPERLI, including 
Grade 2 (1.2%) and Grade 3 (0.2%) pneumonitis. 
Pneumonitis led to discontinuation of JEMPERLI 
in 0.6% patients. 

Systemic corticosteroids were required in all 
patients with pneumonitis. Pneumonitis resolved 
in 86% of the 7 patients. Two patients reinitiated 
JEMPERLI after symptom improvement; of these, 
1 patient had recurrence of pneumonitis.

Immune-Mediated Colitis
JEMPERLI can cause immune-mediated 
colitis. Cytomegalovirus infection/reactivation 
have occurred in patients with corticosteroid-
refractory immune-mediated colitis treated 
with PD-1/PD-L1–blocking antibodies. In cases 
of corticosteroid-refractory colitis, consider 
repeating infectious workup to exclude 
alternative etiologies. 

Immune-mediated colitis occurred in 1.4% 
(7/515) of patients receiving JEMPERLI, 
including Grade 2 (0.8%) and Grade 3 (0.6%) 
adverse reactions. Colitis led to discontinuation 
of JEMPERLI in 1 (0.2%) patient.

Systemic corticosteroids were required in 29% 
(2/7) of patients with colitis. Colitis resolved in 
71% of the 7 patients. Of the 3 patients in whom 
JEMPERLI was withheld for colitis, all reinitiated 
treatment with JEMPERLI.

Immune-Mediated Hepatitis
JEMPERLI can cause immune-mediated hepatitis, 
which can be fatal.

Immune-mediated hepatitis occurred in 0.2% 
(1/515) of patients receiving JEMPERLI, which 
was Grade 3. Systemic corticosteroids were 
required and the event resolved.

Immune-Mediated Endocrinopathies
Adrenal Insufficiency: JEMPERLI can cause 
primary or secondary adrenal insufficiency. 
For Grade 2 or higher adrenal insufficiency, 
initiate symptomatic treatment per institutional 
guidelines, including hormone replacement as 
clinically indicated. Withhold or permanently 
discontinue JEMPERLI depending on severity 
[see Dosage and Administration (2.3) of full 
prescribing information].

Adrenal insufficiency occurred in 1.4% (7/515) 
patients receiving JEMPERLI, including Grade 2 
(0.8%) and Grade 3 (0.6%). Adrenal insufficiency 
resulted in discontinuation in 1 (0.2%) patient and 
resolved in 29% of the 7 patients.

Hypophysitis: JEMPERLI can cause immune-
mediated hypophysitis. Hypophysitis can

5.1  Severe and Fatal Immune-Mediated 
Adverse Reactions (cont)
mediated adverse reactions occurred in <1%  
of the 515 patients treated with JEMPERLI  
or were reported with the use of other  
PD-1/PD-L1–blocking antibodies. Severe  
or fatal cases have been reported for some  
of these adverse reactions.

Nervous System: Meningitis, encephalitis, 
myelitis and demyelination, myasthenic 
syndrome/myasthenia gravis, Guillain-Barre 
syndrome, nerve paresis, autoimmune 
neuropathy.

Cardiac/Vascular: Myocarditis, pericarditis, 
vasculitis.

Ocular: Uveitis, iritis, other ocular inflammatory 
toxicities. Some cases can be associated with 
retinal detachment. Various grades of visual 
impairment to include blindness can occur. 
If uveitis occurs in combination with other 
immune-mediated adverse reactions, consider 
a Vogt-Koyanagi-Harada–like syndrome, as this 
may require treatment with systemic steroids to 
reduce the risk of permanent vision loss.

Gastrointestinal: Pancreatitis, including increases 
in serum amylase and lipase levels, gastritis, 
duodenitis.

Musculoskeletal and Connective Tissue: 
Myositis/polymyositis, rhabdomyolysis and 
associated sequelae including renal failure, 
arthritis, polymyalgia rheumatica.

Endocrine: Hypoparathyroidism.

Other (Hematologic/Immune): Autoimmune 
hemolytic anemia, aplastic anemia, 
hemophagocytic lymphohistiocytosis, systemic 
inflammatory response syndrome, histiocytic 
necrotizing lymphadenitis (Kikuchi lymphadenitis), 
sarcoidosis, immune thrombocytopenia, solid 
organ transplant rejection.

5.2  Infusion-Related Reactions
Severe or life-threatening infusion-related 
reactions have been reported with PD-1/PD-L1–
blocking antibodies. Severe infusion-related
reactions (Grade 3) occurred in 0.2% (1/515) 
of patients receiving JEMPERLI. All patients 
recovered from the infusion-related reactions.

Monitor patients for signs and symptoms of 
infusion-related reactions. Interrupt or slow the 
rate of infusion or permanently discontinue 
JEMPERLI based on severity of reaction 
[see Dosage and Administration (2.3) of full 
prescribing information].

5.3  Complications of Allogeneic HSCT
Fatal and other serious complications can occur 
in patients who receive allogeneic hematopoietic 
stem cell transplantation (HSCT) before or 
after being treated with a PD-1/PD-L1–blocking 
antibody. Transplant-related complications 
include hyperacute graft-versus-host disease 
(GVHD), acute GVHD, chronic GVHD, hepatic 
veno-occlusive disease after reduced intensity 
conditioning, and steroid-requiring febrile 
syndrome (without an identified infectious 
cause). These complications may occur despite 
intervening therapy between PD-1/PD-L1 
blockade and allogeneic HSCT.

Follow patients closely for evidence of 
transplant-related complications and intervene 
promptly. Consider the benefit versus risks of 
treatment with a PD-1/PD-L1–blocking antibody 
prior to or after an allogeneic HSCT.

5.4  Embryo-Fetal Toxicity
Based on its mechanism of action, JEMPERLI

Clinically relevant adverse reactions in <10%  
of patients who received JEMPERLI included:
Endocrine Disorders: Hypothyroidism, 
hyperthyroidism, hypophysitis.
Eye Disorders: Iridocyclitis.
Gastrointestinal Disorders: Colitis, acute 
pancreatitis.
General Disorders and Administration Site 
Conditions: Pyrexia, chills.
Renal and Urinary Disorders: Nephritis.
Respiratory, Thoracic, and Mediastinal 
Disorders: Pneumonitis.
Skin and Subcutaneous Tissue Disorders: 
Rash, erythema, pemphigoid.

Table 2 summarizes laboratory abnormalities 
worsening from baseline to Grade 3 or 4 in 
≥1% of patients with dMMR EC on JEMPERLI 
in GARNET.

Continued on next page

can cause fetal harm when administered 
to a pregnant woman. Animal studies have 
demonstrated that inhibition of the PD-1/
PD-L1 pathway can lead to increased risk of 
immune-mediated rejection of the developing 
fetus, resulting in fetal death. Advise pregnant 
women of the potential risk to a fetus. Advise 
females of reproductive potential to use effective 
contraception during treatment with JEMPERLI 
and for 4 months after the last dose [see Use in 
Specific Populations (8.1, 8.3)].

6  ADVERSE REACTIONS
The following clinically significant adverse 
reactions are described elsewhere in the 
labeling: 
•   Severe and fatal immune-mediated  

adverse reactions [see Warnings and 
Precautions (5.1)]

•   Infusion-related reactions [see Warnings  
and Precautions (5.2)]

6.1  Clinical Trials Experience
Because clinical trials are conducted under 
widely varying conditions, adverse reaction rates 
observed in the clinical trials of a drug cannot be 
directly compared with rates in the clinical trials 
of another drug and may not reflect the rates 
observed in practice.

The pooled safety population described in 
WARNINGS AND PRECAUTIONS reflects 
exposure to JEMPERLI as a single-agent in  
515 patients with advanced or recurrent solid 
tumors in the non-randomized, open-label, 
multicohort GARNET trial that enrolled  
290 patients with endometrial cancer and  
225 patients with other solid tumors. JEMPERLI 
was administered intravenously at doses of 
500 mg every 3 weeks for 4 doses followed 
by 1,000 mg every 6 weeks until disease 
progression or unacceptable toxicity. Among the 
515 patients, 42% were exposed for ≥24 weeks 
and 26% were exposed for >48 weeks.

Mismatch Repair Deficient (dMMR) Endometrial 
Cancer
The safety of JEMPERLI was evaluated in 
GARNET in 104 patients with advanced or 
recurrent dMMR EC who received at least  
1 dose of JEMPERLI [see Clinical Studies (14.1) 
of full prescribing information]. Patients received 
JEMPERLI 500 mg every 3 weeks for 4 doses 
followed by 1,000 mg every 6 weeks as an 
intravenous infusion until disease progression or 
unacceptable toxicity. Patients with autoimmune 
disease that required systemic therapy within  
2 years of treatment or a medical condition that 
required immunosuppression were ineligible. 
Among patients receiving JEMPERLI, 47% were 
exposed for 6 months or longer and 20% were 
exposed for >1 year.

Serious adverse reactions occurred in 34% of 
patients receiving JEMPERLI. Serious adverse 
reactions in >2% of patients included sepsis 
(2.9%), acute kidney injury (2.9%), urinary tract 
infection (2.9%), abdominal pain (2.9%), and 
pyrexia (2.9%).

JEMPERLI was permanently discontinued due to 
adverse reactions in 5 (4.8%) patients, including 
increased transaminases, sepsis, bronchitis, 
and pneumonitis. Dosage interruptions due to 
an adverse reaction occurred in 23% of patients 
who received JEMPERLI. Adverse reactions that 
required dosage interruption in ≥1% of patients 
who received JEMPERLI were anemia, diarrhea, 
increased lipase, and pyrexia.

The most common adverse reactions (≥20%) 
were fatigue/asthenia, nausea, diarrhea, anemia, 

and constipation. The most common Grade 3 
or 4 adverse reactions (≥2%) were anemia and 
increased transaminases. The most common 
Grade 3 or 4 laboratory abnormalities (≥2%) 
were decreased lymphocytes, decreased 
sodium, decreased leukocytes, decreased 
albumin, increased creatinine, increased 
alkaline phosphatase and increased alanine 
aminotransferase.

Table 1 summarizes the adverse reactions that 
occurred in ≥10% of patients with dMMR EC 
on JEMPERLI in GARNET.
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or severe abdominal pain [see Warnings 
and Precautions (5.1)].

• Hepatitis: Advise patients to contact their 
 healthcare provider immediately for jaundice,  
 severe nausea or vomiting, or easy bruising or 
 bleeding [see Warnings and Precautions (5.1)].

• Immune-mediated endocrinopathies: Advise  
 patients to contact their healthcare provider 
 immediately for signs or symptoms of 
 hypothyroidism, hyperthyroidism, thyroiditis, 
 adrenal insufficiency, hypophysitis, or type 1 
 diabetes mellitus [see Warnings and Precautions 
(5.1)].

• Nephritis: Advise patients to contact their  
 healthcare provider immediately for signs 
 or symptoms of nephritis [see Warnings and 
 Precautions (5.1)].

• Severe skin reactions: Advise patients to 
 contact their healthcare provider immediately 
 for any signs or symptoms of severe skin 
 reactions, SJS, TEN, or DRESS [see Warnings 
 and Precautions (5.1)].

• Other immune-mediated adverse reactions: 
• Advise patients that immune-mediated adverse 
reactions can occur and may involve any organ 
system, and to contact their healthcare provider 
immediately for any new signs or symptoms 
[see Warnings and Precautions (5.1)].

• Advise patients of the risk of solid organ 
transplant rejection and to contact their 
healthcare provider immediately for signs or 
symptoms of organ transplant rejection [see 
Warnings and Precautions (5.1)].

Infusion-Related Reactions
• Advise patients to contact their healthcare 
 provider immediately for signs or symptoms 
 of infusion-related reactions [see Warnings and 
 Precautions (5.2)].

Complications of Allogeneic HSCT
• Advise patients of the risk of post-allogeneic 
 hematopoietic stem cell transplantation 
 complications [see Warnings and Precautions 
 (5.3)]. 

Embryo-Fetal Toxicity
• Advise females of reproductive potential of  
 the potential risk to a fetus and to inform their 
 healthcare provider of a known or suspected 
 pregnancy [see Warnings and Precautions (5.4), 
Use in Specific Populations (8.1, 8.3)].

• Advise females of reproductive potential to use 
 effective contraception during treatment with 
 JEMPERLI and for 4 months after the last dose 
[see Warnings and Precautions (5.4), Use in 
 Specific Populations (8.1, 8.3)].

Lactation
• Advise women not to breastfeed during 
 treatment with JEMPERLI and for 4 months 
 after the last dose [see Use in Specific 
 Populations (8.2)].
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6.2  Immunogenicity
As with all therapeutic proteins, there is potential 
for immunogenicity. The detection of antibody 
formation is highly dependent on the sensitivity 
and specificity of the assay. Additionally, the 
observed incidence of antibody (including 
neutralizing antibody) positivity in an assay 
may be influenced by several factors including 
assay methodology, sample handling, timing of 
sample collection, concomitant medications, 
and underlying disease. For these reasons, 
comparison of the incidence of antibodies to 
dostarlimab-gxly in the studies described below 
with the incidence of antibodies in other studies or 
to other products may be misleading.

The immunogenicity of dostarlimab was evaluated 
in GARNET. Treatment-emergent anti-drug 
antibodies (ADAs) against dostarlimab-gxly were 
detected in 2.1% of 384 patients who received 
dostarlimab-gxly at the recommended dosage. 
Neutralizing antibodies were detected in 1% 
of patients. Because of the small number of 
patients who developed ADAs, the effect of 
immunogenicity on the efficacy and safety of 
dostarlimab-gxly is inconclusive. 

8  USE IN SPECIFIC POPULATIONS

8.1  Pregnancy

Risk Summary
Based on its mechanism of action, JEMPERLI 
can cause fetal harm when administered to a 
pregnant woman [see Clinical Pharmacology 
(12.1) of full prescribing information]. There are 
no available data on the use of JEMPERLI in 
pregnant women. Animal studies have 
demonstrated that inhibition of the PD-1/PD-L1 
pathway can lead to increased risk of immune-
mediated rejection of the developing fetus 
resulting in fetal death (see Data). Human IgG4 
immunoglobulins (IgG4) are known to cross the 
placental barrier; therefore, dostarlimab-gxly has 
the potential to be transmitted from the mother to

the developing fetus. Advise women of the 
potential risk to a fetus.

In the U.S. general population, the estimated 
background risk of major birth defects and 
miscarriage in clinically recognized pregnancies 
is 2% to 4% and 15% to 20%, respectively.

Data
Animal Data: Animal reproduction studies have 
not been conducted with JEMPERLI to evaluate 
its effect on reproduction and fetal development. 
A central function of the PD-1/PD-L1 pathway is 
to preserve pregnancy by maintaining maternal 
immune tolerance to the fetus. In murine models 
of pregnancy, blockade of PD-L1 signaling has 
been shown to disrupt tolerance to the fetus and 
to result in an increase in fetal loss; therefore, 
potential risks of administering JEMPERLI during 
pregnancy include increased rates of abortion 
or stillbirth. As reported in the literature, there 
were no malformations related to the blockade 
of PD-1/PD-L1 signaling in the offspring of these 
animals; however, immune-mediated disorders 
occurred in PD-1 and PD-L1 knockout mice. 
Based on its mechanism of action, fetal exposure 
to dostarlimab-gxly may increase the risk of 
developing immune-mediated disorders or altering 
the normal immune response. 

8.2  Lactation
Risk Summary
There is no information regarding the presence of 
dostarlimab-gxly in human milk or its effects on 
the breastfed child or on milk production. Because 
of the potential for serious adverse reactions in a 
breastfed child, advise women not to breastfeed 
during treatment and for 4 months after the last 
dose of JEMPERLI.

8.3  Females and Males of Reproductive 
Potential
JEMPERLI can cause fetal harm when 
administered to a pregnant woman [see Use in 
Specific Populations (8.1)]. 
Pregnancy Testing
Verify pregnancy status in females of reproductive 
potential prior to initiating JEMPERLI [see Use in 
Specific Populations (8.1)].
Contraception
Females: Advise females of reproductive potential 
to use effective contraception during treatment 
with JEMPERLI and for 4 months after the last 
dose.

8.4 Pediatric Use
The safety and efficacy of JEMPERLI have not 
been established in pediatric patients.

8.5  Geriatric Use
Of the 515 patients treated with JEMPERLI, 
51% were younger than 65 years, 37% were 
aged 65 through 75 years, and 12% were 
75 years or older. No overall differences in safety 
or effectiveness were observed between these 
patients and younger patients. 

17  PATIENT COUNSELING INFORMATION
Advise the patient to read the FDA-approved 
patient labeling (Medication Guide). 

Immune-Mediated Adverse Reactions
Inform patients of the risk of immune-mediated
adverse reactions that may be severe or fatal, 
may occur after discontinuation of treatment, and 
may require corticosteroid or other treatment and 
interruption or discontinuation of JEMPERLI. These 
reactions may include:
• Pneumonitis: Advise patients to contact their 

healthcare provider immediately for new or 
worsening cough, chest pain, or shortness of 
breath [see Warnings and Precautions (5.1)].

• Colitis: Advise patients to contact their 
healthcare provider immediately for diarrhea 

Table 2. Laboratory Abnormalities that Worsened 
from Baseline to Grade 3 or 4 Occurring in 
≥1% of Patients with dMMR Endometrial 
Cancer Receiving JEMPERLI in GARNET

   Laboratory Test

JEMPERLI (N=104)

All 
Gradesa

%

Grade 
3 or 4a

%

   Hematology

   Decreased lymphocytes 37 9

   Decreased leukocytes 21 2.9

   Chemistry

   Decreased albumin 30 2.9

   Increased creatinine 27 2.9

   Increased alkaline 
   phosphatase 25 2.9

   Increased aspartate    
   aminotransferase 16 1.9

   Increased alanine  
   aminotransferase 15 2.9

   Electrolytes

   Decreased sodium 26 4.8

   Increased calcium 15 1.9

   Decreased potassium 15 1.9
a Consists of new onset of laboratory abnormality or 
worsening of baseline laboratory abnormality.

6.1 Clinical Trials Experience (cont)

Continued from previous page
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Media Training Helps Investigators,  
Institutions Shine 
by HEATHER SIMONSEN, MA

MY PHOTOGRAPHER SET UP THE lights 
and steadied the camera. The surgeon before 
me was pale and fidgeting. As a seasoned televi-
sion news journalist, I had seen this many times 
before—a surgeon at the top of their field, terri-
fied that they would tank on television. I did my 
best to walk her through the process and calm 
her nerves. I would have been equally terrified 
in her role in the operating room. It’s natural to 
fear the unknown. 

As the public affairs manager for Huntsman 
Cancer Institute at the University of Utah in Salt 
Lake City, I use my insider knowledge to empower 
and help ease the nerves of our physicians and 
scientists by preparing them for media inter-
views. Interviewing with journalists is one of the 
most effective ways you can share your work with 
the community and help promote your institution, 
which can be well worth the discomfort. 

Here are 5 tips and tricks to help you shine 
when the spotlight is on you. 

TIP 1  
DON’T AVOID INTERVIEW 
OPPORTUNITIES.

Avoiding journalists means your institution’s 
public affairs coverage suffers. Half the battle 
is being willing to show up and agree to an inter-
view. The more you do it, the easier it gets.

See media interviews as a networking 
opportunity. Media interviews are a highly 
effective way to share your expertise. In a 
single 20-minute interview, you can 
reach thousands, hundreds of 
thousands, or more individu-
als with important messages 
about prevention, screen-
ings, and general health. “I 
wish doctors and scientists 

recognized how many good stories they have 
in their day-to-day work,” Deanie Wimmer, 
anchor and reporter with KSL-TV in Salt Lake 
City, said. “When you know of encouraging 
treatments, new research, or inspir-
ing patients, we’d love to know about 
it. These all offer meaningful infor-
mation that we would like to relay to 
television audiences. Understandably, 
there are complications, [such as] peer 
review, scientific standards, and confi-
dentiality, that sometimes preclude 
doctors from sharing that informa-
tion. But I can’t help but think there are 
missed opportunities.” 

In my work, I have landed numerous stories, 
most recently with NBC News, by asking the 
reporter I was working with the simple follow-up 
question: “What kind of stories are you looking 
for?” Ask this question while the crew is setting 
up or after your interview. It’s a chance to pitch 
your institution’s research and clinical care. They 
are always looking for content to fill the page, 
show, or podcast, and this is your chance to see 
more of your work featured.

Understand that journalism is deadline 
driven. Newsrooms usually plan content from 
that morning’s editorial meeting. That’s when 
producers and the news director decide which 
stories to pursue that day. Sometimes they can 
give us notice ahead of time on a request, but 

other times, it’s last minute. It all depends on 
the news cycle. Joining a Zoom meet-

ing on your lunch hour or setting 
aside 20 minutes for an in-per-

son interview before or after 
clinic can be difficult, but 
fitting it in helps the place 

you work for become a 

trusted source among journalists. This increases 
the quality and quantity of stories that feature 
your institution, its reputation, overall mentions, 
and more. “The most common frustration is 

accessibility,” Wimmer, who has won 
multiple Emmy Awards for her work, 
said. “Their definition of ‘soon’ is often 
different from ours. I have in mind later 
today, [whereas] they’re thinking, ‘some-
time next week.’”

Brush up on your media training 
before the interview. Review this arti-
cle or media tips provided by your public 
relations teams. If this isn’t your first 

interview, remember what worked well last time 
and what you’d like to do better in the future. 

TIP 2  
CRAFT YOUR STORY.
Draft key messages. Many clinicians 

do not realize how much control they have over 
the direction of an interview. By preparing key 
messages, you increase the likelihood that the 
information you want to communicate will be the 
focus of the story. In addition, keeping it to 3 to 
4 talking points ensures it will come across in a 
clear, concise way. It will also ease pre- 
interview jitters.

Have a few facts or statistics in mind. 
Statistics back up your answers, but do not try 
to memorize them. You could write these on note 
cards and keep them with you during a televi-
sion interview. It’s fine, and more natural, to 
look down and read the statistics or data. You 
can also follow-up with an email after the inter-
view is finished. 

Avoid jargon. Keep it simple but remember 
the audience you are speaking to. “Doctors are 
experts in highly specialized and complex fields,” 
Wimmer said. “Anything they can do to help us 
simplify the information, illustrate it, and relate 
it to [individuals] will make the message more 
impactful.” A litmus test in broadcast journal-

ism when writing scripts is often whether the 
viewer will understand and be interested in 
the material if they overheard the story while 
washing dishes. 

Rehearse, rehearse, rehearse! Review 
your talking points out loud—in the mirror, 

to a friend or family member, or with 
your public affairs colleague. You could 
even practice with a pet or the plant in 
your office. The point is: Saying your 
message out loud before the interview 

Deanie Wimmer
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helps ease nerves and sets you up for success. 
“Imagine it’s the checker at the grocery store 
you are talking to,” Scot Singpiel, manager of 
TheScopeRadio.com with University of Utah 
Health, said. “Answer the [following] questions: 
What is the purpose of your interview? What 
do you want the listener to think, feel, 
[or] do after they hear from you? If the 
listener could only take away 1 thing 
from your interview, what would it be?” 

TIP 3  
KNOW YOUR AUDIENCE.
Research the reporter. An 

internet search of the journalists’ bio, 
role, and background can reveal whether  
they are a general assignments reporter, cover-
ing a wide range of topics from breaking news to 
features. In this case, it’s especially important 
to frame your answers in the simplest terms. A 
specialized health reporter will have deeper back-
ground and insight into complex medical topics. 
Even still, they will appreciate you starting with 
the basics on any complicated research. 

Find out which show or section of the news-
paper or magazine the story will be on or in. 
If it’s a morning, midday, and afternoon show, the 
content and tone are usually lighter. Prime time, 
nightly newscasts are harder hitting. Front page 
stories in print or online also tend to be more seri-
ous. Make sure your answers reflect what you’ve 
learned about the placement of your story.

TIP 4  
REQUEST QUESTIONS BEFORE  
THE INTERVIEW.

Always ask for questions ahead of time. Your 
public affairs team can help with this. Even 
if the reporter doesn’t provide the questions 
beforehand, have some talking points 
prepared. “You have limited time to get 
your message across,” Cristina Flores, 
anchor and reporter at KUTV News 
in Salt Lake City, said. “If you have 1 
minute to say something on camera, 
you want to ensure your words and 
your message are clear. If you don’t, you 
either waste the opportunity or leave it 
to others to interpret what you say.”

Reinforce key messages. “During the inter-
view, say, ‘The most important thing to remember 
is,’ followed by your most impactful response. 
It makes things clear for the viewer and for the 
journalist, who [are] often trying to figure out the 
hook or angle of the story,” Flores said.

TIP 5  
REMEMBER, “THE MEDIUM  
IS THE MESSAGE.”

This insightful phrase by Marshall McLuhan, a 
Canadian philosopher, is among the foundation of 

media theory and is still front and center in jour-
nalism classes across the country. It means that 
the nature of media platforms influences how 
your message is perceived and received. Knowing 
how each medium works empowers you to use 
that knowledge to your advantage.

TELEVISION 
How you look matters. “Dress profes-
sionally; a lab coat or scrubs are 
appropriate most of the time,” Flores 
said. “Make sure your hair is tidy. 
Makeup for both men and women is 
appropriate to avoid a shiny complex-
ion or to warm [an individual’s] face, 
as lighting can sometimes make the 

skin appear pale.” Primary colors such as blue, 
red, and yellow look great on television, as well 
as combinations of those colors, such as green, 
orange, pink, and purple. I encourage our physi-
cians to bring their own style to the interview. 
There’s only 1 you, and by bringing your person-
ality and style to the interview, you will find 
greater success. Ask whether there will 
be a green or blue screen at the filming 
to avoid wearing those colors at taping.

How you say it often matters more 
than what you say. “Don’t be afraid 
to smile.” Flores said. “Even if you are 
discussing a serious topic, [such as] 
cancer, it is important to seem approach-
able during an interview. A smile also 
conveys warmth and care for others. 
Visual cues and how you deliver your message 
are [just] as important as the words.” 

Sit or stand comfortably, as you would with 
a colleague. Adopting a relaxed stance or posture 
is a trick that national television consultants earn 
a lot of money teaching anchors and reporters 

how to do. It’s as simple as avoid stand-
ing or sitting stiffly, as you’ll appear on 
edge and your voice might be more stri-
dent. Get comfortable—if your body is at 
ease, your mind will follow. Be aware 
of your body language because it can 
send unintentional messages. Crossing 
your arms across your chest sends a 
message that you are closed off and less 
approachable. Leaving your arms open 

or placing them at your side is better. Try to be as 
natural as possible. 

Strive for a friendly but knowledgeable 
tone. Pretend you’re telling the checker at the 
grocery store about it—or even better, one of your 
patients. Bring your bedside manner skills and 
warmth to the interview. “Think about visu-
als that can help portray the complex data,” 
Wimmer said. “Rather than describing precisely 
what is happening, can you show me what’s 
happening or compare the before and after 
to provide a general idea? Even patients can 

serve in this capacity to speak to and illustrate 
through their experiences.”

PRINT AND ONLINE
Keep your talking points in front of you. This 
can help you maintain your focus during the 
interview. But be mindful to stay in the moment, 
and answer follow-up questions as needed. 

Reiterate your message points at every 
opportunity. “I always want to make sure I repre-
sent my sources’ views and ideas accurately,” 
Sofia Jeremias, Innovation Lab reporter at The 
Salt Lake Tribune, said. “Expressing something a 
few different ways helps me do that. You may feel 
like you’re repeating yourself, [but] I often notice 
when reading through transcripts that the second 
or third time a source repeated an idea is often 
the most succinct, straightforward, and quotable 
version of their point.” 

Be available to clarify any points as the 
writer is working on the story. This is perhaps 
the most effective strategy to increase the 
chances the story will be accurate. It’s appro-

priate to text or email the reporter 
later—before deadline—to make sure 
they have everything they need. “When 
I sit down to write a piece, that’s 
when I generally realize what infor-
mation I missed during the interview 
process,” Jeremias said. “I also like to 
check back in with sources and make 
sure I understood them correctly. It’s 
always better to realize where I’ve 

gone wrong or misunderstood something before 
a piece publishes rather than having to issue 
a correction.” 

RADIO/PODCASTS
Know the format. Is it live or recorded? If it’s 
being recorded, do multiple takes. Reporters 
do this frequently and are used to interview-
ees asking to start a thought again. It may feel 
awkward in the moment, but remember that what 
goes on-air is most important, and it’s good to get 
it right—even if that means a few takes.

Use verbal illustrations. “[Because] radio 
and podcasts depend only on audio to communi-
cate your message, use language that helps the 
listener see what is being talked about,” Singpiel 
said. “Verbal illustration techniques, such as 
analogies, metaphors, and similes, are powerful 
tools to help paint the picture, and [it] makes the 
difference between an interview that connects 
and communicates your message to the listener 
and one that doesn’t.” For example, when experts 
talk with media about sun protection, they might 
describe the amount of sunscreen needed for the 
average adult as, ‘a shot glass full of sunscreen.’ 
This paints a picture for the listeners. 

Talk with a lot of enthusiasm. “During the 
interview, smile,” Singpiel said. “Believe it or 

Cristina Flores
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not, in an audio-only interview, smiling 
makes a huge difference. It adds energy to 
your voice.” Podcasts aim to take listeners 
on a journey. The host is like a tour guide, 
and bringing warmth and interest to your 
answers adds to the overall appeal.

ZOOM
The COVID-19 pandemic changed media 
interviews forever, and it appears that 
Zoom interviews are here to stay. For the 
best results, face a window for natural light 
or place a lamp in front of you, making 
sure it’s shining on your face. Overhead 
and fluorescent lighting only is gener-
ally unflattering. Elevate your computer 
with a box or books underneath. If your 
computer is at desk height, you’ll appear 
to be looking slightly downward, which is 
less flattering than looking straight at the 
camera on the same level. 

Flores said it’s a common frustration 
for reporters when interviewees do not 
take time to check their lighting and web 
camera angle to make sure it looks good 
before joining the call. “I try my best to 
help them set up, [but] I’d rather they were 
prepped and ready. I could use that time to 
focus on the subject I’m covering,” she said.

Avoid background filters. These tend 
to look strange and unnatural. Make sure 
what’s behind you is neat and tidy. Adjust 
your Zoom settings for low light and to 
improve your appearance, if desired. Check 
your Zoom image and name before joining 
the call to make sure both are professional. 

FINAL TIPS AND TRICKS
A few good manners go a long way in 
any interview. It’s a tough time to be a 
journalist, with shrinking newsrooms 
and low budgets. Journalism profession-
als are often overworked and underpaid. 
By helping make their jobs easier by 
following these tips, you can become a 
trusted, go-to source. 

Bring a member of your public affairs 
team with you. Our role is to help you 
every step of the way and to share your 
successes. “If only the best birds sang, the 
forest would be silent,” Henry van Dyke, an 
American author, educator, and clergyman, 
once said. As physicians, you have incred-
ible insights to share. Have courage and 
take the opportunity to share that wisdom 
through news stories. ■

Simonsen is the public affairs manager 
for Huntsman Cancer Institute at the 
University of Utah and a member of the 
Public Affairs and Marketing Network.

Keeping the Patient Experience  
Top of Mind 

by CHELSEA KING ARTHUR

THE COVID-19 PANDEMIC CAUSED a shift in health 

care. From exposing health equity concerns to stress-

ing inpatient capacity to highlighting the human toll of 

delivering care, we have learned that our health care 

system is imperfect, but there are areas on which we 

can capitalize.

Patients once again are becoming the central players 

in the health care delivery system, and their experi-

ence in that system matters. How they are engaged in 

their care matters. And because of this, patient experi-

ence matters more now than ever.

Improving the patient experience is a major step 

toward delivering on the promise of true patient- 

centered care, and by looking at the overall patient 

experience, we can assess the extent to which patients 

are receiving care that is respectful of and responsive 

to patient preferences, needs, and values. This further 

allows us to elicit feedback on the equity and appro-

priateness of care delivered. This type of patient data 

will help us make informed decisions about the type of 

services—and the manner in which they are provided—

to ensure equitable care is provided to all patients.

One convenient way to deliver those services and 

collect that data is through digital engagement technol-

ogy, which can allow for greater flexibility in outreach 

and response to patient needs while also increasing 

equity and access. Moreover, patients of all socioeco-

nomic status can be engaged in this manner. According 

to research from the Commonwealth Fund, roughly 90% 

of lower-income Americans own a mobile phone, with 

95% of those owning a smartphone, having the capabil-

ity to text, and maintaining at least 3G internet access.

Such democratized access to digital technology 

means patients who often need the most support can be 

easily reached and have their needs assessed in an envi-

ronment that is conducive to success. To increase the 

likelihood that health information and related content 

are used by patients, it needs to be tailored to patient 

context and communication preferences. Further, to 

keep this information simple and encourage engage-

ment, health education and patient information can be 

delivered through secure links sent via text messaging.

Data can tell us a great deal about how an individual 

is accessing the health care system and how that expe-

rience is for them. Digital health care technology allows 

for near instantaneous collection of patient- 

reported outcomes to be analyzed, informing the next 

encounter. As the appetite for more data-driven solu-

tions that address social determinants of health (SDOH) 

increases, tools that allow health care organizations to 

digitally extract data on the patient experience can not 

only help to improve patient engagement but can also 

serve to improve health equity.

Two-way messaging, automated outreach and work-

flows, and SDOH survey collection allow organizations 

to screen for SDOH needs over time, collect SDOH 

data, navigate patients to facilities or community 

resources, capture longitudinal risk, boost routine care 

to those least likely to receive it, and escalate patients 

with complex needs or clinical risks sooner. Offering 

live community-based virtual navigators who ensure 

workforce diversity and cultural competency then 

further helps ensure that the most vulnerable patients 

do not fall through the cracks.

This feedback loop and bidirectional communication 

with actual people builds a level of trust and a sense 

of being heard and seen that patients are experienc-

ing in other consumer-driven markets but craving in 

health care. The problem is not the data itself, but in 

the elements we are extracting. We have to ensure we 

are eliciting patient feedback in safe and nonretaliatory 

ways and that the patients can see and feel how their 

personal experiences are impacting changes across 

the delivery system. 

Leveraging patient data, including SDOH data, can 

help improve the health care experience and support 

efforts to improve the equity of care delivered. The 

questions lie in how to do so in a cost-wise way that 

also drives care improvements.  ■

To read the full story on Medical Economics®,  
visit bit.ly/3ZiO0ff
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FOR DECADES, RESECTION OF the primary tumor, 
either up front or after neoadjuvant therapy, has remained 
the standard of care (SOC) for patients with early-stage 
(stage I-III) colorectal cancer (CRC).1 Recently, a plethora 
of data have been published that might change the current 
surgery-centered paradigm. 

A subset of patients with CRC harbor a unique genomic 
construct in the tumors, referred to as deficient mismatch 
repair (dMMR)/microsatellite instability–high (MSI-H) tumors, 
that leads to a high tumor mutational burden and predicts 
responsiveness to immune checkpoint inhibitors (ICIs).2,3 Data 
from several prospective studies have demonstrated remark-
able antitumor activity with ICI-based therapy in patients 
with advanced CRC.2-5 Decades of research have taught us that 
systemic therapy with remarkable antitumor activity in the 
advanced setting improves survival when used as neoadjuvant 
therapy—a principle firmly established in the breast cancer 
literature, especially with HER2-directed therapy. As a result, 
there is a growing interest in investigating ICIs in patients 
with early-stage dMMR CRC.

Several strong arguments favor exploring preoperative or 
neoadjuvant immunotherapy in patients with dMMR early-
stage CRC. First, patients with early-stage disease are likely to 
respond better to neoadjuvant immunotherapy than those with 
advanced-stage disease owing to the higher T-cell infiltration in 
the tumor, lesser degree of systemic immunosuppression, and 
smaller tumor burden with a lower degree of clonal heteroge-
neity in the cancer cell population.6 Second, preclinical animal 
models have demonstrated that immunotherapy in the neoad-
juvant setting leads to superior tumor-specific T-cell response 
and better antitumor activity, as stimulating the immune 

system with ICIs in the presence of tumor enables tumor anti-
gen–driven T-cell expansion, which is markedly reduced if the 
tumor is removed.7 Third, neoadjuvant immunotherapy often 
shrinks the tumor, enabling margin-negative tumor resection 
in a higher proportion of patients, and provides an opportunity 
to assess pathologic response that has well-known therapeutic 
and prognostic implications. Finally, the current SOC for early-
stage dMMR CRC is associated with cancer recurrence in up to 
40% of patients,8,9 likely owing to the poor antitumor activity of 
chemotherapy against dMMR tumors.10,11 Hence, neoadjuvant 
immunotherapy in early-stage dMMR CRC is an area of intense 
clinical investigation.

Prospective studies that fueled growing enthusiasm 
in neoadjuvant immunotherapy include NICHE-1 
(NCT03026140),6 NICHE-2 (EudraCT 016-002940-17),12 PICC 
(NCT03926338),13 and a study by Cercek and colleagues14 in 
patients with locally advanced dMMR rectal cancer. Several 
other single-center studies and real-world series have also 
provided robust data to support the neoadjuvant immuno-
therapy paradigm.15-17 In NICHE-2,12 the pathologic complete 
response (pCR) rate among 107 patients with localized dMMR 
colon cancer receiving neoadjuvant immunotherapy with a 
dual ICI combination (1 dose of ipilimumab [Yervoy] and 2 
doses of nivolumab [Opdivo]) was 67% (TABLE 1).12 In this 
study, 100% of patients underwent R0 resection, and surgery 
was delayed only in 2 patients because of neoadjuvant immu-
notherapy–related toxicity. Data in the study by Cercek and 
colleagues indicated clinical complete response (cCR) in  
12 patients with localized dMMR rectal cancer receiving  
6 months of neoadjuvant immunotherapy with a PD-1 antago-
nist, dostarlimab-gxly (Jemperli) (TABLE 2).14  

Neoadjuvant Immunotherapy  
in dMMR, Early-Stage Colorectal Cancer:  

The Plot Thickens
by SAKTI CHAKRABARTI, MD
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Recently, a flurry of data have been published, 
further supporting the role of neoadjuvant immu-
notherapy in patients with localized dMMR CRC. A 
phase 2 study with 35 early-stage patients with dMMR 
solid tumors receiving pembrolizumab (Keytruda)–
based neoadjuvant immunotherapy reported a 65% 
pCR rate among the patients who underwent surgery 
(n = 17) (TABLE 3).18 A systematic review of published 
data from studies by our group reported a 69% pCR 
rate among the patients who underwent neoadjuvant 
immunotherapy followed by surgery.19 It is important 
to highlight that cancer progression or death during 
neoadjuvant immunotherapy was not reported in any of 
the study data, underscoring the safety of this strategy. 
None of the patients included in the systemic review 
had cancer relapse, although the follow-up is short. An 
extraordinarily high pCR rate with neoadjuvant immu-
notherapy predicts favorable long-term outcomes, given 
the consistently demonstrated strong relationship 
between pCR and long-term survival in many studies 
with neoadjuvant immunotherapy.20,21

The extraordinary pCR rate achieved with neoadju-
vant immunotherapy in the subgroup of patients with 
early-stage CRC with dMMR tumors promises a possi-
bility of an organ-preservation strategy. Although the 
organ-preservation strategy is not the current SOC 
in any subset of patients with colon cancer, surgi-
cally unfit patients with dMMR tumors often receive 
immunotherapy only and frequently achieve complete 
remission. Our group presented data on 24 surgically 
unfit patients with dMMR CRC who received neoad-
juvant immunotherapy in a real-world setting. This 
study’s data showed an overall response rate of 74% 
with a 57% CR (pCR plus clinical CR) rate (TABLE 4).22 
In this group, 79% of patients showed no sign of 
progression after a median follow-up of 12.5 months 
(range, 2-69). In the phase 2 study mentioned above,18 
18 patients did not pursue surgery after neoadjuvant 
immunotherapy. After a median follow-up of 38 weeks 
(range, 0-103) from the last dose of pembrolizumab, 14 
of 18 patients remained progression free. 

These data pave the way toward a nonoperative 
organ-sparing approach, although several critical 
barriers must be overcome. The most critical barrier 
is the lack of a reliable tool to assess tumor response 
to neoadjuvant immunotherapy. It would be essential 
to recognize the disease progression during treatment 
with neoadjuvant immunotherapy to avoid missing 
the window of curative resection, although disease 
progression during treatment is exceedingly rare. 
Circulating tumor DNA could be an important tool for 
response assessment once data from validation stud-
ies confirm the accuracy of this approach. The other 
barriers include the unknown optimal duration of 
neoadjuvant immunotherapy and a lack of consensus 
with respect to the optimal neoadjuvant immuno-
therapy regimen. Well-designed clinical trials will be 
needed to address these questions. ■

For a full list of references,  
see the article at  . 

TABLE 3.  Outcomes With Pembrol izumab in dMMR Sol id Tumors 18

Phase 2 study (NCT04082572)

Patient population dMMR locally advanced solid tumors

Intervention Cycles 1-3: pembrolizumab 200 mg IV
Surgical resection

Efficacy outcomes

Outcome

pCR (95% CI) in evaluable population (n = 15) 67% (38%-88%)

pCR in patients with CRC (n = 14) 79%

Radiographic overall response (n = 33) 82%

CRC, colorectal cancer; dMMR, mismatch repair deficient; IV, intravenous; pCR, pathologic complete response.

TABLE 4.  Real -world Data in  dMMR Colon Cancer 22

Patient population dMMR/MSI-H colon cancer

Intervention Neoadjuvant IO
Surgical resection

Efficacy outcomes

Outcome

ORR in evaluable population (n = 23) 74%

CR in evaluable population (n = 23)a 57%

Median PFS/median OS NR/NR

CR, complete response; dMMR, mismatch repair deficient; IO, immuno-oncology; MSI-H, microsatellite instability high; NR, not reached; ORR, overall 
response rate; OS, overall survival; PFS, progression-free survival.

aCR is defined as pathologic CR plus clinical CR.

TABLE 1.  Outcomes in NICHE-2 12

NICHE-2

Patient population Nonmetastatic, previously untreated dMMR colon adenocarcinoma

Intervention
Cycle 1: nivolumab 3 mg/kg plus ipilimumab 1 mg/kg
Cycle 2: nivolumab 3 mg/kg 
Surgery 

Efficacy outcomes

Outcome (N = 107)

Pathologic response 99%

Major pathologic response 95%

pCR 67%

Patients with disease recurrence  
at 13.1-month follow-up

0

dMMR, mismatch repair deficient; pCR, pathologic complete response.

TABLE 2.  Outcomes With Dostar l imab 14

Phase 2 study (NCT04165772)

Patient population dMMR stage II or III rectal adenocarcinoma

Intervention

Cycles 1-9: neoadjuvant dostarlimab 500 mg IV every 3 weeks 
Standard radiation therapy with concurrent administration of 
capecitabine at standard doses
Total mesorectal excision 

Efficacy outcomes

Outcome (N = 12)

Clinical complete response  
(95% CI)

100% (74%-100%)

Disease progression 0%

dMMR, mismatch repair deficient; IV, intravenous.
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Long-term OS Data Support Pembrolizumab  
Plus Total Neoadjuvant Therapy in Locally 

Advanced Rectal Cancer
by RYAN SCOTT

ALTHOUGH ADDING VELIPARIB (ABT-888) 
or pembrolizumab (Keytruda) to total neoadjuvant 
therapy did not improve short-term outcomes for 
patients with stage II/III locally advanced rectal 
cancer; however, the addition of pembrolizumab 
was associated with improved 3-year overall 
survival (OS), according to long-term data from the 
phase 2 NRG-GI002 trial (NCT02921256).1

Findings presented at the 2023 American 
Society of Clinical Oncology Gastrointestinal 
Cancers Symposium showed that patients treated 
with pembrolizumab plus FOLFOX (folinic acid, 
fluorouracil, oxaliplatin) followed by chemora-
diation and then surgery (n = 90), experienced 
a 3-year OS rate of 95% compared with 87% for 
patients treated with total neoadjuvant ther-
apy alone (n = 95; HR, 0.35; 95% CI, 0.12-1.00; 
P = .04). Veliparib plus total neoadjuvant therapy 
(n = 90) induced a 3-year OS rate of 85% 
compared with 92% for patients in the 
control arm (n = 88; HR, 2.13; 95% CI, 
0.86-5.29; P = .10).1

“[These data] inspire us to dig deep 
into the data and understand more why 
a subset of patients seems to derive 
benefit through correlative biomarker 
analyses, which is the next step for 
this study,” lead study author Thomas J. 
George, MD, FACP, explained.

In an interview with OncologyLive®, George 
highlighted the long-term data from the 
NRG-GI002 trial, and discusses the subsets of 
patients who may benefit from the addition of 
pembrolizumab, and what the use of total neoad-
juvant therapy has meant for patients with stage 
II/III locally advanced rectal cancer. George is a 
professor in the Department of Medicine, Division 
of Hematology and Oncology, and the director 
of the Gastrointestinal Oncology Program at the 
University of Florida in Gainesville.

Q
What clinical question drove  
this research?

This research all originated from [the need] 
to improve outcomes for patients with locally 
advanced rectal cancer. This is a disease that 
plagues many of our patients. They are symp-
tomatic, have a large burden of disease, and need 
better outcomes.

We organized this study specifically to look at 
the incorporation of total neoadjuvant therapy, 

[which is] the inclusion of chemotherapy, chemo-
therapy with radiation, and surgical resection. 
These patients [had] bulky, large, sphincter-com-
promising, locally advanced rectal cancer.

Our goal was to use that total neoadjuvant ther-
apy as a platform to add new agents into that 
approach and try to improve outcomes for patients. 
The outcomes specifically [included] reduction in 
the burden of disease, so [patients] could success-
fully undergo a complete surgical resection.

There were a lot of early efforts to try to bring 
new therapies into the neoadjuvant space and to 
establish total neoadjuvant therapy for patients 
with rectal cancer. However, this was the first 
cooperative group study in the United States—a 
large, multi-institutional study incorporating 
more than 100 different sites—to try to gener-
alize and bring total neoadjuvant therapy to 

the masses in both community and 
academic centers.

Q
What did the long-term data  
from this trial show?

This was a platform study, and this is 
the first time that we’re able to provide 
the updated short-term results, but also 
the first look at the long-term follow-up 
for these patients.

The first experimental arm included 
the incorporation of veliparib, a PARP inhibitor, 
to see if we could improve and take advantage 
of the radiation-damaging effects on DNA and 
prevent recovery of the tumor through inhib-
iting the PARP enzymes. That experimental 
arm demonstrated no statistically significant 
improvements in both short-term and long-
term outcomes. Unfortunately, it did not seem 
to be of benefit or improve patients in an unse-
lected population.

The second experimental arm, because this 
was a platform study, allowed us to test a novel 
immunotherapy, which was pembrolizumab, that 
was incorporated with radiation and in the space 
after radiation up until the time of surgery to take 
advantage of the radiation’s effects on increasing 
nonantigenic burden, improving the immunoge-
nicity of the tumor, and taking advantage of that 
with checkpoint inhibitor therapy.

[Pembrolizumab], when incorporated into total 
neoadjuvant therapy, also did not demonstrate 
any statistically significant improvements in 

short-term end points or short-term outcomes for 
patients, including pathologic complete response 
[pCR], downstaging with neoadjuvant rectal score, 
sphincter preservation improvements, or clinical 
CRs. However, it did appear to have a statistically 
significant improvement in the 3-year OS.

There was a statistically significant 3-year OS 
advantage for patients treated with pembroli-
zumab compared with those not treated with 
pembrolizumab, although there were no differ-
ences in short-term outcomes.

Q How could these results affect 
current practice?

These results give us a lot of confidence that total 
neoadjuvant therapy for patients is here to stay. 
We now have established some reliable and repro-
ducible benchmarks for how we can optimize 
therapy for patients today with current stan-
dards of care, and total neoadjuvant therapy is a 
current standard of care for patients with locally 
advanced rectal cancer.

However, there remain a lot of unanswered 
questions, both in this clinical trial data set as 
to why some patients benefited and others didn’t, 
as well as teasing out if there were subpopu-
lations where there might be opportunities to 
exploit deficiencies in the way the tumors metab-
olize these drugs or the way the immune system 
engages it to improve outcomes.

We are excited about the opportunity that total 
neoadjuvant therapy brings because if we are 
successful in giving every patient with high-
risk disease systemic therapy and local ablative 
therapy with radiation, we may induce enough 
downstaging of the tumors that we may be able 
to forgo surgical resection and turn this into a 
nonoperative disease.

The next study that recently launched is the 
[phase 2] JANUS trial [NCT05610163]. This is 
an exciting study because it takes advantage of 
total neoadjuvant therapy, and with an oppor-
tunity to further intensify for patients to see if 
we can induce a higher clinical CR [rate], allow-
ing nonoperative support for patients and maybe 
being able to safely forgo surgical resection and 
allow them to get on with their lives without the 
effects of surgery. ■

Read the full interview and see  
references at  . 

Thomas J. George, 
MD, FACP
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Adjuvant T-DM1 Plus Concurrent Radiation  
Not Associated With Increased Cardiotoxicity  

in HER2+ Breast Cancer
by RYAN SCOTT 

ADJUVANT ADO-TRASTUZUMAB emtansine 
(T-DM1; Kadcyla) plus concurrent radiation ther-
apy did not result in cardiotoxicities in patients 
with early-stage HER2-positive breast cancer, 
according to data from a retrospective institu-
tional study presented in a poster at the 2022 San 
Antonio Breast Cancer Symposium.

The institutional review from the Rutgers 
Cancer Institute of New Jersey in New Brunswick 
identified 31 patients with early-stage, HER2-
positive breast cancer who received adjuvant 
T-DM1 with concurrent radiation for stage I to 
III breast cancer from January 2020 to 
January 2022. Findings showed that the 
mean preradiation left ventricle injec-
tion fraction (LVEF) was 60% compared 
with the postradiation LVEF was 61%. 
Investigators noted that there was no 
statically significant difference in LVEF 
after radiation (P = .343).

“Based on this small study, we have 
sufficient data to say that [adjuvant 
T-DM1 plus breast radiation] is safe. 
However, the sample size is a limitation of the 
study. A larger study looking at this question, 
specifically using more sensitive cardiac biomark-
ers, would give us more information,” lead study 
author Mridula George, MD, explained in an 
interview with OncologyLive®.

George discussed the methods used to evalu-
ate cardiotoxicity associated with this regimen, 
elaborated on findings from the retrospective 
study, and explained what implications these 
data may have on the use of T-DM1 plus radiation 
in patients with early-stage HER2-positive breast 
cancer. George is a medical oncologist at the 
Stacy Goldstein Breast Cancer Center, Rutgers 
Cancer Institute of New Jersey, and an assistant 
professor of medicine at Rutgers Robert Wood 
Johnson Medical School.

Q
What was the rationale of 
investigating cardiotoxicity 

associated with adjuvant T-DM1 and 
concurrent radiation therapy?
T-DM1 has been approved for the treatment of 
metastatic HER2-positive breast cancer, and 
[since] 2019—based on the data from the [phase 
3] KATHERINE study [NCT01772472], which 
showed a benefit in invasive disease-free survival 
[vs trastuzumab (Herceptin)] in patients who had 

residual disease after neoadjuvant systemic ther-
apy—adjuvant T-DM1 has been used.

However, in the adjuvant setting after patients 
are done with surgery, they also need adjuvant 
breast radiation. There is a concern whether the 
concurrent use of T-DM1 with breast radiation 
would increase the risk of cardiotoxicity.

T-DM1, along with [other] HER2-targeted 
therapies, such as trastuzumab, increased the 
risk of cardiotoxicity that ranges from 2% to 4%. 
Radiation also increases the risk of ischemic 
heart disease, especially in women receiving 

left-sided breast radiation, given the 
proximity of the left breast to the heart.

Radiation oncologists, as well as medi-
cal oncologists, have a concern about 
cardiotoxicity. I’ve talked to providers 
who don’t use trastuzumab concur-
rently with T-DM1, given this concern of 
cardiotoxicity with concurrent use.

Based on this need, we did a retro-
spective study within [Rutgers 
Cancer Institute of New Jersey], look-

ing at patients who were receiving T-DM1 and 
concurrent breast radiation to determine if 
there was a decline of cardiac function, specifi-
cally [in LVEF].

Q What findings from this institutional 
review were shared at the 2022 San 

Antonio Breast Cancer Symposium?
We identified [32] patients who had concur-
rent T-DM1 with adjuvant breast radiation. 
These patients also were monitored by echocar-
diograms on at least a 3-month interval. That 
gave us the opportunity to look at the changes 
in cardiac function while they were getting the 
drug [concurrently with] adjuvant radiation.

All [patients] were women. Thirteen of the 
31 patients had left-sided breast cancer, so they 
received left-sided breast radiation. Nineteen 
had right-sided breast cancer.

Fifteen patients had a history of hypertension, 
which increases the risk for cardiac dysfunction. 
We looked at the LVEF before patients started 
treatment, as well as post treatment, and there 
wasn’t a significant difference of LVEF in patients 
who received concurrent T-DM1 and radiation.

However, during the study, there were 2 
patients who had a greater than 10% decline in 
their LVEF. Both patients were older, in their 

late 60s. They had a history of hypertension, but 
with the discontinuation of the drug, both had a 
restoration of their LVEF. They did not have any 
symptoms of heart failure, and they were both 
followed by cardiologists.

Q
What does this research indicate 
about the future use of adjuvant 

T-DM1 and radiation therapy in patients 
with early-stage HER2-positive 
breast cancer?
Our study is a small institutional study. We 
could do a larger study looking at this question 
[of cardiotoxicity associated with concurrent 
T-DM1 and breast radiation], especially look-
ing at cardiac biomarkers to see if there is a 
change in cardiac biomarkers while patients are 
receiving radiation.

With the use of radiation, there is an increased 
risk of ischemic heart disease, especially in 
women receiving left-sided breast radiation. A 
longer follow-up of these patients is needed to 
determine if the concurrent use of T-DM1 and 
radiation does increase the risk of ischemic 
heart disease, especially in women receiving 
left-sided breast radiation.

Q What steps should physicians take 
when treating patients who are at  

a higher risk of cardiotoxicity with 
this regimen?
There are some concerns, especially among 
radiation oncologists, about giving radiation to 
patients receiving T-DM1. Based on these data 
and other studies that have looked at this infor-
mation, I believe it is safe at this time to use 
adjuvant radiation with T-DM1.

However, a patient’s cardiac function should 
be closely monitored with echocardiograms. If 
patients have underlying risk factors, such as 
poorly controlled hypertension, hyperlipidemia, 
obesity, or a history of smoking, those patients 
should be more closely monitored, and if needed, 
they should be referred to a cardiologist if they 
have early signs of cardiac dysfunction. ■
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NCCN 
Guidelines®
Category 2A 
Recommendations2*

Pacritinib (VONJO) recommendations include first- and second-line usage:
•  First-line treatment option for higher-risk myelofibrosis patients with platelet counts 

<50 x 109/L who are not candidates for transplant
•  Consider as a second-line treatment option for patients with higher-risk myelofibrosis 

who are not candidates for transplant with platelet counts ≥50 x 109/L with no response 
or loss of response to one prior JAK inhibitor and for patients with symptomatic 
lower-risk myelofibrosis with platelet counts <50 x 109/L with no response or loss of 
response to initial treatment



Important Safety Information (cont.)
WARNINGS AND PRECAUTIONS (cont.)
Hemorrhage (cont.): Grade ≥3 bleeding events (defined as requiring transfusion or invasive 
intervention) occurred in 15% of patients treated with VONJO compared to 7% of patients 
treated with control arm. Due to hemorrhage, VONJO dose reductions, dose interruptions, or 
permanent discontinuations occurred in 3%, 3%, and 5% of patients, respectively. Avoid use of 
VONJO in patients with active bleeding and hold VONJO 7 days prior to any planned surgical or 
invasive procedures.
Assess platelet counts periodically, as clinically indicated. Manage hemorrhage using 
treatment interruption and medical intervention. In the case of severe bleeding, hold VONJO 
until hemorrhage resolves. When the bleeding has resolved, restart treatment at 50% of the 
last given dose. If the bleeding recurs, discontinue treatment with VONJO. In the event of 
life-threatening bleeding, discontinue VONJO.
Diarrhea: VONJO caused diarrhea in approximately 48% of patients compared to 15% of 
patients treated with the control arm. The median time to resolution in VONJO-treated patients 
was 2 weeks. The incidence of reported diarrhea decreased over time with 41% of patients 
reporting diarrhea in the first 8 weeks of treatment, 15% in Weeks 8-16, and 8% in Weeks 16-24. 
Diarrhea resulted in treatment interruption in 3% of VONJO-treated patients. None of the VONJO-
treated patients reported diarrhea that resulted in treatment discontinuation. Serious diarrhea 
adverse reactions occurred in 2% of patients treated with VONJO compared to none in the 
control arm.
Control preexisting diarrhea before starting VONJO treatment. Manage diarrhea with 
antidiarrheal medications, fluid replacement, and dose modification. Treat diarrhea with 
antidiarrheal medications promptly at the first onset of symptoms. Interrupt or reduce VONJO 
dose in patients with significant diarrhea despite optimal supportive care. In patients with 
Grade 3 or 4 diarrhea, hold VONJO until it resolves to Grade ≤1 or baseline, and restart VONJO at 
the last given dose. Intensify antidiarrheal regimen and provide fluid replacement. For 
recurrent diarrhea, hold VONJO until the diarrhea resolves to Grade ≤1 or baseline, and restart 
VONJO at 50% of the last given dose once the toxicity has resolved. Concomitant antidiarrheal 
treatment is required for patients restarting VONJO.
Thrombocytopenia: VONJO can cause thrombocytopenia. VONJO dosing was reduced due to 
worsening thrombocytopenia in 2% of patients with preexisting moderate to severe 
thrombocytopenia (platelet count <100 x 109/L). VONJO dosing was reduced due to worsening 
thrombocytopenia in 2% of patients with preexisting severe thrombocytopenia (platelet count 
<50 x 109/L). Monitor platelet count prior to VONJO treatment and as clinically indicated during 
treatment. Interrupt VONJO in patients with clinically significant worsening of 
thrombocytopenia that lasts for more than 7 days. Restart VONJO at 50% of the last given dose 
once the toxicity has resolved. If toxicity recurs, hold VONJO. Restart VONJO at 50% of  
the last given dose once the toxicity has resolved.
Prolonged QT Interval: VONJO can cause prolongation of the QTc interval. QTc prolongation of 
>500 msec was higher in VONJO-treated patients than in patients in the control arm  
(1.4% vs 1%). QTc increase from baseline by 60 msec or higher was greater in VONJO-treated 
patients than in control arm patients (1.9% vs 1%). Adverse reactions of QTc prolongation were 
reported for 3.8% of VONJO-treated patients and 2% of control arm patients. No cases of 
torsades de pointes were reported.
Avoid use of VONJO in patients with a baseline QTc of >480 msec. Avoid use of drugs with significant 
potential for QTc prolongation in combination with VONJO. Correct hypokalemia prior to and during 
VONJO treatment. Manage QTc prolongation using VONJO interruption and electrolyte management. 
In the case of QTc prolongation >500 msec or >60 msec from baseline, hold VONJO. If QTc 
prolongation resolves to ≤480 msec or baseline within 1 week, restart VONJO at the same dose. If 
time to resolution is >1 week, restart VONJO at a reduced dose.
Major Adverse Cardiac Events (MACE): Another Janus associated kinase (JAK) inhibitor has 
increased the risk of MACE, including cardiovascular death, myocardial infarction, and stroke 
(compared to those treated with TNF blockers) in patients with rheumatoid arthritis, a 
condition for which VONJO is not indicated. 
Consider the benefits and risks for the individual patient prior to initiating or continuing 
therapy with VONJO, particularly in patients who are current or past smokers and patients with 
other cardiovascular risk factors. Patients should be informed about the symptoms of serious 
cardiovascular events and the steps to take if they occur.
Thrombosis: Another JAK inhibitor has increased the risk of thrombosis, including deep venous 
thrombosis, pulmonary embolism, and arterial thrombosis (compared to those treated with TNF 
blockers) in patients with rheumatoid arthritis, a condition for which VONJO is not indicated. 
Patients with symptoms of thrombosis should be promptly evaluated and treated appropriately.
Secondary Malignancies: Another JAK inhibitor has increased the risk of lymphoma and 
other malignancies, excluding non-melanoma skin cancer (NMSC), (compared to those treated 
with TNF blockers) in patients with rheumatoid arthritis, a condition for which VONJO is not 
indicated. Patients who are current or past smokers are at additional increased risk. 
Consider the benefits and risks for the individual patient prior to initiating or continuing 
therapy with VONJO, particularly in patients with a known malignancy (other than a 
successfully treated NMSC), patients who develop a malignancy, and patients who are current 
or past smokers.

Risk of Infection: Another JAK inhibitor has increased the risk of serious infections (compared 
to best available therapy) in patients with myeloproliferative neoplasms. Serious bacterial, 
mycobacterial, fungal, and viral infections may occur in patients treated with VONJO. Delay 
starting therapy with VONJO until active serious infections have resolved. Observe patients 
receiving VONJO for signs and symptoms of infection and manage promptly. Use active 
surveillance and prophylactic antibiotics according to clinical guidelines.
DRUG INTERACTIONS
Effect of Other Drugs on VONJO: VONJO is predominantly metabolized by CYP3A4. 
Coadministration of VONJO with strong CYP3A4 inhibitors or inducers are contraindicated. 
Avoid concomitant use of VONJO with moderate CYP3A4 inhibitors or inducers.
Effect of VONJO on Other Drugs: VONJO is an inhibitor of CYP1A2, CYP3A4, P-glycoprotein 
(P-gp), breast cancer resistance protein (BCRP), and organic cation transporter 1 (OCT1) in vitro. 
Concomitant administration of VONJO with these substrates may increase their plasma 
concentrations. Avoid coadministration of VONJO with drugs that are sensitive substrates of 
CYP1A2, CYP3A4, P-gp, BCRP, or OCT1.
ADVERSE REACTIONS
Fatal adverse reactions occurred in 8% of patients receiving VONJO 200 mg twice daily and in 
9% of patients treated with best available therapy (BAT). The fatal adverse reactions among 
patients treated with VONJO 200 mg twice daily included events of disease progression (3%), 
and multiorgan failure, cerebral hemorrhage, meningorrhagia, and acute myeloid leukemia in 
<1% of patients each, respectively. 
Serious adverse reactions occurred in 47% of patients treated with VONJO 200 mg twice daily 
and in 31% of patients treated with BAT. The most frequent serious adverse reactions occurring 
in ≥3% patients receiving VONJO 200 mg twice daily were anemia (8%), thrombocytopenia 
(6%), pneumonia (6%), cardiac failure (4%), disease progression (3%), pyrexia (3%), and 
squamous cell carcinoma of skin (3%). 
Permanent discontinuation due to an adverse reaction occurred in 15% of patients receiving 
VONJO 200 mg twice daily compared to 12% of patients treated with BAT. The most frequent 
reasons for permanent discontinuation in ≥2% of patients receiving VONJO 200 mg twice daily 
included anemia (3%) and thrombocytopenia (2%).
The most common adverse reactions in ≥20% of patients (N=106) were diarrhea, 
thrombocytopenia, nausea, anemia, and peripheral edema.
USE IN SPECIFIC POPULATIONS
Pregnancy: There are no available data on VONJO use in pregnant women to evaluate for a 
drug-associated risk of major birth defects, miscarriage, or adverse maternal or fetal outcomes. 
Advise pregnant women of the potential risk to a fetus. Consider the benefits and risks of VONJO 
for the mother and possible risks to the fetus when prescribing VONJO to a pregnant woman.
Lactation: There are no data on the presence of pacritinib in either human or animal milk, the 
effects on the breastfed child, or the effects on milk production. It is not known whether VONJO 
is excreted in human milk. Because of the potential for serious adverse reactions in the 
breastfed child, advise patients that breastfeeding is not recommended during treatment with 
VONJO, and for 2 weeks after the last dose.
Infertility: Pacritinib reduced male mating and fertility indices in BALB/c mice. Pacritinib may 
impair male fertility in humans.
Pediatric Use: The safety and effectiveness of VONJO in pediatric patients have not been 
established.
Hepatic Impairment: Administration of a single dose of VONJO 400 mg to subjects with 
hepatic impairment resulted in a decrease in the geometric mean area under the 
concentration curve (AUC) of pacritinib by 8.5%, 36%, and 45% in subjects with mild 
[Child-Pugh A], moderate [Child-Pugh B], or severe hepatic impairment [Child-Pugh C], 
respectively, compared to subjects with normal hepatic function. Avoid use of VONJO in 
patients with moderate [Child-Pugh B] or severe hepatic impairment [Child-Pugh C].
Renal Impairment: Administration of a single dose of VONJO 400 mg to subjects with renal 
impairment resulted in approximately 30% increase in maximal concentration (Cmax) and AUC 
of pacritinib in subjects with eGFR 15 to 29 mL/min and eGFR <15 mL/min on hemodialysis 
compared to subjects with normal renal function (eGFR ≥90 mL/min). Avoid use of VONJO in 
patients with eGFR <30 mL/min.
Please see Brief Summary on the following pages and full Prescribing Information  
at VONJO.com.

References: 1. VONJO. Prescribing information. CTI BioPharma Corp.; 2022. 2. Referenced with 
permission from the NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for 
Myeloproliferative Neoplasms V.3.2022. © National Comprehensive Cancer Network, Inc 2022.  
All rights reserved. Accessed August 11, 2022. To view the most recent and complete version of the 
guidelines, go online to NCCN.org. NCCN makes no warranties of any kind whatsoever regarding their 
content, use, or application and disclaims any responsibility for their application or use in any way.



VONJO® (pacritinib) capsules, for oral use
Initial U.S. Approval: 2022
BRIEF SUMMARY: Consult the package insert for complete prescribing 
information.
1 INDICATIONS AND USAGE
VONJO® (pacritinib) is indicated for the treatment of adults with intermediate or 
high-risk primary or secondary (post-polycythemia vera [PPV] or post-essential 
thrombocythemia [PET]) myelofibrosis (MF) with a platelet count below  
50 × 109/L.
This indication is approved under accelerated approval based on spleen 
volume reduction. Continued approval for this indication may be contingent 
upon verification and description of clinical benefit in a confirmatory trial(s).
2 DOSAGE AND ADMINISTRATION
2.1 Recommended Dosage
The recommended dosage of VONJO is 200 mg orally twice daily, with or 
without food. Swallow capsules whole. Do not open, break, or chew capsules.
Patients who are on treatment with other kinase inhibitors before the initiation 
of VONJO must taper or discontinue according to the prescribing information for 
that drug.
4 CONTRAINDICATIONS
VONJO is contraindicated in patients concomitantly using strong CYP3A4 
inhibitors or inducers as these medications can significantly alter exposure to 
pacritinib, which may increase the risk of adverse reactions or impair efficacy.
5 WARNINGS AND PRECAUTIONS
5.1 Hemorrhage
Serious (11%) and fatal (2%) hemorrhages have occurred in VONJO-treated 
patients with platelet counts <100 x 109/L. Serious (13%) and fatal (2%) 
hemorrhages have occurred in VONJO-treated patients with platelet counts  
<50 x 109/L. Grade ≥3 bleeding events (defined as requiring transfusion or 
invasive intervention) occurred in 15% of patients treated with VONJO compared 
to 7% of patients treated with control arm. Due to hemorrhage, VONJO dose 
reductions, dose interruptions, or permanent discontinuations occurred in 3%, 
3%, and 5% of patients, respectively.
Avoid use of VONJO in patients with active bleeding and hold VONJO 7 days prior 
to any planned surgical or invasive procedures. Assess platelet counts 
periodically, as clinically indicated. Manage hemorrhage using treatment 
interruption and medical intervention.
5.2 Diarrhea
VONJO caused diarrhea in approximately 48% of patients compared to 15% of 
patients treated with the control arm. The median time to resolution in VONJO-
treated patients was 2 weeks. The incidence of reported diarrhea decreased 
over time with 41% of patients reporting diarrhea in the first 8 weeks of 
treatment, 15% in Weeks 8-16, and 8% in Weeks 16-24. Diarrhea resulted in 
treatment interruption in 3% of VONJO-treated patients. None of the VONJO-
treated patients reported diarrhea that resulted in treatment discontinuation. 
Serious diarrhea adverse reactions occurred in 2% of patients treated with 
VONJO compared to no such adverse reactions in patients in the control arm.
Control preexisting diarrhea before starting VONJO treatment. Manage diarrhea 
with antidiarrheal medications, fluid replacement, and dose modification. Treat 
diarrhea with antidiarrheal medications promptly at the first onset of 
symptoms. Interrupt or reduce VONJO dose in patients with significant diarrhea 
despite optimal supportive care.
5.3 Thrombocytopenia
VONJO can cause worsening thrombocytopenia. VONJO dosing was reduced 
due to worsening thrombocytopenia in 2% of patients with preexisting 
moderate to severe thrombocytopenia (platelet count <100 x 109/L). VONJO 
dosing was reduced due to worsening thrombocytopenia in 2% of patients with 
preexisting severe thrombocytopenia (platelet count <50 x 109/L). Monitor 
platelet count prior to VONJO treatment and as clinically indicated during 
treatment. Interrupt VONJO in patients with clinically significant worsening of 
thrombocytopenia that lasts for more than 7 days. Restart VONJO at 50% of the 
last given dose once the toxicity has resolved. If toxicity recurs, hold VONJO. 
Restart VONJO at 50% of the last given dose once the toxicity has resolved.  

5.4 Prolonged QT Interval
VONJO can cause prolongation of the QTc interval. QTc prolongation of >500 msec 
was higher in VONJO-treated patients than in patients in the control arm (1.4% 
vs 1%). QTc increase from baseline by 60 msec or higher was greater in VONJO-
treated patients than in control arm patients (1.9% vs 1%). Adverse reactions of 
QTc prolongation were reported for 3.8% of VONJO-treated patients and 2% of 
control arm patients. No cases of torsades de pointes were reported.
Avoid use of VONJO in patients with a baseline QTc of >480 msec. Avoid use of 
drugs with significant potential for QTc prolongation in combination with VONJO. 
Correct hypokalemia prior to and during VONJO treatment. Manage QTc 
prolongation using VONJO interruption and electrolyte management.
5.5 Major Adverse Cardiac Events (MACE)
Another Janus associated kinase (JAK) inhibitor has increased the risk of MACE, 
including cardiovascular death, myocardial infarction, and stroke (compared to 
those treated with TNF blockers) in patients with rheumatoid arthritis, a 
condition for which VONJO is not indicated. 
Consider the benefits and risks for the individual patient prior to initiating or 
continuing therapy with VONJO, particularly in patients who are current or past 
smokers and patients with other cardiovascular risk factors. Patients should be 
informed about the symptoms of serious cardiovascular events and the steps to 
take if they occur.
5.6 Thrombosis
Another JAK inhibitor has increased the risk of thrombosis, including deep 
venous thrombosis, pulmonary embolism, and arterial thrombosis (compared 
to those treated with TNF blockers) in patients with rheumatoid arthritis, a 
condition for which VONJO is not indicated. Patients with symptoms of 
thrombosis should be promptly evaluated and treated appropriately.
5.7 Secondary Malignancies
Another JAK inhibitor has increased the risk of lymphoma and other 
malignancies, excluding non-melanoma skin cancer (NMSC), (compared to 
those treated with TNF blockers) in patients with rheumatoid arthritis, a 
condition for which VONJO is not indicated. Patients who are current or past 
smokers are at additional increased risk. 
Consider the benefits and risks for the individual patient prior to initiating or 
continuing therapy with VONJO, particularly in patients with a known 
malignancy (other than a successfully treated NMSC), patients who develop a 
malignancy, and patients who are current or past smokers.
5.8 Risk of Infection
Another JAK inhibitor has increased the risk of serious infections (compared to 
best available therapy) in patients with myeloproliferative neoplasms. Serious 
bacterial, mycobacterial, fungal, and viral infections may occur in patients 
treated with VONJO. Delay starting therapy with VONJO until active serious 
infections have resolved. Observe patients receiving VONJO for signs and 
symptoms of infection and manage promptly. Use active surveillance and 
prophylactic antibiotics according to clinical guidelines.
5.9 Interactions With CYP3A4 Inhibitors or Inducers
Coadministration of VONJO with strong CYP3A4 inhibitors or inducers is 
contraindicated. Avoid concomitant use of VONJO with moderate CYP3A4 
inhibitors or inducers. 
6 ADVERSE REACTIONS
The following clinically significant adverse reactions are described elsewhere 
in the labeling:  
 • Hemorrhage [see Warnings and Precautions (5.1)]
 • Diarrhea [see Warnings and Precautions (5.2)]
 • Thrombocytopenia [see Warnings and Precautions (5.3)]
 • Prolonged QT Interval [see Warnings and Precautions (5.4)]
 • Major Adverse Cardiac Events [see Warnings and Precautions (5.5)]
 • Thrombosis [see Warnings and Precautions (5.6)]
 • Secondary Malignancies [see Warnings and Precautions (5.7)]
 • Risk of Infection [see Warnings and Precautions (5.8)]
6.1 Clinical Trials Experience
Because clinical trials are conducted under widely varying conditions, adverse 
reaction rates observed in the clinical trials of a drug cannot be directly 
compared to rates in the clinical trials of another drug and may not reflect the 
rates observed in practice.
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6 ADVERSE REACTIONS (cont.)
6.1 Clinical Trials Experience (cont.)
PERSIST-2 Trial
The safety of VONJO was evaluated in the randomized, controlled PERSIST-2 
trial. In PERSIST-2, key eligibility criteria included adults with intermediate or 
high-risk primary or secondary (PPV or PET) MF with splenomegaly and a 
platelet count ≤100 × 109/L. Prior JAK inhibitor therapy was permitted. Patients 
received VONJO at 200 mg twice daily (n=106), 400 mg once daily (n=104), or 
best available therapy ([BAT] n=98). Forty-seven (44%) of the 106 patients 
treated with VONJO 200 mg twice daily had a baseline platelet count of  
<50 x 109/L. The 400 mg once daily dose could not be established to be safe,  
so further information on this arm is not provided.
In PERSIST-2, among the 106 patients treated with VONJO 200 mg twice daily, 
the median baseline hemoglobin was 9.7 g/dL, and the median drug exposure 
was 25 weeks. Fifty-four percent of patients were exposed for 6 months, and 
18% were exposed for approximately 12 months. Accounting for dose 
reductions, the average daily dose (mean relative dose intensity) and median 
daily dose (median relative dose intensity) were 380 mg (95%) and 400 mg 
(100%), respectively, for patients receiving VONJO twice daily. 
The median age of patients who received VONJO 200 mg twice daily was 67 years 
(range: 39 to 85 years), 59% were male, 86% were White, 3% were Asian, 2% were 
Native Hawaiian or Other Pacific Islander, 0% were Black, 9% did not report race, 
and 87% had an Eastern Cooperative Oncology Group performance status of 0 to 1.
Serious adverse reactions occurred in 47% of patients treated with VONJO  
200 mg twice daily and in 31% of patients treated with BAT. The most frequent 
serious adverse reactions occurring in ≥3% patients receiving VONJO 200 mg 
twice daily were anemia (8%), thrombocytopenia (6%), pneumonia (6%), 
cardiac failure (4%), disease progression (3%), pyrexia (3%), and squamous cell 
carcinoma of skin (3%). Fatal adverse reactions occurred in 8% of patients 
receiving VONJO 200 mg twice daily and in 9% of patients treated with BAT. The 
fatal adverse reactions among patients treated with VONJO 200 mg twice daily 
included events of disease progression (3%), and multiorgan failure, cerebral 
hemorrhage, meningorrhagia, and acute myeloid leukemia in <1% of patients 
each, respectively.
Permanent discontinuation due to an adverse reaction occurred in 15% of 
patients receiving VONJO 200 mg twice daily compared to 12% of patients 
treated with BAT. The most frequent reasons for permanent discontinuation in 
≥2% of patients receiving VONJO 200 mg twice daily included anemia (3%) and 
thrombocytopenia (2%).
Drug interruptions due to an adverse reaction occurred in 27% of patients who 
received VONJO 200 mg twice daily compared to 10% of patients treated with BAT. 
The most frequent reasons for drug interruption in ≥2% of patients receiving 
VONJO 200 mg twice daily were anemia (5%), thrombocytopenia (4%), diarrhea 
(3%), nausea (3%), cardiac failure (3%), neutropenia (2%), and pneumonia (2%).
Dosage reductions due to an adverse reaction occurred in 12% of patients who 
received VONJO 200 mg twice daily compared to 7% of patients treated with 
BAT. Adverse reactions requiring dosage reduction in ≥2% of patients who 
received VONJO 200 mg twice daily included thrombocytopenia (2%), 
neutropenia (2%), conjunctival hemorrhage (2%), and epistaxis (2%).
The most common adverse reactions in ≥20% of patients (N=106) were 
diarrhea, thrombocytopenia, nausea, anemia, and peripheral edema.
Table 5 summarizes the common adverse reactions in PERSIST-2 during 
randomized treatment.
Table 5  Adverse Reactions Reported in ≥10% Patients Receiving VONJO (200 mg 

Twice Daily) or BAT During Randomized Treatment in PERSIST-2

Adverse Reactions

VONJO (200 mg Twice Daily)
(N=106)

Best Available Therapy
(N=98)

All Gradesa 
%

Grade ≥3 
%

All Gradesa 
%

Grade ≥3 
%

Diarrhea 48 4 15 0
Thrombocytopenia 34 32 23 18
Nausea 32 1 11 1
Anemia 24 22 15 14
Peripheral edema 20 1 15 0
Vomiting 19 0 5 1
Dizziness 15 1 5 0
Pyrexia 15 1 3 0
Epistaxis 12 5 13 1
Dyspnea 10 0 9 3
Pruritus 10 2 6 0
Upper respiratory tract infection 10 0 6 0
Cough 8 2 10 0

a Grade by CTCAE Version 4.03.

7 DRUG INTERACTIONS
7.1 Effect of Other Drugs on VONJO
Strong and Moderate CYP3A4 Inhibitors 
VONJO is predominantly metabolized by CYP3A4. In a clinical drug interaction 
study, a single dose of VONJO 400 mg was administered following treatment 
with clarithromycin, a strong CYP3A4 inhibitor. Clarithromycin was administered 
as 500 mg twice daily for 5 days, which is a submaximal regimen for CYP3A4 
inhibition. Compared to VONJO administered alone, the area under the 
concentration curve (AUC) and maximal concentration (Cmax) of pacritinib 
increased by 80% and 30%, respectively, upon coadministration with 
clarithromycin. The increase in exposure to pacritinib may be even higher when 
tested following a longer treatment with clarithromycin that results in maximal 
CYP3A4 inhibition. The impact of moderate CYP3A4 inhibitors on the 
pharmacokinetics of VONJO has not been investigated in clinical studies. 
Coadministration of VONJO with strong CYP3A4 inhibitors is contraindicated. 
Avoid concomitant use of VONJO with moderate CYP3A4 inhibitors.
Strong and Moderate CYP3A4 Inducers 
In a clinical drug interaction study, a single dose of VONJO 400 mg was 
administered following treatment with rifampin, a strong CYP3A4 inducer, at 
600 mg once daily for 10 days. Compared to VONJO administered alone, the AUC 
and Cmax of pacritinib decreased by 87% and 51%, respectively, upon 
coadministration with rifampin. The impact of moderate CYP3A4 inducers on 
the pharmacokinetics of VONJO has not been investigated in clinical studies. 
Coadministration of VONJO with strong CYP3A4 inducers is contraindicated. 
Avoid concomitant use of VONJO with moderate CYP3A4 inducers.
7.2 Effect of VONJO on Other Drugs
CYP1A2 or CYP3A4 Substrates
VONJO is an inhibitor of CYP1A2 and CYP3A4 in vitro. Concomitant administration 
of VONJO with CYP1A2 or CYP3A4 substrates may increase the plasma 
concentrations of these substrates. Avoid coadministration of VONJO with drugs 
that are sensitive substrates of CYP1A2 or CYP3A4. 
P-gp, BCRP, or OCT1 Substrates
VONJO is an inhibitor of P-glycoprotein (P-gp), breast cancer resistance protein 
(BCRP), and organic cation transporter 1 (OCT1) in vitro. Concomitant 
administration of VONJO with P-gp, BCRP, or OCT1 substrates may increase the 
plasma concentrations of these substrates. Avoid coadministration of VONJO 
with drugs that are sensitive substrates of P-gp, BCRP, or OCT1.
8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy
Risk Summary
There are no available data on VONJO use in pregnant women to evaluate for a 
drug-associated risk of major birth defects, miscarriage, or adverse maternal or 
fetal outcomes. In animal reproduction studies, administration of pacritinib to 
pregnant mice or rabbits at exposures that were considerably lower than those 
observed at the recommended human dose were associated with maternal 
toxicity and embryonic and fetal loss. Advise pregnant women of the potential 
risk to a fetus. Consider the benefits and risks of VONJO for the mother and 
possible risks to the fetus when prescribing VONJO to a pregnant woman.
The estimated background risk of major birth defects and miscarriage for the 
indicated population(s) is unknown. All pregnancies have a background risk of 
birth defect, loss, or other adverse outcomes. In the U.S. general population, the 
estimated background risk of major birth defects and miscarriage in clinically 
recognized pregnancies is 2%-4% and 15%-20%, respectively.
Data
Animal Data
Pacritinib was administered orally to pregnant mice at doses of 30, 100, or  
250 mg/kg/day from gestation day 6 to gestation day 15. Pacritinib was also 
administered orally to pregnant rabbits at doses of 15, 30, or 60 mg/kg/day from 
gestation day 7 until gestation day 20. In both species, pacritinib was 
associated with maternal toxicity, which resulted in postimplantation loss in 
mice, abortions in rabbits, and reduced fetal body weights in mice and rabbits 
at exposures 0.1 times (mice) and 0.3 times (rabbits) the exposure at the 
recommended human dose (AUC-based). In mice, the high dose was 
associated with an increased incidence of an external malformation (cleft 
palate) in the presence of maternal toxicity.
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8 USE IN SPECIFIC POPULATIONS (cont.)
8.1 Pregnancy (cont.)
In a pre- and post-natal development study in mice, pregnant animals were 
dosed with pacritinib from implantation through lactation at 30, 100, or  
250 mg/kg/day. Maternal toxicity was noted at 250 mg/kg and associated  
with increased gestation length and dystocia, lowered mean birth weights  
and neonatal survival, and transiently delayed startle response, learning, and 
memory development at weaning.
8.2 Lactation
Risk Summary 
There are no data on the presence of pacritinib in either human or animal milk, 
the effects on the breastfed child, or the effects on milk production. It is not 
known whether VONJO is excreted in human milk. Because of the potential for 
serious adverse reactions in the breastfed child, advise patients that 
breastfeeding is not recommended during treatment with VONJO, and for  
2 weeks after the last dose.
8.3 Females and Males of Reproductive Potential
Infertility
Males 
Pacritinib reduced male mating and fertility indices in BALB/c mice. Pacritinib 
may impair male fertility in humans.
8.4 Pediatric Use
Safety and effectiveness in pediatric patients have not been established.
8.5 Geriatric Use
Clinical studies of VONJO did not include sufficient numbers of subjects aged 65 
and over to determine whether they respond differently from younger subjects.   
8.6 Hepatic Impairment
Administration of a single dose of VONJO 400 mg to subjects with hepatic 
impairment resulted in a decrease in the geometric mean AUC of pacritinib by 
8.5%, 36%, and 45% in subjects with mild [Child-Pugh A], moderate [Child-Pugh 
B], or severe hepatic impairment [Child-Pugh C], respectively, compared to 
subjects with normal hepatic function. Avoid use of VONJO in patients with 
moderate [Child-Pugh B] or severe hepatic impairment [Child-Pugh C].
8.7 Renal Impairment
Administration of a single dose of VONJO 400 mg to subjects with renal 
impairment resulted in approximately 30% increase in Cmax and AUC of pacritinib 
in subjects with eGFR 15 to 29 mL/min and eGFR <15 mL/min on hemodialysis 
compared to subjects with normal renal function (eGFR ≥90 mL/min). Avoid use 
of VONJO in patients with eGFR <30 mL/min.
17 PATIENT COUNSELING INFORMATION
See FDA approved patient labeling (Patient Information).
Discuss the following with patient prior to and during treatment with VONJO:
Current therapy with another kinase inhibitor
Advise patients who are currently taking a kinase inhibitor that they must taper 
or discontinue their current kinase inhibitor therapy according to the package 
insert for that drug prior to starting VONJO.
Hemorrhage
Advise patients that VONJO can cause hemorrhage and instruct them to consult 
their healthcare provider right away if bleeding occurs. Advise patients about 
how to recognize bleeding and of the urgent need to report any unusual 
bleeding to their physician. Patients should urgently seek emergency medical 
attention for any bleeding that cannot be stopped.
Diarrhea
Advise patients that VONJO can cause diarrhea. Advise patients to stay hydrated 
while taking VONJO and to inform their physician if they experience diarrhea. 
Instruct patients to initiate antidiarrheal medications (eg, loperamide) if 
diarrhea occurs. Advise patients to urgently seek emergency medical attention 
if diarrhea becomes severe.
Thrombocytopenia
Advise patients that VONJO is associated with thrombocytopenia, and of the 
need to monitor complete blood counts before and during treatment.

Prolonged QT Interval
Advise patients to consult their healthcare provider immediately if they feel 
faint, lose consciousness, or have signs or symptoms suggestive of arrhythmia. 
Advise patients with a history of hypokalemia of the importance of monitoring 
their electrolytes.
Major Adverse Cardiac Events (MACE) 
Advise patients that events of MACE including myocardial infarction, stroke, and 
cardiovascular death, have been reported in clinical studies with another JAK 
inhibitor used to treat rheumatoid arthritis, a condition for which VONJO is not 
indicated. Advise patients, especially current or past smokers or patients with 
other cardiovascular risk factors, to be alert for the development of signs and 
symptoms of cardiovascular events.
Thrombosis
Advise patients that events of deep vein thrombosis (DVT) and pulmonary 
embolism (PE) have been reported in clinical studies with another JAK inhibitor 
used to treat rheumatoid arthritis, a condition for which VONJO is not indicated. 
Advise patients to tell their healthcare provider if they develop any signs or 
symptoms of a DVT or PE.
Secondary Malignancies
Advise patients, especially current or past smokers and patients with a known 
secondary malignancy (other than a successfully treated NMSC), that 
lymphoma and other malignancies (excluding NMSC) have been reported in 
clinical studies with another JAK inhibitor used to treat rheumatoid arthritis, a 
condition for which VONJO is not indicated.
Infections
Advise patients that treatment with another JAK inhibitor has increased the risk 
of serious infections in patients with myeloproliferative neoplasms and that 
serious bacterial, mycobacterial, fungal, and viral infections may occur in 
patients treated with VONJO. Inform patients of the signs and symptoms of 
infection and to report any such signs and symptoms promptly.
Nausea and Vomiting 
Advise patients that nausea and vomiting may occur during treatment with 
VONJO. Instruct them on how to manage nausea and vomiting and to immediately 
inform their healthcare provider if nausea/vomiting become severe.
Drug-Drug Interactions
Advise patients to inform their healthcare providers of all medications they are 
taking, including prescription and over-the-counter medications, vitamins, 
herbal products, and dietary supplements. 
Dosing
Advise patients to take VONJO twice a day, with or without food or drink, at 
similar times each day. Instruct patients to swallow the VONJO capsules whole 
and not to open, break, or chew the capsules. Instruct patients that if they miss 
a dose of VONJO, to skip the dose and take the next dose when it is due and 
return to the normal schedule. Warn patients not to take 2 doses to make up for 
the missed dose. Instruct patients to discontinue VONJO 7 days prior to any 
surgery or invasive procedures (such as cardiac catheterization, coronary 
stenting, or varicose vein ablation) due to the risk of bleeding and to only 
restart VONJO on the instruction of their healthcare provider. Patients should 
not change or stop taking VONJO without first consulting their physician.
Lactation
Advise patients to avoid breastfeeding while taking VONJO and for 2 weeks after 
the final dose. 
Additional information can be found at VONJO.com.
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3101 Western Ave #800
Seattle, WA 98121
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NCCN Launches Health Equity Report Card  
to Address Racial Disparities in Cancer Care
by JASON HARRIS

THE NATIONAL COMPREHENSIVE Cancer 
Network (NCCN) has partnered with the 
American Cancer Society (ACS) Cancer Action 
Network (CAN) and the National Minority 
Quality Forum (NMQF) to launch the new Health 
Equity Report Card (HERC). This pilot program 
addresses structural and interpersonal discrim-
ination that results in disparities in 
cancer care and outcomes.1

“The goal of this initiative is to 
develop a tool that is feasible to 
implement and useful to an organi-
zation striving to provide or improve 
equitable cancer care,” Crystal S. 
Denlinger, MD, FACP, said in an email 
to OncologyLive®. “We hope that this 
sparks conversations about how best 
to deliver equitable care in their own 
communities, how best to engage with 
the surrounding community, and how best 
to support the patients who live in the local 
community surrounding them.” Denlinger 
is senior vice president and chief scientific 
officer at the NCCN. She is also an adjunct 
professor in the Department of Hematology/
Oncology at Fox Chase Cancer Center and clin-
ical associate professor in the Department of 
Medicine-Oncology at the Lewis Katz School 
of Medicine, both at Temple University in 
Philadelphia, Pennsylvania.

Incidence and death rates for cancer have 
declined for both Black and White patients from 
1975 to 2020. The ACS credits the steep drop in 
smoking among Black teenagers over that period 
for reducing these rates in Black patients. 
However, Black patients still have a 12% excess 
risk for death from cancer.2

Furthermore, Black men have the highest 
incidence rate for cancer (527.5 in 100,000 indi-
viduals). Black women are significantly less 
likely to develop breast cancer than White 
women (127.8 vs 133.7 in 100,000 individuals) 
but are much more likely to die from the disease 
(27.6 vs 19.7 in 100,000 individuals).3

Poverty, lack of health insurance, sexual 
orientation, gender, and geography are also 
factors in care disparities. The CDC found that 
patients in rural areas had lower annual age-ad-
justed cancer incidence rates from 2009 to 2013 
but a higher average of annual age-adjusted 
death rates from 2011 to 2015.4 

To address these disparities, the NCCN, ACS 
CAN, and NMQF introduced the Elevating 
Cancer Equity initiative in 2020. It features a 

working group chaired by Robert A. Winn, MD, 
and Shonta Chambers, MSW. Winn is director 
of Virginia Commonwealth University Massey 
Cancer Center in Richmond, and Chambers 
is executive vice president of health equity 
and community engagement at the Patient 
Advocate Foundation.

In early 2021, the group developed 
the HERC to develop guidelines that 
would help health care providers and 
organizations identify and address 
discriminatory behaviors and bias in 
care delivery, address social determi-
nants of health, and overcome systemic 
barriers to optimal care. The group 
developed 17 “actionable practice 
changes” and created an implemen-
tation plan with concrete metrics, 
sources of evidence, and a scoring 

methodology based on those practice changes. 
The HERC recommended practice changes to 
reduce racial disparities in the following ways.5

COMMUNITY ENGAGEMENT
❚  Incorporates meaningful community involve-

ment in leadership with a community/patient 
advisory committee or designated board posi-
tion reflective of the community the health 
care system serves, the community where 
the health care system resides, or the demo-
graphics identified through community 
needs assessments

❚  Contracts with or has formal and equita-
ble partnership with community providers, 
community-based organizations, and/or 
faith-based organizations (when mutually 
appropriate and not harmful) for community 
engagement and/or patient navigation

❚  Demonstrates that results of the community 
health needs assessments are used as a tool 
for program development, with a documented 
action plan tied to results

ACCESSIBILITY OF CARE AND SOCIAL 
DETERMINANTS OF HEALTH
❚  Facilitates access to government, commercial, 

or community-based emergency transporta-
tion services or financial support for public 
transportation where available

❚  Collects social determinants of health data 
at intake and throughout the continuum of 
care, with population-level data collected (Z 
codes) helping guide patient care and popula-
tion-level health management as documented 

through the medical record or meeting notes
❚  Offers flexible hours for screening and treat-

ment appointments
❚  Offers culturally and linguistically  

representative patient navigators or commu-
nity health workers through internal hiring or 
contracting with community- 
based organizations

❚  Establishes a process to navigate patients 
with identified social needs to local and or 
national resources

❚  Provides training to staff about barri-
ers to clinical trial participation, with 
targeted efforts to reduce barriers to clin-
ical trial participation with connection to 
appropriate services

ADDRESSING BIAS IN CARE DELIVERY
❚  Embeds diversity, inclusion, and equity into 

the practice, institution, or health system 
policies (eg, recruitment, hiring, promotion 
policies, resource allocation standards)

❚  Adopts measures related to the recruitment, 
retention, and promotion of racial and ethnic 
minority researchers and practitioners

❚  Implements health information technology or 
other workflow processes to identify critical 
moments in shared decision-making and care 
planning when disparate care occurs

❚  Incorporates disparities and equity frame-
work into quality improvement activities

❚  Provides and requires annual implicit bias 
training for all employees

QUALITY OF COMPREHENSIVENESS  
OF CARE
❚  Refers patients to appropriate preventive and 

supportive care services (eg, smoking cessa-
tion and weight management programs, 
reducing exposure to environmental hazards) 
when appropriate

❚  Discusses clinical trial options with 
all patients as documented through 
medical records

CLINICAL PRACTICE GUIDELINE 
RECOMMENDATIONS
❚  Reviews clinical practice guidelines for 

disparity issues to eliminate or reduce these 
disparities and ensures guidelines incor-
porate language recognizing the existence 
of bias in care

❚  Ensures clinical practice guidelines incor-
porate a framework to account for health 

Crystal S. 
Denlinger,  
MD, FACP
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disparities in the panel processes and assures 
panels consider adding a health equity 
expert representative

❚  Considers incorporating age adjustments on 
screening recommendations for specific popu-
lations that may have earlier manifestations 
into clinical practice guidelines

NEXT STEPS
In the first phase of a multiphase pilot, 5 lead-
ing academic cancer centers are assessing 
the feasibility of implementing the HERC as a 

tool that can both meaningfully and feasibly 
measure and report on equitable care practices.

“We specifically designed the HERC so that 
organizations can be judged based on objective, 
concrete metrics. Each domain is scored based 
on the performance measures included and 
whether the organization meets the metrics,” 
Denlinger said. 

More details are provided in the February 
Journal of the National Comprehensive Cancer 
Network, which details how each of the 4 
domains in the HERC is individually scored. 

“An overall score for each domain can then be 
generated based on whether the institution 
meets 100% of the metrics, more than 50%, or 
less than [50%].

“We envision the potential for serial scoring 
evaluations, in which an organization can track 
progress over time and demonstrate changes in 
response to areas in which lower performance 
may have been identified.” ■

For a full list of references,  
see the article at  . 

Posttransplant KRd Maintenance May Allow  
for Superior Outcomes in Newly Diagnosed 
Multiple Myeloma
by CAROLINE SEYMOUR and COURTNEY FLAHERTY 

MAINTENANCE THERAPY WITH KRd 
(carfilzomib [Kyprolis], lenalidomide [Revlimid], 
dexamethasone) led to a significant improvement 
in progression-free survival (PFS) vs lenalid-
omide alone in patients with newly diagnosed 
multiple myeloma who underwent autologous 
stem cell transplant (ASCT) after induction ther-
apy, according to findings from an unplanned 
interim analysis of the phase 3 ATLAS trial 
(NCT02659293). However, treatment with 
the KRd combination made no difference in 
overall survival (OS).

At a median follow-up of 33.8 months (IQR, 
20.9-42.9), the median PFS was 59.1 months 
(95% CI, 54.8-not estimable [NE]) with KRd vs 
41.4 months (95% CI, 33.2-65.4) with lenalidomide 
alone (HR, 0.51; 95% CI, 0.31-0.86; P = .012). OS 
was not significantly different between the KRd 
and lenalidomide arms (HR, 0.83; 95% CI, 0.35-
2.00; P = .68). The median OS was not reached 
in the experimental arm vs 61.8 months (95% CI, 
61.8-NE) for the control.1

“In this interim analysis of the ATLAS study, 
we showed that minimal residual disease [MRD]-
directed and risk-adapted treatment with 
carfilzomib, lenalidomide, and dexamethasone for 
8 to 36 cycles might offer a PFS benefit compared 
with lenalidomide alone as maintenance ther-
apy after ASCT in patients with newly diagnosed 
multiple myeloma,” the study authors wrote in 
the publication.

In newly diagnosed, transplant-eligible multi-
ple myeloma, lenalidomide maintenance following 
induction therapy and ASCT is standard of 

care (SOC). Attempts to improve PFS and OS 
after transplant with short consolidation ther-
apy or tandem transplant have shown mixed 
results. However, emerging evidence from 2 
phase 2 trials (NCT01816971; NCT02203643) 
suggest that KRd may be superior to lenalidomide 
maintenance alone.

To be eligible for enrollment in this trial, 
patients aged at least 18 years had to have newly 
diagnosed multiple myeloma and completed 
any type of induction followed by single ASCT. 
Patients had to have stable disease or better 
and received transplant within 100 days, initi-
ated induction 12 months before enrollment, had 
an ECOG performance status of 0 or 1, an abso-
lute neutrophil count of at least 1 × 109 cells/L, 
a platelet count of at least 70 × 109 platelets/L, 
adequate liver function, and creatinine clearance 
of at least 50 mL/min/1.73 m2 or serum creati-
nine lower than 2 mg/dL.

Patients were randomly assigned to receive 
KRd or lenalidomide alone as maintenance ther-
apy. Patients in the KRd arm received between  

8 and 36 cycles of 20 mg/m² of intravenous carfil-
zomib in cycle 1 on days 1 and 2, and then 36 mg/
m² on days 1, 2, 8, 9, 15, and 16 in cycles 1 to 4, 
and then 36 mg/m² on days 1, 2, 15, and 16 from 
cycles 5 up to 36; 25 mg of oral lenalidomide on 
days 1 to 21; and 20 mg of oral dexamethasone on 
days 1, 8, 15, and 22 in 28-day cycles. 

Patients in the lenalidomide arm received 
10 mg of oral lenalidomide for the first 3 cycles 
and then at the best tolerated dose (≤ 15 mg for 
28 days in 28-day cycles until disease progres-
sion or unacceptable toxicity). After 36 cycles, 
patients in both treatment arms received lenalido-
mide maintenance.

To minimize the risk of financial and treatment- 
related toxicity, patients in the KRd arm without 
detectable MRD after cycle 6 and standard-risk 
cytogenetics proceeded to lenalidomide mainte-
nance as of cycle 9.

Patients discontinued therapy if they had 
disease progression or unacceptable toxicity, were 
nonadherent with the study protocol, withdrew 
consent, or required alternative therapy.

CLUB
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All patients received prophylactic herpes zoster 
and venous thromboembolism for the duration of 
treatment. Other concomitant medications were 
permitted at the investigator’s discretion.

The primary end point was PFS. Secondary 
end points included the rate of MRD at 6, 12, 18, 
24, and 36 months; correlation of MRD with PFS; 
duration of MRD; depth of response; improve-
ment in the depth of response at 6 and 12 months; 
OS; and safety.

The unplanned interim analysis was triggered 
because 59 (61%) of the anticipated 96 events 
occurred for the primary analysis. Patients will 
continue to undergo follow-up until the primary 
analysis, at which point the last enrolled patient 
will reach 4 years of follow-up.

From June 10, 2016, to October 21, 2020, inves-
tigators assessed 193 patients for eligibility,  
180 of whom were randomly assigned to receive 
KRd (n = 93) or lenalidomide alone (n = 87; inten-
tion-to-treat [ITT] population).

Baseline characteristics were balanced between 
the cohorts. The median patient age was 59.0 
years (IQR, 49.0-63.0), and 84 (47%) patients were 
women. Thirty-five patients in the ITT population 
of the KRd cohort had standard-risk disease and 
MRD negativity and were switched to lenalido-
mide maintenance after cycle 8.

At the data cutoff, 71 (76%; 95% CI, 66%-85%) 
patients in the KRd arm vs 62 (71%; 95% CI, 
61%-80%) in the lenalidomide arm achieved 
complete response or better. However, investi-
gators observed no significant difference in the 
depth of response (P = .71). Fifty (54%) patients in 
the experimental arm experienced improvement 
in the depth of response after 6 months compared 
with baseline assessment following ASCT vs 38 
(44%) patients in the control arm (P = .18).

The rate of MRD negativity evaluated after 
cycle 6 was higher in the KRd arm (n = 48 of 91; 
53%) vs in the lenalidomide arm in all evaluable 
patients (n = 26 of 84; 31%; P = .0035).

The safety population included 178 patients. 
Regarding safety, grade 1/2 adverse effects (AEs) 
were more common in the KRd arm (n = 86 of 
92; 93%) vs in the lenalidomide arm (n = 71 of 
86; 83%), including higher occurrences of lymph-
openia (n = 11; 12% vs n = 6; 7%) and anemia 
(n = 11; 12% vs n = 1; 1%) and upper respiratory 
tract infections (n = 51; 55% vs n = 36; 42%), fever 
(n = 16; 17% vs n = 2; 2%), and diarrhea (n = 27; 
29% vs n = 17; 20%).

Grade 3/4 AEs occurred in 70 (76%) patients 
in the KRd arm vs 63 (73%) in the lenalido-
mide arm. The most frequent grade 3/4 AEs 
were neutropenia (n = 44; 48% vs n = 52; 60%), 
thrombocytopenia (n = 12; 13% vs n = 6; 7%), 
and lower respiratory tract infections (n = 7; 
8% vs n = 1; 1%).

AEs that led to treatment discontinuation 
occurred in 4 (4%) patients in the KRd arm and 

10 (12%) in the lenalidomide arm. Serious AEs 
occurred in 28 (30%) patients in the KRd arm 
and 19 (22%) in the lenalidomide arm. Lower 
respiratory tract infections were the most 
common serious AE in both cohorts (n = 11; 
12% vs n = 3; 3%).

One case of respiratory failure due to severe 
pneumonia led to death in the KRd arm and 3 
second primary malignancies occurred overall 
(n = 1, KRd; n = 2, lenalidomide).

“This difference in PFS between KRd and 
lenalidomide alone is a key finding,” Andrzej 
Jakubowiak, MD, PhD, said in an interview with 
OncologyLive®. “Moreover, we were able to show 
that a planned 36-month duration of posttrans-
plant KRd treatment may not be required for all 
patients,” said Jakubowiak, a professor of medi-
cine and director of the Myeloma Program at 
the University of Chicago in Illinois. “Overall, 
the interim data from the ATLAS trial support 
our hypothesis that post–autologous 
stem cell transplant treatment with 
KRd may improve treatment outcome 
compared to standard-of-care lenalido-
mide maintenance.”

Jakubowiak highlighted several key 
studies that influenced the development 
and design of ATLAS, introduced conclu-
sions from the initial efficacy data, and 
discussed how ongoing analysis could 
further contextualize and inform post-
transplant treatment approaches in 
multiple myeloma.

Q What previous data inspired the 
posttransplant maintenance SOC of 

lenalidomide monotherapy with KRd?
Several developments influenced our study design 
and development. First, we learned from the 
phase 3 FIRST trial [NCT00689936], which inves-
tigated first-line lenalidomide for 18 months vs 
indefinite administration, that extended treat-
ment is better than cutting intensive therapy 
after a certain period. I always wondered whether 
pre-transplant induction treatment for 3 to  
4 cycles followed by transplant and single-agent 
lenalidomide maintenance was good enough for 
younger patients who wanted to extend their lives 
as much as possible.

What prompted us specifically were the results 
from our previous 2 KRd trials. The first phase 
1/2 study investigating KRd without transplant or 
with deferred transplant in patients with newly 
diagnosed myeloma [NCT01029054] published 
in 2012, showed that responses to KRd contin-
ued to deepen after cycle 8 during an extended 
treatment with KRd up to 24 months. The second 
phase 2 trial [NCT01816971] investigating KRd 
with ASCT was published in 2020 showed that the 
rate of stringent complete responses continued to 
increase during the posttransplant extended KRd 

treatment in a similar way as in the prior KRd 
study without transplant, although we could not 
exclude that some of this could have been related 
to delayed transplant effect.

We correlated results from both trials and 
found that KRd deepens patient responses during 
the first 4 months post transplant in the major-
ity of patients and in an additional 20% to 30% of 
patients even beyond that time, where we would 
not expect to see delayed transplant effects.

Q What additional studies investigating 
post-ASCT maintenance strategies in 

multiple myeloma influenced the 
hypothesis and trial design of ATLAS?
The impetus for these various study design delib-
erations came from 2 important studies: the 
phase 3 STaMINA trial [NCT02322320] conducted 
in the United States and the phase 3 EMN02/
HO95 trial [NCT01208766] conducted in Europe. 

Both studies explored differences in 
patient outcomes with additional post-
transplant treatments. STaMINA did not 
show any difference between lenalido-
mide alone vs 4 cycles of consolidation 
[treatment with VRd (bortezomib 
[Velcade], lenalidomide, dexamethasone 
or second transplant.

In STaMINA, several patients in the 
transplant and consolidation arms did 
not receive intended treatment, poten-
tially contributing to no difference in 

outcome in these 3 arms in an ITT patient popu-
lation. An evaluation of additional interventions 
[such as] second transplant or consolidation did 
show benefit in this study.

That analysis correlated with data reported 
from EMN02/HO95, which showed that 2 cycles 
of VRd and transplant benefited patients, particu-
larly those with high-risk disease. We concluded 
that longer treatment duration is better.

Since we have already tested KRd post trans-
plant, we knew that we could deliver it and that 
other than the inconvenience of coming to a 
center to receive treatment, patients do not appear 
to experience more toxicities than with other 
therapies. That was why we evaluated this strat-
egy in this randomized phase 3 ATLAS trial.

In ATLAS, we selected patients after any type 
of induction regimen, in contrast to those in other 
ongoing or reported studies. The strategy was 
similar to that of the phase 3 CALGB-100104 trial 
[NCT00114101] of lenalidomide vs placebo, which 
was 1 of 2 key studies leading to the approval 
of lenalidomide maintenance therapy. Patients 
in CALGB-100104 were eligible for maintenance 
therapy after receiving any induction therapy 
followed by transplant, provided they did not have 
disease progression. We applied similar eligibility 
criteria in ATLAS to allow for historical compari-
sons to CALGB-100104.

Andrzej 
Jakubowiak,  

MD, PhD
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The FORTE trial [NCT02203643], which was 
initiated after ATLAS, was primarily designed 
to investigate 2 induction regimens, and then 
compare KRd with or without transplant, but 
also had a second randomization for maintenance 
with carfilzomib and lenalidomide [KR] vs lena-
lidomide [R]. Updated data from FORTE were 
[first] published in 2022.2 One-third of patients 
randomized to KR were after an extended 12 
cycles of induction. The remaining two-thirds 
were patients who received induction for 4 cycles, 
transplant, and 4 cycles of either KRd or KCd 
[carfilzomib, cyclophosphamide, dexamethasone]. 
Although FORTE had a different design from 
ATLAS, both similarly showed that KR [ie, carfil-
zomib added to lenalidomide] or KRd improves 
PFS compared with lenalidomide alone.

Cross-study comparison is tricky, but the 
results from ATLAS and FORTE both document 
that extended treatment with carfilzomib and 
lenalidomide combinations improves PFS, with 
an HR in ATLAS of 0.51. FORTE had a slightly 
higher HR. However, when you look at the Kaplan-
Meier curves, the comparison is striking. There is 
a similar effect of KR in FORTE and KRd vs lena-
lidomide in ATLAS.

Q
Could you expand on the methodology 
and patient population of ATLAS?

ATLAS was supported by Amgen, Celgene, and 
Bristol Myers Squibb, but was investigator led 
and coordinated by the University of Chicago, 
with key contributions from the Polish Myeloma 
Consortium. As an investigator-initiated study, 
we aimed to enroll the necessary number of 
patients to evaluate the primary end point—the 
difference in PFS between KRd and lenalidomide 
alone. We used historical data from CALGB-
100104 for our statistical modeling for the 
lenalidomide arm, and data from the KRd with 
transplant trial for our KRd arm. Based on this 
model, we concluded that at 4 years, we should 
be able to see a statistically significant differ-
ence in PFS between the 2 arms.

In addition, based on prior result, we hypoth-
esized that we could de-escalate the duration of 
KRd treatment for a group of patients with stan-
dard cytogenetics who achieved MRD negativity 
at 6 cycles of KRd post transplant. In total, 44% 
of patients in the KRd arm were de-escalated to 
lenalidomide-alone maintenance after 8 cycles of 
KRd according to these criteria.

Q What initial PFS data did you  
find in ATLAS? 

In total, 61% of projected events required for final 
analysis had been seen, and we have already 
observed a difference in PFS between the KRd 
and lenalidomide arms. The median PFS was 59.1 
months for the KRd arm and 41.4 months for the 
lenalidomide arm, which represents 49% reduction 

of progression or death. Bearing in mind that 
ATLAS trial data come from an unplanned interim 
analysis, the results are indicating the benefit of 
post-transplant therapy with combination therapy 
(KRd) compared to lenalidomide alone.

In this interim analysis, patients who received 
only 8 cycles of KRd and then were de-escalated 
to lenalidomide-alone treatment were doing as 
well as the patients who received KRd main-
tenance for 36 months. It’s a bit of an unfair 
comparison because these patients are selected 
based on low risk and MRD negativity, and the 
other group has a mix of patients. Still, this group 
does not appear to drive PFS down, although we 
cannot prove this without a control arm.

We need to wait for confirmation of these data 
from a final analysis, which will come in about a 
year and a half. However, we felt it was important 
to report these interim data earlier than planned.

Q How did MRD status factor into 
patient outcomes?

In addition to PFS, this trial, along with other 
reported or ongoing studies, seems to show that 
MRD may serve as a marker for successful treat-
ment de-escalation that does not adversely affect 
outcomes. The FDA and other agencies are also 
looking into the role of MRD as a potential surro-
gate marker for patient outcomes. At this point, 
in our analysis, we see a statistically significant 
superiority of MRD negativity in the KRd arm vs 
the lenalidomide arm at 6 cycles. MRD negativity 
was measured by International Myeloma Working 
Group criteria, meaning 10–5 sensitivity and a 
complete response or better. We’ll report later 
MRD results at other landmark time points, but 
these results indirectly show that MRD may be a 
predictor of PFS.

Q
How tolerable is this combination 
compared with lenalidomide 

monotherapy?
As expected, there was a slightly higher rate 
of toxicities and AEs of all grades in the KRd 
arm compared with the lenalidomide arm. 
Importantly, the incidence of grade 3 and 4 AEs 
was comparable between the 2 arms for most 
categories. Most major differences in higher-level 
toxicities were higher rates of infections in the 
KRd arm, mostly lower respiratory infections and 
thrombocytopenia. Slightly higher rates of other 
toxicities were also observed in the KRd arm. 
There was also a slight, but not dramatic, differ-
ence in serious AEs between the arms. Together 
considering the clinically meaningful PFS differ-
ence, the analysis of AE data do not indicate 
that putting patients on KRd is an unnecessary 
risk, or that the patients are inclined not to stay 
on KRd treatment.

I would not use carfilzomib-based ther-
apy in frail patients or those with a significant 

history of cardiac events. However, patients 
who met the eligibility criteria for any stan-
dard lenalidomide-based maintenance therapy 
were enrolled, and our analysis indicated that 
this enrollment approach is reasonable also for 
carfilzomib-based maintenance.

Notably, this paper did not include quality- 
of-life [QOL] data, which we have collected and 
which we will report later. These data may 
help us find greater granularity between the 2 
arms. We expect that those QOL data may be in 
line with the toxicity trends we have seen so 
far, as these therapies are well tolerated, with 
some trends toward higher toxicities and life 
inconvenience from frequent treatment visits 
in the KRd arm.

Q What next steps are planned for this 
research, and how might they better 

inform posttransplant treatment selection 
for these patients?
This study is ongoing, although the enrollment 
is completed. We will conduct our final analy-
sis when the last enrolled patient has been in 
follow-up for 4 years, which will come around 
the fall of 2024. By that time, we may have more 
data to support what we have reported from this 
interim analysis.

Although this study was not designed with 
regulatory objectives in mind, the National 
Comprehensive Cancer Network Clinical Practice 
Guidelines in Oncology has already included 
considerations for using KR post transplant based 
on FORTE data. Our initial ATLAS data align 
with those guidelines and provide additional 
evidence for carfilzomib-based posttrans-
plant maintenance.

In the meantime, we anticipate increased inter-
est in more intensive posttransplant treatments 
[such as] KRd based on risk-benefit analyses. 
The final analysis will include additional data on 
MRD results from other landmark time points, 
as well as QOL data. It will help us see whether 
any patient subsets may benefit more from KRd 
vs lenalidomide.

As discussed after our oral presentation at the 
2022 ASCO Annual Meeting, this regimen may 
be considered for patients with high-risk disease, 
although we don’t have that clear signal yet. 
However, we have strong evidence to support KRd 
use in patients with standard-risk disease with 
or without MRD negativity, as we see a striking 
difference outcomes for standard-risk patients 
who receive KRd vs those who receive lenalido-
mide alone. KRd may also benefit patients with 
standard-risk disease. Conducting a subgroup 
analysis at later time points will be critical for 
clarifying those results and helping us navigate 
posttransplant treatment. ■

For a full list of references,  
see the article at  . 
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PD-1 Inhibitor Combinations, Alternative Therapeutic  
Approaches Move the Needle in NSCLC
by KYLE DOHERTY

ALTHOUGH PD-L1 HAS EVOLVED to become 
a biomarker of great interest and clinical util-
ity in the treatment of patients with non–small 
cell lung cancer (NSCLC), several mechanisms 
contribute to immunotherapy resistance. As 
more agents are evaluated either in addition to or 
following PD-1/PD-L1 inhibitors, more informa-
tion may be learned about how best to leverage 
alternate biomarkers, according to Marina C. 
Garassino, MD.1

“We have to integrate all our sciences 
to create an individualized medi-
cine [approach],” Garassino said 
in a presentation delivered during 
the 20th Annual Winter Lung Cancer 
Conference®. “I hope that we will be able 
to integrate all our knowledge to have a 
true personalized medicine [approach], 
because it’s clear now that we have an 
absence of consistent biomarkers. We 
unfortunately only have PD-1/PD-L1 
as biomarkers able to address proper strategies. 
Maybe in the future, there will be not a one-size-
fits-all approach, but we will go with the right 
treatment for each patient because we understand 
the mechanism of resistance.” 

Garassino, who is director of the thoracic 
program and a professor of medicine in the 
Department of Hematology and Oncology at the 
University of Chicago Medical Center in Illinois, 
noted how combination regimens, bispecific 
T-cell engagers (BiTEs), cancer vaccines, and 

tumor-infiltrating lymphocyte (TIL) therapy may 
instigate changes in clinical practice.

COMBINATION THERAPIES
Despite PD-1/PD-L1 inhibitors providing life-al-
tering survival benefits in NSCLC, a significant 
portion of patients do not elicit the same effi-
cacy. Thus, clinicians have evaluated the agents 
in combination with other treatment modalities in 
several clinical trials (TABLE2-6).

In the phase 2 TACTI-002 trial 
(NCT03625323), the anti–PD-1 agent 
pembrolizumab (Keytruda) was combined 
with the soluble LAG-3 protein eftilagi-
mod alpha and examined for patients 
with untreated metastatic NSCLC unse-
lected for PD-L1 expression. Investigators 
hypothesized that the combination could 
display a stronger antitumor response 
than pembrolizumab monotherapy due 
to the ability of eftilagimod alpha to bind 

to a subset of MHC class II molecules to mediate 
antigen-presenting cell and CD8 T-cell activa-
tion, subsequently leading to T-cell recruitment. In 
preclinical models, study authors noted the antitu-
mor activity of the PD-1 agonist was synergistically 
enhanced in combination with eftilagimod alpha.2 

In part A of the study, adult patients with 
advanced/metastatic (stage IIIB/IV) NSCLC  
(n = 114), both squamous and nonsquamous, 
were enrolled from March 2019 to November 
2021. Patients received subcutaneous eftilagimod 

alpha 30 mg every 2 weeks plus intravenous (IV) 
pembrolizumab 200 mg every 3 weeks for 8 cycles, 
followed by the same dosage strength for both 
agents administered every 3 weeks for 9 cycles. 
After 1 year, patients received pembrolizumab 
monotherapy every 3 weeks for 16 cycles, then 
progression-free survival (PFS) and overall survival 
(OS) follow-up were performed after another year.

The primary end point was overall response 
rate (ORR) per immune-modified RECIST 
(iRECIST) criteria. Secondary end points included 
ORR by RECIST 1.1, duration of response (DOR), 
safety, PFS, and OS.

Findings from the trial showed that per 
iRECIST, the ORR was 38.6% (95% CI, 29.6%-
48.2%), with 2 patients achieving a complete 
response. Additionally, the disease control rate 
(DCR) was 73.7% (95% CI, 64.6%-81.5%). Nineteen 
patients experienced disease progression.2

In terms of safety, most patients (99.1%) experi-
enced an any grade treatment-emergent adverse 
effect (TEAE). Serious TEAEs occurred in 39.5% of 
patients, grade 3 and above TEAEs occurred at a 
rate of 51.8%, and 10.5% of patients experienced a 
grade 5 TEAE. TEAEs leading to discontinuation 
of study treatment (20.2%) also were reported.

Study authors wrote that the combination 
displayed a promising ORR compared with the 
historical control of single-agent pembrolizumab, 
with deep, durable responses and a well-tolerated 
safety profile. Late-stage clinical investigation is 
warranted, they concluded.2

Marina C. 
Garassino, MD
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For patients with NSCLC with a 
PD-L1 tumor proportion score (TPS) 
of at least 50%, PD-1 inhibitors have 
been showing promise across multi-
ple clinical trials when administered 
in combination with immunotherapy 
agents, Garassino acknowledged.

In the phase 2 CITYSCAPE trial 
(NCT03563716), the novel anti-TIGIT 
antibody tiragolumab was evaluated 
in combination with the anti–PD-L1 
antibody atezolizumab (Tecentriq) 
in patients with locally advanced or 
metastatic NSCLC and PD-L1 TPS of 
at least 1% (n = 135). Patients were 
randomly assigned 1:1 to receive 
either IV tiragolumab 600 mg every 3 
weeks plus IV atezolizumab 1200 mg 
every 3 weeks or the same regimen 
with placebo in place of tiragolumab. 
Treatment continued until disease 
progression or loss of clinical benefit.3

The coprimary end points were 
ORR and PFS. Key secondary end 
points included safety, DOR, and OS. 
Efficacy analysis by PD-L1 status and 
patient-reported outcomes served as 
exploratory end points.

At the June 30, 2019, data cutoff, at 
a median follow-up of 5.9 months, the 
investigator-assessed median PFS for 
patients with a TPS of at least 50% was 
16.6 months (95% CI, 5.5-22.3) vs 4.1 
months (95% CI, 2.1-6.8) for patients in 
the tiragolumab arm (n = 29) and the 
placebo arm (n = 29), respectively (HR, 
0.29; 95% CI, 0.15-0.53). ORRs were 
69.0% vs 24.1%, respectively, with 
median DOR of 15.7 months (95% CI, 
9.1-not evaluable [NE]) vs 8.2 months 
(95% CI, 5.6-10.4), respectively.3

However, patients with a PD-L1 
TPS of less than 50% did not experi-
ence a similar level of benefit with 
the tiragolumab-containing regimen; 
patients who received the combina-
tion (n = 38) achieved a median PFS of 
4.0 months (95% CI, 1.6-5.6) compared 
with 3.6 months (95% CI, 1.4-5.5) in 
the 39-patient placebo group (HR, 
1.07; 95% CI, 0.67-1.71). The median 
DORs were 17.8 months (95% CI, 
8.3-24.2) vs 18.8 months (95% CI, 15.9-
22.8), respectively, and the ORRs were 
15.8% vs 17.9%, respectively.

In another phase 2 study, ARC-7 
(NCT04262856), investigators enrolled 
150 patients with stage IV NSCLC with 
treatment-naïve metastatic disease and 
a PD-L1 TPS of at least 50%. Patients 
were randomly assigned 1:1:1 to receive 

TABLE.  Outcomes in Ant i–PD-1/PD-L1 Combinat ion Tr ia ls 2-6

LAG-3

TACTI-002 (NCT03625323)

Outcome Eftilagimod alpha plus pembrolizumab (n = 114)

ORR (95% CI) 38.6% (29.6%-48.2%)

DCR (95% CI) 73.7% (64.6%-81.5%)

TIGIT

CITYSCAPE (NCT03563716)

PD-L1 TPS ≥ 50%

Outcome Tiragolumab plus 
atezolizumab (n = 29)

Placebo plus atezolizumab  
(n = 29)

Median PFS (95% CI)
16.6 (5.5-22.3) 4.1 (2.1-6.8)

HR, 0.29; 95% CI, 0.15-0.53

ORR 69.0% 24.1%

Median DOR (95% CI) 15.7 (9.1-NE) 8.2 (5.6-10.4)

PD-L1 TPS 1%-49%

Outcome Tiragolumab plus 
atezolizumab (n = 38)

Placebo plus atezolizumab  
(n = 39)

Median PFS (95% CI)
4.0 (1.6-5.6) 3.6 (1.4-5.5)

HR, 1.07; 95% CI, 0.67-1.71

ORR 15.8% 17.9%

Median DOR (95% CI) 17.8 (8.3-24.2) 18.8 (15.9-22.8)

TIGIT

ARC-7 (NCT04262856)

PD-L1 TPS ≥ 50%

Outcome Zimberelimab  
(n = 44)

Zimberelimab plus 
domvanalimab (n = 44)

Zimberelimab/domvanalimab/ 
etrumadenant (n = 45)

ORR (95% CI) 27% (15%-42.8%) 41% (26.3%-56.8%) 40% (25.7%-55.7%)

Median PFS, months (95% CI) 5.4 (1.8-8.6) 12.0 (5.5-NE) 10.9 (4.8-NE)

HR vs arm 1 - HR, 0.55; 95% CI, 0.31-1.0 HR, 0.65; 95% CI, 0.37-1.1

Multitargeted TKI

COSMIC-021 (NCT03170960)

Outcome Cabozantinib plus atezolizumab (n = 81) Cabozantinib (n = 31)

ORR 19% 6%

CR 0% 0%

PR 62% 6%

DCR 80% 65%

VEGFR

S1800A (NCT03971474)

Outcome Ramucirumab plus pembrolizumab (n = 69) Chemotherapy (n = 67)

Median OS, months (80% CI)
14.5 (13.9-16.1) 11.6 (9.9-13.0)

HR, 0.69; 80% CI, 0.51-0.92; log-rank P = .05

CR, complete response; DCR, disease control rate; DOR, duration of response; NE, not estimable; ORR, overall response rate; OS, overall survival;  
PFS, progression-free survival; PR, partial response; TKI, tyrosine kinase inhibitor; TPS, tumor proportion score.

either the anti–PD-1 monoclonal antibody zimberelimab 
(arm 1; n = 44); zimberelimab in combination with the 
anti-TIGIT monoclonal antibody domvanalimab (arm 
2; n = 44); or etrumadenant, an antagonist of the 
A2a and A2b receptors, plus zimberelimab and domva-
nalimab (arm 3; n = 45). Zimberelimab was given at a 
dose of 360 mg IV every 3 weeks, domvanalimab at a 
dose of 15 mg/kg IV every 3 weeks, and etrumadenant 
150 mg was given orally once daily.4

Patients in arm 1 experienced an ORR of 27% (95% 
CI, 15.0%-42.8%) compared with 41% (95% CI, 26.3%-
56.8%) and 40% (95% CI, 25.7%-55.7%) in arms 2 and 
3, respectively. Additionally, patients in arms 2 and 
3 experience a benefit in terms of PFS compared with 
the median of 5.4 months (95% CI, 1.8-8.6) in arm 
1. Patients in arm 2 achieved a median PFS of 12.0 
months (95% CI, 5.5-NE; HR vs arm 1, 0.55; 95% CI, 
0.31-1.0) and those in arm 3 experienced a median PFS 
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of 10.9 months (95% CI, 4.8-NE; HR vs arm 1, 0.65; 
95% CI, 0.37-1.1).4

The multitargeted TKI cabozantinib 
(Cabometyx), with and without atezolizumab, 
was evaluated in patients with advanced NSCLC 
who were previously treated with an immune 
checkpoint inhibitor as part of the phase 1/2 
COSMIC-021 study (NCT03170960). Patients in 
cohort 7 (n = 81) received oral cabozantinib 40 mg 
daily plus IV atezolizumab 1200 mg every 3 
weeks. In cohort 20 (n = 31), patients were treated 
with oral cabozantinib 60 mg daily.5

The primary end point was ORR. The second-
ary end point was safety, and DOR, PFS, and OS 
served as exploratory end points.

Overall, patients in cohort 7 experienced an ORR 
of 19% with a DCR of 80%. Comparatively in cohort 
20, the ORR and DCR were 6% and 65%, respec-
tively. When cohort 7 was stratified by PD-L1 
status, patients with a PD-L1 TPS of at least 1% (n 
= 41) experienced an ORR of 20% compared with 
11% for patients with a PD-L1 TPS of less than 1% 
(n = 19). The DCRs were 80% and 74%, respectively.

Finally, in the phase 2 S1800A trial 
(NCT03971474) pembrolizumab was combined with 
the VEGFR-targeted monoclonal antibody ramu-
cirumab (Cyramza) for the treatment of patients 
with stage IV, previously treated NSCLC. Patients 
were randomly assigned 1:1 to receive either inves-
tigators choice of standard-of-care chemotherapy 
or pembrolizumab 200 mg every 3 weeks for up 
to 35 cycles plus ramucirumab 10 mg/kg every 
3 weeks. OS was the primary end point; secondary 
end points included DCR, DOR, and PFS.6

Efficacy-evaluable patients in the combina-
tion arm (n = 69) achieved a median OS of 14.5 
months (80% CI, 13.9-16.1) vs 11.6 months (80% CI, 
9.9-13.0) in the 67-patient standard-of-care arm 
(HR, 0.69; 80% CI, 0.51-0.92; log-rank P = .05).6

BISPECIFIC ANTIBODIES  
AND CANCER VACCINES
BiTEs recognize and bind to the tumor cell with 
1 arm, recognizing targets including CEACAM5 
or HER2, and T cells (CD3, PD-1) or natural killer 
cells (CD16) with the other, thus overcoming the 
major histocompatibility complex, Garassino 
explained. Additionally, these agents can activate 
the effector T cells within the tumor microenviron-
ment, minimizing systemic immune activation.1

BiTEs, such as tarlatamab (AMG 757) have been 
explored in lung cancer. The half-life extended BiTE 
that binds to DLL3 on tumor cells and CD3 on T 
cells, eventually leading to T-cell–mediated tumor 
death. The agent was examined in patients with 
small cell lung cancer after progression with at 
least 1 platinum-based regimen as part of a phase 1 
study (NCT03319940). Patients received tarlatamab 
IV every 2 weeks with or without step-up dosing.7

At the January 11, 2021, data cutoff, the DCR 
was 43%. Partial responses were seen across 13% 

of patients treated at all dose levels (n = 60), 
with 5 of 8 patients who received a 100-mg dose 
of tarlatamab experiencing a response. The esti-
mated DOR was at least 6 months in 71% of 
patients (95% CI, 26%-92%) with any response. 
Study authors concluded that the agent had an 
acceptable safety profile up to 100 mg with rapid 
and durable responses. The trial is ongoing.

Garassino touched on cancer vaccines, which 
are engineered to elicit specific immune responses 
to tumor antigens. The 2 primary target types of 
cancer vaccines are tumor-associated antigens and 
tumor-specific antigens, she noted.8

Vaccines targeted toward tumor-associated anti-
gens typically target either overexpressed proteins/
differentiation antigens or cancer testis antigens. 
Tumor specificity for vaccines aimed at overex-
pressed proteins is variable, but these agents 
usually have a high central tolerance. Conversely, 
those directed at cancer testis antigens have good 
specificity with a low tolerance. Both classes have a 
high prevalence in multiple patients.1,8

Tumor-specific antigen vaccines can target 
oncoviral antigens, shared neoantigens, or private 
neoantigens. All of these have ideal tumor speci-
ficity and no central tolerance. The prevalence in 
multiple patients is also high, except for private 
neoantigen-targeted vaccines, where it is low.

Multiple clinical trials of cancer vaccines are 
ongoing for patients with NSCLC, both as monother-
apies and as components of combination regimens.

TIL THERAPY 
TIL therapy has previously shown clinical activ-
ity in patients with melanoma but has not been 
extensively studied in NSCLC, Garassino said. 
Investigators have hypothesized that this class 
of agent may be effective in NSCLC because of 
its ability to release T cells from a suppressive 
microenvironment and reactivate them against 
the tumor. TIL treatment for patients metastatic 
lung cancer not previously treated with an anti–
PD-1/PD-L1 agent is being evaluated in a phase 1 
trial (NCT03215810).9

Patients with stage IV NSCLC who were not 
candidates for surgical resection will receive cyclo-
phosphamide and fludarabine lymphodepletion, 
TIL infusion, and IL2, followed by maintenance 
nivolumab (Opdivo). Twenty patients received 
nivolumab, but only 16 proceeded to TIL therapy; 
all 16 were eligible for safety and survival analysis 
and 13 were evaluable for response post TIL. The 
primary end point is safety. Secondary end points 
included ORR and DOR. 

Safety findings showed that the severe toxicity 
rate was 12.5%, with most TEAEs resolving within 
1 month following TIL. Most AEs were attributed 
to lymphodepletion and IL2. Common any-grade 
TEAEs included decreased lymphocyte count 
(100%), decreased white blood cell count (100%), 
anemia (100%), decreased platelet count (94%), 

and decreased neutrophil count (88%). No grade 5 
TEAEs were reported.

Radiographic response occurred in 6 of 13 eval-
uable patients, including 2 complete responses 
that were still ongoing 1.5 years later. Tumor 
burden was reduced in 11 patients, with a median 
best change of 35%. Study authors concluded 
that TIL infusion displayed a manageable safety 
profile and that further study of the approach in 
NSCLC is warranted.9

Garassino concluded her presentation noting 
that there are many ongoing strategies to watch 
for patients with NSCLC as novel biomarkers and 
therapies begin to read out longer term data. The 
future depends on a combination of coinhibitory 
strategies leveraging bispecific antibodies, cyto-
kines, and cellular therapies. ■
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ADVANCE THE FRONTLINE 
MOMENTUM WITH DARZALEX® + Rd

In the treatment of newly diagnosed, transplant-ineligible multiple myeloma1:

Help your patients live longer than Rd alone with DRd, an established 
frontline treatment proven to significantly extend overall survival1

At ~5 years: 32% reduction in the risk of death with DRd vs Rd alone in the MAIA trial 
(HR=0.68; 95% CI: 0.53, 0.86; P=0.0013; mOS not reached in either arm).1*

*Median follow-up was 56 months in the DRd group (range: 53.0-60.1 months) and in the Rd group (range: 52.5-59.4 months)1,2

DRd=DARZALEX® (D) + lenalidomide (R) + dexamethasone (d); mOS=median overall survival; Rd=lenalidomide (R) + dexamethasone (d).

IMPORTANT SAFETY INFORMATION 
DARZALEX® AND DARZALEX FASPRO®: 
CONTRAINDICATIONS
DARZALEX® and DARZALEX FASPRO® are contraindicated in 
patients with a history of severe hypersensitivity to daratumumab, 
hyaluronidase (for DARZALEX FASPRO®), or any of the components 
of the formulations.

DARZALEX®: Infusion-Related Reactions
DARZALEX® can cause severe and/or serious infusion-related 
reactions including anaphylactic reactions. These reactions can 
be life-threatening, and fatal outcomes have been reported. In 
clinical trials (monotherapy and combination: N=2066), infusion-
related reactions occurred in 37% of patients with the Week 1 
(16 mg/kg) infusion, 2% with the Week 2 infusion, and cumulatively 
6% with subsequent infusions. Less than 1% of patients had a Grade 
3/4 infusion-related reaction at Week 2 or subsequent infusions. 
The median time to onset was 1.5 hours (range: 0 to 73 hours). 
Nearly all reactions occurred during infusion or within 4 hours of 
completing DARZALEX®. Severe reactions have occurred, including 
bronchospasm, hypoxia, dyspnea, hypertension, tachycardia, 
headache, laryngeal edema, pulmonary edema, and ocular 
adverse reactions, including choroidal effusion, acute myopia, and 
acute angle closure glaucoma.

Signs and symptoms may include respiratory symptoms, such as 
nasal congestion, cough, throat irritation, as well as chills, vomiting, 
and nausea. Less common signs and symptoms were wheezing, 
allergic rhinitis, pyrexia, chest discomfort, pruritus, hypotension, and 
blurred vision. 

When DARZALEX® dosing was interrupted in the setting of ASCT 
(CASSIOPEIA) for a median of 3.75 months (range: 2.4 to 6.9 months), 
upon re-initiation of DARZALEX®, the incidence of infusion-related 
reactions was 11% for the first infusion following ASCT. Infusion-related 
reactions occurring at re-initiation of DARZALEX® following ASCT were 
consistent in terms of symptoms and severity (Grade 3 or 4: <1%) with 
those reported in previous studies at Week 2 or subsequent infusions. 
In EQUULEUS, patients receiving combination treatment (n=97) were 
administered the first 16 mg/kg dose at Week 1 split over two days, 
ie, 8 mg/kg on Day 1 and Day 2, respectively. The incidence of 
any grade infusion-related reactions was 42%, with 36% of patients 
experiencing infusion-related reactions on Day 1 of Week 1, 4% on 
Day 2 of Week 1, and 8% with subsequent infusions.

Pre-medicate patients with antihistamines, antipyretics, and 
corticosteroids. Frequently monitor patients during the entire infusion. 
Interrupt DARZALEX® infusion for reactions of any severity and 
institute medical management as needed. Permanently discontinue 
DARZALEX® therapy if an anaphylactic reaction or life-threatening 
(Grade 4) reaction occurs and institute appropriate emergency 
care. For patients with Grade 1, 2, or 3 reactions, reduce the infusion 
rate when re-starting the infusion.

IMPORTANT SAFETY INFORMATION CONTINUES ON NEXT PAGE
Please see Brief Summary of full Prescribing Information for DARZALEX®

and DARZALEX FASPRO® on adjacent pages.
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IMPORTANT SAFETY INFORMATION CONTINUES ON NEXT PAGE

DARZALEX®: Infusion-Related Reactions
To reduce the risk of delayed infusion-related reactions, administer 
oral corticosteroids to all patients following DARZALEX® infusions. 
Patients with a history of chronic obstructive pulmonary disease may 
require additional post-infusion medications to manage respiratory 
complications. Consider prescribing short- and long-acting 
bronchodilators and inhaled corticosteroids for patients with chronic 
obstructive pulmonary disease.

Ocular adverse reactions, including acute myopia and narrowing 
of the anterior chamber angle due to ciliochoroidal effusions with 
potential for increased intraocular pressure or glaucoma, have 
occurred with DARZALEX® infusion. If ocular symptoms occur, 
interrupt DARZALEX® infusion and seek immediate ophthalmologic 
evaluation prior to restarting DARZALEX®.

DARZALEX FASPRO® (daratumumab and hyaluronidase-fihj): 
Hypersensitivity and Other Administration Reactions
Both systemic administration-related reactions, including severe 
or life-threatening reactions, and local injection-site reactions 
can occur with DARZALEX FASPRO®. Fatal reactions have been 
reported with daratumumab-containing products, including 
DARZALEX FASPRO®.

Systemic Reactions 
In a pooled safety population of 898 patients with multiple myeloma 

(N=705) or light chain (AL) amyloidosis (N=193) who received 
DARZALEX FASPRO® as monotherapy or in combination, 9% of 
patients experienced a systemic administration-related reaction 
(Grade 2: 3.2%, Grade 3: 1%). Systemic administration-related 
reactions occurred in 8% of patients with the first injection, 0.3% 
with the second injection, and cumulatively 1% with subsequent 
injections. The median time to onset was 3.2 hours (range: 4 minutes 
to 3.5 days). Of the 140 systemic administration-related reactions 
that occurred in 77 patients, 121 (86%) occurred on the day of 
DARZALEX FASPRO® administration. Delayed systemic administration-
related reactions have occurred in 1% of the patients.

Severe reactions included hypoxia, dyspnea, hypertension, 
tachycardia, and ocular adverse reactions, including choroidal 
effusion, acute myopia, and acute angle closure glaucoma. Other 
signs and symptoms of systemic administration-related reactions 
may include respiratory symptoms, such as bronchospasm, nasal 
congestion, cough, throat irritation, allergic rhinitis, and wheezing, 
as well as anaphylactic reaction, pyrexia, chest pain, pruritus, chills, 
vomiting, nausea, hypotension, and blurred vision. 

Pre-medicate patients with histamine-1 receptor antagonist, 
acetaminophen, and corticosteroids. Monitor patients for systemic 
administration-related reactions, especially following the first and 
second injections. For anaphylactic reaction or life-threatening 
(Grade 4) administration-related reactions, immediately and 
permanently discontinue DARZALEX FASPRO®. 

Powerful efficacy to start the treatment journey1,3

At follow-up of ~30 months*, median progression-free survival 
(mPFS) was not reached with DARZALEX® (daratumumab) + Rd
vs 31.9 months (95% CI, 28.9 to not reached) with Rd alone

•   70.6% of patients had not progressed
with DRd vs 55.6% of patients in the Rd group 
(DRd: 95% CI, 65.0–75.4; Rd: 95% CI, 49.5–61.3)†

    reduction in the risk of disease progression or death with 
DRd vs Rd alone (HR=0.56; 95% CI, 0.43–0.73; P<0.0001)

Efficacy results in long-term follow-up2

At ~5 years (56 months)‡ of follow-up, mPFS was not reached with 
DRd vs 34.4 months with Rd alone.

•  52.5% of patients had not progressed
after ~5 years of treatment with DRd vs 28.7% with Rd alone 
(DRd, 95% CI: 46.7, 58.0; Rd, 95% CI: 23.1, 34.6)†

   reduction in the risk of disease progression or death
   with DRd vs Rd alone (HR=0.53; 95% CI, 0.43–0.66) 

These ~5-year analyses were not adjusted for multiplicity and 
are not included in the current Prescribing Information (PI). 
No conclusions should be drawn.

MAIA Study Design: A phase 3 global, randomized, 
open-label study, compared treatment with DRd (n=368) to 
Rd (n=369) in adult patients with newly diagnosed, transplant-
ineligible multiple myeloma. 
Treatment was continued until disease progression or 
unacceptable toxicity. The primary efficacy endpoint was 
progression-free survival and OS was a secondary endpoint.1

Safety results in long-term follow-up2

(median treatment duration of 47.9 months)
At median ~5 years of follow-up:

•   Most frequent TEAEs§ for DRd ≥30% were diarrhea, neutropenia, 
fatigue, constipation, peripheral edema, anemia, back pain, 
asthenia, nausea, bronchitis, cough, dyspnea, insomnia, weight 
decreased, peripheral sensory neuropathy, pneumonia, and 
muscle spasms

•  Grade 3/4 infections were 41% for DRd vs 29% for Rd

•  Grade 3/4 TEAEs ≥10% were neutropenia (54% for DRd vs 37% for 
Rd), pneumonia (18% vs 10%), anemia (17% vs 22%), lymphopenia 
(16% vs 11%), hypokalemia (13% vs 10%), leukopenia (12% vs 6%), 
and cataract (11% vs 11%)

These ~ 5 year analyses are not in the current PI. Treatment-
emergent adverse events are reported as observed. These 
analyses have not been adjusted for multiple comparisons and no 
conclusions should be drawn.

44%

Demonstrated safety profile1

(median treatment duration of 25.3 months) 

•  The most common adverse reactions (≥20%) for DRd were 
diarrhea, constipation, nausea, vomiting, upper respiratory tract 
infection, bronchitis, pneumonia, infusion-related reactions, 
peripheral edema, fatigue, asthenia, pyrexia, back pain, muscle 
spasms, dyspnea, cough, peripheral sensory neuropathy, and 
decreased appetite

•  Serious adverse reactions with a 2% greater incidence in the 
DRd arm compared with the Rd arm were pneumonia 
(DRd 15% vs Rd 8%), bronchitis (DRd 4% vs Rd 2%), and dehydration 
(DRd 2% vs Rd <1%)

47%

Secondary endpoint of overall survival (OS)1,2

At ~5 years (56 months) of follow-up:

•  66% of patients were still alive with DRd vs 53% with Rd alone 
(DRd: 95% CI, 60.8–71.3; Rd: 95% CI, 47.2–58.6)†

•  Median follow-up was 56 months. Median OS was not reached 
for either arm

reduction in the risk of death in patients 
treated in the DRd arm vs Rd alone 
(HR=0.68; 95% CI: 0.53, 0.86; P=0.0013)

32%

IMPORTANT SAFETY INFORMATION (CONTINUED)

See the rolled 
out data. Visit 
darzalexhcp.com

CI=confidence interval; DRd=DARZALEX® (D) + lenalidomide (R) + dexamethasone (d); HR=hazard 
ratio; IRR=injection-related reaction; mPFS=median progression-free survival; OS=overall survival; 
Rd=lenalidomide (R) + dexamethasone (d); TEAE=treatment-
emergent adverse event.
*Range: 0.0-41.4 months.3

† Kaplan-Meier estimate.
‡Range: 0.03-69.52 months.2

§ TEAEs are defined as any adverse event (AE) that occurs after 
start of the first study treatment through 30 days after the last 
study treatment; or the day prior to start of subsequent 
antimyeloma therapy, whichever is earlier; or any AE that is 
considered drug related (very likely, probably, or possibly related) 
regardless of the start date of the event; or any AE that is present 
at baseline but worsens in toxicity grade or is subsequently 
considered drug related by the investigator.
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Consider administering corticosteroids and other medications after the 
administration of DARZALEX FASPRO® depending on dosing regimen and 
medical history to minimize the risk of delayed (defined as occurring the 
day after administration) systemic administration-related reactions. 

Ocular adverse reactions, including acute myopia and narrowing of the 
anterior chamber angle due to ciliochoroidal effusions with potential 
for increased intraocular pressure or glaucoma, have occurred with 
daratumumab-containing products. If ocular symptoms occur, interrupt 
DARZALEX FASPRO® and seek immediate ophthalmologic evaluation 
prior to restarting DARZALEX FASPRO®.

Local Reactions 

In this pooled safety population, injection-site reactions occurred in 8% 
of patients, including Grade 2 reactions in 0.7%. The most frequent (>1%) 
injection-site reaction was injection-site erythema. These local reactions 
occurred a median of 5 minutes (range: 0 minutes to 6.5 days) after 
starting administration of DARZALEX FASPRO®. Monitor for local reactions 
and consider symptomatic management.

DARZALEX® and DARZALEX FASPRO®: Neutropenia and 
Thrombocytopenia
DARZALEX® and DARZALEX FASPRO® may increase neutropenia 
and thrombocytopenia induced by background therapy. Monitor 
complete blood cell counts periodically during treatment according 
to manufacturer’s prescribing information for background therapies. 
Monitor patients with neutropenia for signs of infection. Consider 
withholding DARZALEX® or DARZALEX FASPRO® until recovery of 
neutrophils or for recovery of platelets.

In lower body weight patients receiving DARZALEX FASPRO®, higher rates 
of Grade 3-4 neutropenia were observed.

DARZALEX® and DARZALEX FASPRO®: Interference With Serological Testing 
Daratumumab binds to CD38 on red blood cells (RBCs) and results in a 
positive indirect antiglobulin test (indirect Coombs test). Daratumumab-
mediated positive indirect antiglobulin test may persist for up to 6 months 
after the last daratumumab administration. Daratumumab bound to 
RBCs masks detection of antibodies to minor antigens in the patient’s 
serum. The determination of a patient’s ABO and Rh blood type are 
not impacted. Notify blood transfusion centers of this interference with 
serological testing and inform blood banks that a patient has received 
DARZALEX® and DARZALEX FASPRO®. Type and screen patients prior to 
starting DARZALEX® and DARZALEX FASPRO®.

DARZALEX® and DARZALEX FASPRO®: Interference With Determination of 
Complete Response
Daratumumab is a human immunoglobulin G (IgG) kappa 
monoclonal antibody that can be detected on both the serum protein 
electrophoresis (SPE) and immunofixation (IFE) assays used for the clinical 
monitoring of endogenous M-protein. This interference can impact the 
determination of complete response and of disease progression in some 
patients with IgG kappa myeloma protein.

DARZALEX® and DARZALEX FASPRO®: Embryo-Fetal Toxicity
Based on the mechanism of action, DARZALEX® and DARZALEX FASPRO® 
can cause fetal harm when administered to a pregnant woman. 
DARZALEX® and DARZALEX FASPRO® may cause depletion of fetal 
immune cells and decreased bone density. Advise pregnant women of 
the potential risk to a fetus. Advise females with reproductive potential 
to use effective contraception during treatment with DARZALEX® or 
DARZALEX FASPRO® and for 3 months after the last dose.

The combination of DARZALEX® or DARZALEX FASPRO® with lenalidomide, 
pomalidomide, or thalidomide is contraindicated in pregnant women 
because lenalidomide, pomalidomide, and thalidomide may cause 
birth defects and death of the unborn child. Refer to the lenalidomide, 
pomalidomide, or thalidomide prescribing information on use during 
pregnancy.

DARZALEX®: ADVERSE REACTIONS
The most frequently reported adverse reactions (incidence ≥20%) were 
upper respiratory infection, neutropenia, infusion-related reactions, 
thrombocytopenia, diarrhea, constipation, anemia, peripheral sensory 
neuropathy, fatigue, peripheral edema, nausea, cough, pyrexia, 
dyspnea, and asthenia. The most common hematologic laboratory 
abnormalities (≥40%) with DARZALEX® are neutropenia, lymphopenia, 
thrombocytopenia, leukopenia, and anemia.

DARZALEX FASPRO®: ADVERSE REACTIONS
In multiple myeloma, the most common adverse reaction (≥20%) with 
DARZALEX FASPRO® monotherapy is upper respiratory tract infection. 
The most common adverse reactions with combination therapy (≥20% 
for any combination) include fatigue, nausea, diarrhea, dyspnea, 
insomnia, headache, pyrexia, cough, muscle spasms, back pain, 
vomiting, hypertension, upper respiratory tract infection, peripheral 
sensory neuropathy, constipation, pneumonia, and peripheral edema. 
The most common hematologic laboratory abnormalities (≥40%) with 
DARZALEX FASPRO® are decreased leukocytes, decreased lymphocytes, 
decreased neutrophils, decreased platelets, and decreased 
hemoglobin.

INDICATIONS
DARZALEX® (daratumumab) is indicated for the treatment of adult 
patients with multiple myeloma:
•  In combination with lenalidomide and dexamethasone in newly 

diagnosed patients who are ineligible for autologous stem cell 
transplant and in patients with relapsed or refractory multiple myeloma 
who have received at least one prior therapy

•  In combination with bortezomib, melphalan, and prednisone in 
newly diagnosed patients who are ineligible for autologous stem cell 
transplant

•  In combination with bortezomib, thalidomide, and dexamethasone 
in newly diagnosed patients who are eligible for autologous stem cell 
transplant

• In combination with bortezomib and dexamethasone in patients  
   who have received at least one prior therapy
•  In combination with carfilzomib and dexamethasone in patients with 

relapsed or refractory multiple myeloma who have received one to 
three prior lines of therapy

•  In combination with pomalidomide and dexamethasone in patients 
who have received at least two prior therapies including lenalidomide 
and a proteasome inhibitor (PI)

•  As monotherapy in patients who have received at least three prior lines 
of therapy including a PI and an immunomodulatory agent or who are 
double-refractory to a PI and an immunomodulatory agent

DARZALEX FASPRO® (daratumumab and hyaluronidase-fihj) is indicated 
for the treatment of adult patients with multiple myeloma:
•  In combination with bortezomib, melphalan, and prednisone in 

newly diagnosed patients who are ineligible for autologous stem cell 
transplant

•  In combination with lenalidomide and dexamethasone in newly 
diagnosed patients who are ineligible for autologous stem cell 
transplant and in patients with relapsed or refractory multiple myeloma 
who have received at least one prior therapy

•  In combination with bortezomib, thalidomide, and dexamethasone 
in newly diagnosed patients who are eligible for autologous stem cell 
transplant

•  In combination with pomalidomide and dexamethasone in patients 
who have received at least one prior line of therapy including 
lenalidomide and a proteasome inhibitor (PI)

•  In combination with carfilzomib and dexamethasone in patients with 
relapsed or refractory multiple myeloma who have received one to 
three prior lines of therapy

• In combination with bortezomib and dexamethasone in patients  
   who have received at least one prior therapy
•  As monotherapy in patients who have received at least three prior lines 

of therapy including a PI and an immunomodulatory agent or who are 
double-refractory to a PI and an immunomodulatory agent

Please see Brief Summary of full Prescribing Information for DARZALEX® 
and DARZALEX FASPRO® on adjacent pages.
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IMPORTANT SAFETY INFORMATION (CONTINUED) 
DARZALEX FASPRO® (daratumumab and hyaluronidase-fihj): 
Hypersensitivity and Other Administration Reactions
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Consider administering corticosteroids and other medications after the 
administration of DARZALEX FASPRO® depending on dosing regimen and 
medical history to minimize the risk of delayed (defined as occurring the 
day after administration) systemic administration-related reactions. 

Ocular adverse reactions, including acute myopia and narrowing of the 
anterior chamber angle due to ciliochoroidal effusions with potential 
for increased intraocular pressure or glaucoma, have occurred with 
daratumumab-containing products. If ocular symptoms occur, interrupt 
DARZALEX FASPRO® and seek immediate ophthalmologic evaluation 
prior to restarting DARZALEX FASPRO®.

Local Reactions 

In this pooled safety population, injection-site reactions occurred in 8% 
of patients, including Grade 2 reactions in 0.7%. The most frequent (>1%) 
injection-site reaction was injection-site erythema. These local reactions 
occurred a median of 5 minutes (range: 0 minutes to 6.5 days) after 
starting administration of DARZALEX FASPRO®. Monitor for local reactions 
and consider symptomatic management.

DARZALEX® and DARZALEX FASPRO®: Neutropenia and 
Thrombocytopenia
DARZALEX® and DARZALEX FASPRO® may increase neutropenia 
and thrombocytopenia induced by background therapy. Monitor 
complete blood cell counts periodically during treatment according 
to manufacturer’s prescribing information for background therapies. 
Monitor patients with neutropenia for signs of infection. Consider 
withholding DARZALEX® or DARZALEX FASPRO® until recovery of 
neutrophils or for recovery of platelets.

In lower body weight patients receiving DARZALEX FASPRO®, higher rates 
of Grade 3-4 neutropenia were observed.

DARZALEX® and DARZALEX FASPRO®: Interference With Serological Testing 
Daratumumab binds to CD38 on red blood cells (RBCs) and results in a 
positive indirect antiglobulin test (indirect Coombs test). Daratumumab-
mediated positive indirect antiglobulin test may persist for up to 6 months 
after the last daratumumab administration. Daratumumab bound to 
RBCs masks detection of antibodies to minor antigens in the patient’s 
serum. The determination of a patient’s ABO and Rh blood type are 
not impacted. Notify blood transfusion centers of this interference with 
serological testing and inform blood banks that a patient has received 
DARZALEX® and DARZALEX FASPRO®. Type and screen patients prior to 
starting DARZALEX® and DARZALEX FASPRO®.

DARZALEX® and DARZALEX FASPRO®: Interference With Determination of 
Complete Response
Daratumumab is a human immunoglobulin G (IgG) kappa 
monoclonal antibody that can be detected on both the serum protein 
electrophoresis (SPE) and immunofixation (IFE) assays used for the clinical 
monitoring of endogenous M-protein. This interference can impact the 
determination of complete response and of disease progression in some 
patients with IgG kappa myeloma protein.

DARZALEX® and DARZALEX FASPRO®: Embryo-Fetal Toxicity
Based on the mechanism of action, DARZALEX® and DARZALEX FASPRO® 
can cause fetal harm when administered to a pregnant woman. 
DARZALEX® and DARZALEX FASPRO® may cause depletion of fetal 
immune cells and decreased bone density. Advise pregnant women of 
the potential risk to a fetus. Advise females with reproductive potential 
to use effective contraception during treatment with DARZALEX® or 
DARZALEX FASPRO® and for 3 months after the last dose.

The combination of DARZALEX® or DARZALEX FASPRO® with lenalidomide, 
pomalidomide, or thalidomide is contraindicated in pregnant women 
because lenalidomide, pomalidomide, and thalidomide may cause 
birth defects and death of the unborn child. Refer to the lenalidomide, 
pomalidomide, or thalidomide prescribing information on use during 
pregnancy.

DARZALEX®: ADVERSE REACTIONS
The most frequently reported adverse reactions (incidence ≥20%) were 
upper respiratory infection, neutropenia, infusion-related reactions, 
thrombocytopenia, diarrhea, constipation, anemia, peripheral sensory 
neuropathy, fatigue, peripheral edema, nausea, cough, pyrexia, 
dyspnea, and asthenia. The most common hematologic laboratory 
abnormalities (≥40%) with DARZALEX® are neutropenia, lymphopenia, 
thrombocytopenia, leukopenia, and anemia.

DARZALEX FASPRO®: ADVERSE REACTIONS
In multiple myeloma, the most common adverse reaction (≥20%) with 
DARZALEX FASPRO® monotherapy is upper respiratory tract infection. 
The most common adverse reactions with combination therapy (≥20% 
for any combination) include fatigue, nausea, diarrhea, dyspnea, 
insomnia, headache, pyrexia, cough, muscle spasms, back pain, 
vomiting, hypertension, upper respiratory tract infection, peripheral 
sensory neuropathy, constipation, pneumonia, and peripheral edema. 
The most common hematologic laboratory abnormalities (≥40%) with 
DARZALEX FASPRO® are decreased leukocytes, decreased lymphocytes, 
decreased neutrophils, decreased platelets, and decreased 
hemoglobin.

INDICATIONS
DARZALEX® (daratumumab) is indicated for the treatment of adult 
patients with multiple myeloma:
•  In combination with lenalidomide and dexamethasone in newly 

diagnosed patients who are ineligible for autologous stem cell 
transplant and in patients with relapsed or refractory multiple myeloma 
who have received at least one prior therapy

•  In combination with bortezomib, melphalan, and prednisone in 
newly diagnosed patients who are ineligible for autologous stem cell 
transplant

•  In combination with bortezomib, thalidomide, and dexamethasone 
in newly diagnosed patients who are eligible for autologous stem cell 
transplant

• In combination with bortezomib and dexamethasone in patients  
   who have received at least one prior therapy
•  In combination with carfilzomib and dexamethasone in patients with 

relapsed or refractory multiple myeloma who have received one to 
three prior lines of therapy

•  In combination with pomalidomide and dexamethasone in patients 
who have received at least two prior therapies including lenalidomide 
and a proteasome inhibitor (PI)

•  As monotherapy in patients who have received at least three prior lines 
of therapy including a PI and an immunomodulatory agent or who are 
double-refractory to a PI and an immunomodulatory agent

DARZALEX FASPRO® (daratumumab and hyaluronidase-fihj) is indicated 
for the treatment of adult patients with multiple myeloma:
•  In combination with bortezomib, melphalan, and prednisone in 

newly diagnosed patients who are ineligible for autologous stem cell 
transplant

•  In combination with lenalidomide and dexamethasone in newly 
diagnosed patients who are ineligible for autologous stem cell 
transplant and in patients with relapsed or refractory multiple myeloma 
who have received at least one prior therapy

•  In combination with bortezomib, thalidomide, and dexamethasone 
in newly diagnosed patients who are eligible for autologous stem cell 
transplant

•  In combination with pomalidomide and dexamethasone in patients 
who have received at least one prior line of therapy including 
lenalidomide and a proteasome inhibitor (PI)

•  In combination with carfilzomib and dexamethasone in patients with 
relapsed or refractory multiple myeloma who have received one to 
three prior lines of therapy

• In combination with bortezomib and dexamethasone in patients  
   who have received at least one prior therapy
•  As monotherapy in patients who have received at least three prior lines 

of therapy including a PI and an immunomodulatory agent or who are 
double-refractory to a PI and an immunomodulatory agent

Please see Brief Summary of full Prescribing Information for DARZALEX® 
and DARZALEX FASPRO® on adjacent pages.
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DARZALEX® (daratumumab) injectionDARZALEX® (daratumumab) injection, for intravenous use
Brief Summary of Full Prescribing Information
INDICATIONS AND USAGE
DARZALEX is indicated for the treatment of adult patients with multiple myeloma:
• in combination with lenalidomide and dexamethasone in newly diagnosed patients who are ineligible 

for autologous stem cell transplant and in patients with relapsed or refractory multiple myeloma who 
have received at least one prior therapy.

CONTRAINDICATIONS
DARZALEX is contraindicated in patients with a history of severe hypersensitivity (e.g. anaphylactic 
reactions) to daratumumab or any of the components of the formulation [see Warnings and Precautions].
WARNINGS AND PRECAUTIONS
Infusion-Related Reactions
DARZALEX can cause severe and/or serious infusion-related reactions including anaphylactic reactions. 
These reactions can be life-threatening and fatal outcomes have been reported [see Adverse Reactions].
In clinical trials (monotherapy and combination: N=2,066), infusion-related reactions occurred in 37% 
of patients with the Week 1 (16 mg/kg) infusion, 2% with the Week 2 infusion, and cumulatively 6% with 
subsequent infusions. Less than 1% of patients had a Grade 3/4 infusion-related reaction at Week 2 or 
subsequent infusions. The median time to onset was 1.5 hours (range: 0 to 73 hours). The incidence of 
infusion modification due to reactions was 36%. Median durations of 16 mg/kg infusions for the Week 1, 
Week 2, and subsequent infusions were approximately 7, 4, and 3 hours respectively. Nearly all reactions 
occurred during infusion or within 4 hours of completing DARZALEX. Prior to the introduction of post-
infusion medication in clinical trials, infusion-related reactions occurred up to 48 hours after infusion.
Severe reactions have occurred, including bronchospasm, hypoxia, dyspnea, hypertension, tachycardia, 
headache, laryngeal edema, pulmonary edema, and ocular adverse reactions, including choroidal effusion, 
acute myopia, and acute angle closure glaucoma. Signs and symptoms may include respiratory symptoms, 
such as nasal congestion, cough, throat irritation, as well as chills, vomiting and nausea. Less common 
signs and symptoms were wheezing, allergic rhinitis, pyrexia, chest discomfort, pruritus, hypotension, and 
blurred vision [see Adverse Reactions].
When DARZALEX dosing was interrupted in the setting of ASCT (CASSIOPEIA) for a median of 3.75 months 
(range: 2.4 to 6.9 months), upon re-initiation of DARZALEX, the incidence of infusion-related reactions was 
11% for the first infusion following ASCT. Infusion rate/dilution volume used upon re-initiation was that 
used for the last DARZALEX infusion prior to interruption for ASCT. Infusion-related reactions occurring at 
re-initiation of DARZALEX following ASCT were consistent in terms of symptoms and severity (Grade 3 or 
4: <1%) with those reported in previous studies at Week 2 or subsequent infusions.
In EQUULEUS, patients receiving combination treatment (n=97) were administered the first 16 mg/kg dose 
at Week 1 split over two days i.e. 8 mg/kg on Day 1 and Day 2, respectively. The incidence of any grade 
infusion-related reactions was 42%, with 36% of patients experiencing infusion-related reactions on Day 1 
of Week 1, 4% on Day 2 of Week 1, and 8% with subsequent infusions. The median time to onset of a reaction 
was 1.8 hours (range: 0.1 to 5.4 hours). The incidence of infusion interruptions due to reactions was 30%. 
Median durations of infusions were 4.2 hours for Week 1-Day 1, 4.2 hours for Week 1-Day 2, and 3.4 hours 
for the subsequent infusions.
Pre-medicate patients with antihistamines, antipyretics and corticosteroids. Frequently monitor patients 
during the entire infusion [see Dosage and Administration (2.3) in Full Prescribing Information]. Interrupt 
DARZALEX infusion for reactions of any severity and institute medical management as needed. Permanently 
discontinue DARZALEX therapy if an anaphylactic reaction or life-threatening (Grade 4) reaction occurs 
and institute appropriate emergency care. For patients with Grade 1, 2, or 3 reactions, reduce the infusion 
rate when re-starting the infusion [see Dosage and Administration (2.4) in Full Prescribing Information].
To reduce the risk of delayed infusion-related reactions, administer oral corticosteroids to all patients 
following DARZALEX infusions [see Dosage and Administration (2.3) in Full Prescribing Information]. 
Patients with a history of chronic obstructive pulmonary disease may require additional post-infusion 
medications to manage respiratory complications. Consider prescribing short- and long-acting 
bronchodilators and inhaled corticosteroids for patients with chronic obstructive pulmonary disease [see 
Dosage and Administration (2.3) in Full Prescribing Information].
Ocular adverse reactions, including acute myopia and narrowing of the anterior chamber angle due to 
ciliochoroidal effusions with potential for increased intraocular pressure or glaucoma, have occurred 
with DARZALEX infusion. If ocular symptoms occur, interrupt DARZALEX infusion and seek immediate 
ophthalmologic evaluation prior to restarting DARZALEX.
Interference with Serological Testing
Daratumumab binds to CD38 on red blood cells (RBCs) and results in a positive Indirect Antiglobulin Test 
(Indirect Coombs test). Daratumumab-mediated positive indirect antiglobulin test may persist for up to 
6 months after the last daratumumab infusion. Daratumumab bound to RBCs masks detection of antibodies 
to minor antigens in the patient’s serum [see References]. The determination of a patient’s ABO and Rh 
blood type are not impacted [see Drug Interactions].
Notify blood transfusion centers of this interference with serological testing and inform blood banks that 
a patient has received DARZALEX. Type and screen patients prior to starting DARZALEX [see Dosage and 
Administration (2.1) in Full Prescribing Information].
Neutropenia
DARZALEX may increase neutropenia induced by background therapy [see Adverse Reactions].
Monitor complete blood cell counts periodically during treatment according to manufacturer’s prescribing 
information for background therapies. Monitor patients with neutropenia for signs of infection. Consider 
withholding DARZALEX until recovery of neutrophils.
Thrombocytopenia
DARZALEX may increase thrombocytopenia induced by background therapy [see Adverse Reactions].
Monitor complete blood cell counts periodically during treatment according to manufacturer’s prescribing 
information for background therapies. Consider withholding DARZALEX until recovery of platelets.
Interference with Determination of Complete Response
Daratumumab is a human IgG kappa monoclonal antibody that can be detected on both, the serum protein 
electrophoresis (SPE) and immunofixation (IFE) assays used for the clinical monitoring of endogenous 
M-protein [see Drug Interactions]. This interference can impact the determination of complete response 
and of disease progression in some patients with IgG kappa myeloma protein.
Embryo-Fetal Toxicity
Based on the mechanism of action, DARZALEX can cause fetal harm when administered to a pregnant 
woman. DARZALEX may cause depletion of fetal immune cells and decreased bone density. Advise 
pregnant women of the potential risk to a fetus. Advise females with reproductive potential to use effective 
contraception during treatment with DARZALEX and for 3 months after the last dose [see Use in Specific 
Populations].
The combination of DARZALEX with lenalidomide, pomalidomide, or thalidomide is contraindicated in 
pregnant women, because lenalidomide, pomalidomide, and thalidomide may cause birth defects and 
death of the unborn child. Refer to the lenalidomide, pomalidomide, or thalidomide prescribing information 
on use during pregnancy.
ADVERSE REACTIONS
The following clinically significant adverse reactions are described elsewhere in the labeling:
• Infusion-related reactions [see Warning and Precautions].
• Neutropenia [see Warning and Precautions].
• Thrombocytopenia [see Warning and Precautions].
Clinical Trials Experience
Because clinical trials are conducted under widely varying conditions, adverse reaction rates observed 
in the clinical trials of a drug cannot be directly compared to rates in the clinical trials of another drug and 
may not reflect the rates observed in practice.
The safety data described below reflects exposure to DARZALEX (16 mg/kg) in 2,459  patients with multiple 
myeloma including 2,303 patients who received DARZALEX in combination with background regimens and 
156 patients who received DARZALEX as monotherapy. In this pooled safety population, the most common 
adverse reactions (≥20%) were upper respiratory infection, neutropenia, infusion-related reactions, 
thrombocytopenia, diarrhea, constipation, anemia, peripheral sensory neuropathy, fatigue, peripheral 
edema, nausea, cough, pyrexia, dyspnea, and asthenia.
Newly Diagnosed Multiple Myeloma Ineligible for Autologous Stem Cell Transplant
Combination Treatment with Lenalidomide and Dexamethasone (DRd)
The safety of DARZALEX in combination with lenalidomide and dexamethasone was evaluated in MAIA 

[see Clinical Studies (14.1) in Full Prescribing Information]. Adverse reactions described in Table 1 reflect 
exposure to DARZALEX for a median treatment duration of 25.3 months (range: 0.1 to 40.44 months) for 
daratumumab-lenalidomide-dexamethasone (DRd) and of 21.3 months (range: 0.03 to 40.64 months) for 
lenalidomide-dexamethasone (Rd). 
Serious adverse reactions with a 2% greater incidence in the DRd arm compared to the Rd arm were 
pneumonia (DRd 15% vs Rd 8%), bronchitis (DRd 4% vs Rd 2%) and dehydration (DRd 2% vs Rd <1%).
Table 1:  Adverse Reactions Reported in ≥10% of Patients and With at Least a 5% Greater Frequency in 

the DRd Arm in MAIA
Body System  
Adverse Reaction

DRd (N=364) Rd (N=365)
All Grades 
(%)

Grade 3 
(%)

Grade 4 
(%)

All Grades 
(%)

Grade 3 
(%)

Grade 4 
(%)

Gastrointestinal disorders
Diarrhea 57 7 0 46 4 0
Constipation 41 1 <1 36 <1 0
Nausea 32 1 0 23 1 0
Vomiting 17 1 0 12 <1 0

Infections
Upper respiratory tract 
infectiona

52 2 <1 36 2 <1

Bronchitisb 29 3 0 21 1 0
Pneumoniac 26 14 1 14 7 1
Urinary tract infection 18 2 0 10 2 0

General disorders and administration site conditions
Infusion-related reactionsd 41 2 <1 0 0 0
Peripheral edemae 41 2 0 33 1 0
Fatigue 40 8 0 28 4 0
Asthenia 32 4 0 25 3 <1
Pyrexia 23 2 0 18 2 0
Chills 13 0 0 2 0 0

Musculoskeletal and connective tissue disorders
Back pain 34 3 <1 26 3 <1
Muscle spasms 29 1 0 22 1 0

Respiratory, thoracic and mediastinal disorders
Dyspneaf 32 3 <1 20 1 0
Coughg 30 <1 0 18 0 0

Nervous system disorders
Peripheral sensory 
neuropathy

24 1 0 15 0 0

Headache 19 1 0 11 0 0
Paresthesia 16 0 0 8 0 0

Metabolism and nutrition disorders
Decreased appetite 22 1 0 15 <1 <1
Hyperglycemia 14 6 1 8 3 1
Hypocalcemia 14 1 <1 9 1 1

Vascular disorders
Hypertensionh 13 6 <1 7 4 0

Key: D=daratumumab, Rd=lenalidomide-dexamethasone.
a  Acute sinusitis, Bacterial rhinitis, Laryngitis, Metapneumovirus infection, Nasopharyngitis, 

Oropharyngeal candidiasis, Pharyngitis, Respiratory syncytial virus infection, Respiratory tract 
infection, Respiratory tract infection viral, Rhinitis, Rhinovirus infection, Sinusitis, Tonsillitis, Tracheitis, 
Upper respiratory tract infection, Viral pharyngitis, Viral rhinitis, Viral upper respiratory tract infection

b  Bronchiolitis, Bronchitis, Bronchitis viral, Respiratory syncytial virus bronchiolitis, Tracheobronchitis
c  Atypical pneumonia, Bronchopulmonary aspergillosis, Lung infection, Pneumocystis jirovecii infection, 

Pneumocystis jirovecii pneumonia, Pneumonia, Pneumonia aspiration, Pneumonia pneumococcal, 
Pneumonia viral, Pulmonary mycosis

d  Infusion-related reaction includes terms determined by investigators to be related to infusion
e  Generalized edema, Gravitational edema, Edema, Peripheral edema, Peripheral swelling
f Dyspnea, Dyspnea exertional
g Cough, Productive cough
h Blood pressure increased, Hypertension

Laboratory abnormalities worsening during treatment from baseline listed in Table 2.
Table 2: Treatment-Emergent Hematology Laboratory Abnormalities in MAIA

DRd (N=364) Rd (N=365)
All Grades 
(%)

Grade 3 
(%) 

Grade 4 
(%)

All Grades 
(%)

Grade 3 
(%) 

Grade 4 
(%)

Leukopenia 90 30 5 82 20 4
Neutropenia 91 39 17 77 28 11
Lymphopenia 84 41 11 75 36 6
Thrombocytopenia 67 6 3 58 7 4
Anemia 47 13 0 57 24 0

Key: D=daratumumab, Rd=lenalidomide-dexamethasone.
Relapsed/Refractory Multiple Myeloma
Combination Treatment with Lenalidomide and Dexamethasone
The safety of DARZALEX in combination with lenalidomide and dexamethasone was evaluated in POLLUX 
[see Clinical Studies (14.2) in Full Prescribing Information]. Adverse reactions described in Table 3 
reflect exposure to DARZALEX for a median treatment duration of 13.1 months (range: 0 to 20.7 months) 
for daratumumab-lenalidomide-dexamethasone (DRd) and of 12.3 months (range: 0.2 to 20.1 months) for 
lenalidomide-dexamethasone (Rd). 
Serious adverse reactions occurred in 49% of patients in the DRd arm compared with 42% in the Rd arm. 
Serious adverse reactions with at least a 2% greater incidence in the DRd arm compared to the Rd arm 
were pneumonia (DRd 12% vs Rd 10%), upper respiratory tract infection (DRd 7% vs Rd 4%), influenza and 
pyrexia (DRd 3% vs Rd 1% for each).
Adverse reactions resulted in discontinuations for 7% (n=19) of patients in the DRd arm versus 8% (n=22) 
in the Rd arm.

Table 3:  Adverse Reactions Reported in ≥ 10% of Patients and With at Least a 5% Greater Frequency 
in the DRd Arm in POLLUX

Adverse Reaction DRd (N=283) Rd (N=281) 
All Grades 
(%) 

Grade 3 
(%) 

Grade 4 
(%) 

All Grades 
(%)

Grade 3 
(%) 

Grade 4 
(%) 

Infections
Upper respiratory tract 
infectiona 65 6 < 1 51 4 0

General disorders and administration site conditions
Infusion-related 
reactionsb

48 5 0 0 0 0

Fatigue 35 6 < 1 28 2 0
Pyrexia 20 2 0 11 1 0
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Table 3:  Adverse Reactions Reported in ≥ 10% of Patients and With at Least a 5% Greater Frequency 
in the DRd Arm in POLLUX (continued)

Adverse Reaction DRd (N=283) Rd (N=281) 
All Grades 
(%) 

Grade 3 
(%) 

Grade 4 
(%) 

All Grades 
(%)

Grade 3 
(%) 

Grade 4 
(%) 

Gastrointestinal disorders
Diarrhea 43 5 0 25 3 0
Nausea 24 1 0 14 0 0
Vomiting 17 1 0 5 1 0

Respiratory, thoracic and mediastinal disorders
Coughc 30 0 0 15 0 0
Dyspnead 21 3 < 1 12 1 0

Musculoskeletal and connective tissue disorders
Muscle spasms 26 1 0 19 2 0

Nervous system disorders
Headache 13 0 0 7 0 0

Key: D=daratumumab, Rd=lenalidomide-dexamethasone.
a  upper respiratory tract infection, bronchitis, sinusitis, respiratory tract infection viral, rhinitis, pharyngitis, 

respiratory tract infection, metapneumovirus infection, tracheobronchitis, viral upper respiratory tract 
infection, laryngitis, respiratory syncytial virus infection, staphylococcal pharyngitis, tonsillitis, viral 
pharyngitis, acute sinusitis, nasopharyngitis, bronchiolitis, bronchitis viral, pharyngitis streptococcal, 
tracheitis, upper respiratory tract infection bacterial, bronchitis bacterial, epiglottitis, laryngitis viral, 
oropharyngeal candidiasis, respiratory moniliasis, viral rhinitis, acute tonsillitis, rhinovirus infection

b  Infusion-related reaction includes terms determined by investigators to be related to infusion
c  cough, productive cough, allergic cough
d  dyspnea, dyspnea exertional

Laboratory abnormalities worsening during treatment from baseline listed in Table 4.
Table 4:  Treatment-Emergent Hematology Laboratory Abnormalities in POLLUX

DRd (N=283) Rd (N=281) 
All Grades 
(%)

Grade 3  
(%) 

Grade 4 
(%)

All Grades 
(%)

Grade 3  
(%) 

Grade 4 
(%)

Lymphopenia 95 42 10 87 32 6
Neutropenia 92 36 17 87 32 8
Thrombocytopenia 73 7 6 67 10 5
Anemia 52 13 0 57 19 0
Key: D=daratumumab, Rd=lenalidomide-dexamethasone.

Herpes Zoster Virus Reactivation
Prophylaxis for Herpes Zoster Virus reactivation was recommended for patients in some clinical trials 
of DARZALEX. In monotherapy studies, herpes zoster was reported in 3% of patients. In the combination 
therapy studies, herpes zoster was reported in 2-5% of patients receiving DARZALEX.
Infections
Grade 3 or 4 infections were reported as follows:
• Relapsed/refractory patient studies: DVd: 21% vs. Vd: 19%; DRd: 28% vs. Rd: 23%; DPd: 28%; DKda: 37%, 

Kda: 29%; DKdb: 21% 
 a where carfilzomib 20/56 mg/m2 was administered twice-weekly
 b where carfilzomib 20/70 mg/m2 was administered once-weekly
• Newly diagnosed patient studies: D-VMP: 23%, VMP: 15%; DRd: 32%, Rd: 23%; DVTd: 22%; VTd: 20%. 
Pneumonia was the most commonly reported severe (Grade 3 or 4) infection across studies. In active 
controlled studies, discontinuations from treatment due to infections occurred in 1-4% of patients.
Fatal infections (Grade 5) were reported as follows: 
• Relapsed/refractory patient studies: DVd: 1%, Vd: 2%; DRd: 2%, Rd: 1%; DPd: 2%; DKda: 5%, Kda: 3%; 

DKdb: 0%
 a where carfilzomib 20/56 mg/m2 was administered twice-weekly
 b where carfilzomib 20/70 mg/m2 was administered once-weekly
• Newly diagnosed patient studies: D-VMP: 1%, VMP: 1%; DRd: 2%, Rd: 2%; DVTd: 0%, VTd: 0%. 
Fatal infections were generally infrequent and balanced between the DARZALEX containing regimens and 
active control arms. Fatal infections were primarily due to pneumonia and sepsis.
Hepatitis B Virus (HBV) Reactivation
Hepatitis B virus reactivation has been reported in less than 1% of patients (including fatal cases) treated 
with DARZALEX in clinical trials.
Other Clinical Trials Experience
The following adverse reactions have been reported following administration of daratumumab and 
hyaluronidase for subcutaneous injection:
Nervous System disorders: Syncope
Immunogenicity
As with all therapeutic proteins, there is the potential for immunogenicity. The detection of antibody formation is 
highly dependent on the sensitivity and specificity of the assay. Additionally, the observed incidence of antibody 
(including neutralizing antibody) positivity in an assay may be influenced by several factors including assay 
methodology, sample handling, timing of sample collection, concomitant medications, and underlying disease.   
For these reasons, comparison of the incidence of antibodies in the studies described below with the 
incidence of antibodies in other studies or to other daratumumab products may be misleading.  
In clinical trials of patients with multiple myeloma treated with DARZALEX as monotherapy or as 
combination therapies, 0.35% (6/1,713) of patients developed treatment-emergent anti-daratumumab 
antibodies. Of those, 4 patients tested positive for neutralizing antibodies.
Postmarketing Experience
The following adverse reactions have been identified during post-approval use of daratumumab. Because 
these reactions are reported voluntarily from a population of uncertain size, it is not always possible to 
reliably estimate their frequency or establish a causal relationship to drug exposure.
Immune System disorders: Anaphylactic reaction, IRR (including deaths)
Gastrointestinal disorders: Pancreatitis
Infections: Cytomegalovirus, Listeriosis
DRUG INTERACTIONS
Effects of Daratumumab on Laboratory Tests
Interference with Indirect Antiglobulin Tests (Indirect Coombs Test)
Daratumumab binds to CD38 on RBCs and interferes with compatibility testing, including antibody screening 
and cross matching. Daratumumab interference mitigation methods include treating reagent RBCs with 
dithiothreitol (DTT) to disrupt daratumumab binding [see References] or genotyping. Since the Kell blood 
group system is also sensitive to DTT treatment, supply K-negative units after ruling out or identifying 
alloantibodies using DTT-treated RBCs.
If an emergency transfusion is required, administer non-cross-matched ABO/RhD-compatible RBCs per 
local blood bank practices.
Interference with Serum Protein Electrophoresis and Immunofixation Tests
Daratumumab may be detected on serum protein electrophoresis (SPE) and immunofixation (IFE) assays 
used for monitoring disease monoclonal immunoglobulins (M protein). False positive SPE and IFE assay 
results may occur for patients with IgG kappa myeloma protein impacting initial assessment of complete 
responses by International Myeloma Working Group (IMWG) criteria. In patients with persistent very 
good partial response, where daratumumab interference is suspected, consider using a FDA-approved 
daratumumab-specific IFE assay to distinguish daratumumab from any remaining endogenous M protein 
in the patient’s serum, to facilitate determination of a complete response.

USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary
DARZALEX can cause fetal harm when administered to a pregnant woman. The assessment of associated 
risks with daratumumab products is based on the mechanism of action and data from target antigen CD38 
knockout animal models (see Data). There are no available data on the use of DARZALEX in pregnant 
women to evaluate drug-associated risk of major birth defects, miscarriage or adverse maternal or fetal 
outcomes. Animal reproduction studies have not been conducted.
The estimated background risk of major birth defects and miscarriage for the indicated population is 
unknown. All pregnancies have a background risk of birth defect, loss, or other adverse outcomes. In the 
U.S. general population, the estimated background risk of major birth defects and miscarriage in clinically 
recognized pregnancies is 2% to 4% and 15% to 20%, respectively.
The combination of DARZALEX and lenalidomide, pomalidomide, or thalidomide is contraindicated in pregnant 
women, because lenalidomide, pomalidomide, and thalidomide may cause birth defects and death of the 
unborn child. Lenalidomide, pomalidomide, and thalidomide are only available through a REMS program. 
Refer to the lenalidomide, pomalidomide, or thalidomide prescribing information on use during pregnancy.
Clinical Considerations
Fetal/Neonatal Adverse Reactions
Immunoglobulin G1 (IgG1) monoclonal antibodies are transferred across the placenta. Based on its 
mechanism of action, DARZALEX may cause depletion of fetal CD38 positive immune cells and decreased 
bone density. Defer administering live vaccines to neonates and infants exposed to DARZALEX  
in utero until a hematology evaluation is completed.
Data
Animal Data
Mice that were genetically modified to eliminate all CD38 expression (CD38 knockout mice) had reduced 
bone density at birth that recovered by 5 months of age. Data from studies using CD38 knockout animal 
models also suggest the involvement of CD38 in regulating humoral immune responses (mice), feto-
maternal immune tolerance (mice), and early embryonic development (frogs).
Lactation
Risk Summary
There is no data on the presence of daratumumab in human milk, the effects on the breastfed child, or the 
effects on milk production. Maternal immunoglobulin G is known to be present in human milk. Published 
data suggest that antibodies in breast milk do not enter the neonatal and infant circulations in substantial 
amounts. Because of the potential for serious adverse reactions in the breastfed child when DARZALEX 
is administered with lenalidomide, pomalidomide, or thalidomide, advise women not to breastfeed during 
treatment with DARZALEX. Refer to lenalidomide, pomalidomide, or thalidomide prescribing information 
for additional information.
Females and Males of Reproductive Potential
DARZALEX can cause fetal harm when administered to a pregnant woman [see Use in Specific Populations].
Pregnancy Testing
With the combination of DARZALEX with lenalidomide, pomalidomide, or thalidomide, refer to the 
lenalidomide, pomalidomide, or thalidomide labeling for pregnancy testing requirements prior to initiating 
treatment in females of reproductive potential.
Contraception
Advise females of reproductive potential to use effective contraception during treatment with DARZALEX 
and for 3 months after the last dose. Additionally, refer to the lenalidomide, pomalidomide, or thalidomide 
labeling for additional recommendations for contraception.
Pediatric Use
Safety and effectiveness of DARZALEX in pediatric patients have not been established.
Geriatric Use
Of the 2,459 patients who received DARZALEX at the recommended dose, 38% were 65 to 74 years of age, 
and 15% were 75 years of age or older. No overall differences in effectiveness were observed between 
these patients and younger patients. The incidence of serious adverse reactions was higher in older 
than in younger patients [see Adverse Reactions]. Among patients with relapsed and refractory multiple 
myeloma (n=1,213), the serious adverse reactions that occurred more frequently in patients 65 years and 
older were pneumonia and sepsis. Within the DKd group in CANDOR, fatal adverse reactions occurred in 
14% of patients 65 years and older compared to 6% of patients less than 65 years. Among patients with 
newly diagnosed multiple myeloma who are ineligible for autologous stem cell transplant (n=710), the 
serious adverse reaction that occurred more frequently in patients 75 years and older was pneumonia.
REFERENCES
1.  Chapuy, CI, RT Nicholson, MD Aguad, et al., 2015, Resolving the daratumumab interference with blood 

compatibility testing, Transfusion, 55:1545-1554 (accessible at http://onlinelibrary.wiley.com/doi/10.1111/
trf.13069/epdf).

PATIENT COUNSELING INFORMATION
Advise the patient to read the FDA-approved patient labeling (Patient Information).
Infusion-Related Reactions
Advise patients to seek immediate medical attention for any of the following signs and symptoms of 
infusion-related reactions: itchy, runny or blocked nose; fever, chills, nausea, vomiting, throat irritation, 
cough, headache, dizziness or lightheadedness, tachycardia, chest discomfort, wheezing, shortness of 
breath or difficulty breathing, itching, and blurred vision [see Warnings and Precautions].
Neutropenia
Advise patients to contact their healthcare provider if they have a fever [see Warnings and Precautions].
Thrombocytopenia
Advise patients to contact their healthcare provider if they notice signs of bruising or bleeding [see 
Warnings and Precautions].
Interference with Laboratory Tests
Advise patients to inform their healthcare providers, including personnel at blood transfusion centers 
that they are taking DARZALEX, in the event of a planned transfusion [see Warnings and Precautions].
Advise patients that DARZALEX can affect the results of some tests used to determine complete response 
in some patients and additional tests may be needed to evaluate response [see Warnings and Precautions].
Hepatitis B Virus (HBV) Reactivation
Advise patients to inform healthcare providers if they have ever had or might have a hepatitis B infection 
and that DARZALEX could cause hepatitis B virus to become active again [see Adverse Reactions].
Embryo-Fetal Toxicity
Advise pregnant women of the potential hazard to a fetus. Advise females of reproductive potential to 
inform their healthcare provider of a known or suspected pregnancy [see Warnings and Precautions, Use 
in Specific Populations].
Advise females of reproductive potential to avoid becoming pregnant during treatment with DARZALEX 
and for 3 months after the last dose [see Use in Specific Populations].
Advise patients that lenalidomide, pomalidomide, or thalidomide has the potential to cause fetal harm and 
has specific requirements regarding contraception, pregnancy testing, blood and sperm donation, and 
transmission in sperm. Lenalidomide, pomalidomide, and thalidomide are only available through a REMS 
program [see Use in Specific Populations].
Hereditary Fructose Intolerance (HFI)
DARZALEX contains sorbitol. Advise patients with HFI of the risks related to sorbitol [see Description (11) 
in Full Prescribing Information].
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DARZALEX FASPRO® (daratumumab and hyaluronidase-fihj) injection, for subcutaneous use
Brief Summary of Full Prescribing Information
INDICATIONS AND USAGE
DARZALEX FASPRO is indicated for the treatment of adult patients with multiple myeloma:
• in combination with lenalidomide and dexamethasone in newly diagnosed patients who are ineligible 

for autologous stem cell transplant and in patients with relapsed or refractory multiple myeloma who 
have received at least one prior therapy.

CONTRAINDICATIONS
DARZALEX FASPRO is contraindicated in patients with a history of severe hypersensitivity to daratumumab, 
hyaluronidase or any of the components of the formulation [see Warnings and Precautions and Adverse 
Reactions].
WARNINGS AND PRECAUTIONS
Hypersensitivity and Other Administration Reactions
Both systemic administration-related reactions, including severe or life-threatening reactions, and local 
injection-site reactions can occur with DARZALEX FASPRO. Fatal reactions have been reported with 
daratumumab-containing products, including DARZALEX FASPRO [see Adverse Reactions].
Systemic Reactions
In a pooled safety population of 898 patients with multiple myeloma (N=705) or light chain (AL) amyloidosis 
(N=193) who received DARZALEX FASPRO as monotherapy or as part of a combination therapy, 9% of 
patients experienced a systemic administration-related reaction (Grade 2: 3.2%, Grade 3: 1%). Systemic 
administration-related reactions occurred in 8% of patients with the first injection, 0.3% with the second 
injection, and cumulatively 1% with subsequent injections. The median time to onset was 3.2 hours (range: 
4 minutes to 3.5 days). Of the 140 systemic administration-related reactions that occurred in 77 patients, 121 
(86%) occurred on the day of DARZALEX FASPRO administration. Delayed systemic administration-related 
reactions have occurred in 1% of the patients.
Severe reactions include hypoxia, dyspnea, hypertension, and tachycardia, and ocular adverse reactions, 
including choroidal effusion, acute myopia, and acute angle closure glaucoma. Other signs and symptoms 
of systemic administration-related reactions may include respiratory symptoms, such as bronchospasm, 
nasal congestion, cough, throat irritation, allergic rhinitis, and wheezing, as well as anaphylactic reaction, 
pyrexia, chest pain, pruritus, chills, vomiting, nausea, hypotension, and blurred vision.
Pre-medicate patients with histamine-1 receptor antagonist, acetaminophen and corticosteroids 
[see Dosage and Administration (2.5) in Full Prescribing Information]. Monitor patients for systemic 
administration-related reactions, especially following the first and second injections. For anaphylactic 
reaction or life-threatening (Grade 4) administration-related reactions, immediately and permanently 
discontinue DARZALEX FASPRO. Consider administering corticosteroids and other medications after the 
administration of DARZALEX FASPRO depending on dosing regimen and medical history to minimize the risk 
of delayed (defined as occurring the day after administration) systemic administration-related reactions 
[see Dosage and Administration (2.5) in Full Prescribing Information].
Ocular adverse reactions, including acute myopia and narrowing of the anterior chamber angle due to 
ciliochoroidal effusions with potential for increased intraocular pressure or glaucoma, have occurred 
with daratumumab-containing products. If ocular symptoms occur, interrupt DARZALEX FASPRO and seek 
immediate ophthalmologic evaluation prior to restarting DARZALEX FASPRO.
Local Reactions
In this pooled safety population, injection-site reactions occurred in 8% of patients, including Grade 2 
reactions in 0.7%. The most frequent (>1%) injection-site reaction was injection site erythema. These local 
reactions occurred a median of 5 minutes (range: 0 minutes to 6.5 days) after starting administration of 
DARZALEX FASPRO. Monitor for local reactions and consider symptomatic management.
Cardiac Toxicity in Patients with Light Chain (AL) Amyloidosis
Serious or fatal cardiac adverse reactions occurred in patients with light chain (AL) amyloidosis who 
received DARZALEX FASPRO in combination with bortezomib, cyclophosphamide and dexamethasone [see 
Adverse Reactions]. Serious cardiac disorders occurred in 16% and fatal cardiac disorders occurred in 
10% of patients. Patients with NYHA Class IIIA or Mayo Stage IIIA disease may be at greater risk. Patients 
with NYHA Class IIIB or IV disease were not studied.
Monitor patients with cardiac involvement of light chain (AL) amyloidosis more frequently for cardiac 
adverse reactions and administer supportive care as appropriate.
Neutropenia
Daratumumab may increase neutropenia induced by background therapy [see Adverse Reactions].
Monitor complete blood cell counts periodically during treatment according to manufacturer’s prescribing 
information for background therapies. Monitor patients with neutropenia for signs of infection. Consider 
withholding DARZALEX FASPRO until recovery of neutrophils. In lower body weight patients receiving 
DARZALEX FASPRO, higher rates of Grade 3-4 neutropenia were observed.
Thrombocytopenia
Daratumumab may increase thrombocytopenia induced by background therapy [see Adverse Reactions].
Monitor complete blood cell counts periodically during treatment according to manufacturer’s prescribing 
information for background therapies. Consider withholding DARZALEX FASPRO until recovery of platelets.
Embryo-Fetal Toxicity
Based on the mechanism of action, DARZALEX FASPRO can cause fetal harm when administered to a 
pregnant woman. DARZALEX FASPRO may cause depletion of fetal immune cells and decreased bone 
density. Advise pregnant women of the potential risk to a fetus. Advise females with reproductive potential 
to use effective contraception during treatment with DARZALEX FASPRO and for 3 months after the last 
dose [see Use in Specific Populations].
The combination of DARZALEX FASPRO with lenalidomide, thalidomide or pomalidomide is contraindicated 
in pregnant women, because lenalidomide, thalidomide or pomalidomide may cause birth defects and 
death of the unborn child. Refer to the lenalidomide, thalidomide or pomalidomide prescribing information 
on use during pregnancy.
Interference with Serological Testing
Daratumumab binds to CD38 on red blood cells (RBCs) and results in a positive Indirect Antiglobulin Test 
(Indirect Coombs test). Daratumumab-mediated positive indirect antiglobulin test may persist for up to 
6 months after the last daratumumab administration. Daratumumab bound to RBCs masks detection of 
antibodies to minor antigens in the patient’s serum [see References (15)]. The determination of a patient’s 
ABO and Rh blood type are not impacted [see Drug Interactions].
Notify blood transfusion centers of this interference with serological testing and inform blood banks that 
a patient has received DARZALEX FASPRO. Type and screen patients prior to starting DARZALEX FASPRO 
[see Dosage and Administration (2.1) in Full Prescribing Information].
Interference with Determination of Complete Response
Daratumumab is a human IgG kappa monoclonal antibody that can be detected on both the serum protein 
electrophoresis (SPE) and immunofixation (IFE) assays used for the clinical monitoring of endogenous 
M-protein [see Drug Interactions]. This interference can impact the determination of complete response 
and of disease progression in some DARZALEX FASPRO-treated patients with IgG kappa myeloma protein.
ADVERSE REACTIONS
The following clinically significant adverse reactions are described elsewhere in the labeling:
• Hypersensitivity and Other Administration Reactions [see Warnings and Precautions].
• Cardiac Toxicity in Patients with Light Chain (AL) Amyloidosis [see Warnings and Precautions].
• Neutropenia [see Warnings and Precautions].
• Thrombocytopenia [see Warnings and Precautions].
Clinical Trials Experience
Because clinical trials are conducted under widely varying conditions, adverse reaction rates observed 
in the clinical trials of a drug cannot be directly compared to rates in the clinical trials of another drug and 
may not reflect the rates observed in practice.

Relapsed/Refractory Multiple Myeloma
In Combination with Lenalidomide and Dexamethasone
The safety of DARZALEX FASPRO with lenalidomide and dexamethasone was evaluated in a single-
arm cohort of PLEIADES [see Clinical Studies (14.2) in Full Prescribing Information]. Patients received 
DARZALEX FASPRO 1,800 mg/30,000 units administered subcutaneously once weekly from weeks 1  
to 8, once every 2 weeks from weeks 9 to 24 and once every 4 weeks starting with week 25 until disease 
progression or unacceptable toxicity (N=65) in combination with lenalidomide and dexamethasone. Among 
these patients, 92% were exposed for 6 months or longer and 20% were exposed for greater than one year.
Serious adverse reactions occurred in 48% of patients who received DARZALEX FASPRO. Serious adverse 
reactions in >5% of patients included pneumonia, influenza and diarrhea. Fatal adverse reactions occurred 
in 3.1% of patients.
Permanent discontinuation of DARZALEX FASPRO due to an adverse reaction occurred in 11% of  
patients who received DARZALEX FASPRO. Adverse reactions resulting in permanent discontinuation of 
DARZALEX FASPRO in more than 1 patient were pneumonia and anemia.
Dosage interruptions due to an adverse reaction occurred in 63% of patients who received DARZALEX FASPRO. 
Adverse reactions requiring dosage interruptions in >5% of patients included neutropenia, pneumonia, upper 
respiratory tract infection, influenza, dyspnea, and blood creatinine increased.
The most common adverse reactions (≥20%) were fatigue, diarrhea, upper respiratory tract infection, 
muscle spasms, constipation, pyrexia, pneumonia, and dyspnea.
Table 1 summarizes the adverse reactions in patients who received DARZALEX FASPRO in PLEIADES.

Table 1:  Adverse Reactions (≥10%) in Patients Who Received DARZALEX FASPRO with Lenalidomide and 
Dexamethasone (DARZALEX FASPRO-Rd) in PLEIADES

Adverse Reaction

DARZALEX FASPRO 
with Lenalidomide and Dexamethasone

(N=65)
All Grades 

(%)
Grades ≥3 

(%)
General disorders and administration site conditions

Fatiguea 52 5#

Pyrexia 23 2#

Edema peripheral 18 3#

Gastrointestinal disorders
Diarrhea 45 5#

Constipation 26 2#

Nausea 12 0
Vomiting 11 0

Infections
Upper respiratory tract infectionb 43 3#

Pneumoniac 23 17
Bronchitisd 14 2#

Urinary tract infection 11 0
Musculoskeletal and connective tissue disorders

Muscle spasms 31 2#

Back pain 14 0
Respiratory, thoracic and mediastinal disorders

Dyspneae 22 3
Coughf 14 0

Nervous system disorders
Peripheral sensory neuropathy 17 2#

Psychiatric disorders
Insomnia 17 5#

Metabolism and nutrition disorders
Hyperglycemia 12 9#

Hypocalcemia 11 0
a  Fatigue includes asthenia, and fatigue.
b  Upper respiratory tract infection includes nasopharyngitis, pharyngitis, respiratory tract infection viral, 

rhinitis, sinusitis, upper respiratory tract infection, and upper respiratory tract infection bacterial.
c  Pneumonia includes lower respiratory tract infection, lung infection, and pneumonia.
d  Bronchitis includes bronchitis, and bronchitis viral.
e  Dyspnea includes dyspnea, and dyspnea exertional.
f  Cough includes cough, and productive cough.
#  Only grade 3 adverse reactions occurred.

Clinically relevant adverse reactions in <10% of patients who received DARZALEX FASPRO with 
lenalidomide and dexamethasone included:
• Musculoskeletal and connective tissue disorders: arthralgia, musculoskeletal chest pain
• Nervous system disorders: dizziness, headache, paresthesia
• Skin and subcutaneous tissue disorders: rash, pruritus
• Gastrointestinal disorders: abdominal pain
• Infections: influenza, sepsis, herpes zoster
• Metabolism and nutrition disorders: decreased appetite
• Cardiac disorders: atrial fibrillation
• General disorders and administration site conditions: chills, infusion reaction, injection site reaction
• Vascular disorders: hypotension, hypertension

Table 2 summarizes the laboratory abnormalities in patients who received DARZALEX FASPRO in PLEIADES.

Table 2:  Select Hematology Laboratory Abnormalities Worsening from Baseline in Patients  
Who Received DARZALEX FASPRO with Lenalidomide and Dexamethasone  
(DARZALEX FASPRO-Rd) in PLEIADES

Laboratory Abnormality

DARZALEX FASPRO  
with Lenalidomide and Dexamethasonea

All Grades 
(%) 

Grades 3-4 
(%)

Decreased leukocytes 94 34
Decreased lymphocytes 82 58
Decreased platelets 86 9
Decreased neutrophils 89 52
Decreased hemoglobin 45 8

a  Denominator is based on the safety population treated with DARZALEX FASPRO-Rd (N=65).
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Immunogenicity
As with all therapeutic proteins, there is the potential for immunogenicity. The detection of antibody 
formation is highly dependent on the sensitivity and specificity of the assay. Additionally, the observed 
incidence of antibody (including neutralizing antibody) positivity in an assay may be influenced by 
several factors including assay methodology, sample handling, timing of sample collection, concomitant 
medications, and underlying disease. For these reasons, comparison of the incidence of antibodies in 
the studies described below with the incidence of antibodies in other studies or to other daratumumab 
products or other hyaluronidase products may be misleading.
In patients with multiple myeloma and light chain (AL) amyloidosis who received DARZALEX FASPRO 
as monotherapy or as part of a combination therapy, less than 1% of 819 patients developed treatment-
emergent anti-daratumumab antibodies.
In patients with multiple myeloma and light chain (AL) amyloidosis who received DARZALEX FASPRO as 
monotherapy or as part of a combination therapy, 7% of 812 patients developed treatment-emergent anti-
rHuPH20 antibodies. The anti-rHuPH20 antibodies did not appear to affect daratumumab exposure. None 
of the patients who tested positive for anti-rHuPH20 antibodies tested positive for neutralizing antibodies.
Postmarketing Experience
The following adverse reactions have been identified with post-approval use of daratumumab. Because 
these reactions are reported voluntarily from a population of uncertain size, it is not always possible to 
reliably estimate their frequency or establish a causal relationship to drug exposure.
Immune System: Anaphylactic reaction, Systemic administration reactions (including death)
Gastrointestinal: Pancreatitis
Infections: Cytomegalovirus, Listeriosis

DRUG INTERACTIONS
Effects of Daratumumab on Laboratory Tests
Interference with Indirect Antiglobulin Tests (Indirect Coombs Test)
Daratumumab binds to CD38 on RBCs and interferes with compatibility testing, including antibody screening 
and cross matching. Daratumumab interference mitigation methods include treating reagent RBCs with 
dithiothreitol (DTT) to disrupt daratumumab binding [see References] or genotyping. Since the Kell blood 
group system is also sensitive to DTT treatment, supply K-negative units after ruling out or identifying 
alloantibodies usingDTT-treated RBCs.
If an emergency transfusion is required, administer non-cross-matched ABO/RhD-compatible RBCs per 
local blood bank practices.
Interference with Serum Protein Electrophoresis and Immunofixation Tests
Daratumumab may be detected on serum protein electrophoresis (SPE) and immunofixation (IFE) assays 
used for monitoring disease monoclonal immunoglobulins (M protein). False positive SPE and IFE assay 
results may occur for patients with IgG kappa myeloma protein impacting initial assessment of complete 
responses by International Myeloma Working Group (IMWG) criteria. In DARZALEX FASPRO-treated 
patients with persistent very good partial response, where daratumumab interference is suspected, 
consider using a FDA-approved daratumumab-specific IFE assay to distinguish daratumumab from any 
remaining endogenous M protein in the patient’s serum, to facilitate determination of a complete response.

USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary
DARZALEX FASPRO can cause fetal harm when administered to a pregnant woman. The assessment of 
associated risks with daratumumab products is based on the mechanism of action and data from target 
antigen CD38 knockout animal models (see Data). There are no available data on the use of DARZALEX 
FASPRO in pregnant women to evaluate drug-associated risk of major birth defects, miscarriage or adverse 
maternal or fetal outcomes. Animal reproduction studies have not been conducted.
The estimated background risk of major birth defects and miscarriage for the indicated population is 
unknown. All pregnancies have a background risk of birth defect, loss, or other adverse outcomes. In the 
U.S. general population, the estimated background risk of major birth defects and miscarriage in clinically 
recognized pregnancies is 2% to 4% and 15% to 20%, respectively.
The combination of DARZALEX FASPRO and lenalidomide, thalidomide or pomalidomide is contraindicated 
in pregnant women, because lenalidomide, thalidomide and pomalidomide may cause birth defects and 
death of the unborn child. Lenalidomide, thalidomide and pomalidomide are only available through a REMS 
program. Refer to the lenalidomide, thalidomide or pomalidomide prescribing information on use during 
pregnancy.
Clinical Considerations
Fetal/Neonatal Adverse Reactions
Immunoglobulin G1 (IgG1) monoclonal antibodies are transferred across the placenta. Based on its 
mechanism of action, DARZALEX FASPRO may cause depletion of fetal CD38 positive immune cells 
and decreased bone density. Defer administering live vaccines to neonates and infants exposed to 
daratumumab in utero until a hematology evaluation is completed.
Data
Animal Data
DARZALEX FASPRO for subcutaneous injection contains daratumumab and hyaluronidase. Mice that were 
genetically modified to eliminate all CD38 expression (CD38 knockout mice) had reduced bone density at 
birth that recovered by 5 months of age. Data from studies using CD38 knockout animal models also suggest 
the involvement of CD38 in the regulation of humoral immune responses (mice), feto-maternal immune 
tolerance (mice), and early embryonic development (frogs).
No systemic exposure of hyaluronidase was detected in monkeys given 22,000 U/kg subcutaneously  
(12 times higher than the human dose) and there were no effects on embryo-fetal development in pregnant 
mice given 330,000 U/kg hyaluronidase subcutaneously daily during organogenesis, which is 45 times 
higher than the human dose.
There were no effects on pre- and post-natal development through sexual maturity in offspring of mice 
treated daily from implantation through lactation with 990,000 U/kg hyaluronidase subcutaneously, which 
is 134 times higher than the human doses.
Lactation
Risk Summary
There is no data on the presence of daratumumab and hyaluronidase in human milk, the effects on the 
breastfed child, or the effects on milk production. Maternal immunoglobulin G is known to be present in 
human milk. Published data suggest that antibodies in breast milk do not enter the neonatal and infant 
circulations in substantial amounts. Because of the potential for serious adverse reactions in the breastfed 
child when DARZALEX FASPRO is administered with lenalidomide, thalidomide or pomalidomide, advise 
women not to breastfeed during treatment with DARZALEX FASPRO. Refer to lenalidomide, thalidomide 
or pomalidomide prescribing information for additional information.
Data
Animal Data
No systemic exposure of hyaluronidase was detected in monkeys given 22,000 U/kg subcutaneously  
(12 times higher than the human dose) and there were no effects on post-natal development through sexual 
maturity in offspring of mice treated daily during lactation with 990,000 U/kg hyaluronidase subcutaneously, 
which is 134 times higher than the human doses.
Females and Males of Reproductive Potential
DARZALEX FASPRO can cause fetal harm when administered to a pregnant woman [see Use in Specific 
Populations].

Pregnancy Testing
With the combination of DARZALEX FASPRO with lenalidomide, thalidomide or pomalidomide, refer to the 
lenalidomide, thalidomide or pomalidomide labeling for pregnancy testing requirements prior to initiating 
treatment in females of reproductive potential.
Contraception
Advise females of reproductive potential to use effective contraception during treatment with  
DARZALEX FASPRO and for 3 months after the last dose. Additionally, refer to the lenalidomide, thalidomide 
or pomalidomide labeling for additional recommendations for contraception.
Pediatric Use
Safety and effectiveness of DARZALEX FASPRO in pediatric patients have not been established.
Geriatric Use
Of the 291 patients who received DARZALEX FASPRO as monotherapy for relapsed and refractory multiple 
myeloma, 37% were 65 to <75 years of age, and 19% were 75 years of age or older. No overall differences in 
effectiveness of DARZALEX FASPRO have been observed between patients ≥65 years of age and younger 
patients. Adverse reactions that occurred at a higher frequency (≥5% difference) in patients ≥65 years of 
age included upper respiratory tract infection, urinary tract infection, dizziness, cough, dyspnea, diarrhea, 
nausea, fatigue, and peripheral edema. Serious adverse reactions that occurred at a higher frequency 
(≥2% difference) in patients ≥65 years of age included pneumonia.
Of the 214 patients who received DARZALEX FASPRO as combination therapy with pomalidomide 
and dexamethasone or DARZALEX FASPRO as combination therapy with lenalidomide and low-dose 
dexamethasone for relapsed and refractory multiple myeloma, 43% were 65 to <75 years of age, and 18% 
were 75 years of age or older. No overall differences in effectiveness were observed between patients  
≥65 years (n=131) and <65 years (n=85). Adverse reactions occurring at a higher frequency (≥5% difference) 
in patients ≥65 years of age included fatigue, pyrexia, peripheral edema, urinary tract infection, diarrhea, 
constipation, vomiting, dyspnea, cough, and hyperglycemia. Serious adverse reactions occurring at a 
higher frequency (≥2% difference) in patients ≥65 years of age included neutropenia, thrombocytopenia, 
diarrhea, anemia, COVID-19, ischemic colitis, deep vein thrombosis, general physical health deterioration, 
pulmonary embolism, and urinary tract infection.
Of the 193 patients who received DARZALEX FASPRO as part of a combination therapy for light chain (AL) 
amyloidosis, 35% were 65 to <75 years of age, and 10% were 75 years of age or older. Clinical studies of 
DARZALEX FASPRO as part of a combination therapy for patients with light chain (AL) amyloidosis did not 
include sufficient numbers of patients aged 65 and older to determine whether effectiveness differs from 
that of younger patients. Adverse reactions that occurred at a higher frequency in patients ≥65 years of 
age were peripheral edema, asthenia, pneumonia and hypotension.
No clinically meaningful differences in the pharmacokinetics of daratumumab were observed in geriatric 
patients compared to younger adult patients [see Clinical Pharmacology (12.3) in Full Prescribing 
Information].
REFERENCES
1. Chapuy, CI, RT Nicholson, MD Aguad, et al., 2015, Resolving the daratumumab interference with blood 

compatibility testing, Transfusion, 55:1545-1554 (accessible at http://onlinelibrary.wiley.com/doi/10.1111/
trf.13069/epdf).

PATIENT COUNSELING INFORMATION
Advise the patient to read the FDA-approved patient labeling (Patient Information).
Hypersensitivity and Other Administration Reactions
Advise patients to seek immediate medical attention for any of the following signs and symptoms of systemic 
administration-related reactions: itchy, runny or blocked nose; chills, nausea, throat irritation, cough, 
headache, shortness of breath or difficulty breathing, and blurred vision [see Warnings and Precautions].

Cardiac Toxicity in Patients with Light Chain (AL) Amyloidosis
Advise patients to immediately contact their healthcare provider if they have signs or symptoms of cardiac 
adverse reactions [see Warnings and Precautions].
Neutropenia
Advise patients to contact their healthcare provider if they have a fever [see Warnings and Precautions].
Thrombocytopenia
Advise patients to contact their healthcare provider if they have bruising or bleeding [see Warnings and 
Precautions].
Embryo-Fetal Toxicity
Advise pregnant women of the potential hazard to a fetus. Advise females of reproductive potential to 
inform their healthcare provider of a known or suspected pregnancy [see Warnings and Precautions, Use 
in Specific Populations].
Advise females of reproductive potential to avoid becoming pregnant during treatment with DARZALEX 
FASPRO and for 3 months after the last dose [see Use in Specific Populations].
Advise patients that lenalidomide, thalidomide and pomalidomide have the potential to cause fetal harm 
and have specific requirements regarding contraception, pregnancy testing, blood and sperm donation, 
and transmission in sperm. Lenalidomide, thalidomide and pomalidomide are only available through a REMS 
program [see Use in Specific Populations].
Interference with Laboratory Tests
Advise patients to inform their healthcare provider, including personnel at blood transfusion centers, that 
they are taking DARZALEX FASPRO, in the event of a planned transfusion [see Warnings and Precautions].
Advise patients that DARZALEX FASPRO can affect the results of some tests used to determine complete 
response in some patients and additional tests may be needed to evaluate response [see Warnings and 
Precautions].
Hepatitis B Virus (HBV) Reactivation
Advise patients to inform healthcare providers if they have ever had or might have a hepatitis B infection 
and that DARZALEX FASPRO could cause hepatitis B virus to become active again [see Adverse Reactions].

Product of Switzerland

Manufactured by: 
Janssen Biotech, Inc. 
Horsham, PA 19044 
U.S. License Number 1864

© 2021 Janssen Pharmaceutical Companies
cp-264275v2

DARZALEX FASPRO® (daratumumab and hyaluronidase-fihj) injection DARZALEX FASPRO® (daratumumab and hyaluronidase-fihj) injection

S:10.75"
S:13.75"

T:10.75"
T:13.75"

B:11"
B:14"



Conference Highlights

Vol. 24 | No. 5 | MARCH 2023   75

W I N T E R  L U N G

Better Understanding of Biomarkers Is Needed in SCLC
by CHRIS RYAN

IN RECENT YEARS, FDA approvals have 
started to carve out a role for immunotherapy 
in the frontline treatment of patients with 
small cell lung cancer (SCLC). However, prop-
erly identifying those who can benefit from 
immunotherapy remains a challenge as inves-
tigators try to establish a more personalized 
approach to SCLC treatment, according to Anne 
Chiang, MD, PhD.

“We need to understand how we can 
develop more options for patients who 
are refractory or resistant [to immuno-
therapy],” Chiang said in a presentation 
at the 20th Annual Winter Lung Cancer 
Conference®.1 “We can turn to our biol-
ogy to try to leverage some of our 
understanding of these therapeutic 
vulnerabilities of different subtypes of 
SCLC.” Chiang is an associate profes-
sor of medicine at the Yale School of Medicine 
and the associate director of Clinical Initiatives 
at Smilow Cancer Hospital Care Center in New 
Haven, Connecticut.

IMMUNOTHERAPY AND THE GOAL 
OF BETTER IDENTIFYING MOLECULAR 
SUBTYPES IN SCLC
In May 2019, the FDA approved the combination 
of atezolizumab (Tecentriq) with carbopla-
tin and etoposide for the frontline treatment of 
patients with extensive-stage SCLC (ES-SCLC), 
making it the first immunotherapy approved in 
the first-line setting for ES-SCLC.2 The agency 
cited data from the phase 3 IMpower133 trial 
(NCT02763579), which enrolled patients with 
measurable ES-SCLC per RECIST 1.1 criteria who 
had no prior systemic treatment for ES-SCLC and 
an ECOG performance status of 0 or 1. Notably, 
patients with treated asymptomatic brain metas-
tases were permitted to enroll. 

Patients were randomly assigned 1:1 to atezoli-
zumab plus carboplatin/etoposide or placebo 
plus carboplatin/etoposide for 4 cycles of 21 days 
as induction therapy, followed by maintenance 
atezolizumab or placebo and continuing until 
disease progression or loss of clinical benefit. 

Updated data from the study showed that 
patients treated with atezolizumab plus chemo-
therapy (n = 201) experienced a median overall 
survival (OS) of 12.3 months (95% CI, 10.8-15.0) 
compared with 10.3 months (95% CI, 9.3-11.3) for 
those given chemotherapy alone (n = 202; HR, 
0.76; 95% CI, 0.60-0.95; P = .0154).3 Additionally, 
the 12-month and 18-month OS rates were 51.9% 
and 34.0%, respectively, for patients in the 
atezolizumab arm. In the chemotherapy arm, 
those rates were 39.0% and 21.0%, respectively. 

Benefit with atezolizumab was observed irre-
spective of PD-L1 immunohistochemistry or 
tumor mutational burden (TMB) status. In the 
subgroup of patients with PD-L1 expression of 
less than 1% in tumor cells and tumor-infiltrating 
immune cells, atezolizumab plus chemother-
apy elicited a median OS of 10.2 months (95% 
CI, 7.9-15.7) compared with 8.3 months (95% CI, 

6.9-9.1) for chemotherapy alone (HR, 
0.51; 95% CI, 0.30-0.89). Patients with 
PD-L1 expression of at least 1% in tumor 
cells or tumor-infiltrating immune cells 
experienced a median OS of 9.7 months 
(95% CI, 7.6-17.4) in the atezolizumab 
plus carboplatin/etoposide arm vs  
10.6 months (95% CI, 8.3-14.7) for 
those in the placebo plus carbopla-
tin/etoposide arm (HR, 0.87; 95% 
CI, 0.51-1.49).3

Furthermore, patients with PD-L1 expression 
of at least 5% in tumor cells or tumor-infiltrating 
immune cells achieved a median OS of  
21.6 months (95% CI, 9.4-not evaluable) with 
atezolizumab plus chemotherapy compared with 
9.2 months (95% CI, 6.10-15.7) with placebo plus 
chemotherapy (HR, 0.60; 95% CI, 0.25-1.46).3

“Using a TMB cut point of 10 mut/Mb, if 
patients [had a TMB level above or below 10 mut/
Mb], there was no difference [in OS between the  
2 arms],” Chiang explained.

In March 2020 the FDA approved the 
combination of durvalumab (Imfinzi) with stan-
dard-of-care chemotherapy, including etoposide 
plus either carboplatin or cisplatin, for the first-
line treatment of adult patients with ES-SCLC.4

The regulatory decision stemmed from data 
from the phase 3 CASPIAN trial (NCT03043872), 
which evaluated durvalumab plus chemother-
apy with or without tremelimumab-actl (Imjudo) 
vs chemotherapy alone patients with ES-SCLC 
with measurable disease per RECIST v1.1 criteria 
who were treatment naïve. Eligible patients had 
a World Health Organization performance status 

of 0 or 1, a life expectancy of at least 12 weeks, 
and brain metastases that were asymptomatic or 
treated and stable.5 

Findings from a 3-year OS update showed that 
patients treated with durvalumab plus chemo-
therapy (n = 268) experienced a median OS of 
12.9 months (95% CI, 11.3-14.7) compared with 
10.5 months (95% CI, 9.3-11.2) for those given 
chemotherapy alone (n = 269; HR, 0.71; 95% CI, 
0.60-0.86; P = .0003). At 36 months, the OS rate 
was 17.6% and 5.8% for those in the durvalumab 
arm and chemotherapy-alone arm, respectively.5

“I use both of these regimens [IMpower133 and 
CASPIAN], and patients do very well on them,” 
Chiang noted. Regarding PD-L1 expression, 
Chiang explained that the biomarker’s role is very 
different in SCLC compared with non–small cell 
lung cancer (NSCLC). She added that clinicians 
hope to use biomarkers to personalize treatment 
decisions for patients with SCLC in the same 
manner as patients with NSCLC.

“To date, we haven’t had any inklings that 
[using biomarkers to tailor therapy decisions] 
could be useful [in SCLC]. However, I think things 
are changing a little bit,” Chiang said.

In a study published in Nature Reviews Cancer 
in 2019, researchers identified and categorized 
SCLC by molecular subtype.6 SCLC-A was charac-
terized by an over-transcription of ASCL1, SCLC-N 
featured overexpression of NEUROD1, SCLC-P 
had overexpression of POU2F3, and SCLC-Y had 
overexpression of YAP1. Additionally, SCLC-I was 
identified as an inflamed subtype.

“This is not ready for prime time in the 
clinic…. However, patients with SCLC-I did much 
better with atezolizumab [plus chemotherapy in 
IMpower133], and that benefit disappeared in 
the placebo arm,” Chiang said. “So perhaps that 
SCLC-I subtype is something that might indicate 
which patients might benefit from immunother-
apy. For subtypes A, N, and P, there are potential 
therapeutic vulnerabilities there that we might be 
able to target.”

Anne Chiang,  
MD, PhD

“We need to understand how we can develop 
more options for patients who are refractory 

or resistant [to immunotherapy]. We can 
turn to our biology to try to leverage some 
of our understanding of these therapeutic 

vulnerabilities of different subtypes of SCLC.”

—ANNE CHIANG, MD, PHD
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LURBINECTEDIN AND OTHER OPTIONS 
IN THE RELAPSED SETTING
Pembrolizumab (Keytruda) and nivolumab 
(Opdivo) both received approval from the 
FDA as single-agent therapies in the relapsed 
setting of SCLC. However, the indication for 
nivolumab was withdrawn in December 2020, 
and pembrolizumab had its own indication 
withdrawn in March 2021.7,8 Despite the with-
drawals, Chiang noted that durable responses 
were observed in a portion of patients who 
received pembrolizumab or nivolumab in the 
relapsed setting. 

Findings from the phase 2 KEYNOTE-028 trial 
(NCT02054806) led to accelerated FDA approval 
of pembrolizumab in this setting. Among the 
16 patients who achieved a response, 94% had a 
response of at least 6 months, 63% had a response 
of at least 12 months, and 56% had a response of 
at least 18 months.7

In the phase 1/2 CheckMate-032 trial 
(NCT01928394), which supported the accelerated 
approval of nivolumab, 77% of the 13 responders 
had responses for at least 6 months, 62% had a 
response for at least 12 months, and 39% had a 
response for at least 18 months.8

“Those patients who responded did very well….
It is important to understand the [implications 
of] biomarkers [for patients in the relapsed SCLC 
setting],” Chiang said. “[Nivolumab and pembroli-
zumab] were subsequently withdrawn by the 
sponsors because of [results from] phase 3 trials 
that were negative. Is this going to happen to 
lurbinectedin [Zepzelca]?”

The FDA approved lurbinectedin in June 2020 
for the treatment of adult patients with SCLC 
who experienced disease progression following 
platinum-based chemotherapy.9 In 105 patients 
with SCLC enrolled in the single-arm, phase 2 
PM1183-B-005-14 basket trial (NCT02454972), 
the overall response rate (ORR) was 35% with 
a median duration of response of 5.3 months.10 
Median progression-free survival was 3.5 months 
and median OS was 9.3 months.

Under the current National Comprehensive 
Cancer Network guidelines, platinum-based 
doublet chemotherapy and clinical trial remain 
the preferred subsequent therapy regimens for 
patients with SCLC, with lurbinectedin fall-
ing under other recommended regimens.11 
Rechallenging with the original platinum-based 
chemotherapy doublet or a similar regimen is 

recommended for patients who have a disease-
free interval of more than 6 months, although 
patients with a disease-free interval of  
3 to 6 months may also be considered.

NOVEL AGENTS UNDER  
INVESTIGATION IN SCLC
The bispecific T-cell engager tarlatamab (AMG 
757) combines the binding specificities of 
DLL3 and CD3. Investigators hope to improve 
immune response in patients with SCLC by 
targeting DLL3.12 Findings from a phase 1 trial 
(NCT03319940) showed that patients with SCLC 
(n = 64) treated with doses of tarlatamab rang-
ing from 0.3 mg to 100 mg experienced an ORR of 
20%.12 At the 100-mg target dose, the ORR was 27% 
(n = 3 of 11). 

The SEZ6-targeted antibody-drug conjugate 
is also under investigation as monotherapy and 
in combination with ABBV-181 in patients with 
relapsed/refractory SCLC. SEZ6 is upregulated 
in most primary SCLC tumors, and the primary 
mechanism of action for SC-011 is binding of the 
agent to SEZ6 on tumor cells.1 ■

For a full list of references,  
see the article at  . 

Rising Standards in Regulatory Decisions Highlight Challenges  
in Drug Development in Lung Cancer
by CAROLINE SEYMOUR

IF WHAT TRANSPIRED AT the FDA’s 
Oncologic Drugs Advisory Committee (ODAC) 
meeting on February 10, 2022, was any indi-
cation, applying foreign single-country or 
single-region data will no longer be sufficient to 
support regulatory approval of drugs. Moving 
forward, data from multiregional clinical trials 
will serve as the basis, which could help the 
United States overcome the persistent under-
representation of racial and ethnic minorities in 
drug development.1 

In the meeting, ODAC voted against using 
foreign single-country data to support the 
biologics license application for sintilimab 
injection plus pemetrexed and platinum-based 
chemotherapy for the frontline treatment of 
patients with nonsquamous non–small cell  
lung cancer (NSCLC).

The committee stated that because the phase 3 
ORIENT-11 trial (NCT03607539), which demon-
strated a progression-free survival benefit vs 
chemotherapy alone (HR, 0.48; 95% CI, 0.36-0.64; 
P < .00001),2 was conducted entirely in China, 
the data could not be applied to the US popula-
tion. In a 14-1 vote, the committee required drug 
maker Innovent Biologics to launch a new trial 

demonstrating the efficacy of sintilimab, an anti–
PD-1 monoclonal antibody, in the United States.

“The single-country data [are] only going to be 
acceptable in areas where the trial can’t be done 
in a multiregional setting,” Jorge J. Nieva, MD, 
said in a presentation at the 20th Annual Winter 
Lung Cancer Conference®. “We all need to focus 
on external validity, and there are lots of ways 
of getting there. We do need to focus on pricing 
competition for these agents if we want 
to reduce health care disparities.”

In his presentation regarding the 
applicability of foreign clinical trial data 
to a US lung cancer population, Nieva, 
an associate professor of clinical medi-
cine at Keck School of Medicine of the 
University of Southern California in 
Los Angeles, discussed the importance 
of understanding how this contin-
ues to drive current gaps in diverse clinical 
trial enrollment. 

In a paper published in the Journal of Medical 
Economics, the authors concluded that approxi-
mately 375,256 lung cancer–related deaths were 
avoided because of the availability of new cancer 
medicines in the United States between 2000 and 

2016.3 However, patients who may benefit most 
from such treatments do not have access to them. 
That, coupled with disparities in clinical care and 
research, has led to poorer outcomes in minority 
populations. This was documented in a 2021 
report from the American Lung Association, which 
showed that individuals of color who receive a 
diagnosis of lung cancer have worse outcomes than 
White Americans.4 

Disproportionate outcomes can 
also be traced in part to disparities 
in biomarker testing. In an abstract 
presented at the 2021 American Society 
of Clinical Oncology (ASCO) Annual 
Meeting, investigators documented 
that 50.1% (n = 4904) of White patients 
with NSCLC received next-generation 
sequencing compared with only 39.8% 
(n = 513) of Black/African American 

patients (P < .0001).5 Additionally, investiga-
tors showed that more Black/African American 
patients were receiving carboplatin and pacli-
taxel as frontline therapy than White patients. 
“There are very few situations where carbo-
platin and paclitaxel should be the standard of 
care,” Nieva said. 

Jorge J. Nieva, MD
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Gaps in clinical trial enrollment have also been 
well established, but not for reasons many might 
expect, Nieva noted. Further, the data from Bruno 
et al also showed that approximately twice as 
many White patients with NSCLC were enroll-
ing in clinical trials compared with Black/African 
American patients (P = .0002).5 However, findings 
from a study by Osarogiagbon et al demonstrated 
that Black, Hispanic, and Asian patients were 
more likely to enroll in a clinical trial, if offered, 
than White patients.6 

“The main reason [individuals] don’t participate 
in clinical trials is, No. 1, there is no clinical trial 

available to them. Trials aren’t offered in their 
neighborhood, they’re not offered by their physi-
cian or by their health care system,” Nieva said. 

This becomes important when one considers 
the prevalence of actionable biomarkers among 
different races. For example, data from a study 
published in 2022 showed that approximately 
half of Asian patients (n = 142) have EGFR or 
TP53 mutations.7

Nieva also referenced another issue: drug 
cost. “[The decision not to use single-country 
data] ignores the biggest problem in health care 
disparities, which is the cost of the medicines 

that we give our patients, [which] is in large 
part driven [by the fact that] we’ve made medi-
cal research exorbitantly expensive,” he added. 
“When you look at the cost of a drug approval 
today, we’re now looking at about $2.6 billion, 
and this is up 20-fold from where it was in the 
1970s in constant dollars. But we’ve made our 
trials extraordinarily complex. Now looking at 
more end points or procedures, we now have on 
average 50 eligibility criteria to treat patients in 
clinical trials.” ■

For a full list of references,  
see the article at  . 

Immunotherapy Must Become More Precise and Personalized
by JASON HARRIS

PHYSICIANS TREATING PATIENTS With 
lung cancer can point to significant—but 
qualified—successes over the past 20 years, 
according to Roy S. Herbst, MD, PhD. But inves-
tigators must keep pushing the science in new 
directions even as immunotherapy becomes 
more available in earlier lines of 
treatment, he said.

Lung cancer incidence and mortality 
have declined by 51% for men since 
1990 and by 26% for women since 2002, 
in large part because fewer individu-
als are smoking. Over that same period, 
targeted therapies, immunotherapies, 
and more effective chemotherapy regi-
mens have been added to  
the armamentarium. 

However, lung cancer remains one of the world’s 
leading causes of death, accounting for more 
than 2.21 million cases each year.1 Most patients, 
78.9% in one study,2 with small cell lung cancer 
will relapse despite initially responding to chemo-
therapy. Real-world results from the KINDLE 
observational study (NCT03725475) showed that 
62% of patients with resectable non–small cell 
lung cancer (NSCLC) worldwide relapsed follow-
ing frontline treatment.3 Herbst noted that the 
recurrence rate can be as high as 80% in patients 
with stage III disease.

“The future is bright, and it’s really very excit-
ing. I would say that what happens in medicine 
and oncology, and [what] we have to avoid, is just 
combining drugs,” Herbst said. “It may work once in 
a while, but we really need to use science. We have 
to understand why the tumor is resistant to immu-
notherapy, to targeted therapy, and how we can 
more precisely [target that resistance].”

Herbst, the 2022 Giants of Cancer Care® award 
winner in the lung cancer category, delivered 
the Giants of Cancer Care® Lecture during the 
20th Annual Winter Lung Cancer Conference® 

in February 2023. He is Ensign Professor of 
Medicine (Medical Oncology) and professor of 
pharmacology, director of the Center for Thoracic 
Cancers, and assistant dean for translational 
research at the Yale School of Medicine. Herbst 
also serves as chief of medical oncology at Yale 

Cancer Center and Smilow Cancer 
Hospital, deputy director of Yale Cancer 
Center, and coprincipal investigator and 
community outreach coleader for the 
Cancer Disparities Firewall project in 
New Haven, Connecticut.

Herbst noted that for patients who 
have cold tumors, meaning T cells in 
the tumor microenvironment are absent 
or do not respond to signals to attack 

the tumor, the role of immunotherapy is limited. 
“You can do everything you want to that tumor, 
the tumor just doesn’t care and you never get 
the T cells in the tumor. We call that immune 
desert,” he said.

The challenge going forward is learning how to 
make those tumors hot so they respond to immu-
notherapy and detecting the patients most likely 
to benefit, he said. Identifying biomarkers is key, 
but the value of tumor mutational burden is still 
being refined. 

The FDA approved pembrolizumab (Keytruda) 
as an adjuvant treatment following resec-
tion and platinum-based chemotherapy for 
stage IB, II, or IIIA NSCLC based on findings 
from the multicenter, randomized, triple-
blind, placebo-controlled KEYNOTE-091 trial 
(NCT02504372).4 

Investigators randomly assigned patients who 
had not received neoadjuvant radiotherapy or 
chemotherapy to 200 mg of pembrolizumab or 
placebo intravenously every 3 weeks for up to 1 
year. Patients were stratified by receipt of adju-
vant chemotherapy and region of the world. Of the 
1177 patients who were assigned to therapy, 1010 

(86%) received adjuvant platinum-based chemo-
therapy following complete resection.Median 
disease-free survival, the primary end point, 
was 58.7 months in the pembrolizumab arm (95% 
CI, 39.2-not reached [NR]) vs 34.9 months (95% 
CI, 28.6-NR) in the placebo arm (HR, 0.73; 95% 
CI, 0.60-0.89).4

“Now we’re using pembrolizumab as an adju-
vant therapy in the earliest stages of disease,” 
Herbst said. “Actually, I think this is the most 
amazing trial. This sort of changed the world.”

Herbst noted that the role of immunotherapy 
prior to resection has generated excitement even 
earlier in treatment. “It’s hard to do neoadjuvant 
therapy. You have to have a tumor board and want 
to discuss it,” Herbst said. “But I think it’s going 
to change the way we think about lung cancer and 
the way we collaborate and work together.”

Herbst cited findings from the neoadjuvant 
CheckMate 816 trial (NCT02998528), in which 
nivolumab (Opdivo) in combination with plat-
inum-based doublet chemotherapy extended 
event-free survival (EFS) in patients with stage IB 
to IIIA NSCLC.5 

At a median follow-up of 29.5 months, the 
median EFS was 31.6 months (95% CI, 30.2-NR) 
with nivolumab plus chemotherapy vs 20.8 
months (95% CI, 14.0-26.7) with chemotherapy 
alone (HR, 0.63; 97.38% CI, 0.43-0.91; P = .005). 
Twenty-four percent of patients in the experimen-
tal arm had pathologic complete response ([pCR]; 
95% CI, 18.0-31.0) compared with 2.2% (95% CI, 
0.6%-5.6%) in the placebo arm (OR, 13.94; 99% CI, 
3.49-55.75; P < .001). Outcomes for EFS and pCR 
favored the nivolumab/chemotherapy combination 
in most subgroups evaluated. 

The median overall survival was not reached 
in either group (HR, 0.57; 99.67% CI, 0.30-
1.07; P = .008). ■

For a full list of references,  
see the article at  . 

Roy S. Herbst, MD



The Genmab DuoBody® platform works 
by dissociating and recombining the 
halves of two monoclonal antibodies, 
creating a comprehensive array of 
bispecific antibody possibilities.1,2 

With multiple therapies in  
development and the promising 
potential of future discoveries, we’re 
eager to see what solutions our science 
can bring cancer patients. 

One platform. 
Dual targeting.

Myriad of  
possibilities.

Explore how we’re 
working to transform 
cancer treatment at 
Genmab.com
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