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BAVENCIO® (avelumab) injection, for intravenous use 
BRIEF SUMMARY: Please see package insert for Full Prescribing Information

INDICATION AND USAGE
First-Line Maintenance Treatment of Urothelial Carcinoma 
BAVENCIO is indicated for the maintenance treatment of patients with locally advanced or 
metastatic urothelial carcinoma (UC) that has not progressed with first-line platinum-containing 
chemotherapy.

CONTRAINDICATIONS
None.

WARNINGS AND PRECAUTIONS
Severe and Fatal Immune-Mediated Adverse Reactions: BAVENCIO is a monoclonal antibody 
that belongs to a class of drugs that bind to either the programmed death-receptor 1 (PD-1) or 
the 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 under Warnings and Precautions 
may not include all possible severe and fatal immune-mediated reactions. 
Immune-mediated adverse reactions, which may be severe or fatal, can occur in any organ 
system or tissue. Immune-mediated adverse reactions can occur at any time after starting treatment 
with a PD-1/PD-L1 blocking antibody. While immune-mediated adverse reactions usually manifest 
during treatment with PD-1/PD-L1 blocking antibodies, immune-mediated adverse reactions 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 patients closely for symptoms 
and signs that may be clinical manifestations of underlying immune-mediated adverse reactions. 
Evaluate liver enzymes, creatinine, and thyroid function 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 BAVENCIO depending on severity. In general, if BAVENCIO 
requires interruption or discontinuation, administer systemic corticosteroid therapy (1 to 2 mg/kg/day 
prednisone or equivalent) until improvement to 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 reactions are 
not controlled with corticosteroid therapy. Toxicity management guidelines for adverse reactions 
that do not necessarily require systemic corticosteroids (e.g., endocrinopathies and dermatologic 
reactions) are discussed below.
Immune-Mediated Pneumonitis: BAVENCIO can cause immune-mediated pneumonitis. Immune-
mediated pneumonitis occurred in 1.2% (21/1738) of patients receiving BAVENCIO, including fatal 
(0.1%), Grade 4 (0.1%), Grade 3 (0.3%) and Grade 2 (0.6%) adverse reactions. Pneumonitis led to 
permanent discontinuation of BAVENCIO in 0.3% and withholding of BAVENCIO in 0.3% of patients. 
Systemic corticosteroids were required in all (21/21) patients with pneumonitis. Pneumonitis 
resolved in 57% (12/21) of the patients. Of the 5 patients in whom BAVENCIO was withheld for 
pneumonitis, 5 reinitiated treatment with BAVENCIO after symptom improvement; of these, none 
had recurrence of pneumonitis. With other PD-1/PD-L1 blocking antibodies, the incidence of 
pneumonitis is higher in patients who have received prior thoracic radiation.
Immune-Mediated Colitis: BAVENCIO can cause immune-mediated colitis. The primary 
component of the immune-mediated colitis consisted of diarrhea. Cytomegalovirus (CMV) infection/
reactivation has been reported in patients with corticosteroid-refractory immune-mediated colitis. In 
cases of corticosteroid-refractory colitis, consider repeating infectious workup to exclude alternative 
etiologies. Immune-mediated colitis occurred in 1.5% (26/1738) of patients receiving BAVENCIO, 
including Grade 3 (0.4%) and Grade 2 (0.7%) adverse reactions. Colitis led to permanent 
discontinuation of BAVENCIO in 0.5% and withholding of BAVENCIO in 0.5% of patients. Systemic 
corticosteroids were required in all (26/26) patients with colitis. Colitis resolved in 69% (18/26) of the 
patients. Of the 8 patients in whom BAVENCIO was withheld for colitis, 5 reinitiated treatment with 
BAVENCIO after symptom improvement; of these, 40% had recurrence of colitis.
Hepatotoxicity and Immune-Mediated Hepatitis: BAVENCIO as a single agent: BAVENCIO can 
cause immune-mediated hepatitis. Immune-mediated hepatitis occurred in 0.9% (16/1738) of patients 
receiving BAVENCIO, including fatal (0.1%), Grade 3 (0.6%), and Grade 2 (0.1%) adverse reactions. 
Hepatitis led to permanent discontinuation of BAVENCIO in 0.5% and withholding of BAVENCIO 
in 0.2% of patients. Systemic corticosteroids were required in all (16/16) patients with hepatitis. 
Hepatitis resolved in 56% (9/16) of the patients. Of the 3 patients in whom BAVENCIO was withheld 
for hepatitis, 3 reinitiated treatment with BAVENCIO after symptom improvement; of these, none had 
recurrence of hepatitis.
Immune-Mediated Endocrinopathies: Adrenal Insufficiency: BAVENCIO can cause primary or 
secondary adrenal insufficiency. For Grade 2 or higher adrenal insufficiency, initiate symptomatic 
treatment, including hormone replacement, as clinically indicated. Withhold BAVENCIO depending 
on severity. Immune-mediated adrenal insufficiency occurred in 0.5% (8/1738) of patients receiving 
BAVENCIO, including Grade 3 (0.1%), and Grade 2 (0.3%) adverse reactions. Adrenal insufficiency 
led to permanent discontinuation of BAVENCIO in 0.1% and withholding of BAVENCIO in 0.1% 
of patients. Systemic corticosteroids were required in all (8/8) patients with adrenal insufficiency. 
Adrenal insufficiency did not resolve in any patient (0/8). Of the 2 patients in whom BAVENCIO 
was withheld for adrenal insufficiency, none reinitiated treatment with BAVENCIO. Hypophysitis: 
BAVENCIO can cause immune-mediated hypophysitis. Hypophysitis can present with acute 
symptoms associated with mass effect such as headache, photophobia, or visual field defects. 
Hypophysitis can cause hypopituitarism. Initiate hormone replacement, as clinically indicated. 
Withhold or permanently discontinue BAVENCIO depending on severity. Immune-mediated 
pituitary disorders occurred in 0.1% (1/1738) of patients receiving BAVENCIO which was a Grade 2 
(0.1%) adverse reactions. Hypopituitarism did not lead to withholding of BAVENCIO in this patient. 
Systemic corticosteroids were not required in this patient. Thyroid Disorders: BAVENCIO can 
cause immune-mediated thyroid disorders. Thyroiditis can present with or without endocrinopathy. 
Hypothyroidism can follow hyperthyroidism. Initiate hormone replacement for hypothyroidism or 
institute medical management of hyperthyroidism, as clinically indicated. Withhold or permanently 
discontinue BAVENCIO depending on severity. Thyroiditis occurred in 0.2% (4/1738) of patients 
receiving BAVENCIO, including Grade 2 (0.1%) adverse reactions. Thyroiditis did not lead to 
permanent discontinuation or withholding of BAVENCIO in any patients. No patients with thyroiditis 
required systemic corticosteroids. Thyroiditis did not resolve in any patients (0/4). Hyperthyroidism 
occurred in 0.4% (7/1738) of patients receiving BAVENCIO, including Grade 2 (0.3%) adverse 
reactions. Hyperthyroidism did not lead to permanent discontinuation of BAVENCIO in any patients 
and led to withholding of BAVENCIO in 0.1% of patients. Systemic corticosteroids were required in 
29% (2/7) of patients with hyperthyroidism. Hyperthyroidism resolved in 86% (6/7) of the patients. 
Of the 2 patients in whom BAVENCIO was withheld for hyperthyroidism, 2 reinitiated treatment 
with BAVENCIO after symptom improvement; of these, none had recurrence of hyperthyroidism. 
Hypothyroidism occurred in 5% (90/1738) of patients receiving BAVENCIO, including Grade 3 
(0.2%) and Grade 2 (3.7%) adverse reactions. Hypothyroidism led to permanent discontinuation 
of BAVENCIO in 0.1% and withholding of BAVENCIO in 0.5% of patients. Systemic corticosteroids 
were required in 7% (6/90) of patients with hypothyroidism. Hypothyroidism resolved in 4% (4/90) of 
the patients. Of the 8 patients in whom BAVENCIO was withheld for hypothyroidism, none reinitiated 
BAVENCIO. Type I 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 BAVENCIO depending on severity. Immune-mediated  
Type I diabetes mellitus occurred in 0.1% (2/1738) of patients receiving BAVENCIO, including  

Grade 3 (0.1%) adverse reactions. Type I diabetes mellitus led to permanent discontinuation of 
BAVENCIO in these two patients. Type I diabetes mellitus did not lead to withholding of BAVENCIO 
in any patient. Systemic corticosteroids were not required in any patient with Type I diabetes mellitus. 
Type I diabetes mellitus resolved in no patient and all patients required ongoing insulin treatment.
Immune-Mediated Nephritis with Renal Dysfunction: BAVENCIO can cause immune-mediated 
nephritis. Immune-mediated nephritis with renal dysfunction occurred in 0.1% (1/1738) of patients 
receiving BAVENCIO, which was a Grade 2 (0.1%) adverse reactions. Nephritis with renal 
dysfunction led to permanent discontinuation of BAVENCIO in this patient. Nephritis did not lead 
to withholding of BAVENCIO in any patient. Systemic corticosteroids were required in this patient. 
Nephritis with renal dysfunction did not resolve in this patient.
Immune-Mediated Dermatologic Adverse Reactions: BAVENCIO can cause immune-mediated 
rash or dermatitis. Exfoliative dermatitis, including Stevens Johnson Syndrome, DRESS, and toxic 
epidermal necrolysis (TEN), has occurred with PD-1/PD-L1 blocking antibodies. Topical emollients 
and/or topical corticosteroids may be adequate to treat mild to moderate non-exfoliative rashes. 
Withhold or permanently discontinue BAVENCIO depending on severity. Immune-mediated 
dermatologic adverse reactions occurred in 5% (90/1738) of patients receiving BAVENCIO, 
including Grade 3 (0.1%) and Grade 2 (2.0%) adverse reactions. Dermatologic adverse reactions 
led to permanent discontinuation of BAVENCIO in 0.3% of patients and withholding of BAVENCIO 
in 0.4% of patients. Systemic corticosteroids were required in 29% (26/90) of patients with 
dermatologic adverse reactions. One patient required the addition of tacrolimus to high-dose 
corticosteroids. Dermatologic adverse reactions resolved in 41% (37/90) of the patients. Of the 
7 patients in whom BAVENCIO was withheld for dermatologic adverse reactions, 3 reinitiated 
treatment with BAVENCIO after symptom improvement; of these, none had recurrence of 
dermatologic adverse reaction.
Other Immune-Mediated Adverse Reactions: The following clinically significant immune-
mediated adverse reactions occurred at an incidence of <1% (unless otherwise noted) in 
patients who received BAVENCIO 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. 
Cardiac/Vascular: Myocarditis, pericarditis, vasculitis. Gastrointestinal: Pancreatitis to include 
increases in serum amylase and lipase levels, gastritis, duodenitis. Nervous System: Meningitis, 
encephalitis, myelitis and demyelination, myasthenic syndrome/myasthenia gravis (including 
exacerbation), Guillain-Barré syndrome, nerve paresis, autoimmune neuropathy. Ocular: Uveitis, 
iritis, and other ocular inflammatory toxicities can occur. Some cases can be associated with 
retinal detachment. Various grades of visual impairment, including 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 corticosteroids to reduce the 
risk of permanent vision loss. Musculoskeletal and Connective Tissue: Myositis/polymyositis, 
rhabdomyolysis (and associated sequelae including renal failure), arthritis, polymyalgia rheumatic. 
Endocrine: Hypoparathyroidism. Other (Hematologic/Immune): Hemolytic anemia, aplastic anemia, 
hemophagocytic lymphohistiocytosis, systemic inflammatory response syndrome, histiocytic 
necrotizing lymphadenitis (Kikuchi lymphadenitis), sarcoidosis, immune thrombocytopenic purpura, 
solid organ transplant rejection.
Infusion-Related Reactions: BAVENCIO can cause severe or life-threatening infusion-related 
reactions. Premedicate with antihistamine and acetaminophen prior to the first 4 infusions. Monitor 
patients for signs and symptoms of infusion-related reactions including pyrexia, chills, flushing, 
hypotension, dyspnea, wheezing, back pain, abdominal pain, and urticaria. Interrupt or slow the 
rate of infusion for mild or moderate infusion-related reactions. Stop the infusion and permanently 
discontinue BAVENCIO for severe (Grade 3) or life-threatening (Grade 4) infusion-related reactions. 
Infusion-related reactions occurred in 25% of patients treated with BAVENCIO including three (0.2%) 
Grade 4 and nine (0.5%) Grade 3 infusion-related reactions. Ninety-three percent of patients received 
premedication with antihistamine and acetaminophen. Eleven (92%) of the 12 patients with  
Grade ≥3 reactions were treated with intravenous corticosteroids. Fourteen percent of patients had 
infusion-related reactions that occurred after the BAVENCIO infusion was completed.
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 (VOD) 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.
Embryo-Fetal Toxicity: Based on its mechanism of action, BAVENCIO 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. If this drug is used during pregnancy, or if the patient becomes pregnant while 
taking BAVENCIO, inform the patient of the potential risk to a fetus. Advise females of childbearing 
potential to use effective contraception during treatment with BAVENCIO and for at least one month 
after the last dose of BAVENCIO.

ADVERSE REACTIONS
The following clinically significant adverse reactions are described elsewhere in the labeling: 
•  Severe and fatal immune-mediated adverse reactions 
•  Infusion-related reactions 
•  Complications of allogeneic HSCT 
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 data 
described in the WARNINGS AND PRECAUTIONS section reflect exposure to BAVENCIO 10 mg/
kg intravenously every 2 weeks as a single agent in 1738 patients enrolled in the JAVELIN Merkel 
200 and JAVELIN Solid Tumor trials and to BAVENCIO 10 mg/kg intravenously every 2 weeks 
in combination with axitinib 5 mg orally twice daily in 489 patients enrolled in the JAVELIN Renal 
100 and JAVELIN Renal 101 trials. In the BAVENCIO monotherapy population, 24% of patients 
were exposed for ≥ 6 months and 7% were exposed for ≥ 12 months. The following criteria were 
used to classify an adverse reaction as immune-mediated: onset within 90 days after last dose of 
BAVENCIO, no spontaneous resolution within 7 days of onset, treatment with corticosteroids or other 
immunosuppressant or hormone replacement therapy, biopsy consistent with immune-mediated 
reaction, and no other clear etiology.
Locally Advanced or Metastatic Urothelial Carcinoma
First-Line Maintenance Treatment of Urothelial Carcinoma
The safety of BAVENCIO was evaluated in the JAVELIN Bladder 100 trial where patients received 
BAVENCIO 10 mg/kg every 2 weeks plus best supportive care (BSC) (N=344) or BSC alone 
(N=345). Patients with autoimmune diseases or conditions requiring systemic immunosuppression 
were excluded. In the BAVENCIO plus BSC arm, 47% were exposed to BAVENCIO for > 6 months 
and 28% were exposed for > 1 year. The median age of patients treated with BAVENCIO plus BSC 
was 69 years (range: 37 to 90), 63% of patients were 65 years or older, 76% were male, 67% were 
White, and the ECOG performance score was 0 (61%) or 1 (39%). A fatal adverse reaction (sepsis) 
occurred in one (0.3%) patient receiving BAVENCIO plus BSC. Serious adverse reactions occurred 
in 28% of patients receiving BAVENCIO plus BSC. Serious adverse reactions in ≥ 1% of patients 
included urinary tract infection (including kidney infection, pyelonephritis, and urosepsis) (6.1%), 
pain (including abdominal, back, bone, flank, extremity, and pelvic pain) (3.2%), acute kidney 
injury (1.7%), hematuria (1.5%), sepsis (1.2%), and infusion-related reaction (1.2%). Permanent 
discontinuation due to an adverse reaction of BAVENCIO plus BSC occurred in 12% of patients. 

Adverse reactions resulting in permanent discontinuation of BAVENCIO in > 1% of patients were 
myocardial infarction (including acute myocardial infarction and troponin T increased) (1.5%) and 
infusion-related reaction (1.2%). Dose interruptions due to an adverse reaction, excluding temporary 
interruptions of BAVENCIO infusions due to infusion-related reactions, occurred in 41% of patients 
receiving BAVENCIO plus BSC. Adverse reactions leading to interruption of BAVENCIO in > 2% of 
patients were urinary tract infection (including pyelonephritis) (4.7%) and blood creatinine increased 
(including acute kidney injury, renal impairment, and renal failure) (3.8%). The most common 
adverse reactions (≥ 20%) in patients receiving BAVENCIO plus BSC were fatigue, musculoskeletal 
pain, urinary tract infection, and rash. Thirty-one (9%) patients treated with BAVENCIO plus BSC 
received an oral prednisone dose equivalent to ≥ 40 mg daily for an immune-mediated adverse 
reaction. Table 5 summarizes adverse reactions that occurred in ≥ 10% of patients treated with 
BAVENCIO plus BSC.

Table 5: Adverse Reactions (≥ 10%) of Patients Receiving BAVENCIO plus BSC (JAVELIN 
Bladder 100 Trial)

Adverse Reactions

BAVENCIO plus BSC
(N=344)

BSC
(N=345)

All Grades
%

Grade 3-4
%

All Grades
%

Grade 3-4
%

General Disorders and Administration Site Conditions
Fatiguea 35 1.7 13 1.7
Pyrexia 15 0.3 3.5 0
Musculoskeletal and Connective Tissue Disorders
Musculoskeletal painb 24 1.2 15 2.6
Arthralgia 16 0.6 6 0
Skin and Subcutaneous Tissue Disorders
Rashc 20 1.2 2.3 0
Pruritus 17 0.3 1.7 0
Infections and Infestations
Urinary tract infectiond 20 6 11 3.8
Gastrointestinal Disorders
Diarrhea 17 0.6 4.9 0.3
Constipation 16 0.6 9.0 0
Nausea 16 0.3 6 0.6
Vomiting 13 1.2 3.5 0.6
Respiratory, Thoracic and Mediastinal Disorders
Coughe 14 0.3 4.6 0
Metabolism and Nutrition Disorders
Decreased appetite 14 0.3 7 0.6
Endocrine disorders
Hypothyroidism 12 0.3 0.6 0
Injury, Poisoning and Procedural Complications
Infusion-related reaction 10 0.9 0 0

aFatigue is a composite term that includes fatigue, asthenia and malaise.
b Musculoskeletal pain is a composite term that includes musculoskeletal pain, back pain, myalgia, 
and neck pain.

c Rash is a composite term that includes rash, rash maculo-papular, erythema, dermatitis acneiform, 
eczema, erythema multiforme, rash erythematous, rash macular, rash papular, rash pruritic, drug 
eruption and lichen planus.

d Urinary tract infection is a composite term that includes urinary tract infection, urosepsis, cystitis, 
kidney infection, pyuria, pyelonephritis, bacteriuria, pyelonephritis acute, urinary tract infection 
bacterial, and Escherichia urinary tract infection.

e Cough is a composite term that includes cough and productive cough.
Patients received pre-medication with an anti-histamine and acetaminophen prior to each infusion. 
Infusion-related reactions occurred in 10% (Grade 3: 0.9%) of patients treated with BAVENCIO  
plus BSC.

Table 6: Selected Laboratory Abnormalities Worsening from Baseline Occurring in ≥ 10% of 
Patients Receiving BAVENCIO plus BSC (JAVELIN Bladder 100 Trial)

Laboratory Abnormality
BAVENCIO plus BSC* BSC*

Any Grade
%

Grade 3-4
%

Any Grade
%

Grade 3-4
%

Chemistry
Blood triglycerides increased 34 2.1 28 1.2
Alkaline phosphatase 
increased

30 2.9 20 2.3

Blood sodium decreased 28 6 20 2.6
Lipase increased 25 8 16 6
Aspartate aminotransferase 
(AST) increased

24 1.7 12 0.9

Blood potassium increased 24 3.8 16 0.9
Alanine aminotransferase 
(ALT) increased

24 2.6 12 0.6

Blood cholesterol 
increased

22 1.2 16 0.3

Serum amylase increased 21 5 12 1.8
CPK increased 19 2.4 12 0
Phosphate decreased 19 3.2 15 1.2
Hematology
Hemoglobin decreased 28 4.4 18 3.2
White blood cell 
decreased

20 0.6 10 0

Platelet count decreased 18 0.6 12 0.3
* Each test incidence is based on the number of patients who had both baseline and at least one on-
study laboratory measurement available: BAVENCIO plus BSC group (range: 339 to 344 patients) 
and BSC group (range: 329 to 341 patients).

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 avelumab in the studies described below with the 
incidence of antibodies in other studies or to other products may be misleading. Of the 344 patients 
treated with BAVENCIO 10 mg/kg as an intravenous infusion every 2 weeks plus BSC, 325 were 
evaluable for treatment-emergent anti-drug antibodies (ADA) and 62 (19.1%) tested positive in the 
JAVELIN Bladder 100 trial. Patients who tested positive for treatment-emergent ADA had decreased 
systemic BAVENCIO exposure. In exploratory analyses, the effect of ADA on the efficacy or safety 
could not be determined due to insufficient numbers of patients in the ADA-positive subgroup and 
confounding variables.

USE IN SPECIFIC POPULATIONS
Pregnancy, Risk Summary: Based on its mechanism of action, BAVENCIO can cause fetal harm 
when administered to a pregnant woman. There are no available data on the use of BAVENCIO 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. 
Human IgG1 immunoglobulins (IgG1) are known to cross the placenta. Therefore, BAVENCIO 
has the potential to be transmitted from the mother to the developing fetus. If this drug is used 
during pregnancy, or if the patient becomes pregnant while taking this drug, advise the patient 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 BAVENCIO 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 BAVENCIO 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 BAVENCIO may increase the risk of developing immune-
related disorders or altering the normal immune response.
Lactation, Risk Summary: There is no information regarding the presence of avelumab in human 
milk, the effects on the breastfed infant, or the effects on milk production. Since many drugs 
including antibodies are excreted in human milk, advise a lactating woman not to breastfeed during 
treatment and for at least one month after the last dose of BAVENCIO due to the potential for 
serious adverse reactions in breastfed infants.
Females and Males of Reproductive Potential, Contraception: Based on its mechanism of action, 
BAVENCIO can cause fetal harm when administered to a pregnant woman. Advise females of 
reproductive potential to use effective contraception during treatment with BAVENCIO and for at 
least 1 month after the last dose of BAVENCIO.
Pediatric Use: Safety and effectiveness of BAVENCIO have not been established in pediatric patients.
Geriatric Use
Locally Advanced or Metastatic Urothelial Carcinoma: Of the 344 patients randomized to BAVENCIO 
10 mg/kg plus BSC in the JAVELIN Bladder 100 trial, 63% were 65 years or older and 24% were 75 
years or older. No overall differences in safety or efficacy were reported between elderly patients 
and younger patients.
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 requiring corticosteroids or hormone replacement therapy, including, but not limited to:
•  Pneumonitis: Advise patients to contact their healthcare provider immediately for new or worsening 

cough, chest pain, or shortness of breath.
•  Colitis: Advise patients to contact their healthcare provider immediately for diarrhea or severe 

abdominal pain.
•  Hepatitis: Advise patients to contact their healthcare provider immediately for jaundice, severe 

nausea or vomiting, pain on the right side of abdomen, lethargy, or easy bruising or bleeding.
•  Endocrinopathies: Advise patients to contact their healthcare provider immediately for signs or 

symptoms of adrenal insufficiency, hypothyroidism, hyperthyroidism, and diabetes mellitus.
•  Nephritis with Renal Dysfunction: Advise patients to contact their healthcare provider immediately 

for signs or symptoms of nephritis including decreased urine output, blood in urine, swelling in 
ankles, loss of appetite, and any other symptoms of renal dysfunction.

•  Dermatologic Adverse Reactions: Advise patients to contact their healthcare provider immediately 
for signs or symptoms of skin rash, itchy skin, rash with tiny spots and bumps, reddening of skin, 
blisters or peeling.

Infusion-Related Reactions: Advise patients to contact their healthcare provider immediately for 
signs or symptoms of potential infusion-related reactions.
Complications of Allogeneic HSCT: Advise patients of the risk of post-allogeneic hematopoietic stem 
cell transplantation complications
Embryo-Fetal Toxicity: Advise females of reproductive potential that BAVENCIO can cause fetal harm. 
Instruct females of reproductive potential to use effective contraception during and for at least one 
month after the last dose of BAVENCIO.
Lactation: Advise nursing mothers not to breastfeed while taking BAVENCIO and for at least one 
month after the final dose.
Manufactured by: EMD Serono, Inc. Rockland, MA 02370 U.S.A. US License No: 1773  
Marketed by: EMD Serono, Inc. and Pfizer Inc. BAVENCIO is a trademark of Merck KGaA, 
Darmstadt, Germany
February 2021 US-AVE-00577
Copyright © 2021 EMD Serono, Inc. All rights reserved.
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Studies Indicate Sluggish 
Return to Prepandemic 
Rates for Oncology Services

CHAIRMAN’S LETTER

In the oncology sectors, topics of discussion about the effects of the 
COVID-19 pandemic stretch beyond risks of infections in immunocom-
promised patients and vaccination concerns and have recently centered 
on the reduced number of oncologic services utilized since early 2020. 

In this issue of the journal ONCOLOGY®, research led by John 
Nakayama, MD, of the Division of Gynecologic Oncology in the  
Department of Obstetrics and Gynecology at the University  
Hospitals Cleveland Medical Center in Ohio, looked at single- 
institution data to assess the impact of the pandemic on oncology care. 
In their research of close to 350,000 appointments related to oncologic 
services, they found that cancellation rates increased from 2019 to 
2020 by about 5%. In addition, there were approximately 9% fewer 
surgeries overall in the �rst 10 months of 2020 as compared with the 
same time the year prior (see pages 462-470). 

Unfortunately, these results are not unique to the research included 
in this journal. For example, a retrospective review of data regarding 
low-dose CT screenings for lung cancer showed that procedures were 
subject to high cancellation rates after suspension of services on March 
13, 2020, and rates have remained low despite availability of full  
operation.1 In another study, screening and diagnostic mammo-
grams fell by double-digit percentages in March 2020, with screening  
mammograms remaining below prepandemic levels in the months after 
services were resumed.2

Similarly, a population-based retrospective cohort study in Canada 
indicated an immediate 60% decrease in surgical volume starting on 
March 15, 2020, when compared with rates prior to the emergence of 
COVID-19.3

As services continue to slowly resume to normal volumes, caring 
for patients with these treatment delays in mind will be important for 
assessing the far-reaching impacts of the pandemic. 

“There was a large increase in cancelled oncologic care in 2020 
which has implications for delayed diagnosis and treatment,”  
Nakayama and colleagues wrote. “These delays could result in patients 
presenting with more advanced disease, complicating morbidities,  
and ultimately worse long-term outcomes.”

As always, the articles within these pages and more on breakthroughs 
in oncology across multidisciplinary specialties can be found at  
CancerNetwork.com, home of the journal ONCOLOGY®. 

Mike Hennessy Sr
Chairman and Founder of ONCOLOGY®’s

parent company, MJH Life Sciences™
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LETTER TO THE READERS

In this issue of ONCOLOGY®, in-
vestigators who were led by John 
Nakayama, MD, from the Seid-

man Cancer Center at Case West-
ern Reserve University in Cleveland, 
have provided a very large sample of 
patients with cancer and compared 
cancellation rates of oncology ap-
pointments in 2020 and 2019.

In this experience, more than 
340,000 visits for clinic, lab, radi-
ation, and surgery were compared  
between calendar year 2019 and 
2020. The 2019 experience rep-
resented the control arm for the 
COVID-19–related 2020 experi-
ence. The authors report on the 
clinical, lab, radiation, and surgery 
appointments for these time periods 
and compare the cancellation rates 
in the control year versus the expe-
rience year presumably by reviewing 
all their electronic medical record 
data. Patients with cancer were 
identi�ed by using more than 2000 
International Classi�cation of Dis-
eases (ICD) codes, although many 
of these may have included patients 
who were not on active treatment. 

In comparing the overall treat-
ment cancellations for 2020, the 
authors report that there was an 
approximate 5% increase in cancel-
lations which extended across clinic 
visits, lab visits, and surgical visits. 

Radiation visits, however, were not 
changed substantially. In addition, 
although younger patients have 
historically a higher cancellation 
rate, the increase in this group was 
minimal compared with those over 
40 years of age in 2020. Whereas 
previously, men showed somewhat 
more than a 15% baseline cancel-
lation rate for clinic visits versus 
about 1% lower for women, in the 
COVID-19 era women somewhat 
exceeded men, perhaps representing 
greater propensity for caution. Also, 
cancellation rates were 5% to 6% 
higher in 2020 for White but much 
lower in Black patients, and this ex-
tended across various types of visits.

Some additional considerations 
may apply here. One statistic not 
reported in the study was treatment 
volumes and cancellations during 
these time periods. Visit cancellations 
may have been at the request of pro-
viders and may have been partially 
compensated by telemedicine visits. 
Certainly, in my institution, we have 
been seeing about 5% telemedicine 
visits by volume since COVID-19. 
Furthermore, treatments may have 
switched to oral agents in the era of 
COVID-19 with the object of keep-
ing patients at home. Finally, some  
patients may have switched to more 
local practices.

The most critical information that 
we would like to know however, is 
the effect of delays in diagnosis for 
people who do not yet have a can-
cer diagnosis or related ICD code. 
This is the group that we are now 
beginning to see in our clinics who 
have more advanced stage cancers. 
For example, this week I saw a 
33-year-old man with very advanced 
rectosigmoid cancer who was told 
for months that his symptoms were 
COVID-19 related. This unfortunate 
downstream effect of the coronavi-
rus pandemic will be with us for the 
next few years as we see an uptick in 
cancer incidence and an increase in 
cancer mortality due to loss of early 
diagnosis and prevention.

What can we do in this situation? 
As the fourth wave of the pandemic 
accompanies the emergence of the 
delta variant, we may be seeing an-
other round of reduced access to on-
cology care and screening. However, 
as physicians we must encourage the 
public to continue their medical vis-
its and cancer screenings. We must 
make sure that mammography, colo-
noscopy, and radiology screening 
tests are available to our patients and 
not let COVID-19 put off diagnoses 
for yet another year. We can do this 
as leaders in oncology and we should 
lead these efforts.  

The Unhappy Intersection 
of Cancer and COVID-19

By Howard S. Hochster, MD
Distinguished Professor of Medicine, Rutgers Robert Wood Johnson Medical School

Associate Director for Clinical Research, Rutgers Cancer Institute of New Jersey
Director of Oncology Research, RWJBarnabas Health
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Q: What are some new targeted 
therapies for which you are 

excited to see newly reported data?
A: You can’t talk about new targeted 
therapies without talking about the re-
cent approval of sotorasib [Lumakras] 
for KRAS G12C[–mutant NSCLC]. 
This mutation was once thought to be 
undruggable. We now have a novel oral 
therapy that was approved [recently to 
treat tumors with] this mutation and 
[saw data recently presented] on the 
outcomes of patients receiving sotora-
sib who have KRAS G12C[–positive] 
NSCLC [NCT0360083].1,2

The second drug is called amivan-
tamab [Rybrevant], which was also 
recently approved for [the treatment 
of patients with] EGFR exon 20 mu-
tations, a very hard mutation to treat 
and drug. We now have an approval 
for that study [NCT02609776] [and 
for] that genotype as well.3

Finally, if you’re thinking about nov-
el targets, HER2 mutations, the evolv-
ing role of trastuzumab deruxtecan 
[Enhertu] [could lead to an] approval 
by November for HER2-mutated lung 
cancer. I think those are 3 exciting drugs 
that we have. Two [are] now approved, 
1 [will be] potentially approved, and 
the list keeps getting longer and longer 
with some of these drugs.

Q: Can you discuss some 
novel applications of 

immunotherapy in the lung 
cancer space?
A: Immunotherapy [has] been solidi-

�ed in the advanced-stage setting [for 
NSCLC]. Multiple trials show that 
when you add immunotherapy to che-
motherapy, or you compare immuno-
therapy with chemotherapy, there are 
improvements in outcome for stage IV 
[disease], and there’s probably a tail 
of the [Kaplan-Meier] curve for [this 
population]. Now, what has happened 
over the past 6 months [with] recent 
data is that we’re learning to under-
stand how to leverage immunotherapy 
for a cure. [When] looking at immuno-
therapy—potentially in the neoadju-
vant space prior to surgical resection, 
and then, based on the most recent data 
that were presented at ASCO 2021, 
looking at it in the adjuvant setting—
that will be a focus of [interest going 
forward], to discuss the potential role 
of neoadjuvant therapies for cure and 
early-stage disease.

Q: Circulating tumor DNA 
(ctDNA) is constantly 

evolving. What do you think we 
might soon learn about these 
assays?
A: We know that ctDNA can be used 
as a 1-time static event where we can 
accurately genotype patients with lung 
cancer. In the past 6 to 12 months, we’ve 
learned 2 new ways that it may be used. 
One is for longitudinal assessment, 
[where we look] at changes in ctDNA 
when patients are on a drug, either tar-
geted therapy or immunotherapy, as an 
early indicator of response or lack of re-
sponse. The other strategy is looking at 

Benjamin Levy, MD, 
is a thoracic medical 
oncologist and clinical 

director of medical oncology 
at Johns Hopkins Sidney 

Kimmel Cancer Center in Washington, DC, as well 
as cochair of the 39th Annual CFS®, hosted by 
Physicians’ Education Resource, LLC (PER®).

Lung Cancer Investigators Expand Upon 
Indications of Standard Therapeutic Agents
“We’re learning to understand how to leverage immunotherapy for a cure.” 

Over the past decade, increased survival 
times have been tied to the emergence of 
targeted and checkpoint blockade thera-

pies as the standard of care for most patients 
with metastatic non–small cell lung cancer 
(NSCLC). Given advancements in this setting, 
investigators have been exploring ways to bring 
these life-saving treatments to more patients 
with lung cancer across additional settings.

“In terms of the changes, the [breakthroughs] 
that have happened over the past 5 years are 
indicative of how quickly we’re moving in the 
�eld,” Benjamin Levy, MD, a thoracic medi-
cal oncologist and clinical director of medical 
oncology at Johns Hopkins Sidney Kimmel 
Cancer Center in Washington, DC, said in an 
interview. “When I started, a lot of the talks 
were just on chemotherapy and potentially im-
munotherapy, and now we’ve got such a huge 
charge to cover all the new approvals for all 
the new drugs.”

Levy, who is also co-chair of the 39th An-
nual CFS® hosted by Physicians’ Education 
Resource®, LLC (PER®), sat down with ON-
COLOGY® to discuss lung cancer research he 
is excited about and feels has the potential to 
transform the lung cancer treatment paradigm. 
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it and the minimal residual disease setting 
for patients who are cured and are being 
followed and surveilled by CT scan. The 
question is, can you use ctDNA to detect re-
currences earlier than a CT scan [can], and 
can that then inform treatment decisions? 

Q: Are you anticipating results  
of any particular studies?

A: Charu Aggarwal, [MD, MPH], from 
Penn Medicine, and colleagues recently] 
published data with immunotherapy in 
JCO Precision Oncology.3 They look at 
longitudinal assessment of ctDNA for pa-
tients treated with immunotherapy and 
show that drops correlate with response 
and lack of drops portend worse outcome. 
This is not just touching the �eld for target-
ed therapy but for immunotherapy, as well. 

Q: Can you discuss new approvals 
for small cell lung cancer 

(SCLC)? 
A: Historically, [SCLC is] a very aggressive 
disease. We’ve [seen many] approvals in 
the past couple of years. One was atezoli-
zumab [Tecentriq], one was durvalumab 
[Im�nzi],4,5 and a second-line [agent] was 
approved over the past 6 months—lurbi-
nectedin [Zepzelca].6 Data are emerging 
with other therapies that may be promising.

Q: What are some questions that 
need clarification in NSCLC?

A: We’ve learned that when we wed tar-
geted therapies to the right genotype, pa-
tients do quite well, [but] there are out-
standing questions. For instance, what 
do you do for all these genotypes when 
they’re on a targeted therapy? What do 
you do when resistance develops? What 
are those mechanisms of resistance, and 
how should we act on them? That’s a big 
question for targeted therapy. 

Another question is, are there optimal 
combination strategies with these target-
ed therapies? Should we be giving target-
ed therapies alone or should we be giving 
targeted therapies plus a novel therapy or 
chemotherapy upfront to our patients? 
[There] is clearly an unmet need for 

patients with the right genotype. 
[The] same is true for immunotherapy. 

What are the optimal immunotherapies? 
We’ve [got] great drugs to give patients 
without a target, [and] immunotherapy 
combinations [can produce effects that 
are] durable and meaningful. The question 
is, what do you do when there’s disease 
progression? What are the mechanisms of 
resistance, and how do we act on those, 
moving forward? We’ve sorted out what 
to do �rst for both the patients with tar-
gets and patients without. The question be-
comes, what do you do next when those 
treatments no longer work? Are the tumors 
growing? Those are really unmet needs.

Q: Are ongoing trials addressing 
the questions of resistance 

with targeted therapies?
A: [With] EGFR, one of the most com-
mon mutations, tremendous efforts are 
going on across the country, looking at 
and sorting out mechanisms of resistance 
and then what to do when you discover 
[such] a mechanism. 

For instance, I’m involved in a trial 
called SAVANNAH [NCT03778229], 
looking at patients who are EGFR pos-
itive and on a targeted therapy of osim-
ertinib [Tagrisso]. When they have dis-
ease progression, if you do a biopsy and 
it shows that they have another pathway 
involved called MET, we add a particu-
lar MET-directed therapy. That is where 
we’re heading. Multiple studies like this 
are going on, looking at mechanisms of re-
sistance, and understanding those mech-
anisms of resistance is critical. 

One of my areas of research is trying to 
understand what to do for some of these 
patients who are on a targeted therapy 
and develop disease progression—to un-
derstand the mechanisms of resistance, 
then come up with novel therapies. I also 
ask the question, “What’s the role of che-
motherapy? Is there a role [for] just giv-
ing chemotherapy?” Those are examples 
of unmet needs and questions that we’re 
asking. Another question is, “Should 
chemotherapy be given just as with a 

nonselect therapy for patients who have 
disease progression on a targeted therapy, 
or should we be looking for mechanisms 
of resistance? Based on those mechanisms, 
[should we be] leveraging another novel 
therapy?” These are still unmet needs for 
patients with genotype[-driven disease].

Q: How are checkpoint inhibitors 
being moved further into the 

frontline, even before targeted 
therapy, for driver mutations?
A: I don’t think we yet understand the true 
role of immunotherapy for patients with 
driver mutations. We feel that this �eld is 
dichotomized into those who get targeted 
therapies and those who get immunother-
apies. [The attempt] to understand how to 
leverage the immunotherapy and targeted 
therapy spaces is ongoing. We’re still try-
ing to learn.

Q: You’ve previously mentioned 
recently published studies. 

Do you think any of those will be 
practice changing in the future?
A: One question is whether the  
IMpower010 study [NCT02486718]7

will change practice by November. We 
saw a disease-free survival hazard ratio 
of 0.66 for patients with stage II and III 
NSCLC who have PD-L1 expression 
greater than 1% [who were treated with 
atezolizumab]. I would be comfortable 
considering using that. This is an unmet 
need. These patients have historically ag-
gressive diseases, and we need to do better. 

What to do after progression on osim-
ertinib [is another area of growth]. We 
have a data set with amivantamab, now 
already approved [for EGFR exon 20 in-
sertion mutations] in combination with 
lazertinib (NCT02609776), that looked 
good post osimertinib.8 We have data 
with [partritumab deruxtecan; HER3-
DXd; NCT03260491] that also look 
good.9 That’s where we’re starting to 
learn more and more. 

For full reference list, visit 
cancernetwork.com/Levy_8.21
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Introduction
The COVID-19 pandemic created an un-
precedented situation pitting the urgent 
need to appropriately treat patients with 
cancer against the unknown level of risk of 
subjecting patients to immunosuppressive 
therapies during a pandemic. Attempts to 
strike a balance of these risks led to delays 
in care.1-3 Statistical modeling of delayed 
care of the most common cancers in the 
United Kingdom estimated up to sever-
al thousand additional deaths.4,5 While 
it will be years before we will have an 
accurate determination on patient mor-
bidity and mortality, we can gain insight 
on the potential impact by examining the 
number of delayed medical visits, tests, 
and procedures. Multiple small reports 
have indicated a drop in procedures.6-8

One large study examining a sample of 
Medicare data showed a signi�cant drop 
in cancer screening procedures and of�ce 
visits, but it is unclear if these were can-
cer-related visits.9

Here, we assess the volume of missed 
cancer-related services due to the 
COVID-19 pandemic, as well as the pop-
ulations impacted. We hypothesized that 
there would be signi�cantly more delays 
in cancer-related care, delays that would 
be in�uenced by age, sex, and race.

Methods
Patient Cohort 
Under a protocol approved by the Uni-
versity Hospitals Seidman Cancer Center 

ABSTRACT

OBJECTIVES: COVID-19 created unexpected delays in oncologic treat-
ment. This study sought to assess the volume of missed cancer-related 
services due to the pandemic. 

METHODS: This case-controlled trial evaluated more than 345,000 
oncologic clinic, lab, and radiation appointments from January 1, 2019, 
through December 31, 2020, and surgery appointments from January 
1, 2019, through October 31, 2020. All patients at the Seidman Cancer 
Center with a cancer diagnosis based on a comprehensive list of 2178 
International Classification of Diseases, Ninth Edition (ICD-9) and ICD-10 
codes were included in the analysis. Subgroup analyses based on age, 
race, and sex were also performed.

RESULTS: Clinic, lab, and surgical visit cancellations increased by 4.20% 
(P <.001), 4.84% (P <.001), and 5.22% (P <.001), respectively. In the 
first 10 months of 2020, there were 703 (9.2%) fewer surgeries compared 
with the same time period in 2019. The following cancellation rates 
peaked in March 2020: clinic visits (26.53%), labs (43.66%), surgery 
(34.00%). Radiation oncology (12.53%) cancellations peaked in April 
2020. Prior to the emergence of COVID-19, the group aged 0 to 39 years 
had the highest clinic cancellation rate (17.85%) compared with patients 
aged 40 to 64 years (15.95%) and 65 years and older (14.52%; P <.001). 
Men cancelled (15.63%) significantly more often than women (14.93%; 
P <.001) in 2019. This reversed during the pandemic: Women (19.56%) 
cancelled more frequently than men (19.20%; P <.036).

CONCLUSIONS: There was a large increase in cancelled oncologic 
care in 2020, which has implications for delayed diagnosis and treatment. 
This was especially true for patients older than 65 years and for women. 
These delays could result in patients presenting with more advanced dis-
ease, complicating morbidities, and ultimately worse long-term outcomes.

The Negative Impact of the COVID-19 
Pandemic on Oncology Care at an 
Academic Cancer Referral Center
John Nakayama, MD; Gi-Ming Wang, MS; Gino Cioffi, MPH; Kristin A. Waite, PhD; Nirav Patil, MBBS, MPH; Ravi Kumar Kyasaram, MS; 
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Institutional Review Board, a search of 
all appointment data from patients with 
cancer in the in the Seidman Cancer Cen-
ter was performed. Only patients with a 
cancer diagnosis (>345,000 patient visits 
annually) based on a comprehensive list of 
2178 International Classi�cation of Dis-
eases, Ninth Revision (ICD-9) and ICD-
10 codes were eligible (eAppendix A). 
Clinic, lab, and radiation appointments 
from January 1, 2019, through Decem-
ber 31, 2020, and surgery appointments 
from January 1, 2019, through October 
31, 2020, were obtained. For each of the 
4 groups of appointment types, rates of 
cancellation (cancellation count divided 
by appointment count) were strati�ed by 
age group (0-39 years, 40-64 years, 65 
years or older),10 sex (male or female), 
and race (White, Black, or other) on a 
monthly basis. 

Statistical Analysis
Clinic, lab, and radiation appointments 
for all of 2019 and 2020 were evaluat-
ed. Given data availability, the �rst 10 
months of surgeries for 2020 were ana-
lyzed. Descriptive statistics were used to 
assess any association of cancellation rate 
between 2019 and 2020 for both overall 
data, and strati�ed by age group, sex, and 
race for each appointment type respec-
tively, where the χ2 test of independence 
was used for comparison. The trend com-
parison of appointment rates was also ex-
amined by trend plot both for overall data 

and strati�ed by age group, sex, and race 
for each appointment type respectively. 
A series of plots describe the cancellation 
trends of years 2019 and 2020. A statis-
tical test for the difference in trend is not 
provided in this analysis due to the limited 
number of observations.

Results
There was a signi�cant increase in the 
number of cancellations for oncologic 
care from 2019 to 2020. Clinic, lab, and 
surgical visit cancellations increased by 
4.20% (P <.001), 4.84% (P <.001), and 
5.22% (P <.001), respectively (Table 1). 
This translates into an increase of 11,377 
clinical outpatient oncology appointment 
cancellations and 8502 lab visit cancella-
tions in 2020. Compared with the same 
time period in 2019, there were 703 (9.2%) 
fewer surgeries in the �rst 10 months of 
2020. The rate of radiation oncology can-
cellations was about 9% in both years (P
= .156). The pattern of greater clinic, lab, 
and surgery cancellations with unchanged 
radiation visits stayed fairly consistent 
when patients were strati�ed by age, sex, 
and race (Table 2). Exceptions included the 
group aged 0 to 39 years (P = .102) and 
patients listed as “other” for racial group 
(P = .156), which had unchanged surgery 
and clinic cancellation rates, respectively. 
Unlike other groups, the White (P = .002) 
and 65 years or older (P = .030) groups 
had a signi�cant increases in their radiation 
oncology cancellations. Cancellation rates 

for clinic, lab, surgery, and radiation ther-
apy are shown in Figure 1. The following 
cancellations peaked in March 2020: clin-
ic visits (26.53%), labs (43.66%), surgery 
(34.00%). Radiation oncology (12.53%) 
cancellations peaked in April 2020. Can-
cellation rates began to rise again in Octo-
ber/November 2020 in all areas. 

Due to hospital mandates restricting 
appointments to only time-sensitive care 
during the initial months of the COVID-19 
pandemic, clinic visits were evaluated in 
greater detail (Table 3). In 2019, prior to 
the widespread awareness of COVID-19, 
the group aged 0 to 39 years had the highest 
clinic cancellation rate (17.85%) compared 
with those aged 40 to 64 years (15.95%) 
and 65 years and older (14.52%; P <.001). 
As age in years increases, the gap between 
2019 and 2020 cancellation rates widens, 
especially in the �rst half of 2020 when 
COVID-19 restrictions were �rst put in 
place (Figure 2A). Men cancelled (15.63%)  
significantly more often than women 
(14.93%; P <.001) in 2019 (Figure 2B). 
This reversed in 2020, during the pandem-
ic, to women (19.56%) cancelling more 
frequently than men (19.20%; P <.036). 
Racial groups also had distinct trends. 
The patients listed as “other” for racial 
group had the highest clinic cancellation 
rate in both 2019 (20.51%) and 2020 
(21.4%). White patients had the lowest 
cancellation rate in 2019 (14.47%) and 
2020 (19.22%). All racial groups showed 
an increase in cancellation rates at the end 

TABLE 1. Oncologic Visit Cancellation Changes Related to COVID-19 Pandemic (2019 and 2020)

Appointment Cancelled/
noncancelled Year 2019 Year 2020 P value for 

differences by year

Clinic
Cancelled 32,175 (15.21%) 43,552 (19.41%)

<.001
Noncancelled 179,294 (84.79%) 180,823 (80.59%)

Lab
Cancelled 22,697 (19.47%) 31,198 (24.69%)

<.001
Noncancelled 93,896 (80.53%) 95,177 (75.31%)

Surgeryª
Cancelled 2811 (16.28%) 3514 (21.12%)

<.001
Noncancelled 14,453 (83.72%) 13,121 (78.88%)

Radiation
Cancelled 6085 (9.07%) 5965 (9.30%)

 0.156
Noncancelled 60,993 (90.93%) 58,178 (90.70%)

ªSurgery data are only for the first 10 months of 2019 and 2020.
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TABLE 2. Oncologic Appointment Cancellations by Year and Stratified by Age, Sex, and Race: 2019-2020

Stratification Appointment Category Cancelled/
noncancelled Year 2019 Year 2020 P value for 

differences by year

By age

Clinic

0-39 y
Cancelled 2875 (17.85%) 3364 (19.19%)

 0.002
Noncancelled 13,228 (82.15%) 14,165 (80.81%)

40-64 y
Cancelled 10,397 (15.95%) 15,145 (19.99%)

<.001
Noncancelled 54,792 (84.05%) 60,615 (80.01%)

65+ y
Cancelled 18,903 (14.52%) 25,043 (19.10%)

<.001
Noncancelled 111,274 (85.48%) 106,043 (80.9%)

Lab

0-39 y
Cancelled 1753 (18.69%) 2188 (24.59%)

<.001
Noncancelled 7626 (81.31%) 6710 (75.41%)

40-64 y
Cancelled 8454 (20.15%) 12,429 (25.38%)

<.001
Noncancelled 33,496 (79.85%) 36,543 (74.62%)

65+ y
Cancelled 12,490 (19.14%) 16,581 (24.2%)

<.001
Noncancelled 52,774 (80.86%) 51,924 (75.8%)

Surgery ª

0-39 y
Cancelled 191 (18.76%) 221 (21.77%)

 0.102
Noncancelled 827 (81.24%) 794 (78.23%)

40-64 y
Cancelled 985 (16.69%) 1254 (21.24%)

<.001
Noncancelled 4918 (83.31%) 4651 (78.76%)

65+ y
Cancelled 1635 (15.81%) 2039 (20.99%)

<.001
Noncancelled 8708 (84.19%) 7676 (79.01%)

Radiation

0-39 y
Cancelled 308 (8.30%) 280 (7.42%)

 0.168
Noncancelled 3402 (91.7%) 3495 (92.58%)

40-64 y
Cancelled 2577 (9.32%) 2520 (9.13%)

 0.442
Noncancelled 25,079 (90.68%) 25,096 (90.87%)

65+ y
Cancelled 3200 (8.96%) 3165 (9.66%)

 0.002
Noncancelled 32,512 (91.04%) 29,587 (90.34%)

By sex

Clinic

Male
Cancelled 13,425 (15.63%) 17,784 (19.2%)

<.001
Noncancelled 72,469 (84.37%) 74,841 (80.80%)

Female
Cancelled 18,743 (14.93%) 25,761 (19.56%)

<.001
Noncancelled 106,809 (85.07%) 105,966 (80.44%)

Lab

Male
Cancelled 10,672 (19.37%) 14,462 (24.14%)

<.001
Noncancelled 44,421 (80.63%) 45,435 (75.86%)

Female
Cancelled 12,025 (19.55%) 16,736 (25.18%)

<.001
Noncancelled 49,475 (80.45%) 49,742 (74.82%)

Surgery ª

Male
Cancelled 1288 (16.54%) 1667 (21.14%)

<.001
Noncancelled 6501 (83.46%) 6220 (78.86%)

Female
Cancelled 1523 (16.07%) 1846 (21.10%)

<.001
Noncancelled 7952 (83.93%) 6901 (78.9%)

Radiation

Male
Cancelled 2510 (8.20%) 2526 (8.49%)

 0.198
Noncancelled 28,116 (91.8%) 27,231 (91.51%)

Female
Cancelled 3575 (9.81%) 3439 (10.00%)

 0.396
Noncancelled 32,877 (90.19%) 30,947 (90%)
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Stratification Appointment Category Cancelled/
noncancelled Year 2019 Year 2020 P value for 

differences by year

By race

Clinic

White
Cancelled 23,284 (14.47%) 33,886 (19.22%)

<.001
Noncancelled 137,620 (85.53%) 142,429 (80.78%)

Black
Cancelled 6227 (16.57%) 8287 (19.91%)

<.001
Noncancelled 31,347 (83.43%) 33,328 (80.09%)

Other
Cancelled 2664 (20.51%) 1379 (21.4%)

 0.156
Noncancelled 10,327 (79.49%) 5066 (78.6%)

Lab

White
Cancelled 16,450 (19.35%) 24,858 (24.82%)

<.001
Noncancelled 68,565 (80.65%) 75,298 (75.18%)

Black
Cancelled 3949 (17.76%) 5356 (23.66%)

<.001
Noncancelled 18,285 (82.24%) 17,278 (76.34%)

Other
Cancelled 2298 (24.59%) 984 (27.45%)

 0.001
Noncancelled 7046 (75.41%) 2601 (72.55%)

Surgerya

White
Cancelled 1983 (15.36%) 2782 (19.99%)

<.001
Noncancelled 10,928 (84.64%) 11,132 (8.01%)

Black
Cancelled 500 (19.13%) 630 (27.43%)

<.001
Noncancelled 2114 (80.87%) 1667 (72.57%)

Other
Cancelled 328 (18.86%) 102 (24.06%)

 0.020
Noncancelled 1411 (81.14%) 322 (75.94%)

Radiation

White
Cancelled 4120 (8.74%) 4550 (9.14%)

 0.030
Noncancelled 43,038 (91.26%) 45,245 (90.86%)

Black
Cancelled 1135 (9.52%) 1194 (9.60%)

 0.852
Noncancelled 10,791 (90.48%) 11,249 (90.40%)

Other
Cancelled 830 (10.38%) 221 (11.60%)

 0.131
Noncancelled 7164 (89.62%) 1684 (88.40%)

y, years. 

ªSurgery data are only for the first 10 months of 2019 and 2020.

of 2019 (Figure 2C). The �rst 3 months of 
2019 compared with the last 3 months of 
2019 showed a signi�cant increase in the 
mean cancellation rate for Black patients 
(1.90%; P = .002), White patients (3.80%; 
P = .002), and those of other racial groups 
(5.61%; P = .002).

Discussion
There are clear trends in the cancella-
tion rates that coincide with the course 
of the COVID-19 pandemic. Cancella-
tions spiked in March and April 2020 
as infection rates began to rise and states 
implemented restrictions. At the end of 
2020, there is a suggestion of another rise 

in cancellations corresponding with the 
peak of new COVID-19 infections that 
December.11 This resulted in 9.2% fewer 
surgeries despite a stable volume of com-
pleted clinic visits. It is unclear if surgery 
cancellations were patient-driven or the 
result of pandemic restrictions on elec-
tive surgeries. A combination of both is 
likely responsible. Interestingly, radiation 
oncology cancellations were unchanged. 
This likely re�ects the urgency of most 
radiation referrals and the importance of 
limiting delays in radiation once therapy 
has begun. 

When the groups were strati�ed by age, 
sex, and race, several interesting patterns 

emerged. The surgical cancellation rate 
among the youngest group, aged 0 to 39 
years, was unchanged by COVID-19 re-
strictions. This could be the result of low-
er morbidity from COVID-19 infections 
in young patients as well as of surgeries 
being time-sensitive in this population. 
When the clinic cancellation rate was eval-
uated, all age groups showed an increase 
from 2019 to 2020. However, Figure 2A 
illustrates that the youngest group’s can-
cellation rate changed the least and that of 
the oldest group changed the most. Given 
the increased risk of COVID-19 infection 
in older patients, these results are expect-
ed. One surprising �nding, however, was 

TABLE 2. Oncologic Appointment Cancellations CONTINUED
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FIGURE 1. Trends in Oncologic Appointment Cancellation Rates by Year (2019-2020) and by 
Appointment Type: (A) Clinic, (B) Lab, (C) Surgical, and (D) Radiation Therapy
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FIGURE 2. Trends in Oncologic Clinic Cancellations, Stratified by (A) Age, (B) Sex, and (C) Race 
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the shift from a greater male cancellation 
rate to female. While further research is 
needed, we hypothesize that the burden of 
health care needs typically falls on wom-
en, and the rate of female cancellations 
rose as women met the needs of other 
family members.

Limitations 
Limitations of this study include pote tial 
selection bias and the study population 
being drawn from a large academic med-
ical center. This is partially mitigated by 
including all cancer patients in the system, 
which includes outlying clinic centers. 

Conclusions
This study illustrates the large number 
of delayed oncologic visits due to the 
COVID-19 pandemic at an academic 
cancer referral center. These patients will 
reenter care either emergently or when 
the risk of infection abates, and the health 
care system will need to have resources in 
place to manage the situation. This will 
be especially true in older patients and 
in women, both representing groups who 
disproportionately delayed care. Overall, 
there was a large decrease in oncologic 
care in 2020, which has implications for 
delayed diagnosis and treatment. This 

could result in patients presenting in the 
future with more advanced disease, more 
complicating morbidities, and ultimately 
worse long-term outcomes. Oncologists 
and hospital systems should prepare ac-
cordingly for increased demand as the 
threat of COVID-19 infection diminishes 
and patients present for care. 
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FIGURE 2. Trends in Oncologic Clinic Cancellations, CONTINUED 
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TABLE 3. Clinic Appointment Cancellations by Year Stratifi ed by Age, Sex, and Race: 2019-2020

Stratifi cation Category Cancelled/
Noncancelled Year 2019 Year 2020 P value for

differences by Year

By age

0-39 y
Cancelled 2875 (17.85%) 3364 (19.19%)

 0.002
Noncancelled 13,228 (82.15%) 14,165 (80.81%)

40-64 y
Cancelled 10,397 (15.95%) 15,145 (19.99%)

<.001
Noncancelled 54,792 (84.05%) 60,615 (80.01%)

65+ y
Cancelled 18,903 (14.52%) 25,043 (19.10%)

<.001
Noncancelled 111,274 (85.48%) 106,043 (80.9%)

By sex

Male
Cancelled 13,425 (15.63%) 17,784 (19.2%)

<.001
Noncancelled 72,469 (84.37%) 74,841 (80.8%)

Female
Cancelled 18,743 (14.93%) 25,761 (19.56%)

<.001
Noncancelled 106,809 (85.07%) 105,966 (80.44%)

By race

White
Cancelled 23,284 (14.47%) 33,886 (19.22%)

<.001
Noncancelled 137,620 (85.53%) 142,429 (80.78%)

Black
Cancelled 6227 (16.57%) 8287 (19.91%)

<.001
Noncancelled 31,347 (83.43%) 33,328 (80.09%)

Other
Cancelled 2664 (20.51%) 1379 (21.40%)

 0.156
Noncancelled 10,327 (79.49%) 5066 (78.60%)

y, years. 
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Introduction
In immunoglobulin light chain (AL) am-
yloidosis, clonal plasma cells in the bone 
marrow produce light chains that misfold 
and deposit in various organs.1 These 
depositions interfere with organs’ func-
tion,2 which reduces quality of life (QOL) 
and shortens survival. The treatment of 
AL amyloidosis is aimed at quickly clear-

ing the amyloidogenic light chain burden 
by eliminating the plasma cell clone that 
produces it.2

The key concepts of effectively treat-
ing AL amyloidosis are (1) early diag-
nosis; (2) accurate typing; (3) a multi-
disciplinary approach to management; 
and (4) tailored treatment to tolerance 
(choosing the safest therapy based on 

organ involvement and comorbidities). 
The extent of cardiac involvement drives 
therapy and outcomes, because patients 
with advanced cardiac involvement are 
at increased risk of early death from ar-
rhythmias and progressive heart failure.3

The goal of treatment in AL amyloidosis 
is for the patient to achieve a response as 
deep as possible, as quickly as possible.4,5

ASCT has been an essential part of 
the treatment armamentarium in light 
chain (AL) amyloidosis for several de-
cades because of high response rates and 
prolonged responses. However, in the 
past 2 decades, treatment options for AL 
amyloidosis patients have expanded to 
include proteosome inhibitors,6-10 immu-
nomodulatory drugs,11-15 alkylators,8,10,16

and monoclonal antibodies.17-20  Current-
ly, more than 50% of patients with AL 
amyloidosis achieve a very good partial 
response or better (≥VGPR)21-24 to front-
line treatments, making the role and the 
optimal timing of ASCT an area of debate. 
Moreover, the impact of ASCT on high-
risk cytogenetics is unclear.25

Induction prior to ASCT 
The role of induction therapy prior to 
ASCT is evolving. Historically, the norm 
had been no induction prior to ASCT 
based on 2 justi�cations. First, a majority 

The Role of Autologous Stem Cell 
Transplantation in Amyloidosis 
Iuliana Vaxman, MD; and Angela Dispenzieri, MD

ABSTRACT: Autologous stem cell transplantation (ASCT) has 

been an essential part of the treatment armamentarium in light 

chain (AL) amyloidosis for several decades. Patients who achieve a 

complete hematologic response following ASCT have a long overall 

survival. However, only 1 randomized controlled trial compared ASCT 

with the standard of care used at the time, which was melphalan and 

dexamethasone, and the results did not support the use of ASCT in 

AL amyloidosis. These results are of limited significance due to the 

unexpected high transplant-related mortality (TRM) (24%). TRM is a 

major concern in AL amyloidosis, but its incidence can be lessened by 

better patient selection and by patients receiving ASCT in specialized 

centers. ASCT in AL amyloidosis is performed only in selected patients; 

approximately 20% of patients with AL amyloidosis are transplant 

eligible up front or after bortezomib (Velcade) based conditioning. The 

introduction of newer agents such as bortezomib and daratumumab 

(Darzalex), which lead to deep responses and have good safety 

profiles, encourage revisiting the benefit and timing of ASCT in the 

modern era.

This review provides a comprehensive assessment of eligibility 

criteria for ASCT in AL amyloidosis, conditioning dosing, efficacy in 

terms of hematologic and organ response, and future areas of research.

Muhamed Baljevic, MD, reviews 
data in amyloidosis on page 482
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of patients with AL amyloidosis had low 
plasma cell burden, making “debulking” 
prior to ASCT seemingly unnecessary. 
Second, induction could render patients 
who were previously eligible for ASCT 
ineligible, due to toxicity. Prospective data 
are quite limited. 

In a small trial from China, 56 patients 
were randomized to receive either 2 cy-
cles of bortezomib and dexamethasone 
(BD) prior to ASCT, or to move directly 
to ASCT (Table).26 No attrition occurred 
in the BD arm prior to ASCT, and 2-year 
progression-free survival (PFS) was 81% 
and 50%, respectively, favoring BD induc-
tion. Two-year overall survival (OS) was 
95% and 69%, respectively. Although 
the anticipated complete response (CR) 
rate (de�ned as normalization of the free 
light chain level and ratio, negative serum 
and urine immuno�xation) for the non-
induced patients was of no surprise, the 
2-year OS was much lower than expect-
ed, because, based on results of previous 
larger studies, the anticipated 5-year OS 
post ASCT is 65% to 75%.

In contrast, the prospective phase 2 
study by Minnema et al included 50 pa-
tients who were treated with 4 cycles of 
BD before ASCT.24 The overall hemato-
logic response after induction treatment 
was 80% (CR, 20%; VGPR, 38%).  
Fifteen patients (30%) did not proceed 
to ASCT, mainly due to toxicity induced 
by the BD treatment; therefore, the pri-
mary end point of the study was not met.  

Treatment-related mortality (TRM) was 
0%. In the patients who proceeded to 
ASCT, overall hematologic responses 
improved at 6 months after transplant to 
86% (CR, 46%; VGPR, 26%).

Two other prospective studies have  
incorporated BD prior to ASCT; both 
were single-arm trials27,28 and used bor-
tezomib along with melphalan condition-
ing, and one of them used bortezomib as 
consolidation as shown in the Table. Each 
of these strategies yielded higher-than- 
expected CR rates, but at the cost of  
patient attrition prior to ASCT. Moreover, 
the role of induction cannot be separat-
ed from the novel conditioning27,28 and  
consolidation.27 A similar pattern of  
patient attrition that occurred when in-
duction was given prior to ASCT was 
seen in a prospective study published 
in 2004 that randomized 100 patients 
newly diagnosed with AL amyloidosis to 
ASCT up front vs 2 cycles of induction 
with melphalan and prednisone prior to 
ASCT. There were no differences in OS,  
hematologic response, or organ response 
between the 2 arms, but 16 patients  
randomized to the induction arm became 
ineligible for subsequent ASCT.29

A number of retrospective studies  
suggest that induction, especially  
bortezomib induction, yields better out-
comes. A major problem with these ret-
rospective studies is that they are not  
designed as intention-to-treat trials, which 
makes it impossible to know if sicker pa-

tients were weeded out and never made it 
to ASCT; this would leave the noninduc-
tion comparator group as a population 
of higher-risk patients more likely to have 
higher TRM, which in turn reduces both 
survival and evaluability for response.

One such retrospective study evaluated 
128 patients with AL amyloidosis who 
were divided into 3 groups: no induction 
(15.5%), induction with melphalan and 
prednisone (MP; 19.5%), and induction 
with novel agents (65%). At day 100 post 
ASCT, overall hematologic response rates 
(and CR rates) were 60% (10%), 62% 
(25%), and 87% (19%) in the no-induc-
tion group, MP group, and novel-agents 
group, respectively.30 Induction with 
novel agents was predictive of OS in a 
multivariate analysis. Most of the OS ben-
e�t in the novel-agents group occurred in 
the �rst 12 months, suggesting a potential 
weeding-out of sicker patients in the in-
duction group. 

Another retrospective study reported 
outcomes of 63 patients: 34 received bor-
tezomib-based therapy before ASCT, and 
29 patients either did not receive induc-
tion prior to ASCT or received induction 
therapy that was not bortezomib based.31

At diagnosis, the bortezomib-treated pa-
tients had been more likely to have car-
diac involvement and gastrointestinal 
involvement. Time to transplant was 
longer in the bortezomib-treated group 
(median, 226 days vs 150 days). Inexpli-
cably, time from diagnosis to ASCT in 
the nonbortezomib group was quite long 
at 5 months. The patients who received 
bortezomib induction were more likely 
to receive melphalan 200 mg/m2 (62% vs 
45%, respectively), and in these patients, 
there was a trend toward better CR at 3 
months (26% vs 12% respectively). The 
median OS and the organ responses were 
also higher in the bortezomib induction 
group. By 24 months, approximately one-
third of the nonbortezomib patients had 
died in contrast to 6% of the bortezo-
mib-induced group.

The thought process around tumor 
bulk (≤10% bone marrow plasma cells 

TABLE. Prospective Studies Reporting Induction Regimens Prior 
to ASCT in AL Amyloidosis
Ref Regimen N No ASCT, % OHR/CR, % PFS rate OS rate

30 BD × 2  ASCT 28 0 86/68 2-year, 81% 2-year, 95%

30 ASCT 28 0 48/36 2-year, 50% 2-year, 69%

24 BD × 4 ASCT 50 30 86/46 4-year, 53% 4-year, 88%

32 BD × 2 B-ASCT 
 B x 4

21 5 86/48 5-year, 80% 5-year, 
100%

40 BD × 2  B-ASCT 35 14 77/57 5-year, 70% 5-year, 80%

AL, light-chain; ASCT, autologous stem cell transplantation, B-ASCT, bortezomib ASCT; BD, bortezo-
mib and dexamethasone; CR, complete response; OHR, overall hematological response; OS, overall 
survival; PFS, progression free survival; ref, reference.  
The percentages ae out of the entire study population 
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[BMPC] at presentation) was in part sup-
ported by a retrospective publication from 
the Mayo Clinic in which patients with 
Mayo 2012 stage I/II disease and BMPC 
≤10% did well (5-year OS above 80%), 
regardless of whether or not they received 
induction therapy prior to ASCT.32 These 
�ndings have been challenged by recent 
studies. In a retrospective study of 227 
patients with <10% BMPC, 124 patients 
received bortezomib-based induction pri-
or to ASCT, 68 did not receive induction, 
and 35 patients received other chemo-
therapeutic induction.33 OS, PFS, overall 
hematologic response rates, CR rates, 
and cardiac and renal responses were all 
higher in patients who received bortezo-
mib-based induction prior to ASCT. Once 
again, the 2-year mortality was markedly 
different between the bortezomib induc-
tion group vs the patients who received no 
induction or nonbortezomib induction: 
0% vs almost 25%, respectively. On 
multivariate analysis, only the difference 
between the involved and uninvolved se-
rum free light chain (dFLC) >50 mg/l and 
bortezomib induction predicted for OS. 
Another retrospective study of 45 patients 
that evaluated induction regimens with 
novel agents showed a 3-year PFS bene-
�t for patients treated with novel-agent 
induction vs conventional chemotherapy 
(79% vs 53%, respectively; P = .05), but 
no signi�cant OS bene�t (95% vs 71%).34

To conclude, most studies support the 
use of bortezomib-based induction ther-
apy prior to ASCT, even for patients with 
low disease burden (Figure).

Which bortezomib-based 
induction regimen should be 
used?
Deep responses have been reported with 
daratumumab therapy in AL amyloidosis; 
daratumumab is the �rst FDA approved 
drug for AL amyloidosis based on the phase 
3 ANDROMEDA trial (NCT03201965) 
that compared daratumumab plus bor-
tezomib, cyclophosphamide, and dexa-
methasone (VCd) with VCd alone in new-
ly diagnosed patients.17,35 The addition of  

daratumumab to VCd resulted in a signi�-
cant improvement in the overall hematolog-
ic response (92% vs 77%, respectively), as 
well as a signi�cant improvement in the rate 
of complete hematologic response (50% vs 
14%). Although ASCT was not a planned 
part of the trial, 13 patients in the daratu-
mumab + VCd arm and 20 patients in the 
VCd-alone arm proceeded to ASCT. In the  
safety run-in report (only of the daratu-
mumab + VCd arm), 5 patients died, in-
cluding 3 who underwent ASCT.17 The 
quadruplet resulted in shorter time to 
response and improved organ response. 
Because of the deep responses to daratu-
mumab + VCd,35 we recommend using the 
quadruplet as �rst-line treatment, if possi-
ble (Figure).

If daratumumab/VCd is not available, 
we recommend using VCd prior to ASCT. 
A prospective study investigated VCd in 
230 newly diagnosed with AL amyloido-
sis; the overall hematological response rate 
was 60%, with a VGPR or better in 43%.8

Only 17 patients underwent ASCT, all as 
part of second-line therapy. The �rst report 
to describe the use of VCd in AL amyloido-
sis was a retrospective study that evaluated 

VCd as used in 17 patients with AL amyloi-
dosis (bortezomib was given at 1.5 mg/m2

once weekly).36 The overall hematological 
response rate was 94%, with a CR rate of 
71%. The median time to response was 2 
months. Five of those patients proceeded 
to ASCT; 3 of them had initially been con-
sidered transplant ineligible and became 
eligible only after therapy. 

It is well recognized that, in general, 
depth of response is prognostic in AL 
amyloidosis,1 but a retrospective study 

has demonstrated that response to in-
duction pre-ASCT is also predictive of 
OS.36 Bortezomib, lenalidomide, and 
dexamethasone (VRd) is commonly used 
in patients with multiple myeloma, given 
the higher response rate they experience 
compared with lenalidomide and dexa-
methasone; however, generally, patients 
with AL amyloidosis have a lower toler-
ance of lenalidomide, with lenalidomide 
not infrequently causing hypotension and 
cardiac decompensation in more fragile 
patients with AL amyloidosis. We consid-
er using VRd only in patients who do not 
have cardiac involvement or autonomic 
dysfunction. Bortezomib with dexameth-
asone is also an induction option.25,30

Eligibility criteria for ASCT
Organ compromise can lead to signi�cant 
complications and early mortality, man-
dating careful patient selection. Carefully 
selecting who can or cannot receive ASCT 
heavily in�uences patients’ outcomes. Se-
lection criteria are not uniform among 
the specialized centers, but generally, only 
20% to 30% of patients with AL amyloi-
dosis are deemed eligible for ASCT.

The early reports of ASCT use in pa-
tients with AL amyloidosis elicited im-
portant safety issues, with TRM ranging 
from 13% to 43%.37,38 To lower TRM, 
clinicians developed risk-adapted ap-
proaches that included patient-related 
factors, such as performance status, and 
disease-related factors, most importantly 
the extent of cardiac involvement. Some 
centers use a more liberal approach to  
patient selection and use attenuated doses 
of melphalan conditioning, while others 

The question of whether ASCT is superior to the current 
standard of care remains open, and a prospective 

randomized controlled trial clarifying this issue in AL 
amyloidosis is critically needed. 
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have more strict eligibility criteria aiming to use full-
dose melphalan. 

At Mayo Clinic, the current consensus criteria for 
ASCT eligibility of patients with AL amyloidosis in-
clude physiologic; age 70 years or younger (determined 
clinically); performance score of 2 or less; systolic blood 
pressure 90 mm Hg or greater; troponin T (TnT) lower 
than 0.06 ng/ml (or high sensitivity -TnT <75 ng/ml); 
creatinine clearance (CrCl) 30 ml/min or greater (un-
less on chronic dialysis); and categorized as New York 
Heart Association Class I/II. Elevated cardiac biomark-
ers are associated with high rates of early mortality39

and therefore are included in our eligibility criteria. 
Some centers use less stringent selection criteria for 
ASCT, ie, they do not include cardiac biomarkers as a 
tool to exclude patients from ASCT. At Mayo Clinic, 
dialysis is not considered to be an exclusion criterion 
if all other eligibility criteria are met.40

ASCT is safe for selected patients with AL amyloido-
sis 70 years or older as long as they meet the other crite-
ria listed above. In a retrospective report of 34 patients, 
TRM was 3% (1 patient died) and 35% completed the 
entire transplant course outpatient.41

Stem cell mobilization and collection 
Mobilization and collection may also jeopardize patients 
with AL amyloidosis. In one report of 629 patients, 11 
patients died during mobilization and collection42; a ret-
rospective study that included 101 patients reported 4 
deaths during mobilization.43 Other adverse effects of 
stem cell mobilization and collection can include volume 
overload, thromboembolic events, and bleeding. The 
susceptible population is mainly patients with cardiac 
involvement. Plerixafor used to enhance stem cell yield 
is safe and well tolerated in AL amyloidosis.44,45

Conditioning chemotherapy 
Conditioning in amyloidosis can be performed with 
full-intensity melphalan (200 mg/m2) or with reduced 
melphalan doses (100-140 mg/m2). Dose-reduced mel-
phalan has made ASCT possible for sicker AL amyloido-
sis patients without excessive TRM. Lower doses of mel-
phalan, however, result in lower CR rates, which translate 
into lower PFS and OS rates. Given the option of novel 
agent based therapies6,17 that give CR rates higher than 
those generally attained with attenuated dose melphalan 
conditioning, it is our practice at the Mayo Clinic to care-
fully select patients to whom we can administer full-dose 
melphalan. Therefore, for patients that are assessed as 
unable to receive full-dose melphalan, we choose to offer 
other novel agents based therapies. 

Muhamed Baljevic, MD

Evolving Role of Autologous Stem 
Cell Transplantation for Light Chain 
Amyloidosis in the Modern Era

Compared with patients with multiple myeloma (MM), those with 
light chain (AL) amyloidosis tend to harbor nonproliferative, 
chemotherapy-sensitive plasma cell clones with lower frequen-

cy of high-risk genetic aberrations, leading to lower tumor burdens 
overall. Therefore, autologous stem cell transplantation (ASCT) in AL 
amyloidosis tends to yield more durable long-term outcomes with re-
spect to progression-free survival and overall survival (OS), especially 
following the period of induction therapy. However, due to delayed 
diagnosis and ongoing deposition of insoluble amyloid fi brils leading 
to end-organ damage that is commonly irreparable in AL amyloidosis, 
only roughly a quarter of patients are adequate candidates for ASCT. 

It must also be highlighted that accurate subtyping in all patients 
with amyloidosis remains the key initial step, irrespective of the pres-
ence of a plasma cell dyscrasia and especially despite it, since cru-
cially, monoclonal gammopathy plus positive amyloid biopsy does not 
always equal AL amyloidosis, due to signifi cant co-occurrence with 
wild-type transthyretin amyloidosis.1 Authors of this comprehensive re-
view further list the essential components that dictate achievement of 
best long-term outcomes for AL amyloidosis, which include the optimal 
utility and timing of ASCT which was fi rst reported nearly 3 decades 
ago for this rare hematologic malignancy.2

Previous limited availability of effective therapies for AL amyloi-
dosis meant that rates of stringent complete response (CR) with full 
normalization of serum free light chains were low. In the modern era, 
though, it can be argued that therapy goal is too modest—consid-
ering the very low clonal plasma cell burden at diagnosis, the goal 
should perhaps be a minimal residual disease (MRD)-negative state. 
Rather remarkably, the fi rst therapy for the treatment of AL amyloi-
dosis to receive US FDA approval garnered it only quite recently.3 As 
such, the use of ASCT as a treatment modality in a subset of patients 
with AL amyloidosis who were deemed fi t, and in whom the therapy 
would likely be safe, remained an important option.

Nevertheless, the therapeutic arsenal in AL amyloidosis expanded 
greatly off label over the years, with the natural adoption of antiplas-
ma cell treatments from the MM world. In those patients who avoid 
early mortality, modern therapies can deliver high-quality responses: 
very good partial response (VGPR) or better in nearly two-thirds of 
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patients.4,5 These agents include those in the earliest classes 
of drugs utilized, such as alkylators and corticosteroids, as 
well as more novel agents, such as proteasome inhibitors and 
immunomodulatory drugs, all of which have transformatively 
more than tripled OS in AL amyloidosis.4,6 

The latest agent to successfully join the treatment para-
digm in this disease is the anti-CD38–targeting monoclonal 
antibody (mAb) daratumumab (Darzelex); it notably is not 
associated with the toxicities to organ beds, such as the car-
diac or renal, where the disease process itself already caus-
es significant compromise. In the safety run-in cohort of the 
phase 3 ANDROMEDA study (NCT03201965)—which stud-
ied daratumumab plus bortezomib, cyclophosphamide, and 
dexamethasone (CyBorD) vs CyBorD alone in patients with 
newly diagnosed AL amyloidosis—investigators reported an 
overall hematologic response rate of 96% and a VGPR or bet-
ter in 82% of patients (54% CR).7 The advantage in achieving  
hematologic CR is what ultimately led to an accelerated inau-
gural FDA approval for daratumumab in this combination for 
AL amyloidosis; hematologic CRs were achieved more than 
twice as often than with bortezomib-based regimens.5 In the 
authors’ recently published full report of ANDROMEDA, after 
a median follow-up of 11.4 months, hematologic CR was sig-
nificantly higher with the daratumumab quadruplet than with 
CyBorD alone (53.3% vs 18.1%, respectively). Survival free 
from major organ deterioration, hematologic progression or 
death significantly favored quadruplet arm as well (HR, 0.58; 
95% CI, 0.36-0.93; P = .02).8 In this trial, 13 patients (6.7%) in 
the daratumumab group and 20 (10.6%) in the control group 
received subsequent ASCT. Results for OS were too imma-
ture to report. Lastly, daratumumab was delivered subcutane-
ously with negligible volume of administration; both features  
contribute favorably to lower systemic administration-related 
reactions, which can be common in an often frail and sensitive 
AL amyloidosis population. 

Based on these recent findings, the role and the optimal 
timing (early vs delayed) of ASCT in AL amyloidosis is an area 
of active discourse. This is particularly true for sicker patients 
who may not otherwise be good candidates for full-inten-
sity melphalan conditioning (200 mg/m2), which would be 
expected to impact the disease-related outcomes.6 Beyond 
the organ dysfunction and mortality risk that AL amyloidosis 
imparts, transplant-related mortality—although significantly 
reduced through the refinement of ASCT selection criteria 
over the years—remains among the pivotal factors influenc-
ing safe applicability of ASCT in this disease, particularly in 
centers with limited, low-volume experience.9 A fundamental 
question to consider is the role of ASCT in patients who have 
already attained very deep responses to induction therapy, 
such as those with CR or MRD negative status, and wheth-
er risking any ASCT-related harms is justifiable in those  
individuals. Limited retrospective data, as pointed by the  

authors of the review, suggest that hematologic CR and lack 
of cardiac involvement—not ASCT—were associated with  
treatment-free survival.10 

The treatment landscape of AL amyloidosis is likely to con-
tinue changing, particularly with ongoing incorporation of mo-
lecularly targeted therapies such as venetoclax (Venclexta)11 
or various amyloid-directed therapies in development, such 
as the mAb 11-1F4.12 Prospective trials that employ random-
ization and are based on deep induction responses to mod-
ern standard-of-care therapies are needed to help clarify the 
long-term role of ASCT in this disease. Until then, we believe 
that patients who are well selected for safety and additional 
efficacy should continue deriving benefit from ASCT, which 
indeed remains an important therapeutic tool in the treatment 
of this lethal form of systemic amyloidosis.
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The concept of using attenuated mel-
phalan conditioning to transplant sicker 
patients was introduced at Boston Uni-
versity.46 Although TRM was shown to 
be reduced, it has since been repeatedly 
demonstrated that response rate is sac-
ri�ced with this maneuver. In a report 
of 629 patients transplanted at Boston 
University, hematologic CR was higher 
in patients receiving 200 mg/m2 than in 
those receiving 100 to 140 mg/m2 (45% 
vs 34%, respectively; P = .0091).42 Fif-
ty-six percent of the cohort received mel-
phalan 200 mg/m2, whereas 44% received 
melphalan 100 to 140 mg/m2; the latter 
group included patient 65 years or older 
and those with poor performance status, 
left ventricular ejection fraction 40% to 
45%, or low yield stem cell collection. The 
reported overall TRM was 7.5% (3.4% 

after 2005). Hematologic CR rates were 
higher in patients that received melphalan 
200 mg/m2 (45% versus 34%, respectively; 
P = .0091). The median OS was higher for 
patients treated with 200 mg/m2 (10.5 vs 
5.2 years, respectively; P = .0001). Similar 
results have been shown at the large am-
yloidosis transplant centers,47,48 including 
the Mayo Clinic and Memorial Sloan Ket-
tering. A Center for International Blood 
and Marrow Transplant Research report, 
which included 1536 patients with AL am-
yloidosis undergoing ASCT, demonstrated 
similar �ndings; it also showed lower re-
lapse risk with full-dose melphalan (HR, 
0.237; 95% CI, 0.118-0.474; P = .001).49

In an effort to include sicker patients as 
ASCT candidates, but to compensate for 
lower CR rates, an approach has been to 
use attenuated melphalan doses followed 

by consolidative chemotherapy post ASCT 
for those not achieving a deep response50

(see section below on consolidation and 
maintenance). In a report of 334 patients 
who received modi�ed conditioning, the 
overall hematologic response was 69%, 
with TRM of 3% after 2010. The median 
OS was 6.1 years for the entire study pop-
ulation and 13.4 years for the subgroup 
who achieved hematologic CR.51

As shown in the Table, bortezomib has 
also been evaluated as part of the con-
ditioning regimen along with high-dose 
melphalan. Given the small sample size, 
there is no way to properly judge whether 
there is any bene�t to this approach.32,40

ASCT complications 
TRM has declined over the years, due to  
the re�nement of eligibility criteria and  
better supportive care.48,49 Specialized 
centers have superior survival outcomes,49

with TRM less than 5%.48 However,  
ASCT is associated with many other  
important potential complications, main-
ly renal impairment,52,53 �uid accumula-
tion, cardiac arrhythmia, gastrointestinal 
toxicity,54 and infections.

Progressive renal impairment occur-
ring during ASCT can increase TRM, 
have a crucial impact on the future 
choice of therapies, and negatively in�u-
ence QOL. In a retrospective report of  
655 patients,52 a subgroup of 87 patients 
had an estimated glomerular �ltration 
rate (eGFR) of less than 45, and of this 
subgroup, 16% required dialysis within 
100 days of ASCT. Among patients with 
eGFR of ≥45, 6% required dialysis within  
100 days of ASCT. In another retro-
spective report of 173 patients with AL  
amyloidosis who underwent ASCT,  
21% developed acute kidney injury (AKI) 
during ASCT and 5% required dialysis. 
The risk factors for AKI were low cre-
atinine clearance, high urinary protein,  
cardiac involvement, and bacteremia 
during the ASCT course.53 Therefore, at 
Mayo, we generally refrain from trans-
planting patients with CrCl ≤30 ml/min 
(unless they are on chronic dialysis).

FIGURE. The mSMART Approach to Newly Diagnosed,  
Transplant-eligible Patients With AL Amyloidosis

AL, light chain; ASCT, autologous stem cell transplantation; CR, complete response; CyBorD, 
cyclophosphamide + bortezomib + dexamethasone; FISH, fluorescence in situ hybridization; 
mSMART, risk adapted approach to management of multiple myeloma and related disorders; 
VGPR, very good partial response.
1  Consider adding doxycycline for at least a year.
2  If daratumumab is not accessible, CyBorD is an acceptable alternative regimen (weekly borte-

zomib only).
3  If CR, option to observe without ASCT for patients with low disease burden and proceed with 

the transplant-ineligible algorithm.
4  For creatinine clearance less than 30 mg/minute, use melphalan 140 mg/m2.
5  Decision to change therapy if at least a VGPR has been achieved, but not a CR, is based on a 

number of clinical factors. Refer to amyloid center of excellence.
6  For patients with overt multiple myeloma, use myeloma-type maintenance; consider for bone 

marrow plasma cells ≥20% and high-risk FISH: deletion 17p, t(4;14), t(14;16), or t(14;20). 
Please refer to myeloma mSMART guideline for choice of maintenance.
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MEL200 ASCT4
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Gastrointestinal toxicity may include 
diarrhea that can increase the length 
of hospitalization, worsen preexisting 
hypoalbuminemia, and result in higher 
use of antibiotics. Age and impaired kid-
ney function are risk factors for severe  
diarrhea.54 Cardiac decompensation may 
result from excessive �uid administration. 

Timing of ASCT 
The timing of transplant, upfront or at 
relapse, remains a debatable issue, with 
limited published data and no prospec-
tive trials. Some centers use ASCT only in 
patients who fail to achieve deep responses 
to induction,55 while other centers trans-
plant all eligible patients up front. Patients 
who are not transplant eligible at diagnosis 
may become eligible if they attain organ 
response after up-front therapy. 

In an attempt to address “intention to 
treat” in the context of “early and delayed 
transplant”, all 651 patients with AL  
amyloidosis whose stem cells were collected 
at the Mayo Clinic between 2004 and 2018 
were included in a retrospective analysis. 
Patients were divided into 2 groups: those 
transplanted early (ASCT within 90 days 
of stem cell collection) and those who had 
ASCT later. There was no OS difference be-
tween early and delayed ASCT.56 In the sub-
group that achieved VGPR or better prior 
to stem cell collection, there was a trend 
towards superior OS in the early trans-
plant cohort, but the difference was minor  
(median OS, 14 vs 13 years, respectively). 
Similar results were  reported in a retro-
spective United Kingdom (UK) study.57

The Amyloidosis Group from Pa-
via, Italy, has proposed a sequential re-
sponse-driven approach. The authors 
reported the outcomes of 139 newly di-
agnosed patients who were treated with 
VCd induction. Only those patients who 
achieved less than a VGPR were given 
an ASCT.55 The hematologic response 
to VCd was 68%, with 51% achieving 
≥VGPR. Forty percent of the cohort 
underwent ASCT, and their overall  
hematologic response rate was 80%, with 
65% achieving VGPR or better. There 

was no OS difference (5-year OS, 86% vs 
84%, respectively) nor a signi�cant differ-
ence in the duration of response between 
the 2 groups (60 vs 49 months). Of note, 
21 patients (15%) did not achieve VGPR 
or better but did not undergo ASCT be-
cause of refusal or ineligibility. With res-
cue chemotherapy, they had a 5-year OS 
of 51%. An interesting UK study reported 
the outcomes of 22 AL amyloidosis pa-
tients who were initially transplant ineli-
gible but became transplant eligible after 
bortezomib-based therapy. There was no 
TRM, and 77% achieved VGPR or better 
and 86% achieved cardiac response.58

What is the role of ASCT if 
patient achieves a CR with 
induction?
As induction is used more and more, some 
patients come to stem cell collection in 
complete response—fewer, but some, 
are even minimal residual disease  
(MRD) negative.59-61 With VCd, near-
ly 20% of patients may achieve CR; in  
contrast, more than 50% of patients  
receiving daratumumab + VCd achieve 
CR. No good guidance exists regard-
ing what to do in these instances. Does 
one collect and store 
stem cells? Does one  
consolidate with trans-
plant? It is known that 
post ASCT, 34% to 40%  
of patients achieve CR,  
and patients achieving 
CR have a 10-year OS of 
75%.62,63 In a retrospective 
study that explored the 
characteristics of 186 pa-
tients with AL amyloidosis 
who survived more  than 
10 years, achieving com-
plete hematologic response 
was predictive of treatment-free survival, 
whereas ASCT was not predictive in the 
multivariate analysis.64

Consolidation and maintenance 
post ASCT
Consolidation post ASCT is an appealing 

intervention for those patients who do not 
achieve deep hematological responses, but 
prospective data on this topic are in short 
supply. Using a risk-adapted conditioning 
approach in 83 patients—post-ASCT tha-
lidomide or bortezomib consolidation—
CR rates increased from 24% at day 100 to 
48% at 12 months.50 Patients consolidat-
ed with bortezomib achieved outstanding  
CR rates (62%). Patients who achieved 
CR via ASCT had comparable event-free  
survival and OS with patients who  
achieved CR via ASCT and consolidation. 
In a retrospective series of 471 patients  
who underwent ASCT at our institution, 
15% received consolidation.65 Comparing 
the patients who received consolidation 
with those who did not, the no-consoli-
dation patients had inferior PFS and OS; 
however, focusing on the subset of 91 
patients who did not achieve VGPR or 
better post ASCT, those receiving consoli-
dation had a superior PFS compared with 
those who did not receive consolidation 
(22 months vs 9 months, respectively; P 
<.001). OS was not different between these 
2 groups. When the OS analysis was limit-
ed to those patients who received consol-
idation and upgraded their response, this 

subgroup had better sur-
vival compared with those 
with inadequate response 
who did not receive consol-
idation (5-year OS, 79% vs 
52%; P = .07). At the Mayo 
Clinic, we consider patients 
who have not achieved at 
least a VGPR as refractory, 
and we treat them with sec-
ond-line therapy (Figure). 

Maintenance after 
ASCT has not been pro-
spectively evaluated, and 
a trial evaluating ixazo-

mib (Ninlaro) as maintenance therapy 
post ASCT is ongoing. In a retrospective 
study, 25 patients received maintenance 
and 25 didn’t, and maintenance did not 
impact OS or PFS.66 At the Mayo Clin-
ic, we use maintenance for patients with 
overt multiple myeloma (patients who 

Should ASCT 
be done in 

patients who 
achieve MRD 

negativity after 
induction, or 

even CR? 
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ful� lled CRAB criteria at diagnosis) and 
consider it for patients with >20% BMPC 
and high-risk genetics. 

To do ASCT or not to do ASCT?
ASCT leads to deep and durable respons-
es57 in a disease where the depth of clonal 
control directly in� uences long-term organ 
function and survival. The � rst report of 
outcomes of ASCT in 5 AL amyloidosis was 
published in 1996,67 and ever since several 
centers gained long-term experience with 
ASCT in AL patients.42,47 Over the years, re-
sults of transplanted patients have become 
more and more favorable, with complete 
response (CR) rates as high as 40% and 
low relapse rates,42 with a good prognosis 
for long-term long survival among patients 
who achieve deep response.48,56

A matched case-control study that 
compared outcomes of 63 patients with 
AL amyloidosis who underwent ASCT 
with those of 63 similar patients who 
were not transplanted showed better OS 
in the ASCT cohort (71% vs 41%, re-
spectively).68 However, these results were 
contradicted by those of the only pro-
spective randomized controlled trial that 
compared ASCT with no ASCT (oral mel-
phalan and dexamethasone) in AL amy-
loidosis. This study reported inferior sur-
vival in the ASCT arm (median OS, 22.2 
vs 56.9 months).69 The inferior outcomes 
were considered by many to be related to 
the exceptionally high TRM (24%) in the 
ASCT group. The highest mortality rates 
occurred at transplant sites that had less 
experience transplanting patients with AL 
amyloidosis.70 A prospective study pub-
lished by our group evaluated ASCT vs 
chemotherapy based on patient selection. 
The 3-year PFS (29.1% vs 51.7%) and 
OS (58.8% vs 83.6%) rates were higher 
in the ASCT arm, while the hematolog-

ic response rates were similar. However, 
this study did not meet its accrual goal 
and therefore was underpowered to de-
termine differences in outcomes between 
the ASCT arm and the non-ASCT arm.71

In the era of novel agents, a retrospec-
tive study of 72 patients showed superior-
ity of ASCT. Patients receiving ASCT were 
more likely to achieve deep responses 
(≥VGPR) and had higher PFS (not reached 
vs 9 months), OS (74 vs 9 months), and 
duration of response (DOR; 31 months 
vs 7 months).72 A systematic review and 
meta-analysis published in 2009 failed 
to show that ASCT improves outcomes 
vs conventional chemotherapy,73 but the 
quality of the evidence was low. A recent-
ly published retrospective case-matched 
study compared ASCT with bortezomib 
and showed no signi� cant difference in 
any of the following: OS at 2 years, me-
dian PFS, time to next treatment, overall 
hematological responses at 6 months, or 
organ responses at 12 months.23

Long-term survival data coming from 
several centers are encouraging. In a long-
term report of 159 patients with AL amy-
loidosis who were transplanted at Mayo 
Clinic, 47 patients (30%) survived more 
than 15 years.47 Survival was longer in 
patients without cardiac involvement, 
in those who achieved hematological 
CR, and in patients who received full-
dose melphalan. In a report from the UK 
group, 33% of 264 patients survived at 20 
years, and the median OS was 7.2 years.74

In a report from the Boston Universi-
ty group, of 692 patients with AL amy-
loidosis who underwent ASCT between 
1994 and 2014, the median OS was 7.6 
years and hematologic CR was achieved 
in 40% of evaluable patients.42 Thirty 
percent of the cohort survived more than 
20 years. Hematologic relapse occurred 

in 32% of patients who had achieved CR 
at a median of 4.3 years, with a median 
OS in those patients of 8.5 years.75

Future directions
Several open questions remain, and they 
can be answered only by further clin-
ical trials. Daratumumab therapy has 
changed the landscape of treatment of AL 
amyloidosis, generating deep and durable 
responses and having a very good safety 
pro� le. Venetoclax (Venclexta), a well-es-
tablished therapy for multiple myeloma, 
is also an appealing treatment option for 
AL amyloidosis since 50% of this popu-
lation harbors translocation t(11;14). The 
question of whether ASCT is superior to 
the current standard of care remains open, 
and a prospective randomized controlled 
trial clarifying this issue in AL amyloi-
dosis is critically needed. Should ASCT 
be done in patients who achieve MRD 
negativity after induction, or even CR? 
Prospective clinical trials that incorpo-
rate updated measures of outcome are 
necessary to evaluate the long-term out-
comes of different groups—patients who 
achieve deep responses prior to transplant 
vs patients who achieve deep responses 
after transplant vs patients who do not 
undergo ASCT—are warranted. Despite 
these unprecedented advances in treating 
AL amyloidosis, we still believe ASCT is 
important in its treatment paradigm. 
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CASE STUDY BREAST CANCER

Introduction 
Male breast cancer is a rare disease ac-
counting for less than 1% of all breast 
cancers, and less than 1% of all cancers 
in men. Worldwide estimated incidence 
of male breast cancer has been reported 
to be 1 per 100,000 men per year, with a 
mean age at diagnosis of 60 to 70 years.1,2

The average age at diagnosis is approxi-
mately 5 years older than it is for wom-
en (67 years vs 62 years, respectively).3

Based on data from the Surveillance, Ep-
idemiology, and End Results (SEER) pro-
gram, the age-adjusted incidence rate has 
increased from 0.85 cases per 100,000 in 
1975 to 1.43 cases per 100,000 in 2011. 
Black men appear to be at greater risk 
than non-Hispanic White men.4,5

Male breast cancer seems to be an es-
trogen-driven disease; it has been likened 
to late-onset, postmenopausal, estrogen 
receptor/progesterone receptor–positive 
(ER+/PR+) female breast cancer.6 Male 
breast cancer tends to occur at a later age 
and to present at a more advanced stage, 
with more hormone receptor positivity.7

However, there are differences, resulting 
in an ongoing debate regarding the level 
of similarity.

Male breast cancer may be a unique 
tumor type with biological and 

A 64-Year-Old Man With Germline 
BRCA2-Mutated Breast Cancer: 
Known and Unknown Aspects 
of Male Breast Cancer
Mehmet Sitki Copur, MD; Jacqueline R.  Kelly, MD, MSc; Nicholas J. Lintel, MD; Bronson Riley, MS; Daniel J. Herold, MD; 
Shellie Faris, MD; Whitney R. Wedel, MD; Adam J. Horn, MD

ABSTRACT: Male breast cancer is a rather 
uncommon and understudied disease. It accounts for less 
than 1% of all breast cancers, but in recent decades its 
frequency has been on the rise. Clinical trials of breast 
cancer have traditionally excluded men. Due to the lack of 
large-scale prospective studies, most published data come 
from single-institution, small-cohort studies, and treatment 
recommendations are based on the extrapolation of data 
from clinical trials enrolling only women. Although to some 
extent etiology, diagnosis, and treatment characteristics 
can be similar, male breast cancer exhibits some distinct 
features. Men tend to be diagnosed with breast cancer 
at an older age and at a more advanced stage. A better 
understanding of the biologic features, clinically relevant 
differences, effective treatments, and outcomes of male 
breast cancer is crucial to appropriately manage these 
patients. We present a male breast cancer case with a 
germline BRCA2 mutation and discuss the epidemiologic, 
pathologic, and clinical characteristics along with 
treatment and follow-up recommendations in view of our 
recent understanding of this disease.
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clinicopathological features distinct from 
female breast cancer. However, similar to 
female breast cancer, family history has 
been shown to be an important risk fac-
tor.8,9 The risk of breast cancer doubles 
for men who have a � rst-degree relative 
with the disease.10 Population-based stud-
ies indicate that mutations in the 2 ma-
jor high-penetrance breast cancer genes, 
BRCA1 and BRCA2, account for approx-
imately 10% of male breast cancers11; 0% 
to 4% of men with breast cancer have 
BRCA1 mutations and 4% to 16% have 
BRCA2 mutations.8,9,12,13 The lifetime risk 
of developing male breast cancer has been 
estimated to be in the range of 1% to 5% 
for BRCA1 and 5% to 10 % for BRCA2
mutation carriers, compared with a risk of 
0.1% in the general population.14-17

Genes other than BRCA1/2 may also 
be involved. A truncating mutation 
(CHEK2*1100delC) has been shown to 
increase the risk of male breast cancer by 
a factor of 10, compared with the risk 
among men who do not have the muta-
tion.13,18 Also reported have been muta-
tions in other genes, including the PTEN
tumor suppressor gene and the androgen 
receptor gene, as well as TP53 mutations 
(Li-Fraumeni syndrome), PALB2 muta-
tions, and mismatch repair mutations 
associated with hereditary nonpolyposis 
colorectal cancer (Lynch syndrome).13,19-21

Other risk factors for male breast cancer 
are hormonal imbalances (caused by liver 
disease, Klinefelter syndrome, or obesity) 
and environmental factors (eg, chronic 
exposure to heat or radiation).22-26

Case
A White man, aged 64 years, presented 
with complaints of a palpable lump on 
the upper outer quadrant of his left breast 
along with some pain for the past several 
months. On physical exam, he was noted 
to have a 2.5-cm left breast mass along 
with retraction of the retroareolar and 
nipple region without discharge (Figure 
1). A left breast mammogram showed 
scattered areas of � broglandular density 
throughout the breast. Ultrasound (US) 

con� rmed a 1.9 cm × 1.7 cm irregular 
hypoechoic mass with no identi� able ax-
illary nodes. US-guided biopsy reported 
an invasive ductal carcinoma grade 3, 
ER+ (85%), PR negative (<1%), HER2 
negative, and Ki-67 (30%). MRI of the 
bilateral breasts con� rmed a retroareolar 
mass on the left consistent with known 
malignancy, with no chest wall or axillary 
involvement, and normal appearance of 
the right breast (Figure 2).

The patient was treated with left mas-
tectomy and axillary sentinel lymph node 
(LN) sampling. Pathology revealed a 2.1-
cm invasive ductal carcinoma, grade 3, 
with no ductal carcinoma in situ (DCIS) 
(Figure 3). One of the 3 sentinel nodes 
showed isolated tumor cells. Pathologic 
stage was pT2, pN0(i+). Tumor Onco-
type-Dx Breast Recurrence Score (BRS) 
was 42. Pretest cancer genetic counseling 
followed by germline targeted multigene 
mutation analysis revealed a pathogen-
ic mutation, c.1147delA in the BRCA2
gene, consistent with hereditary breast 
and ovarian cancer (HBOC) syndrome. 
Family pedigree is shown in Figure 4. 

Clinical and Pathological 
Characteristics
The most common clinical presentation 
in men with breast cancer is a painless, ret-
roareolar mass. Nipple retraction, bleed-
ing from the nipple, skin ulceration, and 
palpable axillary adenopathy are among 
other reported signs and symptoms.27

To differentiate from gynecomastia, a 
highly prevalent condition, breast imag-
ing should be considered. The American 
College of Radiology recommends initial 
US for men aged younger than 25 years 
with an indeterminate palpable mass. 
For men 25 years or older or those with 
questionable � ndings on physical exam-
ination, mammography is recommended 
as the initial diagnostic test followed by 
US if the mammographic � ndings are 
inconclusive or suggestive of cancer.28

On mammograms, male breast cancers 
appear as eccentric, retroareolar masses 
with irregular, spiculated edges.29,30 Due 

to low public awareness and the lack of 
screening mammograms for men, male 
breast cancers are more frequently diag-
nosed as larger tumors with regional nod-
al metastases.31 Staging for breast cancer 
in men is the same as for women with no 
gender-speci� c recommendations.

Men with abnormal imaging � ndings 
suggestive of malignancy should under-
go core biopsy to con� rm the diagnosis. 
Approximately 10% of men with breast 
cancer present with DCIS compared with 
20% to 25% of women. Lobular carci-
noma in situ in men is very rare due to 
anatomical absence of terminal lobules in 
the male breast. Most male breast cancer 
cases are invasive ductal carcinomas, but 
rarely papillary cancers (in 2% to 3% of 
cases) and mucinous cancers (in 1% to 
2% of cases) can be seen.3,32,33 Invasive 
lobular carcinoma is much less prevalent 

FIGURE 1. Left breast mass with 
retraction of retro areolar and nipple 
region without discharge.

FIGURE 2. Retro areolar mass 
consistent with known malignancy 
with no chest wall or axillary 
involvement on the left and normal 
appearance of the right breast.
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among men, accounting for only 1% to 
2% of cases.3,34 In the largest series of 
male patients with breast cancer analysis, 
tumor samples from 1483 men showed 
99% ER+, 97% androgen receptor posi-
tive, 87% PR+, and 9% HER2+. Less than 
1% of male breast cancer specimens were 
triple negative.34

In a genomic pro� ling study of 59 
male patients with breast cancer, 29% of 
samples were classi� ed as luminal A–like 
and 71% as luminal B–like, with a het-
erogeneous repertoire of somatic genetic 
alterations. PIK3CA and TP53 muta-
tions, and losses of 16q, which are typi-
cally seen in ER+/HER2-negative female 
breast cancers, were less frequent in male 
breast cancer samples. Mutations affect-
ing DNA repair–related genes were more 
frequent.35 Using  unsupervised cluster-
ing approach, a gene-expression analy-
sis study identi� ed 2 unique and stable 
subgroups of male breast cancer with 

differences in tumor biological features 
and outcome: luminal M1 tumors with 
low expression of ER signaling genes, 
aggressive clinical behavior, and worse 
prognosis; and luminal M2 tumors with 
activated ER signaling genes, upregulat-
ed immune response genes, and favorable 
clinical behavior. Both subgroups differed 
from the established 4 intrinsic subgroups 
of female breast cancer.36

Treatment
Evidence from observational studies 
shows that breast-conserving therapy in 
men is associated with similar survival 
rates as mastectomy.37-40 Interestingly, 
however, men with breast cancer, even in 
early-stage disease, are being treated with 
mastectomy and either with axillary LN 
dissection or sentinel node biopsy despite 
the absence of any medical contraindi-
cation for breast conservation. Based on 
a SEER registry data analysis, only 18% 
of men with T1N0 tumors underwent 
breast-conserving surgery.38 Sentinel node 
biopsy, the standard approach for women 
with a clinically negative axilla, has been 
shown to be feasible and effective in men 
with breast cancer.41, 42

Due to the rarity of male breast can-
cer and lack of randomized trials, the 
role of radiotherapy after mastectomy in 
node-positive male breast cancer has not 
been well studied. Hypofractionated ra-
diotherapy regimens have not been tested 
in male breast cancer, as men were exclud-
ed from the UK START trials as well as 
the Canadian trial (NCT00156052.)43-44

As adjuvant radiotherapy has been shown 
to decrease the rate of relapse, adjuvant 
radiotherapy should be offered to men 
who have undergone breast-conserving 
surgery, based on the same guidelines de-
veloped for women with breast cancer.2

Indeed, population-based observational 
studies suggest a bene� t in this setting.45-47

In real-world practice, however, ra-
diotherapy seems to be underutilized 
in men with breast cancer. Also, patient 

compliance rates with adjuvant radiation 
therapy seem to be generally low. Based

on the SEER data, only 42% of men with 
stage I breast cancer received radiother-
apy after breast-conserving surgery.38,48

Recently published National Cancer Data 
Base study data are somewhat encourag-
ing and show that adjuvant radiotherapy 
was given to 70% of patients undergo-
ing breast-conserving surgery in stage I 
to III male breast cancer.49 Worldwide 
data involving 1483 male patients with 
breast cancer treated between 1990 and 
2010, examined in a retrospective study 
in collaboration with the European Or-
ganization for Research and Treatment of 
Cancer, the Translational Breast Cancer 
Research Consortium, the North Ameri-
can Breast Cancer Group, and the Breast 
International Group period, showed that 
about one-half of men who were treated 
with breast-conserving surgery did not 
receive radiotherapy.34

Due to exclusion of male patients with 
breast cancer from clinical trials involving 
female breast cancer, there are no random-
ized studies of adjuvant or neoadjuvant 
chemotherapy or of HER2-targeted ther-
apy in this population. There has been 
1 reported prospective National Cancer 
Institute study evaluating adjuvant che-
motherapy in 31 men who had stage II 
breast cancer with LN involvement. Pa-
tients were treated with mastectomy and 
12 cycles of cyclophosphamide, metho-
trexate, and � uorouracil between 1974 
and 1988. This cohort was followed for 
more than 20 years; survival was 80% at 
5 years, 65% at 10 years, and 42% at 20 
years, comparing favorably with historical 
rates.50 In a more recent study of 32 men 
with breast cancer treated with systemic 
adjuvant/neoadjuvant chemotherapy, the 
5-year and 10-year overall survival rates 
were 86% and 75%, respectively, for men 
with LN-negative disease, and 70% and 
43%, respectively, for men with LN+ dis-
ease. For men with LN+ disease, adjuvant 
chemotherapy was associated with a low-
er risk of death (HR, 0.78).51 Additional 
observational cohort studies in men have 
suggested improved survival with the use 
of adjuvant chemotherapy.52-55

FIGURE 4. 40x H&E, scattered 
mitotic fi gures with marked 
pleomorphic cells lacking gland 
formation constituting grade 3 
ductal carcinoma.
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Since the majority of male breast can-
cers are HR+, endocrine therapy plays an 
important role in both in the adjuvant and 
metastatic settings. Observational stud-
ies of adjuvant treatment with tamoxifen 
suggest a survival bene� t. Male patients 
with breast cancer were shown to ben-
e� t more from endocrine therapy with 
tamoxifen than from aromatase inhibi-
tors (AIs) in a cohort of 257 patients.56,57

Population-based series have shown infe-
rior survival rates when men were treat-
ed with adjuvant AIs as compared with 
tamoxifen. The lack of complete estradiol 
suppression due to feedback loops in the 
hypothalamus and pituitary glands has 
been shown to be the reason for the lower 
ef� cacy of AIs in men.58, 59 For men who 
are not good candidates for tamoxifen, a 
GnRH analogue with or without an AI 
can be used to overcome this.60

Gene expression pro� ling assays have 
been widely used to quantify the risk of re-
currence as well as to guide systemic ther-
apy in early-stage breast cancer in women. 
The 21-gene BRS and 70-gene MammaP-
rint assay tests provide individualized 
estimates of distant recurrence risk and 

help predict bene� t from adjuvant che-
motherapy in women with ER+ breast 
cancer.61 Data on the utility of these assays 
in male patients with breast cancer are 
limited. Crozier et al reported that while 
similar MammaPrint index distributions 
between male and female breast cancer 
tumors existed, there were distinct biolog-
ical pathways between male and female 
breast cancer—notably, upregulation of 
estrogen response and MTORC1 signal-
ing in male compared with female breast 
cancer specimens.62 Similarly, Oncotype 
DX results have shown comparable mean 
BRS in men and women, but mean quan-
titative gene expression for genes related 
to ER, proliferation, and invasion were 
higher in men compared with women.63-65

Genetic Counseling and 
Management
Germline mutations in BRCA1/2 are 
inherited in an autosomal dominant 
manner with the majority of individuals 
having inherited it from a parent (de novo 
rate ≤5%).66 The parent with the muta-
tion may or may not have had a cancer 
diagnosis for several reasons, including 

penetrance of the mutation, gender and 
age of the parent, cancer risk reduction 
due to screening/prophylactic surgeries, 
or early death.67 It is appropriate to offer 
germline testing to both parents of an in-
dividual with a BRCA1/2 mutation to de-
termine which side of the family is at risk; 
however, the parent with the family his-
tory of BRCA1/2-related cancers can be 
tested � rst. Being a carrier of a BRCA1/2
mutation also comes with reproductive 
risks. For example, in cases where both 
partners carry a BRCA2 mutation, there 
may be a high risk for the offspring to de-
velop Fanconi anemia, a rare autosomal 
recessive condition.68 Additionally, a case 
has been found in which biallelic BRCA1
mutations caused a Fanconi anemia–like 
disorder.69 The current estimates of the 
frequency of BRCA1 and BRCA2 gene 
mutations in the population is approxi-
mately 1 in 500 individuals.70

Male carriers of BRCA1/2 mutations 
are at increased risk for development of 
several types of cancers, including breast 
(BRCA1, 1.2% lifetime; BRCA2, 7% to 
8% lifetime), prostate (BRCA1, exact 
risk unknown; BRCA2, 20% to 30% 

FIGURE 4. Family Pedigree
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lifetime), pancreas (BRCA1, 2% to 3% 
lifetime; BRCA2, 3% to 5% lifetime), 
and melanoma (BRCA2, 3% to 5% 
lifetime).14,16,71-73 The National Com-
prehensive Cancer Network (v1.2021) 
recommends breast self-exam training 
and education starting at age 35 years, 
a clinical breast exam every 12 months 
starting at age 35 years, and consider-
ation of annual mammogram screening 
in men with gynecomastia starting at age 
50 years or 10 years before the earliest 
known male breast cancer in the family 
(whichever comes � rst).74

While tamoxifen can be used as a che-
mopreventive agent for female breast can-
cer, there are no data for men in this set-
ting. Similarly, prophylactic mastectomy 
has not been offered due to lack of data to 
support this type of risk reduction. How-
ever, Jemal et al.75 reported an increase 
in contralateral mastectomy in men diag-
nosed with a unilateral breast cancer. The 
procedure was more common in younger, 
White, and privately insured patients. For 
male patients harboring BRCA2 muta-
tions, prostate cancer surveillance with 
annual prostate-speci� c antigen and digi-
tal rectal examination beginning at age 40 
years is recommended, and these should 

be considered for male BRCA1 carriers 
as well. Pancreatic cancer screening with 
contrast-enhanced MRI/ magnetic reso-
nance cholangiopancreatography and/
or endoscopic US is recommended for 
BRCA1/2 carriers at age 50 years (or 10 
years younger than the earliest pancreatic 
cancer in the family, whichever comes � rst 
who have 1 or more � rst- or second-de-
gree relatives with pancreatic cancer. No 
BRCA1/2-speci� c screening guidelines 
exist for melanoma, but general melano-
ma management, with annual full-body 
skin examination and minimizing ultravi-
olet exposure, is a sensible option.74

Conclusions
Here, we discuss a male patient with 
breast cancer presenting with a palpable 
mass; surgical treatment and staging led 
to a diagnosis of pT2, pN0(i+) invasive 
ductal carcinoma of the breast with a 
Oncotype Dx BRS of 42. Pretest cancer 
genetic counseling followed by germline 
targeted multigene mutation analysis re-
vealed a pathogenic mutation, c.1147de-
lA in the BRCA2 gene, consistent with 
HBOC syndrome.

Although breast cancer in men and 
in women is similar in some ways, there 

remain gaps in our understanding of 
breast cancer in men. Examination of the 
biology of the disease would help identi-
fy the differences and determine whether 
identi� ed differences have therapeutic im-
plications. Further work that focuses on 
appropriate treatment of men with breast 
cancer is needed. 

Outcome of the Case
Following surgical treatment, the patient 
was treated with adjuvant chemothera-
py (docetaxel/ cyclophosphamide) for 4 
cycles; postmastectomy radiation; and 
adjuvant tamoxifen therapy to be given 
for 5 years. Currently he does not have 
any evidence of disease. 

FINANCIAL DISCLOSURE: The authors have no 
signifi cant fi nancial interest in or other relationship 
with the manufacturer of any product or provider of 
any service mentioned in this article..
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CLINICAL QUANDARIES

SERIES EDITORS
E. David Crawford, MD

Maria T. Bourlon, MD

RENAL CELL CARCINOMA

Sjögren Syndrome Induced by Immune 
Checkpoint Inhibitors in a Patient with 

Advanced Renal Cell Carcinoma

A Mexican man, aged 
77 years, presented to 
the oncology clinic with 
a sternal mass. His past 

medical history was relevant for tobacco 
use for a 50 pack-year index, hyperten-
sion, and atrial fi brillation. Laboratories 
reported hemoglobin 10.8 g/dL with no 
other relevant results. A bone scintigraphy 
revealed multiple axial and extra-axial 
metastases; a CT scan showed a left 
kidney mass, osteolytic lesions with soft 
tissue component, and pancreatic metas-
tases. An incisional biopsy of the sternal 
mass reported metastatic clear renal cell 
carcinoma. Diagnosis of intermediate-risk 
clear cell renal carcinoma was made. He 
underwent a left radical nephrectomy 
confi rming the diagnosis.

The patient started fi rst-line systemic 
treatment with nivolumab (Opdivo) 3 mg/
kg plus ipilimumab (Yervoy) 1 mg/kg 
every 3 weeks. After the third cycle, he 
complained about dryness in his mouth 
and eyes. Thus, we initially established 
the diagnosis of grade 2 sicca syndrome 
(sicS) secondary to immune checkpoint 
inhibitors (ICIs; according to Common 
Terminology Criteria for Adverse Events 
[CTCAE], version 5.0) and started a diag-
nostic approach to sicS. Immunotherapy 
was delayed and the patient began 

FIGURE 1. Dry Mouth Before Systemic Steroids Course
(A) Clinical examination (B) Histopathological examination revealed minor 
salivary gland with atrophy of acinar cells and ductal dilatation. Acinar structures 
are infi ltrated by lymphocytes, plasma cells, and scattered giant cells (arrow). 
Collagen fi bers surround with duct ectasia and inspissated luminal acidophilic 
clusters (HE X40). Immunohistochemical reactions in sequential sections of 
salivary gland (C-F), all X100: A CD3/CD8-positive T-cell population dominates 
the infl ammatory infi ltrate (C and D). A few CD4 positive lymphocytes (E) and 
scattered B (CD20) cells (F) were recognized in the background. Improvement in 
saliva production after systemic steroid course (G).
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What is the optimal treatment for 
Sjös induced by ICIs in this case? 

A.  Local therapies only (oral 
stimulators of salivary gland 
function; moisturizing oral and 
ophthalmic solutions)

B.  Systemic steroids (ie, 40 mg once 
daily of oral prednisone equivalent)

C.  Withhold immunotherapy until 
symptoms resolve

D. All of the above 

TURN TO PAGE 488 FOR THE ANSWER AND 
A DISCUSSION OF THIS CASE BY EXPERTS.

Discussion
Blockade of immunologic check-
points has reshaped cancer thera-
peutics over the last decade. Immune 
checkpoint inhibitors (ICIs) restore 
endogenous T-cell antitumor ac-
tivity, achieving long-term tumor 
responses.2 This immune system 
enhancement sometimes can be 
excessive, resulting in a plethora 
of immune-related adverse events 
(irAEs).3 IrAEs can be toxicities 
affecting a single organ or multi-
ple organs, and they are generally 
dependent on the class of drug: 
18% to 37% of patients treated 
with ipilimumab (an anti–CTLA-4  

antibody) experience grade 3 or 
greater events, compared with about 
10% of patients treated with anti–
PD-1 or anti–PD-L1 antibodies as 
monotherapy, and 46% to 55% of 
patients treated with the combina-
tion of anti–PD-1 plus anti–CTLA-4 
are affected by irAEs.2,4-7

irAEs usually involve the skin 
or the gastrointestinal, endocrine, 
or respiratory systems, but in-
volvement in any organ and tis-
sue can occur.8,9 Rheumatologic 
irAEs, according to the available 
data, are reported in 1.5% to 22% 
of patients who use immunother-
apy; the wide range is explained 
by the different, inconsistent de�-
nitions used in studies.8,10-12 The 
largest cohorts of patients with 
rheumatologic irAEs come from 

single-center studies; for instance, 
a Mayo Clinic retrospective da-
tabase reported 43 cases among 
1293 patients treated with ICIs 
(74% with single-agent anti–
PD-[L]1 agents), resulting in a 
prevalence of 3.3%.13 A French 
prospective cohort with 524 pa-
tients reported 6.6% (n = 35) of 
patients experiencing rheuma-
tologic irAEs, where 77% were 
treated with anti–PD-(L)1 drugs.14

The reason for the scarcity in 
reported rheumatologic irAEs 
is multifactorial; explanations  
include the inconsistency in cod-
ing musculoskeletal symptoms, 

fewer deaths or hospital admis-
sions due to rheumatologic irAEs, 
underreporting in clinical trials, 
and late-onset events (occurring 
up to 2 years after patients have 
started ICI therapy) not reported 
in studies.12,15 When rheumatolog-
ic disorders preexist, disease �ares 
or irAEs have been reported at 
rates ranging from 38% to 67%.16

The most commonly reported 
rheumatologic irAEs are arthral-
gia and myalgia, with frequen-
cies of 1% to 43% and 2% to 
21%, respectively. Arthritis was  
reported in 1% to 7% of patients; 
seronegative in�ammatory arthri-
tis is described in only 0.7% of 
patients treated with anti–PD-1 
antibodies and in 2.5% of those 
treated with combination ICIs. 

supportive measures with artificial saliva,  
nystatin/almagate oral solutions, and hyal-
uronate/chondroitin ophthalmic droplets. 

Direct interrogation was negative for other 
rheumatologic symptoms (fever, weight loss, 
skin lesions, arthralgia, lymphadenopathies, 
and swollen salivary glands). Physical exam 
showed decreased tear pool in the lower 
ophthalmic conjunctiva and a dry tongue 
with absent sublingual salivary pool (Figure 
1A). Schirmer I test revealed wetting of less 
than 5 mm in both eyes; unstimulated whole 
salivary flow rate was 0.1 ml/min. Comple-
ment C3/C4 proteins, anti–Sjögren-syn-
drome-related antigen A and B autoantibod-
ies (anti-Ro/SSA; anti-La/SSB), rheumatoid 
factor (RF), antinuclear antibodies (ANA), 
serum amylase, HIV, and hepatitis C virus 
antibodies were negative. Salivary gland ul-
trasonography showed normal parotid gland 
echotexture and echogenicity. Minor salivary 
gland biopsy reported focal lymphocytic 
sialadenitis with fibrosis, with a Focus score 
of 3 (Figure 1B). Based on the results, the 
patient fulfilled the 2016 American College 
of Rheumatology/European League Against 
Rheumatism (EULAR) classification criteria 
for Sjögren syndrome (Sjös)1, thus the diag-
nosis of Sjögren syndrome triggered by ICIs 
was definitively established. 

ICIs can induce the activation and proliferation 
of autoreactive immune cells that may lead to 

sicca syndrome, which resembles
primary Sjögren syndrome.
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Additionally, myalgia was seen in 2% to 
18% of participants in trials of nivolum-
ab and ipilimumab, while muscle weak-
ness was reported in 1%.17

ICIs can induce the activation and 
proliferation of autoreactive immune 
cells that may lead to SicS, which resem-
bles primary Sjös.18 The � rst 4 cases of 
SicS triggered by cancer immunothera-
py were reported by Laura C. Cappelli, 
MD, MHS, MS, and colleagues in 2016; 
half of those patients presented with 
additional nonrheumatologic irAEs.19

More recent series describe ICI-induced 
sicca syndrome as a clinical entity, with 
an incidence rate ranging in clinical tri-
als from 1.2% to 24.2%, depending on 
the criteria used in their de� nitions.8,20 In 
the REISAMIC registry, a French multi-
center irAEs database, Sebastian Le Bu-
rel, MD, reported a 0.3% prevalence of 
CTCAE grade 2 or higher SicS in patients 
treated with anti–PD-(L)1 monotherapy; 
this frequency increased to 2.5% among 
patients treated with a combination of 
anti–CTLA-4 plus anti–PD-(L)1 agents.8

SicS is rarely reported in clinical trials. 
This might be because its symptoms are 
common in the population, with a prev-
alence reaching up to 30% in persons 
65 years or older, and their occurrence 
may not be attributed to ICIs, leading 
to underreporting.15 A recent case series 
identi� ed 20 patients who developed 
SicS that was associated with ICI thera-
py and exhaustively described the clini-
cal presentation. The median age of the 
affected patients was 57 years (range, 
26-78); 70% were male, 20% had a 
history of autoimmune diseases, and 
85% were treated with anti–PD-(L)1 
monotherapy. Half of these affected 
patients had concomitant nonrheuma-
tologic irAEs. Dry-mouth symptoms 
were present in all, appearing at a 
median of 70 days (range, 30-206) 

following ICI treatment initiation. Dry 
mouth was usually abrupt in onset; it 
was often worse with physical exertion 
or at night, with patients awakening at 
night with their tongue stuck to their 
teeth or hard palate and needing to drink 
water. Almost all (95%) had salivary 
hypofunction (unstimulated whole sali-
vary � ow <1.5 mL/15 minutes); 45% (n 
= 9) patients reported dry eyes, and 55% 
(n = 5) had aqueous tear de� ciency 
(Schirmer’s test 5 mm wetting/5 minutes 
in at least 1 eye).21,22 In another multina-
tional registry, among 26 patients with 
SicS, clinical features were as follows: 
96% dry mouth, 65% dry eyes, 62% 
abnormal ocular tests, and 86% abnor-
mal oral tests.22

Nevertheless, among the SicS cases, 
few have been attributed to Sjös. Sjös 

is a chronic in� ammatory autoimmune 
disease that involves mainly exocrine 
glands (eg, salivary and lachrymal 
glands); it can be conceptualized as an 
autoimmune epithelitis. Among patients 
with Sjös, dry mouth is the most fre-
quent clinical manifestation (80%), fol-
lowed by dry eyes in 50% and arthralgia 
in 20%.23 For instance, in a multicenter 
register of 26 patients with sicca syn-
drome triggered by PD-(L)1 ICIs, 10 of 
them ful� lled the current Sjös criteria.22

When prescribing ICIs, high suspicion 
of SicS is warranted; if symptoms occur, 
a careful history and complete physi-
cal evaluation, including oral and ocu-
lar diagnostic tests of dryness, should 
be conducted. Mucositis should be 
excluded as an alternative irAE with 
similar symptoms. Serum autoantibod-
ies, viral screening, and minor salivary 
gland biopsy should be performed to 
differentiate between Sjös and other 
etiologies.24 Prompt referral to a rheu-
matologist is recommended to prevent 

FIGURE 2. Metastatic Lesions on CT Images
Images show sternal lesion with soft tissue component (arrow) and pancreatic 
neck lesion (asterisk), before (A and B) and 12 months after treatment (C and D), 
with a 51% decrease in the largest diameter.

CORRECT ANSWER: D. All of the above
Continued from page 487
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delay in diagnosis; according to one 
study, only one-third of the patients with 
rheumatologic irAEs were ever seen by a 
rheumatologist.25

On the other hand, several features 
distinguish ICI-induced Sjös from pri-
mary Sjös: The former is characterized 
by older age, male predominance, and 
abrupt onset, whereas in ICI-induced 
Sjös, fewer patients have dry eyes or ab-
normal ocular tests.22,26 These and other 
differences are depicted in the Table.25-27

Regarding autoantibodies, most pa-
tients with ICI-induced Sjös have a se-
ronegative immunological pattern that 
is not present in primary Sjös, consis-
tent with reports for other ICI-induced 
irAEs that have a primary autoimmune 
counterpart. In the International Immu-
noCancer Registry, ANA and anti-Ro/
SSA were the most prevalent antibodies 
with 52% and 20%, respectively; RF 
and anti-La/SSB were present in 9% and 
8% of patients.22 Other immunological 
markers included low C3/C4 (6%) and 
positive cryoglobulins (10%).22,26 Minor 
salivary gland biopsy reveals differenc-
es in histopathological �ndings as well. 
The typical focal lymphocytic sialadeni-
tis of primary Sjös is present in roughly 
half of the ICI-induced Sjös cases, with 
many patients exhibiting mild chronic 

sialadenitis. The type of lymphocyte in-
�ltrate is also dissimilar: In ICI-triggered 
patients, it is a predominant CD3+ T-cell 
in�ltrate (with a slight predominance of 
CD4+ over CD8+ T cells), and CD20+ 
B cells are virtually absent. This pattern 
was similar to the one observed in our 
patient, except we found a predomi-
nance of CD8+ over CD4+ T cells (Fig-
ures 1C-1F). This phenotype contrasts 
with primary Sjös, in which CD20+ B 
cells represent 20% to 62% of the lym-
phocyte in�ltrate.22,26 All these differenc-
es are summarized in the Table. 

Speci�c treatment recommendations 
for in�ammatory arthritis, my-
ositis, and polymyalgia-like 
syndrome, but not for SicS/
Sjös, have been proposed by the 
American Society for Clinical 
Oncology guidelines.27 Recent 
recommendations for the man-
agement of SicS/Sjös following 
ICIs have been issued by EU-
LAR, based mostly on expert 
opinion and the small case series 
published.11 Experts agree that all pa-
tients with ICI-induced SicS/Sjös require 
topical treatments aimed at alleviating 
their ocular and oral dryness, preventing 
dental decay, and managing oral candi-
diasis. Mild symptoms (CTCAE grade 

1) can be managed with just the afore-
mentioned local therapies, as well as 
oral stimulators of salivary gland func-
tion, like pilocarpine or cevilemine.11,24

For symptoms of CTCAE grade 2 or 
greater, additional treatments should 
be prescribed. Therefore, answer A is 
incorrect, because the patient has grade 
2 SicS/Sjös and local therapies by them-
selves are insuf�cient treatments.

In the case of severe symptoms (CT-
CAE grade 2 or 3), ICI therapy should be 
at least temporally withheld. Unlike pa-
tients with primary Sjös, many patients 
with ICI-induced SicS/Sjös may receive 

systemic steroids, and most of 
them experience improvement. 
Doses varied greatly among pa-
tients in the cases reported, but 
experts suggest about 40 mg of 
prednisone equivalent (range, 
10-80 mg), followed by subse-
quent tapering.24,25 Upon im-
provement of SicS, ICIs could 
be resumed, ideally after an 
interval of 3 months.16,21,27 Per-

manent ICI discontinuation should be 
considered in patients with recurrence 
of intractable, severe symptomatology. 
Therefore, answers B and C are incor-
rect: Neither withholding immunother-
apy nor oral steroids should be the sole 

TABLE. Differences Between Checkpoint-induced Sjögren Syndrome and Classical Sjögren Syndromea 

DISTINGUISHING FEATURES ICI-INDUCED SJÖGREN SYNDROME CLASSICAL SJÖGREN SYNDROME

Sex predominance Male Female

Age group Older adults (median 63 yrs) Middle-aged adults (median, 53 yrs)

Onset Abrupt Insidious

Autoantibodies as ro/SSA and La/SSB Low prevalence High prevalence

Extraglandular 
manifestations

Pneumonitis and interstitial nephritis Musculoskeletal complaints, purpura, 
Raynaud syndrome

Predominant histopathologic features 
salivary glands

Focal lymphocytic sialadenitis  
(CD20+ rare)

Focal lymphocytic sialadenitis  
(CD20+ common)

Response to steroids Mostly yes No

ICI, immune checkpoint inhibitors; anti-ro/SSA and anti-La/SSB, anti–Sjögren-syndrome-related antigen A and B autoantibodies  
a Table adapted from references 22-25.
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treatment recommended. Thus, D is the correct answer.
Functional prognosis for ICI-induced SicS/Sjös is better 

than for primary Sjös, as previously stated. Almost 75% of 
patients were prescribed systemic steroids, of whom near-
ly 80% reported subjective improvement; however, fewer 
patients (30%) experienced a return to normal salivary 
� ow rates, and none reported complete resolution of their 
symptoms.21 Many of these patients will experience long-
term salivary hypofunction, with increased risk of dental 
sequelae (eg, caries, recurrent candidiasis infections) and 
reduced quality of life. Continuous surveillance (eg, every 
3-4 months) with dentists or oral medicine specialists is 
recommended to avoid those complications16 .

Finally, in relation to oncological outcomes, one sin-
gle-center prospective cohort study with 524 patients 
who received treatment with ICIs (of whom 35 were re-
ferred to a rheumatology department for irAEs), found 
that patients with rheumatologic irAEs had greater tu-
mor response rates compared with patients who did not 
present them: 85.7% vs 35.3% (odds ratio, 8.8; 95% CI, 
3.2-29.8; P <.0001). However, no statistically signi� cant 
differences in tumor response, between patients with 
rheumatologic vs nonrheumatologic irAEs (85.7% vs 
75.1%; P = .18).14

Outcome of This Case
Systemic steroids were started at 0.5 mg/kg methylpred-
nisolone equivalent (50 mg orally administered prednisone 
daily). The patient was followed up weekly; after 4 weeks 
of prednisone 50 mg daily, he noted partial improvement in 
saliva and tear production (Figure 1G). We decided to taper 
prednisone and restart nivolumab monotherapy. Symptoms 
were not aggravated upon resuming immunotherapy. A 
CT scan after 12 months of immunotherapy treatment 
revealed partial response with a 51% reduction of target 
lesions (Figure 2). 
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TAZVERIK, the first and only 
FDA-approved EZH2 inhibitor

for relapsed or refractory (R/R)
follicular lymphoma (FL)1

TAZVERIK® (tazemetostat) is indicated for the treatment of:

•  Adult patients with relapsed or refractory follicular lymphoma 
whose tumors are positive for an EZH2 mutation as detected 
by an FDA-approved test and who have received at least 
2 prior systemic therapies.

•  Adult patients with relapsed or refractory follicular lymphoma 
who have no satisfactory alternative treatment options.

These indications are approved under accelerated approval based 
on overall response rate and duration of response. Continued 
approval for these indications may be contingent upon verifi cation 
and description of clinical benefi t in a confi rmatory trial(s).

UNSILENCE
AN EXPRESSIVE 
INSTRUMENT

Effi cacy results*:

•  FL patients (N=95) responded to single-agent 
TAZVERIK in both cohorts1,2

(range: 0.0+ to 22.1+)
in patients with MT EZH2

(n=29/42; 95% CI: 7.2–NE)

(range: 1.0 to 22.5+)
in patients with WT EZH2

(n=18/53; 95% CI: 5.6–NE)in patients
with mutant-type (MT) EZH2

(n=29/42; 95% CI: 53%–82%)

in patients
with wild-type (WT) EZH2

(n=18/53; 95% CI: 22%–48%)

 *TAZVERIK was studied in an open-label, single-arm, multicenter, phase 2 trial with 6 cohorts of patients, including 2 cohorts with
histologically-confi rmed R/R FL. Patients received 800 mg of TAZVERIK orally twice daily until confi rmed disease progression or
unacceptable toxicity. The major effi cacy outcome measures were ORR and DOR according to the IWG-NHL criteria as assessed
by independent review committee.1,2

The data for the MT EZH2 cohort were not yet mature
at the time of assessment.

69%

ORR
34%

ORR

•  Sustained response demonstrated in patients
with both MT and WT EZH2 1,2

Important Safety Information
Warnings and Precautions
• Secondary Malignancies
The risk of developing secondary malignancies is increased following treatment with TAZVERIK. Across clinical trials
of 729 adults who received TAZVERIK 800 mg twice daily, myelodysplastic syndrome (MDS) or acute myeloid leukemia 
(AML) occurred in 0.7% of patients. One pediatric patient developed T-cell lymphoblastic lymphoma (T-LBL). Monitor 
patients long-term for the development of secondary malignancies.
• Embryo-Fetal Toxicity
Based on fi ndings from animal studies and its mechanism of action, TAZVERIK can cause fetal harm when 
administered to pregnant women. There are no available data on TAZVERIK use in pregnant women to inform the 
drug-associated risk.

Important Safety Information continued on back page of this insert.
Please see Brief Summary of the Prescribing Information on the adjacent pages.

13.0
months
median DOR

10.9
months
median DOR

12% CR
(n=5/42)

57% PR
(n=24/42)

30% PR
(n=16/53)

4% CR
(n=2/53)
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TAZVERIK (tazemetostat) tablets 200mg BRIEF SUMMARY OF PRESCRIBING 
INFORMATION
CONSULT THE PACKAGE INSERT FOR COMPLETE PRESCRIBING INFORMATION.
INDICATIONS AND USAGE
• TAZVERIK® (tazemetostat) is indicated for the treatment of adult patients with 
relapsed or refractory follicular lymphoma whose tumors are positive for an EZH2 
mutation as detected by an FDA-approved test and who have received at least 2 prior 
systemic therapies.
• TAZVERIK is indicated for the treatment of adult patients with relapsed or refractory 
follicular lymphoma who have no satisfactory alternative treatment options.
These indications are approved under accelerated approval based on overall response 
rate and duration of response [see Clinical Studies]. Continued approval for these 
indications may be contingent upon veri�cation and description of clinical bene�t in 
a con�rmatory trial(s).

DOSAGE AND ADMINISTRATION
Patient Selection - Select patients with relapsed or refractory (R/R) follicular 
lymphoma (FL) for treatment with TAZVERIK based on the presence of EZH2 mutation 
of codons Y646, A682, or A692 in tumor specimens [see Clinical Studies]. Information 
on FDA-approved tests for the detection of EZH2 mutation in relapsed or refractory 
follicular lymphoma is available at: http://www.fda.gov/CompanionDiagnostics.
Recommended Dosage - The recommended dosage of TAZVERIK is 800 mg orally 
twice daily with or without food until disease progression or unacceptable toxicity. 
Swallow tablets whole. Do not cut, crush, or chew tablets. Do not take an additional 
dose if a dose is missed or vomiting occurs after TAZVERIK, but continue with the next 
scheduled dose.
Dosage Modi�cations for Adverse Reactions  -  Table 1 summarizes the recommended 
dose reductions, and Table 2 summarizes the recommended dosage modi�cations of 
TAZVERIK for adverse reactions.

Table 1. Recommended Dose Reductions of TAZVERIK for Adverse Reactions

Dose Reduction Dosage

First 600 mg orally twice daily

Second 400 mg orally twice daily*

*Permanently discontinue TAZVERIK in patients who are unable to tolerate 400 mg orally 
twice daily.

Table 2. Recommended Dosage Modi�cations of TAZVERIK for Adverse Reactions

Adverse Reaction Severity Dosage Modi�cation
Neutropenia [see 
Adverse Reactions]

Neutrophil 
count less 
than 1 x 109/L

•  Withhold until neutrophil count is greater 
than or equal to 1 x 109/L or baseline. 

•  For �rst occurrence, resume at same dose.
•  For second and third occurrence, resume 

at reduced dose.
•  Permanently discontinue after fourth 

occurrence.

Thrombocytopenia 
[see Adverse 
Reactions]

Platelet count 
less than 
50 x 109/L

•  Withhold until platelet count is greater 
than or equal to 75 x 109/L or baseline. 

•  For �rst and second occurrence, resume 
at reduced dose. 

•  Permanently discontinue after third 
occurrence.

Anemia 
[see Adverse 
Reactions]

Hemoglobin 
less than 
8 g/dL

•  Withhold until improvement to at least 
Grade 1 or baseline, then resume at 
same or reduced dose.

Other adverse 
reactions 
[see Adverse 
Reactions]

Grade 3 •  Withhold until improvement to at least 
Grade 1 or baseline. 

•  For �rst and second occurrence, resume 
at reduced dose. 

•  Permanently discontinue after third 
occurrence.

Grade 4 •  Withhold until improvement to at least 
Grade 1 or baseline. 

•  For �rst occurrence, resume at 
reduced dose. 

•  Permanently discontinue after second 
occurrence.

Dosage Modi�cations for Drug Interactions
Strong and Moderate CYP3A Inhibitors - Avoid coadministration of TAZVERIK with strong 
or moderate CYP3A inhibitors. If coadministration with a moderate CYP3A inhibitor cannot 
be avoided, reduce the TAZVERIK dose as shown in Table 3 below. After discontinuation of 
the moderate CYP3A inhibitor for 3 elimination half-lives, resume the TAZVERIK dose that 
was taken prior to initiating the inhibitor [see Drug Interactions, Clinical Pharmacology].

Table 3. Recommended Dose Reductions of TAZVERIK for Moderate CYP3A Inhibitors 

Current Dosage Adjusted Dosage
800 mg orally twice daily 400 mg orally twice daily

600 mg orally twice daily
400 mg for �rst dose and 200 mg 
for second dose

400 mg orally twice daily 200 mg orally twice daily

CONTRAINDICATIONS - None.

WARNINGS AND PRECAUTIONS
Secondary Malignancies - The risk of developing secondary malignancies is increased 
following treatment with TAZVERIK. Across clinical trials of 729 adults who received 
TAZVERIK 800 mg twice daily, myelodysplastic syndrome (MDS) or acute myeloid 
leukemia (AML) occurred in 0.7% of patients. One pediatric patient developed T-cell 
lymphoblastic lymphoma (T-LBL). Monitor patients long-term for the development of 
secondary malignancies.
Embryo-Fetal Toxicity - Based on �ndings from animal studies and its mechanism of 
action, TAZVERIK can cause fetal harm when administered to pregnant women. There 
are no available data on TAZVERIK use in pregnant women to inform the drug-associated 
risk. Administration of tazemetostat to pregnant rats and rabbits during organogenesis 
resulted in dose-dependent increases in skeletal developmental abnormalities in both 
species beginning at maternal exposures approximately 1.5 times the adult human 
exposure (area under the plasma concentration time curve [AUC0-45h]) at the 800 mg 
twice daily dose. Advise pregnant women of the potential risk to a fetus. Advise females 
of reproductive potential to use effective contraception during treatment with TAZVERIK 
and for 6 months after the �nal dose. Advise males with female partners of reproductive 
potential to use effective contraception during treatment with TAZVERIK and for 3 months 
after the �nal dose [see Use in Speci�c Populations].

ADVERSE REACTIONS - The following clinically signi�cant adverse reactions are 
described elsewhere in labeling: Secondary Malignancies [see Warnings and Precautions]. 
Clinical Trial 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 re�ect the 
rates observed in practice. The safety of TAZVERIK was evaluated in two cohorts (Cohorts 
4 and 5) of Study E7438-G000-101 that enrolled patients with relapsed or refractory 
follicular lymphoma [see Clinical Studies]. Patients received TAZVERIK 800 mg orally twice 
daily (n=99). Among patients who received TAZVERIK, 68% were exposed for 6 months 
or longer, 39% were exposed for 12 months or longer, and 21% were exposed for 18 
months or longer. The median age was 62 years (range 36 to 87 years), 54% were male, 
and 95% had an Eastern Cooperative Oncology Group (ECOG) performance status of 0-1. 
The median number of prior therapies was 3 (range 1 to 11). Patients were required have 
a creatinine clearance ≥40 mL/min per the Cockcroft and Gault formula. Serious adverse 
reactions occurred in 30% of patients who received TAZVERIK. Serious adverse reactions 
in ≥2% of patients who received TAZVERIK were general physical health deterioration, 
abdominal pain, pneumonia, sepsis, and anemia. Permanent discontinuation due 
to an adverse reaction occurred in 8% of patients who received TAZVERIK. Adverse 
reaction resulting in permanent discontinuation in ≥2% of patients was second primary 
malignancy. Dosage interruptions due to an adverse reaction occurred in 28% of patients 
who received TAZVERIK. Adverse reactions requiring dosage interruptions in ≥3% of 
patients were thrombocytopenia and fatigue. Dose reduction due to an adverse reaction 
occurred in 9% of patients who received TAZVERIK. The most common adverse reactions 
(≥20%) were fatigue, upper respiratory tract infection, musculoskeletal pain, nausea, and 
abdominal pain. Table 6 presents adverse reactions in patients with relapsed or refractory 
follicular lymphoma in Cohorts 4 and 5 of Study E7438-G000-101.

Table 6. Adverse Reactions (≥10%) in Patients with Relapsed or Refractory Follicular 
Lymphoma Who Received TAZVERIK in Cohorts 4 and 5 of Study E7438-G000-101

Adverse Reaction
TAZVERIK N=99

All Grades (%) Grade 3 or 4 (%)

General

Fatiguea 36 5

Pyrexia 10 0

Infections

Upper respiratory tract infectionb 30 0

Lower respiratory tract infectionc 17 0

Urinary tract infectiond 11 2

Gastrointestinal

Nausea 24 1

Abdominal paine 20 3

Diarrhea 18 0

Vomiting 12 1

Musculoskeletal and connective tissue

Musculoskeletal painf 22 1

Skin and subcutaneous tissue

Alopecia 17 0

Rashg 15 0

Respiratory and mediastinal system

Coughh 17 0

Nervous system

 Headachei 13 0

Table 6 continues on the next page
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Table 6. Adverse Reactions (≥10%) in Patients with Relapsed or Refractory Follicular 
Lymphoma Who Received TAZVERIK in Cohorts 4 and 5 of Study E7438-G000-101 
(continued)
aIncludes fatigue and asthenia
bIncludes laryngitis, nasopharyngitis, pharyngitis, rhinitis, sinusitis, upper repiratory tract 
infection, viral upper respiratory tract infection
cIncludes bronchitis, lower respiratory tract infection, tracheobronchitis
dIncludes cystitis, urinary tract infection, urinary tract infection staphylococcal
eIncludes abdominal discomfort, abdominal pain, abdominal pain lower, abdominal pain upper
fIncludes back pain, limb discomfort, musculoskeletal chest pain, musculoskeletal 
discomfort, musculoskeletal pain, myalgia, neck pain, non-cardiac chest pain, 
pain in extremity, pain in jaw, spinal pain
gIncludes erythema, rash, rash erythematous, rash generalized, rash maculo-papular, 
rash pruritic, rash pustular, skin exfoliation
hIncludes cough and productive cough
iIncludes headache, migraine, sinus headache

Clinically relevant adverse reactions occurring in <10% of patients who received 
TAZVERIK included: 
• Infection: sepsis (2%), pneumonia (2%), and herpes zoster (2%)

Table 7 summarizes select laboratory abnormalities in patients with follicular lymphoma 
in Cohorts 4 and 5 of Study E7438-G000-101.

Table 7. Select Laboratory Abnormalities (≥10%) Worsening from Baseline 
in Patients with Relapsed or Refractory Follicular Lymphoma Who Received 
TAZVERIK in Cohorts 4 and 5 of Study E7438-G000-101

Laboratory Abnormality
TAZVERIK*

All Grades (%) Grade 3 or 4 (%)

Hematology

Decreased lymphocytes 57 18

Decreased hemoglobin 50 8

Decreased platelets 50 7

Decreased white blood cells 41 9

Decreased neutrophils 20 7

Chemistry

Increased glucose 53 10

Increased aspartate aminotransferase 24 0

Increased alanine aminotransferase 21 2.3

Increased alkaline phosphatase 18 1.0

Increased creatinine 17 0

* The denominator used to calculate the rate varied from 88 to 96 based on the number 
of patients with a baseline value and at least one post-treatment value.

DRUG INTERACTIONS
Effect of Other Drugs on TAZVERIK - Strong and Moderate CYP3A Inhibitors: 
Coadministration of TAZVERIK with a strong or moderate CYP3A inhibitor increases 
tazemetostat plasma concentrations [see Clinical Pharmacology], which may increase the 
frequency or severity of adverse reactions. Avoid coadministration of strong or moderate 
CYP3A inhibitors with TAZVERIK. If coadministration of moderate CYP3A inhibitors cannot 
be avoided, reduce TAZVERIK dose [see Dosage and Administration]. Strong and Moderate 
CYP3A Inducers: Coadministration of TAZVERIK with a strong or moderate CYP3A inducer 
may decrease tazemetostat plasma concentrations [see Clinical Pharmacology], which 
may decrease the ef�cacy of TAZVERIK. Avoid coadministration of moderate and strong 
CYP3A inducers with TAZVERIK.
Effect of TAZVERIK on Other Drugs -  CYP3A Substrates: Coadministration of TAZVERIK 
with CYP3A substrates, including hormonal contraceptives, can result in decreased 
concentrations and reduced ef�cacy of CYP3A substrates [see Use in Speci�c Populations, 
Clinical Pharmacology].

USE IN SPECIFIC POPULATIONS
Pregnancy - Risk Summary: Based on �ndings from animal studies and its mechanism 
of action [see Clinical Pharmacology], TAZVERIK can cause fetal harm when administered 
to pregnant women. There are no available data on TAZVERIK use in pregnant women to 
inform the drug-associated risk. Administration of tazemetostat to pregnant rats and rabbits 
during organogenesis resulted in dose-dependent increases in skeletal developmental 
abnormalities in both species beginning at maternal exposures approximately 1.5 times 
the adult human exposure [AUC0-45h] at the 800 mg twice daily 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% to 4% and 15% to 20%, respectively.
Data - Animal Data: In pregnant rats, once daily oral administration of tazemetostat during 
the period of organogenesis from gestation day (GD) 7 through 17 resulted in no maternal 
adverse effects at doses up to 100 mg/kg/day (approximately 6 times the adult human 
exposure at 800 mg twice daily). Skeletal malformations and variations occurred in fetuses 
at doses of ≥50 mg/kg (approximately 2 times the adult human exposure at the 800 mg 
twice daily dose). At 200 mg/kg (approximately 14 times the adult human exposure at 
the 800 mg twice daily dose), major �ndings included increased post implantation loss, 

missing digits, fused vertebrae, domed heads and fused bones of the skull, and reduced 
fetal body weights. In pregnant rabbits, no adverse maternal effects were observed after 
once daily oral administration of 400 mg/kg/day tazemetostat (approximately 7 times the 
adult human exposure at the 800 mg twice daily dose) from GD 7 through 19. Skeletal 
variations were present at doses ≥100 mg/kg/day (approximately 1.5 times the adult human 
exposure at the 800 mg twice daily dose), with skeletal malformations at ≥200 mg/kg/day 
(approximately 5.6 times the adult human exposure at the 800 mg twice daily dose). At 400 
mg/kg (approximately 7 times the adult human exposure at the 800 mg twice daily dose), 
major �ndings included increased post implantation loss and cleft palate and snout.
Lactation - Risk Summary: There are no animal or human data on the presence of 
tazemetostat in human milk or on its effects on the breastfed child or milk production. 
Because of the potential risk for serious adverse reactions from TAZVERIK in the breastfed 
child, advise women not to breastfeed during treatment with TAZVERIK and for one week 
after the �nal dose.
Females and Males of Reproductive Potential - Pregnancy Testing: Verify the 
pregnancy status of females of reproductive potential prior to initiating TAZVERIK [see Use 
in Speci�c Populations]. Risk Summary: TAZVERIK can cause fetal harm when administered 
to pregnant women [see Use in Speci�c Populations]. Contraception: Females - Advise 
females of reproductive potential to use effective non-hormonal contraception during 
treatment with TAZVERIK and for 6 months after the �nal dose. TAZVERIK can render some 
hormonal contraceptives ineffective [see Drug Interactions]. Males - Advise males with 
female partners of reproductive potential to use effective contraception during treatment 
with TAZVERIK and for at least 3 months after the �nal dose. 
Pediatric Use -  The safety and effectiveness of TAZVERIK in pediatric patients aged less 
than 16 years have not been established.
Juvenile Animal Toxicity Data - In a 13-week juvenile rat toxicology study, animals were 
dosed daily from post-natal day 7 to day 97 (approximately equivalent to neonate to 
adulthood). Tazemetostat resulted in:
• T-LBL at doses ≥50 mg/kg (approximately 2.8 times the adult human exposure at the 

800 mg twice daily dose)
• Increased trabecular bone at doses ≥100 mg/kg (approximately 10 times the adult 

human exposure at the 800 mg twice daily dose)
• Increased body weight at doses ≥50 mg/kg (approximately equal to the adult human 

exposure at the 800 mg twice daily dose)
• Distended testicles in males at doses ≥50 mg/kg (approximately equal to the adult 

human exposure at the 800 mg twice daily dose)
Geriatric Use - Clinical studies of TAZVERIK did not include suf�cient numbers of patients 
with relapsed or refactory follicular lymphoma aged 65 and over to determine whether they 
respond differently from younger subjects.
Renal Impairment - No dose adjustment of TAZVERIK is recommended for patients with 
mild to severe renal impairment or end stage renal disease [see Clinical Pharmacology].
Hepatic Impairment - No dose adjustment of TAZVERIK is recommended for patients 
with mild hepatic impairment (total bilirubin > 1 to 1.5 times upper limit of normal [ULN] 
or AST > ULN). TAZVERIK has not been studied in patients with moderate (total bilirubin 
> 1.5 to 3 times ULN) or severe (total bilirubin > 3 times ULN) hepatic impairment [see 
Clinical Pharmacology].

NONCLINICAL TOXICOLOGY
Carcinogenesis, Mutagenesis, Impairment of Fertility - Dedicated carcinogenicity 
studies were not conducted with tazemetostat, but T-LBL, MDS, and AML have been 
reported clinically and T-LBL occurred in juvenile and adult rats after ~9 or more weeks of 
tazemetostat administration during 13-week toxicity studies. Based on nonclinical studies 
in rats, the risk of T-LBL appears to be greater with longer duration dosing. Tazemetostat did 
not cause genetic damage in a standard battery of studies including a screening and pivotal 
bacterial reverse mutation (Ames) assay, an in vitro micronucleus assessment in human 
peripheral blood lymphocytes, and an in vivo micronucleus assessment in rats after oral 
administration. Fertility and early embryonic development studies have not been conducted 
with tazemetostat; however, an assessment of male and female reproductive organs were 
included in 4- and 13-week repeat-dose toxicity studies in rats and Cynomolgus monkeys. 
Oral daily administration of tazemetostat did not result in any notable effects in the adult 
male and female reproductive organs [see Use in Speci�c Populations]. 

PATIENT COUNSELING INFORMATION - Advise the patient to read the FDA-approved 
patient labeling (Medication Guide).
Secondary Malignancies - Advise patients of the increased risk of secondary malignancies, 
including AML, MDS, and T-LBL. Advise patients to inform their healthcare provider if they 
experience fatigue, easy bruising, fever, bone pain, or paleness [see Warnings and Precautions].
Embryo-Fetal Toxicity - Advise pregnant women and females of reproductive potential of 
the potential risk to a fetus. Advise females to inform their healthcare provider of a known 
or suspected pregnancy [see Use in Speci�c Populations]. Advise females of reproductive 
potential to use effective non-hormonal contraception during treatment with TAZVERIK 
and for 6 months after the �nal dose [see Use in Speci�c Populations]. Advise males with 
female partners of reproductive potential to use effective contraception during treatment 
with TAZVERIK and for 3 months after the �nal dose [see Use in Speci�c Populations, 
Nonclinical Toxicology].
Lactation - Advise women not to breastfeed during treatment with TAZVERIK and for 
1 week after the �nal dose [see Use in Special Populations].
Drug Interactions - Advise patients and caregivers to inform their healthcare provider of 
all concomitant medications, including prescription medicines, over-the-counter drugs, 
vitamins, and herbal products. Inform patients to avoid St. John’s wort, grapefruit, and 
grapefruit juice while taking TAZVERIK [see Drug Interactions].
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Important Safety Information (continued)

• Embryo-Fetal Toxicity (continued)
Administration of tazemetostat to pregnant rats and rabbits during organogenesis resulted in dose-dependent 
increases in skeletal developmental abnormalities in both species beginning at maternal exposures approximately 
1.5 times the adult human exposure (area under the plasma concentration time curve [AUC0-45h]) at the 800 mg twice 
daily dose.
Advise pregnant women of the potential risk to a fetus. Advise females of reproductive potential to use effective 
contraception during treatment with TAZVERIK and for 6 months after the fi nal dose. Advise males with female 
partners of reproductive potential to use effective contraception during treatment with TAZVERIK and for 3 months 
after the fi nal dose.

Adverse Reactions
In 99 clinical study patients with relapsed or refractory follicular lymphoma receiving TAZVERIK 800 mg twice daily: 
Serious adverse reactions occurred in 30% of patients who received TAZVERIK. Serious adverse reactions occurring in 
≥2% were general physical health deterioration, abdominal pain, pneumonia, sepsis, and anemia. The most common 
(≥20%) adverse reactions were fatigue (36%), upper respiratory tract infection (30%), musculoskeletal pain (22%), nausea 
(24%), and abdominal pain (20%).

Drug Interactions
Avoid coadministration of strong or moderate CYP3A inhibitors with TAZVERIK. If coadministration of moderate CYP3A 
inhibitors cannot be avoided, reduce TAZVERIK dose. 
Avoid coadministration of moderate and strong CYP3A inducers with TAZVERIK, which may decrease the effi cacy
of TAZVERIK.
Coadministration of TAZVERIK with CYP3A substrates, including hormonal contraceptives, can result in decreased 
concentrations and reduced effi cacy of CYP3A substrates.

Lactation
Because of the potential risk for serious adverse reactions from TAZVERIK in the breastfed child, advise women not to 
breastfeed during treatment with TAZVERIK and for one week after the fi nal dose.

Before prescribing TAZVERIK, please read the Brief Summary of the Prescribing Information on the adjacent pages.

EZH2=enhancer of zeste homologue 2; ORR=overall response rate; CI=confi dence interval; CR=complete response; PR=partial response;
DOR=duration of response; NE=not estimable; IWG-NHL=International Working Group Non-Hodgkin Lymphoma.

References: 1. TAZVERIK (tazemetostat) Prescribing Information. Cambridge, MA: Epizyme, Inc., July 2020. 2. Data on fi le. 
3. Referenced with permission from the NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for B-cell Lymphomas 
V.4.2020. © National Comprehensive Cancer Network, Inc. 2020. All rights reserved. Accessed August 17, 2020. To view the most 
recent and complete version of the guideline, 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.

Learn more about TAZVERIK for R/R FL
and how it performed in a clinical trial.

Visit TAZVERIK.com today

Tazemetostat (TAZVERIK®) is recommended in the NCCN Clinical 
Practice Guidelines in Oncology (NCCN Guidelines®) as an option for 
appropriate patients with relapsed or refractory follicular lymphoma.3
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CLINICAL TRIALS IN PROGRESS

TITLE: Phase 3 Randomized Controlled Trial of 
Post-Surgical Stereotactic Radiotherapy (SRT) 
versus Surgically Targeted Radiation Therapy 
(STaRT) with GammaTile for Treatment of Newly 
Diagnosed Metastatic Brain Tumors (ROADS; 
NCT04365374)

BACKGROUND: It is estimated that 20% 
to 40% of all patients with cancer develop brain 
metastases.1 In fact, it is estimated that 200,000 
new cases of brain metastases are diagnosed 
each year.2 The size of the metastatic lesion 
often drives the treatment approach taken. 
Larger (>2 cm) symptomatic lesions that are 
in an accessible location are typically resected 
and the surgical bed is often treated with 
stereotactic radiotherapy (SRT). SRT improves 
local control over resection alone, with a rate of 
local recurrence-free survival of approximately 
61% to 72% at 12 months,3,4 and has become the 
preferred standard of care.5

However, in patients who receive SRT 
treatment in the postoperative setting, radiation 
necrosis rates can be signi�cant, with an 
incidence rate upward of 18.2%.6 There is an 
unmet need for an adjunctive radiation therapy 
approach that may improve the rate of surgical 
bed control without the inherent risk of brain 
injury to normal tissue. In addition, this new 

therapy lowers the incidence of hair loss as an 
adverse effect and does not negatively impact 
wound healing.

GammaTile (offered by GT Medical Technologies, 
Inc) is an FDA-cleared device that consists of 
four cesium-131 radiation-emitting seeds in a 
collagen tile approximately the size of a postage 
stamp. These tiles are used to line the brain cavity 
immediately after resection of the tumor. This 
approach to Surgically Targeted Radiation Therapy 
(STaRT) has a number of bene�ts, including an 
immediate start of radiation treatment after 
tumor resection when the disease burden is at a 
minimum (instead of having to wait 3 to 4 weeks 
until the surgical wound heals); optimization of 
radiation dosimetry, allowing the highest dose in 
the region of the tumor and a lower dose in normal 
surrounding tissue; and visible surgical bed tissue 
during the time of tile placement, allowing for 
precise targeting of radiation therapy. Additionally, 
patients do not need to return as an outpatient for 
radiation treatment.

The purpose of this trial is to compare 
surgical tumor removal followed by SRT against 
surgical tumor removal followed by STaRT 
utilizing GammaTiles. The primary end point is 
surgical bed recurrence-free survival. Secondary 
end points include overall survival, physical 

ROADS TRIAL

STUDY SCHEMA. R + SRT VERSUS R + GAMMATILE THERAPY

Enrollment, pre-op randomization

Surgery scheduled

Surgery + GT Surgery + SRT

Multiple MultipleSolitary Solitary

SRT to 
remaining and 

new lesions

SRT to bed, 
remaining, and 

new lesions

SRT to bed and 
new lesions

MRI* at 
~3 weeks

CRITERIA, ALL HISTOLOGIES
• Index Lesion 2.5-5 cm
• Up to 3 nonindex lesions
• Primary end point: surgical bed recurrence-free survival

*MRI to assure any 
new lesions are treated 
similarly in other arm

For full reference list, visit 
cancernetwork.com/ROADStrial

GT, GammaTile; pre-op, preoperative; R, radiotherapy; SRT, stereotactic radiotherapy.

function, neurocognitive status, quality of life, 
and safety. ROADS is a multicenter randomized 
controlled trial funded by GT Medical Technologies 
(NCT04365374). The study opened for enrollment 
in April 2021.

KEY INCLUSION/EXCLUSION 
CRITERIA: Adult patients with 1 to 4 newly 
diagnosed brain metastases with 1 lesion 
(between 2.5 cm and 5.0 cm), the largest being 
called the index lesion and planned for surgical 
resection. Nonindex lesions must measure <4.0 
cm. Previous and/or concurrent treatment with 
systemic therapies (eg, chemotherapy, targeted 
therapeutics, immunotherapy) is permitted. 
Patients must have a Karnofsky Performance 
Status score of ≥70 and have stable systemic 
disease or reasonable systemic treatment options 
predicting a life expectancy of ≥6 months. 
Patients must be �uent in the English language 
to allow for completion of neurocognitive tests. 
Past radiation or surgical therapy to the index 
lesion or the newly diagnosed nonindex lesion(s) 
is exclusionary. However, up to a total of 2 prior 
courses of SRT treatment to previously diagnosed 
lesions are allowed, as long as any treated 
lesions were greater than 15 mm from the index 
lesion. 

PATIENT ACCRUAL INFORMATION:
 � Accrual goal: 180
 � Percent accrued: 2% accrual completed

STUDY SITES: Fourteen sites are at various 
stages of trial activation. A total of 4 sites are 
open to accrual: The University of Texas MD 
Anderson Cancer Center, Piedmont Healthcare, 
University of Texas Southwestern Medical Center, 
and Keck School of Medicine of the University of 
Southern California.
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ONCOLOGY® Reviews Key Presentations From the
2021 European Hematology Association Congress

Combination Therapy With Ibrutinib 
and Venetoclax Bests Chlorambucil/
Obinutuzumab for CLL

Fixed-duration ibrutinib (Imbruvica) and venetoclax (Ven-
clexta) for patients with newly diagnosed chronic lymphocytic 
leukemia (CLL) led to better progression-free survival (PFS) out-
comes than chlorambucil plus obinutuzumab (Gazyva), accord-
ing to data from the phase 3 GLOW study (NCT03462719).

Patients were randomized in a 1:1 fashion to receive ei-
ther 420 mg daily of ibrutinib for a 3-day cycle followed, 
for 12 cycles, by the same dose of ibrutinib plus venetoclax, 
which was ramped up from 20 mg to 400 mg; or 0.5 mg/kg 
of chlorambucil on days 1 and 15 for 6 cycles plus 1000 mg 
of obinutuzumab on days 1, 2, 8, and 15 of the � rst cycle and 
day 1 of cycles 2 through 6. Patients were strati� ed by IGHV
mutational status and the presence of del(11q).

The primary end point for this study was PFS as assessed 
by independent review committee (IRC). Key secondary end 
points included undetectable minimal residual disease (MRD) 
in bone marrow, the rate of complete response (CR) assessed 
by IRC, overall response rate  assessed by IRC, overall survival, 
and safety.

After median follow-up of 28 months, ibrutinib plus vene-
toclax reduced the risk of disease progression or death by 
78% (HR, 0.216; 95% CI, 0.131-0.357). CR was higher in 
the ibrutinib/venetoclax group vs the chlorambucil/obinu-
tuzumab group (38.7% vs 11.4%; P < .0001). At 2 years, 
most patients receiving ibrutinib plus venetoclax maintained 
a response (90%) vs chlorambucil plus obinutuzumab (41%). 

Ibrutinib plus venetoclax led to higher undetectable MRD 
rates compared with chlorambucil plus obinutuzumab as as-
sessed in the bone marrow (51.9% vs 17.1%; P < .0001) and 
peripheral blood (54.7% vs 39.0%; P = .0259). After 1 year, 

85% of patients had undetectable MRD and sustained their 
status when taking the ibrutinib/venetoclax treatment. 

Median exposure for ibrutinib plus venetoclax and chloram-
bucil plus obinutuzumab was 13.8 months and 5.1 months, 
respectively. Data on overall survival are still immature.

In the ibrutinib/venetoclax arm, 11 deaths occurred vs 
12 deaths in the chlorambucil plus obinutuzumab arm 
(HR, 1.048; 95% CI, 0.454-2.419). Causes of deaths in both 
study arms were similar with the most common causes being 
infections and cardiac events. 

 For the full article, visit cancernetwork.com/GLOW_EHA2021

Cilta-cel Improves Responses and 
Survival Over SOC Regimens in 
Triple-Class Exposed Multiple Myeloma

The comparative ef� cacy of ciltacabtagene autoleucel (cilta-cel) 
to treat patients with triple-class exposed relapsed/refractory 
multiple myeloma in the CARTITUDE-1 trial (NCT03548207) 
was signi� cantly improved over treatment with standard of care 
(SOC), according to data presented at the 2021 European He-
matologic Association Congress.

Investigators found that end points of overall response rate 
(ORR), complete response (CR), and progression-free survival 
(PFS) were superior with cilta-cel vs the control data taken 
from trials of the anti-CD38 monoclonal antibody daratu-
mumab (Darzalex), the current SOC. 

Patients in the SOC cohort were from 3 different trials: the 
phase 3 POLLUX (NCT02076009) study, which investigated 
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daratumumab plus lenalidomide (Revlimid) and dexameth-
asone vs lenalidomide and dexamethasone; the CASTOR 
trial (NCT02136134), which looked at daratumumab plus 
bortezomib (Velcade) and dexamethasone vs bortezomib 
and dexamethasone; and the phase 1b EQUULEUS trial 
(NCT01998971) of daratumumab plus standard multiple 
myeloma regimens. 

Median follow-up for patients taking cilta-cel in CARITI-
TUDE-1 and for the SOC cohort was 18 months and 16.9 
months, respectively. 

Prior to adjusting for clinical factors, cilta-cel treatment was 
associated with an ORR of 97.9% vs 37.8% with SOC (odds 
ratio [OR], 78.06; 95% CI, 24.20-478.16; P < .0001). The CR 
rate was 80.4% and 1.6% for cilta-cel and SOC, respectively 
(OR, 254.53; 95% CI, 105.87-724.78; P < .0001).

After adjustments, the SOC cohort had an ORR of 33.6% 
(OR, 133.01; 95% CI, 35.71-887.29; P < .0001) and a CR or 
better rate of 0.7% (OR, 754.27; 95% CI, 114.19-35,258.00; 
P < .0001). When investigators looked at PFS and overall sur-
vival (OS) for cilta-cel, they found it was improved vs SOC 
treatment. The reduction of risk of disease progression or death 
was 76% and the reduction of risk of death was 79%.

Median PFS in the SOC and cilta-cel groups was 5.59 
months and 23 months, respectively. Median OS for patients 
treated with SOC was 10.9 months, while median OS was not 
reached with cilta-cel. 

 For the full article, visit cancernetwork.com/cilta-cel_EHA2021

Intensified Daratumumab Induction Leads 
to Promising Response in Ultra High–Risk 
Multiple Myeloma

For patients with ultra high–risk multiple myeloma or primary 
plasma cell leukemia (pPCL), intensi�ed induction therapy with 
daratumumab (Darzalex) plus cyclophosphamide, bortezomib, 
lenalidomide (Revlimid), and dexamethasone (dara-CVRd) fol-
lowed by bortezomib-augmented autologous stem cell trans-
plant (ASCT) resulted in deep remissions, according to data 
reported from the prospective OPTIMUM/MUKNINE trial 
(NCT03188172).

The OPTIMUM trial included patients with pPCL (n = 10) 
or with suspected newly diagnosed multiple myeloma (n = 462) 
who were �t for intensive therapy. Genetic marker and gene 
expression testing was performed on bone marrow aspirate to 
determine a population of patients with ultra high–risk disease 
(n = 128) who went on to receive dara-CVRd plus ASCT. The 
primary end points were minimal residual disease (MRD) and 
response after induction and ASCT.

Patients received induction treatment with daratumumab at 
16 mg/kg for 2 cycles on days 1, 8, and 15, followed by the same 
dose on day 1 of each subsequent cycle. Cyclophosphamide 
was administered at 500 mg on days 1 and 8; bortezomib at 
1.3 mg/m2 on days 1,4, 8, and 11; lenalidomide at 25 mg on 
days 1 through 14; and dexamethasone at 40 mg on days 1, 4, 
8, and 11, all for a maximum of six 21-day cycles. 

Of the 107 patients who received at least 1 dose of study 
treatment, 2 patients died early from myeloma-related infec-
tions. One hundred patients completed induction and 92 (of 
94 eventually eligible) went on to have ASCT.

Patient characteristics indicated an ultra  high–risk popu-
lation, with 53% having double-hit genetics and 77% with 
SKY92 risk signature present. About 30% of patients had 
both double hit and SKY92.

In the evaluable population (n = 102), the overall response 
rate (ORR) was 99%. It was composed of 23% complete re-
sponses (CRs), 61% very good partial responses (VGPR), and 
16% partial responses (PRs). On days 100 to 120 post ASCT, 
the ORR was 93%, with 52% CRs, 35% VGPRs, and 5% 
PRs. MRD negativity was 50% at the end of induction and 
82% post ASCT. 

In the safety population, the ORR was 94% and the CR 
rate was 22% at the end of induction; the corresponding rates 
were 83% and 47% on day 100 to 120 post ASCT. VGPR was 
80% and 79%, respectively, between the 2 groups, with the 
MRD negativity at 41% at the end of induction and 63% on 
day 100 to 120 post ASCT. 

In evaluable patients with pPCL (n = 8), 25% each had CRs, 
VGPRs, PRs, and progressive disease. 

Grade 2 events included anemia (18.7%), neutropenia 
(15.0%), thrombocytopenia (10.3%), infection (17.8%), pain 
(22.4%), fatigue (15.9%), and neuropathy (12.1%). Grade 3/4 
events included anemia (4.7%), neutropenia (20.5%), throm-
bocytopenia (12.2%), and infection (12.1%).

 For the full article, visit cancernetwork.com/OPTIMUM_EHA2021

Read this and more online at www.cancernetwork.com/conference
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Follicular lymphoma (FL) is an indolent 
lymphoma of germinal center B cells 
and accounts for approximately 35% 

of non-Hodgkin lymphomas.1 CancerNet-
work® met with Javier L. Munoz, MD, MS, 
FACP, director of the Lymphoma Program 
at Mayo Clinic in Phoenix, Arizona, to 
discuss recent updates on therapies for 
relapsed/refractory FL.

Selection of Therapy for 
First Relapse
Munoz said that the intent of therapy for 
FL is generally palliative, not curative, 
as most patients eventually relapse after 
frontline therapy; however, the timing of 
the � rst relapse should be considered when 
selecting treatment. 

“A short relapse post � rst-line therapy 
is more ominous prognostically com-
pared to the patient that is facing relapse 
10 years after � rst-line therapy,” he said, 
adding that progression of disease within 
24 months is associated with particularly 
poor prognosis. 

The National Comprehensive Cancer 
Network (NCCN) guidelines mention 
multiple options for treatment of � rst 
relapse,2 and Munoz said that the selec-
tion of treatment should consider disease-
related factors (rate of disease progression, 
evidence of histologic transformation, and 
� rst-line therapy) and patient factors (age, 
performance status, and comorbidities). 

Munoz said that he looks to select 
therapies that have demonstrated improve-
ments in overall survival, although he not-

ed that primary end points in clinical trials 
of FL (commonly progression-free survival) 
may not be aligned with the most important 
end points for patients, notably good, long-
term outcomes with low toxicity. 

Options for Third-Line Therapy
The NCCN guidelines for FL include 
several options, such as PI3K inhibitors, 
anti-CD19 chimeric antigen receptor (CAR)  
T-cell therapy with axicabtagene ciloleucel 
(Yescarta), or tazemetostat (Tazverik), a 
� rst-in-class oral EZH2 inhibitor directed 
toward the EZH2 gene and some EZH2
gain-of-function mutations, which occur 
in approximately 20% of patients with FL, 
according to Munoz.2

However, Munoz noted that tazemeto-
stat has been shown to have some positive 
activity in patients with EZH2 wild-type 
FL, as well.3 An open-label, single-arm, 
phase 2 trial (NCT01897571) that adminis-
tered tazemetostat to patients with FL who 
had relapsed or were refractory to 2 or more 
prior lines of systemic therapy showed that 
the objective response rate was 69% in the 
EZH2-mutant cohort and 35% in the wild-
type. Median progression-free survival was 
13.8 months in the EZH2-mutant cohort 
and 11.1 months in the wild-type.4 Rates of 
grade 3 or higher events were uncommon 
across both cohorts (thrombocytopenia, 
3%; neutropenia, 3%; and anemia, 2%). 
Munoz concluded that tazemetostat is an 
effective and safe oral option for relapsed/
refractory FL that has progressed on 2 or 
more prior systemic therapies.4

Javier L. Munoz, MD, MS, FACP 
Mayo Clinic
Phoenix, AZ

FOR MORE INFORMATION, 
WATCH THE FULL PROGRAM AT 
cancernetwork.com/oncview/

updates-in-therapies-of-relapsed-
and-refractory-follicular-lymphoma

In this CancerNetwork®

OncView™ program, “Updates 
in Therapies of Relapsed 
and Refractory Follicular 

Lymphoma,” faculty panelist 
Javier L. Munoz, MD, MS, FACP, 

shared clinical experiences 
and perspectives regarding 
treatments in the disease 
space.This article provides 

highlights of the discussion.
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Conclusions
Munoz said that, given the nature of the 
multiple relapses with FL, tazemetostat 
will likely be used at some point during the 
patient’s treatment journey. He concluded 
that, in his practice, he favors prescribing 
tazemetostat and other oral novel agents 
over IV chemotherapies, as they permit 
patients to stay home as much as possible. 
However, he said that he also considers 
enrolling patients in a clinical trial (if avail-
able) or treating patients with CD19-direct-
ed CAR T-cell therapy if they have relapsed 
after a short remission and can tolerate the 
expected toxicity. “I’m very happy to have 
oral therapies available, particularly as my 
treatment focuses on symptom control and 

improvement of quality of life instead of 
other end points,” said Munoz.  
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“I’m very happy to have oral therapies available, particularly
as my treatment focuses on symptom control and

improvement of quality of life instead of other end points.” 
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In a recent OncView™ discussion, Lee  S. 
Schwartzberg, MD, executive director 
of West Cancer Center and chief of the 

Division of Hematology & Oncology 
at The University of Tennessee Health 
Science Center in Memphis, addressed the 
National Comprehensive Cancer Network 
(NCCN) Guideline updates for hormone 
receptor (HR)-positive breast cancer, the 
use of extended adjuvant therapy for this 

disease, and the role of genomic assays in 
this therapy. 

Schwartzberg explained that adjuvant 
endocrine therapy bene� ts breast cancer 
patients who are HR-positive, whether 
they have received chemotherapy or not; 
it is typically given for 5 years and is 
generally well tolerated. He highlighted 
that the therapy can have a carryover 
effect, working 5 years beyond the end of 
treatment. Moreover, trials in the 1990s 
and early 2000s showed that extending 
therapy beyond the initial 5 years can ben-
e� t patients modestly. Since these trials, 
clinicians have tried to determine which 
patients benefit most from extended 
adjuvant therapy, to minimize the toxic-
ity of extended therapy, and to improve 
invasive disease-free survival. 

Schwartzberg noted that newer genom-
ic assays help clinicians to determine the 
prognostic and predictive value of ad-
juvant therapy. These assays look at an 
expression panel of genes in the tumor, 
help clinicians to make decisions about  
upfront chemotherapy, and are used 
broadly. However, he added, genomic 
expression pro� les are not used to make 
decisions regarding adjuvant endocrine  
therapy because this therapy is typically 
offered to any patient who is HR-positive.

“I have used genomic assays since they 
� rst came on the scene, and I have found 
them extremely helpful over the years. 
That said, I don’t use them in every single 
patient with early-stage breast cancer,” 
Schwartzberg said. 

He added that the NCCN recognizes 
several genomic assays, all of which 
are prognostic and some of which are 
predictive for chemotherapy. Moreover, 
Schwartzberg noted, the NCCN has 
expanded its genomic assay recommen-
dations to include the Breast Cancer 
Index (BCI), which is prognostic and can 
predict the bene� t of extended adjuvant 
endocrine therapy for a patient. The 
NCCN bases these updates upon recent 
clinical trial data, including those from 
the RxPonder and MINDACT trials 
(NCT01272037 and NCT00433589).

Schwartzberg noted that the NCCN 
guidelines accurately re� ect the value of 
genomic assays, which helps clinicians to 
make decisions about extended adjuvant 
endocrine therapy. Such decisions can be 
especially dif� cult for patients at interme-
diate clinical risk for recurrence. 

Schwartzberg concluded by empha-
sizing the value of genomic assays for 
patients with early-stage HR-positive 
breast cancer:

“I have to underscore…that the ma-
jority of these patients do extremely well 
today because we have the tools now to 
know when to give them chemotherapy, 
when to give them adjuvant endocrine 
therapy, and when to give extended 
adjuvant endocrine therapy.” 

REFERENCE
NCCN. Clinical Practice Guidelines in Oncology. Breast 
cancer, version 5.2021. Accessed July 17, 2021. https://
www.nccn.org/professionals/physician_gls/pdf/breast.pdf
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readability.
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MRD and Decision-Making in
Early-Stage Colorectal Cancer

Identifying patients with colorectal 
cancer who are at high risk for re-
currence following surgical resection 

is currently a major challenge.1 The 
clinicopathologic characteristics being 
used to identify at-risk patients have poor 
predictive value, resulting in under- and 
overtreatment of a substantial number 
of patients.2 The use of circulating tumor 
DNA (ctDNA) as an early indicator 
of minimal residual disease (MRD) in 
early-stage colorectal cancer was the 
topic of discussion in a recent OncView™ 

featuring insights and perspectives from 
Christopher Lieu, MD, from the University 
of Colorado School of Medicine, Denver, 
and Daniel Ahn, DO, from Mayo Clinic 
in Phoenix.

The current standard of care for 
early-stage colorectal cancer consists of 
surgical resection followed by adjuvant 
chemotherapy (AC) in patients deemed to 
be at high risk of recurrence based on the 
presence of certain clinicopathologic fea-
tures.2,3 The goal of AC is to eradicate any 
post-surgery MRD that is undetectable by 
radiographic or biochemical methods so 
as to prevent recurrence.2

In the absence of high-risk clinicopath-
ological features, patients with early-stage 
disease are not typically offered AC as 
standard of care.3 Although this approach 
spares most patients from unnecessary ex-
posure to chemotherapy, patients who are 
initially identi� ed as low-risk can experi-
ence recurrence. Adjuvant chemotherapy 
would be considered for these patients if 
evidence of MRD is identi� ed.

High-risk clinicopathological charac-
teristics currently used to identify those 

who are at high-risk for stage 2 colon 
cancer and who should receive ACT 
include American Joint Committee on 
Cancer (AJCC) primary tumor stage 4 
(T4; primary tumor has invaded visceral 
peritoneum or has invaded or adhered 
to an adjacent organ or structure),3 poor 
differentiation, lymphovascular and/or 
perineural invasion, obstruction or per-
foration at the time of surgery, and too few 
lymph nodes removed during surgery to 
assess for distant disease (de� ned as <12 
nodes removed). Surveillance tools cur-
rently used to detect relapse in colorectal 
cancer include radiographic imaging and 
the presence of carcinoembryonic antigen 
(CEA) biomarker, a protein found at high 
levels in the tissue of a developing baby but 
that is normally low or absent in a healthy 
adult unless certain types of cancers such 
as colorectal cancer are present.3,4

ctDNA is fragmented DNA released 
from neoplastic cells into the bloodstream 
that carry tumor-speci� c genomic alter-
ations and make up a portion of the total 
cell-free DNA (cfDNA) in circulation.2

Ahn explained, “Cell-free DNA is shed 
from all the cells in the body, including 
normal cells and tumor cells, and it can 
be detected from a routine blood draw. 
As tumor tissues undergo apoptosis and 
necrosis, fragments of this tumor-derived 
DNA [are] released into the bloodstream. 
ctDNA is the proportion of tumor [DNA] 
and cell-free DNA.” Emerging research 
suggests that ctDNA can indicate the 
presence of minimal residual disease 
(MRD) following surgical resection and 
predict risk of recurrence with a high 
degree of precision.2

Daniel Ahn, DO
Mayo Clinic in Phoenix

Christopher Lieu, MD
University of Colorado School

of Medicine, Denver

Scan QR code for the
complete video series.

Lieu and Ahn shared clinical 
experiences and perspectives 
on MRD and decision-making 

in early-stage colorectal cancer. 
This article provides highlights 

of the discussion. 
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Neoplastic cells in malignant tumors 
have a rapid cell turnover rate and are 
therefore continuously releasing DNA 
fragments into the bloodstream. These 
bits of DNA released into circulation 
undergo degradation by blood nucleases 
and then are cleared by the liver and 
kidneys. Degradation and clearance of 
ctDNA occurs rapidly, giving it a very 
short half-life, ranging from 16 minutes 
to 2.5 hours.2

As explained by Lieu, the short half-
life of ctDNA is bene�cial. “[B]ecause the 
half-life of ctDNA is so short, [it] repre-
sent[s] a way to test sequencing [of the 
tumor] in real-time without the need for 
tissue…[it’s] giving you a good snapshot 
of what’s happening in the body at that 
time,” he said.

The likelihood of detecting ctDNA 
in the bloodstream is dependent upon 
tumor burden. Detection rates for colon 
cancer are relatively high prior to surgical 
resection (73% and 100% for localized 
and metastatic disease, respectively) and 
much lower following surgical resection 
(10%-15% and 50% for stage 2 and stage 
4 disease, respectively). The proportion of 
cfDNA that is ctDNA following curative 
surgery in early-stage colorectal cancer is 
typically less than 0.1%.2

Detection of ctDNA can be performed 
via polymerase chain reaction (PCR) or 
NGS (next-generation sequencing)-based 
assays. A ctDNA assay that utilizes a per-
son’s own tumor tissue to identify target 
mutations requires use of NGS and is 
known as a tumor-informed assay.2

As Ahn explained, “Following the sur-

gical resection of a colon primary [tumor], 
tumor tissue is sequenced using NGS 
where a personalized tumor-informed 
ctDNA assay is created for that individual 
patient. The purpose of this assay is to 
detect recurrence [of disease] based [on] 
the genomic alterations that were initially 
identi�ed in the patient’s tumor tissue.”

Lieu added that “the genomic pro�ling 
of tumors through ctDNA can provide 2 re-
ally critical pieces of information. The �rst 
is that ctDNA can be detected, which means 
that there’s…a tumor in the body that’s 
releasing the ctDNA into the bloodstream. 
The second piece of information that’s  
really important is the real-time mutational 
pro�ling of the tumor, which may guide 
therapy.” He also added that serial ctDNA 
monitoring for MRD or drawing blood 
for ctDNA detection at regular intervals 
can improve the sensitivity and speci�city  
for recurrence. 

“[P]atients who are ctDNA-positive 
and remain ctDNA-positive over time…
have [an] incredibly high risk for 
recurrence,” Lieu noted. “[P]atients 
that are ctDNA-negative and remain  
ctDNA-negative…[are] very, very unlikely 
to have a recurrence. [I]f patients are 
ctDNA-negative and then convert to 
ctDNA positivity, [they are] likely to have 
tumor recurrence because you’re detecting 
that ctDNA from the microscopic disease.”

In a recent study presented at the 2021 
meeting of the American Society of Clin-
ical Oncology (ASCO), Henriksen and 
colleagues provided data on the use of a 
ctDNA assay called SignateraTM among 
218 patients with stage 1 to 3 colorectal 

cancer. Of the 9% (20/218) of patients 
with stage 1 to 3 colorectal cancer who 
tested positive for MRD following surgery, 
recurrence occurred in 75% (15/20). The 
recurrence rate among those who were 
MRD-negative following surgery was 
only 13.6% (27/198). In a subset analysis 
of this same study (n = 155), ctDNA pos-
itivity was signi�cantly associated with 
relapse-free survival (HR, 7.1; P < .001), 
compared to CEA (HR, 1.2; P = .73). The 
investigators also found that post-surgical 
serial testing of ctDNA detected MRD up 
to a median of 8 months (0.56 to 21.6 
months) ahead of recurrence detected via 
standard radiologic imaging techniques.1

Henriksen and colleagues noted that the 
25% of patients who had tested positive 
for MRD and did not experience relapse 
had all been given AC.1 Lieu pointed out 
that this does not necessarily prove that 
AC was life-saving for these 5 patients, 
but it is a promising association that can 
be used as a springboard for further study.

“[T]he Henriksen study really does �t 
in nicely with the other studies that have 
been done,” said Lieu. “The main implica-
tion…is that…the presence of ctDNA [is] 
highly associated with relapse and that 
the absence of ctDNA [is associated with] 
a lower risk of relapse. [This and other 
studies] really cement ctDNA as the most 
impactful prognostic marker we’ve ever 
seen in colorectal cancer,” he said.

Genomic mutations that are driver mu-
tations differ from those that are passenger 
mutations, but identifying either type in 
the blood can provide helpful information. 
As their name implies, driver mutations 
provide a fundamental growth advan-
tage to cancer cells, explained Lieu, and 
identifying them is critical to effectively 
targeting metastatic disease. Lieu noted 
that according to 1 study, approximately 
1 out of every 10 mutations detected in a 
cancer are considered driver mutations.

Passenger mutations, on the other 
hand, don’t necessarily determine the 
development of the cancer, nor are they 
predictive of the cancer’s metastatic po-
tential. However, as Lieu pointed out, 

“Following the surgical resection of a colon primary 
[tumor], tumor tissue is sequenced using NGS where a 
personalized tumor-informed ctDNA assay is created 
for that individual patient...” 

-Daniel Ahn, DO
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“the detection of passenger mutations can 
be helpful,” particularly in the setting of 
early-stage colorectal cancer. 

A challenge with ctDNA assays is that 
mutations among aging hematopoietic 
stem cells can be misinterpreted as being 
positive for MRD. These mutations are 
referred to as clonal hematopoiesis of 
indeterminate potential (CHIP). How-
ever, newer ctDNA assays, such as the 
Signatera™ assay, have a lower false pos-
itive rate due to the elimination of both 
CHIP and germline mutations from its 
tracking set.

Both Lieu and Ahn noted that although 
ctDNA assays testing for MRD are not yet 
being used in a predictive sense to shape clin-
ical decision-making for treatment, they are 
incredibly useful as prognostic indicators.

“I think we’re quickly � nding that 

ctDNA is certainly way more prognostic 
than any of [our currently utilized] clin-
ical features or any of these clinical fea-
tures [used] in combination,” said Lieu. 
“ctDNA really is the most prognostic 
thing that we’ve seen in early-stage col-
orectal cancer. [T]he studies show almost 
a 100% positive predictive value [PPV] 
for disease recurrence if the ctDNA is 
present,” he explained. On the other hand, 
“if patients are ctDNA-negative postop-
eratively, and…remain ctDNA-negative, 
we know that [these] patients have an 
extremely good prognosis and that the 
disease-free interval in [this] group is very, 
very high.”

Ahn added that detection of MRD via 
ctDNA “is a better and more sensitive 
assay compared to our currently used 
surveillance tools.”

Regarding personalized MRD testing 
in colorectal cancer, Lieu said, “what 
we’re really interested in is the next step: 
Can we really act on [the] information 
[that is obtained from ctDNA assays]? 
And can that information save lives?…
My opinion is that the trials that are cur-
rently underway and…in development 
are really going to tell us whether or not 
we can act on this information….In the 
future, we will have additional data to 
tell us how we might guide therapy with 
the use of these tests…to tell us if there’s 
something more that we can do for the 
patients with ctDNA positivity, and also 
if we can deescalate treatment for patients 
that are ctDNA-negative.” 
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“I think we’re quickly � nding that ctDNA is certainly 
way more prognostic than any of [our currently utilized] 
clinical features or any of these clinical features [used] 
in combination,” 

-Christopher Lieu, MD
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ACTIVITY 
As the clinical world drives toward deliv-
ering on the promise of precision medi-
cine, the timing is right to examine areas 
where large strides have been made. An 
excellent example of this is the treatment 
of tumors with rearrangements or fusions in 
the neurotrophic tyrosine receptor kinases 
(NTRK) gene family. True to their name, 
NTRK genes play an important role in neu-
ronal differentiation, growth, and survival.1

Oncogenic fusions involving one of the 
NTRK genes are known driver alterations 
for numerous adult and pediatric tumor 
types, including colorectal cancer (CRC), 
non-small cell lung cancer (NSCLC), thy-
roid cancer, glioblastoma, secretory breast 
carcinoma, infantile �brosarcoma, and 
mesoblastic nephroma.1-3 The frequency of 
NTRK fusions in tumor types vary widely 
and are linked to the tissue of origin for the 
tumor.  

The three members of the NTRK
family, NTRK1, NTRK2, and NTRK3, 
have a similar structure and encode for 
proteins called tropomyosin-related ki-
nases A, B, and C (TRKA, TRKB, and 
TRKC), respectively. The TRKs are trans-
membrane receptors that dimerize upon 
neurotrophin binding to 
the extracellular region. 
Ligand binding also acti-
vates the intracellular ki-
nase domains, which leads 
to receptor phosphoryla-
tion and the initiation of 
signaling.1-3 Activation of 
the signaling pathways 
associated with TRKs, the 
protein lipase C-  (PLC 
), the mitogen-activated 

protein kinase (MAPK), 
and the phosphatidyli-
nositol-4,5-bisphosphate 
3-kinase (PI3K) pathways, lead to an 
increase in neural cell proliferation, sur-
vival, invasion and are pro-angiogenic. 
Oncogenic TRK fusions uncouple the 
signaling pathways from the control of 
ligand binding and typically cause con-
stitutive activation.1-3

The landmark approval of �rst-gener-
ation TRK inhibitors (TRKis), larotrec-
tinib and entrectinib, from the United 
States Food and Drug Administration 
(FDA) represented the �rst drug approv-
als of a targeted therapy for a tumor-ag-
nostic for indication.1,4 Both agents are 
approved for any solid tumor in pediatric 
and adult patients that is positive for an 
NTRK fusion.5,6 Since then, newer agents 
have entered clinical development for use 
in patients with NTRK fusions, such as 
selitrectinib and repotrectinib, which are 
advantageous for overcoming on-target 
resistance to �rst-generation TRKis.4

Alexander Drilon, MD, reviews the role 
of NTRK fusions in tumorigenic process-
es in a broad array of tissue types, the 
strategies for identifying patients who 
have aberrant NTRK signaling, and some 
advances regarding targeted inhibition of 
members of the TRK family.  

Q: What types of fusion partners or 
domains impact NTRK signaling 

in tissues and play a role in neoplastic 
transformation?

DRILON: The structure of an activating TRK 
fusion is like that of many other fusions 

in that you have the ki-
nase domain of one of the 
three NTRK genes in the 
downstream 3’ position 
fused to the 5’ portion of 
a variety of genes.7 If you 
look across the literature, 
there are many different 5’ 
partners that lie upstream 
of the NTRK kinase do-
main, but there are some 
which are more common. 
An example of this would 
be the canonical fusion of 
the NTRK3 kinase do-

main with the 5’ DNA-binding domain 
of ETV6.7 We �nd this fusion in some can-
cers that are highly enriched for NTRK
fusions, like secretory carcinomas of the 
salivary gland, secretory breast carcino-
mas, congenital �brosarcomas.1 Beyond 
ETV6-NTRK3, there are indeed other 

common and more uncommon fusion 
partners that have been found.

NTRK fusions are similar to ALK, 
ROS1 and RET fusions, for which the 
3’ kinase domain is usually intact.7,8 At 
the 5’ end, fusion partners can contrib-
ute a variety functional moieties. Fusion 
partners can, for example, include known 
dimerization domains, such as coiled coil 
domains or DNA-binding domains where 
it binds with a promoter that increases 
the expression of the kinase.7 A common 
endpoint is thus constitutive activation of 
the TRK kinase function and downstream 
signaling pathways, such as the MAP ki-
nase pathway and others that activate 
oncogenesis, growth, and metastases.1

Q: How do you identify patients who 
have NTRK tumor mutations?

DRILON: That is a very important question 
because if these fusions are not found, we 
have no way of triaging patients to target-
ed therapy. There have been proposals for 
testing algorithms based on the frequency 
of NTRK fusions, insurance coverage, and 
resource environments.9-11 The type of can-
cer in question is important because the fre-
quency of these fusions varies widely. There 
are the rare cancers where the frequency of 
NTRK fusions is greater than 90% and is 
almost pathognomonic of the disease state. 
There are other cancers where the frequen-
cy of NTRK fusion is much lower, and these 
tend to be the cancers that are much more 
common in the population than cancers 
with a high frequency, like congenital �bro-
sarcoma, congenital mesoblastic nephro-
ma, and secretory carcinomas of the breast 
and salivary gland.1 Payer coverage must 
be considered to understand what up front 
assay to select. 

Q: What tests are best for NTRK 
fusions? 

DRILON: The best test to �nd an NTRK fu-
sion is next-generation sequencing (NGS), 
and I’ll go one step further, and say that 
we’ve found that if you interrogate both 
DNA and RNA via NGS, that the like-
lihood of seeing these NTRK fusions is 

The best test 
to �nd an NTRK 

fusion is  
next-generation 

sequencing...
[of] both DNA 

and RNA.
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much higher.12 That is because the way 
that DNA-based NGS �nds these fusions 
relies on substantial intronic coverage, 
which can be challenging when introns are 
expansive. In contrast, RNA looks for the 
fusion product itself without the introns 
and can be less challenging, particularly 
with assays that leverage anchored multi-
plex polymerase chain reaction.

Another bene�t of using NGS is that you 
are able to identify the co-mutational land-
scape. Most of these tumors are genomical-
ly naïve, so that you may �nd the NTRK
fusion and little else. But there are other 
cancers where co-occurring aberrations 
are common, and they might modify the 
likelihood or durability of response to ther-
apy.13 There are rare cases where you see 
something like a KRAS mutation and that 
might prompt you to monitor the patient 
on targeted therapy much more closely. 

I’ll also note that there are certain his-
tologies, like colorectal cancers, where the 
NTRK fusions co-occur with the micro-
satellite instability (MSI)–high phenotype. 
In that situation, immunotherapy is a rea-
sonable option.14 There is no consensus as 
to what to start �rst, but many may start 
with a TRK inhibitor �rst, and then move 
on to something like pembrolizumab. 

Other tests, such as immunohistochem-
istry (IHC), look at the expressed chime-
ric oncoprotein. There is a pan-TRK IHC 
assay that looks for TRKA, TRKB, and 
TRKC. Groups like ESMO (the European 
Society of Medical Oncology) have sug-
gested that pan-TRK IHC be considered 
as a screening tool for patients with can-
cers that have a very high likelihood of 
harboring a fusion and with no access to 
NGS.10 In positive cases, treatment could 
reasonably be started, or orthogonal con-
�rmation of equivocal results by NGS 
could be considered. 

Hopefully, more tumor-agnostic drug 
approvals and the increasing use of ge-
nome-directed therapy will prompt cover-
age for NGS across all cancers. This way, 
NGS could come within reach of diverse 
providers and patients across different 
geographic regions.

Q: Can you explain the relationship 
between first-generation TRK 

inhibitors, next-generation TRK 
inhibitors and on-target resistance? 
DRILON: There are 2 �rst-generation TRK-
is, larotrectinib and entrectinib. Both have 
been approved by the Food and Drug Ad-
ministration and other regulatory envi-
ronments for patients with solid tumors 
containing an NTRK fusion.5,6 The ma-
jor difference between larotrectinib and 
entrectinib is that the former selectively 
inhibits TRKA, TRKB, and TRKC while 
the latter additionally inhibits other ki-
nases like ROS1 and ALK.4 You will note 
that entrectinib also has approval for TKI-
naïve ROS1 fusion positive lung cancers.

The design for these �rst-generation 
TRKis capitalized on a basket trial strat-
egy in which patient eligibility was based 
on the fusion of interest and not tumor 
type. Both TRKi registrational data pro-
grams performed an integrated analysis 
of different trials. For larotrectinib, there 
were 3 trials: an adult phase 1, a pediatric 
phase 1, a phase 2 called SCOUT, and 
then an adult /adolescent phase 2 basket 
trial called NAVIGATE.15 There were also 
3 trials of entrectinib: the STARTRK-1 
phase 1 trial, the STARTRK-2 phase 2 
basket, and the European ALKA study.16,17

Both programs included age-agnostic 
evaluation. Pediatric and adult patients 
were included, differing from the tradi-
tional approach by which the develop-
ment of systemic therapies for pediatric 
patients lagged behind development for 
the adult population. With the support 
of the FDA, we are increasingly including 
pediatric and adolescent/young-adult pa-
tients in clinical trials. 

For larotrectinib, the objective response 
rate (ORR) was 79% with response ob-
served across different cancer types and 
ages.15,18 Responses in the CNS were ob-
served. The median progression-free sur-
vival (PFS) was 28 months and the median 
overall survival (OS) was 44 months. Im-
portant to note, the label for larotrectinib 
includes patients with both stage IV disease 
and with locally advanced, non-metastatic 
disease not amenable to surgery or radia-
tion, and with no satisfactory alternative 
treatment options.6 There were some pe-
diatric patients with congenital �brosarco-
mas of the knee that would have required 
amputation; patients were treated on the 
trial, experienced substantial tumor reduc-
tion, and then received limb sparing surgery. 

The initial data reported for entrec-
tinib focused on the adult study popu-
lation where the ORR was 63%.16 These 
responses were also durable and a median 
PFS and OS of 11 months and 24 months, 
respectively, were achieved. A subsequent 
report for pediatric patients, many of 
whom had primary brain tumors, high-
lighted the drug’s effectiveness in treating 
tumors in the CNS.16

Resistance to �rst generation TRKis 
can occur. On-target resistance happens 
via the acquisition of kinase domain mu-
tations that interfere with drug binding or 
change the kinetics of the kinase preferen-
tially adopting the active versus inactive 
state.1,3.4 Interestingly, many of these are 
paralogs of similar kinase domain muta-
tions that have been described in ALK and 
ROS1 fusion-positive cancers that have 
progressed on targeted therapy.4

This point leads nicely into the topic of 
next-generation TKIs that were designed 

“An important point to make is that when you temporarily 
or permanently stop these drugs, there is a phenomenon 
of withdrawal pain… patients can have full body pain, 
myalgias, arthralgias, and it is important to recognize it.”
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to abrogate on-target resistance, mean-
ing that they have activity against tumors 
with TRK-kinase domain mutations.4

The 2 major next-generation TRKis are 
selitrectinib and repotrectinib, although 
there is a push recently for taletrectinib 
to be explored in patients on an ongoing 
trial.19 Reports for both selitrectinib and 
repotrectinib demonstrated that patients 
whose cancers progressed on larotrectinib 
or entrectinib due to kinase domain mu-
tations and responded to next-generation 
therapy.20,21 We hope to see an approval 
for one or more of the agents in the future.

Q: Can you explain off-target 
resistance?

DRILON: Off-target resistance occurs when a 
cancer starts to rely on oncogenic proteins 
other than TRK. We have seen cancers ac-
quire hotspot KRAS mutations, hotspot
BRAF mutations, and copy number chang-
es like MET ampli�cation.18 There are pre-
clinical studies and a few proof-of-concept 
clinical cases that suggests combination 
therapy could be effective. We have a pa-
tient, for example, that got a MET inhibitor 
added to the TRKi the patient was on after 
the acquisition of MET ampli�cation; dis-
ease control was re-established thereafter.

This speaks to the possibility of leaning 
on targeted therapy again if you know 
the exact mechanism by which a cancer 
has evaded �rst-generation TKI therapy. 
Unfortunately, there are no prospective 
clinical trials of combination therapies to 
my knowledge, but as discussed, proof-
of-concept exists that these are potential 
strategies for patients who progress on 
larotrectinib or entrectinib.22-25

Q: What is the normal physiological 
role of TRK signaling?

DRILON: We knew about the TRK pathway 
before we recognized its role in oncogen-
esis. This goes back to the 1950s when 

the ligands for TRK receptors, or nerve 
growth factor receptors, were identi�ed.1

The normal function of TRKA, TRKB, 
and TRKC was subsequently found to 
play a role in nervous system develop-
ment, differentiation, maintenance.1,4

This is important because inhibition of 
these proteins in normal cells under nor-
mal physiologic conditions can lead to 
what I called on-target adverse effects.4

Q: How do “on-target” adverse 
effects relate to TRK-controlled 

signaling?

DRILON: The �rst generation TRKi agents, 
are well tolerated overall and are associ-
ated with low rates of dose modi�cation 
or discontinuation compared to other 
TKIs.4,18 These drugs are thus amenable to 
long-term use and patients can be targeted 
therapy for years. 

There are a few things that we watch 
out for, though. Weight gain, which impacts 
about half of our patients, is one. This is 
because TRKB is responsible for appetite 
and thirst, and its inhibition or knockout 
of TRKB in preclinical models leads to 
hyperphagia or hyperdipsia.4 You can see 
this in patients as well. Watching weight 
over time is important, and management 
includes diet, exercise, weight modi�cation 
drugs like GLP-1 analogs, metformin, re-
ferral to a weight loss specialist, and dose 
modi�cation or dose reduction if necessary. 

The second on-target adverse effect is 
dizziness, which is more prominent with 
the next-generation drugs. The TRKB and 
the TRKC proteins are involved with pro-
prioception and motor neuron afferents; 
when you inhibit these proteins you can 
get dizziness, imbalance or ataxia. The 
most effective strategy is dose modi�ca-
tion if the dizziness is moderate to severe. 
For low grade dizziness, we have tried a 
few things like meclizine if vertigo is pres-
ent, or midodrine if there is an orthostatic 

problem. It is really important that you 
characterize the type of dizziness, because 
some might have autonomic insuf�ciency 
that causes orthostasis, but others have a 
vertiginous pro�le; supportive care would 
vary depending on the phenotype.1,4 

The third adverse effect is mild pares-
thesias that can be perioral and go away 
after about a month of therapy. This is me-
diated by TRKA inhibition, as TRKA is in-
volved in maintenance of sensory nerves.1

The last point to make here is that 
when you temporarily or permanently 
stop these drugs, withdrawal pain can 
occur.18,26 Biologically that is because the 
TRK pathway is involved with determin-
ing the set point for feeling pain. When 
these drugs are withdrawn, patients can 
have full body pain, myalgias, arthralgias, 
and it is important to recognize it. One 
mitigation strategy here is to down-titrate 
the dose as you are taking somebody off, 
or also consider not stopping the TRKi 
and overlapping it with subsequent 
therapy. These drugs are not highly in-
volved with wound healing or known to 
be strong radiosensitizers, so continuing 
them through a surgical procedure or 
radiation could be considered to avoid 
a pain �are. Beyond down-titration, pa-
tients can get through with NSAIDs or 
opioids as complementary strategies. 
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* Percentages of patients calculated from trials supporting 
FDA drug approvals between July 2008 and June 2018  
that documented the inclusion of White, Asian, Black,  
and Hispanic patients.

Aniyah, 40
Diagnosed with breast cancer

African Americans make up only 3% of participants  
in cancer clinical trials.* Yet they represent 22% of the  
total expected incidence of cancer in the United States. 
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receive a stem cell transplant as soon as they complete 
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other system in Indiana
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