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 THE FIRST AND ONLY ONCE-DAILY ORAL PARP INHIBITOR  
 FOR PLATINUM-RESPONSIVE ADVANCED OVARIAN CANCER1-3

PROVEN EFFICACY IN  
1L MAINTENANCE REGARDLESS 
OF BIOMARKER STATUS1,41DAILY DOSE

Indicated for first-line maintenance treatment of advanced ovarian 
cancer after response to platinum-based chemotherapy. 

1L MAINTENANCE¹

Indication
ZEJULA is indicated for the maintenance treatment of adult patients with advanced epithelial ovarian, fallopian tube, 
or primary peritoneal cancer who are in a complete or partial response to first-line platinum-based chemotherapy.

Important Safety Information
Myelodysplastic Syndrome/Acute Myeloid Leukemia 
(MDS/AML), including some fatal cases, was reported 
in 15 patients (0.8%) out of 1785 patients treated with 
ZEJULA monotherapy in clinical trials. The duration 
of therapy in patients who developed secondary 
MDS/cancer therapy-related AML varied from 0.5 
months to 4.9 years. These patients had received 
prior chemotherapy with platinum agents and/or 
other DNA-damaging agents including radiotherapy. 
Discontinue ZEJULA if MDS/AML is confirmed.
Hematologic adverse reactions (thrombocytopenia, 
anemia and neutropenia) have been reported in 
patients receiving ZEJULA. In PRIMA, the overall 
incidence of Grade ≥3 thrombocytopenia, anemia 
and neutropenia were reported, respectively, in 
39%, 31%, and 21% of patients receiving ZEJULA. 
Discontinuation due to thrombocytopenia, anemia, and 
neutropenia occurred, respectively, in 4%, 2%, and 
2% of patients. In patients who were administered a 
starting dose of ZEJULA based on baseline weight or 
platelet count, Grade ≥3 thrombocytopenia, anemia 
and neutropenia were reported, respectively, in 

22%, 23%, and 15% of patients receiving ZEJULA. 
Discontinuation due to thrombocytopenia, anemia, 
and neutropenia occurred, respectively, in 3%, 3%, 
and 2% of patients. Do not start ZEJULA until patients 
have recovered from hematological toxicity caused by 
prior chemotherapy (≤ Grade 1). Monitor complete 
blood counts weekly for the first month, monthly for 
the next 11 months, and periodically thereafter. If 
hematological toxicities do not resolve within 28 days 
following interruption, discontinue ZEJULA, and refer 
the patient to a hematologist for further investigations.  
Hypertension and hypertensive crisis have been 
reported in patients receiving ZEJULA. In PRIMA,  
Grade 3-4 hypertension occurred in 6% of patients 
receiving ZEJULA vs 1% of patients receiving 
placebo, with no reported discontinuations. Monitor 
blood pressure and heart rate at least weekly for 
the first two months, then monthly for the first year, 
and periodically thereafter during treatment with 
ZEJULA. Closely monitor patients  with cardiovascular 
disorders, especially coronary insufficiency, 
cardiac arrhythmias, and hypertension. Manage 

hypertension with antihypertensive medications 
and adjustment of the ZEJULA dose, if necessary.  
Embryo-Fetal Toxicity and Lactation: Based on 
its mechanism of action, ZEJULA can cause fetal 
harm. Advise females of reproductive potential of 
the potential risk to a fetus and to use effective 
contraception during treatment and for 6 months 
after receiving their final dose of ZEJULA. Because 
of the potential for serious adverse reactions from 
ZEJULA in breastfed infants, advise lactating women 
to not breastfeed during treatment with ZEJULA 
and for 1 month after receiving the final dose.
The most common adverse reactions (Grades 1-4) in 
≥10% of all patients who received ZEJULA in PRIMA 
were thrombocytopenia (66%), anemia (64%), nausea 
(57%), fatigue (51%), neutropenia (42%), constipation 
(40%), musculoskeletal pain (39%), leukopenia (28%), 
headache (26%), insomnia (25%), vomiting (22%), 
dyspnea (22%), decreased appetite (19%), dizziness 
(19%), cough (18%), hypertension (18%), AST/ALT 
elevation (14%), and acute kidney injury (12%).

Common lab abnormalities (Grades 1-4) in ≥25% of all 
patients who received ZEJULA in PRIMA included: 
decreased hemoglobin (87%), decreased platelets (74%), 
decreased leukocytes (71%), increased glucose (66%), 
decreased neutrophils (66%), decreased lymphocytes 
(51%), increased alkaline phosphatase (46%), 
increased creatinine (40%), decreased magnesium 
(36%), increased AST (35%) and increased ALT (29%).

Please see Brief Summary on the following pages.

References: 1. ZEJULA (niraparib) [package insert]. Research Triangle Park, NC: 
GlaxoSmithKline; April 2020. 2. Lynparza (olaparib) [package insert]. Wilmington,  
DE: AstraZeneca Pharmaceuticals LP; December 2019. 3. Rubraca (rucaparib) [package 
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by  RACHEL NAROZNIAK, MA

The approval of anticancer therapies based on molecular features instead of the cancer site of 
origin is changing the field of oncology. The FDA has now approved therapies for indications 
across tumor types based on 3 tumor-agnostic markers: microsatellite instability–high/mismatch 
repair deficiency, NTRK gene fusions, and tumor mutational burden. Experts discuss the impact of 
these approvals and the growing list of potential pan-tumor targets.
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C O N T E N T S Need for Genomic Testing Grows
THE LIST OF MOLECULARLY TARGETED therapies for the treatment of patients with 
cancer continues to grow. In 2019, 13 of the 38 FDA approvals for oncology indications 
required testing for a molecular biomarker.1 Overall, 29 of the 43 clinical guidelines 
developed by the National Comprehensive Cancer Network recommend somatic or germ-
line genetic testing, according to a recent analysis.2

In the past 3 years, we’ve witnessed another advancement in precision medicine, as 
defined by molecular targeting: the rise of tumor-agnostic drug approvals. This devel-
opment has long been the dream of some advocates of targeted therapies, and now the 
number of drug approvals based on molecular characteristics instead of anatomical 
body site has grown to 4.

In this issue of OncologyLive®, we recap the latest developments in this field and look 
forward to novel targets that are being explored in our cover story, “Beyond Cancer 
Type: New Pan-Tumor Targets Emerge.” There certainly will be more therapies approved 
across tumor types or multiple tumor types based on a molecular biomarker; the list of 
relevant genomic alterations will also expand.

These approvals point to a growing need for genetic testing in clinical practice. 
Although we have heard this refrain for several years, it is now evident that molecular 
profiling, whether through a subset of genes or via a broad panel of aberrations, increas-
ingly helps inform therapeutic decision-making. As pan-tumor options keep growing 
and the cost of testing continues to drop, so does the rationale for next-generation 
sequencing of the malignancies of all patients with metastatic cancer.

The challenge for the oncology field is to integrate appropriate testing into clinical 
practice. On that score, signals from recent studies are a mixed bag. An analysis of 
community-based next-generation sequencing testing patterns in the Sarah Cannon 
Research Institute network, based in Nashville, Tennessee, showed that, from 2012 to 
2018, testing rates rose from 5.75 per month to 440 per month, and the number of oncol-
ogists ordering molecular profiling tests increased from 11 to 269.3 However, a study 
of testing uptake over a 4-year period using real-world data from COTA, a health care 
analytics company, found that just 40% of patients with metastatic colon cancer received 
guideline-recommended biomarker testing.4

If the goal is to deliver personalized care to each individual with cancer, the oncology 
community must ensure that appropriate standards, guidelines, and reimbursement are 
in place for molecular testing. We look forward to continuing the discussion and debate 
about best practices for molecular testing in this publication and on OncLive.com.

As always, thank you for reading―and stay safe.
Mike Hennessy Sr

Chairman and Founder
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From the Editor

PERHAPS NO DEBATE is more intense in all of 
clinical investigative medicine than the one on 
the relevance of focusing studies on population- 
based versus molecular-based strategies. Certain 

academic commentators have even used the corona-
virus disease 2019 (COVID-19) pandemic to highlight 
their arguments that the National Institutes of Health 
and other funding agencies should spend less on under-
standing disease entities at the molecular level and 
far more on illnesses affecting large populations. This 
never-ending argument misses the most critical point, 
which is the basic observation that these 2 approaches 
to human disease are complementary rather than in 
conflict or opposition.

To be clear, there can be absolutely no rational “debate” 
about the societal impact of population-based strategies 
conceived with scientific rigor and successfully imple-
mented versus individual molecular approaches to disease 
management. Hands down, population-based strategies 
have always won, and will continue to do so. Who would 
argue with the magnitude of societal benefit of the 
multidecade smoking cessation efforts in the United 

States in reducing the incidence of lung cancer and other 
tobacco-associated illnesses versus the degree of impact 
resulting from the delivery of EGFR tyrosine kinase inhib-
itors in the presence of an activating EGFR mutation in 
patients with metastatic lung cancer?

Another example of the absurdity of arguing against 
the importance of population-based efforts centers on the 
benefits of a successfully implemented  human papilloma-
virus (HPV) vaccination strategy among male and female 
adolescents to prevent cervical and other HPV-related 
cancers versus the effectiveness and adverse events asso-
ciated with surgery, radiation therapy, and antineoplastic 
drug therapy in the management of these local, advanced, 
or metastatic malignancies.

In fact, when the Centers for Disease Control and 
Prevention (CDC) highlighted its “10 great public health 
achievements” in the United States during the 20th 
century, all were in the domain of population-based strat-
egies, rather than the management of disease based on 
knowledge of the unique molecular profiles of individuals.1 

Items listed were vaccination, motor-vehicle safety, safer 
workplaces, control of infectious disease, decline in deaths 
from coronary heart disease and stroke, safety and health-
ier foods, healthier mothers and babies, family planning, 
fluoridation of drinking water, and recognition of tobacco 
use as a health hazard.

In oncology, specifically, in addition to tobacco use, 
obesity is increasingly recognized as a major factor in 
the pathogenesis of a number of malignancies and popu-
lation-based efforts are unquestionably where the focus 
must be to deal with this serious societal concern. I hope 
that when the CDC lists the major health achievements 
of the 21st century, it will include reversal of the obesity 
epidemic in the United States.

MOLECULAR EVENTS INFLUENCE POPULATION
At the same time, however, the medical community has 
increasingly recognized that events at the molecular level 
can substantially influence our understanding of obser-
vations made at a population level and may have a major 
positive impact on efforts to improve societal health.

For example, in relation to the COVID-19 pandemic, 
several unique germline variants, including an 
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From the Editor

individual’s blood type, may influence the severity of symptoms 
in individuals who become infected with this virus, according to a 
recent report.2

Similarly, investigators are now exploring specific molecular vari-
ants of COVID-19 in strategies to effectively find contacts who may 
be responsible for spreading the illness in a given location. Another 
recent report noted that public officials were able to identify that a 
health care worker’s infection originated from a social event rather 
than from a patient within the hospital based specifically on the 
molecular analysis of the isolated viruses.3

Turning our attention back to cancer, a provocative report regard-
ing the presence of somatic mutations within the human bronchial 
epithelium induced by tobacco provides potentially critically rele-
vant information for societal efforts in smoking cessation.4 This study, 
published earlier this year in Nature, revealed that tobacco smoking 
adds from “1000 to 10,000 mutations per cell” within the apparently 
normal bronchial epithelium. However, perhaps somewhat unexpect-
edly, even within this toxic milieu, a population of cells existed that 
had no larger number of abnormal cells for individuals with a smoking 
history than for never-smokers. Finally, the investigators found that 
this apparently normal population of cells was 4 times more common 
in former smokers than in current smokers.

The authors critically observed that “quitting promotes replenish-
ment of the bronchial epithelium from mitotically quiescent cells that 
have avoided tobacco mutagenesis.”4 These data provide solid support 
at the molecular level for population-based efforts to strongly encour-
age smoking cessation with its associated clinical benefits, regardless 
of how long an individual has been a cigarette smoker. It is not diffi-
cult to imagine using this basic scientific information to effectively 
communicate to young or older adult smokers the impact of this habit 
on their lives and how stopping smoking could potentially reverse the 
terribly damaging effects. 

A final brief example of a role for precision medicine within the 
realm of population-based health efforts is our increasing knowl-
edge of how our genes influence obesity.5 Efforts to help individuals 
successfully reduce and subsequently control their weight will likely 
be favorably influenced as we develop a firmer understanding of rele-
vant biological factors in obesity. 

In conclusion, precision medicine should be seen as being synergis-
tic―or at a minimum additive―to population medicine. Hopefully, we 
can quickly move forward on both fronts in relevant areas to improve 
individual and societal health. n
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Lurbinectedin Decision Expands SCLC Options 
Therapeutic options for patients with relapsed small cell lung 

cancer (SCLC) now include lurbinectedin (Zepzelca), a selective 

oncogenic transcription inhibitor indicated for adults with SCLC 

who experienced disease progression after prior platinum- 

based chemotherapy. 

The approval is based on data from a cohort of 105 patients from a phase 2 

basket trial (NCT02454972). Findings showed that single-agent lurbinectedin 

induced an overall response rate of 35.2% in this patient population, which included 

37 partial responses. Thirty-five patients achieved stable disease, translating to 

a disease control rate of 68.6% (95% CI, 58.5%-77.3%). The median duration of 

response was 5.3 months (95% CI, 4.1-6.4), and 65% of patients experienced a 

reduction in tumor size. 

The SCLC cohort included 60 patients with platinum-sensitive disease. Notably, 

response rates were higher in the platinum-sensitive subset compared with the 

platinum-refractory subgroup (45% vs 22.2%, respectively). 

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

Nivolumab Enters ESCC Treatment Landscape
Nivolumab (Opdivo) can now be administered to patients with 

unresectable advanced, recurrent, or metastatic esophageal squa-

mous cell carcinoma (ESCC) after prior fluoropyrimidine- and 

platinum-based chemotherapy. 

The PD-1 inhibitor’s approval in this setting is based on findings 

from the phase 3 ATTRACTION-3 study (NCT02569242), which showed an overall 

survival (OS) benefit with the monotherapy regardless of PD-L1 expression. At a 

minimum follow-up of 17.6 months, the median OS was 10.9 months with nivolumab 

versus 8.4 months with chemotherapy, translating to a 23% reduction in the risk of 

death (HR, 0.77; 95% CI, 0.62-0.96; P = .019). At 18 months, 31% of patients in the 

nivolumab arm were alive compared with 21% in the chemotherapy arm. 

The OS advantage seen with nivolumab occurred despite a nearly identical objec-

tive response rate between the 2 treatment groups and a progression-free survival 

that favored chemotherapy. The objective response rate was 33% in nivolumab- 

treated patients and 34% in chemotherapy-receiving patients. The median progres-

sion-free survival was 1.7 months and 3.4 months, respectively (HR, 1.08;  

95% CI, 0.87-1.34). 

 TO READ MORE,  V ISIT   bit. ly/2YcUnUB

Rucaparib Gets Go-Ahead for BRCA+ mCRPC 
Rucaparib (Rubraca) broadens the portfolio of treatment options 

for adults with BRCA mutation–associated metastatic castration- 

resistant prostate cancer (mCRPC) who have been previously 

treated with androgen receptor–directed therapy and a taxane-

based chemotherapy. 

The agent’s accelerated approval, which covers germline and somatic BRCA 

alterations, is based on findings from the ongoing phase 2 TRITON2 trial 

(NCT02952534), which demonstrated that the PARP inhibitor induced a 44% 

confirmed objective response rate (95% CI, 31%-57%) in 62 evaluable patients with 

BRCA1/2-mutant mCRPC. The median duration of response was not evaluable at 

the data cutoff.

 Treatment possibilities for patients with mCRPC include androgen receptor–

targeted therapies, taxane chemotherapy, radium-223 (Xofigo), and sipuleucel-T 

(Provenge). Rucaparib expands these options, but the agent’s accelerated approval 

in this setting will be contingent on the results of a confirmatory trial. 

Notably, the ongoing phase 3 TRITON3 study (NCT02975934) is comparing 

rucaparib monotherapy with physician’s choice of abiraterone acetate (Zytiga), 

enzalutamide (Xtandi), or docetaxel in patients with mCRPC and homol-

ogous recombination deficiency who experienced disease progression 

on prior therapy.

 TO READ MORE,  V ISIT   bit. ly/2UTMtgU

Pembrolizumab Earns Second  
Tumor-Agnostic Approval 
Pembrolizumab (Keytruda) is now approved for adult and pediatric 

patients with unresectable or metastatic solid tumors that are 

tissue tumor mutational burden (TMB)–high (≥10 mutations/mega-

base) and have progressed following prior therapy. Patients must have 

no satisfactory alternative treatment options.

The approval is based on findings from the phase 2 KEYNOTE-158 study 

(NCT02628067), which established a link between TMB-high status and 

improved overall response rate (ORR) with the PD-1 inhibitor in patients with 

various solid tumors. 

KEYNOTE-158 enrolled patients with anal, biliary, cervical, endometrial, salivary, 

thyroid, or vulvar carcinoma, mesothelioma, a neuroendocrine tumor, or small 

cell lung cancer, 755 of whom were evaluable for TMB. Of those, 102 (13%) 

were TMB-high.  

The ORR was 29% (95% CI, 21%-39%) in the TMB-H group, which included 

complete responses in 4% of patients and partial responses in 25%. The median 

duration of response had not been reached at a median follow-up of 11.1 

months, with 57% of patients having responses that lasted 12 months or longer 

and 50% having responses that endured for at least 24 months.

 TO READ MORE,  V ISIT   bit. ly/2zJdXOT

Brigatinib Advances ALK+ NSCLC  
Frontline Treatment Paradigm
Brigatinib (Alunbrig) has been given the green light for the 

first-line treatment of patients with ALK-positive metastatic non–

small cell lung cancer (NSCLC) as detected by an FDA-approved 

test, expanding the available frontline therapies for this disease. 

The tyrosine kinase inhibitor’s indication in this setting is based on findings 

from the phase 3 ALTA-1L trial (NCT02737501), which showed that brigatinib 

reduced the risk of disease progression or death by 51% (HR, 0.49; 95% CI, 0.35-

0.68; log-rank P < .0001) compared with crizotinib (Xalkori) in patients with 

advanced ALK-positive NSCLC who had not received a prior ALK inhibitor. 

Brigatinib decreased this risk by 76% (HR, 0.24; 95% CI, 0.12-0.45) in patients 

with newly diagnosed disease who had brain metastases at the time of enroll-

ment (29%). In this patient subgroup, the confirmed intracranial objective 

response rate was 78% and 26% with brigatinib and crizotinib, respectively, and 

investigators said brigatinib also led to a significant improvement in health-re-

lated quality of life.  

In the overall population, the confirmed objective response rate favored  

brigatinib (74% vs 62%; 95% CI, 19.4-not estimable). The median duration of 

response was not reached with brigatinib (95% CI, 19.4-not reached) and was 

13.8 months (95% CI, 9.3-8.0) with crizotinib. Brigatinib is also approved for the 

treatment of patients with ALK-positive metastatic NSCLC who either experi-

enced disease progression on crizotinib or were unable to tolerate the agent.

 TO READ MORE,  V ISIT   bit. ly/2Nfy0r3
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Regimen Doubles Down on Immunotherapy  
to Improve NSCLC Outcomes

by RACHEL NAROZNIAK, MA

THE COMBINATION OF NIVOLUMAB (Opdivo), a PD-1 inhibitor, 

plus ipilimumab (Yervoy), a CTLA-4 inhibitor, provides more durable responses 

and longer survival than standard platinum doublet chemotherapy for a 

subgroup of patients with metastatic non–small cell lung cancer (NSCLC). 

    On May 15, 2020, the FDA approved the combination as a first-line therapy 

for patients with metastatic NSCLC whose tumors do not have EGFR or ALK 

aberrations and express PD-L1 at a level of at least 1%, as determined by an 

FDA-approved test.1  

The immunotherapy doublet’s indication is based on findings 

from part 1a of the phase 3 CheckMate 227 trial (NCT02477826), which 

compared the combination with platinum-based chemotherapy in 793 patients 

with metastatic or recurrent disease whose tumors expressed PD-L1 at a level 

greater than or equal to 1%.1 The overall population comprised 1166 patients 

stratified by PD-L1 expression levels.

On May 26, 2020, the dual immunotherapy regimen also was 

approved in combination with 2 cycles of platinum doublet chemother-

apy as first-line treatment for patients with metastatic or recurrent 

NSCLC who do not have EGFR or ALK alterations.

In an interview with OncologyLive®, Suresh S. Ramalingam, MD, 

deputy director of the Winship Cancer Institute of Emory University 

and assistant dean of cancer research at Emory University School of 

Medicine in Atlanta, Georgia, discussed the regimen. 

Q
What is significant about the CheckMate 227 data?
This is the first time that a non–chemotherapy-containing combination 

immunotherapy approach has resulted in a survival advantage in non–small cell 

lung cancer for the patient population with greater than 1% PD-L1 expression. 

There were 1166 patients in this nivolumab plus ipilimumab versus chemo-

therapy comparison; we saw a statistically significant improvement in overall 

survival. The median overall survival was 17.1 months with nivolumab and ipilim-

umab [versus] 14.9 months with chemotherapy, with a hazard ratio of 0.79.

One of the most notable things about the immunotherapy combination is the 

duration of response in the patients who responded. The median duration of 

response was approximately 23 months, whereas with chemotherapy, it was 

only 6 months. The fact that durable responses can be achieved with the immu-

notherapy combination is an important reason to consider this regimen in the 

frontline treatment of non–small cell lung cancer.

Q
Please describe the doublet therapy’s safety profile.
The combination was generally well tolerated. Grade 3 or 4 adverse 

events were seen in approximately 33% of the patients [who received] nivolumab 

and ipilimumab. When you look at the autoimmune adverse events, which is the 

most pertinent [category] of events that we think about when making treatment 

decisions, the most common toxicities with the combination were grade 1 or 2 

in severity. Diarrhea, skin rash, and fatigue were all seen in 15% to 17% of the 

patients and were mostly grade 1 or 2. Grade 3 and 4 toxicities were seen in a 

relatively small percentage of patients exposed. 

Q
What is the rationale for combining these agents?
This combination has been studied in melanoma and is an approved 

strategy. The underlying premise is that when you block PD-1, there is upreg-

ulation of other checkpoints; notably, CTLA-4. [Therefore,] with combined 

blockade of both PD-1 and CTLA-4, there is an activated T-cell population 

that has been reversed from its exhausted state to exert maximum anti-

cancer activity.

Q
How does the approval advance the NSCLC paradigm?
For patients with advanced-stage non–small cell lung cancer, our front-

line treatment paradigm is based on PD-L1 expression. For patients who have 

a greater than 50% PD-L1 expression, we use pembrolizumab (Keytruda) mono-

therapy, and for patients with expression less than 50%, we use chemotherapy 

plus pembrolizumab. Chemotherapy plus atezolizumab [Tecentriq] is 

also approved in this setting. For these patients, we use PD-L1 as the 

main biomarker. 

Before we do that, we also test for molecular drivers in 

nonsquamous patients, and those with driver mutations are treated 

with targeted therapies. There are at least 7 targets [that correspond 

with] FDA-approved agents. We want oncologists to emphasize that 

frontline treatment should be started after you have the full molecu-

lar status of these patients.

The nivolumab plus ipilimumab regimen is likely to fit in [among] 

the low PD-L1 expressing patients, where, right now, [we administer] chemo-

therapy plus immunotherapy. Given the data from CheckMate 227, the 

combination would be appropriate for consideration in that setting. We also 

saw improvement in overall survival in the less-than-1% PD-L1 expression 

[group] with nivolumab and ipilimumab. 

Q What are the next steps for this regimen?
Another trial that involves the combination of chemotherapy 

plus nivolumab and ipilimumab in advanced non–small cell lung cancer 

[CheckMate-9LA; NCT03215706] was presented at the 2020 American Society 

of Clinical Oncology Virtual Scientific Program. This combination recently 

received FDA approval for the first-line treatment of advanced NSCLC. 

The combination of nivolumab and ipilimumab is also being studied in 

locally advanced non–small cell lung cancer. Finally, we also heard about a 

press release that showed that nivolumab plus ipilimumab improved over-

all survival for patients with malignant mesothelioma [in the phase 3 

CheckMate-743 study (NCT02899299)]. These exciting developments pave 

the way for using nivolumab and ipilimumab beyond the frontline treatment of 

non–small cell lung cancer into other settings and even other diseases.
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FDA approval—May 15, 2020
FDA grants approval for nivolumab (Opdivo) in combination with ipilimumab (Yervoy) as a first-
line treatment for patients with metastatic non–small cell lung cancer (NSCLC) that does not 

harbor EGFR or ALK genomic tumor aberrations and whose tumors express PD-L1 at a level greater than or 
equal to 1%, as determined by an FDA-approved test.

Mechanism of action: 
• PD-1 ligands, PD-L1 and PD-L2, inhibit T-cell 

proliferation and cytokine production when they 
bind to the PD-1 receptor on T cells. Nivolum-
ab, a human immunoglobulin G4 monoclonal 
antibody, binds to the PD-1 receptor, blocking 
interaction with PD-L1 and PD-L2.

• Ipilimumab, a CTLA-4 inhibitor, blocks the 
protein receptor’s interaction with CD80/
CD86 ligands, thereby reducing T regulatory cell 
function and possibly increasing T-cell activity, 
including antitumor response. 

• Combined nivolumab and ipilimumab inhibition 
results in greater T-cell function than does 
either antibody alone.

How supplied: 
• Nivolumab: 40 mg/4 mL, 100 mg/10 mL,  

or 240 mg/24mL single-dose vials

• Ipilimumab: A 50-mg or 200-mg  
single-use vial

Dosing: 
• 3 mg/kg every 2 weeks with 1 mg/kg  

of ipilimumab every 6 weeks

• Administer until disease progression or unaccept-
able toxicity. Treatment should not exceed  
2 years in patients without disease progression.

Company: Bristol Myers Squibb

PIVOTAL RESULTS FOR APPROVAL IN THE CHECKMATE 227 TRIAL

Part 1a findings from the open-label, multipart CheckMate 227 (NCT02477826) trial, which 
enrolled 793 patients with metastatic or recurrent NSCLC with PD-L1 tumor expression  
greater than or equal to 1%. Patients were stratified by squamous or nonsquamous histology.
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BL ACK BOX WARNING

Immune-mediated reactions: Severe or fatal immune-mediated reactions including hepatitis, dermatitis, 
neuropathy, and endocrinopathy have commonly been reported with ipilimumab. Monitor patients for these 
reactions and evaluate clinical chemistries at baseline and before each dose. Permanently discontinue treat-
ment and initiate high-dose corticosteroids for severe immune-mediated reactions.

OTHER WARNINGS AND PRECAUTIONS

• Immune-mediated pneumonitis, colitis, hepatitis, endocrinopathies, nephritis, renal dysfunction,  
skin reactions, encephalitis

• Infusion-related reactions
• Complications of allogeneic hematopoietic stem cell transplantation
• Embryo-fetal toxicity

EFFICACY RESULTS FOR APPROVAL IN THE CHECKMATE 227 TRIAL

Outcome Nivolumab + ipilimumab
(n = 396)

Platinum doublet  
chemotherapy
(n = 397)

Median overall survival,  
months (95% CI)

17.1 (15-20.1) 14.9 (12.7-16.7)

HR (95% CI) 0.79 (0.67-0.94)

Log-rank P value .0066

COMMONLY REPORTED ADVERSE EVENTS IN THE CHECKMATE 227 STUDY

Adverse event Nivolumab + ipilimumab
(n = 576)

Platinum doublet chemotherapy
(n = 570)

All grade Grade 3/4 All grade Grade 3/4

Fatigue 44% 6.0% 42% 4.4%

Rash 34% 4.7% 10% 0.4%

Decreased appetite 31% 2.3% 26% 1.4%

Musculoskeletal pain 27% 1.9% 16% 0.7%

Diarrhea/colitis 26% 3.6% 16% 0.9%

Dyspnea 26% 4.3% 16% 2.1%

Cough 23% 0.2% 13% 0%

Pruritus 21% 0.5% 3.3% 0%



14    Vol. 21 | No. 13 | JULY 2020

Drug Spotlight O L A PA R I B  ( LY N PA R Z A ) 

A N D  B E VAC I Z U M A B  ( AVA S T I N )

Olaparib Plus Bevacizumab Combination Expands  
Options in HRD Ovarian Cancer

by RACHEL NAROZNIAK, MA

DISEASE CONTROL STRATEGIES IN the epithelial ovarian, fallopian 

tube, and primary peritoneal cancer maintenance settings now include the PARP 

inhibitor olaparib (Lynparza) in combination with bevacizumab (Avastin).

On May 8, 2020, the FDA approved olaparib in combination with bevacizumab 

as a first-line maintenance option for adults who are in a complete response 

(CR) or partial response (PR) to first-line platinum-based chemother-

apy and whose disease is homologous recombination deficient (HRD), 

defined by either a deleterious or suspected deleterious BRCA muta-

tion and/or genomic instability.1

The approval was based on efficacy data from the phase 3 PAOLA-1 

trial (NCT02477644), in which the dual drug approach significantly 

improved progression-free survival compared with bevacizumab 

monotherapy in patients with HRD-positive tumors (37.2 vs 17.7 

months; HR, 0.33; 95% CI, 0.25-0.45).1

In an interview with OncologyLive®, Shannon N. Westin, MD, MPH, 

director of early drug development and phase 1 trials in the Department of 

Gynecologic Oncology and Reproductive Medicine at The University of Texas MD 

Anderson Cancer Center in Houston, discussed the rationale for administering 

the maintenance therapy in this setting and the broader potential of regimens 

combining PARP with other therapies.

Q
How great was the need for a maintenance therapy  
for this population?

[For patients with] stage III or IV ovarian cancer, there’s an 80% chance of 

their cancer going into no evidence of disease, but unfortunately, about 70% 

to 80% of patients’ disease will recur, and when it recurs, it is much harder to 

cure. So we have been trying to expand the use of maintenance strategies to 

really take advantage of that early response rate and gain additional survival 

time for patients. 

Q
What was significant about the efficacy data  
that led to the approval?

What was really noteworthy was the [efficacy data’s] correlation to the presence 

of biomarkers. The patients who got the biggest benefit [from the therapy] were 

those with some type of BRCA mutation. [We also saw similar] and impressive 

activity in the group who had HRD tumors. We saw hazard ratios of 0.31 in the 

patients with BRCA mutations and 0.33 in the HRD group.

There was the expectation that bevacizumab and olaparib could poten-

tially have a greater impact in homologous recombination–proficient patients; 

however, that was not the case. There was equivalent activity in the 2 arms: 

the bevacizumab alone arm and the arm that added the olaparib to the bevaci-

zumab. These were interesting and surprising findings. 

Q
Are there any toxicities of note when  
administering this regimen?

I think the most important thing is that the majority of patients were able to 

stay on the regimen, but sometimes it did require dose adjustments and the 

addition of other medications for control. The most common grade 3 and 4 

adverse events are hypertension and bone marrow issues such as anemia, 

lymphopenia, and neutropenia. These are [toxicities] that we know we can 

manage; you just need to be aware of them and vigilant in identifying them. 

With the addition of bevacizumab to olaparib, there is no ques-

tion that you are going to see hypertension. This is expected, so you 

need to make sure that you have your patients checking their blood 

pressure at home and are ready to [administer] an antihypertensive 

[if necessary].

Q
How does this doublet therapy fit into the 
current treatment paradigm?

I think that for me and for many, the first question is going to be “What 

are you going to start the patient on?” Because [to use] this regimen, 

you need to be deciding [whether or not you will use it] basically at the onset 

of treatment, whereas [with] some of the other agents that are indicated in the 

maintenance setting, you can wait, do whatever you want in the beginning, and 

then start your maintenance. 

There are some clinicians [who] use bevacizumab for all patients, and there 

are others [who] use a more nuanced strategy where they would typically 

reserve bevacizumab and chemotherapy for patients with stage IV disease 

[for example]. It will come down to what the clinician determines [regarding 

the] need for the use of bevacizumab; then they can add olaparib at the main-

tenance [stage].

[Importantly,] this is not a maintenance strategy that needs to continue 

forever. The PARP inhibition is given for 24 months, and the bevacizumab is 

[administered] for 15 months, so there is an end point in sight.

Q
What are the next steps for this regimen?
Several ongoing trials are looking at [PARP inhibition combined with] 

other agents. Over the last year, we have seen approvals for PARP inhibitors 

alone, as well as this most recent approval with olaparib and bevacizumab, 

and a number of different studies are either completed or near completion or 

are actively accruing that combine PARP inhibitors with immuno-oncology and 

antiangiogenic agents like bevacizumab. 

A trial that has already accrued [IMagyn050; NCT03038100] is combining 

bevacizumab with an immuno-oncology agent and may take PARP inhibition 

out of the picture for a certain population. I am hopeful that as these trials 

start reporting out, we will get a better sense of how to select which treatment 

for what patient.
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FDA approval—May 8, 2020
FDA grants approval for olaparib (Lynparza) in combination with bevacizumab (Avastin) for the 
maintenance treatment of adults with advanced epithelial ovarian, fallopian tube, or primary 

peritoneal cancer who are in a complete or partial response to first-line platinum-based chemotherapy and 
whose cancer is homologous recombination deficiency positive, defined by either a deleterious or suspect-
ed deleterious BRCA mutation with or without genomic instability.

Use an FDA-approved companion diagnostic for olaparib to select patients for therapy.

Mechanism of action: 
• Olaparib, a PARP inhibitor, has led to increased 

cytotoxicity and antitumor activity in cell lines 
and mouse tumor models with deficiencies in 
BRCA and non-BRCA proteins involved in homol-
ogous recombination repair of DNA damage.

• Bevacizumab, an anti-VEGF agent, prevents 
VEGF from interacting with FLT-1 and KDR on 
the surface of endothelial cells, obstructing cell 
proliferation and new blood cell formation in  
in vitro models of angiogenesis.

• Clinical studies have shown that combining 
an antiangiogenic drug with a PARP inhibitor 
improved progression-free survival compared 
with single-agent PARP inhibition. 

How supplied: 
• Olaparib: 100-mg or 150-mg tablets 
• Bevacizumab: 100 mg/4 mL (25 mg/mL) or 

400 mg/16 mL (25 mg/mL) in single-dose vial

Dosing: 
• Olaparib: 300 mg twice daily with or without food
• Continue olaparib until disease progression, 

unacceptable toxicity, or completion of 2 years of 
treatment. Patients with a complete response at 
2 years should stop olaparib.

• Bevacizumab: 15 mg/kg every 3 weeks  
for 15 months

• Do not administer as an intravenous push or 
bolus. Do not use sodium chloride injection.

Companies: AstraZeneca Pharmaceuticals  
and Genentech, Inc

PIVOTAL EFFICACY DATA FOR APPROVAL

PAOLA-1 (NCT02477644), a multicenter, placebo-controlled trial that enrolled 806 patients 
with newly diagnosed, advanced stage IIIB to stage IV high-grade serous or endometrioid 
ovarian, fallopian tube, or peritoneal cancer. Patients were required to have either no evidence 
of disease following surgical resection or be in a complete or partial response after first-line 
platinum-containing chemotherapy and bevacizumab.

OTHER WARNINGS AND PRECAUTIONS

• Myelodysplastic syndrome/acute myeloid leukemia (MDS/AML): MDS/AML has been reported with 
olaparib in combination studies and can be fatal. If MDS/AML is confirmed, discontinue treatment.

• Do not initiate until patients have recovered from hematological toxicity caused by prior chemotherapy 
(≤ grade 1). Monitor complete blood cell count for cytopenia at baseline and monthly thereafter.

• Prolonged hematological toxicities: Interrupt olaparib and monitor blood cell counts weekly until recovery. If 
the levels have not returned to grade 1 or lower after 4 weeks, refer patient to hematologist.

• Pneumonitis
• Embryo-fetal toxicity

BASELINE PATIENT CHARACTERISTICS 
Median age (range)

61 years
(32-87)

60 years
(26-85)

Olaparib + 
bevacizumab 

(n = 537)

Bevacizumab  
(n = 269)

Deleterious BRCA mutation (%)

30

70

30

70

Olaparib + bevacizumab  
(n = 537)

Bevacizumab  
(n = 269)

n Yes n No

Tumor HRD status (%)a

4736

17

49
32

19

Olaparib + bevacizumab  
(n = 537)

Bevacizumab  
(n = 269)

n Positive n Negative n Unknown

HRD, homologous repair deficient.
aHRD positive was defined as a BRCA mutation or an HRD score of 42 or higher 
on the myChoice HRD Plus assay; HRD negative, an HRD score of less than 42; 
unknown, an inconclusive, missing, or failed test.

Response after first-line chemotherapy (%)

54

26

20 20

52

28

Olaparib + bevacizumab  
(n = 537)

Bevacizumab  
(n = 269)

n No evidence of diseasea n Partial responseb 

n Complete response
aDefined as no measurable or assessable disease after cytoreductive surgery and 
no radiologic evidence of disease with a normal CA 125 level after chemotherapy.
bDefined as radiologic evidence of disease, an abnormal cancer antigen (CA) 125 
level, or both.

R E F E R E N C E S 
1. Olaparib. Prescribing information. AstraZeneca Pharmaceuticals LP; 2020. 

Accessed June 15, 2020. https://www.accessdata.fda.gov/drugsatfda_docs/
label/2020/208558s014lbl.pdf

2. Avastin. Prescribing information. Genentech Inc; 2019. Accessed June 
15, 2020. https://www.accessdata.fda.gov/drugsatfda_docs/la-
bel/2019/125085s331lbl.pdf

3. Ray-Coquard I, Pautier P, Pignata S, et al. Olaparib plus bevacizumab as first-
line maintenance in ovarian cancer. N Engl J Med. 2019;381(25):2416-2428. 
doi:10.1056/NEJMoa1911361

EFFICACY RESULTS IN THE PAOL A -1 TRIAL

Outcome HRD positivea HRD negative or  
status unknown

Overall population

Olaparib + 
bevacizumab
(n = 255)

Bevacizumab
(n = 132)

Olaparib + 
bevacizumab
(n = 282)

Bevacizumab
(n = 137)

Olaparib + 
bevacizumab
(n = 537)

Bevacizumab
(n = 269)

Median PFS, 
months  
(95% CI)

37.2 17.7 16.9 16.0 22.1 16.6

HR 0.33 (0.25-0.45) 0.92 (0.72-1.17) 0.59 (0.49-0.72)

HRD, homologous repair deficient; PFS, progression-free survival.
aAssessed at a median follow-up of 27.4 months in the combination arm and 27.5 months in the bevacizumab arm.

COMMONLY REPORTED ADVERSE EVENTS (PAOL A -1 TRIAL)

Adverse event Olaparib + bevacizumab
(n = 535)

Bevacizumab
(n = 267)

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

Fatigue 79% 5.0% 32% 1.5%

Nausea 59% 2.4% 22% 0.7%

Anemia 47% 17.0% 10% 0.4%

Lymphopenia 46% 7.0% 9% 1.1%
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COVID-19 in the Clinic

ALTHOUGH LITTLE EVIDENCE EXISTS 
regarding how to best treat patients with 
breast cancer during the coronavirus disease 
2019 (COVID-19) pandemic, guidelines have 
been issued by organizations such as the 
European Society for Medical Oncology 
(ESMO) to assist providers with making 
those decisions. The most important thing 
to remember is to treat as closely as 
possible to standard evidence-based 
recommendations and to mind-
fully adapt procedures to ensure 
patient safety, according to Sibylle 
Loibl, MD, PhD.1

“We should treat our patients with 
cancer as closely as possible to the 
standard of evidence-based medi-
cine recommendations,” said Loibl, 
chair of the German Breast Group, University 
of Frankfurt/M, Centre of Haematology and 
Oncology, in Frankfurt, Germany, in the first 
keynote lecture during the 2020 ESMO Breast 
Cancer Virtual Meeting. “I would like to 
remind you that we need to mindfully adapt 
our procedures and we should not overreact; 
this is very important. Otherwise, we risk 
the patients’ safety and we risk the integrity 
of our clinical trials; this will have conse-
quences later on.”

As of June 25, 2020, a total of 9,400,295 
cases of COVID-19 have been reported 
since December 31, 2019, according to the 

European Centre for Disease Prevention 
and Control; this number includes 
482,468 deaths.2

In any new or unusual situation such as 
this one, providers must approach the chal-
lenge as follows: create a plan, do something, 
check what has been done, and then act. “[The 
plan portion of the theory consists of creat-

ing] guidelines and prioritization of 
our patients. We then need to triage 
the patients and treat them accord-
ingly,” explained Loibl. “After that, 
we need to look at outcomes and 
check the workflow. Eventually, 
we need to discuss with our 
patients or amongst ourselves the 
outcome, or what we have seen, and 
adapt accordingly.”

In light of the COVID-19 crisis, the treat-
ment of patients with cancer must be 
prioritized, according to Loibl. To this end, 
a conceptual framework for prioritizing the 
use of radiotherapy and systemic treatments 
during the pandemic across all tumor types 
was recently published. Patients with breast 
cancer were within the middle category.3

“We have the high-risk patients with breast 
cancer with neoadjuvant or adjuvant indica-
tions who might derive a substantial benefit 
from their treatment,” said Loibl. “Then, we 
have some patients with palliative indications; 
they range from low priority to higher priority 

and it really depends on the stage of the meta-
static breast cancer, the seriousness of their 
symptoms, and the type of underlying prob-
lems and conditions they have in addition to 
their risk of acquiring a COVID-19 infection.” 
For example, patients categorized to be very 
low risk may have bone metastases that are 
manageable with medications, are stable, and 
are appropriate for active surveillance.

In an attempt to mitigate negative effects of 
the COVID-19 crisis, ESMO developed guid-
ance specifically for the treatment of patients 
with breast cancer. Similar to the concep-
tual framework, the approach is organized by 
priority: high, medium, and low.

If a patient is categorized as high priority, 
their condition is considered to be immedi-
ately life threatening, clinically unstable, or 
an intervention could result in significant 
survival benefit or substantial improvement 
in quality of life. 

For a situation to be classified as medium 
priority, it is considered to be noncritical, 
with the understanding that a delay in treat-
ment for longer than 6 months could affect 
outcome, or the benefit of intervention qual-
ifies for intermediate priority. If a patient’s 
condition is stable enough that treat-
ment can be delayed for the duration of the 
pandemic or an intervention would not result 
in survival gain, their situation is classified 
as low priority.4

Breast Cancer Treatment Should Be  
Adapted Carefully During Pandemic
by KRISTI ROSA
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OncologyLive® traces the impact of the 
coronavirus disease 2019 (COVID-19)  
from bedside to bench.

Sibylle  
Loibl, MD, PhD
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COVID-19 in the Clinic

OUTPATIENT VISIT PRIORITIES
Individuals with a postoperative, unstable 
clinical scenario should be seen as an outpa-
tient in the clinic, regardless of the risk 
of infection, according to Loibl. For these 
high-priority patients who do need to visit the 
clinic, many hospitals have put precaution-
ary measures in place to protect them from 
exposure to COVID-19. Patients with breast 
cancer who are pregnant are also considered 
to be high priority.

Patients in the medium-risk category 
include those who receive a new diagnosis 
of invasive breast cancer, those on treat-
ment who experience new adverse events, 
those who receive a new diagnosis of nonin-
vasive breast cancer, and certain patients 
without any complications who require post-
operative visits.

Established patients without any new 
issues, survivorship follow-up, follow-up  
for those at high risk of breast cancer or at 
high risk of relapse, and psychological 
support visits, are all considered to be 
low-priority scenarios.

SURGICAL PRIORITIES
“High-risk, again, are those patients who 
have breast cancer surgery complica-
tions and complications of reconstructing 
surgery. Also, surgery for patients who have 
completed the neoadjuvant chemotherapy- 
based treatment [fall in this category] 

because we know those patients are not 
operated on within 3 to 4 weeks, and espe-
cially those with residual disease who have a 
higher risk of relapse when they are not oper-
ated on very soon,” explained Loibl.

Medium/high- and medium-priority 
scenarios include the excision of malignant 
recurrence, (depending on the phenotype and 
extent), clinically low-risk primary breast 
cancer, and discordant biopsies expected to 
be malignant (FIGURE).1

On the other side of the spectrum, exci-
sion of benign lesions and duct excision; 
surgery of noninvasive breast cancer, 
except for extended high-grade ductal carci-
noma in situ; discordant biopsies likely 
to be benign; breast reconstruction; and 
prophylactic surgery for asymptomatic but 
high-risk patients are all considered to 
be low priority.

RADIATION ONCOLOGY PRIORITIES
With regard to radiation oncology, pallia-
tive treatment of bleeding or a painful breast 
mass considered to be inoperable, when 
control of symptoms cannot be achieved 
pharmacologically, is determined to be high 
priority, along with patients who are already 
receiving radiation treatment. “The adjuvant 
postoperative radiotherapy for our high-
risk patients is, of course, important and 
should not be postponed, [and] should not be 
adapted,” said Loibl.

Adjuvant postoperative radiotherapy for 
low- or intermediate-risk patients with breast 
cancer is considered to be medium prior-
ity, and the use of hypofractionated regimens 
should be taken into consideration as a means 
to decrease hospital visits (TABLE).1

“On the other hand, we have the in situ 
carcinomas and we have the elderly patients, 
where it might be more helpful to start the 
adjuvant therapy, endocrine treatment, and 
maybe postpone radiotherapy because they 
are at high risk of acquiring COVID-19 infec-
tion,” added Loibl.

CHEMOTHERAPY CONSIDERATIONS
Patients with triple-negative breast cancer 
(TNBC), especially those with higher risk 
of relapse, should receive treatment with 
neoadjuvant and adjuvant chemotherapy; 
their treatment should not be delayed, said 
Loibl. Likewise, patients with HER2-positive 
breast cancer should continue treatment with 
neoadjuvant and adjuvant chemotherapy in 
combination with targeted therapy.

Additionally, adjuvant capecitabine 
(Xeloda) treatment in patients with high-
risk TNBC and ado-trastuzumab emtansine 
(T-DM1; Kadcyla) in patients with high-
risk HER2-positive breast cancer should be 
considered, according to Loibl.

“We might have more options for delaying 
or adapting treatment in our medium-risk 
patients,” she said. “We can use endocrine 
treatment, or can use adjuvant trastuzumab 
[Herceptin] alone, which can be postponed 
for some weeks.”

Additionally, if a patient is clinically asymp-
tomatic or exhibits clinical signs of response 
in the neoadjuvant setting, follow-up imaging, 
restaging studies, echocardiograms, and bone 
density scans can be delayed.

SPECIFIC RECOMMENDATIONS
Early Breast Cancer
For patients with early breast cancer, standard 
adjuvant therapy in the pre- and post-meno-
pausal setting should be continued, and 
telemedicine should be used to address potential 
associated toxicities reported by the patient.
    Meanwhile, neoadjuvant endocrine therapy 
can be used in patients with estrogen receptor– 
positive, HER2-negative stage I or II disease 
to allow for surgery to be deferred by 6 
to 12 months. 

FIGURE.  Surgical  Oncology Pr ior i t ies for  Pat ients With Breast  Cancer 1

MDT, multidisciplinary team. 
aExcluding extended high-grade ductal carcinoma in situ.

• Complications from breast cancer surgery or recon-
struction surgery; or invasive cancer after MDT care

• Who have completed neoadjuvant chemotherapy
• Pursuing surgery during pregnancy

• Excisions of malignant recurrent depending  
on phenotype and extent

• Clinically low-risk primary disease
• Discordant biopsies that are likely to be malignant

• Excisions of benign lesions and ducts
• Surgery of noninvasive breast cancer (in situ)a

• Discordant biopsies that are likely to be benign
• Breast reconstruction performed with autologous tissue  

and/or implants
• Prophylactic surgery for asymptomatic, high-risk patients

High  
priority

Medium/high  
and medium priority

Low priority
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“We should think about providing more 
supportive treatment to avoid unnecessary 
toxicity, especially toxicity associated with 
higher infection like neutropenia. We can 
give G-CSF [granulocyte-colony stimulating 
factor] support as primary prophylaxis, or 
we can add on antibiotics. We might consider 
reducing the immune suppression, especially 
in the elderly population,” said Loibl. “LHRH 
[luteinizing hormone-releasing hormone] 
agonists and analogues can be given every 
3 months instead of monthly, but monthly 
at-home administration is actually the 
preferred recommendation for our patients, 
and the blood tests should be done near home 
to avoid unnecessary travel.”

Metastatic Breast Cancer
When chemotherapy is recommended for 
patients with metastatic breast cancer, oral 
options are preferred as a way to reduce 
visits to the hospital. It is recommended that 
the chemotherapy schedules be modified to 
an every-3-week dosing schedule rather than 
weekly dosing, when appropriate.

“LHRH [analogues can be given] every  
3 months and bone agents can be given every 
3 months. The incorporation of CDK4/6 inhib-
itors into endocrine treatments should align 
with recommendations and resource avail-
ability,” said Loibl. “We know there’s risk 
associated with neutropenia, but we don’t 
know how often the neutropenia is actually 
associated with an infection. We need to 
discuss this risk with our patients.”

Elderly patients are at higher risk of infec-
tion, and thus, providers might consider 
postponing the start of CDK4/6 inhibitors in 
this population. For patients with low-risk 
metastatic breast cancer, endocrine ther-
apy should be started first and then the 

CDK4/6 inhibitor can be 
added later on.

“We have the checkpoint 
inhibitor as additional 
treatment for our patients 
with PD-L1–positive meta-
static TNBC; that option 
can be considered,” added 
Loibl. “So far, we haven’t 
seen a higher complication 
rate. However, we need 
to closely monitor symp-

toms—especially as they can be associated 
with pneumonitis or infection—and promptly 
withdraw the patient in case we have addi-
tional COVID-19 infection diagnosis.”

MODIFYING CLINICAL TRIALS
The COVID-19 pandemic has also had a 
significant impact on clinical trials, resulting 

in temporary holds or deactivation. When 
the trial is examining a drug that is provid-
ing significant benefit for high-risk patients, 
investigators are working hard to ensure the 
research continues. 
   In comparison, if a trial is being conducted 
purely from an academic standpoint, and 
patients need to make extra trips to the hospi-
tal, the research might be temporarily halted, 
according to Loibl.

It’s important that investigators mindfully 
adapt their procedures and avoid overreact-
ing in this situation.

“A 5% to 10% decrease in survival in 
high-income countries has been predicted 
[as a result of not mindfully adapting our 
cancer treatment], and this will account for 
hundreds of thousands of excess deaths—this 
[number will be inferior to] those caused by 
COVID-19,” concluded Loibl. n
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TABLE. Cl inical  Concerns for  Radiat ion,  Chemotherapy 1

High priority Medium priority Low priority

Radiation oncology • Palliative treatment of bleeding or painful inoperable 
breast mass

• Continuing radiation 
• Acute spinal cord compression, symptomatic brain  

metastases, urgent palliative RT
• Adjuvant postoperative RT for high-risk patients

Adjuvant post-operative RT for low- or  
intermediate-risk patientsa

• Elderly patients with low-risk diseaseb

• Carcinoma in situ

Chemotherapy • Neoadjuvant and adjuvant therapy for TNBC; or with 
targeted therapy for HER2+ disease

• Continuation of adjuvant capecitabine for high-risk TNBC; 
T-DM1 for high-risk HER2+ disease in the postneoadju-
vant setting

• Endocrine therapy for patients with low-risk 
genomic signatures

• Endocrine therapy in place of surgery for 
postmenopausal women with stage I disease, 
low- to intermediate-grade tumors, and  
lobular breast cancers

• Ongoing adjuvant trastuzumab

• Follow-up imaging
• Restaging studies
• Echocardiograms
• ECGs and bone density scans

ECG; electrocardiogram; ER, estrogen receptor; TNBC, triple-negative breast cancer; RT, radiation therapy.
aIn patients who younger than 65 years with stage I or II luminal cancer that is ER-positive regardless of nodal status or positive margins, consider hypofractionating regimens to reduce hospital visits.
bPatients younger than 70 with stage I ER-positive/HER2-negative disease. 

We should think about providing more 
supportive treatment to avoid unnecessary toxicity, 
especially toxicity associated with higher infection 
like neutropenia.” 

—SIBYLLE LOIBL, MD, PHD
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Beyond Cancer Type: 
New Pan-Tumor 
Targets Emerge
by RACHEL NAROZNIAK, MA
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THE GROWING USE OF GENOMIC profil-
ing technologies will help promote the 
development of anticancer therapies based on 
molecular features of a tumor rather than the 
body site of origin. The trend began 3 years 
ago and continues with the development of 
promising new biomarkers, according to 
research experts.

On June 16, 2020, the FDA approved the 
PD-1 inhibitor pembrolizumab (Keytruda) 
for adult and pediatric patients with unre-
sectable or metastatic solid cancers with 
a high tumor mutational burden (TMB-H) 
whose disease has progressed after prior 
therapy and who do not have satisfactory 
treatment alternatives.1

The decision marked the third tumor- 
agnostic biomarker that the agency has 
recognized. The trend started with the 
approval of pembrolizumab for patients with 
unresectable or metastatic microsatellite 
instability-high (MSI-H)/mismatch repair–
deficient (dMMR) solid tumors in May 
2017.2 It has continued with the approvals 
of larotrectinib (Vitrakvi) and entrectinib 
(Rozlytrek) for adult and pediatric patients 
with NTRK gene fusions, which encode TRK 

proteins, in November 2018 and August 
2019, respectively (TIMELINE).3

Additionally, on May 8, 2020, the FDA 
approved selpercatinib (Retevmo) for 3 tumor 
types with RET alterations: RET fusion– 
positive non–small cell lung cancer (NSCLC) 
and thyroid cancer, and RET-mutant medul-
lary thyroid cancer (MTC).3

Investigators are now setting their sights 
on the next pan-tumor molecular targets of  
interest, which include RET, ROS1, ALK, 
FGFR, BRAF, and the AXL kinase, in an effort 
to introduce more drugs into the pipeline.4 
MET exon 14 and NRG1 alterations also are on 
the radar, experts said in interviews 
with OncologyLive®.

The development of therapies 
based on molecular characteristics is 
made possible by advancements in  
next-generation sequencing that 
have led to the identification of 
recurrent genomic alterations such 
as mutations, amplifications, dele-
tions, translocations, fusions, and 
other structural variants across tumor types. 
The therapies that have flowed from such 
profiling techniques are credited in part to 

the advent of tumor-agnostic clinical 
trial designs and master protocols such as the 
NCI-MATCH trial, which was established 
to evaluate whether patients whose tumors 
harbor specific gene mutations will benefit 
from targeted therapies regardless 
of histology.5 

The oncology community has hailed this 
trend as a paradigm shift in oncology drug 
development. Additionally, investigators who 
helped pioneer precision medicine strategies 
expect the list of pan-tumor targets to grow.

“The approval of pembrolizumab and the 
early-generation TRK inhibitors paved the 

way for subsequent drug develop-
ment in a tumor-agnostic fashion, 
so now the question becomes ‘Are 
there other drivers that are found 
across a variety of cancers that 
might be amenable to targeted ther-
apy as well?’ and the answer is 
yes,” Alexander Drilon, MD, whose 
research led to the approval of  
larotrectinib, said in an interview.

“Tumor-agnostic drug development is a 
bit of an evolving field, and for me, where it 
really starts is making sure that we are able 
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to test for these drivers and that [clinicians] 
can run the tests on a substantial number 
of patients,” said Drilon, a medical oncol-
ogist and research director of Early Drug 
Development at Memorial Sloan Kettering 
Cancer Center in New York, New York.

TMB JOINS THE FOLD
TMB, defined as the number of mutations 
per megabase in the DNA of cancer cells, has 
been recognized as a biomarker of response 
for patients treated with checkpoint immuno-
therapy. The recent pembrolizumab approval 
covers patients with TMB-H solid tumors 
with 10 or more mutations per megabase as 
determined by an FDA-approved test. Notably, 
the approval does not extend to pediatric 
patients with TMB-H central nervous system 
cancers because the safety and effectiveness 
of pembrolizumab in this population has not 
been verified yet.1

The decision was based on findings 
from the ongoing, phase 2 KEYNOTE-158 
basket trial (NCT02628067), which enrolled 
patients with anal, biliary, cervical, endome-
trial, salivary, thyroid, or vulvar carcinoma; 
mesothelioma; a neuroendocrine tumor; or 
small cell lung cancer. Investigators used 
the FoundationOne CDx assay, which is the 
approved companion diagnostic for this indi-
cation, to assess TMB status in formalin-fixed 
paraffin-embedded tumor samples.6

KEYNOTE-158’s efficacy population 
included 1050 patients who received 
pembrolizumab at 200 mg every 3 weeks. Of 
those, 755 were evaluable for TMB status and 
102 (13%) were TMB-H. The overall response 
rate (ORR) was 29% (95% CI, 21%-39%) in 
the TMB-H group, which included complete 

responses in 4% of patients and partial 
responses in 25%. The median duration of 
response had not been reached at a median 
follow-up of 11.1 months, with 57% 
of patients having responses that 
lasted 12 months or longer and 50% 
having responses that endured for at 
least 24 months.6

Data from a subgroup analysis 
showed that the ORR was highest in 
patients with endometrial cancer  
(n = 15; 47%; 95% CI, 21%-73%);  
neuroendocrine cancer (n = 5; 40%; 
95% CI, 5%-85%); and cervical cancer  
(n = 16; 31%; 95% CI, 11%-59%).6

The FDA’s decision was applauded by Roy 
S. Herbst, MD, PhD, Ensign Professor of 
Medicine (Medical Oncology), professor of 
pharmacology, and chief of medical oncology 
at Yale Cancer Center and Smilow Cancer 
Hospital, and associate cancer center direc-
tor for translational research at Yale Cancer 
Center in New Haven, Connecticut. “It’s great 
to see the use of innovative biomarkers and 
immunotherapy come together with this 
approval and encouraging that we now have 
an option for patients with TMB-H tumors 
across cancer types, including rare cancers,” 
Herbst said in a press release.7

Brian Alexander, MD, MPH, chief  
medical officer at Foundation Medicine, 
said the TMB-associated approval is the 
result of “years of research into how TMB 
levels may influence a patient’s response to 
immunotherapy.”7

Nevertheless, the clinical utility of TMB 
status as a pan-tumor biomarker for  
immunotherapy has generated debate. In 
November 2019, 2 exploratory analyses of 

TMB in patients with NSCLC who received  
pembrolizumab therapy showed 
conflicting results.8 

Howard A. “Skip” Burris III, MD, 
chief medical officer and president of 
clinical operations at Sarah Cannon 
Research Institute in Nashville, 
Tennessee, said he has been 
“intrigued” by TMB-H status: “I have 
seen TMB high be the only marker 
for a patient who has had an excel-
lent response in my clinic.” 

However, Burris, in an interview 
that took place before the pembrolizumab 
approval for TMB-H tumors, said that TMB-H 
status is “relative to the tumor type” and 
can consequently be the subject of variabil-
ity. “I sit on several steering committees 
and it is interesting that we see TMB high 
being greater than 10 [mutations per mega-
base], greater than 20, and we just had a 
publication where greater than 16 was the 
number,” Burris said.

Andrew McKenzie, PhD, director of  
personalized medicine at Sarah Cannon 
Research Institute, is a proponent of further 
exploring the predictive value of TMB-H 
status and feels that “elevated mutational 
burdens are symptomatic of an underlying  
biological cause.” However, he cautioned that 
further study and subsequent refinement of 
this marker are necessary, largely because 
of its variability. For example, McKenzie has 
seen the definition of TMB-H differ across 
drug developers. “With each company, the 
algorithm is a little different, and there isn’t 
a standard or FDA-approved guideline for 
[defining TMB-H], so we are still figuring out 
what ‘high mutational burden’ means,”  
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May 2017 
Pembrolizumab (Keytruda)
For patients with unresectable 
or metastatic microsatellite 
instability-high/mismatch repair–
deficient solid tumors who have 
progressed after prior therapy and 
for whom no other satisfactory 
treatment options exist

August 2019 
Entrectinib (Rozlytrek)
For adults and pediatric patients 
12 years and older who have solid 
tumors with an NTRK gene fusion 
that does not harbor a known 
acquired resistance mutation, are 
metastatic or for whom surgical 
resection is likely to result in 
severe morbidity, and have 
progressed after prior therapy, or 
do not have standard options

November 2018 
Larotrectinib (Vitrakvi)
For adult and pediatric patients 
with solid tumors that harbor an 
NTRK gene fusion without a known 
acquired resistance mutation 
who are either metastatic or for 
whom surgical resection is likely 
to result in severe morbidity, have 
progressed after prior therapy, 
or for whom no other treatment 
alternatives exist

June 2020 
Pembrolizumab
For adult and pediatric patients 
with unresectable or metastatic 
solid cancers with a tumor 
mutational burden of 10 or 
greater per megabase who have 
progressed after treatment 
and who have no satisfactory 
therapeutic alternatives

Howard A. “Skip” 
Burris III, MD
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McKenzie said. “I think we are just begin-
ning to understand how to analyze and 
interpret TMB.”

Further, McKenzie continued, a 
need exists to increase the knowl-
edge base regarding TMB-H status 
and its relationship to immunothera-
peutic response. “Skin cancers have 
a disproportionately high tumor  
mutational burden compared [with 
a malignancy like] ovarian cancer, 
which has a relatively low tumor  
mutational burden,” he said. “However, 
just a small increase in the tumor muta-
tional burden of an ovarian cancer might 
have a really big difference in [a patient’s] 
response to therapies that we just do not 
understand yet.” 

Variability is a complicating factor in 
TMB-H status because of differences in 
the methodologies used for assessing TMB 
status, Alison Schram, MD, a medical oncol-
ogist at Memorial Sloan Kettering Cancer 
Center stated in an interview. “Sequencing 
assays have different gene content and a 
given TMB number probably does not mean 
the same thing across all assays,” she said.

MSI/DMMR INDICATIONS EXPAND
Although opinions may vary on the 
intricacies of TMB-H expression 
across tumor types, indications for 
cancers that are MSI-H or dMMR 
continue to expand. Overall, inves-
tigators have estimated that 
approximately 2% to 4% of all diag-
nosed cancers harbor dMMR, with 
higher frequencies observed in endo-
metrial (17%-33%), gastric (9%-22%), and 
colorectal (6%-13%) cancers. These defects in 
DNA repair mechanisms can lead to muta-
tions  in the microsatellites that make up 
repetitive DNA sequences, resulting in 
MSI-H levels.9 

The FDA used findings from patients with 
MSI-H or dMMR cancers who participated in 
5 clinical trials to support pembrolizumab’s 
initial accelerated approval for patients with 
unresectable or metastatic MSI-H/dMMR 
solid tumors in 2017. The ORR rate was 39.6% 
(95% CI, 31.7%-47.9%) among 149 patients, 
which consisted of 90 patients (60%) with 
metastatic colorectal cancer (mCRC) and 59 
(40%) with 1 of 14 other malignancy types.2

The accelerated approval also applied to 
adult and pediatric patients with disease 

progression following prior treat-
ment and who have no satisfactory 
alternative treatment options, as 
well as patients with MSI-H or 
dMMR mCRC that progressed after 
treatment with a fluoropyrimidine, 
oxaliplatin, and irinotecan.2

Since then, the FDA has approved 
3 regimens based on tumors that are 
MSI-H or dMMR: the combination of 

nivolumab (Opdivo) plus ipilimumab (Yervoy) 
for patients with mCRC that has progressed 
after prior chemotherapy, nivolumab mono-
therapy for mCRC after prior treatment, and 
pembrolizumab for patients with mCRC. 
Additionally, the agency approved the combi-
nation of pembrolizumab plus lenvatinib 
(Lenvima) for patients with progressive endo-
metrial cancer that is not MSI-H/dMMR.3 

On June 29, 2020, the biomarker moved into 
the frontline setting with a new FDA approval 
for pembrolizumab in patients with MSI-H/
dMMR CRC. Efficacy was demonstrated in 
findings from the phase 3 KEYNOTE-177 study 
(NCT02563002) in 307 patients with treat-
ment-naïve MSI-H/dMMR stage IV CRC, 153 
of whom were assigned to pembrolizumab 

monotherapy and 154 to standard-of-
care chemotherapy. Control therapies 
under evaluation in KEYNOTE-177 
include oxaliplatin, leucovorin, levo-
leucovorin, 5-fluorouracil (modified 
FOLFOX6); and irinotecan, leucovorin, 
or levoleucovorin (FOLFIRI), admin-
istered with or without bevacizumab 
(Avastin) or cetuximab (Erbitux).10

Data recently presented at the 2020 
American Society of Clinical Oncology 
(ASCO) Virtual Scientific Meeting showed 
that treatment with frontline pembrolizumab 
led to a statistically significant improve-
ment in PFS compared with chemotherapy 
in patients with MSI-H metastatic CRC. 
The median PFS was 16.5 months (95% CI, 
5.4-32.4) with the immune checkpoint inhib-
itor and 8.2 months (95% CI, 6.1-10.2) with 
chemotherapy (HR, 0.60; 95% CI, 0.45-0.80;  
P = .0002). The 24-month PFS rates were 
48.3% and 18.6%, respectively.10

Pembrolizumab also presented a less 
toxic up-front therapeutic option for patients 
compared with chemotherapy, with a lower  

incidence of grade 3 or higher treatment- 
related adverse events (22% vs 66%). 
Cumulatively, these factors indicate that 
pembrolizumab should be the new front-
line standard-of-care in patients with MSI-H 
metastatic CRC, investigators said.10 

INVESTIGATIONAL PIPELINE GROWS
Following the seminal pan-cancer indications 
for pembrolizumab, larotrectinib, and  
entrectinib, Drilon said he has seen “many 
companies take more of an interest in  
tumor-agnostic drug development.” (TABLE).4

Expanding the existing approvals for  
drivers for which targeted therapy is known 
to be “highly active” in a particular tumor 
type to other cancers that the initial indica-
tion did not include is 1 avenue for developing 
additional tumor-agnostic agents in the 
future, Drilon said. Identifying new driv-
ers for which no precision therapies have 
been approved, such as NRG1 fusions, is 
another, he added. 

Schram agreed that “drugging previously 
undruggable targets” will be a pivotal compo-
nent of tumor- agnostic drug development 
moving forward.

RET 
RET activating fusions and mutations are  
oncogenic drivers that represent a  
tumor-agnostic predictive biomarker for RET 
inhibition. Whereas RET point mutations are 
associated with MTC, RET fusions typically 
present in 20% of papillary thyroid carcinoma 
and 1% to 2% of lung adenocarcinoma cases.11

The rationale for focusing tissue-agnostic 
drug development on emerging targets such 
as RET has been validated by the recent 
approval of selpercatinib, according to 
McKenzie. “With selpercatinib, you see a 
common target across multiple tumor types 
that now has an FDA label [with indications] 
for several different tumor types,” he said.

Specifically, selpercatinib’s May 8, 2020, 
accelerated approval covered adults with  
metastatic RET fusion–positive NSCLC, adults 
and pediatric patients 12 years or older with 
advanced or metastatic RET-mutant MTC who 
require systemic therapy, and adult and  
pediatric patients 12 years or older with 
advanced or metastatic RET fusion–positive 
thyroid cancer who need systemic ther-
apy and are radioactive iodine-refractory (if 

Andrew  
McKenzie, PhD
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radioactive iodine is appropriate). The  
indication was based on efficacy data 
from the phase 1/2 LIBRETTO-001 study 
(NCT03157128), whose results showed 
that treatment with the highly selective 
RET inhibitor induced high and durable 
responses in patients with NSCLC, MTC, and 
thyroid cancer.12

“RET fusions can be found across many 
different cancers at lower frequencies. 
Hopefully, the next push for selpercatinib will 
be tumor agnostic,” said Drilon, who added 
that the LIBRETTO-001 basket study contin-
ues to “interrogate” selpercatinib’s pan-tumor 
possibility in other solid tumors. Drilon is 
the first author of the LIBRETTO-001 trial, 

which is actively recruiting participants 
across cohorts.

Pralsetinib (BLU-667), an investigational 
RET inhibitor, may strengthen the case for 
RET-directed tumor-agnostic drug  
development. Findings from the RET fusion–
positive NSCLC cohort of the phase 1/2 
ARROW trial (NCT03037385) presented at 
the 2020 ASCO Virtual Scientific Program 
showed that pralsetinib induced rapid and 
durable responses in this subgroup.13 

The ORR was 65% (95% CI, 55%-73%) 
among the 116 total patients evaluable for 
response, 61% (95% CI, 50%-72%) among 
the 80 patients who received prior plati-
num therapy, and 73% (95% CI, 52%-88%) 

among the 26 patients with treatment-naïve 
disease. The disease control rate was 93% 
(95% CI, 87%-97%), 95% (95% CI, 88%-99%), 
and 88% (95% CI, 70%-98%), respectively, 
with 96% of the evaluable patients experi-
encing a reduction in tumor size. Further, 
the median DOR was not reached (NR; 95% 
CI, 11.3 months–NR).13

Pralsetinib also had robust intracranial 
activity: The intracranial ORR was 56% 
in the 9 patients with measurable central 
nervous system metastases at baseline, and 
33% of patients had an intracranial complete 
response.13 The investigational agent is 
currently under priority review for the  
treatment of locally advanced or metastatic 
RET fusion–positive NSCLC, and the FDA is 
scheduled to decide on pralsetinib’s indica-
tion in this setting by November 23, 2020. 
Blueprint Medicines, pralsetinib’s developer, 
also intends to submit a new drug application 
for the RET inhibitor in advanced RET-mutant 
and RET fusion–positive thyroid cancers 
in June 2020.14 

MET Exon 14 
Like RET fusions, MET exon 14 (METex14) 
skipping mutations affect an array of solid 
tumors. The molecular alterations occur 
in approximately 3% to 4% of newly diag-
nosed cases of metastatic NSCLC15 and 
correlate with poor prognoses and weak 
responses to standard therapies, includ-
ing immunotherapy. Beyond NSCLC, the 
genomic aberrations also surface in mela-
noma (6.15%), renal cell carcinoma (3.34%), 
and non-Hodgkin lymphoma (2.59%), among 
other tumor types.16 

On May 6, 2020, the FDA granted 
an accelerated approval to capmatinib 
(Tabrecta) for adults with metastatic 
METex14-mutant NSCLC, based on ORR data 
from the phase 2 GEOMETRY mono-1 trial 
(NCT02414139).17 Notably, capmatinib is the 
first and only therapy currently approved for 
advanced NSCLC with a METex14 mutation.15 

“We know from the data that we have 
that MET exon 14 skipping mutations are 
enriched in lung cancer but not unique to 
it, so I think that’s one target where we’re 
going to see clinical trials recruit patients 
[with] all different tumor types to see 
[whether capmatinib] has the same effect,” 
McKenzie said. 

TABLE .  N OV E L  PA N -T U M O R  T H E R A P I E S  I N  D E V E LO P M E N T 4

Investigational 
agent

Biomarker Clinical trial description
(ClinicalTrials.gov identifier) (N = target enrollment)

Selitrectinib 
(LOXO-195)
(Bayer)

NTRK Phase1/2 (NCT03215511): adults and pediatric patients with solid tumors
(N = 170)

Repotrectinib 
(TPX-0005)
(Turning Point 
Therapeutics)

ALK, ROS1, NTRK • Phase 1/2 (NCT04094610): patients aged 4 to <12 years with solid 
tumors, lymphoma, or primary CNS tumors (N = 75)

• Phase 1/2 (NCT03093116; TRIDENT-1): patients ≥12 years with solid 
tumors (N = 450)

Debio1347
(Debiopharm Group)

FGFR • Phase 1/2 (NCT03344536): + fulvestrant in adults with ER-positive 
metastatic breast cancer (N = 55)

• Phase 1 (NCT01948297): adults with solid tumors (N = 118)a

• Phase 2 (NCT03834220; FUZE Clinical Trial): adults with solid tumors 
(N = 58)a

Pralsetinib
(BLU-667)
(Blueprint Medicines 
Corporation)

RET • Phase 3 (NCT04222972; AcceleRET): pralsetinib vs pembrolizumab 
+/- platinum doublet in patients with NSCLC (N = 250) 

• Phase 1/2 (NCT03037385; ARROW): adults with NSCLC and other 
solid tumors (N = 527)

TPX-0046
(Turning Point 
Therapeutics)

RET, SRC Phase 1/2 (NCT04161391): adults with advanced or metastatic solid 
tumors including NSCLC and MTC 
(N = 362)

Dubermatinib
(TP-0903)
(Tolero 
Pharmaceuticals)

AXL kinase Phase 1 (NCT02729298): adults with advanced solid tumors, including 
EGFR-positive NSCLC; BRAF-negative, KRAS-negative, or NRAS-mutated 
CRC; ovarian cancer; BRAF-mutated melanoma
(N = 140)

PLX8394
(Plexxikon)

BRAF Phase 1/2 (NCT02428712): adults and pediatric patients 
(≥3 years) with solid tumors 
(N = 75)a

Zenocutuzumab  
(MCLA-128)
(Merus)

NRG1 Phase 1/2 (NCT02912949): adults with solid tumors 
(N = 250)

Tarloxotinib bromide
(TH-4000)
(The University of 
Auckland, New Zealand)

NRG1 Phase 2 (NCT03805841; RAIN): adults with advanced solid tumors with 
NRG1/ERBB fusions, including NSCLC with EGFR-positive and HER2-
activating mutations (N = 60)

Seribantumab
(MM-121)
(Merrimack 
Pharmaceuticals)

NRG1 Phase 2 (NCT04383210; CRESTONE): adults with solid tumors (N = 75)b

CNS, central nervous system; CRC, colorectal cancer; ER, estrogen receptor; MTC, medullary thyroid cancer;  
NSCLC, non–small cell lung cancer.
aActive, not recruiting participants.
bNot yet recruiting participants.
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ROS1 and NRG1
As actionable driver mutations that present in 
2% of NSCLC cases,18 ROS1 fusions could be a 
fruitful area of focus for tissue-agnostic  
therapeutic endeavors, according to Drilon. In 
2016, the FDA approved crizotinib (Xalkori) for 
patients with metastatic ROS1-positive NSCLC.3

“ROS1 fusions drive non–small cell lung 
cancer, but are also found in other cancers 
and were first discovered in glioblastomas…
[they] also occur in cholangiocarcinomas, 
gastrointestinal carcinomas, and spitzoid 
tumors,” Drilon said, adding that responses 
have also been seen with administration of 
the ROS1 inhibitor entrectinib across adult 
and pediatric patients with sarcomas and 
breast cancers. 

“One possibility for tumor-agnostic drug 
development is expanding the approval of 
[drugs targeting] ROS1 beyond non–small cell 
lung cancers,” Drilon continued.

NRG1 fusions, which are enriched in  
pancreatic cancers and lung cancers but are 
also found in many other tumor types in 

The Cancer Genome Atlas dataset, represent 
another possibility, according to Drilon. “NRG1 
is a driver for which we do not yet have an 
approved therapy, but the hope is that the first 
approval will be tumor agnostic,” he said. 

Therapies under investigation in NRG1 
fusion–positive malignancies include 
zenocutuzumab (MCLA-128; NCT02912949), 
tarloxotinib bromide (NCT03805841), and 
seribantumab (NCT04383210), among others.

Schram agreed that NRG1 fusions, among 
other fusions, are actionable, cross-tumor 
targets for tissue-agnostic drug development 
that should be pursued. 

“Many of the most exciting success stories 
in genome-directed therapy have been in 
targeting oncogenic fusions,” Schram said. 
As examples, she cited therapies directed 
at BCR-ABL proteins for Philadelphia chro-
mosome–positive chronic myeloid leukemia, 
ALK and ROS1 fusions in lung cancer, and 
NTRK fusions across tumor types. She noted 
that ALK, RET, ROS1, and NRG1 fusions are 
currently being studied in basket trials, 

signifying that they are promising targets, 
regardless of the tumor type.

MORE DATA ARE NEEDED
The experts interviewed for this article 
concurred that expanded adoption of 
molecular profiling will be critical to this 
paradigm-changing approach to anticancer 
drug development. “We are only really able to 
move forward with understanding the biology 
of cancers and their response to tumor- 
agnostic therapies if we can find the drivers 
in patients’ tumors,” Drilon said.

Although methodologies such as next-
generation sequencing can provide necessary 
insights into the genomic aberrations that can 
guide tissue-agnostic drug development and 
treatment decisions, sequencing modalities 
“are not yet standard of care for all tumor 
types, which can be a barrier [to access],” 
Schram noted. n

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

Follow @OncLive to have the latest oncology 
updates at your fingertips. 

• Receive alerts on the latest updates and news in oncology

• Get live conference coverage

• Find out about upcoming events

is on Twitter!

Get constant updates from your favorite  
all-access resource for oncology by 
following@OncLive on Twitter today!

 “TWITTER, TWEET, RETWEET and the Twitter logo are trademarks of Twitter, Inc. or its affiliates.” life sciences™

OL_Twitter_Asize_HALF_022020v1.indd   1 3/11/20   12:33 PM



© 2020 Amgen Inc. All rights reserved. Not for reproduction. USA-171-81028 January 2020 Printed in USA

W H A T  M A T T E R S 

MOST TO 
YOUR PATIENTS?

SEE HOW WE CAN HELP AT KYPROLIS-HCP.COM

10.25"(bleed)
10"(Trim)
9"(Live)

12
.2
5
"(
b
le
e
d
)

12
"(
Tr
im

)
11
"(
L
iv
e)

USA-171-81028_242003787_PRINT.indd   1 1/22/20   3:15 PM



26    Vol. 21 | No. 13 | JULY 2020

Conference Highlights A U A  A N N U A L  M E E T I N G

Low-Intensity Surveillance Demonstrates Utility in NMIBC
by BRITTANY LOVELY 

LOW-INTENSITY SURVEILLANCE MAY 
be comparable to high-intensity surveil-
lance for cancer control in patients 
with high-risk non–muscle- 
invasive bladder cancer (NMIBC). 
Results of a study presented as 
part of the virtual science sessions 
of the 2020 American Urological 
Association (AUA) Annual Meeting 
demonstrated that patients who 
had low-intensity cystoscopy 
surveillance underwent fewer 
transurethral resections but did not expe-
rience an increased risk of progression or 
bladder cancer death compared with those 
who had high-intensity surveillance.1,2 

In an analysis of 1542 patients from 
the Department of Veterans Affairs with 
high-risk NMIBC, those who underwent 
low-intensity surveillance (33.7%; n = 520) 
were found to have almost 3 times fewer 
transurethral resections than those with 
high-intensity surveillance (37 vs 99 per 
100 person-years, respectively; P <.001). 
Similarly, patients who had low-intensity 
surveillance underwent approximately 
3 times fewer resections with cancer in 
the specimen (28 vs 77 per 100 person-
years; P <.001) and 2 times fewer resections 
without cancer in the specimen (7.5 vs  
16 per 100 person-years; P <.001; TABLE).2 

“Low-intensity surveillance was associ-
ated with fewer transurethral resections or 

fewer times going into the bladder 
to remove or scrape these tumors, 
and we found no increased risk in 
bladder cancer death whether [a 
patient] underwent low- or high- 
intensity cystoscopy surveillance 
of high-risk bladder cancer,” said 
Michael E. Rezaee, MD, MPH, 
lead author and urology resident 
at Dartmouth-Hitchcock Medical 

Center in Lebanon, New Hampshire, during 
the virtual presentation. 

Despite noting that low-intensity 
surveillance may be a reasonable option 
for high-risk muscle-invasive bladder 
cancer, Rezaee concluded that a need exists 
for “a trial to assess whether decreasing 
surveillance frequency in high-risk disease 
is actually safe.” 

Further stratified results showed that 
among a subset of patients with a baseline 
diagnosis of Ta disease, low-intensity 
surveillance was associated with a 
decreased risk of progression to invasive 
disease (T1 or T2) or bladder cancer death 
(cumulative incidence, 19.3% vs 31.3% at  
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TABLE.  Outcomes With Low- Versus High-Intensity Surveillance2

Measure Low-intensity  
surveillance

High-intensity  
surveillance

P value

Number of transurethral  
resections (95% CI)

37 (34-41) 99 (93-101) <.001

Number of resections with cancer  
in specimen (95% CI)

28 (25-31) 77 (72-83) <.001

Number of resections without cancer  
in the specimen

7.5 (6.5-8.7) 16 (15-18) <.001

Risk of death from bladder cancer  
at 5 years (95% CI)

8.4% (6.5%-10.9%) 9.1% (7.4%-11.2%) .61

Risk of death from bladder cancer  
at 5 years, Ta disease

5.7% 8.2% .24

Risk of death from bladder cancer  
at 5 years, T1 disease

10.2% 9.1% .58

Michael E. Rezaee, 
MD, MPH
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5 years; P <.002). Similarly, the patients with 
noninvasive disease who underwent fewer 
cystoscopies did not have an increased risk 
of death (5.7% vs 8.2% at 5 years; P = .24).2 

NMIBC accounts for 70% to 80% of new 
bladder cancer diagnoses, and high-risk 
NMIBC lesions (high-grade Ta and T1 
disease) have an 80% risk of recurrence  
5 years following treatment and a 50% risk 
of progression.1,2 Patients who receive a 
diagnosis of high-risk NMIBC first undergo 
a transurethral resection or endoscopic 
scraping of their bladder to remove the 
tumor from the bladder wall. Once the 
tumor has been removed, patients then 
undergo a series of procedures during 
which a cystoscope is inserted through the 
urethra and then into the bladder to look for 
any evidence of the tumor coming back or 
any progression of the tumors. 

The hypothesis-emerging findings provide 
rationale for clinical trial designs aimed at 
challenging the current, expert opinion of 
standard of care. “According to AUA, the 
current recommendation of cystoscopy or 
looking at the bladder should happen every 
3 to 4 months for the first 2 years after diag-
nosis of high-risk bladder cancer,” Rezaee 
said.3 “However, this recommendation is 
based on expert opinion and minimal scien-
tific evidence, so there is not a lot of research 
supporting this AUA recommendation. For 
us, this raised the question of whether this 
level of intensity or frequency of looking into 
the bladder is actually necessary for high-
risk non–muscle-invasive bladder cancer.”

The retrospective cohort study reviewed 
the association of low-intensity surveil-
lance cystoscopies (1-5 procedures) versus 
high-intensity cystoscopies (≥6 procedures) 
with frequency of transurethral resec-
tions, as well as risk of progression and 
bladder cancer death of 1542 patients who 
received a diagnosis of high-risk NMIBC 
between 2005 and 2011 with follow-up care 
through 2014. Investigators defined inten-
sity according to the number of procedures 
received over a 2-year surveillance window. 
The primary outcome was progression to 
fatal bladder cancer at 5 years.2 

Noting the limitations of the study, 
Rezaee said that despite the strength of 
the sample size, some unmeasured patient 
and provider characteristics could not be 

accounted for in the study despite rigorous 
analysis. “This is an observational study 
with both unobserved and unmeasured 
confounding [factors]. Therefore,it is really 
difficult for us to understand why some 
high-risk patients underwent low-intensity 
surveillance in the first place when they 
should have been undergoing high- 
intensity surveillance.”

The surveillance window was 21.5 months 
to 24.0 months for 458 patients who under-
went low-intensity surveillance (88.1%) 
compared with 365 patients who underwent 
high-intensity surveillance (35.7%; P <.001). 
A lower proportion of patients in the low- 
intensity cohort experienced a recurrence at 
2 years (13.3%) versus those in the high- 
intensity cohort (64.1%). The median number 
of cystoscopies for patients who underwent 
low- and high-intensity surveillance over at 
least 21.5 months was 4 and 7, respectively.2 

 
THE FUTURE OF SURVEILLANCE  
AND COVID-19 DATA 
The authors concluded that the study 
provides a strong rationale for a future 
randomized trial to assess whether low- 
intensity surveillance of patients with 
high-risk NMIBC is comparable to high- 
intensity surveillance in terms of cancer 
control and should not guide current  
clinical practice. 
“We cannot say that performing less 
surveillance for high-risk disease can be 
recommended at this time,” Rezaee said. 
“This is not the study design nor the type 
of platform to make that recommendation.” 

The discussion turned to how the corona-
virus disease 2019 (COVID-19) pandemic 
might potentially affect the field, as the 
experience of having to delay cystoscopies 
could provide real-world evidence of what 
would happen if cystoscopies were 
performed less frequently than usual. 

“I think there is a lot of impact from 

COVID-19 not even necessarily just relat-
ing to surveillance cystoscopy but urology 
surgeries and procedures in general,” 
Rezaee said. “I would not be surprised to 
learn that there have been some delays 
especially for [patients] who have low-risk 
disease, but I think that could be some real-
world data that could potentially be worth 
harvesting….The implications of that data 
wouldn’t be known for a few years.”

Senior author Florian Schroeck, MD, MS, 
added, “We’re always looking for natu-
ral experiments so that we can get rid of 
some of the confounding that is often in the 
data.…COVID-19 is an opportunity for such 
a natural experiment. Likely starting 
in March 2020, there [may potentially be] 
a huge drop in the number of cystoscopies, 
[and] there might be none for a period…
that is likely still ongoing and will, hope-
fully, end soon. I agree that moving 
forward there might be an opportunity to 
use that data to see how [it] applies to all 
the cancer care that we are currently doing 
and see how much of an impact it has on 
cancer outcomes.” Schroeck is an associ-
ate professor at The Dartmouth Institute 
for Health Policy and Clinical Practice in 
Hanover, New Hampshire. n
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[The current American Urological Association recommendation] 
raised the question of whether this level of intensity or frequency of 
looking into the bladder is actually necessary for patients with high-

risk non–muscle-invasive bladder cancer.” 
—MICHAEL E. REZAEE, MD, MPH
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Neoadjuvant Apalutamide May Shrink Prostate Tumors
by TONY BERBERABE 

INTERIM DATA FROM A phase 2 study 
presented at the 2020 American Urological 
Association Annual Meeting indicate that 
neoadjuvant hormone therapy (NHT) may 
reduce tumor volume in men with high-risk 
prostate cancer planning to undergo radical 
prostatectomy (RP). Positive trends supported 
increased sexual potency preser-
vation without an adverse effect 
on positive surgical margin rates, 
according to lead author Joshua 
Sterling, MD, who detailed the find-
ings during a podium session.1

“Historically, [NHT] has been 
shown to improve pathologic 
outcomes. Therefore, neoadjuvant 
androgen deprivation therapy may 
allow a nerve-sparing surgical approach to 
increase postsurgical quality-of-life outcomes 
without compromising oncologic outcomes,” 
said Sterling, a chief resident in the 
Department of Surgery, Division of Urology, at 
Rutgers Robert Wood Johnson Medical School 
in New Brunswick, New Jersey.2

Although neoadjuvant systemic therapy is a 
widely accepted treatment paradigm in many 
malignancies, the use of androgen deprivation 
is not widely endorsed in the localized disease 
setting of prostate cancer. The use of NHT was 
initially studied in the 1990s, when results by 
Labrie et al demonstrated an improvement in 
pathologic outcomes, but follow-up data failed 
to show improvement in overall survival.1,2

 For men with high-risk localized prostate 
cancer who choose to have surgery, wide 
resection of the neuromuscular bundle leads 
to best oncologic control, but this aggressive 

tumor control approach comes with adverse 
effects such as impotence and postoperative 
continence, Sterling noted.

Investigators sought to evaluate the impact 
of NHT in advance of RP in a prospective 3-arm 
study (NCT02949284) that so far has enrolled 
42 patients to date. Patients are randomized to 

receive either apalutamide (Erleada; 
arm 1); apalutamide plus a gonadotro-
pin-releasing hormone, abiraterone 
acetate (Zytiga), and prednisone (arm 
2); or surgery alone (arm 3). Patients 
in arms 1 and 2 will undergo RP 3 
months after treatment completion. 
Follow-up for all 3 arms will proceed 
for 2 years. The target accrual is 90 
patients and includes individuals with 

a Gleason score greater than 8 on a biopsy or 
a prostate-specific antigen (PSA) score that 
exceeds 20 ng/mL.

The primary end point is the postsurgical 
potency rate at 12 months, which is defined as 
being able to penetrate and complete sexual 
intercourse satisfactorily in more than 50% 
of attempts. Secondary end points include 
change in tumor volume, biochemical recur-
rence rate, positive surgical margins rate, 
postoperative continence rate, and  
quality-of-life assessment.1

Thirty-two patients were included in this 
current analysis (TABLE).1 Four patients with-
drew from the study following randomization, 
1 patient was declared ineligible, 3 patients 
continue to receive neoadjuvant treatment, 
and 24 patients are in the follow-up phase. 
Arm 1 consisted of 10 patients and arms  
2 and 3 had 7 patients each.

A median reduction of tumor volume was 
observed in 32.4% of patients in arm 1 and 
55.7% in arm 2. There was no pathological 
complete response, Sterling said. Surgical 
margins were positive in 3 patients in arm 
1, 1 patient in arm 2, and 3 patients in arm 
3. Potency was achieved in 50% of patients in 
arm 1, 14.2% of patients in arm 2, and  
28.5% of patients in arm 3.

All groups were well balanced, with 
median highest measured PSA levels of  
11.8 ng/mL (range, 8.8-16.7), 19.9 ng/mL 
(range, 15.6-25.0), and 8.9 ng/mL (range, 
7.7-17.8) in arms 1, 2, and 3, respectively. 
Median PSA level reduction after neoadjuvant 
therapy was 11.2 ng/mL (range, 8.5-15.2), 
19.8 ng/mL (range, 15.4-24.8), and not avail-
able in arms 1, 2, and 3, respectively. Serum 
testosterone level recovered to baseline 
post operatively.

“The median follow-up time for arms  
1 and 2 has not reached maturity to appro-
priately assess continence or potency rates,” 
Sterling said. “However, at the time of anal-
ysis, 5 patients in arm 1 [P = .25] and 1 
patient in arm 2 [P = .21] have achieved 
potency compared with 2 patients in 
arm 3,” he said.

Seven patients in arm 1 (P = .14) and 5 
patients in arm 2 (P = .22) have achieved 
continence compared with 3 patients in 
arm 3. Three patients have experienced 
a biochemical recurrence to date. This 
was reported in 1 patient in arm 1 and 2 
patients in arm 2.

“These interim results are promising,” 
Sterling concluded. “However, complete 
accrual will be necessary to confirm these 
early observations.” n
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TABLE. Interim Findings From Neoadjuvant Prostate Cancer Trial1

Outcomes measure Arm 1: apalutamide
(n = 10)

Arm 2: apalutamide  
combinationa

(n = 7)

Arm 3: surgery
(n = 7)

Patients achieving potency post surgery 50.0% 14.2% 28.5%

Median reduction of tumor volume 32.4% 55.7% NA

Patients with positive surgical margins 30.0% 14.2% 42.8%

Patients experiencing biochemical recurrence 10.0% 28.5% 0%

Patients achieving continence post surgery 70.0% 71.4% 42.8%
aPatients in arm 2 were treated with apalutamide with a gonadotropin-releasing hormone, abiraterone acetate, and prednisone.

Joshua  
Sterling, MD
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Adoptive Cell Therapy Aims to Improve  
Outcomes in Metastatic Melanoma
by BRITTANY LOVELY

LIFLEUCEL (LN-144), a tumor-Infiltrating 
lymphocyte (TIL) therapy that uses the 
patient’s own immune cells to recognize 
and potentially kill cancer cells, is 
being investigated in patients with 
metastatic melanoma.

The phase 2, international, single-
arm, C-144-01 trial (NCT02360579) 
was developed to assess the efficacy 
and safety of lifileucel therapy in 
patients with stage IIIc or IV unre-
sectable or metastatic melanoma 
who have progressed after at least  
1 prior systemic treatment including 
a  PD-1 immune checkpoint inhib-
itor (ICI) and, if BRAF mutation–positive, 
BRAF or BRAF/MEK inhibitor therapy.1

Patients with metastatic melanoma who 
have progressed on or are refractory to ICIs 
or BRAF and MEK inhibitors currently have 
no approved agents in later lines of therapy. 
This patient population has demonstrated 
poor response to either retreatment with ICIs 
or chemotherapy with an overall response 
rate between 4% to 10% and a median overall 
survival of approximately 7 to 8 months.2

BUILDING ON HISTORICAL DATA
First examined at the National Cancer 
Institute (NCI), adoptive cell therapy using 
a patient’s TILs has demonstrated antitumor 

activity with durable long-term responses 
in a heavily pretreated population.3 Steven 
A. Rosenberg, MD, PhD, a 2013 Giants of 
Cancer Care® award winner, pioneered the 
technology at the NCI, where he is chief of 
the surgery branch. 

“Adoptive cell therapy has been 
around for more than a decade. Dr 
Rosenberg discovered that when you 
resect tumors out of patients, you can 
find residual tumor-reactive T cells 
within the tumor,” Amod Sarnaik, 
MD, the principal investigator for the 
lifileucel trial, said in an interview 
with OncologyLive®. “There has been 

a lot of effort put forth to try to operational-
ize that phenomenon as a potential treatment. 
After explanting the tumor one can actually 
artificially manipulate it in a laboratory envi-
ronment in ways that cannot be done while 
trying to treat the tumor when it is in situ.” 

Investigators hypothesized that adoptive 
cell therapy would translate to clinical effi-
cacy through the selection of the most highly 
avid antitumor lymphocytes, expansion of 
these lymphocytes ex vivo in the absence 
of endogenous regulatory mechanisms, and 
the manipulation of the host immune envi-
ronment using lymphodepletion in their 
absence.4 Over the course of several years of 
research, a study evaluating 93 patients with 

measurable metastatic melanoma across  
3 clinical trials using lymphodepleting 
preparative regimens reported durable 
outcomes.5

“At the NCI they were able to tweak the 
treatment to get a pretty good response 
rate. At the time they reported a 56% over-
all response rate, and this included a 22% 
complete response rate that was durable 
for many years5,” noted Sarnaik, a surgical 
oncologist in the Department of Cutaneous 
Oncology, the Immunology Program, and 
the Melanoma Center of Excellence at Moffitt 
Cancer Center in Tampa, Florida.

Despite data demonstrating promise with 
durable responses, the shortcomings of 
the early trials boiled down to the nature 
of the disease and the prolonged manufac-
turing time. Rosenberg et al estimated that 
about 5% of patients develop complications of 
tumor growth during the 4 to 6 weeks of cell 
preparation that preclude treatment.6 These 
were 2 areas in which C-144-01 investigators 
sought improvement. 

DESIGN CHANGES  
GENERATE OUTCOMES 
The ongoing C-144-01 study, which is no 
longer recruiting participants, consists of 
4 cohorts. In cohort 1, patients received 
“first-generation” lifileucel therapy that had 

Amod Sarnaik, MD

FIGURE. Lifileucel Trial in Metastatic Melanoma1

Eligibility criteria

•  Stage IIIc-IV unresectable or metastatic 
melanoma

•  Progressed following ≥ 1 prior systemic 
treatment including an ICI
•  If BRAF mutation–positive, progression 

following prior treatment with BRAF or 
BRAF/MEK inhibition

•  ≥ 1 measurable target lesion per  
RESIST v1.1

•  ≥ 1 resectable lesion or aggregate of 
resected lesions (≥ 1.5 cm in diameter)

•  ≥ 18 years of age
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Cohort 1: Lifileucel without  
cryopreservation (closed)

Cohort 2: Cryopreserved 
lifileucel (closed)

Cohort 4: Cryopreserved 
lifileucel (closed)

End points

Primary
•Disease assessment for ORR

Select secondary
• Disease assessment for DOR, DCR, 

PFS; OS, AEsCohort 3: Retreatment cohort: patients from cohorts 1, 2, or 4  
may rescreen for a second TIL regimen 

AEs, adverse events; DCR, disease control rate; DOR, duration of response; ICI, immune checkpoint inhibitor; ORR, objective response rate; OS, overall survival; PFS, progression-free survival; TIL, tumor-infiltrating lymphocytes.
aTIL therapy is preceded by lymphodepletion preconditioning therapy and followed by interleukin-2 regimen.
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not been cryopreserved. In cohorts  
2 through 4, participants were treated with 
“second-generation” cryopreserved lifileu-
cel therapy (FIGURE).1 All 3 primary cohorts 
are fully enrolled, with cohort 3 serving as 
an experimental retreatment subgroup for 
patients in cohort 2 who experience progres-
sion following TIL therapy. Cohort 4 has been 
adapted so that all patients with BRAF muta-
tion–positive diease have been previously 
treated with a BRAF or BRAF/MEK inhibitor.

The cryopreservation cohorts were intro-
duced to further evaluate the efficacy of 
lifileucel under a shortened TIL manufactur-
ing process.7 Iovance Biotherapeutics, which 
is developing lifileucel, was able to design a 
treatment process that shortened cell prepa-
ration from 7 to 8 weeks to a 22-day period 
from surgery until infusion, Sarnaik said. 

To receive lifileucel therapy, patients were 
required to have at least 1 tumor lesion 
or aggregate of lesions 1.5 cm or greater 
in diameter available for resection for TIL 
generation. Upon resection, the harvested 
tumor samples are sent to a centralized 
manufacturing facility where the TILs are 
extracted and multiplied in a laboratory 
until billions of them are obtained. Prior 
to adoptive cell infusion, patients undergo 
chemotherapy-induced lymphodepletion to 
enhance the persistence of the transferred 
cells and improve the anticancer effect.

Following the completion of the manu-
facturing process, the expanded TILs are 
cryopreserved and shipped back to the 
patient’s site of treatment. The TILs are then 
administered via intravenous infusion 
to the patient as lifileucel. Immediately 
following infusion, patients receive up to 
6 doses of interleukin 2 (IL-2) to support 
the growth and activation of the TILs in the 
patient, and to augment the anticancer activ-
ity of the TIL therapy.1,4

Data from cohort 2 were presented by 
Sarnaik at the 2020 American Society of 
Clinical Oncology Virtual Scientific Meeting. 
Sixty-six patients with high baseline tumor 
burden who had received a mean of 3.3 prior 
therapies underwent treatment with lifi-
leucel. After a median study follow-up of 
18.7 months, the objective response rate 
was 36.4%, with 33.3% of patients having 
a partial response and 3.0% having a 
complete response.7

“The response rate was a little higher 
than what I expected in this cohort,” said 
Sarnaik. In terms of how this therapy stacks 
up against comparators, Sarnaik noted that 
the response rate comes close to what would 
be expected with frontline anti–PD-1 ther-
apy. “The response is around 30% to 40% 
with PD-1 antibodies, so it’s a bit surprising 
that a second- or even third-line therapy like 
this would have a response rate that comes 
close to that response rate.”

The data further demonstrated that 43.9% of 
patients had stable disease, which translated 
into a disease control rate of 80.3%, whereas 
13.9% experienced progressive disease. The 
median duration of response was not reached 
(range, 2.2 to 26.9 + months).7

The safety profile for lifileucel was 
consistent with the disease setting, lympho-
depletion, and the IL-2 regimens used, 
Sarnaik said in his presentation. He noted 
that the frequency of adverse events 
decreased over time.

All participants reported at least 1 treat-
ment-emergent adverse event (TEAE) of any 
grade, including 97.0% with a TEAE of grade 
3 or 4 severity. The most frequently reported 
grade 3 or 4 TEAEs include thrombocyto-
penia (81.8%), anemia (56.1%), and febrile 
neutropenia (54.5%). Additionally, 2 patients 
died during the study, 1 due to an intra- 
abdominal hemorrhage possibly associated 
with the therapy and the other as a result 
of acute respiratory failure not attributed to 
the study therapy.

Findings from cohort 4 of the trial will be 
used to support drug approval filings with 
the FDA and European regulatory agencies. 
“There were a couple of patients in cohort 2 
who had had tumors that were BRAF V600 
mutated and were not previously treated 
with the BRAF or BRAF/MEK inhibitor. So, 
all patients in cohort 4 whose tumors were 
BRAF V600 mutated were treated previously 
and either progressed or were refractory,” 
Sarnaik explained.

Early data from cohort 4 (n = 68) showed 
an overall response rate of 32.4% by investi-
gator assessment at a median of 5.3 months’ 
follow-up. Iovance stated that updated find-
ings will be presented at upcoming medical 
meeting and that the developer plans to 
submit a biologics licensing application for 
lifileucel in late 2020.8

TREATING A CHALLENGING  
POPULATION
In reviewing the data from the American 
Society of Clinical Oncology meeting, Sarnaik 
noted that 44% of patients have liver and brain 
metastases upon diagnosis.7 “These patients 
uniformly presented with advanced disease; 
they were not selected for ‘good tumor biology.’ 
After tumor progression on anti–PD-1 anti-
body-based therapy, which all but 1 patient 
had, unfortunately the disease biology is auto-
matically selected to be unfavorable,” he said.

Getting patients to therapy is another 
hurdle, which Sarnaik notes could have 
been a barrier to enrollment had the trial 
not taken place both in the United States 
and in Europe. As for this therapy becoming 
a widely available treatment, the require-
ments remain a hurdle for a majority of 
patients with advanced disease and comor-
bidities. “It’s a bit more difficult to recruit 
patients to an adoptive cell therapy trial 
as opposed to a systemic intravenous ther-
apy of so-called off-the-shelf drugs and it’s 
for a couple of reasons,” he said. “The first 
is that in terms of patient selection one has 
to take into account that the tumor harvest 
requires surgery and a clinician would not 
perform an elaborate surgical resection 
with significant adverse events that could 
delay treatment.” 

Further, patients with advanced melanoma 
do not receive therapeutic benefit until the 
TIL therapy is administered. “So, to have a 
surgical resection that has a high morbidity 
would not really be palatable to the patient 
nor to the recruiting investigator,” Sarnaik 
added. Despite the best efforts of drug devel-
opers to speed up manufacturing processes, 
patients may die before treatment is ready.

One upside to the therapy, however, is the 
single treatment cycle. “One point that is 
unique to this treatment, and that may be a 
little more attractive to the patients, is that it is 
a single treatment and does not involve 
repetitive cycles. So, if the patients are able to 
commit to the waiting period from screening 
to TIL harvest, and then the 22 days until 
administration, after that 1 single cycle there 
is no further active treatment. I think that is to 
the patients’ advantage,” Sarnaik concluded.n

For a full list of references,  
see the article at  . 
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CYRAMZA as a single agent, or in combination with paclitaxel, is indicated for the treatment of patients with advanced or metastatic gastric or 
gastroesophageal junction adenocarcinoma with disease progression on or after prior fluoropyrimidine- or platinum-containing chemotherapy.

Learn more at CYRAMZAhcp.com

STUDY DESIGN: The phase III RAINBOW trial evaluated the efficacy and safety of CYRAMZA plus paclitaxel vs placebo plus paclitaxel in patients with locally advanced or metastatic gastric or GEJ adenocarcinoma with disease progression on or after prior 
fluoropyrimidine- and platinum-containing chemotherapy. Major efficacy outcome measure was OS. Supportive efficacy outcome measures were PFS and ORR. All patients were ECOG PS 0 or 1. Prior to enrollment, 97% of patients had progressed during treatment 
or within 4 months after the last dose of first-line chemotherapy for metastatic disease. Twenty-five percent of patients had received anthracycline in combination with platinum/fluoropyrimidine therapy, while 75% did not. Patients were randomized 1:1 to CYRAMZA 
8 mg/kg (n=330) or placebo (n=335) every 2 weeks (on days 1 and 15) of each 28-day cycle. Patients in both arms received paclitaxel 80 mg/m2 on days 1, 8, and 15 of each 28-day cycle.1,3

•  The percentage of deaths at the time of analysis was 78% 
(256 patients) and 78% (260 patients) in the CYRAMZA 
plus paclitaxel and placebo plus paclitaxel treatment 
arms, respectively

CYRAMZA plus paclitaxel significantly extended OS and PFS1

Overall Survival: Major Outcome Measure Median-Months (95% CI)

Hazard ratio=0.81 (0.68, 0.96); P=0.017

9.6
   MONTHS*

(8.5, 10.8)

7.4
   MONTHS*

 (6.3, 8.4)

VS
Placebo 
+ paclitaxel 
(n=335)

CYRAMZA 
+ paclitaxel 

(n=330)

•  The percentage of events at the time of analysis was 85% 
(279 patients) and 88% (296 patients) in the CYRAMZA 
plus paclitaxel and placebo plus paclitaxel treatment 
arms, respectively

•  56 of 279 events in CYRAMZA-treated patients and 55 
of 296 events in placebo-treated patients were deaths
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Hazard ratio=0.64 (0.54, 0.75); P<0.001

“I’m in this for as long as I can be.”

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



SELECT IMPORTANT SAFETY INFORMATION
GASTROINTESTINAL PERFORATIONS
•  CYRAMZA can increase the risk of gastrointestinal perforation, a potentially fatal event. Across five clinical studies in 1916 patients with various cancers treated with CYRAMZA, the incidence of all Grade and 

Grade 3-5 gastrointestinal perforations ranged from <1-2%.
•  Permanently discontinue CYRAMZA in patients who experience a gastrointestinal perforation.
IMPAIRED WOUND HEALING
•  Impaired wound healing can occur in patients who receive drugs that inhibit the VEGF or VEGFR pathway. CYRAMZA, a VEGFR2 antagonist, has the potential to adversely affect wound healing. CYRAMZA has not 

been studied in patients with serious or non-healing wounds.
•   Withhold CYRAMZA for 28 days prior to elective surgery. Do not administer CYRAMZA for at least 28 days following a major surgical procedure and until the wound 

is fully healed. Discontinue CYRAMZA in patients who develop wound healing complications that require medical intervention.

*median
CI=confidence interval; ECOG PS=Eastern Cooperative Oncology Group performance status; GEJ=gastroesophageal junction; ORR=overall response rate; 
OS=overall survival; PFS=progression-free survival. 

Adding CYRAMZA to paclitaxel nearly doubles the response vs paclitaxel alone1,2

ORR (Complete and Partial Response): Supportive Outcome Measure
RAINBOW ORR: percent of patients (95% CI)1

•  Disease progression and tumor response were assessed by investigators in accordance with Response Evaluation Criteria 
in Solid Tumors (RECIST) 1.12

• 2 complete response in CYRAMZA-treated patients and 1 complete response in the placebo-treated patients

P<0.001
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8 mg/kg (n=330) or placebo (n=335) every 2 weeks (on days 1 and 15) of each 28-day cycle. Patients in both arms received paclitaxel 80 mg/m2 on days 1, 8, and 15 of each 28-day cycle.1,3
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plus paclitaxel and placebo plus paclitaxel treatment 
arms, respectively
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IMPORTANT SAFETY INFORMATION FOR CYRAMZA® (ramucirumab) 
Warnings and Precautions
Hemorrhage 
•  CYRAMZA increased the risk of hemorrhage and gastrointestinal hemorrhage, including Grade ≥3 hemorrhagic 

events. Across five clinical studies in 1916 patients with various cancers treated with CYRAMZA, the incidence 
of all Grade hemorrhage occurred between 13-44%. Grade 3-5 hemorrhage incidence ranged from 2-5%.

•  Patients with gastric cancer receiving nonsteroidal anti-inflammatory drugs (NSAIDs) were excluded from 
enrollment in REGARD and RAINBOW; therefore, the risk of gastric hemorrhage in CYRAMZA-treated patients 
with gastric tumors receiving NSAIDs is unknown.

•  Permanently discontinue CYRAMZA in patients who experience severe (Grade 3 or 4) bleeding. 
Gastrointestinal Perforations
•  CYRAMZA can increase the risk of gastrointestinal perforation, a potentially fatal event. Across five clinical 

studies in 1916 patients with various cancers treated with CYRAMZA, the incidence of all Grade and Grade 3-5 
gastrointestinal perforations ranged from <1-2%.

•  Permanently discontinue CYRAMZA in patients who experience a gastrointestinal perforation.

Impaired Wound Healing
•  Impaired wound healing can occur in patients who receive drugs that inhibit the VEGF or VEGFR pathway. 

CYRAMZA, a VEGFR2 antagonist, has the potential to adversely affect wound healing. CYRAMZA has not been 
studied in patients with serious or non-healing wounds.

•  Withhold CYRAMZA for 28 days prior to elective surgery. Do not administer CYRAMZA for at least 28 days 
following a major surgical procedure and until the wound is fully healed. Discontinue CYRAMZA in patients 
who develop wound healing complications that require medical intervention.

Arterial Thromboembolic Events
•  Serious, sometimes fatal, arterial thromboembolic events (ATEs), including myocardial infarction, cardiac 

arrest, cerebrovascular accident, and cerebral ischemia, occurred across clinical trials. Across five clinical 
studies in 1916 patients with various cancers treated with CYRAMZA, the incidence of all Grade ATE was 2-3%. 
Grade 3-5 ATE incidence was 1-2%.

•  Permanently discontinue CYRAMZA in patients who experience an ATE.

Hypertension
•  An increased incidence of severe hypertension occurred in patients receiving CYRAMZA. Across five clinical 

studies in 1916 patients with various cancers treated with CYRAMZA, the incidence of all Grade hypertension 
occurred between 11-26%. Grade 3-5 hypertension incidence ranged from 6-15%.

•  Control hypertension prior to initiating treatment with CYRAMZA. Monitor blood pressure every two weeks or 
more frequently as indicated during treatment. Withhold CYRAMZA for severe hypertension until medically 
controlled. Permanently discontinue CYRAMZA for medically significant hypertension that cannot be controlled 
with antihypertensive therapy or in patients with hypertensive crisis or hypertensive encephalopathy.

Infusion-Related Reactions
•  Infusion-related reactions (IRR), including severe and life threatening IRR, occurred in CYRAMZA clinical 

trials. The majority of IRR across trials occurred during or following a first or second CYRAMZA infusion. 
Symptoms of IRR included rigors/tremors, back pain/spasms, chest pain and/or tightness, chills, flushing, 
dyspnea, wheezing, hypoxia, and paresthesia. In severe cases, symptoms included bronchospasm, 
supraventricular tachycardia, and hypotension. Across five clinical studies in 1916 patients with various 
cancers treated with CYRAMZA in which premedication was recommended or required, the incidence of all 
Grade IRR occurred between <1-9%. Grade 3-5 IRR incidence was <1%.

•  Premedicate prior to each CYRAMZA infusion. Monitor patients during the infusion for signs and symptoms of 
IRR in a setting with available resuscitation equipment. Reduce the infusion rate by 50% for Grade 1-2 IRR. 
Permanently discontinue CYRAMZA for Grade 3-4 IRR.

Worsening of Pre-existing Hepatic Impairment
•  Clinical deterioration, manifested by new onset or worsening encephalopathy, ascites, or hepatorenal 

syndrome, was reported in patients with Child-Pugh B or C cirrhosis who received single agent CYRAMZA. Use 
CYRAMZA in patients with Child-Pugh B or C cirrhosis only if the potential benefits of treatment are judged to 
outweigh the risks of clinical deterioration.

•  Based on safety data from REACH-2, in patients with Child-Pugh A liver cirrhosis, the pooled incidence of 
hepatic encephalopathy and hepatorenal syndrome was higher for patients who received CYRAMZA (6%) 
compared to patients who received placebo (0%).

Posterior Reversible Encephalopathy Syndrome
•  Posterior Reversible Encephalopathy Syndrome (PRES) (also known as Reversible Posterior 

Leukoencephalopathy Syndrome [RPLS]) has been reported in <0.1% of 1916 patients enrolled in five clinical 
studies with CYRAMZA. Symptoms of PRES include seizure, headache, nausea/vomiting, blindness, or altered 
consciousness, with or without associated hypertension. 

•  Confirm the diagnosis of PRES with magnetic resonance imaging and permanently discontinue CYRAMZA in 
patients who develop PRES. Symptoms may resolve or improve within days, although some patients with 
PRES can experience ongoing neurologic sequelae or death.

Proteinuria Including Nephrotic Syndrome
•  Across five clinical studies in 1916 patients with various cancers treated with CYRAMZA, the incidence of all 

Grade proteinuria ranged from 3-20%. Grade ≥3 proteinuria (including 4 patients with nephrotic syndrome) 
incidence ranged from <1-3%.

•  Monitor proteinuria by urine dipstick and/or urinary protein creatinine ratio. If the result of the urine dipstick 
is 2+ or greater, perform a 24-hour urine collection for protein measurement. Withhold CYRAMZA for urine 
protein levels that are 2 or more grams over 24 hours. Reinitiate CYRAMZA at a reduced dose once the urine 
protein level returns to less than 2 grams over 24 hours. Permanently discontinue CYRAMZA for urine protein 
levels greater than 3 grams over 24 hours or in the setting of nephrotic syndrome.

Thyroid Dysfunction
•  Across five clinical studies in 1916 patients with various cancers treated with CYRAMZA, the incidence of 

Grade 1-2 hypothyroidism ranged from <1-3%; there were no reports of Grade 3-5 hypothyroidism. Monitor 
thyroid function during treatment with CYRAMZA.

Embryo-Fetal Toxicity
•  Based on its mechanism of action, CYRAMZA can cause fetal harm when administered to pregnant women. 

Animal models link angiogenesis, VEGF and VEGFR2 to critical aspects of female reproduction, embryo-fetal 
development, and postnatal development. Advise pregnant women of the potential risk to a fetus. Advise 
females of reproductive potential to use effective contraception during treatment with CYRAMZA and for 3 
months after the last dose.

Lactation
•  Because of the potential risk for serious adverse reactions in breastfed children from ramucirumab, advise 

women not to breastfeed during treatment with CYRAMZA and for 2 months after the last dose.
Most Common Adverse Reactions—CYRAMZA Administered as a Single 
Agent (REGARD)
•  The most commonly reported adverse reactions (all Grades; Grade 3-4) occurring in ≥5% of patients receiving 

CYRAMZA and ≥2% higher than placebo in REGARD were hypertension (16% vs 8%; 8% vs 3%), diarrhea (14% 
vs 9%; 1% vs 2%), headache (9% vs 3%; 0% vs 0%), and hyponatremia (6% vs 2%; 3% vs 1%).

•  The most common serious adverse reactions with CYRAMZA were anemia (3.8%) and intestinal obstruction 
(2.1%). Red blood cell transfusions were given to 11% of CYRAMZA-treated patients vs 8.7% of patients who 
received placebo.

•  Clinically relevant adverse reactions reported in ≥1% and <5% of CYRAMZA-treated patients in REGARD were 
neutropenia (4.7%), epistaxis (4.7%), rash (4.2%), intestinal obstruction (2.1%), and arterial thromboembolic 
events (1.7%).

•  Across clinical trials of CYRAMZA administered as a single agent, clinically relevant adverse reactions 
(including Grade ≥3) reported in CYRAMZA-treated patients included proteinuria, gastrointestinal perforation, 
and IRR. In REGARD, according to laboratory assessment, 8% of CYRAMZA-treated patients developed 
proteinuria vs 3% of placebo-treated patients. Two patients discontinued CYRAMZA due to proteinuria. The 
rate of gastrointestinal perforation in REGARD was 0.8% and the rate of IRR was 0.4%.

Most Common Adverse Reactions—CYRAMZA Administered in Combination 
with Paclitaxel (RAINBOW)
•  The most commonly reported adverse reactions (all Grades; Grade ≥3) occurring in ≥5% of patients receiving 

CYRAMZA with paclitaxel and ≥2% higher than placebo with paclitaxel in RAINBOW were fatigue/asthenia 
(57% vs 44%; 12% vs 6%), neutropenia (54% vs 31%; 41% vs 19%), diarrhea (32% vs 23%; 4% vs 2%), 
epistaxis (31% vs 7%; 0% vs 0%), hypertension (25% vs 6%; 15% vs 3%), peripheral edema (25% vs 14%; 
2% vs 1%), stomatitis (20% vs 7%; 1% vs 1%), proteinuria (17% vs 6%; 1% vs 0%), thrombocytopenia (13% 
vs 6%; 2% vs 2%), hypoalbuminemia (11% vs 5%; 1% vs 1%), and gastrointestinal hemorrhage events (10% 
vs 6%; 4% vs 2%).

•  The most common serious adverse reactions in patients who received CYRAMZA with paclitaxel were 
neutropenia (3.7%) and febrile neutropenia (2.4%); 19% of patients who received CYRAMZA with paclitaxel 
received granulocyte colony-stimulating factors.

•   Adverse reactions resulting in discontinuation of any component of the CYRAMZA with paclitaxel combination 
in ≥2% of patients in RAINBOW were neutropenia (4%) and thrombocytopenia (3%).

•  Clinically relevant adverse reactions reported in ≥1% and <5% of patients receiving CYRAMZA with paclitaxel 
were sepsis (3.1%), including 5 fatal events, and gastrointestinal perforations (1.2%), including 1 fatal event.

Please see Brief Summary of Prescribing Information for CYRAMZA on the next page.
RB-G HCP ISI 18NOV2019

References: 1. CYRAMZA (ramucirumab) [package insert]. Indianapolis, IN: Eli Lilly and Company; 2019. 2. Wilke H, Muro K, Van Cutsem E, et al; for the RAINBOW Study Group. Ramucirumab plus 
paclitaxel versus placebo plus paclitaxel in patients with previously treated advanced gastric or gastro-oesophageal junction adenocarcinoma (RAINBOW): a double-blind, randomised phase 3 trial. 
Lancet Oncol. 2014;15(11):1224-1235. 3. Data on file, Eli Lilly and Company. ONC09302014b.
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CYRAMZA® (ramucirumab) injection, for intravenous use
Brief Summary: Consult the package insert for complete prescribing information.

INDICATIONS AND USAGE
Gastric Cancer
CYRAMZA as a single agent, or in combination with paclitaxel, is indicated for the treatment of patients 
with advanced or metastatic, gastric or gastro-esophageal junction (GEJ) adenocarcinoma with disease 
progression on or after prior fluoropyrimidine- or platinum-containing chemotherapy.

CONTRAINDICATIONS
None

WARNINGS AND PRECAUTIONS
Hemorrhage 
CYRAMZA increased the risk of hemorrhage and gastrointestinal hemorrhage, including Grade ≥3 
hemorrhagic events. Across five clinical studies in 1916 patients with various cancers treated with 
CYRAMZA, the incidence of all Grade hemorrhage occurred between 13-44%. Grade 3-5 hemorrhage 
incidence ranged from 2-5%. Patients with gastric cancer receiving nonsteroidal anti-inflammatory 
drugs (NSAIDs) were excluded from enrollment in REGARD and RAINBOW; therefore, the risk of gastric 
hemorrhage in CYRAMZA-treated patients with gastric tumors receiving NSAIDs is unknown. Permanently 
discontinue CYRAMZA in patients who experience severe (Grade 3 or 4) bleeding. 
Gastrointestinal Perforations
CYRAMZA can increase the risk of gastrointestinal perforation, a potentially fatal event. Across five 
clinical studies in 1916 patients with various cancers treated with CYRAMZA, the incidence of all 
Grade and Grade 3-5 gastrointestinal perforations ranged from <1-2%. Permanently discontinue 
CYRAMZA in patients who experience a gastrointestinal perforation.
Impaired Wound Healing
Impaired wound healing can occur in patients who receive drugs that inhibit the VEGF or VEGFR pathway. 
CYRAMZA, a VEGFR2 antagonist, has the potential to adversely affect wound healing. CYRAMZA has not 
been studied in patients with serious or non-healing wounds. Withhold CYRAMZA for 28 days prior to 
elective surgery. Do not administer CYRAMZA for at least 28 days following a major surgical procedure 
and until the wound is fully healed. Discontinue CYRAMZA in patients who develop wound healing 
complications that require medical intervention.
Arterial Thromboembolic Events
Serious, sometimes fatal, arterial thromboembolic events (ATEs), including myocardial infarction,  
cardiac arrest, cerebrovascular accident, and cerebral ischemia, occurred across clinical trials. Across 
five clinical studies in 1916 patients with various cancers treated with CYRAMZA, the incidence of 
all Grade ATE was 2-3%. Grade 3-5 ATE incidence was 1-2%. Permanently discontinue CYRAMZA in 
patients who experience an ATE.
Hypertension
An increased incidence of severe hypertension occurred in patients receiving CYRAMZA. Across five 
clinical studies in 1916 patients with various cancers treated with CYRAMZA, the incidence of all Grade 
hypertension occurred between 11-26%. Grade 3-5 hypertension incidence ranged from 6-15%. 
Control hypertension prior to initiating treatment with CYRAMZA. Monitor blood pressure every two 
weeks or more frequently as indicated during treatment. Withhold CYRAMZA for severe hypertension 
until medically controlled. Permanently discontinue CYRAMZA for medically significant hypertension 
that cannot be controlled with antihypertensive therapy or in patients with hypertensive crisis or 
hypertensive encephalopathy.
Infusion-Related Reactions
Infusion-related reactions (IRR), including severe and life threatening IRR, occurred in CYRAMZA clinical 
trials. The majority of IRR across trials occurred during or following a first or second CYRAMZA infusion. 
Symptoms of IRR included rigors/tremors, back pain/spasms, chest pain and/or tightness, chills, flushing, 
dyspnea, wheezing, hypoxia, and paresthesia. In severe cases, symptoms included bronchospasm, 
supraventricular tachycardia, and hypotension. Across five clinical studies in 1916 patients with various 
cancers treated with CYRAMZA in which premedication was recommended or required, the incidence of 
all Grade IRR occurred between <1-9%. Grade 3-5 IRR incidence was <1%. Premedicate prior to each 
CYRAMZA infusion. Monitor patients during the infusion for signs and symptoms of IRR in a setting with 
available resuscitation equipment. Reduce the infusion rate by 50% for Grade 1-2 IRR. Permanently 
discontinue CYRAMZA for Grade 3-4 IRR.
Worsening of Pre-existing Hepatic Impairment
Clinical deterioration, manifested by new onset or worsening encephalopathy, ascites, or hepatorenal 
syndrome, was reported in patients with Child-Pugh B or C cirrhosis who received single agent CYRAMZA. 
Use CYRAMZA in patients with Child-Pugh B or C cirrhosis only if the potential benefits of treatment are 
judged to outweigh the risks of clinical deterioration. Based on safety data from REACH-2, in patients with 
Child-Pugh A liver cirrhosis, the pooled incidence of hepatic encephalopathy and hepatorenal syndrome 
was higher for patients who received CYRAMZA (6%) compared to patients who received placebo (0%).
Posterior Reversible Encephalopathy Syndrome
Posterior Reversible Encephalopathy Syndrome (PRES) (also known as Reversible Posterior 
Leukoencephalopathy Syndrome [RPLS]) has been reported in <0.1% of 1916 patients enrolled in five 
clinical studies with CYRAMZA. Symptoms of PRES include seizure, headache, nausea/vomiting, blindness, 
or altered consciousness, with or without associated hypertension. Confirm the diagnosis of PRES with 
magnetic resonance imaging and permanently discontinue CYRAMZA in patients who develop PRES. 
Symptoms may resolve or improve within days, although some patients with PRES can experience 
ongoing neurologic sequelae or death.
Proteinuria Including Nephrotic Syndrome 
Across five clinical studies in 1916 patients with various cancers treated with CYRAMZA, the incidence 
of all Grade proteinuria ranged from 3-20%. Grade ≥3 proteinuria (including 4 patients with nephrotic 
syndrome) incidence ranged from <1-3%. Monitor proteinuria by urine dipstick and/or urinary protein 
creatinine ratio. If the result of the urine dipstick is 2+ or greater, perform a 24-hour urine collection for 

protein measurement. Withhold CYRAMZA for urine protein levels that are 2 or more grams over 24 hours. 
Reinitiate CYRAMZA at a reduced dose once the urine protein level returns to less than 2 grams over 
24 hours. Permanently discontinue CYRAMZA for urine protein levels greater than 3 grams over 24 hours 
or in the setting of nephrotic syndrome.
Thyroid Dysfunction
Across five clinical studies in 1916 patients with various cancers treated with CYRAMZA, the incidence 
of Grade 1-2 hypothyroidism ranged from <1-3%; there were no reports of Grade 3-5 hypothyroidism. 
Monitor thyroid function during treatment with CYRAMZA.
Embryo-Fetal Toxicity
Based on its mechanism of action, CYRAMZA can cause fetal harm when administered to pregnant 
women. Animal models link angiogenesis, VEGF and VEGFR2 to critical aspects of female reproduction, 
embryo-fetal development, and postnatal development. Advise pregnant women of the potential risk to 
a fetus. Advise females of reproductive potential to use effective contraception during treatment with 
CYRAMZA and for 3 months after the last dose.

ADVERSE REACTIONS
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 CYRAMZA in 1916 patients from five studies: REGARD, RAINBOW, RAISE, 
REVEL, and REACH-2.

Gastric Cancer
The safety of CYRAMZA was evaluated in REGARD and RAINBOW. Patients in both trials had locally 
advanced or metastatic gastric cancer (including GEJ adenocarcinoma) and had previously received 
platinum- or fluoropyrimidine-containing chemotherapy. Patients had Eastern Cooperative Oncology 
Group (ECOG) performance status (PS) of 0 or 1. Both trials excluded patients with uncontrolled 
hypertension, major surgery within 28 days, or patients receiving chronic anti-platelet therapy other  
than once daily aspirin. REGARD excluded patients with bilirubin ≥1.5 mg/dL and RAINBOW excluded 
patients with bilirubin >1.5 times the upper limit of normal (ULN).
CYRAMZA Administered as a Single Agent (REGARD) 
Patients received either CYRAMZA 8 mg/kg or placebo intravenously every two weeks. Patients 
randomized to CYRAMZA received a median of 4 doses; the median duration of exposure was 8 weeks 
and 32 (14% of 236) patients received CYRAMZA for at least six months.
The most common serious adverse reactions with CYRAMZA were anemia (3.8%) and intestinal 
obstruction (2.1%). Red blood cell transfusions were given to 11% of CYRAMZA-treated patients versus 
8.7% of patients who received placebo. 
The most common adverse reactions (all grades) observed in CYRAMZA-treated patients at a rate of 
≥10% and ≥2% higher than placebo were hypertension and diarrhea. Table 1 provides the frequency and 
severity of adverse reactions (CTCAE, version 4.0) in REGARD.

Table 1: Adverse Reactions Occurring in ≥5% of Patients  
with a ≥2% Difference Between Arms in REGARD

Adverse Reactions

CYRAMZA
(N=236)

Placebo
(N=115)

All Grades
(%)

Grade 3-4
(%)

All Grades
(%)

Grade 3-4
(%)

Vascular 
Hypertensiona 16 8 8 3

Gastrointestinal 
Diarrhea 14 1 9 2

Nervous System 
Headache 9 0 3 0

Metabolism and Nutrition 
Hyponatremia 6 3 2 1

a Hypertension is a consolidated term.

Clinically relevant adverse reactions reported in ≥1% and <5% of CYRAMZA-treated patients in  
REGARD were neutropenia (4.7%), epistaxis (4.7%), rash (4.2%), intestinal obstruction (2.1%), and  
arterial thromboembolic events (1.7%).
Across clinical trials of CYRAMZA administered as a single agent, clinically relevant adverse reactions 
(including Grade ≥3) reported in CYRAMZA-treated patients included proteinuria, gastrointestinal 
perforation, and IRR. In REGARD, according to laboratory assessment, 8% of CYRAMZA-treated 
patients developed proteinuria versus 3% of placebo-treated patients. Two patients discontinued 
CYRAMZA due to proteinuria. The rate of gastrointestinal perforation in REGARD was 0.8% and the 
rate of IRR was 0.4%.
CYRAMZA Administered in Combination with Paclitaxel (RAINBOW) 
Patients received paclitaxel 80 mg/m2 on Days 1, 8, and 15 of each 28-day cycle with either CYRAMZA 
8 mg/kg or placebo intravenously every two weeks. Patients randomized to CYRAMZA received a median 
of 9 doses; the median duration of exposure was 18 weeks, and 93 (28% of 327) patients received 
CYRAMZA for at least six months.
The most common serious adverse reactions in patients who received CYRAMZA with paclitaxel were 
neutropenia (3.7%) and febrile neutropenia (2.4%); 19% of patients who received CYRAMZA with 
paclitaxel received granulocyte colony-stimulating factors. Adverse reactions resulting in discontinuation 
of any component of the CYRAMZA with paclitaxel combination in ≥2% of patients in RAINBOW were 
neutropenia (4%) and thrombocytopenia (3%). The most common adverse reactions (all grades) observed 
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in patients who received CYRAMZA with paclitaxel at a rate of ≥30% and ≥2% higher than placebo with 
paclitaxel were fatigue/asthenia, neutropenia, diarrhea, and epistaxis. Table 2 provides the frequency and 
severity of adverse reactions (CTCAE, version 4.0) in RAINBOW.

Table 2: Adverse Reactions Occurring in ≥5% of Patients  
with a ≥2% Difference Between Arms in RAINBOW

Adverse Reactions

CYRAMZA with Paclitaxel
(N=327)

Placebo with Paclitaxel
(N=329)

All Grades
(%)

≥ Grade 3
(%)

All Grades
(%)

≥ Grade 3
(%)

General
Fatigue/Asthenia 57 12 44 6
Peripheral edema 25 2 14 1

Hematology
Neutropeniaa 54 41 31 19
Thrombocytopenia 13 2 6 2

Gastrointestinal
Diarrhea 32 4 23 2
Stomatitis 20 1 7 1
Gastrointestinal 
hemorrhage eventsa,b

10 4 6 2

Respiratory, Thoracic, and Mediastinal
Epistaxis 31 0 7 0

Vascular
Hypertensiona 25 15 6 3

Renal and Urinary
Proteinuriaa 17 1 6 0

Metabolism and Nutrition
Hypoalbuminemiaa 11 1 5 1

a  Neutropenia, gastrointestinal hemorrhage events, hypertension, proteinuria, and hypoalbuminemia are 
consolidated terms.

b Includes 1 fatal event in the CYRAMZA arm.
Clinically relevant adverse reactions reported in ≥1% and <5% of patients receiving CYRAMZA with 
paclitaxel were sepsis (3.1%), including 5 fatal events, and gastrointestinal perforations (1.2%),  
including 1 fatal event.

Immunogenicity
As with all therapeutic proteins, there is the potential for immunogenicity. The detection of antibody 
formation is highly dependent on the sensitivity and specificity of the assay. Additionally, the observed 
incidence of antibody (including neutralizing antibody) positivity in an assay may be influenced by 
several factors including assay methodology, sample handling, timing of sample collection, concomitant 
medications, and underlying disease. For these reasons, comparison of incidence of antibodies to 
CYRAMZA with the incidences  of antibodies to other products may be misleading.
In clinical trials, 86/2890 (3%) of CYRAMZA-treated patients tested positive for treatment-emergent anti-
ramucirumab antibodies by an enzyme-linked immunosorbent assay (ELISA). Neutralizing antibodies were 
detected in 14 of the 86 patients who tested positive for treatment-emergent anti-ramucirumab antibodies.

Postmarketing Experience
The following adverse reactions have been identified during postapproval use of CYRAMZA. Because such 
reactions are reported voluntarily from a population of uncertain size, it is not always possible to reliably 
estimate their frequency or establish a causal relationship to drug exposure.

•  Blood and lymphatic system: Thrombotic microangiopathy
•  Neoplasms benign, malignant and unspecified: Hemangioma

USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary
Based on its mechanism of action, CYRAMZA can cause fetal harm when administered to a pregnant 
woman. There are no available data on CYRAMZA use in pregnant women. Animal models link 
angiogenesis, VEGF and VEGFR2 to critical aspects of female reproduction, embryo-fetal development,  
and postnatal development. No animal studies have been conducted to evaluate the effect of ramucirumab 
on reproduction and fetal development. Advise a pregnant woman of the potential risk to a fetus.
In the U.S. general population, the estimated background risk of major birth defects and miscarriage in 
clinically recognized pregnancies is 2-4% and 15-20%, respectively. 
Data
Animal Data
No animal studies have been specifically conducted to evaluate the effect of ramucirumab on 
reproduction and fetal development. In mice, loss of the VEGFR2 gene resulted in embryo-fetal death and 
these fetuses lacked organized blood vessels and blood islands in the yolk sac. In other models, VEGFR2 
signaling was associated with development and maintenance of endometrial and placental vascular 
function, successful blastocyst implantation, maternal and feto-placental vascular differentiation, and 
development during early pregnancy in rodents and non-human primates. Disruption of VEGF signaling 
has also been associated with developmental anomalies including poor development of the cranial region, 
forelimbs, forebrain, heart, and blood vessels.

Lactation
Risk Summary
There is no information on the presence of ramucirumab in human milk or its effects on the breastfed 
child or on milk production. Human IgG is present in human milk, but published data suggest that breast 
milk antibodies do not enter the neonatal and infant circulation in substantial amounts. Because of the 
potential risk for serious adverse reactions in breastfed children from ramucirumab, advise women not to 
breastfeed during treatment with CYRAMZA and for 2 months after the last dose.
Females and Males of Reproductive Potential
Pregnancy Testing
Verify the pregnancy status of females of reproductive potential prior to initiating.
Contraception
Based on its mechanism of action, CYRAMZA can cause fetal harm when administered to a pregnant 
woman.
Females
Advise females of reproductive potential to use effective contraception during treatment with CYRAMZA 
and for 3 months after the last dose.
Infertility
Females
Advise females of reproductive potential that based on animal data CYRAMZA may impair fertility.
Pediatric Use
The safety and effectiveness of CYRAMZA in pediatric patients have not been established. 
Juvenile Animal Toxicity Data
In animal studies, effects on epiphyseal growth plates were identified. In cynomolgus monkeys, 
anatomical pathology revealed adverse effects on the epiphyseal growth plate (thickening and 
osteochondropathy) at all doses tested (5-50 mg/kg). Ramucirumab exposure at the lowest weekly dose 
tested in the cynomolgus monkey was 0.2 times the exposure in humans at the recommended dose of 
ramucirumab as a single agent.
Geriatric Use
Of the 563 CYRAMZA-treated patients in REGARD and RAINBOW, 205 (36%) were 65 and over, while 
41 (7%) were 75 and over. No overall differences in safety or effectiveness were observed between these 
subjects and younger subjects.
Of the 1253 patients in REVEL, 455 (36%) were 65 and over and 84 (7%) were 75 and over. Of the 
627 patients who received CYRAMZA with docetaxel in REVEL, 237 (38%) were 65 and over, while 
45 (7%) were 75 and over. In an exploratory subgroup analysis of REVEL, the hazard ratio for overall 
survival in patients less than 65 years old was 0.74 (95% CI: 0.62, 0.87) and in patients 65 years and  
over was 1.10 (95% CI: 0.89, 1.36).
Of the 529 patients who received CYRAMZA with FOLFIRI in RAISE, 209 (40%) were 65 and over, while 
51 (10%) were 75 and over. Overall, no differences in safety or effectiveness were observed between 
these subjects and younger subjects.
Of the 197 patients who received CYRAMZA in REACH-2, 95 (48%) were 65 years and over, while 
37 (19%) were 75 years and over. Overall, no differences in efficacy were observed between these 
subjects and younger subjects.
Hepatic Impairment
No dose adjustment is recommended for patients with mild (total bilirubin within ULN and aspartate 
aminotransferase [AST] >ULN or total bilirubin >1 to 1.5 times ULN and any AST) or moderate 
(total bilirubin >1.5 to 3 times ULN and any AST) hepatic impairment. Clinical deterioration was reported 
in patients with Child-Pugh B or C cirrhosis who received single agent CYRAMZA.

Additional information can be found at www.cyramza.com 

Eli Lilly and Company, Indianapolis, IN 46285, USA
Copyright © 2019, Eli Lilly and Company. All rights reserved.
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Bekaii-Saab Highlights Targeted Therapy Advances in CRC
by JESSICA HERGERT

ALTHOUGH TARGETED THERAPY devel-
opments in colorectal cancer (CRC) have 
lagged behind those in other malignancies, 
molecular subtyping of patients is pushing 
the field toward an era of personalized care, 
according to Tanios S. Bekaii-Saab, MD.

“I hope we can continue along 
the track of other cancers where 
identifying these subgroups has 
transformed survival outcomes 
for some patients,” said Bekaii-
Saab, a medical oncologist at Mayo 
Clinic in Phoenix, Arizona. “I am 
not scared of saying the word ‘cure’ 
for stage IV colon cancer anymore 
because we are getting close to 
that. In some patients, we are achieving it.”

In April 2020, the field took another step 
in that direction with the FDA approval of 
the combination of encorafenib (Braftovi) 
and cetuximab (Erbitux) for previously 
treated adult patients with metastatic 
CRC who harbor a BRAF V600E muta-
tion. Encorafenib inhibits BRAF kinases, 
whereas cetuximab is an EGFR antagonist.

The regimen was approved based on find-
ings from the phase 3 BEACON CRC trial 
(NCT02928224), a triple-arm study in this 
patient population of encorafenib with 
or without binimetinib (Mektovi), a MEK 
inhibitor, with a control arm of cetuximab 
plus either irinotecan or FOLFIRI (5-fluoro-
uracil, folinic acid, and irinotecan).

In an updated analysis presented at the 
2020 American Society of Clinical Oncology  
(ASCO) Virtual Scientific Program, median 
overall survival (OS) was 9.3 months with 
encorafenib/cetuximab versus 5.9 months 
in the control arm (HR, 0.61; 95% CI, 0.48-
0.77). Median OS was also 9.3 months for  
encorafenib/cetuximab/binimetinib.1

The objective response rate (ORR) was 
27% with the targeted triplet, 20% with the 
doublet, and 2% in the control arm. The 
median progression-free survival (PFS) 
was 4.3 months for the encorafenib/cetux-
imab combination versus 1.5 months for the 
control arm (HR, 0.44; 95% CI, 0.35-0.55). 
Median PFS with encorafenib/cetuximab/
binimetinib was 4.5 months.1

Targeting other aberrations found in 
patients with CRC, such as KRAS muta-
tions, HER2 amplifications, and NTRK 
fusions, could provide additional pathways 
toward personalizing treatment to specific 
subgroups of patients.

In an interview with 
OncologyLive®, Bekaii-Saab, who is 
also medical director of the Cancer 
Clinical Research Office, and vice 
chair and section chief of medi-
cal oncology in the Department of 
Internal Medicine at Mayo Clinic, 
discussed the growing role of 
targeted therapy in CRC. 

Q
Please discuss the emergent role 
of targeted therapy in CRC.

For the longest time, most of our questions 
in CRC have revolved around [treatment 
selection]. Should we give FOLFOX [folinic 
acid, fluorouracil, and oxaliplatin] 
or FOLFIRI? What about bevacizumab 
[Avastin] or cetuximab? Do we move 
to triplet regimens? Those were 
relevant questions.

For 2 or 3 decades, we had lagged behind 
in the era of biologic and immune-based 
therapy. Now we are seeing a trickling in 
of these targeted agents that are transform-
ing how we treat and will continue to treat 
patients with CRC.

We know the story of microsatellite insta-
bility–high [MSI-H] and PD-1 inhibitors, 
specifically pembrolizumab [Keytruda] and 
nivolumab [Opdivo] plus or minus a CTLA-4 
[inhibitor]. That [approach] applies to about 
4% of patients with CRC. NTRK fusions 
are present in about 0.5% of colon cancers. 
We have 2 agents, entrectinib [Rozlytrek] 
and larotrectinib [Vitrakvi], to target that 
fusion, and [those agents] have [led] many 
patients into remission.

Q
Could you shed light on therapies 
for patients with BRAF mutations?

The subgroup of patients with BRAF V600E 
mutations typically [have a poor prognosis] 
with an average survival of about 1 year 
compared with a survival of closer to 3 

years in the general population of patients 
with colon cancer. BRAF-mutant CRC 
accounts for 8% of all patients with CRC; 
that is not an insignificant number.

Over the last few months, we have seen 
a combination of a BRAF inhibitor such 
as regorafenib [Stivarga] plus cetuximab 
with or without the MEK inhibitor binime-
tinib transform the way we care for those 
patients. The traditional wisdom had been 
that EGFR inhibitors like cetuximab do not 
have activity [in BRAF-mutant disease]. 
That makes sense because BRAF is in 
the RAS [pathway], so EGFR inhibition is 
not as relevant.

Unlike in melanoma, if we block 
BRAF in colon cancer, we see less than 
a 5% response rate of responses that 
are barely durable. This is because of 
the loop mechanism that makes EGFR 
relevant again. Therefore, we have to 
block EGFR and BRAF.

Q
Could you discuss the BEACON 
CRC study?

The BEACON CRC study looked at 
whether we could combine cetuximab 
and encorafenib or the same combina-
tion with the addition of a MEK inhibitor, 
which is below the BRAF pathway and 
perhaps controls for some of the escape 
mechanisms through MEK and pathways 
that feed through MEK. That was 
compared with standard chemotherapy of 
FOLFIRI and cetuximab.

The results of the BEACON CRC study 
came back positive. Every end point 
was met, including OS, PFS, and ORR. 
Surprisingly, the toxicity with the 2-drug 
regimen was lower than expected, despite 
some relative overlap. The quality of life 
in patients was better with the doublet 
[compared with standard chemotherapy].

The BEACON CRC study was done in 
the refractory setting, which means that 
patients had progressed on 1 to 2 lines 
of therapy. Interestingly, patients who 
received this regimen in the second-line 
setting did much better than those who 
received it in the third-line setting. Now 

Tanios S.  
Bekaii-Saab, MD
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we are moving this [combination] to the 
first-line setting to see if we can achieve the 
same transformational activity.

If you look at the tail of the curve, about 
20% to 30% of patients have not progressed 
and are alive after at least 1 year. That is 
remarkable for this patient population who 
traditionally do not do very well.

I believe this [combination] is perhaps 
transforming the [disease] biology for some 
patients. Unfortunately, [it has not been as 
effective] for all patients with this alter-
ation. There is still a lot to learn.

Q
Could you highlight the progress 
that has been made regarding 

HER2-targeted strategies?
The other target of interest is HER2 
amplification, which is present in about 3% 
to 4% of patients. It is only relevant in RAS 
wild-type patients. When RAS is mutated, 
it counteracts the meaningfulness of a 
HER2 amplification.

Patients who have a HER2-amplified 
tumor do not respond to EGFR inhibitors. 
That is important to note because we can 
spare those patients EGFR inhibitors. It 
turns out that HER2-amplified patients have 
a better biology than the average patient. 
However, chemotherapy may not be effec-
tive [in these patients]. 

We knew from breast cancer and gastric 
cancer that HER2-targeting agents could 
change outcomes for patients. We’ve 
seen that happen with trastuzumab 
[Herceptin] plus lapatinib [Tykerb] or pertu-
zumab [Perjeta] at a 20% to 30% response 

rate and interesting PFS and OS. Those 
were certainly important studies that 
established added guidelines [for HER2-
targeted therapy].

We presented data with the oral [tyrosine 
kinase inhibitor] tucatinib [Tukysa]. That 
agent is more specific to targeting HER2 
and is very well tolerated when added to 
trastuzumab. At the 2019 ESMO [European 
Society for Medical Oncology] Congress, we 
presented data on 26 patients. We are [plan-
ning] to update those data to include  
45 patients. To date, we’ve seen a 55% 
response rate—the highest response rate 
reported [in this subgroup]—as well as ease 
of administration and long PFS with tucati-
nib in patients with HER2 amplifications.2 
We see those trends continue.

Interestingly, once patients achieve a 
complete response in their symptoms, 
biochemical responses occur within 3 to 
6 weeks. While tucatinib has not been 
compared head-to-head with other regimens, 
we are hopeful this will become another 
targeted strategy available to our patients.

Q
Have we seen the same success 
with targeted agents for patients 

with KRAS mutations?
We have had an incredibly difficult time 
due to confirmation issues and an inabil-
ity to find the key to [unlock treatment for 
patients with] KRAS mutations. We could 
not target KRAS, which is present in about 
2% to 3% of patients with CRC. We see a 
higher rate in appendiceal cancer, which 
is a rare subset of colon cancer. In those 

patients, agents targeting KRAS G12C are 
being developed.

KRAS mutations seem to be immuno-
modulatory. As such, strategies that target 
KRAS plus immunotherapy are being 
explored preclinically. That may bring 
immunotherapy into non–MSI-H tumors.

It is an exciting time in colon cancer. 
There are other [strategies] as well. We 
are starting to piecemeal colon cancer 
into subgroups.

Q
Where do you see targeted  
therapy headed?

At this point in time, I am excited about 
these targeted strategies. As we start 
moving the knowledge that we have 
acquired into the metastatic setting to 
see how we are transforming biology 
with BRAF-targeted strategies, immu-
notherapies, and now with emerging 
HER2-targeted strategies, we have to ask, 
“How do we bring those therapies into the 
adjuvant setting?” We already have stud-
ies [ongoing] with atezolizumab [Tecentriq] 
in MSI-H patients. We have planned stud-
ies [for patients with] BRAF-mutated colon 
cancer in earlier stages, with the hope of 
inducing a more favorable biology and, 
ultimately, curing more patients with 
early-stage colon cancer.

The last area of research that is being 
actively looked at in adjuvant colon cancer 
is the role of minimal residual disease as 
measured by circulating free DNA [cfDNA] 
assays. Prognostically, we know that if a 
patient has some cfDNA, the likelihood of 
recurrence is higher. However, we do not 
know what that means in terms of predict-
ing for [response to] chemotherapy or 
intensifying follow-up [treatment].

Overall, we are seeing great improve-
ments in understanding subtypes of colon 
cancer, moving [effective agents] to the 
adjuvant setting, continuing to define 
oligometastatic disease and the role of 
locoregional therapies, and understanding 
risk stratification. In the next few years, we 
will move the needle in a very positive 
direction, in which we cure a lot of patients, 
even with later-stage disease. n

For a full list of references,  
see the article at  bit.ly/3i29cRK.  

TABLE. Updated Findings from the BEACON CRC Trial1

Outcomes measure Encorafenib, binimetinib,  
+ cetuximab
(n = 224)

Encorafenib  
+ cetuximab
(n = 220)

Chemotherapy 
(control)
(n = 221)

Median OS, months (95% CI)a 9.3 (8.1-10.8) 9.3 (8.0-11.3) 5.9 (5.1-7.1)

Median PFS, months (95% CI)b 4.5 (4.2-5.5) 4.3 (4.1-5.5) 1.5 (1.5-1.9)

ORR (95% CI) 27% (21%-33%) 20% (15%-25%) 2% (<1%-5%)

CR rate 4% 3% 0%

PR rate 23% 16% 2%

Patients with SD 48% 56% 29%

CR, complete response; PFS, progression-free survival; PR, partial response; ORR, overall response rate; OS, overall survival; SD, stable disease.
aAssessed at a median follow-up of 12.8 months. The HR was 0.60 (0.47-0.75) and 0.61 (95% CI, 0.48-0.77) when the triplet and doublet regi-
mens were compared with control therapies, respectively.

bThe HR was 0.42 (95% CI, 0.33-0.53) and 0.44 (95% CI, 0.35-0.55) when the triplet and doublet regimens were compared with control therapies, 
respectively.
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Acalabrutinib Delivers Long-Term Tolerability  
Across B-Cell Malignancies

by CAROLINE SEYMOUR

THE SECOND-GENERATION BRUTON 
TYROSINE kinase inhibitor (BTK) acalabru-
tinib (Calquence) demonstrated favorable 
long-term tolerability in patients with B-cell 
malignancies in a pooled analysis spanning 
several hematologic malignancies, according 
to Richard R. Furman, MD. He said the find-
ings underscore the importance of having a 
continuous, well-tolerated treatment.

The analysis included 1040 patients with 
diffuse large B-cell lymphoma, chronic 
lymphocytic leukemia (CLL), follicular 
lymphoma, mantle cell lymphoma (MCL), 
multiple myeloma, prolymphocytic leuke-
mia, Richter syndrome, small lymphocytic 
lymphoma, and Waldenström macroglob-
ulinemia who had been treated 
with at least 1 dose of single-
agent acalabrutinib.

At a median follow-up of 26.4 
months, 65% of patients were still 
on treatment. The median duration 
of treatment was 24.6 months 
(range, 0.0-58.5). Thirty-four 
percent of patients discontinued 
acalabrutinib, most commonly 
because of progressive disease 
(17%). Only 9% of patients discontinued 
acalabrutinib because of treatment-related 
adverse effects (AEs).

The most common AEs, which were head-
ache (35%) and diarrhea (26%), were mostly 
grade 1/2 in severity and occurred within the 
first 6 months of treatment. Secondary primary 
malignancies, atrial fibrillation, and hyperten-
sion were infrequent and of low grade.

“The drug is extremely well tolerated, 
and the tolerability profile is maintained 
throughout the entire course of treatment,” 
said Furman. “A number of patients do 
discontinue treatment early on, primarily 
because of headaches and other AEs, but 
once patients get through the first couple of 
months of treatment, very few discontinue 
treatment for AEs.”

In an interview with OncologyLive®, 
Furman, the Morton Coleman, MD 

Distinguished Professor of Medicine at 
Weill Cornell Medical College and direc-
tor of the CLL Research Center at Weill 
Cornell Medicine, both in New York, New 
York, discussed the findings from the 
analysis and highlighted the differences 
between first- and second-generation BTK 
inhibitors in CLL.

Q Could you discuss the use of BTK 
inhibitors in B-cell malignancies?

Currently, 3 BTK inhibitors are approved 
for use the United States—ibrutinib 
[Imbruvica], acalabrutinib, and zanubru-
tinib [Brukinsa]—all of which work by 
covalently modifying the BTK enzyme. 

All 3 agents covalently bind to 
the cysteine at the position 481 
and block the BTK pocket, thereby 
rendering the enzyme ineffective. 
Currently, ibrutinib is approved 
in CLL, Waldenström macroglobu-
linemia, MCL, and marginal zone 
lymphoma, whereas acalabruti-
nib is approved only for MCL and 
CLL. Zanubrutinib is approved 
only in MCL. However, all 3 agents 

have similar efficacy outcomes, and we 
expect that their efficacy will be demon-
strated or confirmed in the same histologies 
as ibrutinib has.

Q What distinguishes acalabrutinib 
from ibrutinib?

Ibrutinib is a first-generation BTK inhibitor. 
Zanubrutinib and acalabrutinib are 
second-generation BTK inhibitors. Because 
all 3 agents covalently bind to the same 
residue and really work through the 
same mechanism in terms of efficacy, the 
only real difference is the specificity and 
the drug-drug interaction. Because of 
differences in specificity, [we] see fewer 
off-target effects with acalabrutinib and 
zanubrutinib than we do with ibrutinib. 
As such, we see different AE profiles. Also, 
because of the differences in how the drugs 

are metabolized, we see differences in their 
interactions with other drugs.

Q
What were the key findings  
of this analysis? 

This analysis looked across many different 
 tumor types. We included 1040 patients, 
and a large number of the patients had 
CLL. We also included a large number of 
patients with myeloma and aggressive 
lymphoma, all of whom are going to experi-
ence very different AEs. Most of those AEs 
are likely going to be tumor related and 
not drug related. 

Because this was a heterogeneous popu-
lation and was by and large sicker than 
what we might expect to see in just the CLL 
population, as well as a population 
of patients in whom acalabrutinib is 
not as efficacious as it is in CLL, we see 
a lot of AEs that are not related to the 
drug that make the agent’s profile look a 
little messier.

That’s important to keep in mind when 
you look at these data compared with what 
we might expect from a pure CLL popula-
tion. In this study, we pooled patients on 
single-agent acalabrutinib from 9 differ-
ent studies. The median follow-up for the 
patients in the study was approximately 
52 months. We showed that acalabrutinib 
was well tolerated. Now that we have some 
long-term follow-up for patients on acal-
abrutinib, [we can say that the] tolerability 
we saw early on is maintained.

The most important aspect of this anal-
ysis is that we saw fewer infections in 
patients in the long term than we saw when 
patients first started therapy. A lot of that 
has also been demonstrated with ibrutinib, 
suggesting that we’re not making our 
patients [go into] agammaglobulinemia 
by shutting down the BTK enzyme. This 
is quite important because we intend 
the BTK inhibitors to be lifelong therapy 
to control the disease. It’s very import-
ant for us to recognize that these drugs 

H E M A T O L O G I C  M A L I G N A N C I E S
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are tolerable and that we can administer 
them long term.

A lot of patients who discontinued the 
drug had aggressive lymphomas, where 
BTK inhibitors are not efficacious. These 
patients discontinued the drug due to 
disease progression, not for AEs. In 
essence, acalabrutinib can be a long-term 
treatment for patients who benefit.

Q
Please comment on the 
differences between the first- and 

second-generation BTK inhibitors.
It’s also important to look at the difference 
between the first- and second-generation 
BTK inhibitors in terms of the AEs we’ve 
seen. Associated AEs with ibrutinib really 
fall into 6 groups. We see diarrhea, bruis-
ing, hypertension, atrial fibrillation, 
arthralgias, and nail and skin changes, 

all of which are related to on-target or 
off-target effects. 

Fortunately, with acalabrutinib and zanu-
brutinib, we see far fewer of those AEs.

With acalabrutinib, we really don’t see 
any diarrhea, and we see significantly less 
bruising. Although the number of grade 1/2 
bleeding events we see with acalabrutinib and 
ibrutinib is equal, there seems to be quali-
tatively less bleeding [with acalabrutinib] in 
terms of the fact that we might see grade 2 
with ibrutinib and grade 1 with acalabrutinib.

Regarding hypertension, we see far less 
[with acalabrutinib]. That is a late AE with 
ibrutinib, and therefore one that may come up 
in acalabrutinib-treated patients with further 
follow-up. The atrial fibrillation really seems 
to be less, as do the joint aches. We don’t see 
the nail and skin changes that we see with 
ibrutinib. Therefore, acalabrutinib is better 
tolerated in terms of all those AEs.

The 1 difference we see with acalabrutinib 
that we don’t see with ibrutinib or zanubru-
tinib is headaches. The headaches are very 

intriguing because we don’t understand why 
they occur. They tend to occur 1 to 2 hours 
after dosing the drug. They start on day 
1, and patients often will actually become 
tolerant to the headaches after 2 to 4 weeks. 
Approximately 40% or 50% of patients have 
headaches, but the number of patients who 
have persistent headaches beyond 4 weeks is 
quite low, resulting in a very low number of 
treatment discontinuations.

Q
How are the headaches  
generally managed?

Interestingly, the headaches are most respon-
sive to caffeine, so most patients are able to 
manage it with caffeine or acetaminophen. 
The one issue, of course, is that because 
acalabrutinib and zanubrutinib are both 
twice-daily drugs and the second dose of 
acalabrutinib occurs before bedtime, it’s 

sort of difficult to take a 
caffeine-containing 
substance right before 
then and be able to sleep. 
If we get patients through 
the first 2 weeks, the 
headaches do ameliorate, 
and patients are usually 
able to stay on therapy 
without problems.

Q
How might emerging non-covalent 
BTK inhibitors fit ininhibitors?

The interesting thing about the non-cova-
lent BTK inhibitors is that they have to have 
continuous presence in the serum. Their 
area under the curve is basically 24 hours 
a day, 7 days a week. The concern when 
you have that much drug present is that 
you might run into a lot of AEs from off-tar-
get effects. Fortunately, these drugs are 
extremely specific and have demonstrated 
extraordinary tolerability. Tolerability-
wise, these drugs are going to be as well 
tolerated as acalabrutinib, ibrutinib, 
and zanubrutinib.

The question is whether they’re going 
to afford a benefit in terms of efficacy. A 
significant number of patients who prog-
ress on BTK inhibitors do so by developing 
a mutation at the cysteine that acalabru-
tinib, ibrutinib, and zanubrutinib bind to. 
By converting that cysteine to a serine, you 
lose the [sole hydrogen] that the covalent 

By converting that cysteine to a serine, you 
lose the [sole hydrogen] that the covalent 

BTK inhibitors need to bind to. As a result, 
they don’t bind to and inhibit the enzyme, 
and you end up with disease progression.

These reversible inhibitors are not depen-
dent on the cysteine at that location to 
inhibit the enzyme. In CLL, approximately 
50% to 75% of patients who progress have a 
mutation at cysteine 481. n
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The most important aspect of this 
analysis is that we saw fewer infections  
in patients in the long term.” 

—RICHARD R. FURMAN, MD

More Data Are Needed To Optimize 
B-Cell Receptor Targeting in MCL

Targeting the B-cell receptor 

with Bruton tyrosine kinase 

(BTK) inhibitors such as ibru-

tinib (Imbruvica) has improved 

outcomes in mantle cell 

lymphoma (MCL), but treat-

ment with BTK inhibitors and even PI3K 

inhibitors does not lead to 100% complete remis-

sions. Consequently, efforts to understand how 

these B-cells survive constitute an active area 

of investigation in MCL, according to Hun Ju 
Lee, MD, an associate professor of medicine in 

the Department of Lymphoma and Myeloma at 

The University of Texas MD Anderson Cancer 

Center in Houston.

 WATCH: bit. ly/37ZVhah

Sequencing Challenges Require 
Surmounting in Multiple Myeloma

What agents should be used 

in the frontline setting? 

Which agents have synergy 

when coadministered? Upon 

relapse, should patients be 

treated immediately or wait 

for symptomatic relapse? These are some of 

the clinical questions that require answers to 

advance the multiple myeloma treatment para-

digm, said James Weitzman, MD, a medical 

oncologist at Emerson Hospital and Waltham 

Cancer Center of Mass General Cancer Center in 

Boston, Massachusetts.

 WATCH: bit. ly/2Z3Driw

MORE ON 
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ONE THING THE CORONAVIRUS disease 
2019 (COVID-19) pandemic has made clear: 
Telemedicine is a public health necessity. 
With elective procedures delayed, more 
patients than ever are receiving care virtu-
ally, often through real-time video calls or 
phone calls. These remote interactions slow 
the spread of COVID-19.

But real-time, or synchronous, telemedi-
cine may not be sustainable or scalable. We 
already see that synchronous telemedicine 
practiced on a small scale is straining our 
health care system during COVID-19, with 

reports of some patients waiting hours to 
see a doctor virtually. Beyond that, it’s diffi-
cult for some of the most vulnerable patients 
in rural areas with no access to broadband to 
video chat with a doctor.

For telemedicine to work at scale, it must 
also have a one-to-many component. In this 
model, data can be remotely gathered and 
monitored over time and then used for timely, 
targeted communication between patients 
and providers.1 

The average Medicare patient sees 2 
primary care physicians and 5 specialists 

per year, not includ-
ing nurses and ancillary 
staff; those numbers are 
even higher for individu-
als with multiple chronic 
conditions.2 Chronically 
ill patients who expe-
rience greater care 
fragmentation have lower 
quality of care and higher 
rates of preventable 
hospitalizations.3

Fortunately, a model 
already exists for how 
we can use asynchro-
nous, one-to-many 
remote monitoring at 
scale for even the hard-
est-to-reach patients. The 
health system overseen 
by the US Department of 

Veterans Affairs (VA), once infamous for its 
backlog, is now innovating and embracing 
telehealth in ways surpassing the private 
market and doing so successfully. The VA 
is using asynchronous telehealth to ensure 
that patients who cannot or should not visit a 
facility in person can get the care they need 
from a distance.

The VA has long been at the forefront of 
telehealth adoption with a slew of offerings, 
including the VA Video Connect system, which 
allows for care beyond the office. In response 
to COVID-19 and the potential 
need for the organization to serve as a backup 
civilian health care system in times of crisis, 
which is 1 of its 4 missions, the VA received 
$17.2 billion as part of the Coronavirus Aid, 
Relief, and Economic Security (CARES) Act to 
hire new staff and make sure they have the 
resources they need.4 

In fiscal year 2018, 13% of veterans who 
received care in the VA received care via tele-
health. More than 2.29 million episodes of 
care were provided to more than 782,000 
patients via 3 telehealth modalities. This 
represents a 7.5% increase over the previ-
ous year in the number of veterans receiving 
care via agency’s telehealth services. More 
than 45% of these veterans lived in rural areas 
and may otherwise have had limited access to 
VA health care.5

Telehealth training for VA physicians and 
other clinicians is typically completed virtu-
ally. In fiscal year 2018, more than 100,720 ©
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For more Medical Economics® news, visit 
bit.ly/2MKJW46

Te c h n o l o g i e s  T h a t  C o u l d  M a ke  A s y n c h r o n o u s  
H e a l t h  C a r e  P o s s i b l e 1

Chatbots are currently being used to help businesses 
serve customers on their websites. This technology is a 
mix of natural language processing, machine learning, 
and live operators. 

Social robots often have a human appearance and can 
perform basic functions such as medication or appoint-
ment reminders.

Artificial intelligence can automate tasks such as  
documentation and coding and may in the future help  
screen patients.

VA Provides a Model  
for Telehealth and  
Remote Monitoring
by JON BLOOM, MD
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trainings were completed, and more than 
36,650 staff attended at least 1 training session.

Telehealth supported emergency relief 
efforts after hurricanes Harvey, Irma, and 
Florence. The VA continues to leverage tele-
health to assure the execution of its “fourth 
mission”: to improve the nation’s prepared-
ness for response to war, terrorism, national 
emergencies, and natural disasters.

The VA has leveraged technologies for remote 
patient monitoring and applied care and case 
management principles to coordinate care 
through health informatics; disease manage-
ment; and technologies, such as in-home 
mobile monitoring, messaging, and video.

Patient outcomes have improved with the 
use of telehealth. Veterans enrolled in remote 
patient monitoring had a 53% decrease in VA 
bed days of care and a 33% decrease in VA 
hospital admissions. Mental health services 
provided via synchronous telemental health 
reduced acute psychiatric VA bed days of 
care by 40% and VA hospital admissions by 
34%. Additionally, patient satisfaction scores 
for remote patient monitoring are 89% and 
synchronous scores are 90%.5

One key takeaway has been the importance 
of telehealth, but its sustainability requires 
a combination of synchronous and asyn-
chronous patient monitoring tools that allow 
targeted communication. Going forward, we 
should expect more health care providers to 
incorporate this kind of model to offer access 
at scale and save lives. n

Jon Bloom, MD, is cofounder and CEO of 
Podimetrics, a diabetes care management company. 
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How to Evaluate  
a Telehealth Vendor

by CHRIS MAZZOLINI

MANY PHYSICIANS ARE NOW LOOKING 
to hire a telehealth service company to expand 
access to care for patients during the corona-
virus disease 2019 (COVID-19) pandemic. To 
help physicians evaluate potential vendors, 
the American Medical Association recently 
released its Telehealth Implementation 
Playbook, a guide with key tips and updates 
on telemedicine expansion. In it, the associa-
tion includes criteria that physicians should 
consider when selecting a vendor.1

Here are some of their suggestions:

BASIC BUSINESS INFORMATION
What is the company’s  
organizational overview?
	X How long have they been around?
	X What is their funding source? Are they 
financially stable?
	X With whom are they affiliated?
	X Do they have any notable customers?

COST AND PRICES
How will this company affect your 
program’s return on investment?
	X How much does the product cost?
	X What is their business model?
	X What are details on reimbursement rates, 
risk sharing, and more?
	X What is the cost, process, and time-
line associated with integration and any 
product updates?

IS IT A FIT?
How well do they know you?
	X Do they have expertise in offering tele-
health to your specialty?
	X Do they have knowledge of federal and 
private-payer requirements?
	X Do they know the laws and regula-
tions in your state?

TECHNOLOGY NEEDS
Does their tech match your needs?
	X Can they integrate with your information 
technology landscape, particularly your 
electronic health record platform?

	X Can their system capture data important to 
both the care team and the patient?
	X What are their customiza-
tion capabilities?
	X Can patients access their data?

CYBERSECURITY AND PRIVACY
Does the vendor have a secure system?
	X Do they comply with the Health Insurance 
Portability and Accountability Act?
	X Will they sign a business associate agree-
ment with your practice?
	X What is their liability structure for manag-
ing security breaches?
	X Do they comply with local regulations, 
such as state medical board rules?

SYSTEM USABILITY
How well does their system work?
	X How easy is their system for clinicians and 
patients to use?
	X Does it provide engagement metrics?
	X How well do the dashboard and work-
flow systems work?
	X How easy is the billing system?

VENDOR SUPPORT SERVICES
How is their customer service?
	X How much initial training do they provide?
	X How much support do they provide beyond 
initial training? Patient education? Project 
management? Data analysis?
	X What is their technical 
support process like?
	X Do you have access to existing templates 
and procedure examples?

CLINICAL VALIDATION
Is their system credible clinically?
	X Do they have documentation that supports 
improving clinical outcomes?
	X Is there any published peer-reviewed 
research of their system? n

R E F E R E N C E

American Medical Association. Telehealth Implementation Playbook. 
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For more Medical Economics® news, visit 
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Practices Scramble to Adapt

ONCOLOGY PRACTICES HAVE introduced 
telehealth services as a result of the coronavirus 
disease 2019 (COVID-19) pandemic, but many are 
having difficulty making the transition. These are 
among the findings of a Rapid Research Report 
from HRA®, a health care research and analytics 
agency that is part of MJH Life Sciences™.

The survey of 51 US oncologists was conducted 
from May 1 to May 11, 2020, through a 10-minute 
online questionnaire using the HRA database of 
physicians. 

The survey found 
that telehealth 
services were rarely 
used prior to the pandemic, but now virtually all 
of the responding oncology practices offer them. 
However, 40% of respondents said they found it 
“very difficult” to launch telehealth services. 

A majority said the services improved the quality 
of care provided, and virtually all oncology prac-
tices plan to continue to utilize telehealth services 
after the pandemic.

0% 20% 40% 60% 80% 100%

Virtual office visits

Telephone consultations with  
advanced practice provider  

or nurse practioner

Internet-based symptom reporting 
and interactive communications 

with office staff

24/7 telephone triage services

Other

53%

55%

84%

90%

4%

Types of teleheath services offered

Base: (n = 49)

Question: What type of telehealth services is your practice providing?

Difficulty in starting up telehealth services

Base: (n = 45)

Question: As your practice starting using telehealth services because 

of COVID-19, how difficult, if at all, was it to set up these services?

24% 36% 40%

n Rated 1-2 (not difficult)

n Rated 3 (neutral)

n Rated 4-5 (very difficult)
Average: 3.1

Impact of telehealth services  
on quality of care

Base: (n = 49)

Question: What impact, if any, have telehealth services had on the 

quality of care that your practice can provide your patients?

12% 61% 27%

n Rated 1-2 (negative)

n Rated 3 (neutral)

n Rated 4-5 (positive)
Average: 3.2
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Test for RET and other 
biomarkers to impact 
treatment plans.1,2 
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Identify what drives 
disease to help confirm
your treatment course.

Targeted therapies for biomarkers like EGFR 
and ALK are available.3,4 Other biomarkers, 
like RET, represent a growing list that we’re 
learning more about in non–small cell lung 
cancer (NSCLC).5 Molecular profiling, including 
next-generation sequencing (NGS), can reveal 
which biomarkers could be driving disease.5

Treating based on targeting specific biomarkers 
may lead to improved patient outcomes for 
your NSCLC patients.2,6

Learn more about RET+ NSCLC
at hopeinRET.com
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Palliative Care Builds Bridges  
in Oncology Practice
by TOBY CAMPBELL, MD, MSCI

PAMINA, A WOMAN AGED 67 YEARS with metastatic 
non–small cell lung cancer, has received 6 prior lines of 
therapy. She has maintained an excellent performance 
status with a low-to-moderate disease burden. Her goals 
are to live longer but also to continue to receive chemo-
therapy. “I’ve got to be fighting. I’m not someone who 
could just sit around and wait to die,” she has said. As 
her oncologist, I have discussed with her the statistical 
improbability that anyone receiving therapy in the fourth 
line and beyond derives a survival benefit, and she has 
participated in at least 3 clinical trials. 

She has not tolerated prognostic discussions with me and 
brings the conversation right back to chemotherapy.  
I was worried that she really did not have good prognostic 
awareness; that lack of awareness, I thought, was driving 
her treatment decision-making toward more therapy, which 
was almost certainly not going to prolong her life. During 
a recent hospitalization, the inpatient palliative care team 
completed 2 visits with her and addressed her pain and 
shortness of breath; the team also confirmed that she has 
an accurate understanding of her disease and its prognostic 
implications. I found this information reassuring. It also 
confirmed my suspicions that for both my patients and for 
myself, the divide between oncology and palliative care is a 
difficult one to bridge.

As oncologists, we face extraordinary patient care 
challenges that cross physical, behavioral, emotional, 
psychological, and existential boundaries. At the same 
time, our profession challenges us to understand and 
engage with policy and politics, medicine and surgery, 
insurance and pharmaceuticals. We care for patients and 
families when they are at their most vulnerable, and we 
see the toll that stress takes on a group of individuals. 

We helm infrastructure at our respective hospital 
systems that generates activity across the organization, 
and we feel the pressure and responsibility to keep the 
engine turning. It is easy to get caught up in the inertia 
of our lives. Oncologists have a difficult job with many, 
sometimes conflicting, expectations and responsibilities. 
It is not a surprise that nearly half of our workforce is 
dealing with substantial levels of burnout.1

As a thoracic oncologist, I practice state-of-the-art medi-
cal oncology at a quaternary referral center; it is the 
comprehensive cancer center of the flagship university 
in our proud statewide system of colleges, The University 
of Wisconsin—Madison. I am also a fellowship-trained 
palliative care clinician who spent nearly a decade as a 

fellowship program director. My palliative care practice 
is primarily in the inpatient setting, where I see patients 
with myriad diagnoses and clinical situations for symp-
tom management, complex decision-making, end-of-life 
care, and any number of other complicated needs. 

Despite my training and experience, I am almost 
completely incapable of practicing as both a thoracic 
medical oncologist and a palliative care physician simul-
taneously. The sets of skills necessary for both roles, 
while related, are far too distinct to do either justice in 
a single clinical encounter. As palliative care services 
become more routinely available to patients in the cancer 
clinic,2 many oncologists ask, “What are you doing 
that I’m not already doing? Why would my patients 
need additional services? How are you going to help me 
and my patients?” 

PRIMARY PALLIATIVE CARE
My work with patients includes chemotherapy treatment 
considerations, response assessments, and other complex 
safety and efficacy considerations. Additionally, some 
domains have crossover with those also addressed by 
the palliative care team members, including symptom 
management, goals of care, advanced care planning, and 
treatment decision-making. 

We are routinely practicing primary palliative care, 
particularly in scan visits, where we are delivering news 
with prognostic implications, and in treatment decision- 
making visits, where we are evaluating goals and values. 
Although the domains may be similar, there is rela-
tively little overlap between the work an oncologist does 
with the patient and that of the palliative care clinician.3 
Perhaps the extra time, attention, and expertise our 
colleagues bring to the exam room is why our patients 
who are also seen for palliative care have improved 
symptom burden and quality of life, enhanced coping 
skills, and prolonged survival.4,5 

UNDERSTANDING WHEN TO INTRODUCE  
SECONDARY PALLIATIVE CARE
Assessing the coping skills of patients and their fami-
lies, and helping them further develop those skills as 
they acquire prognostic awareness, is developing into 
a critical area the palliative care clinician brings to 
the cancer clinic.6 This includes the ability of the clini-
cian to recognize and react to the natural vacillation 
that happens with patients like Pamina as they swing 
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between moments of full awareness and prepa-
ration for end-of-life care, as she did with the 
palliative care team, and moments where she 
may seem to reject the notion that her life is 
under threat, as she usually does with me.7 

Referral Criteria
Given my realization that, as a dual-trained 
oncology and palliative care physician, I 
am unable to simultaneously provide both 
skill sets to my patients, I refer many of 
my patients to the palliative care team for 
early and integrated care. I routinely refer 
patients with metastatic disease as well 
as patients with challenging symptoms, 

substance abuse disorders, limited coping 
skills, or limited social support. 

I also make referrals any time I think the 
patient or family would benefit from addi-
tional time with a clinician, someone who 
is able to focus on helping them integrate 
the reality of being a patient with cancer 
with all the other roles in their life. I find 
my stress level measurably lower when I 
am able to rely on my colleagues to provide 
palliative care, leaving me to focus on the 
complex task of safely delivering cancer 
care. I find the integrated oncopalliative care 
practice to be good for me, my patients, their 
families, and our health care system. n
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Although the domains may be similar, there is 
relatively little overlap between the work an oncologist 

does with a patient and that of the palliative care 
clinician.” 

—TOBY CAMPBELL, MD, MSCI
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ctDNA Detects Adjuvant MRD 
Positivity and Relapse in NSCLC
by NICHOLE TUCKER

CIRCULATING TUMOR DNA (ctDNA) 
may be a biomarker for the detection of 
postsurgical minimal residual disease 
(MRD) and for determining the clonality 
of relapsing disease. Results from the 
Lung TRACERx study, in which ctDNA was 
detected in various histological subtypes, 
have the potential to reshape clinical 
trial designs for patients with non–small 
cell lung cancer (NSCLC) who become 
MRD-positive after surgery.

Findings from the TRACERx 
(NCT01888601) lung study were 
presented by Chris Abbosh, MD, of 
University College London in the 
United Kingdom, during the 2020 
American Association for Cancer 
Research Virtual Annual Meeting 
I.1 The ongoing observational study, 
which was launched in 2014, is 
designed to determine the genetic evolution 
of NSCLCs from diagnosis to relapse and to 
analyze the association of these changes with 
therapeutic outcomes.

Investigating MRD is important for  
advancing treatment for patients with high-
risk early-stage disease who have undergone 
potentially curative resection of their lung 
cancer, Abbosh said. Patients with low- 
burden, residual cancer after surgery have a 
greater potential for a survival benefit from 
adjuvant chemoradiation therapy than do 

those in the metastatic setting. “If we want to 
improve outcomes further in non–small cell 
lung cancer, we really need to focus on inno-
vation in the early-stage space,” he said.

The use of MRD as a biomarker would 
enable clinical investigators to zero in on the 
population most likely to benefit from further 
therapy, Abbosh noted. “The promise of an 
MRD-driven adjuvant trial is that you can 
differentiate between these populations and 
you can conduct adjuvant trials in smaller, 

more relevant populations when 
you are only escalating treatment in 
patients who are destined to relapse 
from their disease,” he said. 

   To measure MRD, investigators 
developed a 50-variant assay based 
on anchored-multiplex polymerase 
chain reaction (AMP) enrichment 
panels generated from cell-free DNA 

in plasma samples from patients who had 
undergone surgery for stage I to III NSCLC. 
Abbosh said the algorithm detected variant 
fractions down to 0.003 with high DNA input 
and 0.008 with low DNA input, with a speci-
ficity of 99.8% in analytical data.  

     To confirm the sensitivity of the assay, 
investigators applied the test to a real-world 
postoperative population of participants in 
the TRACERx study who either did not suffer 
a clinical relapse or who developed a second 
primary cancer. 

Overall, 26 patients with a median of  
8 postoperative samples per patient (range, 
3-13) were included in the nonrecurrence 
cohort and followed up for a median of 
1173 days (3.2 years). The second primary 
cancer cohort consisted of 11 patients with 
a median of 7 postoperative samples per 
patient (range, 1-10). This cohort had a 
median follow-up of 840 days of disease-free 
survival (DFS). The second primaries iden-
tified were 5 second primary lung cancers 
and 6 non-lung cancers. Of the 271 postoper-
ative timepoints analyzed in 37 patients, 269 
were MRD-negative, leading to a specificity of 
99.3% for the assay in this data cohort.

“[In] both of these categories we would not 
expect to see a postoperative MRD signal,” 
said Abbosh. “An important concept here is 
in patients developing a secondary primary 
cancer, we do not expect to see MRD using 
a personalized assay since the assay is look-
ing for a tumor signature associated with a 
primary tumor that was removed at surgery.”  

Investigators went on to analyze whether 
preoperative ctDNA shedding is associated 
with histological subtype in patients with 
early-stage NSCLC. Of 88 early-stage preoper-
ative samples, ctDNA was detected in  
49% of lung adenocarcinomas (21 of 43), 100% 
of lung squamous cell carcinomas (33 of 33), 
and 75% of other NSCLCs (9 of 12). The other 
NSCLCs were large cell carcinomas (4 of 5), 
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Traditional adjuvant trials are challenging because you need hundreds, if not 
thousands, of patients to adequately power these studies. The promise of an MRD-driven 

adjuvant trial is that you can differentiate between these populations and you can conduct 
adjuvant trials in smaller, more relevant populations.” 

—CHRIS ABBOSH, MD
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large cell neuroendocrine carcinomas (2 of 2), 
pleomorphic carcinomas (3 of 4), and adenos-
quamous disease (0 of 1).

These findings validate the results of a 
2017 TRACERx analysis of 96 early-stage 
preoperative samples that showed preopera-
tive detection of ctDNA varies by histological 
subtype, Abbosh said. The study found that 
ctDNA shedding was detected in 19% of lung 
adenocarcinomas (11 of 58), 97% of lung squa-
mous cell carcinomas (30 of 31), and 71% of 
other NSCLCs (5 of 7).2

To determine the potential clinical impact 
of preoperative ctDNA detection, Abbosh 
and colleagues analyzed postoperative 
samples at different timepoints from 53 
patients who relapsed. Of these, 42 had 
detectable ctDNA preoperatively (ctDNA 
shredders) and 11 lacked detectable ctDNA 
preoperatively (ctDNA nonshredders). 
They found that ctDNA was detectable 
at or before clinical relapse in 91% of the 
shredders (38 of 42 patients) compared with 
64% of the nonshredders (7 of 11).

In patients who were shredders with detect-
able ctDNA at relapse, the median lead time 
from first ctNDA detection postoperatively to 
clinical relapse was 164 days (range, 6-1022) 
and the median DFS was 362 days (range, 
41-1143). For non-shredders with detectable 
ctDNA at relapse, the median lead time was 

22 days (range, 0-634) and the median DFS 
was 640 days (range, 404-1242).

“What these data suggest is that preopera-
tive ctDNA detection status would be a proxy 
of the potential utility of ctDNA as an MRD 
biomarker in a clinical setting,” Abbosh said.

 Additionally, Abbosh said, a comparison 
of MRD surveillance and standard-of-care 
imaging for the same 53 patients showed 
that MRD can be detected before evidence of 
relapse is observed on imaging. Nine of 10 
patients who were MRD positive on a blood 
test but showed “no evidence of relapse” on 
surveillance scans subsequently relapsed 
from their disease. Additionally, 15 of 16 
patients who were MRD positive but reported 
as “new equivocal changes” on scans eventu-
ally relapsed. Meanwhile, the rate of second 
primary cancers was higher than the relapse 
rate in patients who had “unequivocal new 
changes” on a scan and no MRD detection 
(52% vs 48%, respectively.) 

In summary, Abbosh said, the findings 
show that the AMP methodology “can detect 
low-frequency variant DNA at low assay DNA 
inputs consistent with an MRD setting” and 
that preoperative shedding of ctDNA affects 
MRD outcomes. Based on the study results, 
the field of NSCLC is ready to move away 
from conventional adjuvant trials toward 
MRD-driven studies, he noted. 

Conventional trials have heterogenous 
patient populations with a low relapse-event 
rate, he noted. Further, adjuvant studies must 
recruit large numbers of patients, take more 
than 10 years to complete, and create the 
risk of toxicities from the escalation of stan-
dard-of-care therapy in patients who are 
cured by surgery.

“The traditional adjuvant trials are chal-
lenging because you need hundreds, if not 
thousands, of patients to adequately power 
these studies, and you need to follow up 
patients for many years. These challenges 
largely arise from the fact that you’re deal-
ing with a heterogeneous patient population, 
which includes some patients who are cured 
by surgery and some patients who have 
residual or metastatic disease, and you 
can’t differentiate between these popula-
tions,” said Abbosh. 

Characteristics in MRD-driven trials  
that could overcome the challenges of 
conventional adjuvant trials include rapid 
readout of study data, therapy escalation  
only in patients who are destined to relapse, 
and an opportunity to establish DFS 
surrogates predicated on MRD clearance, 
Abbosh said. n

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



Get to the core
with the first and only FDA-approved  
oral nuclear export inhibitor

XPOVIO® (selinexor) + dexamethasone  
demonstrated clinically significant  
responses in adult patients with RRMM  
who were refractory to bortezomib,  
carfilzomib, lenalidomide, pomalidomide,  
and daratumumab (N=83)

For your adult patients with relapsed  
refractory multiple myeloma (RRMM)

ORR as assessed by an Independent Review Committee (IRC) based on the International Myeloma Working  
Group (IMWG) Uniform Response Criteria for Multiple Myeloma was the primary efficacy endpoint in the STORM  
Part 2 clinical trial.    

The approval of XPOVIO + dexamethasone was based on the efficacy and safety in a prespecified subgroup analysis 
of the 83 adult patients whose disease was refractory to bortezomib, carfilzomib, lenalidomide, pomalidomide, and 
daratumumab, as the benefit-risk ratio appeared to be greater in this more heavily pretreated population than in the 
overall trial population (N=122).

*Includes stringent complete response (sCR) + complete response (CR) + very good partial response (VGPR) + partial response (PR).  

Learn more at XPOVIOpro.com

Overall response rate (ORR)*

25.3%

(95% Cl: 16.4-36.0)

Median time to first response

4 weeks
(Range: 1-10 weeks)

INDICATION

XPOVIO is indicated in combination with dexamethasone 
for the treatment of adult patients with relapsed or 
refractory multiple myeloma (RRMM) who have received at 
least 4 prior therapies and whose disease is refractory to at 
least 2 proteasome inhibitors, at least 2 immunomodulatory 
agents, and an anti-CD38 monoclonal antibody. 

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

IMPORTANT SAFETY INFORMATION

Thrombocytopenia: XPOVIO can cause thrombocytopenia, 
leading to potentially fatal hemorrhage. Thrombocytopenia 
was reported in 74% of patients, and was severe  
(Grade 3-4) in 61% of patients. Median time to onset of the 
first event was 22 days. Bleeding occurred in 23%, clinically 
significant bleeding occurred in 5%, and fatal hemorrhage 
occurred in <1% of patients. 

Monitor platelet counts at baseline, during treatment, and 
as clinically indicated. Monitor more frequently during the 
first 2 months of treatment. Institute platelet transfusion 
and/or other treatments as clinically indicated. Monitor 
patients for signs and symptoms of bleeding and evaluate 
promptly. Interrupt and/or reduce dose, or permanently 
discontinue based on severity of adverse reaction.

Neutropenia: XPOVIO can cause neutropenia, potentially 
increasing the risk of infection. Neutropenia occurred in 
34% of patients, and was severe (Grade 3-4) in 21% of 
patients. Median time to onset of the first event was  
25 days. Febrile neutropenia was reported in 3%  
of patients. 

Obtain neutrophil counts at baseline, during treatment, and 
as clinically indicated. Monitor more frequently during the 
first 2 months of treatment. Monitor patients for signs and 
symptoms of concomitant infection and evaluate promptly. 
Consider supportive measures including antimicrobials for 

signs of infection and use of growth factors (e.g., G-CSF). 
Interrupt and/or reduce dose, or permanently discontinue 
based on severity of adverse reaction.
Gastrointestinal Toxicity: Gastrointestinal toxicities 
occurred in patients receiving XPOVIO.

Nausea/Vomiting: Nausea and vomiting occurred in 72% 
and 41% of patients, respectively. Grade 3 nausea and 
vomiting occurred in 9% and 4% of patients, respectively. 
Median time to onset of the first nausea event and vomiting 
was 3 and 5 days, respectively. 

Provide prophylactic 5-HT3 antagonists and/or other  
anti-nausea agents, prior to and during treatment with  
XPOVIO. Manage nausea/vomiting by dose interruption, 
reduction, and/or discontinuation. Administer intravenous 
fluids and replace electrolytes to prevent dehydration in  
patients at risk. Use additional anti-nausea medications  
as clinically indicated.

Diarrhea: Diarrhea occurred in 44% of patients, and  
Grade 3 diarrhea occurred in 6% of patients. Median time  
to onset was 15 days.

Manage diarrhea by dose modifications and/or standard 
anti-diarrheal agents; administer intravenous fluids to 
prevent dehydration in patients at risk. 

Anorexia/Weight Loss: Anorexia and weight loss occurred 
in 53% and 47% of patients, respectively. Grade 3 anorexia 
and weight loss occurred in 5% and 1% of patients, 
respectively. Median time to anorexia and weight loss onset 
was 8 and 15 days, respectively.  

Monitor patient weight at baseline, during treatment, and  
as clinically indicated. Monitor more frequently during the 
first 2 months of treatment. Manage anorexia and weight 
loss with dose modifications, appetite stimulants, and 
nutritional support.

Hyponatremia: XPOVIO can cause hyponatremia. 
Hyponatremia occurred in 39% of patients. 22% of patients 
experienced Grade 3 or 4 hyponatremia. Median time to 
onset of the first event was 8 days.

Monitor sodium level at baseline, during treatment, and  
as clinically indicated. Monitor more frequently during 
the first 2 months of treatment. Correct sodium levels for 
concurrent hyperglycemia (serum glucose >150 mg/dL) 
and high serum paraprotein levels. Treat hyponatremia  
per clinical guidelines (intravenous saline and/or salt 
tablets), including dietary review. Interrupt and/or reduce 
dose, or permanently discontinue based on severity of  
adverse reaction. 

Infections: 52% of patients receiving XPOVIO experienced 
any grade of infection. Upper respiratory tract infection of 
any grade occurred in 21%, pneumonia in 13%, and sepsis  
in 6% of patients. Grade ≥3 infections were reported in  
25% of patients, and deaths resulting from an infection 
occurred in 4% of patients. The most commonly reported 
Grade ≥3 infections were pneumonia (9%) and sepsis (6%). 
The median time to onset was 54 days for pneumonia  
and 42 days for sepsis. Most infections were not  
associated with neutropenia and were caused by  
non-opportunistic organisms.

Neurological Toxicity: Neurological toxicities occurred 
in patients receiving XPOVIO. Neurological adverse 
reactions including dizziness, syncope, depressed level 
of consciousness, and mental status changes (including 
delirium and confusional state) occurred in 30% of patients, 
and severe events (Grade 3-4) occurred in 9% of patients. 
Median time to the first event was 15 days.

Optimize hydration status, hemoglobin level, and 
concomitant medications to avoid exacerbating dizziness or 
mental status changes.

Embryo-Fetal Toxicity: XPOVIO can cause fetal harm when 
administered to a pregnant woman. 

Advise pregnant women of the potential risk to a fetus. 
Advise females of reproductive potential and males with 
a female partner of reproductive potential to use effective 
contraception during treatment with XPOVIO and for 1 week 
after the last dose.

ADVERSE REACTIONS

The most common adverse reactions (ARs)  
(incidence ≥20%) were thrombocytopenia, fatigue,  
nausea, anemia, decreased appetite, decreased  
weight, diarrhea, vomiting, hyponatremia, neutropenia, 
leukopenia, constipation, dyspnea, and upper  
respiratory tract infection.

The treatment discontinuation rate due to ARs was 27%. 
Reduction or interruption of XPOVIO dose occurred in 53% 
and 65.3% of patients, respectively. The most frequent ARs 
requiring permanent discontinuation in ≥4% of patients 
included fatigue, nausea, and thrombocytopenia. The rate 
of fatal ARs was 8.9%.

USE IN SPECIFIC POPULATIONS

Of the 202 patients with RRMM who received XPOVIO, 
49% were ≥65 years old, while 11% were ≥75 years old. No 
overall difference in effectiveness of XPOVIO was observed 
in the two age groups. Patients ≥75 years old had a higher 
incidence of discontinuation due to an AR than younger 
patients (44% vs 27%), higher incidence of serious ARs  
(70% vs 58%), and higher incidence of fatal ARs (17% vs 9%).

The effect of end-stage renal impairment (CL
CR 

<15 mL/min) 
or hemodialysis on XPOVIO pharmacokinetics is unknown.  
The effect of moderate and severe hepatic impairment on 
XPOVIO pharmacokinetics is unknown.

No dedicated drug interaction studies have been 
performed with XPOVIO.

Please see Brief Summary of Prescribing Information  
on adjacent pages.

Reference: XPOVIO (selinexor) [package insert]. Newton, MA: Karyopharm Therapeutics, Inc.; 
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Thrombocytopenia: XPOVIO can cause thrombocytopenia, 
leading to potentially fatal hemorrhage. Thrombocytopenia 
was reported in 74% of patients, and was severe  
(Grade 3-4) in 61% of patients. Median time to onset of the 
first event was 22 days. Bleeding occurred in 23%, clinically 
significant bleeding occurred in 5%, and fatal hemorrhage 
occurred in <1% of patients. 

Monitor platelet counts at baseline, during treatment, and 
as clinically indicated. Monitor more frequently during the 
first 2 months of treatment. Institute platelet transfusion 
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patients for signs and symptoms of bleeding and evaluate 
promptly. Interrupt and/or reduce dose, or permanently 
discontinue based on severity of adverse reaction.
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34% of patients, and was severe (Grade 3-4) in 21% of 
patients. Median time to onset of the first event was  
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Nausea/Vomiting: Nausea and vomiting occurred in 72% 
and 41% of patients, respectively. Grade 3 nausea and 
vomiting occurred in 9% and 4% of patients, respectively. 
Median time to onset of the first nausea event and vomiting 
was 3 and 5 days, respectively. 

Provide prophylactic 5-HT3 antagonists and/or other  
anti-nausea agents, prior to and during treatment with  
XPOVIO. Manage nausea/vomiting by dose interruption, 
reduction, and/or discontinuation. Administer intravenous 
fluids and replace electrolytes to prevent dehydration in  
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as clinically indicated.

Diarrhea: Diarrhea occurred in 44% of patients, and  
Grade 3 diarrhea occurred in 6% of patients. Median time  
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and weight loss occurred in 5% and 1% of patients, 
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was 8 and 15 days, respectively.  
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as clinically indicated. Monitor more frequently during the 
first 2 months of treatment. Manage anorexia and weight 
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Hyponatremia: XPOVIO can cause hyponatremia. 
Hyponatremia occurred in 39% of patients. 22% of patients 
experienced Grade 3 or 4 hyponatremia. Median time to 
onset of the first event was 8 days.

Monitor sodium level at baseline, during treatment, and  
as clinically indicated. Monitor more frequently during 
the first 2 months of treatment. Correct sodium levels for 
concurrent hyperglycemia (serum glucose >150 mg/dL) 
and high serum paraprotein levels. Treat hyponatremia  
per clinical guidelines (intravenous saline and/or salt 
tablets), including dietary review. Interrupt and/or reduce 
dose, or permanently discontinue based on severity of  
adverse reaction. 

Infections: 52% of patients receiving XPOVIO experienced 
any grade of infection. Upper respiratory tract infection of 
any grade occurred in 21%, pneumonia in 13%, and sepsis  
in 6% of patients. Grade ≥3 infections were reported in  
25% of patients, and deaths resulting from an infection 
occurred in 4% of patients. The most commonly reported 
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and 42 days for sepsis. Most infections were not  
associated with neutropenia and were caused by  
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of consciousness, and mental status changes (including 
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and severe events (Grade 3-4) occurred in 9% of patients. 
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XPOVIO Brief Summary

BRIEF SUMMARY OF PRESCRIBING INFORMATION
This Brief Summary is not intended to provide all the information needed to use XPOVIO safely and 
effectively. Please see XPOVIO Full Prescribing Information at XPOVIOpro.com.

INDICATIONS AND USAGE
XPOVIO is indicated in combination with dexamethasone for the treatment of adult patients with 
relapsed or refractory multiple myeloma (RRMM) who have received at least four prior therapies and 
whose disease is refractory to at least two proteasome inhibitors, at least two immunomodulatory 
agents, and an anti-CD38 monoclonal antibody. 
This indication is approved under accelerated approval based on response rate. Continued approval 
for this indication may be contingent upon verification and description of clinical benefit in a 
confirmatory trial.

WARNINGS AND PRECAUTIONS
Thrombocytopenia 
XPOVIO can cause thrombocytopenia, leading to potentially fatal hemorrhage. Thrombocytopenia 
was reported as an adverse reaction in 74% of patients, and severe (Grade 3-4) thrombocytopenia 
occurred in 61% of patients treated with XPOVIO. The median time to onset of the first event 
was 22 days. Bleeding occurred in 23% of patients with thrombocytopenia, clinically significant 
bleeding occurred in 5% of patients with thrombocytopenia and fatal hemorrhage occurred in 
<1% of patients.
Monitor platelet counts at baseline, during treatment, and as clinically indicated. Monitor more 
frequently during the first two months of treatment. Institute platelet transfusion and/or other 
treatments as clinically indicated. Monitor patients for signs and symptoms of bleeding and 
evaluate promptly. Interrupt and/or reduce dose, or permanently discontinue based on severity 
of adverse reaction.
Neutropenia 
XPOVIO can cause neutropenia, potentially increasing the risk of infection. Neutropenia was 
reported as an adverse reaction in 34% of patients, and severe (Grade 3-4) neutropenia occurred 
in 21% of patients treated with XPOVIO. The median time to onset of the first event was 25 days. 
Febrile neutropenia was reported in 3% of patients. 
Obtain neutrophil counts at baseline, during treatment, and as clinically indicated. Monitor more 
frequently during the first two months of treatment. Monitor patients for signs and symptoms of 
concomitant infection and evaluate promptly. Consider supportive measures including antimicrobials 
for signs of infection and use of growth factors (e.g., G-CSF). Interrupt and/or reduce dose, or 
permanently discontinue based on severity of adverse reaction.
Gastrointestinal Toxicity
Gastrointestinal toxicities occurred in patients treated with XPOVIO.
Nausea/Vomiting 
Nausea was reported as an adverse reaction in 72% of patients, and Grade 3 nausea occurred in 
9% of patients treated with XPOVIO. The median time to onset of the first nausea event was 3 days. 
Vomiting was reported in 41% of patients, and Grade 3 vomiting occurred in 4% of patients 
treated with XPOVIO. The median time to onset of the first vomiting event was 5 days. 
Provide prophylactic 5-HT3 antagonists and/or other anti-nausea agents, prior to and during treatment 
with XPOVIO. Manage nausea/vomiting by dose interruption, reduction, and/or discontinuation. 
Administer intravenous fluids and replace electrolytes to prevent dehydration in patients at risk. Use 
additional anti-nausea medications as clinically indicated.
Diarrhea 
Diarrhea was reported as an adverse reaction in 44% of patients, and Grade 3 diarrhea 
occurred in 6% of patients treated with XPOVIO. The median time to onset of diarrhea  
was 15 days. 
Manage diarrhea by dose modifications and/or standard anti-diarrheal agents; administer 
intravenous fluids to prevent dehydration in patients at risk.
Anorexia/Weight Loss
Anorexia was reported as an adverse reaction in 53% of patients, and Grade 3 anorexia occurred in 
5% of patients treated with XPOVIO. The median time to onset of anorexia was 8 days. 
Weight loss was reported as an adverse reaction in 47% of patients, and Grade 3 weight 
loss occurred in 1% of patients treated with XPOVIO. The median time to onset of weight loss 
was 15 days.
Monitor patient weight at baseline, during treatment, and as clinically indicated. Monitor more 
frequently during the first two months of treatment. Manage anorexia and weight loss with dose 
modifications, appetite stimulants, and nutritional support.
Hyponatremia 
XPOVIO can cause hyponatremia; 39% of patients treated with XPOVIO experienced hyponatremia, 
22% of patients experienced Grade 3 or 4 hyponatremia. The median time to onset of the first 
event was 8 days. 
Monitor sodium level at baseline, during treatment, and as clinically indicated. Monitor more 
frequently during the first two months of treatment. Correct sodium levels for concurrent 
hyperglycemia (serum glucose >150 mg/dL) and high serum paraprotein levels. Treat hyponatremia 
per clinical guidelines (intravenous saline and/or salt tablets), including dietary review. Interrupt 
and/or reduce dose, or permanently discontinue based on severity of adverse reaction.

Infections 
In patients receiving XPOVIO, 52% of patients experienced any grade of infection. Upper respiratory 
tract infection of any grade occurred in 21%, pneumonia in 13%, and sepsis in 6% of patients. 
Grade ≥3 infections were reported in 25% of patients, and deaths resulting from an infection 
occurred in 4% of patients. The most commonly reported Grade ≥3 infections were pneumonia in 
9% of patients, followed by sepsis in 6%. The median time to onset was 54 days for pneumonia 
and 42 days for sepsis. Most infections were not associated with neutropenia and were caused by 
non-opportunistic organisms.
Neurological Toxicity 
Neurological toxicities occurred in patients treated with XPOVIO. 
Neurological adverse reactions including dizziness, syncope, depressed level of consciousness, 
and mental status changes (including delirium and confusional state) occurred in 30% of 
patients, and severe events (Grade 3-4) occurred in 9% of patients treated with XPOVIO. Median 
time to the first event was 15 days. 
Optimize hydration status, hemoglobin level, and concomitant medications to avoid exacerbating 
dizziness or mental status changes.
Embryo-Fetal Toxicity 
Based on data from animal studies and its mechanism of action, XPOVIO can cause fetal harm 
when administered to a pregnant woman. Selinexor administration to pregnant animals during 
organogenesis resulted in structural abnormalities and alterations to growth at exposures below 
those occurring clinically at the recommended dose. 
Advise pregnant women of the potential risk to a fetus. Advise females of reproductive potential 
and males with a female partner of reproductive potential to use effective contraception during 
treatment with XPOVIO and for 1 week after the last dose.
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 below reflect exposure to XPOVIO plus dexamethasone in 202 patients with 
RRMM who received XPOVIO 80 mg in combination with dexamethasone 20 mg on Days 1 and 3 
of every week.
The median duration of XPOVIO treatment was 8 weeks (range: 1 to 60 weeks). The median dose 
was 115.4 mg (range: 36 to 200 mg) per week.
The treatment discontinuation rate due to adverse reactions was 27%; 53% of patients had a reduction 
in the XPOVIO dose, and 65.3% had the dose of XPOVIO interrupted. The most frequent adverse reactions 
requiring permanent discontinuation in 4% or greater of patients who received XPOVIO included fatigue, 
nausea, and thrombocytopenia. The rate of fatal adverse reactions was 8.9%.
The population had a median age of 64 years (range: 35 to 86 years), 54% were male, and the 
majority (73%) were White (17% were Black or African American).
Table 3 summarizes the most common (≥10% of patients) adverse reactions reported in patients 
with RRMM who received XPOVIO and dexamethasone.

Table 3: Adverse Reactions with XPOVIO 80 mg and Dexamethasone 20 mg Administered  
Twice Weekly

Adverse Reaction
Any Grade  
(N = 202)

n (%) 

Grade ≥3  
(N = 202) 

n (%) 

Thrombocytopeniaa 149 (74) 124 (61) 

Fatigueb 147 (73) 44 (22) 

Nausea 146 (72) 18 (9) 

Anemiac 119 (59) 81 (40) 

Decreased appetite 108 (53) 9 (4.5) 

Weight decreased 95 (47) 1 (0.5) 

Diarrhea 89 (44) 13 (6) 

Vomiting 82 (41) 7 (3.5) 

Hyponatremia 78 (39) 44 (22) 

Neutropeniad 68 (34) 43 (21) 

Leukopenia 57 (28) 23 (11) 

Constipation 50 (25) 3 (1.5) 

Dyspneae 48 (24) 7 (3.5)k 

Upper respiratory tract infectionf 42 (21) 6 (3) 

Coughg 33 (16) 0 

Mental status changesh 33 (16) 14 (7) 

Pyrexia 32 (16) 1 (0.5) 

Hyperglycemia 31 (15) 15 (7) 

Dizziness 30 (15) 0 

Insomnia 30 (15) 4 (2) 

Lymphopenia 30 (15) 20 (10) 

(Continued on next page)

Table 3: Adverse Reactions with XPOVIO 80 mg and Dexamethasone 20 mg Administered  
Twice Weekly (cont’d)

a. Thrombocytopenia includes thrombocytopenia and platelet count decreased.
b. Fatigue includes fatigue and asthenia.
c.   Anemia includes anemia and hematocrit decreased.
d.  Neutropenia includes neutropenia and neutrophil count decreased.
e. Dyspnea includes dyspnea, dyspnea exertional, and dyspnea at rest.
f.  Upper respiratory tract infection includes upper respiratory tract infection, respiratory tract infection, 

pharyngitis, nasopharyngitis, bronchitis, bronchiolitis, respiratory syncytial virus infection, 
parainfluenza virus infection, rhinitis, rhinovirus infection, and adenovirus infection.

g. Cough includes cough, productive cough, and upper-airway cough syndrome.
h. Mental status changes includes mental status changes, confusional state, and delirium.
i. Hypercreatininemia includes hypercreatininemia and hypercreatinemia.
j.  Pneumonia includes pneumonia, atypical pneumonia, lung infection, lower respiratory tract infection, 

pneumocystis jirovecii pneumonia, pneumonia aspiration, pneumonia influenzal, and pneumonia viral.
k. Includes fatal event.

USE IN SPECIFIC POPULATIONS 
Pregnancy
Risk Summary
Based on findings in animal studies and its mechanism of action, XPOVIO can cause fetal harm when 
administered to a pregnant woman. There are no available data in pregnant women to inform the drug-
associated risk. In animal reproduction studies, administration of selinexor to pregnant rats during 
organogenesis resulted in structural abnormalities and alterations to growth at exposures that were 
below those occurring clinically at the recommended dose (see Data). Advise pregnant women of the 
risks to a fetus. 
The estimated background risk of major birth defects and miscarriage for the indicated population is 
unknown. All pregnancies have a background risk of birth defect, loss, or other adverse outcomes. In 
the U.S. general population, the estimated background risk of major birth defects and miscarriage in 
clinically recognized pregnancies is 2% to 4% and 15% to 20%, respectively. 
Data
Animal data 
In an embryo-fetal development study in pregnant rats, daily oral administration of selinexor at 0, 0.25, 
0.75, or 2 mg/kg throughout organogenesis caused incomplete or delayed ossification, skeletal variations, 
and reduced fetal weight compared with controls at a dose of 0.75 mg/kg (approximately 0.08-fold of 
human area under the curve [AUC] at the recommended dose). Malformations were observed at 2 mg/kg, 
including microphthalmia, fetal edema, malpositioned kidney, and persistent truncus arteriosus. 
Lactation 
Risk Summary
There is no information regarding the presence of selinexor or its metabolites in human milk, or 
their effects on the breastfed child or milk production. Because of the potential for serious adverse 
reactions in a breastfed child, advise women not to breastfeed during treatment with XPOVIO and for 
1 week after the last dose. 
Females and Males of Reproductive Potential
Pregnancy Testing
Verify the pregnancy status of females of reproductive potential prior to initiating XPOVIO. 
Contraception 
XPOVIO can cause fetal harm when administered to a pregnant woman.
Females 
Advise females of reproductive potential to use effective contraception during treatment with XPOVIO and 
for 1 week after the last dose. 
Males 
Advise males with a female partner of reproductive potential to use effective contraception during treatment 
with XPOVIO and for 1 week after the last dose. 
Infertility
Females and Males
Based on findings in animals, XPOVIO may impair fertility in females and males of reproductive potential.
Pediatric Use 
The safety and effectiveness of XPOVIO have not been established in pediatric patients. 

Geriatric Use
Of the 202 patients with RRMM who received XPOVIO, 49% were 65 years of age and over, while  
11% were 75 years of age and over. No overall difference in effectiveness was observed in patients 
over 65 years of age, including patients over 75 years of age, when compared with younger patients.  
When comparing patients 75 years of age and older to younger patients, older patients had a higher 
incidence of discontinuation due to an adverse reaction (44% vs 27%), higher incidence of serious adverse 
reactions (70% vs 58%), and higher incidence of fatal adverse reactions (17% vs 9%).

PATIENT COUNSELING INFORMATION 
Advise the patient to read the FDA-approved patient labeling (Medication Guide).
Dosing Instructions:
• Instruct patients to take XPOVIO exactly as prescribed. 
•  Advise patients to swallow the tablet whole with water. The tablet should not be broken, chewed, 

crushed, or divided. 
•  If a patient misses a dose, advise them to take their next dose at its regularly scheduled time. If a 

patient vomits or misses a dose of XPOVIO, advise them to take the next dose on the next regularly 
scheduled day. 

• Advise patients that XPOVIO comes in a child-resistant blister pack. 
•  Advise patients to take their prescribed dexamethasone and prophylactic anti-nausea medications 

exactly as prescribed.
•  Advise patients that blood tests and body weight will be monitored at baseline and during treatment 

as clinically indicated, with more frequent monitoring during the first two months of treatment.
•  Advise patients to maintain appropriate fluid and caloric intake throughout their treatment.
Hematologic Adverse Reactions
Thrombocytopenia
Advise patients that they may develop low platelet counts (thrombocytopenia). Symptoms of 
thrombocytopenia may include bleeding and easy bruising. Advise patients that platelet counts 
will be monitored at baseline, during treatment, and as clinically indicated, with more frequent 
monitoring during the first 2 months of treatment. Advise patients to report signs of bleeding 
right away.
Anemia
Advise patients that they may develop anemia. Symptoms of anemia may include fatigue and 
shortness of breath. Advise patients to report signs or symptoms of anemia. 
Neutropenia
Advise patients that they may develop low neutrophil counts which may increase their susceptibility 
to infection. Advise patients that neutrophil counts will be monitored at baseline, during treatment, 
and as clinically indicated, with more frequent monitoring during the first 2 months of treatment. 
Gastrointestinal Adverse Reactions
Advise patients they may experience nausea/vomiting or diarrhea and to contact their physician if 
these adverse reactions occur or persist. 
Fatigue 
Advise patients that they may experience fatigue.
Anorexia/Weight Loss
Advise patients that they may experience weight loss or decreased appetite. Advise patients to 
report decreased appetite and weight loss. 
Confusional State and Dizziness
Advise patients that they may experience confusion and dizziness. Advise patients not to operate 
motorized vehicles until they know how XPOVIO affects their abilities. Advise patients to report 
symptoms of neurological toxicity right away. Advise patients to avoid driving or operating machinery 
until they know how XPOVIO affects their abilities. 
Hyponatremia
Advise patients that they may develop low sodium levels (hyponatremia). Most cases of hyponatremia 
were not associated with specific symptoms. Advise patients that levels of sodium will be monitored 
at baseline and during treatment as clinically indicated, with more frequent monitoring during the 
first two months of treatment. 
Infections
Advise patients of the possibility of serious infections. Instruct patients to report infection-related 
signs or symptoms (e.g., chills, fever). 
Embryo-Fetal Toxicity
Advise females of reproductive potential of the potential risk to a fetus. Advise females to contact 
their healthcare provider if they become pregnant, or if pregnancy is suspected, during treatment 
with XPOVIO. 
Females and Males of Reproductive Potential
Advise females of reproductive potential and males with a female partner of reproductive potential 
to use effective contraception during treatment with XPOVIO and for 1 week after the final dose 
of XPOVIO. 
Lactation
Advise women not to breastfeed during treatment with XPOVIO and for 1 week after the final dose 
of XPOVIO. 
Concomitant Medications
Advise patients to take 5-HT3 antagonist prophylactic treatment and/or other anti-nausea agents 
prior to and during treatment with XPOVIO.
Advise patients to speak with their physician about other medications they are currently taking and 
before starting any new medication.

For more information, call 1-888-209-9326 or go to www.XPOVIOpro.com
©2019 Karyopharm Therapeutics, Inc. All rights reserved. US-XPOV-11/19-00003

Adverse Reaction
Any Grade  
(N = 202)

n (%) 

Grade ≥3  
(N = 202) 

n (%) 

Dehydration 28 (14) 7 (3.5) 

Hypercreatininemiai 28 (14) 4 (2) 

Pneumoniaj 26 (13) 18 (9)k 

Epistaxis 25 (12) 1 (0.5) 

Hypokalemia 25 (12) 7 (3.5) 

Dysgeusia 22 (11) 0

Vision blurred 21 (10) 1 (0.5) 

Headache 20 (10) 0



XPOVIO Brief Summary

BRIEF SUMMARY OF PRESCRIBING INFORMATION
This Brief Summary is not intended to provide all the information needed to use XPOVIO safely and 
effectively. Please see XPOVIO Full Prescribing Information at XPOVIOpro.com.

INDICATIONS AND USAGE
XPOVIO is indicated in combination with dexamethasone for the treatment of adult patients with 
relapsed or refractory multiple myeloma (RRMM) who have received at least four prior therapies and 
whose disease is refractory to at least two proteasome inhibitors, at least two immunomodulatory 
agents, and an anti-CD38 monoclonal antibody. 
This indication is approved under accelerated approval based on response rate. Continued approval 
for this indication may be contingent upon verification and description of clinical benefit in a 
confirmatory trial.

WARNINGS AND PRECAUTIONS
Thrombocytopenia 
XPOVIO can cause thrombocytopenia, leading to potentially fatal hemorrhage. Thrombocytopenia 
was reported as an adverse reaction in 74% of patients, and severe (Grade 3-4) thrombocytopenia 
occurred in 61% of patients treated with XPOVIO. The median time to onset of the first event 
was 22 days. Bleeding occurred in 23% of patients with thrombocytopenia, clinically significant 
bleeding occurred in 5% of patients with thrombocytopenia and fatal hemorrhage occurred in 
<1% of patients.
Monitor platelet counts at baseline, during treatment, and as clinically indicated. Monitor more 
frequently during the first two months of treatment. Institute platelet transfusion and/or other 
treatments as clinically indicated. Monitor patients for signs and symptoms of bleeding and 
evaluate promptly. Interrupt and/or reduce dose, or permanently discontinue based on severity 
of adverse reaction.
Neutropenia 
XPOVIO can cause neutropenia, potentially increasing the risk of infection. Neutropenia was 
reported as an adverse reaction in 34% of patients, and severe (Grade 3-4) neutropenia occurred 
in 21% of patients treated with XPOVIO. The median time to onset of the first event was 25 days. 
Febrile neutropenia was reported in 3% of patients. 
Obtain neutrophil counts at baseline, during treatment, and as clinically indicated. Monitor more 
frequently during the first two months of treatment. Monitor patients for signs and symptoms of 
concomitant infection and evaluate promptly. Consider supportive measures including antimicrobials 
for signs of infection and use of growth factors (e.g., G-CSF). Interrupt and/or reduce dose, or 
permanently discontinue based on severity of adverse reaction.
Gastrointestinal Toxicity
Gastrointestinal toxicities occurred in patients treated with XPOVIO.
Nausea/Vomiting 
Nausea was reported as an adverse reaction in 72% of patients, and Grade 3 nausea occurred in 
9% of patients treated with XPOVIO. The median time to onset of the first nausea event was 3 days. 
Vomiting was reported in 41% of patients, and Grade 3 vomiting occurred in 4% of patients 
treated with XPOVIO. The median time to onset of the first vomiting event was 5 days. 
Provide prophylactic 5-HT3 antagonists and/or other anti-nausea agents, prior to and during treatment 
with XPOVIO. Manage nausea/vomiting by dose interruption, reduction, and/or discontinuation. 
Administer intravenous fluids and replace electrolytes to prevent dehydration in patients at risk. Use 
additional anti-nausea medications as clinically indicated.
Diarrhea 
Diarrhea was reported as an adverse reaction in 44% of patients, and Grade 3 diarrhea 
occurred in 6% of patients treated with XPOVIO. The median time to onset of diarrhea  
was 15 days. 
Manage diarrhea by dose modifications and/or standard anti-diarrheal agents; administer 
intravenous fluids to prevent dehydration in patients at risk.
Anorexia/Weight Loss
Anorexia was reported as an adverse reaction in 53% of patients, and Grade 3 anorexia occurred in 
5% of patients treated with XPOVIO. The median time to onset of anorexia was 8 days. 
Weight loss was reported as an adverse reaction in 47% of patients, and Grade 3 weight 
loss occurred in 1% of patients treated with XPOVIO. The median time to onset of weight loss 
was 15 days.
Monitor patient weight at baseline, during treatment, and as clinically indicated. Monitor more 
frequently during the first two months of treatment. Manage anorexia and weight loss with dose 
modifications, appetite stimulants, and nutritional support.
Hyponatremia 
XPOVIO can cause hyponatremia; 39% of patients treated with XPOVIO experienced hyponatremia, 
22% of patients experienced Grade 3 or 4 hyponatremia. The median time to onset of the first 
event was 8 days. 
Monitor sodium level at baseline, during treatment, and as clinically indicated. Monitor more 
frequently during the first two months of treatment. Correct sodium levels for concurrent 
hyperglycemia (serum glucose >150 mg/dL) and high serum paraprotein levels. Treat hyponatremia 
per clinical guidelines (intravenous saline and/or salt tablets), including dietary review. Interrupt 
and/or reduce dose, or permanently discontinue based on severity of adverse reaction.

Infections 
In patients receiving XPOVIO, 52% of patients experienced any grade of infection. Upper respiratory 
tract infection of any grade occurred in 21%, pneumonia in 13%, and sepsis in 6% of patients. 
Grade ≥3 infections were reported in 25% of patients, and deaths resulting from an infection 
occurred in 4% of patients. The most commonly reported Grade ≥3 infections were pneumonia in 
9% of patients, followed by sepsis in 6%. The median time to onset was 54 days for pneumonia 
and 42 days for sepsis. Most infections were not associated with neutropenia and were caused by 
non-opportunistic organisms.
Neurological Toxicity 
Neurological toxicities occurred in patients treated with XPOVIO. 
Neurological adverse reactions including dizziness, syncope, depressed level of consciousness, 
and mental status changes (including delirium and confusional state) occurred in 30% of 
patients, and severe events (Grade 3-4) occurred in 9% of patients treated with XPOVIO. Median 
time to the first event was 15 days. 
Optimize hydration status, hemoglobin level, and concomitant medications to avoid exacerbating 
dizziness or mental status changes.
Embryo-Fetal Toxicity 
Based on data from animal studies and its mechanism of action, XPOVIO can cause fetal harm 
when administered to a pregnant woman. Selinexor administration to pregnant animals during 
organogenesis resulted in structural abnormalities and alterations to growth at exposures below 
those occurring clinically at the recommended dose. 
Advise pregnant women of the potential risk to a fetus. Advise females of reproductive potential 
and males with a female partner of reproductive potential to use effective contraception during 
treatment with XPOVIO and for 1 week after the last dose.
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 below reflect exposure to XPOVIO plus dexamethasone in 202 patients with 
RRMM who received XPOVIO 80 mg in combination with dexamethasone 20 mg on Days 1 and 3 
of every week.
The median duration of XPOVIO treatment was 8 weeks (range: 1 to 60 weeks). The median dose 
was 115.4 mg (range: 36 to 200 mg) per week.
The treatment discontinuation rate due to adverse reactions was 27%; 53% of patients had a reduction 
in the XPOVIO dose, and 65.3% had the dose of XPOVIO interrupted. The most frequent adverse reactions 
requiring permanent discontinuation in 4% or greater of patients who received XPOVIO included fatigue, 
nausea, and thrombocytopenia. The rate of fatal adverse reactions was 8.9%.
The population had a median age of 64 years (range: 35 to 86 years), 54% were male, and the 
majority (73%) were White (17% were Black or African American).
Table 3 summarizes the most common (≥10% of patients) adverse reactions reported in patients 
with RRMM who received XPOVIO and dexamethasone.

Table 3: Adverse Reactions with XPOVIO 80 mg and Dexamethasone 20 mg Administered  
Twice Weekly

Adverse Reaction
Any Grade  
(N = 202)

n (%) 

Grade ≥3  
(N = 202) 

n (%) 

Thrombocytopeniaa 149 (74) 124 (61) 

Fatigueb 147 (73) 44 (22) 

Nausea 146 (72) 18 (9) 

Anemiac 119 (59) 81 (40) 

Decreased appetite 108 (53) 9 (4.5) 

Weight decreased 95 (47) 1 (0.5) 

Diarrhea 89 (44) 13 (6) 

Vomiting 82 (41) 7 (3.5) 

Hyponatremia 78 (39) 44 (22) 

Neutropeniad 68 (34) 43 (21) 

Leukopenia 57 (28) 23 (11) 

Constipation 50 (25) 3 (1.5) 

Dyspneae 48 (24) 7 (3.5)k 

Upper respiratory tract infectionf 42 (21) 6 (3) 

Coughg 33 (16) 0 

Mental status changesh 33 (16) 14 (7) 

Pyrexia 32 (16) 1 (0.5) 

Hyperglycemia 31 (15) 15 (7) 

Dizziness 30 (15) 0 

Insomnia 30 (15) 4 (2) 

Lymphopenia 30 (15) 20 (10) 

(Continued on next page)

Table 3: Adverse Reactions with XPOVIO 80 mg and Dexamethasone 20 mg Administered  
Twice Weekly (cont’d)

a. Thrombocytopenia includes thrombocytopenia and platelet count decreased.
b. Fatigue includes fatigue and asthenia.
c.   Anemia includes anemia and hematocrit decreased.
d.  Neutropenia includes neutropenia and neutrophil count decreased.
e. Dyspnea includes dyspnea, dyspnea exertional, and dyspnea at rest.
f.  Upper respiratory tract infection includes upper respiratory tract infection, respiratory tract infection, 

pharyngitis, nasopharyngitis, bronchitis, bronchiolitis, respiratory syncytial virus infection, 
parainfluenza virus infection, rhinitis, rhinovirus infection, and adenovirus infection.

g. Cough includes cough, productive cough, and upper-airway cough syndrome.
h. Mental status changes includes mental status changes, confusional state, and delirium.
i. Hypercreatininemia includes hypercreatininemia and hypercreatinemia.
j.  Pneumonia includes pneumonia, atypical pneumonia, lung infection, lower respiratory tract infection, 

pneumocystis jirovecii pneumonia, pneumonia aspiration, pneumonia influenzal, and pneumonia viral.
k. Includes fatal event.

USE IN SPECIFIC POPULATIONS 
Pregnancy
Risk Summary
Based on findings in animal studies and its mechanism of action, XPOVIO can cause fetal harm when 
administered to a pregnant woman. There are no available data in pregnant women to inform the drug-
associated risk. In animal reproduction studies, administration of selinexor to pregnant rats during 
organogenesis resulted in structural abnormalities and alterations to growth at exposures that were 
below those occurring clinically at the recommended dose (see Data). Advise pregnant women of the 
risks to a fetus. 
The estimated background risk of major birth defects and miscarriage for the indicated population is 
unknown. All pregnancies have a background risk of birth defect, loss, or other adverse outcomes. In 
the U.S. general population, the estimated background risk of major birth defects and miscarriage in 
clinically recognized pregnancies is 2% to 4% and 15% to 20%, respectively. 
Data
Animal data 
In an embryo-fetal development study in pregnant rats, daily oral administration of selinexor at 0, 0.25, 
0.75, or 2 mg/kg throughout organogenesis caused incomplete or delayed ossification, skeletal variations, 
and reduced fetal weight compared with controls at a dose of 0.75 mg/kg (approximately 0.08-fold of 
human area under the curve [AUC] at the recommended dose). Malformations were observed at 2 mg/kg, 
including microphthalmia, fetal edema, malpositioned kidney, and persistent truncus arteriosus. 
Lactation 
Risk Summary
There is no information regarding the presence of selinexor or its metabolites in human milk, or 
their effects on the breastfed child or milk production. Because of the potential for serious adverse 
reactions in a breastfed child, advise women not to breastfeed during treatment with XPOVIO and for 
1 week after the last dose. 
Females and Males of Reproductive Potential
Pregnancy Testing
Verify the pregnancy status of females of reproductive potential prior to initiating XPOVIO. 
Contraception 
XPOVIO can cause fetal harm when administered to a pregnant woman.
Females 
Advise females of reproductive potential to use effective contraception during treatment with XPOVIO and 
for 1 week after the last dose. 
Males 
Advise males with a female partner of reproductive potential to use effective contraception during treatment 
with XPOVIO and for 1 week after the last dose. 
Infertility
Females and Males
Based on findings in animals, XPOVIO may impair fertility in females and males of reproductive potential.
Pediatric Use 
The safety and effectiveness of XPOVIO have not been established in pediatric patients. 

Geriatric Use
Of the 202 patients with RRMM who received XPOVIO, 49% were 65 years of age and over, while  
11% were 75 years of age and over. No overall difference in effectiveness was observed in patients 
over 65 years of age, including patients over 75 years of age, when compared with younger patients.  
When comparing patients 75 years of age and older to younger patients, older patients had a higher 
incidence of discontinuation due to an adverse reaction (44% vs 27%), higher incidence of serious adverse 
reactions (70% vs 58%), and higher incidence of fatal adverse reactions (17% vs 9%).

PATIENT COUNSELING INFORMATION 
Advise the patient to read the FDA-approved patient labeling (Medication Guide).
Dosing Instructions:
• Instruct patients to take XPOVIO exactly as prescribed. 
•  Advise patients to swallow the tablet whole with water. The tablet should not be broken, chewed, 

crushed, or divided. 
•  If a patient misses a dose, advise them to take their next dose at its regularly scheduled time. If a 

patient vomits or misses a dose of XPOVIO, advise them to take the next dose on the next regularly 
scheduled day. 

• Advise patients that XPOVIO comes in a child-resistant blister pack. 
•  Advise patients to take their prescribed dexamethasone and prophylactic anti-nausea medications 

exactly as prescribed.
•  Advise patients that blood tests and body weight will be monitored at baseline and during treatment 

as clinically indicated, with more frequent monitoring during the first two months of treatment.
•  Advise patients to maintain appropriate fluid and caloric intake throughout their treatment.
Hematologic Adverse Reactions
Thrombocytopenia
Advise patients that they may develop low platelet counts (thrombocytopenia). Symptoms of 
thrombocytopenia may include bleeding and easy bruising. Advise patients that platelet counts 
will be monitored at baseline, during treatment, and as clinically indicated, with more frequent 
monitoring during the first 2 months of treatment. Advise patients to report signs of bleeding 
right away.
Anemia
Advise patients that they may develop anemia. Symptoms of anemia may include fatigue and 
shortness of breath. Advise patients to report signs or symptoms of anemia. 
Neutropenia
Advise patients that they may develop low neutrophil counts which may increase their susceptibility 
to infection. Advise patients that neutrophil counts will be monitored at baseline, during treatment, 
and as clinically indicated, with more frequent monitoring during the first 2 months of treatment. 
Gastrointestinal Adverse Reactions
Advise patients they may experience nausea/vomiting or diarrhea and to contact their physician if 
these adverse reactions occur or persist. 
Fatigue 
Advise patients that they may experience fatigue.
Anorexia/Weight Loss
Advise patients that they may experience weight loss or decreased appetite. Advise patients to 
report decreased appetite and weight loss. 
Confusional State and Dizziness
Advise patients that they may experience confusion and dizziness. Advise patients not to operate 
motorized vehicles until they know how XPOVIO affects their abilities. Advise patients to report 
symptoms of neurological toxicity right away. Advise patients to avoid driving or operating machinery 
until they know how XPOVIO affects their abilities. 
Hyponatremia
Advise patients that they may develop low sodium levels (hyponatremia). Most cases of hyponatremia 
were not associated with specific symptoms. Advise patients that levels of sodium will be monitored 
at baseline and during treatment as clinically indicated, with more frequent monitoring during the 
first two months of treatment. 
Infections
Advise patients of the possibility of serious infections. Instruct patients to report infection-related 
signs or symptoms (e.g., chills, fever). 
Embryo-Fetal Toxicity
Advise females of reproductive potential of the potential risk to a fetus. Advise females to contact 
their healthcare provider if they become pregnant, or if pregnancy is suspected, during treatment 
with XPOVIO. 
Females and Males of Reproductive Potential
Advise females of reproductive potential and males with a female partner of reproductive potential 
to use effective contraception during treatment with XPOVIO and for 1 week after the final dose 
of XPOVIO. 
Lactation
Advise women not to breastfeed during treatment with XPOVIO and for 1 week after the final dose 
of XPOVIO. 
Concomitant Medications
Advise patients to take 5-HT3 antagonist prophylactic treatment and/or other anti-nausea agents 
prior to and during treatment with XPOVIO.
Advise patients to speak with their physician about other medications they are currently taking and 
before starting any new medication.

For more information, call 1-888-209-9326 or go to www.XPOVIOpro.com
©2019 Karyopharm Therapeutics, Inc. All rights reserved. US-XPOV-11/19-00003

Adverse Reaction
Any Grade  
(N = 202)

n (%) 

Grade ≥3  
(N = 202) 

n (%) 

Dehydration 28 (14) 7 (3.5) 

Hypercreatininemiai 28 (14) 4 (2) 

Pneumoniaj 26 (13) 18 (9)k 

Epistaxis 25 (12) 1 (0.5) 

Hypokalemia 25 (12) 7 (3.5) 

Dysgeusia 22 (11) 0

Vision blurred 21 (10) 1 (0.5) 

Headache 20 (10) 0
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Novel Combos May Jumpstart  
the CD40 Immune-Stimulating Checkpoint 
by JANE DE LARTIGUE, PHD

INVESTIGATORS ARE WORKING on 
a new generation of therapies that activate 
CD40, an immune checkpoint that helps 
promote an antitumor response by boosting 
T-cell–stimulatory signals. Although efforts to 
hit this target have often proved disappoint-
ing in clinical trials over the past 2 decades, 
recent strategies focusing on new drug 
designs and novel combinations are reviving 
hopes for success.1-3

Ongoing clinical efforts are directed at 
exploring combinations that could expand 
the impact of immunotherapy into immu-
nologically “cold” tumors by exploiting 
complementary mechanisms of action.

In preliminary clinical trial results, 
APX005M, a CD40-directed monoclonal anti-
body (mAb) being developed by Apexigen, 
showed promise for treating notoriously 
immunotherapy-resistant pancreatic ductal 
adenocarcinoma (PDAC) in combination with 
chemotherapy and with or without the anti-PD–1 
mAb nivolumab (Opdivo).4 

Other pharmaceutical companies are follow-
ing Apexigen’s lead and pursuing similar 
combinations in PDAC with the goal of provid-
ing immunotherapeutic inroads into this 
challenging tumor type. 

At least 10 novel agents are being tested 
in clinical trials, frequently in combination 

with chemotherapy or immune checkpoint 
immunotherapy, according to a search of the 
ClinicalTrials.gov website (TABLE).

CRITICAL IMMUNE MEDIATOR
CD-40 is a member of the tumor necrosis 
factor receptor (TNFR) superfamily, a group 
of structurally related receptors and their 
ligands that provide critical communication 
signals between various cell types, includ-
ing immune cells, where they play key roles 
in innate and adaptive immune responses.1-3,5 

(FIGURE6). The goal of therapeutically targeting 
CD40 is to activate CD40+ antigen-presenting 
cells (APCs) to boost the antitumor immune 
response by stimulating tumor-specific 
cytotoxic T cells.

CD40 is a transmembrane receptor that is 
constitutively expressed predominantly on 
APCs, such as macrophages, dendritic cells 
(DCs), and B cells, but it is also found on plate-
lets and some nonhematopoietic cells.1-3 CD40 
expression has also been shown on malignant 
cells across a variety of cancer types, includ-
ing bladder cancer, melanoma, lung cancer, 
colorectal cancer, and several B-cell malignan-
cies, and has frequently been associated with 
improved outcomes.3

The CD40 ligand, CD40L (also known as 
CD154), is also a transmembrane protein 
whose expression is induced on the surface 
of activated CD4+ T cells, B cells, and natural 
killer (NK) cells, among others.1-3 Interestingly, 
this receptor-ligand localization pattern is 
unique within the TNFR superfamily and 
reflects the early role of CD40 in the adaptive 
immune response, as the TNF ligand (not the 
receptor) is typically expressed on the APC.1

CD40L naturally assembles into trimers at 
the cell surface, and their binding to CD40 
receptor molecules leads to receptor cluster-
ing and the formation of a signaling complex 
that is required for intracellular signal 
transmission via the recruitment of TNFR-
associated factors (TRAFs). Depending on the 
specific TRAFs and other cytoplasmic adapter 
proteins that are engaged, CD40 activation 

FIGURE.  Targeting CD40 in the Immune System6
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CD40, an immune-activating molecule that helps promote innate and adaptive immunity, is expressed on antigen-presenting cells such as 
macrophages, dendritic cells, and B cells and can be induced on natural killer (NK) cells through interaction with its ligand, CD40L. Monoclonal 
antibodies (mAbs) aimed at activating CD40 are a leading strategy for activating CD40. Other stimulatory immune checkpoints include OX40, 
GITR, and 4-1BB; PD-L1 is an inhibitory receptor.

Adapted from APX005M briefing materials. FDA Pediatric Subcommitee of the Oncologic Drugs Advisory Committee. https://www.fda.gov/me-
dia/105924/download
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can trigger a number of downstream signal-
ing cascades, including the MAPK, PI3K, and 
NFκB pathways.1-3

The physiological outcomes of CD40 path-
way activation are varied and complex, but one 
of its central functions is as a major molecular 
mediator of the capacity of CD4+ helper T cells 
to trigger tumor cell–specific cytotoxicity.1-3,7

It does this by licensing DCs to activate 
CD8+ cytotoxic T cells via upregulation of 
DC-surface expression of major histocompati-
bility complex molecules (to facilitate antigen 
presentation) and other costimulatory mole-
cules, which provide the secondary signal for 
T-cell activation. CD40 pathway activation also 
promotes the production of proinflammatory 
immunostimulatory cytokines that further 
modulate T-cell activity.1-3,7

In the absence of CD40, unlicensed DCs 
drive T-cell exhaustion and the generation 
of immunosuppressive regulatory T cells. 
CD40 plays similar roles in B- and NK-cell 
activation; thus, its effects span innate and 
adaptive immune responses, as well as cellu-
lar and humoral immunity.1,7

GIVING THE ANTITUMOR IMMUNE 
RESPONSE A PUSH
As an immune costimulatory molecule, CD40 
is targeted with agonistic compounds. From 
a pharmacological perspective, agonists 
are much more challenging to develop than 
antagonistic agents. Although the major focus 
has been on CD40 mAbs, the first drug to 
enter development in the early 2000s was a 
recombinant form of CD40L.

In a first-in-human study, 32 patients with 
advanced solid tumors or non-Hodgkin 
lymphoma (NHL) were treated with trimeric 
recombinant human CD40L. There were 
2 objective responses, including a dura-
ble complete response (CR) in a patient with 
head and neck squamous cell carcinoma. 
The maximum-tolerated dose was defined 
by grade 3/4 elevated transaminase levels,8 
which are now known to be a class effect of 
CD40-targeted therapies.1

The clinical development of agonist CD40 
mAbs began a few years later, but they had 
already demonstrated significant promise 
in preclinical trials.1,2 Unfortunately, that 
did not necessarily translate into success in 
human patients; clinical activity with single-
agent CD40 mAbs was modest.1-3 

TABLE. Clinical Development of CD40 Agonists

Drug (developer) Ongoing clinical trials (ClinicalTrials.gov identifier)

Fc-engineered humanized CD40 IgG1 mAbs
APX005M (Apexigen) Phase 2

• + doxorubicin in advanced sarcomas (NCT03719430)
• + concurrent CRT as neoadjuvant therapy in resectable esophageal and GEJ cancers (NCT03165994)
• 2 dosing schedules in unresectable/metastatic melanoma (NCT04337931)
• + neoadjuvant CRT in locally advanced rectal adenocarcinoma (INNATE; NCT04130854)
Phase 1/2
• + nivolumab in locally advanced/metastatic NSCLC or unresectable/metastatic melanoma (NCT03123783)
• IT administration + pembrolizumab in metastatic melanoma (NCT02706353)
• + gemcitabine and nab-paclitaxel +/- nivolumab in previously untreated metastatic pancreatic 

adenocarcinoma (NCT03214250)a

Phase 1
• In pediatric patients with recurrent/refractory primary CNS tumors and newly diagnosed DIPG (NCT03389802)
• + nivolumab and cabiralizumab (CSF-1R mAb) in advanced melanoma, NSCLC, or RCC that has progressed on 

anti–PD-1/PD-L1 therapy (NCT03502330)
• + nivolumab +/- NEO-PV-01 (personalized cancer vaccine) +/- poly-ICLC (TLR3 agonist immune adjuvant) in 

advanced/metastatic melanoma (NCT03597282)a

SEA-CD40 
(Seattle Genetics)

Phase 1
• SC vs IV administration in advanced solid tumors or lymphomas; IV administration +/- pembrolizumab in 

advanced solid tumors; IV administration + pembrolizumab, gemcitabine, and nab-paclitaxel in advanced 
PDAC (SGNS40-001; NCT02376699)

Fully human CD40 IgG2 mAbs
Selicrelumab 
(RO7009789; 
CP-870,893)
(Roche)

Phase 1/2 umbrella studies
• + atezolizumab and bevacizumab in locally advanced/metastatic TNBC (Morpheus-TNBC; NCT03424005)
• + atezolizumab and bevacizumab in metastatic CRC (Morpheus-CRC; NCT03555149)
• + atezolizumab, gemcitabine, and nab-paclitaxel in metastatic PDAC (Morpheus-Pancreatic Cancer; NCT03193190)
Phase 1
• IT administration + atezolizumab in relapsed/refractory B-cell non-Hodgkin lymphoma (ITSELF; NCT03892525)

CDX-1140
(Celldex Therapeutics)

Phase 1/2
• SC administration; as an adjuvant to a peptide-based therapeutic vaccine in melanoma + poly-ICLC (TLR3 

agonist immune adjuvant) (Mel66; NCT04364230)b

Phase 1
• +/- CDX-301 (soluble recombinant FLT3 ligand) or pembrolizumab in advanced cancer (KEYNOTE-A23; NCT03329950)

Fc-engineered version of selicrelumab
2141-V11 
(The Rockefeller University)

Phase 1
• IT administration into skin metastases of patients with advanced solid tumors (NCT04059588) 

CD40 mAb
ABBV-927
(AbbVie)

Phase 1
• IV or IT administration +/- ABBV-181 (PD-1 mAb) in advanced solid tumors (NCT02988960)
• IV administration + ABBV-368 (OX40 agonist mAb) in advanced solid tumors; + ABBV-368 and ABBV-181 in 

advanced NSCLC; + carboplatin +/- ABBV-368 or ABBV-181 in advanced TNBC; + nab-paclitaxel and ABBV-
368 in advanced TNBC (NCT03893955)

• IV or IT administration in newly diagnosed, locally advanced HNSCC (NCT03818542)

Fully human CD40 IgG1 mAb
Mitazalimab 
(JNJ-64457107; ADC-
1013; vanalimab)
(Alligator Bioscience)

Phase 1
• IV administration in advanced solid tumors (NCT02829099)a

Gene therapy; oncolytic adenoviral vector expressing CD40 mAb
NG-350A 
(PsiOxus Therapeutics)

Phase 1
• IV or IT administration in advanced epithelial cancer (FORTITUDE; NCT03852511)

Oncolytic adenovirus expressing CD40L and 4-1BBL
Delolimogene 
mupadenorepvec 
(LOAd703) 
(Lokon Pharma)

Phase 1/2
• IT administration + atezolizumab in advanced melanoma (LOKON003; NCT04123470)
• IT administration + gemcitabine and nab-paclitaxel +/- atezolizumab in PDAC (LOKON001; NCT02705196)
• IT administration + chemotherapy in advanced colorectal, pancreatic, biliary, or epithelial ovarian cancer 

(LOKON002; NCT03225989)

CD40L-IgG fusion protein
MEDI5083 
(AstraZeneca)

Phase 1
• Monotherapy followed by durvalumab in advanced solid tumors; sequentially with concurrent durvalumab or 

tremelimumab and intermittently with concurrent durvalumab in advanced solid tumors; + durvalumab and 
docetaxel in relapsed/refractory NSCLC (NCT03089645)a

CD40L, CD40 ligand; CNS, central nervous system; CRC, colorectal cancer; CRT, chemoradiation therapy; CSF-1R, colony-stimulating factor 1 
receptor; DIPG, diffuse intrinsic pontine glioma; 4-1BBL, 4-1BB ligand; GEJ, gastroesophageal junction; HNSCC, head and neck squamous cell car-
cinoma; ICLC, polyinosinic-polycytidylic acid stabilized with polylysine and carboxymethylcellulose polyriboinosinic-polyribocytidylic acid-polylysine 
carboxymethylcellulose; IgG, immunoglobulin G; IT, intratumoral; IV, intravenous; mAb, monoclonal antibody; NSCLC, non–small cell lung cancer; 
PDAC, pancreatic ductal adenocarcinoma; RCC, renal cell carcinoma; SC, subcutaneous; TLR3, toll-like receptor 3; TNBC, triple-negative breast 
cancer.

aOngoing but not actively recruiting participants.
bNot yet recruiting.
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The most extensive clinical experience has 
been with Roche’s selicrelumab (formerly 
known as RO7009789 and CP-870,893), with 
development ongoing. In a first-in-human 
single-dose study (NCT02225002), selicre-
lumab produced partial responses (PRs) in 
27% of patients with advanced melanoma. 
One patient continued to receive selicrelumab 
every 1 or 2 months for a year (NCT02157831) 
and achieved complete remission, which is 
ongoing 15 years later without additional 
therapy. Among patients with other solid 
tumors, however, the best response to 
single-dose selicrelumab was stable disease 
(SD).1,9,10 In a subsequent trial, weekly infu-
sions of selicrelumab produced no objective 
responses, even among patients with mela-
noma.11 Development is now moving forward 
with combinatorial strategies.

Preclinical and clinical studies have 
revealed new insights into the role of the CD40 
pathway in normal physiology and the poten-
tial antitumor activity of CD40 agonists; this 
knowledge is informing ongoing research. 
In addition to their effects on the immune 
system, CD40 agonists can directly target 
CD40-expressing tumor cells and have been 
shown to directly inhibit tumor cell prolifera-
tion and trigger apoptotic cell death.6,12

CD40 also has an important T-cell– 
independent function in monocyte differenti-
ation, preferentially driving the development 
of the proinflammatory, tumoricidal (M1) 

type of macrophages, which could also 
contribute to the antitumor activity of CD40-
targeted drugs.1,2

Importantly, because CD40 mAbs are biva-
lent, CD40 cross-linking facilitated by Fcγ 
receptors (FcγRs) is thought to be required 
for their agonist activity, as clustering of the 
CD40 receptor triggers intracellular signal-
ing. Engagement of FcγRs promotes several 
effector functions of mAbs, including anti-
body-dependent cellular cytotoxicity, thus 
representing an additional mechanism by 
which some CD40 agonists might mediate 
target cell elimination.2,13

Although FcγR-mediated cross-linking is 
required for the mouse mAbs used in preclin-
ical development, ongoing debate exists over 
its importance for the human mAbs in clini-
cal development.1,14,15

Selicrelumab is an immunoglobulin G2 
(IgG2) mAb that has been shown to have 
very low binding affinity to human FcγRs 
and to have FcγR-independent agonist activ-
ity as a result of structural features.16,17 Other 
authors, however, have concluded that all 
human CD40 mAbs require FcγR-mediated 
cross-linking for optimal activity and that 
the IgG2 design of selicrelumab is the major 
impediment to its antitumor efficacy.15 
Meanwhile, some investigators argue that 
limiting FcγR-mediated cross-linking 
and the associated enhancement of mAb 
activity could help mitigate the toxicity of 
CD40 agonists.6

NEW STRATEGIES
This debate and the search for new CD40-
targeted drugs that strike an optimal 
balance between antitumor efficacy and 
toxicity are the driving forces behind ongo-
ing drug development.

Some drug companies have pursued IgG2 
mAbs similar to selicrelumab and attempted 
to reduce agonist activity, following the logic 
that the toxicity associated with very potent 
agonists means they must be administered at 
low doses. This might not achieve saturation 
of CD40 on target APCs because of off-target 
binding to nonimmune cells with systemic 
administration.6

CDX-1140 (Celldex Therapeutics) is a fully 
human IgG2 mAb with lower in vitro agonist 
activity compared with selicrelumab. 
In a preclinical study, its effects on 

immunological parameters were not signifi-
cantly different from those of selicrelumab, 
and there was no evidence of clinically 
meaningful toxicity was observed in cyno-
molgus monkeys.6

Results from a phase 1 clinical trial 
(NCT03329950) in patients with advanced 
solid tumors or NHL were presented at 
the annual meeting of the Society for 
Immunotherapy of Cancer in 2019. Among 
62 patients (38 with activity assessments 
available), 6 treated with CDX-1140 mono-
therapy at doses ranging from 0.01 to 3 mg/
kg and 2 participants who received CDX-1140 
plus CDX-301, a DC growth factor, experi-
enced immune SD lasting up to 5.4 months. 
The most common treatment-related adverse 
events (TRAEs) were arthralgia, nausea, and 
fatigue; serious TRAEs included fatigue, cyto-
kine release syndrome (CRS), pneumonitis, 
nausea, and pyrexia.18

Most companies are developing IgG1-based 
mAbs, and many are modifying the Fc region 
of the antibody to enhance FcγR binding in 
a bid to exploit the activity boost conferred 
by CD40 cross-linking. Additionally, the 
absence of a core fucose molecule in the Fc 
region has been shown to increase IgG1 Fc 
binding affinity to an FcγR that is involved 
in antibody-dependent cellular cytotoxicity19; 
thus, strategies to enhance the potency of 
CD40 mAbs have included the development of 
nonfucosylated varieties.

Among these is SEA-CD40 (Seattle 
Genetics), which investigators are evaluating 
in an ongoing phase 1 study (NCT02376699), 
and interim results were presented at the 
American Society for Clinical Oncology 
Annual Meeting in 2018. At the time of presen-
tation, 48 patients with advanced solid tumors 
had received a median of 2 cycles of SEA-CD40 
monotherapy at doses ranging from 0.6 to 60.0 
µg/kg on day 1 (n = 38) or 30 µg/kg on days  
1 and 8 (n = 10) intravenously every 3 weeks.

Dose-limiting toxicities (DLTs) consisted of 
infusion-related reactions (IRRs) in 5 patients, 
and the most common treatment-emergent 
AEs were IRRs, chills, fatigue, nausea, vomit-
ing, dyspnea, and headache. One patient with 
basal cell carcinoma had a PR, and 10 patients 
achieved SD.20 Despite being an Fc-modified 
IgG1 mAb, SEA-CD40 is still reportedly at the 
weaker end of the agonist spectrum.1

At the other end of that spectrum is 
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APX005M, a humanized rabbit IgG1 
Fc-engineered mAb. APX005M also binds the 
CD40L binding site and is the most similar, 
in terms of its molecular features and phar-
macodynamics, to the mouse mAbs used in 
preclinical development.1

In a first-in-human clinical trial, APX005M 
was administered every 3 weeks at doses 
ranging from 0.0001 to 1.0 mg/kg in 30 
patients with advanced solid tumors. Five 
patients experienced prolonged SD. Most AEs 
were mild to moderate in severity, with a DLT 
of grade 3 and higher CRS observed at doses of 
at least 0.6 mg/kg.21

An Fc-engineered version of selicrelumab 
is also in development. Investigators at The 
Rockefeller University in New York, New York, 
introduced point mutations into the selicre-
lumab Fc domain to increase FcγR binding 
and agonist activity. In a mouse model, a V11 
Fc variant had improved antitumor activity 
compared with selicrelumab; higher doses led 
to even greater activity enhancement but also 
increased toxicity.15 

To reduce the toxicity of CD40 mAbs, inves-
tigators are exploring alternative dosing 
strategies. In a mouse model, directly inject-
ing the V11 Fc variant into the tumor site led to 
a significantly lower tumor burden compared 
with systemic administration. Moreover, 
no substantial toxicity was observed, and 
many mice displayed long-term survival.22 
The anti-CD40 agonist, now called 2141-V11, 
is being evaluated as an intratumoral injec-
tion in patients with skin lesions associated 
with their cancer in a small phase 1 clinical 
trial (NCT04059588).

Using recombinant CD40L bypasses the 
issue of FcγR-mediated cross-linking, and 
several companies are returning to the idea 
of designing improved versions of this strat-
egy. AstraZeneca is developing MEDI5083, 
a fusion protein composed of a trivalent but 
single-chain CD40L receptor–binding domain 
linked to a human IgG, thereby generating 
a hexavalent molecule. Such higher-order 
receptor/ligand multimers have been shown 
to be superior at transmitting TNFR signals.2

Gene therapy is also being explored, with 
oncolytic viruses used for tumor-specific 
introduction of immunostimulatory trans-
genes. As the virus replicates inside the 
cancer cells, it produces the transgene- 
encoded proteins at the tumor site. This 

technology was described as turning “tumor 
cells into drug factories” by John Beadle, 
MD, CEO of PsiOxus, a UK-based company 
developing NG-350A, which delivers a trans-
gene encoding an agonist CD40 mAb.23 
Lokon Pharma is pursuing a similar strat-
egy; LOAd703 carries transgenes expressing 
CD40L and a second TNF superfamily 
ligand, 4-1BBL, to activate an antitumor 
immune response.24,25

 
“HOT” COMBINATIONS
Irrespective of mechanism of action, by far 
the most promising avenue for CD40 agonists 
is in combination therapy, and this is where 
most ongoing clinical efforts are focused. 
Based on preclinical studies that have 
demonstrated synergistic activity, the major 
strategies are combining CD40 agonists with 
chemotherapy, which may increase neoanti-
gen availability; other T-cell–activating drugs, 
predominantly those inhibiting PD-1 or its 
ligand; and antiangiogenic drugs.1-3

The rationale for the latter is that, in addi-
tion to blocking aberrant angiogenesis and 
normalizing the tumor vasculature (which 
can also improve drug access to the tumor), 
antiangiogenic drugs can help to relieve 
immunosuppression and boost T-cell infiltra-
tion into the tumor. The combination could 
make immunotherapy more effective in 
tumors that are typically immunologically 
cold and therefore unresponsive.26

In several phase 1 clinical trials, selicre-
lumab was combined with various forms of 
chemotherapy, yielding objective response rates 
(ORRs) of 20% to 40%, depending on the specific 
type of chemotherapy and the cancer type.27-29 

Selicrelumab was also tested in combination 
with the immune checkpoint inhibitor (ICI) 
tremelimumab, which targets CTLA-4,  in 22 
patients with immunotherapy-naïve metastatic 
melanoma, yielding an ORR of 27.3%, including 
2 CRs and 4 PRs (NCT01103635). Nine patients 
displayed long-term survival (≥3 years).30

Preliminary results from an ongoing 
phase 1/2 trial of intratumoral injection 
of LOAd703 in combination with nab-pa-
clitaxel (Abraxane) and gemcitabine in 
patients with PDAC who are not candidates 
for complete surgical resection were recently 
presented (NCT02705196).31 Among chemo-
therapies, nab-paclitaxel has the added 
advantage of potentially exerting its own 

immunostimulatory effects.32 At the time of 
presentation, 13 evaluable patients had been 
treated at a dose of 5 × 1010 (n = 3), 1 × 1011 
(n = 4), or 5 × 1011 virus particles (n = 6). The 
best response at the lowest dose was SD, but 
6 patients receiving the higher doses experi-
enced PRs. TRAEs were transient and largely 
grade 1 or 2, most commonly fever, chills, 
nausea, and increased transaminase levels.31

In a mouse model of pancreatic cancer, the 
most significant antitumor efficacy resulted 
from combining a CD40 agonist with both 
chemotherapy (nab-paclitaxel and gemcit-
abine) and ICIs. This strategy led to complete 
rejection of established tumors and long-term 
survival in a significant number of mice.33

These findings prompted a flurry of clinical 
trials evaluating this type of triplet therapy 
in patients with PDAC, a notoriously hard-to-
treat and immunotherapy-resistant form of 
cancer, in addition to other cancer types. 

Promising preliminary data from an ongo-
ing trial of APX005M in combination with 
nab-paclitaxel and gemcitabine, with or 
without nivolumab, in patients with previ-
ously untreated PDAC (NCT03214250) were 
presented at the American Association for 
Cancer Research meeting in 2019.

Patients were enrolled in 4 cohorts, all of 
which received gemcitabine plus nab-pacl-
itaxel as well as APX005M. The APX005M 
dose was 0.1 mg/kg for cohorts B1 and C1 
versus 0.3 mg/kg for B2 and C2. Additionally, 
cohorts C1 and C2 received nivolumab. At the 
time of presentation, 24 patients were eval-
uable for DLTs (6 per cohort), and median 
follow-up was 32.2 weeks. Fourteen patients 
experienced PRs (11 confirmed), and 8 
achieved SD. There were 2 DLTs: grade 3 
and 4 febrile neutropenia in the B2 and C1 
cohorts, respectively. Ten patients experi-
enced a serious TRAE, and 2 patients died as 
a result of AEs (sepsis and septic shock in the 
setting of neutropenia).4

Meanwhile, the ongoing phase 1 study of 
SEA-CD40 has been expanded to include a 
new cohort that is testing the combination of 
SEA-CD40 with gemcitabine, nab-paclitaxel, 
and pembrolizumab (Keytruda) as a 
frontline treatment for patients with meta-
static PDAC.34 n

For a full list of references,  
see the article at  . 
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The effi cacy and safety of NUBEQA were assessed in a randomized, double-blind, placebo-controlled, international, multicenter phase III study (ARAMIS) in nmCRPC patients with a 
prostate-specifi c antigen doubling time of ≤10 months. 1509 patients were randomized 2:1 to receive either 600 mg NUBEQA twice daily (n=955) or matching placebo (n=554). All 

patients received concurrent ADT (treatment with GnRH analog or previous bilateral orchiectomy). The primary endpoint was MFS, defi ned as the time from randomization to the time of 
fi rst evidence of BICR-confi rmed distant metastasis or death from any cause within 33 weeks after the last evaluable scan, whichever occurred fi rst. Treatment continued until radiographic 

disease progression, as assessed by CT, MRI, 99mTc bone scan by BICR, unacceptable toxicity, or withdrawal.1,2

‡All-grade laboratory abnormalities in patients treated with NUBEQA + ADT vs ADT alone were, respectively, decreased neutrophil count (20% vs 9%), 
increased aspartate aminotransferase (23% vs 14%), and increased bilirubin (16% vs 7%). Grade 3-4 for same lab abnormalities were, respectively, 

4% vs 0.6%, 0.5% vs 0.2%, and 0.1% vs 0%. 

Start new patients with up to 2 months free.* Visit NUBEQAhcp.com

40 
MONTHS

More than double the median MFS with NUBEQA + 
ADT* vs 18 months with ADT alone†

(HR: 0.41; 95% CI: 0.34-0.50; P<0.0001) *95% CI: 34.3-NR. †95% CI: 15.5-22.3. 

Three adverse reactions occurred more frequently with 
NUBEQA + ADT (≥2% over ADT alone): fatigue (16% vs 
11%), pain in extremity (6% vs 3%), and rash (3% vs 1%)‡

INDICATION
NUBEQA® (darolutamide) is an androgen receptor inhibitor 
indicated for the treatment of patients with non-metastatic 
castration-resistant prostate cancer.

IMPORTANT SAFETY INFORMATION
Embryo-Fetal Toxicity: Safety and efficacy of NUBEQA 
have not been established in females. NUBEQA can cause fetal 
harm and loss of pregnancy. Advise males with female partners 
of reproductive potential to use effective contraception during 
treatment with NUBEQA and for 1 week after the last dose. 

Adverse Reactions
Serious adverse reactions occurred in 25% of patients receiving 
NUBEQA and in 20% of patients receiving placebo. Serious 
adverse reactions in ≥ 1 % of patients who received NUBEQA 

were urinary retention, pneumonia, and hematuria. Overall, 3.9% 
of patients receiving NUBEQA and 3.2% of patients receiving 
placebo died from adverse reactions, which included death (0.4%), 
cardiac failure (0.3%), cardiac arrest (0.2%), general physical 
health deterioration (0.2%), and pulmonary embolism (0.2%) for 
NUBEQA.

Adverse reactions occurring more frequently in the NUBEQA arm 
(≥2% over placebo) were fatigue (16% vs. 11%), pain in extremity 
(6% vs. 3%) and rash (3% vs. 1%). 

Clinically significant adverse reactions occurring in ≥ 2% of 
patients treated with NUBEQA included ischemic heart disease 
(4.0% vs. 3.4% on placebo) and heart failure (2.1% vs. 0.9% on 
placebo).

Drug Interactions
Effect of Other Drugs on NUBEQA – Concomitant use of NUBEQA 

with a combined P-gp and strong or moderate CYP3A4 inducer 
decreases darolutamide exposure, which may decrease NUBEQA 
activity. Avoid concomitant use of NUBEQA with combined P-gp 
and strong or moderate CYP3A4 inducers.

Concomitant use of NUBEQA with a combined P-gp and strong 
CYP3A4 inhibitor increases darolutamide exposure, which may 
increase the risk of NUBEQA adverse reactions. Monitor patients 
more frequently for NUBEQA adverse reactions and modify 
NUBEQA dosage as needed.

Effects of NUBEQA on Other Drugs – NUBEQA is an inhibitor of 
breast cancer resistance protein (BCRP) transporter. Concomitant 
use of NUBEQA increases the exposure (AUC) and maximal 
concentration of BCRP substrates, which may increase the risk of 

Please see the following pages for brief 
summary of full Prescribing Information.

NUBEQA®—Focus on both MFS and tolerability1,2

PROVEN 
TOLERABILITY

BCRP substrate-related toxicities. Avoid concomitant use with 
drugs that are BCRP substrates where possible. If used together, 
monitor patients more frequently for adverse reactions, and 
consider dose reduction of the BCRP substrate drug. Consult 
the approved product labeling of the BCRP substrate when 
used concomitantly with NUBEQA.

*The NUBEQA Free Trial Program provides 2 months’ supply of NUBEQA at no cost 
to patients who meet the program eligibility requirements and agree to the terms and 
conditions. For full terms and conditions, please call DUDE Access Services at 1-833-
337-DUDE (1-833-337-3833) or visit NUBEQAhcp.com to download the Patient Service 
Request Form with full terms and conditions.

ADT=androgen deprivation therapy; 
BICR=blinded independent central review; 
CI=confi dence interval; CT=computed 
tomography; GnRH=gonadotropin-
releasing hormone; HR=hazard ratio; 
MRI=magnetic resonance imaging; 
NR=not reached. 

31% reduction in the risk of death with NUBEQA + ADT compared to ADT alone3

Metastastis-free survival (MFS) was the primary endpoint. Overall survival (OS) was a key 
secondary endpoint. OS data were not mature at time of fi rst analysis (57% of the required number of events). 

At fi nal analysis, OS was statistically signifi cant but median not reached. HR: 0.69 (95% CI: 0.53-0.88); P=0.003.1,3

NUBEQA®—proven to extend MFS, 
 now with statistically signifi cant OS1,3
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9% of men permanently discontinued due to adverse 
reactions whether on NUBEQA + ADT or ADT alone
Dose interruptions and reductions due to adverse reactions occurred in 13% and 6%, 
respectively, of patients treated with NUBEQA + ADT.1

The most frequent reasons for permanent discontinuation in patients treated with NUBEQA 
+ ADT included cardiac failure (0.4%) and death (0.4%). The most frequent reasons for 
dose interruptions included hypertension (0.6%), diarrhea (0.5%), and pneumonia (0.5%). 
The most frequent reasons for dose reductions included fatigue (0.7%), hypertension 
(0.3%), and nausea (0.3%).1
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The effi cacy and safety of NUBEQA were assessed in a randomized, double-blind, placebo-controlled, international, multicenter phase III study (ARAMIS) in nmCRPC patients with a 
prostate-specifi c antigen doubling time of ≤10 months. 1509 patients were randomized 2:1 to receive either 600 mg NUBEQA twice daily (n=955) or matching placebo (n=554). All 

patients received concurrent ADT (treatment with GnRH analog or previous bilateral orchiectomy). The primary endpoint was MFS, defi ned as the time from randomization to the time of 
fi rst evidence of BICR-confi rmed distant metastasis or death from any cause within 33 weeks after the last evaluable scan, whichever occurred fi rst. Treatment continued until radiographic 

disease progression, as assessed by CT, MRI, 99mTc bone scan by BICR, unacceptable toxicity, or withdrawal.1,2

‡All-grade laboratory abnormalities in patients treated with NUBEQA + ADT vs ADT alone were, respectively, decreased neutrophil count (20% vs 9%), 
increased aspartate aminotransferase (23% vs 14%), and increased bilirubin (16% vs 7%). Grade 3-4 for same lab abnormalities were, respectively, 

4% vs 0.6%, 0.5% vs 0.2%, and 0.1% vs 0%. 

Start new patients with up to 2 months free.* Visit NUBEQAhcp.com

40 
MONTHS

More than double the median MFS with NUBEQA + 
ADT* vs 18 months with ADT alone†

(HR: 0.41; 95% CI: 0.34-0.50; P<0.0001) *95% CI: 34.3-NR. †95% CI: 15.5-22.3. 

Three adverse reactions occurred more frequently with 
NUBEQA + ADT (≥2% over ADT alone): fatigue (16% vs 
11%), pain in extremity (6% vs 3%), and rash (3% vs 1%)‡

INDICATION
NUBEQA® (darolutamide) is an androgen receptor inhibitor 
indicated for the treatment of patients with non-metastatic 
castration-resistant prostate cancer.

IMPORTANT SAFETY INFORMATION
Embryo-Fetal Toxicity: Safety and efficacy of NUBEQA 
have not been established in females. NUBEQA can cause fetal 
harm and loss of pregnancy. Advise males with female partners 
of reproductive potential to use effective contraception during 
treatment with NUBEQA and for 1 week after the last dose. 

Adverse Reactions
Serious adverse reactions occurred in 25% of patients receiving 
NUBEQA and in 20% of patients receiving placebo. Serious 
adverse reactions in ≥ 1 % of patients who received NUBEQA 

were urinary retention, pneumonia, and hematuria. Overall, 3.9% 
of patients receiving NUBEQA and 3.2% of patients receiving 
placebo died from adverse reactions, which included death (0.4%), 
cardiac failure (0.3%), cardiac arrest (0.2%), general physical 
health deterioration (0.2%), and pulmonary embolism (0.2%) for 
NUBEQA.

Adverse reactions occurring more frequently in the NUBEQA arm 
(≥2% over placebo) were fatigue (16% vs. 11%), pain in extremity 
(6% vs. 3%) and rash (3% vs. 1%). 

Clinically significant adverse reactions occurring in ≥ 2% of 
patients treated with NUBEQA included ischemic heart disease 
(4.0% vs. 3.4% on placebo) and heart failure (2.1% vs. 0.9% on 
placebo).

Drug Interactions
Effect of Other Drugs on NUBEQA – Concomitant use of NUBEQA 

with a combined P-gp and strong or moderate CYP3A4 inducer 
decreases darolutamide exposure, which may decrease NUBEQA 
activity. Avoid concomitant use of NUBEQA with combined P-gp 
and strong or moderate CYP3A4 inducers.

Concomitant use of NUBEQA with a combined P-gp and strong 
CYP3A4 inhibitor increases darolutamide exposure, which may 
increase the risk of NUBEQA adverse reactions. Monitor patients 
more frequently for NUBEQA adverse reactions and modify 
NUBEQA dosage as needed.

Effects of NUBEQA on Other Drugs – NUBEQA is an inhibitor of 
breast cancer resistance protein (BCRP) transporter. Concomitant 
use of NUBEQA increases the exposure (AUC) and maximal 
concentration of BCRP substrates, which may increase the risk of 

Please see the following pages for brief 
summary of full Prescribing Information.

NUBEQA®—Focus on both MFS and tolerability1,2

PROVEN 
TOLERABILITY

BCRP substrate-related toxicities. Avoid concomitant use with 
drugs that are BCRP substrates where possible. If used together, 
monitor patients more frequently for adverse reactions, and 
consider dose reduction of the BCRP substrate drug. Consult 
the approved product labeling of the BCRP substrate when 
used concomitantly with NUBEQA.

*The NUBEQA Free Trial Program provides 2 months’ supply of NUBEQA at no cost 
to patients who meet the program eligibility requirements and agree to the terms and 
conditions. For full terms and conditions, please call DUDE Access Services at 1-833-
337-DUDE (1-833-337-3833) or visit NUBEQAhcp.com to download the Patient Service 
Request Form with full terms and conditions.

ADT=androgen deprivation therapy; 
BICR=blinded independent central review; 
CI=confi dence interval; CT=computed 
tomography; GnRH=gonadotropin-
releasing hormone; HR=hazard ratio; 
MRI=magnetic resonance imaging; 
NR=not reached. 

31% reduction in the risk of death with NUBEQA + ADT compared to ADT alone3

Metastastis-free survival (MFS) was the primary endpoint. Overall survival (OS) was a key 
secondary endpoint. OS data were not mature at time of fi rst analysis (57% of the required number of events). 

At fi nal analysis, OS was statistically signifi cant but median not reached. HR: 0.69 (95% CI: 0.53-0.88); P=0.003.1,3

NUBEQA®—proven to extend MFS, 
 now with statistically signifi cant OS1,3
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9% of men permanently discontinued due to adverse 
reactions whether on NUBEQA + ADT or ADT alone
Dose interruptions and reductions due to adverse reactions occurred in 13% and 6%, 
respectively, of patients treated with NUBEQA + ADT.1

The most frequent reasons for permanent discontinuation in patients treated with NUBEQA 
+ ADT included cardiac failure (0.4%) and death (0.4%). The most frequent reasons for 
dose interruptions included hypertension (0.6%), diarrhea (0.5%), and pneumonia (0.5%). 
The most frequent reasons for dose reductions included fatigue (0.7%), hypertension 
(0.3%), and nausea (0.3%).1
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NUBEQA® (darolutamide) tablets, for oral use
Initial U.S. Approval: 2019

BRIEF SUMMARY OF PRESCRIBING INFORMATION
CONSULT PACKAGE INSERT FOR

FULL PRESCRIBING INFORMATION

1 INDICATIONS AND USAGE
NUBEQA is indicated for the treatment of patients with non-metastatic castration resistant 
prostate cancer (nmCRPC).

4 CONTRAINDICATIONS
None.

5 WARNINGS AND PRECAUTIONS
5.1 Embryo-Fetal Toxicity
The safety and efficacy of NUBEQA have not been established in females. Based on its 
mechanism of action, NUBEQA can cause fetal harm and loss of pregnancy when administered 
to a pregnant female [see Clinical Pharmacology (12.1)].
Advise males with female partners of reproductive potential to use effective contraception 
during treatment and for 1 week after the last dose of NUBEQA [see Use in Specific Populations 
(8.1, 8.3)].

6 ADVERSE REACTIONS
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.
ARAMIS, a randomized (2:1), double-blind, placebo-controlled, multi-center clinical study, 
enrolled patients who had non-metastatic castration-resistant prostate cancer (nmCRPC). In 
this study, patients received either NUBEQA at a dose of 600 mg, or a placebo, twice a day. All 
patients in the ARAMIS study received a concomitant gonadotropin-releasing hormone (GnRH) 
analog or had a bilateral orchiectomy. The median duration of exposure was 14.8 months 
(range: 0 to 44.3 months) in patients who received NUBEQA.
Overall, serious adverse reactions occurred in 25% of patients receiving NUBEQA and in 20% 
of patients receiving placebo. Serious adverse reactions in ≥ 1 % of patients who received 
NUBEQA included urinary retention, pneumonia and hematuria. Overall 3.9% of patients 
receiving NUBEQA and 3.2% of patients receiving placebo died from adverse reactions, which 
included death (0.4%), cardiac failure (0.3%), cardiac arrest (0.2%), general physical health 
deterioration (0.2%), and pulmonary embolism (0.2%) for NUBEQA.
Permanent discontinuation due to adverse reactions occurred in 9% of patients receiving 
NUBEQA or placebo. The most frequent adverse reactions requiring permanent discontinuation 
in patients who received NUBEQA included cardiac failure (0.4%), and death (0.4%).
Dosage interruptions due to adverse reactions occurred in 13% of patients treated with 
NUBEQA. The most frequent adverse reactions requiring dosage interruption in patients who 
received NUBEQA included hypertension (0.6%), diarrhea (0.5%), and pneumonia (0.5%).
Dosage reductions due to adverse reactions occurred in 6% of patients treated with NUBEQA. 
The most frequent adverse reactions requiring dosage reduction in patients treated with 
NUBEQA included fatigue (0.7%), hypertension (0.3%), and nausea (0.3%).
Table 1 shows adverse reactions in ARAMIS reported in the NUBEQA arm with a ≥2% absolute 
increase in frequency compared to placebo. Table 2 shows laboratory test abnormalities related 
to NUBEQA treatment and reported more frequently in NUBEQA-treated patients compared to 
placebo-treated patients in the ARAMIS study.

Table 1: Adverse Reactions in ARAMIS

Adverse Reaction2

NUBEQA  
(n=954)

Placebo  
(n=554)

All Grades  
%

Grades ≥ 3  
%

All Grades  
%

Grade ≥ 3  
%

Fatigue1 16 0.6 11 1.1

Pain in extremity 6 0 3 0.2

Rash 3 0.1 1 0
 1 Includes fatigue and asthenia
 2 Common Terminology Criteria for Adverse Events (CTCAE) version 4.03.
Additionally, clinically significant adverse reactions occurring in 2% or more of patients treated 
with NUBEQA included ischemic heart disease (4.0% versus 3.4% on placebo) and heart failure 
(2.1% versus 0.9% on placebo).

Table 2: Laboratory Test Abnormalities in ARAMIS

Laboratory 
Abnormality

NUBEQA  
(N=954)1

Placebo  
(N=554)1

All Grades2  
%

Grade 3-42  
%

All Grades2  
%

Grade 3-42  
%

Neutrophil count 
decreased

20 4 9 0.6

AST increased 23 0.5 14 0.2

Bilirubin increased 16 0.1 7 0
 1  The denominator used to calculate the rate varied based on the number of patients with a 

baseline value and at least one post-treatment value.
 2 Common Terminology Criteria for Adverse Events (CTCAE) version 4.03.

7 DRUG INTERACTIONS
7.1 Effect of Other Drugs on NUBEQA
Combined P-gp and Strong or Moderate CYP3A4 Inducer
Concomitant use of NUBEQA with a combined P-gp and strong or moderate CYP3A4 inducer 
decreases darolutamide exposure which may decrease NUBEQA activity [see Clinical Pharmacology 
(12.3)]. Avoid concomitant use of NUBEQA with combined P-gp and strong or moderate CYP3A4 
inducers.
Combined P-gp and Strong CYP3A4 Inhibitors
Concomitant use of NUBEQA with a combined P-gp and strong CYP3A4 inhibitor increases 
darolutamide exposure [see Clinical Pharmacology (12.3)] which may increase the risk of 
NUBEQA adverse reactions. Monitor patients more frequently for NUBEQA adverse reactions and 
modify NUBEQA dosage as needed [see Dosage and Administration (2.2)].

7.2 Effects of NUBEQA on Other Drugs
Breast Cancer Resistance Protein (BCRP) Substrates
NUBEQA is an inhibitor of BCRP transporter. Concomitant use of NUBEQA increases the AUC 
and Cmax of BCRP substrates [see Clinical Pharmacology (12.3)], which may increase the risk of 
BCRP substrate-related toxicities.
Avoid concomitant use with drugs that are BCRP substrates where possible. If used together, 
monitor patients more frequently for adverse reactions, and consider dose reduction of the 
BCRP substrate drug. Consult the approved product labeling of the BCRP substrate when used 
concomitantly with NUBEQA.

8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy
Risk Summary
The safety and efficacy of NUBEQA have not been established in females. Based on its mechanism 
of action, NUBEQA can cause fetal harm and loss of pregnancy [see Clinical Pharmacology (12.1)]. 
Animal embryo-fetal developmental toxicology studies were not conducted with darolutamide. 
There are no human data on the use of NUBEQA in pregnant females.

8.2 Lactation
Risk Summary
The safety and efficacy of NUBEQA have not been established in females. There are no data on 
the presence of darolutamide or its metabolites in human milk, the effect on the breastfed child, 
or the effect on milk production.

8.3 Females and Males of Reproductive Potential
Contraception
Males
Based on the mechanism of action, advise male patients with female partners of reproductive 
potential to use effective contraception during treatment and for 1 week after the last dose of 
NUBEQA [see Use in Specific Populations (8.1)].
Infertility
Males
Based on animal studies, NUBEQA may impair fertility in males of reproductive potential [see 
Nonclinical Toxicology (13.1)].

8.4 Pediatric Use
Safety and effectiveness of NUBEQA in pediatric patients have not been established.

8.5 Geriatric Use
Of the 954 patients who received NUBEQA in ARAMIS, 88% of patients were 65 years and over, 
and 49% were 75 years and over. No overall differences in safety or efficacy were observed 
between these patients and younger patients.

8.6 Renal Impairment
Patients with severe renal impairment (eGFR 15–29 mL/min/1.73 m2) who are not receiving 
hemodialysis have a higher exposure to NUBEQA and reduction of the dose is recommended 
[see Dosage and Administration (2.3) and Clinical Pharmacology (12.3)]. No dose reduction is 
needed for patients with mild or moderate renal impairment (eGFR 30-89 mL/min/1.73 m2). The 
effect of end stage renal disease (eGFR ≤15 mL/min/1.73 m2) on darolutamide pharmacokinetics 
is unknown.

8.7 Hepatic Impairment
Patients with moderate hepatic impairment (Child-Pugh Class B) have a higher exposure to NUBEQA 
and reduction of the dose is recommended [see Dosage and Administration (2.4) and Clinical 
Pharmacology (12.3)]. No dose reduction is needed for patients with mild hepatic impairment. The  
effect of severe hepatic impairment (Child-Pugh C) on darolutamide pharmacokinetics is unknown.

10 OVERDOSAGE
There is no known specific antidote for darolutamide overdose. The highest dose of NUBEQA 
studied clinically was 900 mg twice daily, equivalent to a total daily dose of 1800 mg. No dose 
limiting toxicities were observed with this dose.
Considering the saturable absorption and the absence of evidence for acute toxicity, an intake of 
a higher than recommended dose of darolutamide is not expected to lead to systemic toxicity in 
patients with intact hepatic and renal function [see Clinical Pharmacology (12.3)].
In the event of intake of a higher than recommended dose in patients with severe renal 
impairment or moderate hepatic impairment, if there is suspicion of toxicity, interrupt NUBEQA 
treatment and undertake general supportive measures until clinical toxicity has been diminished 
or resolved. If there is no suspicion of toxicity, NUBEQA treatment can be continued with the next 
dose as scheduled.

13 NONCLINICAL TOXICOLOGY
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility
Long-term animal studies to evaluate the carcinogenic potential of darolutamide have not been 
conducted.
Darolutamide was clastogenic in an in vitro chromosome aberration assay in human peripheral 
blood lymphocytes. Darolutamide did not induce mutations in the bacterial reverse mutation 
(Ames) assay and was not genotoxic in the in vivo combined bone marrow micronucleus assay 
and the Comet assay in the liver and duodenum of the rat.
Fertility studies in animals have not been conducted with darolutamide. In repeat-dose toxicity 
studies in male rats (up to 26 weeks) and dogs (up to 39 weeks), tubular dilatation of testes, 
hypospermia, and atrophy of seminal vesicles, testes, prostate gland and epididymides were 
observed at doses ≥ 100 mg/kg/day in rats (0.6 times the human exposure based on AUC) and 
≥ 50 mg/kg/day in dogs (approximately 1 times the human exposure based on AUC).

17 PATIENT COUNSELING INFORMATION
Dosage and Administration
Inform patients receiving concomitant gonadotropin-releasing hormone (GnRH) analog therapy 
that they need to maintain this treatment during the course of treatment with NUBEQA.
Instruct patients to take their dose of two tablets (twice daily). NUBEQA should be taken with 
food. Each tablet should be swallowed whole.
Inform patients that in the event of a missed daily dose of NUBEQA, to take any missed dose, as 
soon as they remember prior to the next scheduled dose, and not to take two doses together to 
make up for a missed dose [see Dosage and Administration (2.1)].
Embryo-Fetal Toxicity
Inform patients that NUBEQA can be harmful to a developing fetus and can cause loss of 
pregnancy [see Use in Specific Populations (8.1)].
Advise male patients with female partners of reproductive potential to use effective contraception 
during treatment and for 1 week after the last dose of NUBEQA [see Warnings and Precautions 
(5.1) and Use in Specific Populations (8.1, 8.3)].
Infertility
Advise male patients that NUBEQA may impair fertility [see Use in Specific Populations (8.3)].
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NUBEQA® (darolutamide) tablets, for oral use
Initial U.S. Approval: 2019

BRIEF SUMMARY OF PRESCRIBING INFORMATION
CONSULT PACKAGE INSERT FOR

FULL PRESCRIBING INFORMATION

1 INDICATIONS AND USAGE
NUBEQA is indicated for the treatment of patients with non-metastatic castration resistant 
prostate cancer (nmCRPC).

4 CONTRAINDICATIONS
None.

5 WARNINGS AND PRECAUTIONS
5.1 Embryo-Fetal Toxicity
The safety and efficacy of NUBEQA have not been established in females. Based on its 
mechanism of action, NUBEQA can cause fetal harm and loss of pregnancy when administered 
to a pregnant female [see Clinical Pharmacology (12.1)].
Advise males with female partners of reproductive potential to use effective contraception 
during treatment and for 1 week after the last dose of NUBEQA [see Use in Specific Populations 
(8.1, 8.3)].

6 ADVERSE REACTIONS
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.
ARAMIS, a randomized (2:1), double-blind, placebo-controlled, multi-center clinical study, 
enrolled patients who had non-metastatic castration-resistant prostate cancer (nmCRPC). In 
this study, patients received either NUBEQA at a dose of 600 mg, or a placebo, twice a day. All 
patients in the ARAMIS study received a concomitant gonadotropin-releasing hormone (GnRH) 
analog or had a bilateral orchiectomy. The median duration of exposure was 14.8 months 
(range: 0 to 44.3 months) in patients who received NUBEQA.
Overall, serious adverse reactions occurred in 25% of patients receiving NUBEQA and in 20% 
of patients receiving placebo. Serious adverse reactions in ≥ 1 % of patients who received 
NUBEQA included urinary retention, pneumonia and hematuria. Overall 3.9% of patients 
receiving NUBEQA and 3.2% of patients receiving placebo died from adverse reactions, which 
included death (0.4%), cardiac failure (0.3%), cardiac arrest (0.2%), general physical health 
deterioration (0.2%), and pulmonary embolism (0.2%) for NUBEQA.
Permanent discontinuation due to adverse reactions occurred in 9% of patients receiving 
NUBEQA or placebo. The most frequent adverse reactions requiring permanent discontinuation 
in patients who received NUBEQA included cardiac failure (0.4%), and death (0.4%).
Dosage interruptions due to adverse reactions occurred in 13% of patients treated with 
NUBEQA. The most frequent adverse reactions requiring dosage interruption in patients who 
received NUBEQA included hypertension (0.6%), diarrhea (0.5%), and pneumonia (0.5%).
Dosage reductions due to adverse reactions occurred in 6% of patients treated with NUBEQA. 
The most frequent adverse reactions requiring dosage reduction in patients treated with 
NUBEQA included fatigue (0.7%), hypertension (0.3%), and nausea (0.3%).
Table 1 shows adverse reactions in ARAMIS reported in the NUBEQA arm with a ≥2% absolute 
increase in frequency compared to placebo. Table 2 shows laboratory test abnormalities related 
to NUBEQA treatment and reported more frequently in NUBEQA-treated patients compared to 
placebo-treated patients in the ARAMIS study.

Table 1: Adverse Reactions in ARAMIS

Adverse Reaction2

NUBEQA  
(n=954)

Placebo  
(n=554)

All Grades  
%

Grades ≥ 3  
%

All Grades  
%

Grade ≥ 3  
%

Fatigue1 16 0.6 11 1.1

Pain in extremity 6 0 3 0.2

Rash 3 0.1 1 0
 1 Includes fatigue and asthenia
 2 Common Terminology Criteria for Adverse Events (CTCAE) version 4.03.
Additionally, clinically significant adverse reactions occurring in 2% or more of patients treated 
with NUBEQA included ischemic heart disease (4.0% versus 3.4% on placebo) and heart failure 
(2.1% versus 0.9% on placebo).

Table 2: Laboratory Test Abnormalities in ARAMIS

Laboratory 
Abnormality

NUBEQA  
(N=954)1

Placebo  
(N=554)1

All Grades2  
%

Grade 3-42  
%

All Grades2  
%

Grade 3-42  
%

Neutrophil count 
decreased

20 4 9 0.6

AST increased 23 0.5 14 0.2

Bilirubin increased 16 0.1 7 0
 1  The denominator used to calculate the rate varied based on the number of patients with a 

baseline value and at least one post-treatment value.
 2 Common Terminology Criteria for Adverse Events (CTCAE) version 4.03.

7 DRUG INTERACTIONS
7.1 Effect of Other Drugs on NUBEQA
Combined P-gp and Strong or Moderate CYP3A4 Inducer
Concomitant use of NUBEQA with a combined P-gp and strong or moderate CYP3A4 inducer 
decreases darolutamide exposure which may decrease NUBEQA activity [see Clinical Pharmacology 
(12.3)]. Avoid concomitant use of NUBEQA with combined P-gp and strong or moderate CYP3A4 
inducers.
Combined P-gp and Strong CYP3A4 Inhibitors
Concomitant use of NUBEQA with a combined P-gp and strong CYP3A4 inhibitor increases 
darolutamide exposure [see Clinical Pharmacology (12.3)] which may increase the risk of 
NUBEQA adverse reactions. Monitor patients more frequently for NUBEQA adverse reactions and 
modify NUBEQA dosage as needed [see Dosage and Administration (2.2)].

7.2 Effects of NUBEQA on Other Drugs
Breast Cancer Resistance Protein (BCRP) Substrates
NUBEQA is an inhibitor of BCRP transporter. Concomitant use of NUBEQA increases the AUC 
and Cmax of BCRP substrates [see Clinical Pharmacology (12.3)], which may increase the risk of 
BCRP substrate-related toxicities.
Avoid concomitant use with drugs that are BCRP substrates where possible. If used together, 
monitor patients more frequently for adverse reactions, and consider dose reduction of the 
BCRP substrate drug. Consult the approved product labeling of the BCRP substrate when used 
concomitantly with NUBEQA.

8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy
Risk Summary
The safety and efficacy of NUBEQA have not been established in females. Based on its mechanism 
of action, NUBEQA can cause fetal harm and loss of pregnancy [see Clinical Pharmacology (12.1)]. 
Animal embryo-fetal developmental toxicology studies were not conducted with darolutamide. 
There are no human data on the use of NUBEQA in pregnant females.

8.2 Lactation
Risk Summary
The safety and efficacy of NUBEQA have not been established in females. There are no data on 
the presence of darolutamide or its metabolites in human milk, the effect on the breastfed child, 
or the effect on milk production.

8.3 Females and Males of Reproductive Potential
Contraception
Males
Based on the mechanism of action, advise male patients with female partners of reproductive 
potential to use effective contraception during treatment and for 1 week after the last dose of 
NUBEQA [see Use in Specific Populations (8.1)].
Infertility
Males
Based on animal studies, NUBEQA may impair fertility in males of reproductive potential [see 
Nonclinical Toxicology (13.1)].

8.4 Pediatric Use
Safety and effectiveness of NUBEQA in pediatric patients have not been established.

8.5 Geriatric Use
Of the 954 patients who received NUBEQA in ARAMIS, 88% of patients were 65 years and over, 
and 49% were 75 years and over. No overall differences in safety or efficacy were observed 
between these patients and younger patients.

8.6 Renal Impairment
Patients with severe renal impairment (eGFR 15–29 mL/min/1.73 m2) who are not receiving 
hemodialysis have a higher exposure to NUBEQA and reduction of the dose is recommended 
[see Dosage and Administration (2.3) and Clinical Pharmacology (12.3)]. No dose reduction is 
needed for patients with mild or moderate renal impairment (eGFR 30-89 mL/min/1.73 m2). The 
effect of end stage renal disease (eGFR ≤15 mL/min/1.73 m2) on darolutamide pharmacokinetics 
is unknown.

8.7 Hepatic Impairment
Patients with moderate hepatic impairment (Child-Pugh Class B) have a higher exposure to NUBEQA 
and reduction of the dose is recommended [see Dosage and Administration (2.4) and Clinical 
Pharmacology (12.3)]. No dose reduction is needed for patients with mild hepatic impairment. The  
effect of severe hepatic impairment (Child-Pugh C) on darolutamide pharmacokinetics is unknown.

10 OVERDOSAGE
There is no known specific antidote for darolutamide overdose. The highest dose of NUBEQA 
studied clinically was 900 mg twice daily, equivalent to a total daily dose of 1800 mg. No dose 
limiting toxicities were observed with this dose.
Considering the saturable absorption and the absence of evidence for acute toxicity, an intake of 
a higher than recommended dose of darolutamide is not expected to lead to systemic toxicity in 
patients with intact hepatic and renal function [see Clinical Pharmacology (12.3)].
In the event of intake of a higher than recommended dose in patients with severe renal 
impairment or moderate hepatic impairment, if there is suspicion of toxicity, interrupt NUBEQA 
treatment and undertake general supportive measures until clinical toxicity has been diminished 
or resolved. If there is no suspicion of toxicity, NUBEQA treatment can be continued with the next 
dose as scheduled.

13 NONCLINICAL TOXICOLOGY
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility
Long-term animal studies to evaluate the carcinogenic potential of darolutamide have not been 
conducted.
Darolutamide was clastogenic in an in vitro chromosome aberration assay in human peripheral 
blood lymphocytes. Darolutamide did not induce mutations in the bacterial reverse mutation 
(Ames) assay and was not genotoxic in the in vivo combined bone marrow micronucleus assay 
and the Comet assay in the liver and duodenum of the rat.
Fertility studies in animals have not been conducted with darolutamide. In repeat-dose toxicity 
studies in male rats (up to 26 weeks) and dogs (up to 39 weeks), tubular dilatation of testes, 
hypospermia, and atrophy of seminal vesicles, testes, prostate gland and epididymides were 
observed at doses ≥ 100 mg/kg/day in rats (0.6 times the human exposure based on AUC) and 
≥ 50 mg/kg/day in dogs (approximately 1 times the human exposure based on AUC).

17 PATIENT COUNSELING INFORMATION
Dosage and Administration
Inform patients receiving concomitant gonadotropin-releasing hormone (GnRH) analog therapy 
that they need to maintain this treatment during the course of treatment with NUBEQA.
Instruct patients to take their dose of two tablets (twice daily). NUBEQA should be taken with 
food. Each tablet should be swallowed whole.
Inform patients that in the event of a missed daily dose of NUBEQA, to take any missed dose, as 
soon as they remember prior to the next scheduled dose, and not to take two doses together to 
make up for a missed dose [see Dosage and Administration (2.1)].
Embryo-Fetal Toxicity
Inform patients that NUBEQA can be harmful to a developing fetus and can cause loss of 
pregnancy [see Use in Specific Populations (8.1)].
Advise male patients with female partners of reproductive potential to use effective contraception 
during treatment and for 1 week after the last dose of NUBEQA [see Warnings and Precautions 
(5.1) and Use in Specific Populations (8.1, 8.3)].
Infertility
Advise male patients that NUBEQA may impair fertility [see Use in Specific Populations (8.3)].

Manufactured by: Orion Corporation, Orion Pharma, FI-02101 Espoo, Finland
Manufactured for: Bayer HealthCare Pharmaceuticals Inc., Whippany, NJ 07981 USA

© 2019 Bayer HealthCare Pharmaceuticals Inc.

For more information, call Bayer HealthCare Pharmaceuticals Inc. at Bayer at 1-888-842-2937 
or go to www.NUBEQA-us.com

6711000BS

References: 1. NUBEQA (darolutamide) [prescribing information]. 
Whippany, NJ: Bayer HealthCare Pharmaceuticals Inc.; July 2019.  
2. Fizazi K, Shore N, Tammela TL, et al. Darolutamide in nonmetastatic, 
castration-resistant prostate cancer. N Engl J Med. 2019;380(13):1235-
1246. 3. Fizazi K, Shore ND, Tammela T, et al. Overall survival results of 
the phase III ARAMIS study of darolutamide added to androgen deprivation 
therapy for non-metastatic castration-resistant prostate cancer. Presented at: 
2020 ASCO Annual Meeting; May 29-31, 2020. 

© 2020 Bayer. All rights reserved. BAYER, the Bayer Cross and NUBEQA are registered 
trademarks of Bayer. PP-NUB-US-0347-1 06/20 Printed in USA

S:19"
S:11"

T:20"
T:12"

B:20.25"
B:12.25"

F:10"

FS:9"

F:10"

FS:9"

PP-NUB-US-0347-1_ONC_LIVE_Journal_Ad_Queen_Size_M2FR.indd   4 6/15/20   11:36 AM



 P R O S T A T E  C A N C E R

62    Vol. 21 | No. 13 | JULY 2020

UP TO 20% OF MEN with advanced pros-
tate cancer will develop castration-resistant 
prostate cancer (CRPC) within approximately  
5 years of follow-up, with more than 
84% having metastases at the time of 
CRPC diagnosis.1 Among those with 
nonmetastatic CRPC at diagnosis,  
33% are likely to develop metastatic 
CRPC (mCRPC) within 2 years. 
Despite advances in treating 
CRPC, 5-year overall survival 
(OS) remains low (median OS for 
CRPC, 9-30 months). 

During a recent OncLive Peer Exchange®, a 
panel of experts in advanced prostate cancer 
provided their insights on how best to employ 
6 therapies that are enabling men with mCRPC 
to live longer: docetaxel (Taxotere), cabazitaxel 
(Jevtana), sipuleucel-T (Provenge), abiraterone 
acetate (Zytiga), enzalutamide (Xtandi), and 
radium-223 dichloride (Xofigo). “We have 
obtained a plethora of life-prolonging agents 
since 2010…Some of us on the panel are old 
enough to remember when it was very nihilistic 
for patients with metastatic disease,” said moder-
ator Neal Shore, MD.

TAXANE-BASED CHEMOTHERAPY: 
DOCETAXEL AND CABAZITAXEL
In 2004, the microtubule inhibitor 

docetaxel became the first life-prolonging 
therapy approved by the FDA for patients with 
mCRPC. It remained the only agent with this 

distinction until 2010.2 “Docetaxel 
has 2 phase 3 trials published in the 
New England Journal of Medicine that 
show an OS benefit,” said panelist 
Pedro C. Barata, MD, MSc. 

The first study compared 12 mg of 
mitoxantrone per m2 of body surface 
area (BSA) every 3 weeks with 75 
mg of docetaxel per m2 of BSA every 

3 weeks or 30 mg of docetaxel per m2 of BSA 
weekly for 5 of every 6 weeks.3 All study 
participants (N = 1006) received 5 mg of 
prednisone twice daily. Compared with the 
men in the mitoxantrone group, those given 
docetaxel every 3 weeks had a hazard ratio 
for death of 0.76 (95% CI, 0.62-0.94; 
P = .009 by stratified log-rank test) 
and those given weekly docetaxel had 
an HR for death of 0.91 (95% CI, 0.75-
1.11; P = .36). The median OS was 
16.5 months, 18.9 months, and 17.4 
months in the mitoxantrone, 
docetaxel every 3 weeks, and 
docetaxel weekly groups, respec-
tively. Compared with mitoxantrone, 
docetaxel every 3 weeks also led to improve-
ments in the study’s secondary end points of 

pain, prostate-specific antigen (PSA) levels, 
and quality of life.

The second study randomly assigned  
674 men to a docetaxel plus estramustine arm 
(n = 338; 280 mg of estramustine 3 times 
daily on days 1 through 5, 60 mg of docetaxel 
per m2 of BSA on day 2, and 60 mg of dexa-
methasone in 3 divided doses before 
docetaxel) or a mitoxantrone plus prednisone 
arm (n = 336; 12 mg of mitoxantrone per 

m2 of BSA on day 1 plus 5 mg of 
prednisone twice daily), with each 
arm receiving treatment in 21-day 
cycles.4 In an intention-to-treat anal-
ysis, the median OS was 17.5 months 
in the docetaxel plus estramus-
tine arm and 15.6 months in the 
mitoxantrone plus prednisone arm, 
a finding that reached statistical 
significance (P = .02 by the log-rank 

test). The corresponding HR for death was 
0.80 (95% CI, 0.67-0.97). The secondary end 
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points of progression-free survival (PFS), 
objective response rate, and posttreatment 
declines of at least 50% in serum PSA levels 
were also improved in the docetaxel plus 
estramustine arm.

Like docetaxel, cabazitaxel is a microtubule 
inhibitor. It was approved by the FDA in 
2010.2 “[Cabazitaxel] is a cousin of docetaxel 
with a different safety profile, and it is 
approved for use after docetaxel,” Barata said. 
It has been associated with a low rate of grade 
3 peripheral neuropathy, which has been 
noted to be an important aspect of its profile 
because patients previously treated with 
docetaxel may have some residual chemo-
therapy-induced peripheral neuropathy.2 The 
most common adverse effects associated with 
both agents are summarized in the FIGURE .5,6

Cabazitaxel showed an OS benefit in the 
TROPIC trial (NCT00417079), which randomly 
assigned 755 men to receive intravenous (IV) 
cabazitaxel 25 mg/m2 every 3 weeks (n = 378) 
or IV mitoxantrone 12 mg/m2 every 3 weeks 
(n = 377), with both cohorts receiving 10 mg 
oral prednisone daily.7 The cabazitaxel plus 
prednisone arm had a median OS of  
15.1 months, whereas the mitoxantrone 
arm had a median OS of 12.7 months (HR 
for death, 0.7; 95% CI, 0.59-0.83; P < .0001). 
Median PFS was also improved in the cabazi-
taxel group (2.8 vs 1.4 months; HR, 0.74; 95% 
CI, 0.64-0.86; P < .0001).

IMMUNOTHERAPY: SIPULEUCEL-T
Sipuleucel-T is an autologous cellular immu-
notherapy that is designed to stimulate T 
cells to respond to cancer cells by target-
ing prostatic acid phosphatase, an antigen 
expressed in more than 95% of all prostate 
cancers.8 In 2010, it became the first thera-
peutic cancer vaccine to be approved by the 
FDA.8 It is indicated for men with asymptom-
atic or minimally symptomatic mCRPC.

Approval was based on 3 phase 3 studies 
involving 737 patients.8 Among these was the 
pivotal IMPACT trial (NCT00065442), which 
included 512 patients who were randomly 
assigned 2:1 to receive IV sipuleucel-T 
(n = 341) or matched placebo (n = 171) given 
every 2 weeks, for a total of 3 infusions.9 
Patients in the sipuleucel-T arm experi-
enced an improvement in median OS of 4.1 
months compared with the placebo arm (25.8 
vs 21.7 months; HR for death, 0.78; 95% CI, 

0.61-0.98; P = .03). No difference in time to 
objective disease progression was observed 
between the 2 groups. 

A subanalysis of the IMPACT trial 
that examined the prognostic and 
predictive value of baseline variables 
found that patients with the lowest 
baseline PSA values (≤22.1 ng/mL) 
had the greatest survival benefit 
with sipuleucel-T.10 The estimated 
improvement in median OS ranged 
from 13.0 months in the patients in 
the lowest baseline PSA quartile to 
2.8 months in the highest quartile 
(>134 ng/mL). 

AR-TARGETED THERAPY: 
ABIRATERONE ACETATE AND 
ENZALUTAMIDE
“Androgen receptor [AR]–targeted therapies, 
most people would agree, are the stan-
dard of care for most patients with mCRPC, 
whether [the agent is] abiraterone or enzalut-
amide. This is because of the preponderance 
of evidence, the quality of the evidence, and, 
for most of our patients, the tolerability of the 
drugs and the way in which they work,” said 
panelist William K. Oh, MD.

Abiraterone acetate is an oral, once-daily 
treatment for men with mCRPC. In 2011, it 
was approved for use in combination with 

prednisone in men with mCRPC 
previously treated with docetaxel, 
based on data from the phase 3 
COU-AA-301 study (NCT00638690).11 
In 2012, the FDA expanded this 
indication to include men with 
chemotherapy-naïve mCRPC, based 
on data from the phase 3 COU-AA-
302 study (NCT00887198).12

COU-AA-301 randomly assigned  
1195 patients previously treated with 
docetaxel in a 2:1 ratio to 1000 mg of 
abiraterone acetate (n = 797) or placebo 
(n = 398), with both arms also receiving 5 mg 
of prednisone twice daily.13 After a median 
follow-up of 12.8 months, the OS was  
14.8 months in the abiraterone arm and 
10.9 months in the placebo arm (HR, 0.65; 
95% CI, 0.54-0.77; P < .0001). All second-
ary end points, including PSA progression, 
PFS, and PSA response rate, also favored 
abiraterone treatment.

COU-AA-302 randomly assigned  
1088 asymptomatic or mildly symptomatic 
patients with chemotherapy-naïve prostate 

William K. Oh, MD
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cancer stratified by ECOG performance status 
(0 vs 1) in a 1:1 ratio to abiraterone acetate 
1000 mg once daily plus prednisone 5 mg 
twice daily (n = 546) or matching placebo plus 
prednisone (n = 542).14 The final OS analysis 
showed a significantly longer median OS in 
the abiraterone arm than in the placebo arm 
(34.7 vs 30.3 months; HR, 0.81; 95% CI, 0.70-
0.93; P = .0033). A subanalysis of the study 
found abiraterone plus placebo similarly 
increased OS in all patients with mCRPC, 
regardless of their pain, baseline PSA levels, 
and Gleason score at primary diagnosis.15

Like abiraterone acetate, enzalutamide is a 
once-daily oral treatment. It was approved in 
2012 based on data from the phase 3 AFFIRM 
trial (NCT00974311) as a treatment for patients 
with mCRPC who have previously received 
docetaxel.16 In 2014, enzalutamide’s indication 
was expanded to include men with chemo-
therapy-naïve mCRPC, based on data from the 
phase 3 PREVAIL trial (NCT01212991).17

The AFFIRM trial stratified 1199 men 
with mCRPC after chemotherapy accord-
ing to ECOG performance status and pain 
intensity, then randomly assigned them 2:1 
to enzalutamide 160 mg daily (n = 800) or 
matching placebo (n = 399).18 The median OS 
was 18.4 months in the enzalutamide arm 
compared with 13.6 months in the placebo 
arm (HR for death in enzalutamide group, 
0.63; 95% CI, 0.53-0.75; P <.001).

The PREVAIL trial randomly assigned  
1717 men with chemotherapy-naïve mCRPC to 
receive enzalutamide 160 mg daily or matched 
placebo.19 A total of 626 patients (72%) in the 
enzalutamide group and 532 patients (63%) in 
the placebo group were alive at the data cutoff 
date, indicating a 29% reduction in the risk of 
death with enzalutamide (HR, 0.71; 95% CI, 
0.60-0.84; P < .001).

“An important thing I learned is not to forget 
about osteoporotic fractures. We’re all focused 
on cancer, cancer, cancer. But what happens is 
this adjunctive therapy is leading to some real 
morbidity in these patients,” Oh cautioned. 
“If you’re on any of these combinations—on 
radium-223 plus any AR-targeted therapy, or 
even if you’re on AR-targeted therapy alone—
there’s a much higher rate of osteoporotic 
fractures than we appreciated, up to a third. If 
you’re just on AR-targeted therapy, it’s still up 
to 5% to 10%.” Consequently, Oh recommends 
undertaking bone density tests and placing 

patients with bone disease on bone-protecting 
agents like zoledronic acid or denosumab. 

RADIUM-223 DICHLORIDE
Radium-223 dichloride is a radioactive 
isotope that causes irreversible DNA double-
strand breaks, ultimately leading to 
tumor cell apoptosis. It is a calcium- 
mimetic agent that specifically 
targets bone lesions. It was approved 
in 2013 for men with mCRPC and 
symptomatic bone metastases but 
no known visceral involvement.20 
“It’s the first bone-targeted agent to 
show a survival benefit in that space, 
which is quite remarkable and, for 
some of us, a little unexpected,” Barata said. 

Radium-223 dichloride was approved 
based on data from the pivotal phase 3 
ALSYMPCA trial (NCT00699751), which 
included 921 patients who had received, 
were not eligible for, or had declined 
docetaxel, and randomly assigned them 
2:1 to receive 6 injections of radium-223 
or matching placebo; the injections were 
administered once every 4 weeks.21 Patients 
also received the best standard of care, 
which included agents like ketoconazole, 
estramustine, and other oral therapies. 
Radium-223 was associated with signifi-
cantly improved median OS compared with 
placebo (14.9 vs 11.3 months; HR, 0.70; 95% 
CI, 0.58-0.83; P < .001). Radium-223 was also 
associated with benefit over placebo in all 
secondary end points, including time to the 
first symptomatic skeletal event and various 
biochemical end points.

“If we want to use radium-223, we really 
want to commit the patient to 5 or 6 cycles 
because we know they perform better. Fit 
patients and those with ECOG performance 
status 0 to 1 do better. We exclude patients 
who have nodal involvement with a lymph 
node greater than 3 cm or visceral disease. 
The more recent and important data that 
we have indicate that adding radium-223 to 
abiraterone has a negative safety signal, so 
we want to stay away from that,” Barata said.

Although abiraterone should be avoided, 
the panelists noted that other agents could be 
added. “It’s very reasonable to consider enzalut-
amide plus radium-223 and to start them at 
the same time…If you want, sandwich in some 
sipuleucel-T before you use both of those,” said 

panelist Nancy Ann Dawson, MD. She noted 
that the enzalutamide enables PSA reduction, 
which the panelists explained does not occur 
with radium-223 alone. 

“A lot of us get concerned because we’re 
giving a treatment to our patient for half a 

year and we can see PSA continue to 
rise and we might see more disease 
on the scans. That creates a lot of 
pressure—for patients, too, because 
they don’t want to see PSA rising,” 
Barata said. Subsequently, he said he 
uses an AR–directed therapy first.

The panelists discussed the 
interesting finding that racial 
discrepancies in OS have been 

observed among men treated with radium-223. 
“We have real-world data showing a signal 
for survival favoring African Americans—a 
huge difference in survival compared with 
Caucasians,” Barata said. A study that 
reviewed the charts of all men in the Veterans 
Affairs system who received radium-223 
found that black race was associated with a 
decreased risk of mortality from the time of 
radium-223 initiation (HR, 0.75; 95% CI, 0.57-
0.99; P = .045), despite black men receiving 
this treatment later in their disease course 
than nonblack men.22 Subsequently, Barata 
said this is a factor he considers when deter-
mining the best treatment for his patients, 
acknowledging that sometimes multiple treat-
ments of equal benefit are available.

SELECTING AND SEQUENCING  
TREATMENTS
Few data are available to guide treatment 
selection and sequencing of the 6 available 
life-prolonging therapies for mCRPC, but the 
panelists shared their insights on how they 
make such decisions. “If I used chemother-
apy in the upfront setting, then I certainly can 
use cabazitaxel in the mCRPC setting, but I 
also have the option of using 1 of the andro-
gen receptor–directed therapies,” said panelist 
Alicia K. Morgans, MD, MPH. She 
explained that she always thinks about what 
the patient was treated with before, whether 
in the nonmetastatic CRPC setting, the meta-
static hormone-sensitive setting, or the mCRPC 
setting. “I always think about changing the 
mechanism of action. That’s what we need 
to do and what we find is most effective: not 
necessarily chemotherapy to chemotherapy, 

Nancy Ann 
Dawson, MD
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but particularly with the AR-directed thera-
pies…Changing mechanism of action and not 
sequencing AR therapy after AR therapy is a 
key tenet to the way I think through things and 
the way I talk to patients,” she said.

Shore concurred, adding that data indicate 
a lot of AR–AR sequencing still happens 
in clinical practice, despite its not being 
an ideal streategy. “It may just be because 
it’s convenient. It’s exchanging 1 oral ther-
apy for another oral therapy,” he said. The 
panelists proceeded to discuss the CARD 
trial (NCT02485691), which examined this 
issue and garnered a lot of attention at the 
2019 European Society for Medical Oncology 
(ESMO) Annual Congress.23

The CARD trial assessed the efficacy and 
safety of cabazitaxel versus the AR-therapy 
abiraterone or enzalutamide in 255 patients 
with mCRPC who were previously treated with 
docetaxel and had progression within  
12 months of initiating the alternative inhibitor 
(ie, abiraterone, enzalutamide).23 “In this trial, 
cabazitaxel had a very demonstrable benefit in 
terms of radiographic progression–free 
survival, as well as overall survival, 
in this trial as compared with second 
AR-targeted agent,” Morgans said. 
Trial outcomes are summarized 
in the TABLE .23 

Morgans explained that data from 
the PROfound study (NCT02987543), 
which were also presented at 2019 
ESMO, showed similar results with 
the PARP inhibitor olaparib (Lynparza) versus 
enzalutamide or abiraterone in men with 
mCRPC selected for BRCA1/2 or ATM gene 
mutations who had progressed on prior treat-
ment with either enzalutamide or abiraterone.24 
She said a 3.5-month improvement in PFS was 
observed with olaparib. “To me, this just drives 
home the message that AR after AR, which 
is what [many] do at this point, is just not the 
right thing to do,” she said.

Dawson pointed out that data indicate that 
quality of life will also be improved by switch-
ing to a treatment with another mechanism 
of action, rather than swithcing between 
AR-targeted therapies. “Even though the 
response rate to the second [AR-targeted ther-
apy] is 15% at best, we still did it because 
patients were saying, ‘I don’t want to get 
chemotherapy—isn’t there another oral drug 
you can give?’ Now you can go to the patient 

[and say,] ‘We could do that, but your response 
rate, your quality of life, and your pain will be 
better if we go straight to the chemotherapy.’ 
They’re assuming that their quality of life is 
going to be worse. And now we can say, ‘No, 
we have data. Not only is your response rate 
going to be higher, but the quality of your life 

is going to be better,’ ” she said.

NEWLY APPROVED AND  
EMERGING AGENTS
The panelists concluded by discuss-
ing some emerging therapies about 
which they were particularly excited. 
The PARP inhibitors olaparib and 
rucaparib (Rubraca) were both 
of interest and still pending FDA 

approval at the time of the Peer Exchange, 
but in May 2020, both were approved just 
days apart. Rucaparib received acceler-
ated approval for men with deleterious BRCA 
mutations (germline and/or somatic) asso-
ciated with mCRPC previously treated with 
AR-targeted therapy and a taxane-based 
chemotherapy.25 Olaparib was approved for 
men with BRCA1/2 or ATM mutations (germ-
line and/or somatic) associated with mCRPC 
that progressed following prior treatment 
with an AR-targeted therapy.26 Although 
only a small number of patients have such 
mutations (≤20%), Shore emphasized the 
importance of testing for these mutations 
early because they open the door to additional 
powerful treatments that may improve OS for 
a certain subset of patients with mCRPC.

Morgans expressed excitement over radio-
pharmaceuticals, which are still in clinical 

trials, including the phase 3 VISION study 
(NCT03511664), which has completed enroll-
ment and is comparing 177 lutetium-PSMA-617 
plus best supportive/standard care with best 
supportive/standard care alone in men with 
mCRPC.27 “The trial will hopefully give us some 
data in the next year or so,” she said.

Although immunotherapy treatments have 
generally been disappointing in patients with 
prostate cancer, Barata said studies are start-
ing to tease out who may benefit from them. 
“I’m thinking [about] the 2% to 3% of patients 
with microsatellite instability…In data that 
were presented at ESMO, we learned that 
CDK12 is not a good biomarker for PARP 
inhibition, but it might be something to pay 
attention to in terms of immunotherapy.” The 
retrospective study found a PSA reduction of 
at least half among 33.3% of men with CDK12-
altered mCRPC who were treated with a PD-1 
inhibitor in the fourth to sixth line (n = 9).28 
These men also demonstrated a median PFS 
of 5.4 months, which was longer than the PFS 
interval observed with some treatments used 
in earlier lines.

Oh concluded the panel by saying that the 
most exciting thing to him is that the nuances 
of prostate cancer are being increasingly 
unraveled. “We’re starting to take the science 
and look at individual patients, and not just 
view prostate cancer as 1 disease, because it’s 
too heterogeneous [to do that]. We’re starting 
to define it molecularly, which will enable us 
to treat patients in a targeted way,” he said. n

For a full list of references,  
see the article at  . 
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TABLE.  Primary and Secondary Outcomes of the CARD Trial23

Outcome Cabazitaxel 
(n = 129)

Alternative AR- 
targeted therapy 
(n = 126)

HR (95% CI) P value

Primary end point

Median radiographic PFS, 
months

8.0 3.7 -- --

Secondary end points

Median OS, months 13.6 11.0 0.64 (0.46-0.89) .008

Median PFS, months 4.4 2.7 0.52 (0.40-0.68) <.001

PSA response 35.7% 13.5% -- <.001

Tumor response 36.5% 11.5% -- .004

≥Grade 3 AEs 56.3% 52.4% -- --

AEs, adverse effects; AR, androgen receptor; OS, overall survival; PFS, progression-free survival; PSA, prostate-specific antigen.
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