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Discontinue ZEJULA if MDS/AML is confirmed.
Hematologic adverse reactions (thrombocytopenia, 
anemia and neutropenia) have been reported in 
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incidence of Grade ≥3 thrombocytopenia, anemia 
and neutropenia were reported, respectively, in 
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by  JASON HARRIS

The gastrointestinal (GI) cancer landscape has not seen the same robust development of 
molecularly targeted agents and immunotherapies that have changed treatment paradigms 
in other malignancies. Tanios S. Bekaii-Saab, MD, an expert in the GI cancer field, discusses 
emerging trends that are likely to change that picture.
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Dr Osman Kept His 
Focus on the Future 

IT IS DIFFICULT TO IMAGINE any discussion today about how best to 
treat a patient with cancer without consideration of the biology of that 
malignancy, regardless of histology or tumor type, even if the analysis 
focuses on what remains unknown. 
However, that was not the case nearly 40 years ago when Daniel A. 

Osman, MD, launched the Miami Breast Cancer Conference® (MBCC). The 
first meeting in 1983 took place before the approvals of tamoxifen as postsurgical 
adjuvant therapy for postmenopausal women and trastuzumab (Herceptin) for 
patients with metastatic HER2-positive disease.1 

Yet Dr Osman recognized the importance of the underlying science of breast 
cancer and incorporated such topics into the MBCC program before these subjects 
were woven into the fabric of the conversation about this disease. 

We’re remembering Dr Osman’s contributions to breast cancer care in light of 
his death July 15 in Weston, Florida. Dr Osman, who was 98 years old when he 
died, helped craft the agenda of MBCC until 2012, when Physicians’ Education 
Resource®, LLC (PER®), took over operations of the meeting, which has grown into 
one of the largest breast cancer conferences in the nation. 

A more detailed description of Dr Osman’s impact on the field appears in this 
issue of OncologyLive®. We would like to add our own remembrances of Dr Osman 
as a warm and welcoming presence at the meeting. We were always impressed 
by his intellectual curiosity. Although he was a surgeon, his focus on emerging 
modalities helped the meeting become a multidisciplinary event.

In some ways, that commitment to the future embodies what we strive to achieve 
with the editorial content that we produce for OncologyLive® and OncLive.com. 
Perhaps more than other medical specialties, oncology has become the science of 
looking ahead at what might be possible with a new drug or treatment approach.

As we move forward, we salute Dr Osman’s legacy and invite you to participate 
in our efforts to help improve care by providing the best possible information to 
oncology professionals.

As always, thank you for reading.
Mike Hennessy Sr

Chairman and Founder

R E F E R E N C E

Cancer progress timeline. American Society of Clinical Oncology. Accessed July 21, 2020. bit.ly/3jrmOqn
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From the Editor

THESE ARE COMPLEX TIMES for the world of 
academic medicine. The coronavirus disease 
2019 (COVID-19) pandemic has raised the public 
profile of experts in infectious disease, epidemi-

ology, and public health. Laboratory-based scientists and 
their clinical counterparts in universities and industry 
are in a widely publicized, crucial race to develop one or 
more safe and effective viral vaccines.

Public health experts at the national, state, and regional 
levels who usually conduct their routine but important 
work far from the media spotlight have been called upon 
to help develop and subsequently explain policies that are 
often unsettling, difficult to understand, and challenging 
for individuals and large groups to accept. Particularly 
disturbing have been the strong recommendations from 
public health experts to close parts of the economy tempo-
rarily but extensively with the evident goal of interfering 
with the transmission of this deadly virus.

The medical and epidemiological justifications for 
these policies are clear: to prevent serious morbidity and 
mortality and permit local hospital systems to cope with 
an influx of very ill, infected individuals while research-
ers work frantically to find treatments for active infection 

and vaccine strategies to immunize against the worse 
effects of the virus. However, the impact of these actions 
on the livelihood of individuals and families may be 
severe, even devastating.

This public health challenge has been compounded by 
often competing, highly conflicting messages, as well as 
frequent major changes in policy and recommendations 
on the local, state, and national levels since the pandemic 
was discovered in the United States in early March  
(eg, “Do we or do we not need to wear a mask?”).

Some of these disturbing developments result from 
economic or political considerations. However, a substan-
tial part of the problem is a direct result of our profound 
lack of basic understanding of this novel virus, its mode 
of transmission, and strategies to treat and prevent infec-
tion. And today, the uncertainty surrounding all aspects 
of the illness and medical care are played out in the era of 
Facebook, Twitter, and conspiracy theory websites where 
the expertise of highly recognized scientists in the rele-
vant areas of infectious disease, epidemiology, or public 
health may be viewed, shockingly, as nothing more than 
an opinion equivalent to that of any political pundit who 
wishes to loudly weigh in on the topic.   

Unfortunately, the public’s doubts about “expert medi-
cine” may be exacerbated by advice that appears to be 
influenced by nonmedical objectives and priorities, such 
as conflicting statements that have been made about the 
dangers of mass gatherings and protests.1 As valid as the 
issues that are prompting these gatherings may be, it is 
not difficult to appreciate why many members of society 
may legitimately question the objectivity of health 
experts’ reactions about the dangers these events pose, 
especially when their recommendations have such poten-
tially negative implications and personal consequences 
for so many people.

JOURNAL RETRACTIONS TAKE TOLL
An additional concern that likely raises questions in the 
minds of many people about the quality and basic integ-
rity of the scientific enterprise surrounding COVID-19 has 
been the high-profile retractions from major medical 
journals of scientific papers related to the infection, 
its clinical consequences, and the effect on potential 
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From the Editor

treatments.2,3 Not surprisingly, these events have been prominently 
highlighted in the lay press and employed by political pundits to chal-
lenge the overall objectivity and legitimacy of expert medical opinion 
expressed to the public relating to the pandemic.4,5

Although the rush to research and subsequently publish clinically 
relevant material that may critically inform prevention, therapy, and 
public health policy is certainly understandable, it must be appreci-
ated that inadequate peer review or the absence of meaningful peer 
review may be highly problematic for the future of the public’s trust in 
clinical science.6

In fact, a report in Science noted that from January through May 
2020 there had been 31,000 papers related to COVID-19 in the litera-
ture and that this number was projected to reach at least 52,000 by the 
middle of June.7 In addition, the COVID-19 pandemic has seen a surge 
in the availability of so-called “preprints”—investigators posting their 
research online prior to the performance of peer review. Two such plat-
forms, medRxiv and bioRxiv, apparently had more than 5300 papers 
related to COVID-19 available for review as of mid-June 2020.8 

The intent of such a process, in concept, is that other members 
of a relevant research community will comment on the new work, 
potentially improving its quality before formal peer review is under-
taken. Unfortunately, there is nothing in this process that prevents 
members of the media, or other parties, from widely reporting these 
observations to the general public, including those who are vested 
in debunking valid scientific evidence regarding COVID-19, despite 
the fact that at the time there has been little or even no reliable 
review of the claims.

With this toxic brew, it is possible that the valid expert medical 
opinion so critical to worldwide efforts to control and subsequently 
impede the COVID-19 pandemic will be marginalized, discounted, or 
effectively disputed by individuals or groups whose overall agenda has 
nothing to do with optimizing public health or safety. As the leader-
ship of the scientific and clinical evidence-based establishment in the 
United States and the world confronts an increasingly complex future 
that most likely will include COVID-19 for many years, it is hoped 
these concerns will be carefully considered and confronted.

These issues hold important implications in the oncology domain, 
where expert opinion driving societal discussions and policy regard-
ing prevention, screening, treatment, survivorship, and the cost of 
cancer care will be increasingly relevant in the coming years. n
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is now virtual! Visit  for 24-hour broadcast.

Decitabine Plus Cedazuridine Doublet  
Gains Approval for MDS 
An oral combination of decitabine plus cedazuridine (Inqovi) 

is now approved for use in adults with myelodysplastic 

syndromes (MDS). Specifically, the regimen can be administered 

to patients with previously treated and treatment-naïve de novo and 

secondary MDS with the following subtypes: refractory anemia, refractory anemia 

with ringed sideroblasts, refractory anemia with excess blasts, and chronic myelo-

monocytic leukemia (CMML). The regimen is also indicated for patients classified 

as intermediate-1, intermediate-2, and high-risk disease based on International 

Prognostic Scoring System (IPSS) criteria. 

The novel regimen demonstrated its efficacy in 2 studies. Trial ASTX727-01 

(NCT02103478) enrolled 80 patients with MDS, including individuals with inter-

mediate-1, intermediate-2, or high-risk IPSS scores, or CMML. The second trial, 

ASTX727-02 (NCT03306264), enrolled 133 patients with either MDS or CMML, 

including all French-American-British classification criteria and IPSS intermediate-1, 

intermediate-2, or high-risk prognostic scores.

In the ASTX727-01 trial, the doublet therapy induced a complete 

response (CR) rate of 18% (95% CI, 10%-28%) with a median duration of CR of 8.7 

months. Data from the ASTX727-02 trial demonstrated a 99% geometric mean ratio 

of the 5-day cumulative decitabine area under curve after 5 consecutive once-daily 

doses of the oral combination versus intravenous decitabine (90% CI, 93%-106%). 

Twenty-one percent of patients experienced a CR with the regimen (95% CI, 

15%-29%). The median duration of CR was 7.5 months.

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

Avelumab Label Adds Maintenance Therapy  
in Urothelial Carcinoma 
Avelumab (Bavencio) is cleared for use as a maintenance therapy 

for patients with locally advanced or metastatic urothelial carci-

noma that has not progressed with frontline platinum-based 

chemotherapy. The agent’s approval is based on data from the phase 3 

JAVELIN Bladder 100 study (NCT02603432).

Results presented at the 2020 American Society of Clinical Oncology Virtual 

Scientific Program demonstrated a 7.1-month improvement in median overall 

survival (OS) with first-line avelumab maintenance therapy plus best supportive 

care (BSC) versus BSC alone (21.4 vs 14.3 months). The median follow-up was 

19.6 months and 19.2 months in the avelumab and BSC arms, respectively, which 

comprised 350 patients each. 

The statistically significant improvement in OS translated to a 31% reduction in the 

risk of death in the overall population (HR, 0.69; 95% CI, 0.56-0.86; 2-sided  

P = .001), and the benefit seen with avelumab extended across all prespecified 

patient subgroups. In the cohort of patients with PD-L1–positive tumors, the median 

OS had not yet been reached in those who received avelumab versus 17.1 months in 

those who received BSC alone (HR, 0.56; 95% CI, 0.40-0.79; P = .0003).

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

Checkpoint Inhibitor Joins First-Line  
Options for MSI-H/dMMR CRC 
Frontline pembrolizumab (Keytruda) is now approved for patients with 

unresectable or metastatic microsatellite instability–high (MSI-H) or 

mismatch repair deficient (dMMR) colorectal cancer (CRC).

The indication, which makes pembrolizumab the first immunotherapy 

approved for use in the first-line setting for CRC, is based on data from the phase 3 

KEYNOTE-177 trial (NCT02563002). Findings showed that treatment with pembroli-

zumab significantly reduced the risk of disease progression or death by 40% (HR, 

0.60; 95% CI, 0.45-0.80; P = .0004) versus standard-of-care chemotherapy. The PD-1 

inhibitor also more than doubled progression-free survival (PFS) compared with 

chemotherapy: 16.5 months (95% CI, 5.4-32.4) versus 8.2 months (95% CI, 6.1-10.2).

Additional results from KEYNOTE-177 presented during the 2020 American 

Society of Clinical Oncology Virtual Scientific Program indicated that the 12- 

and 24-month PFS rates favored pembrolizumab. The 12-month rate was 55% in the 

pembrolizumab arm and 37% in the chemotherapy arm. The 24-month PFS rates 

were 48.3% and 18.6%, respectively. Additionally, the overall response rate was 

43.8% with pembrolizumab, which included an 11.1% complete response rate, a 

32.7% partial response rate, and a 20.9% stable disease rate. With chemotherapy, 

the overall response rate was 33.1%.

 TO READ MORE,  V ISIT   bit. ly/3ifCi03.

Subcutaneous Pertuzumab/Trastuzumab 
Combo Is Cleared for HER2+ Breast Cancer

A fixed-dose regimen of pertuzumab plus trastuzumab in combina-

tion with hyaluronidase-zzxf (Phesgo) can now be administered via 

subcutaneous injection in combination with intravenous (IV) chemo-

therapy for the treatment of early and metastatic HER2-positive 

 breast cancer. Notably, the newly approved combination allows for admin-

istration by a healthcare professional in either a treatment center or at home.

The approval is based on results from the phase 3 FeDeriCa noninferiority study 

(NCT03493854) of patients with HER2-positive early breast cancer. Results showed 

that the combination had safety and efficacy comparable to IV pertuzumab (Perjeta) 

plus trastuzumab (Herceptin). 

The subcutaneous combination is available in a single-dose vial. The initial loading 

dose is estimated to take approximately 8 minutes to administer, and each subse-

quent maintenance dose is estimated at 5 minutes. Those time frames contrast with 

150 minutes for a standard IV loading dose of pertuzumab/trastuzumab and 60 to 

150 minutes for maintenance dose. Beyond dosing guidance, prescribing informa-

tion for the new regimen includes a boxed warning about the risk of potential heart 

failure, fetal harm, and lung events.

 TO READ MORE,  V ISIT   bit. ly/31qav7a.

Relugolix Moves Toward Indication  
in Prostate Cancer 
The oral GnRH antagonist relugolix was granted a priority review 

for advanced prostate cancer after demonstrating its efficacy over 

leuprolide (Lupron) in the phase 3 HERO study (NCT03085095). The 

FDA is scheduled to issue a decision by December 20, 2020, and stated 

that it will not hold an Oncologic Drugs Advisory Committee meeting to review  

relugolix’s new drug application. 

In findings from the HERO trial, 96.7% of patients (95% CI, 94.9%-97.9%)  

who received relugolix achieved and maintained castrate levels through 48 weeks 

versus 88.8% of patients who received leuprolide. The 7.9% difference (95% CI, 

4.1%-11.8%) demonstrated noninferiority (margin –10%) and superiority 

(P < .0001) of relugolix to leuprolide. Secondary end points showed superi-

ority for relugolix.

In a subset analysis, testosterone recovery after treatment discontinuation was 

improved for patients who received relugolix versus those in the leuprolide group. 

The risk of major adverse cardiovascular events also was lower with relugolix.

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



KRAS G12C occurs in 13% of patients (1 in 8) with NSCLC,  
comparable to the prevalence of all EGFR mutations.1,2 Identifying these  

patients and learning more about the KRAS G12C mutation is a high priority.

Learn more about Finding The UNSEEN 13 at FindKRASG12C.com

EGFR, epidermal growth factor receptor; KRAS, Kirsten rat sarcoma;  
NSCLC, non-small cell lung cancer.
References: 1. Biernacka A, et al. Cancer Genet. 2016;209:195-198.  
2. Ahmadzada T, et al. J Clin Med. 2018;7:153. 
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Ripretinib Approval Advances Recurrent GIST Paradigm
by RACHEL NAROZNIAK, MA

RIPRETINIB (QINLOCK) HAS BECOME 
the first therapy specifically approved for the 

fourth-line treatment of gastrointestinal stromal 

tumors (GISTs), a clinical setting with an unmet 

medical need because of the poor prognosis of 

patients with progressive disease.1  

On May 15, 2020, the FDA approved 

ripretinib for adults with advanced GIST 

who have received prior treatment with 3 

or more kinase inhibitors, including imatinib 

(Gleevec). The drug, which inhibits KIT and 

PDGFRA tyrosine kinases, was approved 

based on efficacy data from the phase 3 

INVICTUS study (NCT03353753). Findings 

demonstrated a statistically significant 

5.3-month improvement in progression-free 

survival (PFS) compared with placebo 

(6.3 months vs 1.0 months; HR, 0.15; 95% CI, 0.09-

0.25; 2-sided P < .001).2.3 

“This was a very marked difference,” Suzanne 

George, MD, an author on the INVICTUS study 

and director of clinical research at the Sarcoma 

Center at Dana-Farber Cancer Institute in 

Boston, Massachusetts, said in an interview with 

OncologyLive®. “The improvement in PFS between the 

patients who were randomized to ripretinib versus 

those randomized to placebo was really impressive.”

The benefit seen with single-agent ripretinib 

extended to the overall survival (OS) analysis, 

where investigators observed a median OS of  

15.1 months (95% CI, 12.3-15.1) and 6.6 months 

(95% CI, 4.1-11.6) in the ripretinib and placebo arms, 

respectively (HR, 0.36; 95% CI, 0.21-0.62).2 OS was 

not evaluated for statistical significance due to the 

sequential testing procedure for INVICTUS’ second-

ary end points. Additionally, the overall response 

rate was 9% in the ripretinib cohort and 0% in the 

placebo group, with a P value of .0504 that was not 

statistically significant.2,3 

INVICTUS enrolled 129 patients with unresectable, 

locally advanced, or metastatic GIST who received 

prior treatment with imatinib, sunitinib (Sutent), and 

regorafenib (Stivarga) and were randomized  

2:1 to 150 mg of ripretinib (n = 85) or placebo (n = 44), 

each administered once daily. Patients assigned to 

the placebo arm were eligible to receive ripretinib 

at the time of disease progression, and 66% were 

subsequently treated with the broad-spectrum 

kinase inhibitor.3

SAFETY FINDINGS
Ripretinib has a manageable safety profile, accord-

ing to George. The most common adverse events 

(AEs; ≥ 20%) with ripretinib were alopecia, fatigue, 

nausea, abdominal pain, constipation, myal-

gia, diarrhea, decreased appetite, palmar-plantar 

erythrodysesthesia syndrome (PPES), 

and vomiting. “Overall, ripretinib is very 

well tolerated by the vast majority of 

patients. It does lead to some alopecia, 

which is unique in this space, but most 

patients just have some hair thinning if 

they even experience this adverse effect 

at all,” George said.

George added that some patients who 

receive ripretinib will develop PPES, but 

this AE “typically [presents] at a much 

lower severity than [with] other approved kinase 

inhibitors in this space, specifically sunitinib 

or regorafenib.”

Alopecia was not a reason for drug discontinu-

ation; however, it did drive some patients to have 

ripretinib dose reductions. AE-related dose reduc-

tions occurred in 7% of patients. The AEs that 

prompted permanent discontinuation in 1% or 

more of patients included general health deteriora-

tion (2.4%) and anemia, cardiac failure, PPES, and 

vomiting, each of which affected 1.2% of patients.3 

QUALITY OF LIFE
Patient-reported outcome data (PRO) from the 

INVICTUS study, detailed in a poster presentation 

at the 2020 American Society of Clinical Oncology 

Virtual Scientific Program, demonstrated a clini-

cally significant difference between ripretinib and 

placebo regarding quality of life (QOL). Five key 

QOL measures were evaluated: physical function-

ing, role functioning, visual analog scale, overall 

health, and overall QOL. PROs were collected using 

EuroQol-5D and European Organisation for the 

Research and Treatment of Cancer Quality of  

Life Questionnaire.4

Whereas patients randomized to the ripretinib 

arm had consistently stable PROs, PROs “declined 

sharply” in the placebo arm, according to investiga-

tors, suggesting that individuals receiving ripretinib 

were better able to maintain QOL than placebo- 

treated patients. Results showed that the average 

physical functioning score improved 1.6 points with 

ripretinib and decreased 8.9 with placebo (P = .004; 

improvement or no change, 68% vs 44%).4 

Role functioning was also better with ripretinib, 

increasing an average of 3.5 points versus a 

decrease of 17.1 with placebo (P = .001; improve-

ment or no change, 77% vs 50%). Visual analog 

scale scores improved an average 3.7 points from 

baseline to cycle 2, day 1, with ripretinib compared 

with an average decline of 8.9 with placebo 

(P = .004; improvement or no change, 67% vs 41%). 

The overall health and QOL scores rose an average 

0.20 and 0.28 points, respectively, with ripretinib, 

and decreased 0.78 and 0.76 with placebo (both  

P = .001; improvement or no change, 74% vs 47% 

and 79% vs 59%, respectively).4 

IMPROVING THERAPEUTIC PRACTICE
George noted that the vast majority of GISTs are 

driven by gain-of-function mutations. “Patients 

who develop resistance to the current approved 

therapies have secondary KIT mutations that 

function as the primary resistance mechanism. 

Ripretinib is unique in how it interacts with KIT 

slightly differently than other approved agents in 

this space. It is a switch control inhibitor that binds 

in both the activation loop and the switch pocket to 

stabilize KIT in the inactive confirmation.”

The next steps for optimizing ripretinib therapy in 

GIST include determining whether the drug can find 

utility in earlier lines of therapy. Data from the phase 

3 Intrigue study (NCT03673501) will help answer this 

question, George said. Intrigue is comparing ripretinib 

monotherapy with single-agent sunitinib in approxi-

mately 426 patients with advanced GIST who either 

progressed on or were intolerant to frontline imatinib. 

The primary end point is PFS. Secondary end points 

include objective response rate and OS. 

“[Intrigue] is a very large international effort that is 

actively accruing patients, and it is going to be very 

interesting to see if this drug has a role in earlier lines 

of therapy. It will be a really important question for us 

to answer,” George said, noting that combinations 

with ripretinib are also under investigation for GIST. “It 

is really exciting for the sarcoma community to have 

another tool to help treat our patients with advanced 

GIST,” she concluded. n

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

Suzanne  
George, MD
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PIVOTAL CLINICAL TRIAL 

INVICTUS (NCT03353753), a multicenter, placebo-controlled trial, enrolled 129 patients 
with unresectable, locally advanced, or metastatic GIST who received prior treatment with 
imatinib, sunitinib (Sutent), and regorafenib (Stivarga). Patients randomized to placebo were 
eligible to receive ripretinib at the time of disease progression.

BASELINE PATIENT CHARACTERISTICS
(N = 129)

Median age (range)

60 years
(29-83)

Stage at initial diagnosis

0

10

20

30

40

50

60

70

4.7% 5.4%
10.1% 11.6%

66.7%

1.6%

n Stage I-IB n Stage II n Stage IIIA 
n Stage IIIB n Stage IV n Not reported

Number of prior systemic therapies

37.2%

62.8%

n 3 prior therapies n ≥ 4 prior therapies

Therapeutic crossover

66%
of patients

randomized to placebo crossed over to ripretinib (RP)  
following disease progression

Placebo RP
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WARNINGS AND PRECAUTIONS

• Palmar-plantar erythrodysesthesia syndrome
• New primary cutaneous malignancies
• Hypertension
• Cardiac dysfunction
• Risk of impaired wound healing
• Embryo-fetal toxicity

EFFICACY RESULTS FOR APPROVAL IN THE INVICTUS TRIAL

Outcome Ripretinib (n = 85) Placebo (n = 44)

Median progression-free survival, months 
(95% CI)

6.3 (4.6-6.9) 1.0 (0.9-1.7)

HR (95% CI) 0.15 (0.09-0.25)

P value < .0001

Overall response rate (95% CI) 9% (4.2%-18%) 0% (0%-8%)

P value .0504

Median overall survival, months (95% CI) 15.1 (12.3-15.1) 6.6 (4.1-11.6)

HR (95% CI) 0.36 (0.21-0.62)

COMMONLY REPORTED ADVERSE EVENTS IN THE INVICTUS STUDY

Adverse event Ripretinib
(n = 85)

Placebo 
(n = 43)

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

Alopecia 52% 0% 4.7% 0%

Fatigue 42% 3.5% 23.0% 2.3%

Nausea 39% 3.5% 12.0% 0%

Abdominal pain 36% 7.0% 30.0% 4.7%

Constipation 34% 1.2% 19.0% 0%

Myalgia 32% 1.2% 12.0% 0%

FDA approval—May 15, 2020
FDA grants approval for the tyrosine kinase inhibitor ripretinib (Qinlock) for adults with advanced 
gastrointestinal stromal tumor (GIST) who have received 3 or more prior kinase inhibitors,  

                including imatinib (Gleevec).

Mechanism of action: 
• Ripretinib inhibits wild-type, primary, and  

secondary KIT and PDGFRA mutations.
• In vitro, ripretinib also inhibits other kinases, 

such as PDGFRB, TIE2, VEGFR2, and BRAF

How supplied: 
• 50-mg tablets

Dosing: 
• 150 mg orally once daily with or without food 

until disease progression or unacceptable toxicity
 ◦ Instruct patients to swallow tablets whole at 

the same time each day. 
 ◦ Advise patients to take a missed dose if less 

than 8 hours have passed since the missed 
scheduled dose. Patients who vomit after a 
dose should wait until their next scheduled 
dose rather than taking an additional dose. 

Company: Deciphera Pharmaceuticals, LLC
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ICI Therapy Is Linked to COVID-19 Severity
by RACHEL NAROZNIAK, MA

IMMUNOTHERAPY USE IS ASSOCIATED 
with a higher risk for hospitalization and 
severe coronavirus disease 2019 (COVID-19) 
infection in patients with cancer and the 
novel respiratory virus, according to findings 
from an observational study of 423 patients 
with hematologic malignancies or solid 
tumors and COVID-19.

In a univariate analysis of patients 
with cancer who presented with 
COVID-19 symptoms at Memorial 
Sloan Kettering Cancer Center (MSK) 
between March 10, 2020, and April 7, 
2020, checkpoint inhibitor use 
was the single highest risk factor for 
hospitalization among 411 patients 
(OR, 2.53; 95% CI, 1.18-5.67; P = .017). 
Twelve patients were hospitalized for other 
reasons before testing positive for severe acute 
respiratory syndrome coronavirus 2 (SARS-
CoV-2) and were consequently excluded from 
this evaluation. 

Treatment with immuno-oncology agents 
was also the primary predictor of severe 
respiratory illness, defined as the require-
ment for high-flow oxygen supplementation 
or mechanical ventilation, in the total popu-
lation (OR, 2.38; 95% CI, 1.29-4.38; P = .005; 
TABLE).1 Thirty-one patients received 
immuno-oncology agents within 90 days 
of receiving a diagnosis of COVID-19, 18 of 
whom were treated with pembrolizumab 
(Keytruda), 5 with nivolumab (Opdivo), 3 with 
atezolizumab (Tecentriq), and 1 each treated 
with avelumab (Bavencio), durvalumab 

(Imfinzi), ipilimumab (Yervoy), nivolumab in 
combination with ipilimumab, and pembroli-
zumab followed by nivolumab.

Notably, immune checkpoint inhibitor (ICI) 
therapy was a risk factor for severe outcomes 
in immunotherapy-receiving patients inde-
pendent of age, cancer type, and other 

comorbidities. The trend seen in 
the univariate analysis was also 
observed in the multivariate anal-
ysis, where the ORs for ICI use and 
hospitalization and severe COVID-19 
were 2.84 (95% CI, 1.24-6.72;  
P = .013) and 2.74 (95% CI, 1.37-5.46; 
P = .004), respectively. 

Study author Tobias M. Hohl, 
MD, PhD, said these results were 

unexpected. “Our finding that immune 
checkpoint inhibitors correlated with more 
severe disease, in particular the need for 
oxygen support, was a little surprising,” Hohl 
explained in an interview with OncologyLive®.

LUNG CANCER RISKS 
Data indicated that COVID-19 outcomes 
were more severe in ICI recipients with lung 
cancer compared with any other malignancy. 
“This was expected based on the organ that 
COVID-19 primarily affects,” said Hohl, chief 
of Infectious Diseases Service at MSK in New 
York, New York.

In a stratum-specific point estimate of 
outcomes by immunotherapy treatment 
and underlying solid cancer stratified by 
lung versus nonlung cancer, investigators 

observed higher rates of hospitalization and 
worsened COVID-19 infection in patients with 
lung cancer. Data indicated that 83% (10 of 12) 
and 58% (7 of 12) of ICI-treated patients with 
lung cancer were hospitalized and had severe 
respiratory illness, respectively, versus 47% 
(8 of 17) and 26% (5 of 19) of patients with 
other solid tumors. Investigators said these 
phenomena could possibly be attributed to 
ICI-triggered immune dysregulation through 
T-cell activation resulting in ICI-related lung 
injury. Subsequently, this could lead to acute 
respiratory distress syndrome, which is 
recognized as a complication of COVID-19.

“One hypothesis that comes out of our 
observations is that an overly robust 
immune response can be damaging in 
patients with COVID-19 and cancer and can 
make it more challenging for the lung to 
perform its oxygen exchange function,”  
Hohl said. “This need for more oxygen in 
these patients might be linked to a more 
robust or overly robust immune response 
triggered by this class of agents. We don’t 
have data to test this hypothesis because at 
the peak of the epidemic, we were not able 
to collect the kinds of biological samples 
that would allow us to address this question 
more mechanistically, but this analysis will 
certainly come later.” 

IMPACT OF RECENT THERAPY
In addition to ICI therapy, age greater than  
65 years also correlated with increased hospi-
talization and severe COVID-19. Of note, C
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neither metastatic disease nor recent  
treatment with chemotherapy or major 
surgery undergone within 30 days of 
receiving a diagnosis of COVID-19 were 
significantly associated with higher  
hospitalization rates or worsened COVID-19.

When metastatic disease, systemic chemo-
therapy, and major surgery were evaluated as 
predictors for hospitalization, the univariate 
ORs were 0.89 (95% CI, 0.53-1.50; P = .647), 
1.04 (95% CI, 0.70-1.54; P = .845), and  
1.24 (95% CI, 0.53-2.84; P = .612), respectively. 
In a univariate analysis of the predictors for 
severe respiratory illness, the univariate 
ORs for these measures were 0.87 (95% CI, 
0.48-1.59; P = .658), 1.19 (95% CI, 0.78-
1.82; P = .407), and 1.31 (95% CI, 0.63-2.71; 
P = .464), respectively.

“This is probably the most important finding 
of our study, and the most reassuring in terms 
of oncologic practice,” Hohl said. “One of our 
huge concerns was whether patients could 
undergo surgery or chemotherapy during the 
pandemic, so it was very reassuring to us 
that patients who had very recently received 
these interventions within 30 days of develop-
ing disease had similar COVID-19 outcomes 
compared with patients who had not received 
a major surgery or active chemotherapy.”

Hohl said these data affirm that clinicians 
and patients should neither stop nor postpone 
cancer treatment. “This study makes it 
clear that cancer does not wait. I think the 

important message 
is patients are 
diagnosed with 
new cancers every 
day and patients 
with cancer can 
get sick with 
COVID-19, but 
in almost every 
case, a diagnosis 
of cancer is worse 
than a diagno-
sis of COVID-19, 
so it is incumbent 
upon us to make 
sure that patients 
get treated and 
we don’t lose 
people because of 
treatment delays.”

PATIENT CHARACTERISTICS
Most of the 423 patients included in the 
final study population were adults over the 
age of 60 (56%, n = 234) who were followed 
for a minimum of 30 days after their initial 
COVID-19 diagnosis. Nearly half of the 
population (n = 184) had solid tumors, with 
breast, colorectal, and lung cancers prov-
ing to be the most common nonhematologic 
malignancies, accounting for 20%, 9%, and 
8% of the solid cancers observed in the 
study, respectively. There were 102 patients 
with hematologic malignancies. Specifically, 
8%, 11%, and 5% of patients were diagnosed 
with leukemia, lymphoma, and myeloma. 

Among the 423 patients in the general 
population, 40% (168) were hospitalized 
for COVID-19, 11% (47) required high-flow 
oxygen, and 9%, mechanical ventilation. 
Twenty percent developed severe respira-
tory illness and 12% died within 30 days of 
their COVID-19 diagnosis. The fatality rates 
for the 168 patients admitted to the hospital 
and the 48 patients admitted to the intensive 
care unit were 24% and 35%, respectively. 

In both univariate and multivariate analy-
ses, patients with hematologic cancers had an 
increased risk of hospitalization and severe 
respiratory illness. In the univariate analysis, 
hematologic malignancies were the second 
highest predictor of hospitalization (OR, 2.24; 
95% CI, 1.25-4.06; P = .007) and the fifth high-
est predictor of worsened respiratory illness 

(OR, 1.69; 95% CI, 0.92-3.10; P = .092). In the 
multivariate analysis, hematologic cancers 
were the second most influential predictor of 
both hospitalization (OR, 2.49; 95% CI, 1.35-
4.67; P = .003) and severe respiratory illness 
(OR, 1.79; 95% CI, 0.97-3.32; P = .063). 

CLINICAL IMPLICATIONS
The investigators said the study reports the 
“most extensive single-institution expe-
rience in patients with cancer from the 
epicenter of the United States outbreak” 
published to date and noted that the asso-
ciation seen between ICI use and COVID-19 
outcomes will require further study in 
tumor-specific cohorts. Further, a compara-
tive analysis of COVID-19 outcomes between 
patients with cancer and patients without 
cancer should also be conducted. 

Moving forward, authors said results from 
the MSK study should be interpreted with 
caution due to the limitations of the ICI data 
set in evaluating tumor-specific risk. They 
also recommended increased vigilance with 
SARS-CoV-2 testing in patients who are 
either initiating or continuing immuno- 
therapy, as certain questions remain 
regarding the clinical implications of ICIs in 
patients with cancer and COVID-19. Beyond 
adjusting for comorbidities and patients 
with cancer on active therapy, future  
analyses should implement a uniform test-
ing strategy and enable the assessment of 
the clinical effect of interrupting cancer 
care, they added.

“One of the areas we need to study further 
is whether there is a time dependency to 
immunotherapy use. We looked at patients 
who received immune checkpoint inhibitors 
within 90 days of developing COVID-19…
but if immunotherapy was administered 
6 months prior, it may no longer matter. 
Similarly, there might be a window during 
which patients receive chemotherapy that is 
critical to outcomes,” Hohl said.

Hohl added that MSK is currently collabo-
rating with its oncology colleagues to conduct 
more “in-depth” studies on COVID-19 in 
patients with cancer. n

R E F E R E N C E

1.  Robilotti EV, Babady NE, Mead PA, et al. Determinants of COVID-19 

disease severity in patients with cancer. Nat Med. Published online 

June 24, 2020. doi:10.1039/s41591-020-0979-0

TABLE. Most Common Predictors for  COVID-19 Hospital izat ion,  
Respiratory I l lness Severity 1

Predictor Univariate OR (95% CI) P value

Hospitalization, by logistic regression (n = 411)a

ICI therapy 2.53 (1.18-5.67) .017

Hematologic malignancy 2.24 (1.25-4.06) .007

Cardiac disorder 1.86 (1.13-3.07) .015

Chronic lymphopenia or corticosteroids 1.86 (1.11-3.15) .019

Hypertension/chronic kidney disease 1.84 (1.24-2.75) .003

Severe respiratory illness, by Cox proportional hazard (n = 423)

ICI therapy 2.38 (1.29-4.38) .005

Age (> 65 years) 2.02 (1.33-3.08) .001

Cardiac disorder 2.02 (1.28-3.19) .002

Smoking (current/former) 1.78 (1.17-2.72) .007

Hematologic malignancy 1.69 (0.92-3.10) .092

COVID-19, coronavirus disease 2019; ICI, immune checkpoint inhibitor; OR, odds ratio. 
aTwelve patients were excluded from this end point because they were already hospitalized for other 
reasons before testing positive for severe acute respiratory syndrome coronavirus 2 with ribonucleic acid 
polymerase chain reaction testing.
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with  ONIV YDE ®

The first and only FDA-approved treatment, in combination with 5-FU/LV, for metastatic 
pancreatic cancer after gemcitabine-based therapy, proven to extend overall survival (OS)1

IN POST-GEMCITABINE 
METASTATIC PANCREATIC CANCER

INDICATION
ONIVYDE® (irinotecan liposome injection) is indicated, in combination with fluorouracil (5-FU) and leucovorin (LV), for the treatment of patients with metastatic 
adenocarcinoma of the pancreas after disease progression following gemcitabine-based therapy.
Limitation of Use: ONIVYDE is not indicated as a single agent for the treatment of patients with metastatic adenocarcinoma of the pancreas.
IMPORTANT SAFETY INFORMATION

WARNING: SEVERE NEUTROPENIA and SEVERE DIARRHEA
Fatal neutropenic sepsis occurred in 0.8% of patients receiving ONIVYDE. Severe or life-threatening neutropenic fever or sepsis occurred in 3% and severe 
or life-threatening neutropenia occurred in 20% of patients receiving ONIVYDE in combination with 5-FU and LV. Withhold ONIVYDE for absolute 
neutrophil count below 1500/mm3 or neutropenic fever. Monitor blood cell counts periodically during treatment.
Severe diarrhea occurred in 13% of patients receiving ONIVYDE in combination with 5-FU/LV. Do not administer ONIVYDE to patients with bowel 
obstruction. Withhold ONIVYDE for diarrhea of Grade 2–4 severity. Administer loperamide for late diarrhea of any severity. Administer atropine, if not 
contraindicated, for early diarrhea of any severity.

CONTRAINDICATION
ONIVYDE is contraindicated in patients who have experienced a severe 
hypersensitivity reaction to ONIVYDE or irinotecan HCl.
WARNINGS AND PRECAUTIONS
Severe Neutropenia
ONIVYDE can cause severe or life-threatening neutropenia and fatal 
neutropenic sepsis. In a clinical study, the incidence of fatal neutropenic sepsis 
was 0.8% among patients receiving ONIVYDE, occurring in 1/117 patients 
in the ONIVYDE + 5-FU/LV arm and 1/147 patients receiving ONIVYDE 
as a single agent. Severe or life-threatening neutropenia occurred in 20% of 
patients receiving ONIVYDE + 5-FU/LV vs 2% of patients receiving 5-FU/
LV. Grade 3/4 neutropenic fever/neutropenic sepsis occurred in 3% of patients 
receiving ONIVYDE + 5-FU/LV, and did not occur in patients receiving 5-FU/
LV. In patients receiving ONIVYDE + 5-FU/LV, the incidence of Grade 3/4 
neutropenia was higher among Asian (18/33 [55%]) vs White patients (13/73 
[18%]). Neutropenic fever/neutropenic sepsis was reported in 6% of Asian vs 1% 
of White patients.
Severe Diarrhea
ONIVYDE can cause severe and life-threatening diarrhea. Do not administer 
ONIVYDE to patients with bowel obstruction. Severe and life-threatening  
late-onset (onset >24 hours after chemotherapy) and early-onset diarrhea (onset 
≤24 hours after chemotherapy, sometimes with other symptoms of cholinergic 
reaction) were observed. An individual patient may experience both early- and 
late-onset diarrhea. 
In a clinical study, Grade 3/4 diarrhea occurred in 13% of patients receiving 
ONIVYDE + 5-FU/LV vs 4% receiving 5-FU/LV. Grade 3/4 late-onset diarrhea 
occurred in 9% of patients receiving ONIVYDE + 5-FU/LV vs 4% in patients 

receiving 5-FU/LV; the incidences of early-onset diarrhea were 3% and no 
Grade 3/4 incidences, respectively. Of patients receiving ONIVYDE + 5-FU/LV, 
34% received loperamide for late-onset diarrhea and 26% received atropine for 
early-onset diarrhea.
Interstitial Lung Disease (ILD)
Irinotecan HCl can cause severe and fatal ILD. Withhold ONIVYDE in patients 
with new or progressive dyspnea, cough, and fever, pending diagnostic evaluation. 
Discontinue ONIVYDE in patients with a confirmed diagnosis of ILD.
Severe Hypersensitivity Reactions
Irinotecan HCl can cause severe hypersensitivity reactions, including anaphylactic 
reactions. Permanently discontinue ONIVYDE in patients who experience a 
severe hypersensitivity reaction.
Embryo-Fetal Toxicity
Based on animal data with irinotecan HCl and the mechanism of action of 
ONIVYDE, ONIVYDE 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 to use effective contraception during and for 1 month after 
ONIVYDE treatment.
ADVERSE REACTIONS
• The most common (≥20%) adverse reactions in which patients receiving 

ONIVYDE + 5-FU/LV experienced a ≥5% higher incidence of any Grade vs the 
5-FU/LV arm, were diarrhea (any 59%, 26%; severe 13%, 4%) (early diarrhea 
[any 30%, 15%; severe 3%, 0%], late diarrhea [any 43%, 17%; severe 9%, 4%]), 
fatigue/asthenia (any 56%, 43%; severe 21%, 10%), vomiting (any 52%, 26%; 

* Liposomal irinotecan + 5-FU/LV is the only Category 1 National Comprehensive 
Cancer Network® (NCCN®) chemotherapy recommendation for patients with post-
gemcitabine metastatic pancreatic cancer with good performance status and disease 
progression.2 NCCN makes no warranties of any kind whatsoever regarding their 
content, use, or application and disclaims any responsibility for their application or 
use in any way.

†  NAPOLI-1 was a global, phase 3, randomized, open-label, multicenter trial in 
patients (N=417) with metastatic adenocarcinoma of the pancreas whose disease 

had progressed following gemcitabine-based therapy. Patients were initially 
randomized to receive ONIVYDE® (100 mg/m2 every 3 weeks) or 5-FU/LV. After  
63 patients were enrolled, a third arm, ONIVYDE® (70 mg/m2 every 2 weeks) 
+ 5-FU/LV, was added. Treatment was continued until disease progression or 
unacceptable toxicity. The primary endpoint was median OS. Additional efficacy 
endpoints were progression-free survival and objective response rate.1,4

References: 1. ONIVYDE® [package insert]. Basking Ridge, NJ. Ipsen Biopharmaceuticals, Inc.; 
2017. 2. Referenced with permission from the NCCN Clinical Practice Guidelines in Oncology 
(NCCN Guidelines®) for Pancreatic Adenocarcinoma V.3.2017. © National Comprehensive Cancer 
Network, Inc. 2017. All rights reserved. Accessed November 2, 2017. To view the most recent and 
complete version of the guideline, go online to NCCN.org. NATIONAL COMPREHENSIVE 

CANCER NETWORK®, NCCN®, NCCN GUIDELINES®, and all other NCCN Content are 
trademarks owned by the National Comprehensive Cancer Network, Inc. 3. Data on file #1. Basking 
Ridge, NJ. Ipsen Biopharmaceuticals, Inc.; 2015. 4. Wang-Gillam A, Li C-P, Bodoky G, et al. Lancet. 
2016;387:545-557. 

For more information, visit ONIVYDEinfo.com

severe 11%, 3%), nausea (any 51%, 34%; severe 8%, 4%), decreased appetite 
(any 44%, 32%; severe 4%, 2%), stomatitis (any 32%, 12%; severe 4%, 1%), 
pyrexia (any 23%, 11%; severe 2%, 1%).

• Of less common (<20%) adverse reactions, patients receiving ONIVYDE 
+ 5-FU/LV who experienced Grade 3/4 adverse reactions at a ≥2% higher 
incidence of Grade 3/4 toxicity vs the 5-FU/LV arm, respectively, were sepsis 
(3%, 1%), neutropenic fever/neutropenic sepsis (3%, 0%), gastroenteritis (3%, 
0%), intravenous catheter-related infection (3%, 0%), weight loss (2%, 0%), 
and dehydration (4%, 2%).

• The laboratory abnormalities in which patients receiving ONIVYDE +  
5-FU/LV experienced a ≥5% higher incidence vs the 5-FU/LV arm, were 
anemia (any 97%, 86%; severe 6%, 5%), lymphopenia (any 81%, 75%; severe 
27%, 17%), neutropenia (any 52%, 6%; severe 20%, 2%), thrombocytopenia 
(any 41%, 33%; severe 2%, 0%), increased alanine aminotransferase (any 
51%, 37%; severe 6%, 1%), hypoalbuminemia (any 43%, 30%; severe 2%, 
0%), hypomagnesemia (any 35%, 21%; severe 0%, 0%), hypokalemia (any 
32%, 19%; severe 2%, 2%), hypocalcemia (any 32%, 20%; severe 1%, 0%), 
hypophosphatemia (any 29%, 18%; severe 4%, 1%), hyponatremia (any 27%, 
12%; severe 5%, 3%), increased creatinine (any 18%, 13%; severe 0%, 0%). 

• ONIVYDE can cause cholinergic reactions manifesting as rhinitis, increased 
salivation, flushing, bradycardia, miosis, lacrimation, diaphoresis, and intestinal 
hyperperistalsis with abdominal cramping and early-onset diarrhea. Grade 
1/2 cholinergic symptoms other than early diarrhea occurred in 12 (4.5%) 
ONIVYDE-treated patients.

• Infusion reactions, consisting of rash, urticaria, periorbital edema, or pruritus, 
occurring on the day of ONIVYDE administration were reported in 3% of 
patients receiving ONIVYDE or ONIVYDE + 5-FU/LV.

• The most common serious adverse reactions (≥2%) of ONIVYDE were 
diarrhea, vomiting, neutropenic fever or neutropenic sepsis, nausea, pyrexia, 
sepsis, dehydration, septic shock, pneumonia, acute renal failure,  
and thrombocytopenia.

DRUG INTERACTIONS
Avoid the use of strong CYP3A4 inducers, if possible, and substitute  
non-enzyme–inducing therapies ≥2 weeks prior to initiation of ONIVYDE.  
Avoid the use of strong CYP3A4 or UGT1A1 inhibitors, if possible, and 
discontinue strong CYP3A4 inhibitors ≥1 week prior to starting therapy.
USE IN SPECIFIC POPULATIONS
Pregnancy and Reproductive Potential
Advise pregnant women of the potential risk to a fetus. Advise males with female 
partners of reproductive potential to use effective contraception during and for  
4 months after ONIVYDE treatment.
Lactation
Advise nursing women not to breastfeed during and for 1 month after  
ONIVYDE treatment.
Pediatric
Safety and effectiveness of ONIVYDE have not been established in  
pediatric patients.
DOSAGE AND ADMINISTRATION
The recommended dose of ONIVYDE is 70 mg/m2 intravenous (IV) infusion 
over 90 minutes every 2 weeks, administered prior to LV and 5-FU. The 
recommended starting dose of ONIVYDE in patients known to be homozygous 
for the UGT1A1*28 allele is 50 mg/m2 administered by IV infusion over   
90 minutes. There is no recommended dose of ONIVYDE for patients with 
serum bilirubin above the upper limit of normal. Premedicate with a corticosteroid 
and an anti-emetic 30 minutes prior to ONIVYDE. Withhold ONIVYDE for 
Grade 3/4 adverse reactions. Resume ONIVYDE with reduced dose once 
adverse reaction recovered to ≤Grade 1. Discontinue ONIVYDE in patients who 
experience a severe hypersensitivity reaction and in patients with a confirmed 
diagnosis of ILD.
Do not substitute ONIVYDE for other drugs containing irinotecan HCl.

ONIVYDE®: RECOMMENDED &  
FDA-APPROVED BASED ON EVIDENCE

THE ONLY CATEGORY 1 
NCCN® CHEMOTHERAPY 
RECOMMENDATION IN POST-
GEMCITABINE METASTATIC 
PANCREATIC CANCER2*

FDA-APPROVED FOR METASTATIC 
PANCREATIC CANCER AFTER 
GEMCITABINE1

•  Proven in combination with 5-FU/LV in NAPOLI-1—the largest 
phase 3 trial† in patients with metastatic pancreatic cancer with 
disease progression after gemcitabine-based therapy3,4

Please see additional Important Safety Information throughout and Brief Summary of Full Prescribing Information, including 
Boxed Warning, on adjacent pages.

©2018 Ipsen Biopharmaceuticals, Inc. All rights reserved.
ONIVYDE is a registered trademark of Ipsen Biopharm Ltd.
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was 0.8% among patients receiving ONIVYDE, occurring in 1/117 patients 
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In a clinical study, Grade 3/4 diarrhea occurred in 13% of patients receiving 
ONIVYDE + 5-FU/LV vs 4% receiving 5-FU/LV. Grade 3/4 late-onset diarrhea 
occurred in 9% of patients receiving ONIVYDE + 5-FU/LV vs 4% in patients 

receiving 5-FU/LV; the incidences of early-onset diarrhea were 3% and no 
Grade 3/4 incidences, respectively. Of patients receiving ONIVYDE + 5-FU/LV, 
34% received loperamide for late-onset diarrhea and 26% received atropine for 
early-onset diarrhea.
Interstitial Lung Disease (ILD)
Irinotecan HCl can cause severe and fatal ILD. Withhold ONIVYDE in patients 
with new or progressive dyspnea, cough, and fever, pending diagnostic evaluation. 
Discontinue ONIVYDE in patients with a confirmed diagnosis of ILD.
Severe Hypersensitivity Reactions
Irinotecan HCl can cause severe hypersensitivity reactions, including anaphylactic 
reactions. Permanently discontinue ONIVYDE in patients who experience a 
severe hypersensitivity reaction.
Embryo-Fetal Toxicity
Based on animal data with irinotecan HCl and the mechanism of action of 
ONIVYDE, ONIVYDE 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 to use effective contraception during and for 1 month after 
ONIVYDE treatment.
ADVERSE REACTIONS
• The most common (≥20%) adverse reactions in which patients receiving 

ONIVYDE + 5-FU/LV experienced a ≥5% higher incidence of any Grade vs the 
5-FU/LV arm, were diarrhea (any 59%, 26%; severe 13%, 4%) (early diarrhea 
[any 30%, 15%; severe 3%, 0%], late diarrhea [any 43%, 17%; severe 9%, 4%]), 
fatigue/asthenia (any 56%, 43%; severe 21%, 10%), vomiting (any 52%, 26%; 

* Liposomal irinotecan + 5-FU/LV is the only Category 1 National Comprehensive 
Cancer Network® (NCCN®) chemotherapy recommendation for patients with post-
gemcitabine metastatic pancreatic cancer with good performance status and disease 
progression.2 NCCN makes no warranties of any kind whatsoever regarding their 
content, use, or application and disclaims any responsibility for their application or 
use in any way.

†  NAPOLI-1 was a global, phase 3, randomized, open-label, multicenter trial in 
patients (N=417) with metastatic adenocarcinoma of the pancreas whose disease 

had progressed following gemcitabine-based therapy. Patients were initially 
randomized to receive ONIVYDE® (100 mg/m2 every 3 weeks) or 5-FU/LV. After  
63 patients were enrolled, a third arm, ONIVYDE® (70 mg/m2 every 2 weeks) 
+ 5-FU/LV, was added. Treatment was continued until disease progression or 
unacceptable toxicity. The primary endpoint was median OS. Additional efficacy 
endpoints were progression-free survival and objective response rate.1,4

References: 1. ONIVYDE® [package insert]. Basking Ridge, NJ. Ipsen Biopharmaceuticals, Inc.; 
2017. 2. Referenced with permission from the NCCN Clinical Practice Guidelines in Oncology 
(NCCN Guidelines®) for Pancreatic Adenocarcinoma V.3.2017. © National Comprehensive Cancer 
Network, Inc. 2017. All rights reserved. Accessed November 2, 2017. To view the most recent and 
complete version of the guideline, go online to NCCN.org. NATIONAL COMPREHENSIVE 

CANCER NETWORK®, NCCN®, NCCN GUIDELINES®, and all other NCCN Content are 
trademarks owned by the National Comprehensive Cancer Network, Inc. 3. Data on file #1. Basking 
Ridge, NJ. Ipsen Biopharmaceuticals, Inc.; 2015. 4. Wang-Gillam A, Li C-P, Bodoky G, et al. Lancet. 
2016;387:545-557. 

For more information, visit ONIVYDEinfo.com

severe 11%, 3%), nausea (any 51%, 34%; severe 8%, 4%), decreased appetite 
(any 44%, 32%; severe 4%, 2%), stomatitis (any 32%, 12%; severe 4%, 1%), 
pyrexia (any 23%, 11%; severe 2%, 1%).

• Of less common (<20%) adverse reactions, patients receiving ONIVYDE 
+ 5-FU/LV who experienced Grade 3/4 adverse reactions at a ≥2% higher 
incidence of Grade 3/4 toxicity vs the 5-FU/LV arm, respectively, were sepsis 
(3%, 1%), neutropenic fever/neutropenic sepsis (3%, 0%), gastroenteritis (3%, 
0%), intravenous catheter-related infection (3%, 0%), weight loss (2%, 0%), 
and dehydration (4%, 2%).

• The laboratory abnormalities in which patients receiving ONIVYDE +  
5-FU/LV experienced a ≥5% higher incidence vs the 5-FU/LV arm, were 
anemia (any 97%, 86%; severe 6%, 5%), lymphopenia (any 81%, 75%; severe 
27%, 17%), neutropenia (any 52%, 6%; severe 20%, 2%), thrombocytopenia 
(any 41%, 33%; severe 2%, 0%), increased alanine aminotransferase (any 
51%, 37%; severe 6%, 1%), hypoalbuminemia (any 43%, 30%; severe 2%, 
0%), hypomagnesemia (any 35%, 21%; severe 0%, 0%), hypokalemia (any 
32%, 19%; severe 2%, 2%), hypocalcemia (any 32%, 20%; severe 1%, 0%), 
hypophosphatemia (any 29%, 18%; severe 4%, 1%), hyponatremia (any 27%, 
12%; severe 5%, 3%), increased creatinine (any 18%, 13%; severe 0%, 0%). 

• ONIVYDE can cause cholinergic reactions manifesting as rhinitis, increased 
salivation, flushing, bradycardia, miosis, lacrimation, diaphoresis, and intestinal 
hyperperistalsis with abdominal cramping and early-onset diarrhea. Grade 
1/2 cholinergic symptoms other than early diarrhea occurred in 12 (4.5%) 
ONIVYDE-treated patients.

• Infusion reactions, consisting of rash, urticaria, periorbital edema, or pruritus, 
occurring on the day of ONIVYDE administration were reported in 3% of 
patients receiving ONIVYDE or ONIVYDE + 5-FU/LV.

• The most common serious adverse reactions (≥2%) of ONIVYDE were 
diarrhea, vomiting, neutropenic fever or neutropenic sepsis, nausea, pyrexia, 
sepsis, dehydration, septic shock, pneumonia, acute renal failure,  
and thrombocytopenia.

DRUG INTERACTIONS
Avoid the use of strong CYP3A4 inducers, if possible, and substitute  
non-enzyme–inducing therapies ≥2 weeks prior to initiation of ONIVYDE.  
Avoid the use of strong CYP3A4 or UGT1A1 inhibitors, if possible, and 
discontinue strong CYP3A4 inhibitors ≥1 week prior to starting therapy.
USE IN SPECIFIC POPULATIONS
Pregnancy and Reproductive Potential
Advise pregnant women of the potential risk to a fetus. Advise males with female 
partners of reproductive potential to use effective contraception during and for  
4 months after ONIVYDE treatment.
Lactation
Advise nursing women not to breastfeed during and for 1 month after  
ONIVYDE treatment.
Pediatric
Safety and effectiveness of ONIVYDE have not been established in  
pediatric patients.
DOSAGE AND ADMINISTRATION
The recommended dose of ONIVYDE is 70 mg/m2 intravenous (IV) infusion 
over 90 minutes every 2 weeks, administered prior to LV and 5-FU. The 
recommended starting dose of ONIVYDE in patients known to be homozygous 
for the UGT1A1*28 allele is 50 mg/m2 administered by IV infusion over   
90 minutes. There is no recommended dose of ONIVYDE for patients with 
serum bilirubin above the upper limit of normal. Premedicate with a corticosteroid 
and an anti-emetic 30 minutes prior to ONIVYDE. Withhold ONIVYDE for 
Grade 3/4 adverse reactions. Resume ONIVYDE with reduced dose once 
adverse reaction recovered to ≤Grade 1. Discontinue ONIVYDE in patients who 
experience a severe hypersensitivity reaction and in patients with a confirmed 
diagnosis of ILD.
Do not substitute ONIVYDE for other drugs containing irinotecan HCl.

ONIVYDE®: RECOMMENDED &  
FDA-APPROVED BASED ON EVIDENCE

THE ONLY CATEGORY 1 
NCCN® CHEMOTHERAPY 
RECOMMENDATION IN POST-
GEMCITABINE METASTATIC 
PANCREATIC CANCER2*

FDA-APPROVED FOR METASTATIC 
PANCREATIC CANCER AFTER 
GEMCITABINE1

•  Proven in combination with 5-FU/LV in NAPOLI-1—the largest 
phase 3 trial† in patients with metastatic pancreatic cancer with 
disease progression after gemcitabine-based therapy3,4

Please see additional Important Safety Information throughout and Brief Summary of Full Prescribing Information, including 
Boxed Warning, on adjacent pages.

©2018 Ipsen Biopharmaceuticals, Inc. All rights reserved.
ONIVYDE is a registered trademark of Ipsen Biopharm Ltd.
All other trademarks are the property of their respective owners.
March 2018 ONV-US-001002.
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ONIVYDE® (irinotecan liposome injection) for intravenous use  
Initial U.S. Approval: 1996 
 
BRIEF SUMMARY: refer to full Prescribing Information for 
complete product information. 
 
1. INDICATIONS AND USAGE 
ONIVYDE® is indicated, in combination with 5-FU/LV, for the treatment of 
patients with metastatic adenocarcinoma of the pancreas after disease 
progression following gemcitabine-based therapy. 
Limitation of Use: ONIVYDE® is not indicated as a single agent for the 
treatment of patients with metastatic adenocarcinoma of the pancreas 
(see Clinical Studies, 14). 
 

WARNING: SEVERE NEUTROPENIA and SEVERE DIARRHEA 
Fatal neutropenic sepsis occurred in 0.8% of patients receiving 
ONIVYDE®. Severe or life-threatening neutropenic fever or sepsis 
occurred in 3% and severe or life-threatening neutropenia occurred in 
20% of patients receiving ONIVYDE® in combination with fluorouracil (5-
FU) and leucovorin (LV). Withhold ONIVYDE® for absolute neutrophil 
count below 1500/mm3 or neutropenic fever. Monitor blood cell counts 
periodically during treatment. (see Dosing and Administration 2.2, 5.1) 
Severe diarrhea occurred in 13% of patients receiving ONIVYDE®/5-
FU/LV. Do not administer ONIVYDE® to patients with bowel obstruction. 
Withhold ONIVYDE® for diarrhea of Grade 2–4 severity. Administer 
loperamide for late diarrhea of any severity. Administer atropine, if not 
contraindicated, for early diarrhea of any severity. (see Dosing and 
Administration 2.2, see Warnings and Precautions 5.2) 
 
 
4 CONTRAINDICATIONS 
ONIVYDE® is contraindicated in patients who have experienced a severe 
hypersensitivity reaction to ONIVYDE® or irinotecan HCl. 
 
5 WARNINGS AND PRECAUTIONS 
5.1 Severe Neutropenia: ONIVYDE® can cause severe or life-threatening 
neutropenia and fatal neutropenic sepsis. In Study 1, the incidence of 
fatal neutropenic sepsis was 0.8% among patients receiving ONIVYDE®, 
occurring in 1/117 patients in the ONIVYDE®/5-FU/LV arm and 1/147 
patients receiving single-agent ONIVYDE®. Severe or life-threatening 
neutropenia occurred in 20% of patients receiving ONIVYDE®/5-FU/LV 
compared to 2% of patients receiving fluorouracil/leucovorin alone (5-
FU/LV). Grade 3/4 neutropenic fever/neutropenic sepsis occurred in 3% 
of patients receiving ONIVYDE®/5-FU/LV, and did not occur in patients 
receiving 5-FU/LV. 
In patients receiving ONIVYDE®/5-FU/LV, the incidence of Grade 3/4 
neutropenia was higher among Asian patients (18/33 [55%]) vs White 
patients (13/73 [18%]). Neutropenic fever/neutropenic sepsis was 
reported in 6% of Asian patients vs 1% of White patients (see Clinical 
Pharmacology, 12.3). 
Monitor complete blood cell counts on Days 1 and 8 of every cycle and 
more frequently if clinically indicated. Withhold ONIVYDE® if the absolute 
neutrophil count (ANC) is below 1500/mm3 or if neutropenic fever occurs. 
Resume ONIVYDE® when the ANC is 1500/mm3 or above. Reduce 
ONIVYDE® dose for Grade 3–4 neutropenia or neutropenic fever following 
recovery in subsequent cycles (see Dosage and Administration, 2.2). 
5.2 Severe Diarrhea: ONIVYDE® can cause severe and life-threatening 
diarrhea. Do not administer ONIVYDE® to patients with bowel 
obstruction. 
Severe or life-threatening diarrhea followed one of two patterns: late-
onset diarrhea (onset ˃24 hours following chemotherapy) and early-onset 
diarrhea (onset ≤24 hours of chemotherapy, sometimes occurring with 
other symptoms of cholinergic reaction) (see Cholinergic Reactions, 6.1). 
An individual patient may experience both early- and late-onset diarrhea. 
In Study 1, Grade 3 or 4 diarrhea occurred in 13% receiving ONIVYDE®/5-
FU/LV vs 4% receiving 5-FU/LV. The incidence of Grade 3 or 4 late-onset 
diarrhea was 9% in patients receiving ONIVYDE®/5-FU/LV vs 4% in 
patients receiving 5-FU/LV. The incidence of Grade 3 or 4 early-onset 

diarrhea was 3% in patients receiving ONIVYDE®/5-FU/LV vs none in 
patients receiving 5-FU/LV. Of patients receiving ONIVYDE®/5-FU/LV in 
Study 1, 34% received loperamide for late-onset diarrhea and 26% 
received atropine for early-onset diarrhea. Withhold ONIVYDE® for Grade 
2–4 diarrhea. Initiate loperamide for late-onset diarrhea of any severity. 
Administer IV or subcutaneous atropine 0.25–1 mg (unless clinically 
contraindicated) for early-onset diarrhea of any severity. Following 
recovery to Grade 1 diarrhea, resume ONIVYDE® at a reduced dose (see 
Dosage and Administration, 2.2). 
5.3 Interstitial Lung Disease (ILD): Irinotecan HCl can cause severe and 
fatal ILD. Withhold ONIVYDE® in patients with new or progressive 
dyspnea, cough, and fever, pending diagnostic evaluation. Discontinue 
ONIVYDE® in patients with a confirmed diagnosis of ILD. 
5.4 Severe Hypersensitivity Reaction: Irinotecan HCl can cause severe 
hypersensitivity reactions, including anaphylactic reactions. Permanently 
discontinue ONIVYDE® in patients who experience a severe 
hypersensitivity reaction. 
5.5 Embryo-Fetal Toxicity: Based on animal data with irinotecan HCl and 
the mechanism of action of ONIVYDE®, ONIVYDE® can cause fetal harm 
when administered to a pregnant woman. Embryotoxicity and 
teratogenicity were observed following treatment with irinotecan HCl, at 
doses resulting in irinotecan exposures lower than those achieved with 
ONIVYDE® 70 mg/m2 in humans, administered to pregnant rats and 
rabbits during organogenesis. Advise pregnant women of the potential 
risk to a fetus. Advise females of reproductive potential to use effective 
contraception during treatment with ONIVYDE® and for 1 month 
following the final dose (see Use in Specific Populations, 8.1, 8.3; Clinical 
Pharmacology, 12.1). 
 
6 ADVERSE REACTIONS 
The following adverse drug reactions are discussed in greater detail in 
other sections of the label: 
• Severe Neutropenia (see Warnings and Precautions, 5.1; Boxed 

Warning) 
• Severe Diarrhea (see Warnings and Precautions, 5.2; Boxed Warning) 
• Interstitial Lung Disease (see Warnings and Precautions, 5.3) 
• Severe Hypersensitivity Reactions (see Warnings and Precautions, 5.4) 
6.1 Clinical Trials Experience 
The safety data described below are derived from patients with 
metastatic adenocarcinoma of the pancreas previously treated with 
gemcitabine-based therapy who received any part of protocol-specified 
therapy in Study 1, an international, randomized, active-controlled, open-
label trial. Protocol-specified therapy consisted of ONIVYDE® 70 mg/m2 
with LV 400 mg/m2 and 5-FU 2400 mg/m2 over 46 hours every 2 weeks 
(ONIVYDE®/5-FU/LV; n=117), ONIVYDE® 100 mg/m2 every 3 weeks 
(n=147), or LV 200 mg/m2 and 5-FU 2000 mg/m2 over 24 hours weekly for 
4 weeks followed by 2 week rest (5-FU/LV; n=134) (see Clinical Studies, 
14). Serum bilirubin within the institutional normal range, albumin ≥3 
g/dL, and Karnofsky Performance Status (KPS) ≥70 were required for 
study entry. The median duration of exposure was 9 weeks in the 
ONIVYDE®/5-FU/LV arm, 9 weeks in the ONIVYDE® monotherapy arm and 
6 weeks in the 5-FU/LV arm. 
The most common adverse reactions (≥20%) of ONIVYDE® were diarrhea, 
fatigue/asthenia, vomiting, nausea, decreased appetite, stomatitis, and 
pyrexia. The most common, severe laboratory abnormalities (≥10%, 
Grade 3 or 4) were lymphopenia and neutropenia. The most common 
serious adverse reactions (≥2%) of ONIVYDE® were diarrhea, vomiting, 
neutropenic fever or neutropenic sepsis, nausea, pyrexia, sepsis, 
dehydration, septic shock, pneumonia, acute renal failure, and 
thrombocytopenia. 
Adverse reactions led to permanent discontinuation of ONIVYDE® in 11% 
of patients receiving ONIVYDE®/5-FU/LV; the most frequent adverse 
reactions resulting in discontinuation of ONIVYDE® were diarrhea, 
vomiting, and sepsis. Dose reductions of ONIVYDE® for adverse reactions 
occurred in 33% of patients receiving ONIVYDE®/5-FU/LV; the most 
frequent adverse reactions requiring dose reductions were neutropenia, 
diarrhea, nausea, and anemia. ONIVYDE® was withheld or delayed for 
adverse reactions in 62% of patients receiving ONIVYDE®/5-FU/LV; the 
most frequent adverse reactions requiring interruption or delays were 
neutropenia, diarrhea, fatigue, vomiting, and thrombocytopenia. 

 
 
Table 2: Adverse Reactions with Higher Incidence (≥5% Difference for  
Grades 1–4* or ≥2% Difference for Grades 3 and 4) in the ONIVYDE®/5-
FU/LV Arm 

Adverse Reaction 

ONIVYDE®/5-
FU/LV n=117 

 
 
 

n=117 

5-FU/LV 
n=134 

Grades 
1–4 (%) 

Grades  
3–4 (%) 

Grades 
1–4 (%) 

Grades  
3–4 (%) 

Gastrointestinal disorders 
Diarrhea 59 13 26 4 
    Early diarrhea† 30 3 15 0 
    Late diarrhea‡ 43 9 17 4 
Vomiting 52 11 26 3 
Nausea 51 8 34 4 
Stomatitis§ 32 4 12 1 
Infections and infestations 38 17 15 10 
Sepsis 4 3 2 1 
Neutropenic fever/neutropenic 
sepsis♠  

3 3 1 0 

Gastroenteritis 3 3 0 0 
Intravenous catheter-related infection 3 3 0 0 

General disorders and administration site conditions 
Fatigue/asthenia 56 21 43 10 
Pyrexia 23 2 11 1 
Metabolism and nutrition disorders 
Decreased appetite 44 4 32 2 
Weight loss 17 2 7 0 
Dehydration 8 4 7 2 
Skin and subcutaneous tissue disorders 
Alopecia 14 1 5 0 

*NCI CTCAE v4.0. 
†Early diarrhea: onset ≤24 hours of ONIVYDE® administration. 
‡Late diarrhea: onset >1 day after ONIVYDE® administration. 
§Includes stomatitis, aphthous stomatitis, mouth ulceration, mucosal 
inflammation. 
♠Includes febrile neutropenia. 
Cholinergic Reactions: ONIVYDE® can cause cholinergic reactions 
manifesting as rhinitis, increased salivation, flushing, bradycardia, miosis, 
lacrimation, diaphoresis, and intestinal hyperperistalsis with abdominal 
cramping and early-onset diarrhea. In Study 1, Grade 1 or 2 cholinergic 
symptoms other than early diarrhea occurred in 12 (4.5%) ONIVYDE®-
treated patients. Six of these 12 patients received atropine and in 1 of the 
6 patients, atropine was administered for cholinergic symptoms other 
than diarrhea. 
Infusion Reactions: Infusion reactions, consisting of rash, urticaria, 
periorbital edema, or pruritus, occurring on the day of ONIVYDE® 
administration, were reported in 3% of patients receiving ONIVYDE® or 
ONIVYDE®/5-FU/LV. 
 
The following laboratory abnormalities were reported (NCI CTCAE v4.0, 
worst grade shown) with higher incidence (≥5% difference Grades 1–4 
[any] or ≥5% difference Grades 3–4 [severe] according to NCI CTCAE 
v4.0) for patients receiving ONIVYDE/5-FU/LV (n=117) vs 5-FU/LV 
(n=134). Percentages were based on the number of patients with a 
baseline and at least 1 post-baseline measurement. Hematology: anemia 
(any 97%, 86%; severe 6%, 5%), lymphopenia (any 81%, 75%; severe 27%, 
17%), neutropenia (any 52%, 6%; severe 20%, 2%), thrombocytopenia 
(any 41%, 33%; severe 2%, 0%). Hepatic: increased alanine 
aminotransferase (any 51%, 37%; severe 6%, 1%), hypoalbuminemia (any 
43%, 30%; severe 2%, 0%). Metabolic: hypomagnesemia (any 35%, 21%; 
severe 0%, 0%), hypokalemia (any 32%, 19%; severe 2%, 2%), 
hypocalcemia (any 32%, 20%; severe 1%, 0%), hypophosphatemia (any 
29%, 18%; severe 4%, 1%), hyponatremia (any 27%, 12%; severe 5%, 3%). 
Renal: increased creatinine (any 18%, 13%; severe 0%, 0%). 
 

 
 
 
7 DRUG INTERACTIONS 
7.1 Strong CYP3A4 Inducers: Following administration of non-liposomal 
irinotecan (ie, irinotecan HCl), exposure to irinotecan or its active 
metabolite, SN-38, is substantially reduced in adult and pediatric patients 
concomitantly receiving the CYP3A4 enzyme-inducing anticonvulsants 
phenytoin and strong CYP3A4 inducers. Avoid the use of strong CYP3A4 
inducers (eg, rifampin, phenytoin, carbamazepine, rifabutin, rifapentine, 
phenobarbital, St. John's wort) if possible. Substitute non-enzyme 
inducing therapies ≥2 weeks prior to initiation of ONIVYDE® therapy (see 
Clinical Pharmacology, 12.3). 
7.2 Strong CYP3A4 or UGT1A1 Inhibitors: Following administration of 
non-liposomal irinotecan (ie, irinotecan HCl), patients receiving 
concomitant ketoconazole, a CYP3A4 and UGT1A1 inhibitor, have 
increased exposure to irinotecan and its active metabolite SN-38. Co-
administration of ONIVYDE® with other inhibitors of CYP3A4 (eg, 
clarithromycin, indinavir, itraconazole, lopinavir, nefazodone, nelfinavir, 
ritonavir, saquinavir, telaprevir, voriconazole) or UGT1A1 (eg, atazanavir, 
gemfibrozil, indinavir) may increase systemic exposure to irinotecan or 
SN-38. Avoid the use of strong CYP3A4 or UGT1A1 inhibitors if possible. 
Discontinue strong CYP3A4 inhibitors ≥1 week prior to starting ONIVYDE® 
therapy (see Clinical Pharmacology, 12.3). 
 
8 USE IN SPECIFIC POPULATIONS 
8.1 Pregnancy, Risk Summary: Based on animal data with irinotecan HCl 
and the mechanism of action of ONIVYDE®, ONIVYDE® can cause fetal 
harm when administered to a pregnant woman (see Clinical 
Pharmacology, 12.1). There are no available data in pregnant women. 
Embryotoxicity and teratogenicity were observed following treatment 
with irinotecan HCl, at doses resulting in irinotecan exposures lower than 
those achieved with ONIVYDE® 70 mg/m2 in humans, administered to 
pregnant rats and rabbits during organogenesis (see Data in the full 
Prescribing Information). Advise pregnant women of the potential risk to 
a fetus. 
8.2 Lactation, Risk Summary: There is no information regarding the 
presence of irinotecan liposome, irinotecan, or SN-38 (an active 
metabolite of irinotecan) in human milk, or the effects on the breastfed 
infant or on milk production. Irinotecan is present in rat milk (see Data in 
the full Prescribing Information). 
Because of the potential for serious adverse reactions in breastfed infants 
from ONIVYDE®, advise a nursing woman not to breastfeed during 
treatment with ONIVYDE® and for 1 month after the final dose.  
8.3 Females and Males of Reproductive Potential, Contraception, 
Females: ONIVYDE® can cause fetal harm when administered to a 
pregnant woman (see Use in Specific Populations, 8.1). Advise females of 
reproductive potential to use effective contraception during treatment 
with ONIVYDE® and for 1 month after the final dose. Males: Because of 
the potential for genotoxicity, advise males with female partners of 
reproductive potential to use condoms during treatment with ONIVYDE® 
and for 4 months after the final dose (see Nonclinical Toxicology, 13.1). 
8.4 Pediatric Use: Safety and effectiveness of ONIVYDE® have not been 
established in pediatric patients. 
8.5 Geriatric Use: Of the 264 patients who received single-agent 
ONIVYDE® or ONIVYDE®/5-FU/LV in Study 1, 49% were ≥65 years old and 
13% were ≥75 years old. No overall differences in safety and effectiveness 
were observed between these patients and younger patients. 
 
10 OVERDOSAGE 
There are no treatment interventions known to be effective for 
management of overdosage of ONIVYDE®. 
 
 
Distributed by Ipsen Biopharmaceuticals, Inc. Basking Ridge, NJ 07920 
ONIVYDE is a registered trademark of Ipsen Biopharm Limited 
©2017 Ipsen Biopharmaceuticals, Inc.    August 2017  
ONV-US-000700 v2.0 
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ONIVYDE® (irinotecan liposome injection) for intravenous use  
Initial U.S. Approval: 1996 
 
BRIEF SUMMARY: refer to full Prescribing Information for 
complete product information. 
 
1. INDICATIONS AND USAGE 
ONIVYDE® is indicated, in combination with 5-FU/LV, for the treatment of 
patients with metastatic adenocarcinoma of the pancreas after disease 
progression following gemcitabine-based therapy. 
Limitation of Use: ONIVYDE® is not indicated as a single agent for the 
treatment of patients with metastatic adenocarcinoma of the pancreas 
(see Clinical Studies, 14). 
 

WARNING: SEVERE NEUTROPENIA and SEVERE DIARRHEA 
Fatal neutropenic sepsis occurred in 0.8% of patients receiving 
ONIVYDE®. Severe or life-threatening neutropenic fever or sepsis 
occurred in 3% and severe or life-threatening neutropenia occurred in 
20% of patients receiving ONIVYDE® in combination with fluorouracil (5-
FU) and leucovorin (LV). Withhold ONIVYDE® for absolute neutrophil 
count below 1500/mm3 or neutropenic fever. Monitor blood cell counts 
periodically during treatment. (see Dosing and Administration 2.2, 5.1) 
Severe diarrhea occurred in 13% of patients receiving ONIVYDE®/5-
FU/LV. Do not administer ONIVYDE® to patients with bowel obstruction. 
Withhold ONIVYDE® for diarrhea of Grade 2–4 severity. Administer 
loperamide for late diarrhea of any severity. Administer atropine, if not 
contraindicated, for early diarrhea of any severity. (see Dosing and 
Administration 2.2, see Warnings and Precautions 5.2) 
 
 
4 CONTRAINDICATIONS 
ONIVYDE® is contraindicated in patients who have experienced a severe 
hypersensitivity reaction to ONIVYDE® or irinotecan HCl. 
 
5 WARNINGS AND PRECAUTIONS 
5.1 Severe Neutropenia: ONIVYDE® can cause severe or life-threatening 
neutropenia and fatal neutropenic sepsis. In Study 1, the incidence of 
fatal neutropenic sepsis was 0.8% among patients receiving ONIVYDE®, 
occurring in 1/117 patients in the ONIVYDE®/5-FU/LV arm and 1/147 
patients receiving single-agent ONIVYDE®. Severe or life-threatening 
neutropenia occurred in 20% of patients receiving ONIVYDE®/5-FU/LV 
compared to 2% of patients receiving fluorouracil/leucovorin alone (5-
FU/LV). Grade 3/4 neutropenic fever/neutropenic sepsis occurred in 3% 
of patients receiving ONIVYDE®/5-FU/LV, and did not occur in patients 
receiving 5-FU/LV. 
In patients receiving ONIVYDE®/5-FU/LV, the incidence of Grade 3/4 
neutropenia was higher among Asian patients (18/33 [55%]) vs White 
patients (13/73 [18%]). Neutropenic fever/neutropenic sepsis was 
reported in 6% of Asian patients vs 1% of White patients (see Clinical 
Pharmacology, 12.3). 
Monitor complete blood cell counts on Days 1 and 8 of every cycle and 
more frequently if clinically indicated. Withhold ONIVYDE® if the absolute 
neutrophil count (ANC) is below 1500/mm3 or if neutropenic fever occurs. 
Resume ONIVYDE® when the ANC is 1500/mm3 or above. Reduce 
ONIVYDE® dose for Grade 3–4 neutropenia or neutropenic fever following 
recovery in subsequent cycles (see Dosage and Administration, 2.2). 
5.2 Severe Diarrhea: ONIVYDE® can cause severe and life-threatening 
diarrhea. Do not administer ONIVYDE® to patients with bowel 
obstruction. 
Severe or life-threatening diarrhea followed one of two patterns: late-
onset diarrhea (onset ˃24 hours following chemotherapy) and early-onset 
diarrhea (onset ≤24 hours of chemotherapy, sometimes occurring with 
other symptoms of cholinergic reaction) (see Cholinergic Reactions, 6.1). 
An individual patient may experience both early- and late-onset diarrhea. 
In Study 1, Grade 3 or 4 diarrhea occurred in 13% receiving ONIVYDE®/5-
FU/LV vs 4% receiving 5-FU/LV. The incidence of Grade 3 or 4 late-onset 
diarrhea was 9% in patients receiving ONIVYDE®/5-FU/LV vs 4% in 
patients receiving 5-FU/LV. The incidence of Grade 3 or 4 early-onset 

diarrhea was 3% in patients receiving ONIVYDE®/5-FU/LV vs none in 
patients receiving 5-FU/LV. Of patients receiving ONIVYDE®/5-FU/LV in 
Study 1, 34% received loperamide for late-onset diarrhea and 26% 
received atropine for early-onset diarrhea. Withhold ONIVYDE® for Grade 
2–4 diarrhea. Initiate loperamide for late-onset diarrhea of any severity. 
Administer IV or subcutaneous atropine 0.25–1 mg (unless clinically 
contraindicated) for early-onset diarrhea of any severity. Following 
recovery to Grade 1 diarrhea, resume ONIVYDE® at a reduced dose (see 
Dosage and Administration, 2.2). 
5.3 Interstitial Lung Disease (ILD): Irinotecan HCl can cause severe and 
fatal ILD. Withhold ONIVYDE® in patients with new or progressive 
dyspnea, cough, and fever, pending diagnostic evaluation. Discontinue 
ONIVYDE® in patients with a confirmed diagnosis of ILD. 
5.4 Severe Hypersensitivity Reaction: Irinotecan HCl can cause severe 
hypersensitivity reactions, including anaphylactic reactions. Permanently 
discontinue ONIVYDE® in patients who experience a severe 
hypersensitivity reaction. 
5.5 Embryo-Fetal Toxicity: Based on animal data with irinotecan HCl and 
the mechanism of action of ONIVYDE®, ONIVYDE® can cause fetal harm 
when administered to a pregnant woman. Embryotoxicity and 
teratogenicity were observed following treatment with irinotecan HCl, at 
doses resulting in irinotecan exposures lower than those achieved with 
ONIVYDE® 70 mg/m2 in humans, administered to pregnant rats and 
rabbits during organogenesis. Advise pregnant women of the potential 
risk to a fetus. Advise females of reproductive potential to use effective 
contraception during treatment with ONIVYDE® and for 1 month 
following the final dose (see Use in Specific Populations, 8.1, 8.3; Clinical 
Pharmacology, 12.1). 
 
6 ADVERSE REACTIONS 
The following adverse drug reactions are discussed in greater detail in 
other sections of the label: 
• Severe Neutropenia (see Warnings and Precautions, 5.1; Boxed 

Warning) 
• Severe Diarrhea (see Warnings and Precautions, 5.2; Boxed Warning) 
• Interstitial Lung Disease (see Warnings and Precautions, 5.3) 
• Severe Hypersensitivity Reactions (see Warnings and Precautions, 5.4) 
6.1 Clinical Trials Experience 
The safety data described below are derived from patients with 
metastatic adenocarcinoma of the pancreas previously treated with 
gemcitabine-based therapy who received any part of protocol-specified 
therapy in Study 1, an international, randomized, active-controlled, open-
label trial. Protocol-specified therapy consisted of ONIVYDE® 70 mg/m2 
with LV 400 mg/m2 and 5-FU 2400 mg/m2 over 46 hours every 2 weeks 
(ONIVYDE®/5-FU/LV; n=117), ONIVYDE® 100 mg/m2 every 3 weeks 
(n=147), or LV 200 mg/m2 and 5-FU 2000 mg/m2 over 24 hours weekly for 
4 weeks followed by 2 week rest (5-FU/LV; n=134) (see Clinical Studies, 
14). Serum bilirubin within the institutional normal range, albumin ≥3 
g/dL, and Karnofsky Performance Status (KPS) ≥70 were required for 
study entry. The median duration of exposure was 9 weeks in the 
ONIVYDE®/5-FU/LV arm, 9 weeks in the ONIVYDE® monotherapy arm and 
6 weeks in the 5-FU/LV arm. 
The most common adverse reactions (≥20%) of ONIVYDE® were diarrhea, 
fatigue/asthenia, vomiting, nausea, decreased appetite, stomatitis, and 
pyrexia. The most common, severe laboratory abnormalities (≥10%, 
Grade 3 or 4) were lymphopenia and neutropenia. The most common 
serious adverse reactions (≥2%) of ONIVYDE® were diarrhea, vomiting, 
neutropenic fever or neutropenic sepsis, nausea, pyrexia, sepsis, 
dehydration, septic shock, pneumonia, acute renal failure, and 
thrombocytopenia. 
Adverse reactions led to permanent discontinuation of ONIVYDE® in 11% 
of patients receiving ONIVYDE®/5-FU/LV; the most frequent adverse 
reactions resulting in discontinuation of ONIVYDE® were diarrhea, 
vomiting, and sepsis. Dose reductions of ONIVYDE® for adverse reactions 
occurred in 33% of patients receiving ONIVYDE®/5-FU/LV; the most 
frequent adverse reactions requiring dose reductions were neutropenia, 
diarrhea, nausea, and anemia. ONIVYDE® was withheld or delayed for 
adverse reactions in 62% of patients receiving ONIVYDE®/5-FU/LV; the 
most frequent adverse reactions requiring interruption or delays were 
neutropenia, diarrhea, fatigue, vomiting, and thrombocytopenia. 

 
 
Table 2: Adverse Reactions with Higher Incidence (≥5% Difference for  
Grades 1–4* or ≥2% Difference for Grades 3 and 4) in the ONIVYDE®/5-
FU/LV Arm 

Adverse Reaction 

ONIVYDE®/5-
FU/LV n=117 

 
 
 

n=117 

5-FU/LV 
n=134 

Grades 
1–4 (%) 

Grades  
3–4 (%) 

Grades 
1–4 (%) 

Grades  
3–4 (%) 

Gastrointestinal disorders 
Diarrhea 59 13 26 4 
    Early diarrhea† 30 3 15 0 
    Late diarrhea‡ 43 9 17 4 
Vomiting 52 11 26 3 
Nausea 51 8 34 4 
Stomatitis§ 32 4 12 1 
Infections and infestations 38 17 15 10 
Sepsis 4 3 2 1 
Neutropenic fever/neutropenic 
sepsis♠  

3 3 1 0 

Gastroenteritis 3 3 0 0 
Intravenous catheter-related infection 3 3 0 0 

General disorders and administration site conditions 
Fatigue/asthenia 56 21 43 10 
Pyrexia 23 2 11 1 
Metabolism and nutrition disorders 
Decreased appetite 44 4 32 2 
Weight loss 17 2 7 0 
Dehydration 8 4 7 2 
Skin and subcutaneous tissue disorders 
Alopecia 14 1 5 0 

*NCI CTCAE v4.0. 
†Early diarrhea: onset ≤24 hours of ONIVYDE® administration. 
‡Late diarrhea: onset >1 day after ONIVYDE® administration. 
§Includes stomatitis, aphthous stomatitis, mouth ulceration, mucosal 
inflammation. 
♠Includes febrile neutropenia. 
Cholinergic Reactions: ONIVYDE® can cause cholinergic reactions 
manifesting as rhinitis, increased salivation, flushing, bradycardia, miosis, 
lacrimation, diaphoresis, and intestinal hyperperistalsis with abdominal 
cramping and early-onset diarrhea. In Study 1, Grade 1 or 2 cholinergic 
symptoms other than early diarrhea occurred in 12 (4.5%) ONIVYDE®-
treated patients. Six of these 12 patients received atropine and in 1 of the 
6 patients, atropine was administered for cholinergic symptoms other 
than diarrhea. 
Infusion Reactions: Infusion reactions, consisting of rash, urticaria, 
periorbital edema, or pruritus, occurring on the day of ONIVYDE® 
administration, were reported in 3% of patients receiving ONIVYDE® or 
ONIVYDE®/5-FU/LV. 
 
The following laboratory abnormalities were reported (NCI CTCAE v4.0, 
worst grade shown) with higher incidence (≥5% difference Grades 1–4 
[any] or ≥5% difference Grades 3–4 [severe] according to NCI CTCAE 
v4.0) for patients receiving ONIVYDE/5-FU/LV (n=117) vs 5-FU/LV 
(n=134). Percentages were based on the number of patients with a 
baseline and at least 1 post-baseline measurement. Hematology: anemia 
(any 97%, 86%; severe 6%, 5%), lymphopenia (any 81%, 75%; severe 27%, 
17%), neutropenia (any 52%, 6%; severe 20%, 2%), thrombocytopenia 
(any 41%, 33%; severe 2%, 0%). Hepatic: increased alanine 
aminotransferase (any 51%, 37%; severe 6%, 1%), hypoalbuminemia (any 
43%, 30%; severe 2%, 0%). Metabolic: hypomagnesemia (any 35%, 21%; 
severe 0%, 0%), hypokalemia (any 32%, 19%; severe 2%, 2%), 
hypocalcemia (any 32%, 20%; severe 1%, 0%), hypophosphatemia (any 
29%, 18%; severe 4%, 1%), hyponatremia (any 27%, 12%; severe 5%, 3%). 
Renal: increased creatinine (any 18%, 13%; severe 0%, 0%). 
 

 
 
 
7 DRUG INTERACTIONS 
7.1 Strong CYP3A4 Inducers: Following administration of non-liposomal 
irinotecan (ie, irinotecan HCl), exposure to irinotecan or its active 
metabolite, SN-38, is substantially reduced in adult and pediatric patients 
concomitantly receiving the CYP3A4 enzyme-inducing anticonvulsants 
phenytoin and strong CYP3A4 inducers. Avoid the use of strong CYP3A4 
inducers (eg, rifampin, phenytoin, carbamazepine, rifabutin, rifapentine, 
phenobarbital, St. John's wort) if possible. Substitute non-enzyme 
inducing therapies ≥2 weeks prior to initiation of ONIVYDE® therapy (see 
Clinical Pharmacology, 12.3). 
7.2 Strong CYP3A4 or UGT1A1 Inhibitors: Following administration of 
non-liposomal irinotecan (ie, irinotecan HCl), patients receiving 
concomitant ketoconazole, a CYP3A4 and UGT1A1 inhibitor, have 
increased exposure to irinotecan and its active metabolite SN-38. Co-
administration of ONIVYDE® with other inhibitors of CYP3A4 (eg, 
clarithromycin, indinavir, itraconazole, lopinavir, nefazodone, nelfinavir, 
ritonavir, saquinavir, telaprevir, voriconazole) or UGT1A1 (eg, atazanavir, 
gemfibrozil, indinavir) may increase systemic exposure to irinotecan or 
SN-38. Avoid the use of strong CYP3A4 or UGT1A1 inhibitors if possible. 
Discontinue strong CYP3A4 inhibitors ≥1 week prior to starting ONIVYDE® 
therapy (see Clinical Pharmacology, 12.3). 
 
8 USE IN SPECIFIC POPULATIONS 
8.1 Pregnancy, Risk Summary: Based on animal data with irinotecan HCl 
and the mechanism of action of ONIVYDE®, ONIVYDE® can cause fetal 
harm when administered to a pregnant woman (see Clinical 
Pharmacology, 12.1). There are no available data in pregnant women. 
Embryotoxicity and teratogenicity were observed following treatment 
with irinotecan HCl, at doses resulting in irinotecan exposures lower than 
those achieved with ONIVYDE® 70 mg/m2 in humans, administered to 
pregnant rats and rabbits during organogenesis (see Data in the full 
Prescribing Information). Advise pregnant women of the potential risk to 
a fetus. 
8.2 Lactation, Risk Summary: There is no information regarding the 
presence of irinotecan liposome, irinotecan, or SN-38 (an active 
metabolite of irinotecan) in human milk, or the effects on the breastfed 
infant or on milk production. Irinotecan is present in rat milk (see Data in 
the full Prescribing Information). 
Because of the potential for serious adverse reactions in breastfed infants 
from ONIVYDE®, advise a nursing woman not to breastfeed during 
treatment with ONIVYDE® and for 1 month after the final dose.  
8.3 Females and Males of Reproductive Potential, Contraception, 
Females: ONIVYDE® can cause fetal harm when administered to a 
pregnant woman (see Use in Specific Populations, 8.1). Advise females of 
reproductive potential to use effective contraception during treatment 
with ONIVYDE® and for 1 month after the final dose. Males: Because of 
the potential for genotoxicity, advise males with female partners of 
reproductive potential to use condoms during treatment with ONIVYDE® 
and for 4 months after the final dose (see Nonclinical Toxicology, 13.1). 
8.4 Pediatric Use: Safety and effectiveness of ONIVYDE® have not been 
established in pediatric patients. 
8.5 Geriatric Use: Of the 264 patients who received single-agent 
ONIVYDE® or ONIVYDE®/5-FU/LV in Study 1, 49% were ≥65 years old and 
13% were ≥75 years old. No overall differences in safety and effectiveness 
were observed between these patients and younger patients. 
 
10 OVERDOSAGE 
There are no treatment interventions known to be effective for 
management of overdosage of ONIVYDE®. 
 
 
Distributed by Ipsen Biopharmaceuticals, Inc. Basking Ridge, NJ 07920 
ONIVYDE is a registered trademark of Ipsen Biopharm Limited 
©2017 Ipsen Biopharmaceuticals, Inc.    August 2017  
ONV-US-000700 v2.0 
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UNTIL RECENTLY, THE TREATMENT  
arsenal for gastrointestinal (GI) cancers has 
lagged 2 to 3 decades behind other tumor 
types in the development of targeted and 
immunotherapy agents, according to Tanios 
S. Bekaii-Saab, MD. The good news, he says, 
is that the field has started to gain ground.

“We’re catching up, and we’re catching up 
quickly,” Bekaii-Saab said in an interview 
with OncologyLive®, adding that investiga-
tors are beginning to understand how to 
better target the biology of GI cancers that 
they have been studying over the past  
30 years. “The great thing is, this is only the 
tip of the iceberg. We’re learning so much 
about these hidden targets, and we have so 
many agents that [will attack these] hidden 
targets. These agents are going to ultimately 
transform how we treat GI cancers. We’re 
catching up, and in the next 3 to 5 years, 
we’ll probably be ahead of the curve again.”

Bekaii-Saab leads the GI cancer program 
for the Mayo Clinic Cancer Center 
through its 3 sites in Arizona, Florida, 
and Minnesota. He is also the medical 
director of the cancer clinical research 
office and vice chair and section chief of 

medical oncology for Mayo Clinic in Arizona. 
Additionally, Bekaii-Saab leads the Mayo 
Clinic–supported cancer research consor-
tium, Academic and Community Cancer 
Research United (ACCRU), and is one of the 
leading clinician-scientists in the Alliance 
for Clinical Trials in Oncology, a National 
Cancer Institute–supported cooperative 
research group. 

ISGIO: EXPLORING THE YEAR’S  
TOP RESEARCH
Bekaii-Saab is a highly regarded clinical 
and translational investigator who collabo-
rates extensively with various scientists from 
Mayo Clinic and other academic centers as 
well as multiple industry partners to design 
and execute innovative clinical trials, includ-
ing first-in-human studies. His contributions 
to the GI oncology field include noteworthy 
research on emerging agents (TABLE1-5).

This fall, Bekaii-Saab will serve as 
program chair for the 2020 International 
Society of Gastrointestinal Oncology (ISGIO) 
Conference, marking the first time he has 
held that role. The meeting, scheduled for 
October 2 and 3, was planned as an in-person 

gathering in Nashville, Tennessee, and 
will now go forward as a virtual interac-
tive meeting. The agenda is not finalized, 
but Bekaii-Saab said the meeting has been 
overhauled and is well on its way to becom-
ing a premier conference in GI cancer. The 
program, which is hosted by Physicians’ 
Education Resource®, LLC (PER®),  will 
feature crossfire-style debate sessions, case 
presentations, and other elements to make 
the meeting an interactive experience. 

“The ISGIO meeting has essentially been 
revamped but has kept some of its tradition of 
being focused on educating young faculty and 
fellows, in addition to the cancer community 
at large. At the same time, we’re increas-
ing the level of diversity of speakers, session 
chairs, and geographical representation, as 
well, to ensure that we have the largest reach 
possible for this meeting,” Bekaii-Saab said.

Bekaii-Saab added the timing of the ISGIO 
conference means that the program can 
summarize the best and most important 
data from a full year of relevant meetings 
held by the American Society of Clinical 
Oncology, the European Society for Medical 
Oncology, and the American Association for PH
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Cancer Research. Over 2 days, ISGIO will 
cover a year’s worth of research presentations 
and publications that have not only trans-
formed clinical care, but will also inform 
future research. 

He also said ISGIO will help community 
oncologists, who see most of the patients with 
GI cancer and treat a variety of other cancers, 
cut through the noise and absorb the most 
important new data in the field. 

“If you think about the information over-
load that we get throughout the year, how 
do you digest this and bring it in a fashion 
that’s clinically applicable and easy to follow 
and easy to understand? Our goal is for the 
practicing oncologist who sees the next 
patient with GI cancer to be able to place all 
this knowledge into immediate practice,” 
Bekaii-Saab said. “We’ll put all these data 
into perspective [to show] how to best treat 
your patient with pancreatic cancer, colon 
cancer, or gastric cancer in a format that 
actually makes it very clinically applicable 
and easily understandable.”

He added that he also wants to continue 
ISGIO’s tradition of serving fellows and junior 
faculty. Educating physicians in the early 
stages of  their careers maintains a “continu-
ity of expertise” in GI cancers, Bekaii-Saab 
said. Doing so benefits the GI field specif-
ically, now and in the future, and also 
enriches the larger oncology community who 
cares for these patients.

AN EARLY PASSION FOR MEDICINE
The role models that shaped Bekaii-Saab’s 
career journey were readily available in 
his own family. He fondly recalls 2 of his 
father’s uncles, Ibrahim and Naeem, who 
were doctors. Ibrahim traveled on horseback 
between villages in Lebanon’s Bekaa Valley, 
whereas Naeem used to make emergency 
house calls 24 hours a day in Beirut during 
a ravaging civil war. The brutal war began 
when Bekaii-Saab was 6 years old and did not 
end until he was 21. 

“At the time when there weren’t a lot of 
roads between mountain villages, I was told by 
my grandmother that Uncle Ibrahim used to 
ride on a horse and go from village to village 
to treat patients,” Bekaii-Saab said. “He never 
got paid but was offered poultry, vegetables, 
or whatever else. Most times he didn’t get 
anything, and it didn’t matter to him. That was 

his mission, and he loved every bit of it.”
Bekaii-Saab developed a deep admiration 

and respect for his father’s uncles, who could 
go from treating a simple cold to performing 
minor surgeries in a single day. From an 
early age, he knew he would follow in their 
footsteps. A few years ago, he was visiting 
his parents’ house in Lebanon and stumbled 
upon one of his journals from when he was 
10, tucked inside a childhood memory box 
saved by his mother.

“In between a couple of short childhood 
poems and drawings of my favorite animals, 
I found an ‘autobiography’ only with a child’s 
imagination, where I described becoming a 
physician when I grow up. I predicted I’d go 
to medical school at the American University 
of Beirut, which is interesting because that’s 
where I ended up studying medicine,” Bekaii-
Saab said. “At 10 years of age, I was already 
thinking about the path I wanted to follow.” 

Despite the hardships of the Lebanese 
Civil War on welfare and education, he was 
able to pursue his dream. Even after the war 
ended, electricity remained a luxury, and 
Bekaii-Saab spent numerous nights studying 
and preparing for his United States Medical 
Licensing Examination under candlelight in 
the sweltering Beirut summers. 

He added that the journey of a foreign 

medical graduate to a position in the United 
States can be quite challenging, but with 
an entrepreneurial spirit, perseverance, 
and hard work, he figured out why indeed 
America is called the land of opportunity.

MOLECULAR TARGETS EXPAND
When it comes to the GI cancer landscape, 
Bekaii-Saab said oncologists treating patients 
with metastatic colorectal cancer (CRC) 
have spent far too long debating the use of 
the chemotherapy regimens FOLFOX versus 
FOLFIRI and whether bevacizumab (Avastin) 
or anti-EGFR inhibitors should come first in 
the treatment sequence. Oncologists have now 
moved on to breaking down CRC into therapeu-
tically relevant subgroups based on molecular 
alterations such as KRAS and BRAF V600E 
mutations, HER2 amplification, and microsatel-
lite instability (MSI) status. Tumor mutational 
burden was recently described as another rele-
vant biomarker for choosing candidates for 
anti–PD-1 inhibitor therapy in certain settings.

Bekaii-Saab said that in GI cancers, he 
needs data on several factors before he can 
even begin treating the patient. Collecting all 
this information using separate tests is possi-
ble, but genomic sequencing is faster and 
more effective.

“I don’t think anymore that genomic 

TABLE .  S e l e c t  E x a m p l e s  o f  B e ka i i - S a a b ’ s  C o n t r i b u t i o n s  t o  N ove l  D r u g  D eve l o p m e n t 1 - 5

Description Key findings

AR-42a 

Novel histone deacetylase inhibitor AR-42 has the potential to reduce the effects of cachexia in patients 
undergoing treatment for colon or lung adenocarcinoma.

KEY-Vaxxa 

Anti–PD-1 B-cell vaccine The novel PD-1 vaccine combined with 2 chimeric HER2 peptide 
vaccines provides synergistic inhibition of tumor growth with no 
evidence of toxicity or autoimmunity in mice.

Pemigatinib (Pemazyre)

Selective oral inhibitor of FGFR 1, 2, and 3 The agent is being evaluated in the ongoing phase 3 FIGHT-302 study 
(NCT03656536) against chemotherapy in unresectable or metastatic 
cholangiocarcinoma. Previous results showed that pemigatinib 
induced an ORR of 36% in patients with previously treated, locally 
advanced or metastatic cholangiocarcinoma with an FGFR2 fusion or 
rearrangement.

Selumetinib (Koselugo)

MEK inhibitor Selumetinib induced a median OS of 9.8 months in patients with 
advanced biliary cancer.

Irinotecan liposome injection (Onivyde)

A novel formulation of irinotecan Nanoliposomal irinotecan plus 5-FU and folinic acid extends survival 
for patients with metastatic pancreatic ductal adenocarcinoma who 
previously received gemcitabine-based therapy.

5-FU, fluorouracil; ORR, overall response rate; OS, overall survival.
aBekaii-Saab is a coinventor of these agents.

For more info on the ISGIO meeting, visit bit.ly/3jSlnBI
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sequencing is a privilege—it should be a 
right,” he said, adding that every patient 
with an advanced GI malignancy should be 
sequenced, not just those with CRC. “We 
have to find every way possible to get their 
tumors sequenced.

“Sometimes it sounds like we’re looking 
for needles in a haystack,” he explained 
further. “Indeed, we are trying to capture 
rare targets such as NTRK and RET fusions. 
The less consistently you test, the less likely 
you’re going to find these rare targets. The 
more consistently you test, the more likely 
you’re going to find them, and it is very satis-
fying when you do. And so 1 snapshot with 
full genomic sequencing should give you 
everything you need to best plan for the 
needs of your patient.”

Developments in molecular testing are 
driving the field, and the testing itself has 
gotten better and more clinically relevant. 
Furthermore, investigators are gaining a 
deeper understanding of what these molec-
ular defects mean and how to target them 
therapeutically. Bekaii-Saab added that, in 
turn, investigators are able to explore drugs 
that work in novel ways and attack previously 
unknown but relevant targets.

Moreover, investigators are discovering 
rare genomic drivers and developing new 
agents to target those drivers and allow 
oncologists to further personalize treatment 
in smaller and smaller subsets of patients. 
NTRK gene fusions, for example, are pres-
ent in 0.5% to 1.0% of all GI cancers, but 
these cancers respond to treatment with the 
first-generation TRK inhibitors larotrectinib 
(Vitrakvi) and entrectinib (Rozlytrek) regard-
less of histology.6 

RET fusions are present in less than 1.0% of 
all patients with CRC or pancreatic cancers, 
with recent study results suggesting that 
these alterations can be targeted with robust 
results, Bekaii-Saab said. If they are properly 
identified, some patients with RET or NTRK 
fusions will have responses as robust as those 
induced by PD-1 inhibitors in MSI-high CRC.

Additionally, investigators are unlocking 
the mysteries of FGFR fusions. On April 
20, 2020, the FDA approved pemigatinib 
(Pemazyre) for patients with cholangiocarci-
noma and FGFR2 fusions. Investigators also 
are exploring this target in other GI cancers, 
Bekaii-Saab said. 

Other interesting targets include NRG1 
gene fusions, present in a variety of cancers 
but of special interest in approximately 
20% of patients with RAS wild-type pancre-
atic cancer. “Agents like the bispecific 
antibody MCLA-128, afatinib [Gilotrif], or 
other agents in development could, for 0.5% 
of patients with pancreatic cancer, trans-
form how we treat that small subgroup,” 
Bekaii-Saab added.

He noted that investigators are actively 
exploring the role of cellular therapy and 
chimeric antigen receptor (CAR) T-cell 
therapy in colon, pancreatic, and gastro-
esophageal cancers based on target 
validation. “Across the board in oncology, 
we’re seeing an explosion of targets and 
immunotherapeutic strategies from enhanc-
ing the activity of PD-1/PD-L1 inhibitors to 
CAR T-cell therapy,” he said. “We’re really 
moving that field at an astronomical speed. It 
gets dizzying sometimes to keep up with the 
evolving landscape.”

FOUR PRACTICE-CHANGING STUDIES
In shaping the conversation about recent 
studies with the potential to change practice 
in GI malignancies, Bekaii-Saab cited recent 
findings from 4 clinical trials: KEYNOTE-177 
and BEACON CRC in colorectal cancer, 
IMbrave150 in hepatocellular carcinoma 
(HCC), and POLO in pancreatic cancer.

KEYNOTE-177 Study in CRC
In KEYNOTE-177 (NCT02563002), pembroli-
zumab (Keytruda) therapy significantly 
reduced the risk of disease progression or 
death by 40% (HR, 0.60; 95% CI, 0.45-0.80; 
P = .0004) versus standard-of-care chemother-
apy in the first-line treatment of patients with 
MSI-high or mismatch repair–deficient 
(dMMR) unresectable or metastatic CRC. 
Additionally, the PD-1 inhibitor was found 
to more than double progression-free 
survival (PFS) versus chemotherapy, at 16.5 
versus 8.2 months.7 

Additional results showed that the 
12-month PFS rate was 55% in the pembroli-
zumab arm and 37% in the chemotherapy 
arm; the 24-month PFS rates were 48.3% and 
18.6%, respectively. The overall response rate 
(ORR) was 43.8% with pembrolizumab, which 
included a 11.1% complete response (CR) rate 
and 32.7% partial response (PR) rate. The 
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ORR was 33.1% with chemotherapy, which 
comprised a 3.9% CR rate and a 29.2% PR rate.

The median duration of response was not 
reached in the immunotherapy arm compared 
with 10.6 months with chemotherapy. 
Responses lasted more than 2 years 
for 83% of responders in the pembrolizumab 
arm and for 35% of responders in the 
chemotherapy arm.

In the phase 3 trial (N = 308), patients were 
randomized to investigator’s choice of 1 of  
6 standard-of-care chemotherapy regimens 
or a fixed dose of pembrolizumab 200 mg 
every 3 weeks for up to 35 cycles or approxi-
mately 2 years. Overall survival (OS) data are 
not yet mature.

On June 29, 2020, the FDA approved 
pembrolizumab in this patient popula-
tion based on findings from KEYNOTE-177. 
Approximately 10% to 15% of patients 
with CRC are likely to have MSI-high 
or dMMR tumors.

Bekaii-Saab called the results “one of 
the biggest stories over the past few years, 
at least in colon cancer.” Not only is the 
breadth of response impressive, he said, but 
responses are deep and durable.

“The response is, for most of these patients, 
quite meaningful. It’s not just the level of 
response, which in many patients is actually 
a complete response,” Bekaii-Saab explained. 
“It’s the durability of the response whereby 
about 20% to 30% of the patients continue to 
respond to treatment, even after you stop the 
treatment at 2 years, which was the intent of 
the original study with pembrolizumab, and 
then continue to be in remission, which is the 
equivalent of a cure after 5 years.”

These data mean that patients no longer 
have to fail on chemotherapy before moving 
on to immunotherapy. In his practice, Bekaii-
Saab was already using pembrolizumab 
in the first-line setting for patients with 
MSI-high tumors, reasoning that up to 
one-third may never need chemotherapy.

“I would say this has transformed the way 
we treat MSI-high tumors period, beyond just 
metastatic CRC,” he said. “Meaning that if I 
have a gastric cancer or a pancreatic cancer, 
or a patient with cholangiocarcinoma who has 
MSI-high [disease], I’m going to treat them 
with pembrolizumab at first, before even 
trying to consider chemotherapy, because I 
do believe that the results—and we’ve seen 

that in the later lines—are 
consistent regardless of 
anatomic site. It doesn’t 
matter where the cancer 
[originates]; it’s the pres-
ence of the MSI-high 
phenotype that’s essen-
tially determining the 
level of response.”

BEACON CRC Trial in CRC
Updated findings from the BEACON CRC 
study (NCT02928224) demonstrated a 
continuing OS benefit for patients with BRAF 
V600E–mutated metastatic CRC treated with 
encorafenib (Braftovi) plus cetuximab 
(Erbitux) with or without binimetinib 
(Mektovi) compared with cetuximab plus 
irinotecan-containing regimens.8

Data presented at the 2020 American 
Society of Clinical Oncology Virtual Scientific 
Program showed that the median OS was 
9.3 months with the triplet compared with 
5.9 months in the control arm (HR, 0.60; 
95% CI, 0.47-0.75). The doublet also demon-
strated superior OS compared with the 
control (9.3 vs 5.9 months; HR, 0.61; 95% CI, 
0.48-0.77). Median OS for the entire cohort 
was 12.8 months.

PFS was 4.5 months with the triplet 
compared with 1.5 months for the control arm 
(HR, 0.42; 95% CI, 0.33-0.53). The median PFS 
with the doublet was 4.3 months (HR, 0.44; 
95% CI, 0.35-0.55).

ORR was 27% with the triplet, 20% with 
the doublet, and 2% in the control arm. 
The ORR with the triplet comprised a CR 
rate of 4% and a PR rate of 23%. An addi-
tional 48% of patients had stable disease, 
whereas 11% of patients had progressive 
disease and 14% were not evaluable for 
response. Among patients who received 
the doublet of encorafenib and cetuximab, 
the ORR comprised a CR rate of 3% and a 
PR rate of 16%. 

Updated safety data showed that grade 3 
or greater adverse events (AEs) and labo-
ratory abnormalities were consistent with 
the previously reported safety profile for 
the treatments.

“With the biologic combo versus chemo-
therapy plus cetuximab, what we’ve seen 
essentially is a significant improvement of 
survival and overall survival,” Bekaii-Saab 

said. “Enhancing response rate in up to a 
quarter of the patients will have a meaning-
ful response. The patient’s quality of life was 
also significantly better, and patients expe-
rienced less toxicity. So you win on all these 
important points reflecting quality-  
and quantity-related outcome measures. The 
doublet of encorafenib with cetuximab is 
now a standard for our patients with colon 
cancer and BRAF V600E mutations who failed 
prior chemotherapy.”

Based on previously published data from 
BEACON CRC, the FDA approved the doublet 
regimen of encorafenib plus cetuximab on 
April 8, 2020, for the treatment of adult 
patients with metastatic CRC with a BRAF 
V600E mutation following failure of prior 
chemotherapy. Given the transformative 
results of the refractory trial, plans call for 
this combination regimen to be tested in the 
frontline setting versus standard chemother-
apy in the BREAKWATER study.

Based on the promise of circulating cell-
free DNA next-generation sequencing in 
the detection of relevant genomic targets in 
CRC, the ACCRU consortium has launched 
COLOMATE (NCT03765736) to assess the 
impact of molecularly assigned therapy 
accordingly under its growing list of indi-
vidual companion studies. Investigators aim 
to screen 5000 patients, making it the larg-
est international umbrella screening protocol 
to identify actionable genomic alterations in 
patients with metastatic CRC. 

IMbrave150 Trial in HCC
Bekaii-Saab said expectations were low for 
immunotherapy in HCC following disappoint-
ing results from studies assessing PD-1/
PD-L1–immune checkpoint inhibitors. Data 
from the IMbrave150 trial (NCT03434379) 
“reenergized the field of immunotherapy in 
targeting HCC,” he said. 

[Emerging] agents are going to 
ultimately transform how we treat 
GI cancers.” 

—TANIOS S. BEKAII-SAAB, MD
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In the global, randomized, phase 3 trial, 
patients with treatment-naïve advanced HCC 
were randomly assigned to bevacizumab plus 
the PD-L1 inhibitor atezolizumab (Tecentriq; 
n = 336) or sorafenib (Nexavar; n = 165). 

At the time of the primary analysis in 
August 2019, the HR for death with the 
atezolizumab/bevacizumab regimen was  
0.58 (95% CI, 0.42-0.79; P < .001). Twelve-
month OS was 67.2% (95% CI, 61.3%-73.1%) 
with atezolizumab/bevacizumab compared 
with 54.6% (95% CI, 45.2-64.0) with 
sorafenib.9 The median PFS was 6.8 versus 
4.3 months favoring the combination (HR, 
0.59; 95% CI, 0.47-0.76; P < .001). 

Among patients who received at least  
1 dose of atezolizumab/bevacizumab 
(n = 329), 56.5% experienced grade 3/4 
AEs compared with 55.1% of patients 
who received at least 1 dose of sorafenib 
(n = 156). In the combination arm, 
15.2% of patients experienced grade 
3/4 hypertension.

An analysis of patient-reported outcomes 
presented at the 2020 Gastrointestinal 
Cancers Symposium showed that patients 
treated with atezolizumab/bevacizumab 
experienced more prolonged quality of life. 
The median time to quality-of-life dete-
rioration was 3.6 months with sorafenib 
versus 11.2 months with atezolizumab/
bevacizumab (HR, 0.63; 95% CI, 0.46-0.85). 
These findings further support the posi-
tive benefit-risk profile of atezolizumab plus 
bevacizumab and complement the efficacy 
data in these patients with HCC.10 

“This is now the undisputed standard of 
care for most patients with advanced HCC,” 
Bekaii-Saab said. “Our focus is to define the 
best strategy following failure of this combo 
in further lines of therapy.”  

Based on these data, on May 29, 2020, the 
FDA approved atezolizumab in combination 
with bevacizumab for patients with unre-
sectable or metastatic HCC who have not 
received prior systemic therapy.

POLO Study in Pancreatic Cancer
Findings from the phase 3 POLO trial 
(NCT02184195) demonstrated that the 
PARP inhibitor olaparib (Lynparza) 
induced a 47% reduction in the risk for 
disease progression or death (HR 0.53; 95% 
CI 0.35-0.81; P = .0035) among patients 

with germline BRCA1/2-mutated meta-
static pancreatic cancer.11,12 Moreover, in 
confirming that BRCA is a driver muta-
tion in this malignancy, the results provide 
the first actionable molecular target in 
pancreatic cancer.

“That is transformative,” Bekaii-Saab said. 
“That tells us that when you identify the 
driver, you can actually off-load the switch in 
a way that for some patients, durable remis-
sions could be achieved.”

In the randomized, double-blind, placebo- 
controlled trial, investigators evaluated 
the efficacy of olaparib as maintenance 
therapy in 154 patients with a germline 
BRCA1 or BRCA2 mutation and meta-
static pancreatic cancer whose disease 
had not progressed during first-line plati-
num-based chemotherapy.

Patients were randomly assigned to 300-mg 
twice-daily oral olaparib tablets (n = 92) or 
placebo (n = 62). The median duration of ther-
apy was 6 months in the olaparib arm and 
3.7 months in the placebo arm. Treatment 
continued until objective radiological 
disease progression. Following progression, 
patients were followed for second progression 
every 8 weeks and then for survival until 
final analysis.

Median PFS was consistent irrespective of 
response to prior platinum-based chemother-
apy (complete/partial HR, 0.62; stable disease 
HR, 0.50). At 6, 12, 18, and 24 months, the 
percentage of patients who were progression 
free in the olaparib arm was more than twice 
that in the placebo arm (6-month PFS, 53% vs 
23%, respectively).

Additional results showed that the ORR 
was 23.1% with olaparib compared with 
11.5% in the placebo arm (odds ratio, 2.30). 
Two patients (11.1%) assigned to olaparib 
achieved CR compared with 0 on placebo. 
The median duration of response was  
24.9 versus 3.7 months in favor of olaparib.

Unfortunately, an early switch to olaparib 
did not improve OS. “The absence of a 
survival benefit limits the clinical applica-
bility of the study,” Bekaii-Saab said. “The 
main transformational aspect of POLO is the 
validation of BRCA as a target of interest 
in pancreatic cancer, with more research 
warranted to help enhance the modest 
activity observed with single-agent PARP 
inhibition in this disease.” 

A GOOD KIND OF PRIDE
As he works to move the field of GI cancers 
forward, Bekaii-Saab embraces the task of 
training and mentoring fellows and junior 
faculty. Early in his career, he benefited from 
the guidance of advisers including Miguel 
Villalona-Calero, MD; Michael A. Caligiuri, 
MD; and the late cancer genetics pioneer 
Clara D. Bloomfield, MD, a Giants of Cancer 
Care® award winner. But he never had a more 
experienced GI specialist as a mentor. He 
sometimes struggled to find his way, which 
may be why he spends so much of his time 
working with younger physicians today. 

“My development was a little bit unortho-
dox in that sense. But I would say that I learned 
quite a bit from the limitations of how I initially 
developed my career,” Bekaii-Saab said. “I 
sometimes overcompensate, I think, when I 
mentor younger folks and try to make sure 
that they get as many opportunities as possible 
early on, so they don’t have to go through some 
of the struggles I had to go through.”

Young physicians need strong mentorship 
for the first few years of their careers, Bekaii-
Saab said. A good mentor, he said, must 
provide their protégés with opportunities to 
grow while also knowing when to get out of 
the way and let them take the spotlight.

“Oftentimes, mentors forget that ultimately 
we will be, hopefully, replaced by this younger 
generation of GI oncologists,” Bekaii-Saab said. 
“But to get them there, we have to start initi-
ating their growth early and hope that they’ll 
become better than their mentors when they 
reach their peak. If you go with that frame of 
mind, you will enjoy mentorship.”

Which is not to say his motivations as a 
mentor are entirely altruistic. Bekaii-Saab 
admits to personal satisfaction in seeing the 
physicians he has trained go on to develop 
novel cancer therapies, stand as a discussant in 
large meetings, or become leaders in the field. 

“It’s almost like a parent who sees a child 
grow up, go to college, and develop a 
successful destiny in life,” Bekaii-Saab 
concluded. “It’s the same thing when 
someone you mentored becomes incredibly 
successful—you want to aim for someone you 
mentored to become your boss one day, and 
you’re going to be the proudest ever.” n

For a full list of references,  
see the article at  . 
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Venetoclax/Azacitidine Showcases OS Benefit  
in Older Patients With AML
by CAROLINE SEYMOUR

THE COMBINATION OF VENETOCLAX 
(Venclexta) and azacitidine led to a  
34% reduction in the risk of death versus 
azacitidine alone in treatment-naïve 
patients with acute myeloid leuke-
mia (AML) who are ineligible for 
intensive therapy, according to 
findings from the phase 3 VIALE-A 
trial (NCT02993523) presented 
during the 25th European 
Hematology Association.1

At a median follow-up of  
20.5 months, the median overall 
survival (OS) was 14.7 months 
(range, 11.9-18.7) with venetoclax/azaciti-
dine versus 9.6 months (range, 7.4-12.7)  
with azacitidine/placebo (HR, 0.66; 95% CI, 
0.52-0.85; P < .001).1

“VIALE-A is the first phase 3 study 
in older unfit patients with newly diag-
nosed AML to show a demonstrable 
survival benefit,” lead study investigator, 
Courtney D. DiNardo, MD, MSCE, a clinical 
researcher in the Department of Leukemia 
in the Division of Cancer Medicine at The 
University of Texas MD Anderson Cancer 
Center in Houston, said in an interview 
with OncologyLive®. “The combination 
of venetoclax and azacitidine should be 

considered a new standard of care for 
our older patients who are not eligible for 
standard intensive chemotherapy.”

The majority of patients with AML 
have an average age of 70 years at 
diagnosis and medical comorbidities 
that limit their ability to undergo 
intensive induction chemotherapy. 
Lower intensity treatments, such 
as azacitidine, decitabine, and 
low-dose cytarabine, have modest 
activity and result in poor survival. 
In a phase 1b trial (NCT02203773), 
the combination of venetoclax, a 

selective small-molecule inhibitor of B-cell 
leukemia/lymphoma 2, and azacitidine 
showed promising activity and safety in this 
patient population.1

In November 2018, the FDA granted  
an accelerated approval to venetoclax for 
use in combination with azacitidine, decit-
abine, or low-dose cytarabine for the 
treatment of adults with newly diagnosed 
AML who are aged 75 years or older or have 
comorbidities that preclude the use of inten-
sive induction chemotherapy.2

The randomized, double-blind, multi-
center, placebo-controlled VIALE-A 
trial enrolled patients with confirmed, 

treatment-naïve AML who were ineligible 
for intensive induction therapy because of 
medical comorbidities and/or were aged  
75 years or older. Patients who had been 
previously exposed to a hypomethylating 
agent were excluded from the trial.1

Patients were randomized 2:1 to receive 
venetoclax/azacitidine (n = 286) or azaci-
tidine/placebo (n = 145). Patients in the 
investigational arm received 75 mg/m2 of 
azacitidine subcutaneously or intravenously 
on days 1 to 7 every 28 days and 400 mg of 
oral venetoclax once daily on days 1 to 28 
with a 3-day ramp up in cycle 1. Patients in 
the control arm received 75 mg/m2 of azac-
itidine on days 1 to 7 every 28 days and oral 
placebo once daily on days 1 to 28.1

The primary end point of the study was OS. 
Key secondary end points included compos-
ite complete remission, complete remission 
(CR) with incomplete count recovery (CRi) by 
the start of cycle 2; CR, transfusion indepen-
dence (red blood cells or platelets), CR plus 
CRi and OS by molecular subgroups, and 
event-free survival.

A sample size of 400 patients was 
established to detect a hazard ratio of 
0.7 in OS with a 2-sided alpha of 4% 
and power of 87%.1
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Patients enrolled on the trial had a 
median age of 76 years (range, 49-91). 
Participants received a median of 7.0 
(range, 1-30) and 4.5 (range, 1-26) lines of 
treatment in the venetoclax/azacitidine and 
azacitidine/placebo arms, respectively.1

The CR plus CRi rates were 66.4% (95% CI, 
60.6%-71.9%) and 28.3% (95% CI, 21.1%-36.3%) 
in the venetoclax/azacitidine and azacitidine/
placebo arms, respectively (P < .001). The CR 
plus CRi rates by the start of cycle 2 were 
43.4% (95% CI, 37.5%-49.3%) and 7.6% (95% CI, 
3.8%-13.2%), respectively (P < .001).

The CR rate with venetoclax/azacitidine was 
more than double that of azacitidine/placebo, 
at 36.7% (95% CI, 31.1%-42.6%) and 17.9% 
(95% CI, 12.1%-25.2%), respectively (P < .001).
The median time to first CR plus CRi response 
was 1.3 months (95% CI, 0.6-9.9) in the vene-
toclax/azacitidine arm and 2.8 months (95% 
CI, 0.8-13.2) in the azacitidine/placebo arm. 
The duration of CR plus CRi was 17.5 months 
and 13.4 months, respectively.1

Moreover, responses favored the addition 
of venetoclax, irrespective of cytogenetic risk 
or molecular subgroup. The response rates 
in patients with poor cytogenetic risk were 
53% and 23% in the venetoclax/azacitidine 
and azacitidine/placebo arms, respectively. 
Patients with intermediate cytogenetic risk 
had response rates of 74% and 32%, respec-
tively. The response rates in patients with  
de novo AML were 66% and 30%, respectively. 
Patients with secondary AML had response 
rates of 67% and 23%, respectively.1

The CR plus CRi rates were also signifi-
cantly higher among patients with IDH1/2, 
FLT3, NPM1, and TP53 mutations in the 
venetoclax/azacitidine arm (TABLE).1

The safety profile was consistent with 
the known safety profiles of the combi-
nation of venetoclax and azacitidine and 
the known safety profiles of each agent 
alone. The most common all-grade gastro-
intestinal adverse effects (AEs) in the 
venetoclax/azacitidine and azacitidine/
placebo arms, respectively, included 
nausea (44% vs 35%), constipation (43% vs 
39%), diarrhea (41% vs 33%), and vomiting 
(30% vs 23%).

Serious AEs (grade ≥ 3) in the veneto-
clax/azacitidine and azacitidine/placebo 
arms, respectively, consisted of febrile 
neutropenia (30% vs 10%) and pneumonia 
(16% vs 22%). Laboratory tumor lysis 
syndrome was rare, occurring in 1% of 
patients in the venetoclax/azacitidine arm. 
The 30-day mortality rates were 7% (n = 21) 
and 6% (n = 9), respectively.

Grade 3 or higher hematological AEs 
occurring in at least 10% of patients in the 
venetoclax/azacitidine and azacitidine/
placebo arms, respectively, consisted of 
thrombocytopenia (45% vs 38%), neutrope-
nia (42% vs 29%), febrile neutropenia (42% 
vs 19%), anemia (26% vs 20%), and leukope-
nia (21% vs 12%).1

DiNardo added that with the combi-
nation, bone marrow biopsies should be 
performed at the end of cycle 1 as opposed 

to 3 or 4 months into treatment with 
azacitidine alone.

“Patients living with AML may be too 
sick to endure chemotherapy, and they face 
one of the most aggressive types of blood 
cancer,” Neil Gallagher, MD, PhD, chief 
medical officer of AbbVie, the developer of 
the drug, said in the press release.3 “The 
positive results from the VIALE-A study 
underscore the significant impact veneto-
clax plus azacitidine can have on improved 
survival and complete response in a previ-
ously untreated patient population.” n
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TABLE.  VIALE-A Response Data1

Outcome Azacitidine + venetoclax
(n = 286)

Azacitidine
(n = 145)

P value

CR + CRi rate (95% CI) 66.4% (60.6%-71.9%) 28.3% (21.1%-36.3%) < .001

CR + CRi by initiation of cycle 2 (95% CI) 43.4% (37.5%-49.3%) 7.6% (3.8%-13.2%) < .001

EFS, months (95% CI) 9.8 (8.4-11.8) 7.0 (5.6-9.5) < .001

TI (95% CI)a

RBCs 59.8% (53.9%-65.5%) 35.2% (27.4%-43.5%) < .001

Platelets 68.5% (62.8%-73.9%) 49.7% (41.3%-58.1%) < .001

CR + CRi rates in molecular subgroups (95% CI)

IDH1/2 75.4% (62.7%-85.5%) 10.7% (2.3%-28.2%) < .001

FLT3 72.4% (52.8%-87.3%) 36.4% (17.2%-59.3%)    .021

NPM1 66.7% (46.0%-83.5%) 23.5% (6.8%-49.9%)    .012

TP53 55.3% (38.3%-71.4%) 0% < .001

CR, complete response; CRi, CR with incomplete count recovery; EFS, event-free survival; RBC, red blood cell; TI, transfusion independence.
aTI defined as 56 or more days without RBC or platelet transfusion between the first and last day of treatment.
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Isatuximab Triplet Boosts PFS in Relapsed Myeloma
by GINA COLUMBUS

THE TRIPLET THERAPY OF isatuximab- 
irfc (Sarclisa), carfilzomib (Kyprolis), and 
dexamethasone showed a statistically 
significant improvement in progression- 
free survival (PFS) versus carfilzomib 
and dexamethasone alone in patients with 
relapsed/refractory multiple myeloma, 
according to interim results of the phase 3 
IKEMA study (NCT03275285) that were 
virtually presented during the 
25th Congress of the European 
Hematology Association.1

At a median follow-up of  
20.7 months, findings showed that 
the median PFS, as assessed by an 
independent response committee, 
was not reached (95% CI, not eval-
uable [NE]-NE) in the isatuximab 
arm and was 19.15 months (95% CI, 
15.770-NE) with carfilzomib/dexametha-
sone alone, leading to a 47% reduction in the 
risk of disease progression or death (HR, 
0.531; 99% CI, 0.318-0.889; P = .0007). This 
crossed the prespecified efficacy bound-
ary (P = .005).1

The isatuximab triplet regimen also 
showed a clinically meaningful improve-
ment in depth of response versus 
carfilzomib/dexamethasone alone and 
was also found to have a manageable 
safety profile.

“Isatuximab with [carfilzomib/dexa-
methasone] may represent a new standard 
of care for patients with relapsed multi-
ple myeloma,” lead study author Philippe 
Moreau, MD, head of the Department of 
Hematology and professor of clinical hema-
tology at the University Hospital of Nantes 
in France, said during the presentation.

Isatuximab is an immunoglobulin G1 
monoclonal antibody that targets CD38 
receptors, and it is FDA approved for use in 
combination with pomalidomide (Pomalyst) 
and low-dose dexamethasone for adults 
with multiple myeloma who have received 
at least 2 prior therapies including lenalido-
mide and a proteasome inhibitor.2

In the open-label IKEMA trial, 302 patients 
with relapsed/refractory myeloma who previ-
ously received 1 to 3 lines of therapy were 

randomized 3:2 to receive either intravenous 
isatuximab at 10 mg/kg plus carfilzomib and 
dexamethasone (n = 179) or carfilzomib/dexa-
methasone alone (n = 123). Isatuximab was 
administered on days 1, 8, 15, and 22 in 
cycle 1, and then every 2 weeks. Twice-
weekly carfilzomib was administered at  
20 mg/m2 on days 1 to 2 and 56 mg/m2 there-
after for 3 to 4 weeks, and then twice-weekly 

dexamethasone was administered at 
20 mg. Treatment was given until 
disease progression, unacceptable 
toxicity, or patient decision.

Those who received prior carfilzo-
mib and/or were refractory to prior 
anti–CD38 therapy were not eligible 
for IKEMA. Stratification factors 
included line of therapy (1 vs < 1) 
and Revised International Staging 

System (R-ISS) for Multiple Myeloma (stage I 
or II vs III vs not classified).

The primary end point of the trial was 
PFS; the comparison between arms was 
conducted through log-rank testing. 
Secondary outcome measures included 
overall response rate, rate of very good 
partial response (VGPR) or better, complete 
response rate, minimal residual disease 
(MRD) negativity rate, and overall survival. 
Safety was assessed via treatment-emer-
gent adverse effects (TEAEs).1

Baseline characteristics were similar in 
both arms, Moreau noted. The median age 
was 64 years (range, 33-90), and 8.8% of 
patients were aged 75 years or older. The 
percentages of those with R-ISS for Multiple 
Myeloma I, II, and III disease were 53.2%, 
30.2%, and 15.4%, respectively. Moreover, 
44.4% of patients had 1 prior line of therapy, 
32.5% had 2, and 21.4% had 3 or more prior 
treatments. Nearly 90% of patients (89.1%) 
received a prior proteasome inhibitor, and 
78.7% of patients previously received an 
immunomodulatory drug; 33% of patients 
were refractory to lenalidomide (Revlimid). 
Twenty-four percent of patients had high-
risk cytogenetics.1

Results also showed that the PFS bene-
fit was consistent across patient subgroups, 
“including patients who are difficult to 

treat, such as [those with] high-risk cyto-
genetics or elderly patients,” Moreau said 
during the presentation.

The overall response rate was 86.6% with 
the isatuximab triplet arm versus 82.9% 
with carfilzomib/dexamethasone alone 
(P = .19). The VGPR rates were 72.6% and 
56.1%, respectively (P = .0011). Additionally, 
the complete response rate was 39.7% 
with the triplet regimen versus 27.6% with 
carfilzomib/dexamethasone alone. The 
MRD-negativity rate (105), as assessed via 
next-generation sequencing in the intent-
to-treat population, was 29.6% and 13.0% 
with the triplet and carfilzomib/dexa-
methasone arms, respectively (P = .0004). 
When assessed in patients who achieved 
a VGPR or better, the MRD-negativity rate 
was 41.4% for isatuximab plus carfilzomib/
dexamethasone and 22.9% for carfilzomib/
dexamethasone alone.1

While there was no difference in over-
all survival, Moreau stressed that the 
data remain immature with only 17.3% 
of events reported in the triplet arm and 
20.3% of events reported in the carfilzomib/
dexamethasone arm.1

Grade 3 or higher TEAEs were reported 
in 76.8% and 67.2% of patients in the triplet 
and doublet arms, respectively. Moreover, 
the rate of serious TEAEs was similar in 
both arms (59.3% with the triplet vs 57.4% 
with the doublet), as was the rate of fatal 
TEAEs (3.4% vs 3.3%).1

Moreover, grade 3 or higher hyperten-
sion occurred in 20.3% of patients who 
received the triplet and in 19.7% of those 
treated with carfilzomib/dexametha-
sone alone. Grade 3/4 thrombocytopenia 
and neutropenia occurred in 29.9% and 
19.2% of patients in the triplet arm and in 
23.8% and 7.4% of patients who received 
carfilzomib/dexamethasone.1

The IKEMA results will form the basis of 
regulatory submissions planned for later in 
2020, according to Sanofi, the company 
developing the drug.3 n

For a full list of references,  
see the article at bit.ly/2ZPdfd8. 

Philippe  
Moreau, MD
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Ruxolitinib Improves Outcomes in aGVHD Across Subgroups
by JASON HARRIS

RUXOLITINIB (JAKAFI) INDUCED 
a strong, durable response across 
several subgroups of patients with 
steroid-refractory (SR) acute graft-versus- 
host disease (aGVHD), according to 
data from the REACH2 trial 
(NCT02913261) presented at the 
25th Congress of the European 
Hematology Association.1

In a follow-up analysis to 
data first published in the New 
England Journal of Medicine in 
May 2020, investigators led 
by Robert Zeiser, MD, of the 
Department of Hematology, Oncology and 
Stem Cell Transplantation at University 
of Freiburg Medical Center in Germany, 
analyzed the effect of treatment on several 
subgroups of patients.

Zeiser and colleagues found that ruxoli-
tinib improved the overall response rate 
(ORR) in adults aged 18 to 65 years (odds 
ratio [OR], 3.12; 95% CI, 1.84-5.30) and 
those who became SR due to aGVHD 
progression (68.6% vs 32.6%; OR, 5.04; 95% 
CI 1.85-13.75).1

Patients with grade 2 aGvHD had an 
ORR of 75.5% with ruxolitinib, the high-
est response in the study, compared with 
50.9% for standard of care (OR 2.96; 95% 
CI, 1.30-6.76). The ORR for patients with 
skin involvement was 72.0% versus 47.3% 
in favor of the experimental arm (OR, 2.99; 
95% CI, 1.55-5.79; TABLE).1

Ruxolitinib also induced high response 
rates in patients with varying degrees of 
disease severity and organ involvement, 
irrespective of prior GVHD therapy used or 
donor type (related or unrelated).1

The May data showed that the 
ORR at day 28 was 62.3% with 
ruxolitinib versus 39.4% with 
best available therapy (OR, 2.64; 
P < .001) in the total population. 
The durable ORR at day 56, a key 
secondary end point, also favored 
ruxolitinib: 40% versus 22% (OR, 
2.38; 95% CI, 1.43-3.94; P < .001).

The median failure-free survival was  
5 months versus 1 month, respectively  
(HR, 0.46; 95% CI, 0.35-0.60). The median 
overall survival was 11.1 months in the 
ruxolitinib group versus 6.5 months in the 
control group (HR, 0.83; 95% CI, 0.60-1.15).2

The multicenter, open-label, phase 3 
REACH2 trial randomly assigned 309 
patients with SR aGVHD to ruxolitinib or 
investigator’s choice of best available 
therapy. Overall, 154 patients were 
assigned to the ruxolitinib arm and 155 to 
the control arm.2 

Investigators did not detect any new 
safety signals in the new analysis 
presented virtually at the EHA congress.1 In 
the previous findings, thrombocytopenia, 
anemia, and cytomegalovirus infection 
were the most common adverse events 
(AEs). Dose modifications were required 

in 38% of the ruxolitinib arm and 9% of the 
control arm. AE-related treatment discon-
tinuation occurred in 11% and 5% of the  
2 arms, respectively.2

The positive outcomes in REACH2 
confirm the findings from the phase 2 
REACH-1 study (NCT02953678), which 
were the basis of the May 24, 2019, FDA 
approval of ruxolitinib for the treatment of 
adult and pediatric patients aged 12 years 
or older with SR aGVHD. The study demon-
strated that the combination of ruxolitinib 
with corticosteroids elicited a 57% ORR at 
day 28 in patients with SR aGVHD, with a 
complete response rate of 31%.3

The open-label, single-cohort, multi-
center, phase 2 REACH-1 study recruited 
patients aged 12 years and older who 
underwent allogeneic hematopoietic stem 
cell transplantation and developed grade 
2 to 4 SR aGVHD. Patients had received up 
to 1 systemic treatment beyond corticoste-
roids for aGVHD. Of the 71 patients who 
participated, 49 patients were refractory 
to steroids alone, 12 patients had received 
at least 2 prior anti–GVHD therapies, and 
10 patients did not otherwise meet the FDA 
definition of SR.3

The ongoing phase 3 REACH3 trial 
(NCT03112603) is examining ruxolitinib 
versus best available therapy in patients 
with SR chronic GVHD after bone marrow 
transplantation.

Ruxolitinib is also FDA approved as a 
treatment for patients with polycythemia 
vera who are intolerant of or have had an 
inadequate response to hydroxyurea and 
for patients with intermediate- or high-risk 
myelofibrosis, including primary myelofi-
brosis, postpolycythemia vera 
myelofibrosis, and postessential thrombo-
cythemia myelofibrosis in adults.4 n

For a full list of references,  
see the article at bit.ly/3fU1Qy6. 

Robert Zeiser, MD

TABLE.  Overall Response Rate at Day 28 Across Patient Subgroups1

Patient subgroup Ruxolitinib
(n = 154)

BAT
(n = 155)

OR  
(95% CI)

Total population 62.3% 39.4% 2.64 (NA)a

Patients aged 18-65 64.8% 38.1% 3.12 (1.84-5.30)

Grade 2 aGVHD 75.5% 50.9% 2.96 (1.30-6.76)

Patients with skin involvement 72.0% 47.3% 2.99 (1.55-5.79)

Patients with a lack of response after  
7 days of high-dose steroids

56.9% 38.1% 2.04 (1.00-4.16)

Patients who became SR due to aGVHD progression  
after ≥ 3 days of high-dose steroids

68.6% 32.6% 5.04 (1.85-13.75)

aGVHD, acute graft-versus-host disease; BAT, best available therapy; NA, not available; OR, odds ratio; SR, steroid refractory.
aP < .001.
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Immuno-oncology Agents Face Off in NSCLC
by RACHEL NAROZNIAK, MA

INVESTIGATORS WILL PIT 2 PD-1/PD-L1– 
pathway agents against each other in a bid 
to determine which therapy can confer the 
greatest survival benefit in patients with 
PD-L1–high, advanced non–small cell lung 
cancer (NSCLC).

The phase 3 study (NCT03631706) 
will compare single-agent pembroli-
zumab (Keytruda) with bintrafusp 
alfa (M7824), a first-in-class bifunc-
tional fusion protein, in 584 patients 
with stage IV NSCLC who do not 
harbor an EGFR or BRAF V600E 
mutation, an ALK translocation, or a 
ROS1 rearrangement.1 Patients must 
have tumor tissue that is less than  
6 months old available for PD-L1 status 
assessment, which will be determined by 
central testing prior to the first dose of either 
the experimental or control therapy. 

The rationale for testing bintrafusp alfa 
in this patient population stems from inves-
tigators’ push to identify a more potent 
immunostimulatory treatment intervention. 
“We have seen that PD-L1 inhibition alone 
leads to significant benefits, but there are 
other approaches that theoretically can 
enhance the effects of the immune system,” 
said Edward B. Garon, MD, principal 
investigator of the trial site at the University 
of California, Los Angeles. 

Bintrafusp alfa is composed of 2 extracel-
lular domains of TGF-βRII—also known as a 
TGF-β “trap”—fused to an anti–PD-L1 human 
IgG1 monoclonal antibody.2 The aim of using 
a bifunctional antibody is to increase effi-
cacy above and beyond that achieved with 

individual therapies or combinations of  
individual therapies. 

“Dual TGF-β and PD-L1 blockade is an 
alternative methodology that might offer 
promise to patients with PD-L1–high NSCLC,” 
according to Garon, who serves as an asso-

ciate professor of medicine in the 
Division of Hematology/Oncology at 
the Geffen School of Medicine at the 
University of California Los Angeles. 
TGF-β promotes tumor progression 
via immune- and nonimmune-related 
processes. Consequently, obstructing 
TGF-β activity may lead to greater 
sensitivity to PD-L1–directed mono-
clonal antibodies.1,2 

The study is based on the hypothesis 
that by blocking both immunosuppressive 
pathways in the tumor microenvironment, 
bintrafusp alfa has the potential to afford 
greater control of tumor growth than an 
inhibitor with a unifunctional mechanism, 
such as pembrolizumab.3 Investigators will 
evaluate progression-free survival (PFS) and 
overall survival (OS) as coprimary end points. 
(FIGURE).1  The cutoff for PD-L1 expression 
is 80%. “The 80% value for the antibody asso-
ciated with [bintrafusp alfa] is similar to the 
50% cut point with the more commonly used 
CC23 antibody. Therefore, the cutoff for this 
study is 80% using this test,” Garon said. 

EARLY SIGNS OF EFFICACY
Bintrafusp alfa’s potential to restore and 
enhance antitumor responses in a localized 
and nonredundant manner is supported by 
data from an ongoing, global phase 1 study 

(NCT02517398) evaluating the agent as a 
second-line therapy in patients with advanced 
NSCLC. Tumor cell PD-L1 expression was 
immunohistochemically assessed; PD-L1–posi-
tive was defined as tumor staining greater than 
or equal to 1%, and PD-L1–high, 80% or greater.3

Efficacy and safety data presented at the 
2020 American Society of Clinical Oncology 
Virtual Scientific Program demonstrated that 
bintrafusp alfa monotherapy induced durable 
responses and improved long-term survival 
in patients with advanced NSCLC, with a 
marked benefit in the PD-L1–high population.3 

At the recommended phase 2 dose of  
1200 mg every 2 weeks, the median OS 
was 21.7 months (12.2–not reached [NR]) in 
patients with PD-L1–positive disease; it was 
NR in individuals with PD-L1–high NSCLC 
(9.6-NR). The median duration of response 
was 18.0 months (95% CI, 4.2-23.5) and  
63.6% of patients had responses that lasted 
at least 1 year. The overall safety profile 
remained consistent with what was seen 
in the earlier analysis, with no new safety 
signals or deaths, investigators said.3 

 

AN EXPANDING ARMAMENTARIUM 
Frontline treatment options for PD-L1–high 
advanced NSCLC include pembrolizumab, 
nivolumab (Opdivo) plus ipilimumab (Yervoy), 
and atezolizumab (Tecentriq) with or without 
bevacizumab (Avastin). These options, each 
of which can be given with or without chemo-
therapy, represent the possibility of first-line 
therapy with PD-1/PD-L1 inhibition with or 
without CTLA-4 blockade, Garon said. 

“We have seen approvals for PD-1 and PD-L1 
inhibition, and [the] combination of PD-1 inhi-
bition with anti–CTLA-4 [agents]. As our 
treatments in advanced-stage non–small cell 
lung cancer improve, we will continue to move 
forward, and we anticipate an even greater 
expansion in what could be a better standard 
of care than what we have had in the 
past,” Garon said.

The study is currently recruiting across 
more than 100 sites worldwide. n

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

Edward B.  
Garon, MD

FIGURE. Bintrafusp Alfa Versus Pembrolizumab in PD-L1–High NSCLC 
Phase 3 Trial 
N = 584

Eligibility criteria

•  Histologically confirmed advanced, PD-L1–high NSCLC 
with measurable disease based on RECIST 1.1 criteria.

•  Systemic therapy-naïve. 
•  Life expectancy of ≥ 3 months.

Experimental arm:  
bintrafusp alfa

Control arm:  
pembrolizumab

Outcomes

Primary
•PFS, OS

Select secondary
• TEAEs
• ORR
• DOR

DOR, duration of response; NSCLC, non–small cell lung cancer; ORR, objective response rate; OS, overall survival; PFS, progression-free survival; 
TEAE, treatment-emergent adverse event.



HER2=human epidermal growth factor receptor 2.

IN HER2+ EARLY BREAST CANCER (EBC),  
UNDERSTAND HER RISK  
OF RECURRENCE



The pooled-analysis showed that patients were still at risk of recurrence 
following neoadjuvant therapy, even if a pathological complete response 
(pCR) was achieved; and the risk of recurrence was even higher for those 
with residual invasive disease.1

This analysis included 12 international trials published between  
January 1, 1990, and August 1, 2001, assessing neoadjuvant treatment 
in patients with various breast cancer subtypes.1

Your patients with HER2+ EBC are still at risk of recurrence, regardless 
of the outcome of neoadjuvant treatment and surgery.1,2

Association between pCR and event-free 
survival (EFS)* in the HER2+ subgroup analysis 
of the CTNeoBC study1

HER RISK OF RECURRENCE REMAINS,  
EVEN AFTER NEOADJUVANT 
TREATMENT

0.0

0 20 40 60 80 100 120

0.2

0.4

0.6

0.8

1.0

EF
S 

Pr
ob

ab
ili

ty

Months since randomization

pCR (n=586) no pCR (n=1403)

HR=0.39 (95% CI: 0.31-0.50)

* EFS was calculated as the interval from randomization to occurrence of disease progression resulting in inoperability, 
loco-regional recurrence (after neoadjuvant therapy), distant metastases, or death from any cause.1

 1,989 patients with HER2+ tumors were included in the subgroup 
analysis. 55% of which did not receive a full year of adjuvant  
HER2-targeted monotherapy treatment.1 

While there are different paths you can choose 
for your patient with HER2+ EBC, her treatment 
shouldn’t stop at neoadjuvant therapy. 

The CTNeoBC pooled-analysis 
assessed the risk of recurrence 
following neoadjuvant treatment 
among patients with breast cancer, 
including HER2+ EBC, based on 
historic data1 
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Discover possible adjuvant treatment 
options that  may be right for her*:
For patients who achieve pCR, visit
PCRinEBC.com

For patients who do not achieve pCR, visit
NoPCRinEBC.com

*There may be other treatment options available for your patients. 
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Checkpoint Duo Improves OS in Patients With  
NSCLC and Brain Metastases

by KRISTI ROSA

THE COMBINATION OF NIVOLUMAB 
(Opdivo) and ipilimumab (Yervoy) provided 
similar clinical benefit to that of chemother
apy when given as a frontline treatment for 
patients with advanced non–small cell lung 
cancer (NSCLC) who had stable and treated 
brain metastases at baseline, according to 
results from a post hoc analysis of part 1 of 
the phase 3 CheckMate 227 trial 
(NCT02477826) presented during 
the 2020 American Association 
for Cancer Research Virtual 
Annual Meeting II.1

Results showed that the immuno
therapy combination led to an 
improvement in overall survival 
(OS) in patients with and with
out brain metastases. The median 
OS in those with baseline brain metastases 
was 17.4 months with the nivolumab plus 
ipilimumab versus 13.7 months with chemo
therapy (HR, 0.60; 95% CI, 0.400.89). In 
those without brain metastases at baseline, 
the median OS in the combination arm was 
17.1 months compared with 13.9 months in 
the control arm (HR, 0.77; 95% CI, 0.670.89; 
TABLE).¹ Notably, the OS benefit observed 
with the combination was upheld with 3year 
survival rates of over 33%, regardless of 
brain metastases.

Progressionfree survival (PFS) also 
favored the immunotherapy combination 
versus chemotherapy in these patient popu
lations. In those with brain metastases at 
baseline, the median PFS in the investiga
tive arm was 5.4 months compared with 5.8 
months in the comparator arm (HR, 0.79; 95% 
CI, 0.521.18). In those without baseline brain 
metastases, the median PFS was 4.9 months 
and 5.4 months with the combination versus 
with chemotherapy, respectively (HR, 0.80; 
95% CI, 0.690.92).

Additionally, systemic objective response 
rates (ORRs) and median duration of response 
(DOR) with the combination proved to be 
comparable between those with baseline 
brain metastases and those without. The 

ORR in those with brain metastases was 
32.4% with the combination versus 25.8% 
with chemotherapy; the median DOR in this 
patient population was 24.9 months compared 
with 8.4 months, respectively. In those with
out brain metastases, the ORR was 33.6% 
with nivolumab plus ipilimumab versus 
28.2% with chemotherapy; the median DOR in 

this subgroup was 20.4 months with 
the combination versus  
5.8 months with chemotherapy.

“Hazard ratios for OS and PFS favor 
the combination of nivolumab and 
ipilimumab, and also systemic over
all responses and DORs with the 
combination were similar in patients 
with and without brain metasta
ses,” said lead investigator Hossein 

Borghaei, DO, MS, chief of Thoracic Medical 
Oncology, a professor in the Department of 
Hematology/Oncology, and codirector of the 
Immune Monitoring Facility at Fox Chase 
Cancer Center in Philadelphia, Pennsylvania, 
in a poster presentation during the meeting.

Part 1 of the randomized, openlabel, phase 
3 CheckMate 227 trial enrolled patients 
with stage IV or recurrent NSCLC who 
had not previously received systemic ther
apy, had no sensitizing EGFR mutations 
or known ALK aberrations, and an ECOG 
performance score of 0 to 1. Patients with 
any brain metastases who were adequately 
treated were eligible for enrollment as long 
as neurological findings had returned to 
baseline for at least 2 weeks prior to trial 
randomization. Additionally, patients were 
allowed to have received treatment with 
corticosteroids equivalent to 10 mg or less 
of daily prednisone, as long as the dose was 
stable or decreasing for 2 or more weeks 
before randomization.

Patients were stratified based on histology 
(nonsquamous versus squamous). In part 1A 
of the trial, patients with PDL1 expression 
of 1% or higher (n = 1189) were randomized 
1:1:1 to either nivolumab plus ipilimumab  
(n = 396), chemotherapy (n = 397), or 

nivolumab alone (n = 396). In part 1B of the 
trial, patients with PDL1 expression of less 
than 1% (n = 550) were also randomized 
1:1:1 to receive the combination (n = 187), 
chemotherapy (n = 186), or nivolumab plus 
chemotherapy (n = 177). The post hoc analy
ses examined patients from both parts of the 
trial with baseline brain metastases (n = 68, 
combination; n = 66, chemotherapy) and 
without baseline metastases (n = 515, combi
nation; n = 517, chemotherapy).

Notably, brain lesions were considered to 
be nontarget lesions, and thus, data regard
ing intracranial response were not collected, 
according to Borghaei.

Baseline characteristics were noted to be 
generally well balanced between the treat
ment arms. A larger proportion of patients 
with brain metastases were aged younger 
than 65 years; the median age in the combi
nation arm was 60 years compared with 
64 years in the combination arm in those 
without metastases. Additionally, a smaller 
percentage of patients with brain metasta
ses had squamous histology—11.8% of those 
who received the combination versus 30.1% of 
those who received the combination and did 
not have baseline brain metastases.

“Brain radiotherapy was given to control 
brain metastases prior to study entry; there
fore, a greater proportion of patients with 
brain metastases had received prior radiation 
[compared with those without brain metasta
ses], and that included non–central nervous 
system radiotherapy,” noted Borghaei. “The 
rate ranged from 88% to 90% [between the 
arms]. In patients without brain metastases, 
the radiation rates...ranged from 23% to 24%.”

The median treatment duration with the 
combination was 4.2 months in those with 
brain metastases at baseline and those with
out metastases; additionally, the median 
duration of therapy with chemotherapy was 
3.6 months versus 2.6 months, respectively.

Notably, smaller proportions of patients 
with and without baseline brain metasta
ses who were given the immunotherapy 

Hossein Borghaei, 
DO, MS
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combination received subsequent treatment 
compared with those who were given chemo
therapy. In those with brain metastases, 
42.6% of those on the combination arm 
received subsequent treatment versus  
66.7% of those in the control arm. In those 
without baseline brain metastases, 47.4% of 
those on the combination arm were given 
subsequent therapy versus 61.1% of those on 
the control arm.

Additional results broken down by PDL1 
expression showed that the combination 
provided an OS benefit over chemother
apy in those with a PDL1 expression of 1% 
or higher with and without brain metasta
ses at baseline.

In those with baseline brain metastases and 
a tumor PDL1 expression level of  
1% or higher, the median OS with the combi
nation was 20.6 months versus 13.7 months 
with chemotherapy and 12.0 months with 
nivolumab alone (HR, 0.60; 95% CI, 0.370.96). 
In those without baseline brain metastases 
with the same PDL1 expression, the median 
OS with the nivolumab plus ipilimumab was 
16.7 months versus 15.0 months with chemo
therapy and 16.1 months with nivolumab 
monotherapy (HR, 0.83; 95% CI, 0.700.99).

With regard to PFS, the HRs with the 
combination in patients with a tumor PDL1 
expression of 1% or higher with and without 
brain metastases were 0.88 (95% CI, 0.551.42) 
and 0.82 (95% CI, 0.690.98), respectively.

Furthermore, in those with a PDL1 expres
sion of 1% or higher, the DOR was extended 
with the combination compared with chemo
therapy in patients with and without brain 
metastases at baseline. In those with brain 
metastases, the ORR was 38.8% with the 

combination versus 31.3% with chemotherapy 
and 25.0% with nivolumab alone. The median 
DOR was 15.5 months versus 8.4 months and 
31.0 months, respectively. In those without 
brain metastases, the ORR was 36.0% with 
nivolumab plus ipilimumab versus 30.1% with 
chemotherapy, and 27.9% with nivolumab 
alone; here, the median DOR was  
24.5 months with the combination  
versus 6.1 months with chemotherapy and  
15.3 months with nivolumab.

No new safety signals were reported in this 
analysis. Allcause nervous system toxicities 
were observed in 46.9% of patients with brain 
metastases who received the combination and 
42.4% of those who were given chemotherapy. 
Treatmentrelated nervous system disorders 
were experienced by 15.6% of patients with 
brain metastases who received the immuno
therapy combination versus 16.7% of those 
who received chemotherapy.

“No new safety signals were observed, 
and the findings from this post hoc analy
sis were consistent with what has previously 
been reported in terms of the benefit from the 
combination in patients with baseline brain 
metastases,” said Borghaei.

On May 15, 2020, the FDA approved 
the combination of nivolumab plus ipili
mumab for use as a firstline treatment 
for patients with metastatic NSCLC with
out EGFR or ALK aberrations and whose 
tumors express a PDL1 level of 1% or higher, 
as determined by an FDAapproved test.2 The 
decision was based on earlier findings from 
part 1 of CheckMate 227, which suggested 
that a dual immunotherapy approach could 
result in longterm survival for select 
patients with metastatic disease.3,4

The median OS with nivolumab and ipilim
umab versus chemotherapy was 17.1 months 
and 14.9 months, respectively, in patients 
with this PDL1 expression level (HR, 0.79; 
95% CI, 0.670.94; P = .0066). Moreover, the 
median OS was 17.1 months with the combi
nation and 13.9 months with chemotherapy 
in all randomized patients, regardless of 
PDL1 status (HR, 0.73; 95% CI, 0.640.84).

Threeyear followup data were presented 
during the 2020 American Society of 
Clinical Oncology Virtual Scientific 
Program and showed that patients with 
advanced disease and a tumor PDL1 
expression of 1% or higher or less than 1% 
experienced durable and longterm efficacy 
from frontline treatment with the combina
tion over chemotherapy.5

After a median followup of 43.1 months, 
patients with a PDL1 expression of 1% or 
higher experienced a 21% reduced risk of 
death when treated with the combination 
versus 10% with chemotherapy (HR, 0.79; 
95% CI, 0.670.93) and nivolumab monother
apy (HR, 0.90; 95% CI, 0.771.06). The median 
OS was 17.1 months in the combination arm 
versus 15.7 months and 14.9 months in the 
nivolumabalone and chemotherapy arms, 
respectively. The 3year OS rates observed 
with the combination was 33% versus  
29% with nivolumab monotherapy, and  
22% with chemotherapy.

“The OS benefit with this combination was 
maintained with 3year survival rates, at 
over 30%, regardless of baseline brain 
metastases,” concluded Borghaei.  n

For a full list of references,  
see the article at bit.ly/2OX8WWR. 

TABLE.   Immunotherapeutic Efficacy in Patients With and Without Brain Metastases1

Outcome Patients with baseline brain metastases Patients without baseline brain metastases

Nivolumab + ipilimumab Chemotherapy Nivolumab + ipilimumab Chemotherapy

Median OS, months (95% CI) 17.4 (9.2-28.5) 13.7 (10.5-16.2) 17.1 (15.3-20.0) 13.9 (11.8-15.3)

HR (95% CI) 0.60 (0.40-0.89) 0.77 (0.67-0.89)

Median PFS, months (95% CI) 5.4 (3.0-8.6) 5.8 (4.3-8.0) 4.9 (4.1-5.8) 5.4 (4.5-5.6)

HR (95% CI) 0.79 (0.52-1.18) 0.80 (0.69-0.92)

ORR 32.4% 25.8% 33.6% 28.2%

DOR, months 24.9 8.4 20.4 5.8

DOR, duration of response; ORR, objective response rate; OS, overall survival; PFS, progression-free survival.
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G E N I T O U R I N A R Y  C A N C E R S

Study Explores Genomics of Race in Prostate Cancer
by NICHOLE TUCKER

ALTHOUGH THE GENOMIC PROFILES of 
African American men with prostate cancer 
differ from those of European American 
men, new data show that the frequency of 
actionable mutations for which targeted ther
apies exist occurs at a comparable rate in 
both populations. This indicates that African 
American men can still benefit from 
available treatments presuming 
therapy is equitable.1

The ongoing National Cancer 
Institute–sponsored RESPOND 
study is the largest research effort 
seeking to identify determinants of 
the disproportionate incidence of 
prostate cancer and mortality rate 
among African American men.2 
Findings from the study have identified 
novel variations in the African American 
population and underscored genomic alter
ations in known therapeutic targets that 
present at similar frequencies in the racial 
groups,1 according to Franklin W. Huang, 
MD, PhD, a corresponding author of the 
RESPOND study and an assistant profes
sor in the Department of Medicine at the 
University of California, San Francisco.

“African American men are often under
represented in clinical trials and genomics 
research, so 1 key takeaway is that in this 
study, we found that African American men 
have similar frequencies of genomic alter
ations in genes and pathways that are being 
targeted by currently approved drugs, so 
they could benefit from these therapies 
if we ensure access to them,” Huang 
told OncologyLive®.

EVIDENCE OF GENOMIC DIVERSITY
To facilitate their analysis, the investigators 
evaluated genomic data from 4 data sets: the 
MultiCenter Mutation Calling in Multiple 
Cancers call set from the PanCancer Atlas 
project of The Cancer Genome Atlas network; 
2 from the African ancestry prostate cancer 
cohort, which contained both whole exome 
and targeted sequencing data; and the 
Memorial Sloan Kettering Cancer Center’s 
MSKIMPACT panel. Twentynine percent 

(n = 250) of patients were African American, 
and 71% (n = 611) were European American.1

Across all 4 data sets, 15 genes were 
mutated in 2 or more patients. Somatic muta
tions in ZFHX3 were found at a significantly 
increased rate in African American 
patients  compared with European American 

patients (6.0% vs 2.1%; P = 7E–5; 
false discovery rate [FDR] = 0.001). 
TP53 mutations were observed 
in 40 African American patients 
and 39 European patients (P = .02; 
FDR = 0.13), signifying that race 
was not a correlating factor for  
TP53. Truncating mutations, 
however, were more common in 
African Americans (FDR < 0.05). 

Mutations in FOXA1 and SPOP were associated 
with age rather than race (FDR < 0.05).1

Novel focal deletion peaks were observed 
in African American patients on chro
mosome 1q23.1 centered on ETV3, which 
was not detected in European American 
men. Deep ETV3 deletion frequency was 
significantly higher in African American 
men (6.3% vs 2.3%; P = .021).

Tumors with deletions in ZFHX3 were 
significantly enriched in African 
American patients (8.8%) versus European 
American patients (3.2%), as were dele
tions in NKX3-1, which occurred in 
11.1% and 5.9% of patients, respectively 
(FDR < 0.05). Alternatively, PTEN deletions 
presented more commonly in European 
Americans versus African Americans 
(15.3% vs 5.9%, respectively) with an FDR of 
less than 0.05. Finally, MYC amplifications 
were associated with higher Gleason scores 
instead of race.1

“These results reinforce the idea that 
there can be biological differences in 
prostate cancers between different ances
tral groups and that samples from black 
Americans need to be included in future 
molecular studies to fully understand 
these differences,” said cocorresponding 
author Joshua D. Campbell, PhD, assistant 
professor of medicine at Boston University, 
in a statement.2

DIFFERENCES IN TUMOR STATUS 
A subanalysis of 3454 patients with localized 
and metastatic tumors found several alter
ations that were more frequent in African 
American versus European American 
men. These include CCND1 amplification 
(6.0% vs 3.1%, respectively), HGF amplifi
cation (3.4% vs 1.4%), KMT2D truncation 
(10.1% vs 4.7%), MYC amplification (15.8% vs 
9.4%), SPOP point mutation (10.8% vs 6.9%), 
and KEL (2.1% vs 0.5%), NOTCH2 (1.8% vs 
0.5%), and PTCH1 alterations (1.8% vs 0.4%).1

In contrast, some alterations, such as 
PTEN deletions (13.1% vs 22.2%) and TMPRSS2-
ERG (13.8% vs 32.9%) rearrangements, were 
significantly lower in African American 
versus European American men. 

In metastatic versus localized disease, 
RB1, MYC, and AR were more frequently 
altered  in African American men, 
whereas RB1, MYC, AR, TP53, PTEN, APC, 
and CCND1 alterations more frequent in 
European American men.1

VARIANTS BY DISEASE SEVERITY
A metaanalysis also assessed the frequency 
of mutations according to disease severity. 
MYC amplifications were more common in 
tumors that either had a higher Gleason grade 
or were metastatic. PTEN deletions were 
enriched in European Americans. In patients 
with metastatic disease, AR gene alterations 
were more prevalent. TP53 was the most 
frequent of all the nonsynonymous mutations 
in all groups, excluding patients with 
lowgrade tumors. SPOP was the secondmost 
commonly mutated gene in all cohorts, except 
European patients with metastatic disease.1

Studying a diverse group of patients with 
prostate cancer is critical to improving 
cancer care “because it helps us fulfill the 
promise of precision medicine, finding the 
right treatments for the right patient and 
helping us understand the different mecha
nisms that may drive cancer in different 
populations and groups,” Huang said. 

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

Franklin W.  
Huang, MD, PhD
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(sacituzumab govitecan-hziy) TODAY!
Join Dr. Hope S. Rugo, MD,  to learn more about TRODELVY. TRODELVY is the first ADC FDA approved for adult patients with mTNBC 
who have received at least 2 prior therapies for metastatic disease. 
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WARNING: NEUTROPENIA AND DIARRHEA
Severe neutropenia may occur. Withhold TRODELVY for absolute neutrophil count below 1500/mm3 or neutropenic fever. Monitor blood cell counts 
periodically during treatment. Consider G-CSF for secondary prophylaxis. Initiate anti-infective treatment in patients with febrile neutropenia without delay.  
Severe diarrhea may occur. Monitor patients with diarrhea and give fluid and electrolytes as needed. Administer atropine, if not contraindicated, for early 
diarrhea of any severity. At the onset of late diarrhea, evaluate for infectious causes and, if negative, promptly initiate loperamide. If severe diarrhea occurs, 
withhold TRODELVY until resolved to  ≤Grade 1 and reduce subsequent doses.

IMPORTANT SAFETY INFORMATION

See additional Important Safety Information continued on the next page.

Please see Brief Summary of full Prescribing Information on adjacent pages.

INDICATION
TRODELVYTM (sacituzumab govitecan-hziy) is indicated for the treatment of adult patients with metastatic triple-negative breast cancer (mTNBC) who have 
received at least two prior therapies for metastatic disease.

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

Understand the Prescribing Information for TRODELVY, 
including approved indication, warnings and precautions, 
adverse reactions, and other safety information

Discuss the TRODELVY mechanism of action, appropriate 
patient populations, and clinical data

Explain the dosage and administration of TRODELVY, 
premedication requirements, and recommendations for 
managing treatment-related adverse reactions

Describe the TNBC disease state

ADC indicates antibody-drug conjugate; TNBC, triple-negative breast cancer. 
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IMPORTANT SAFETY INFORMATION (cont.)(cont.)
Contraindications
TRODELVY is contraindicated in patients who have experienced a severe 
hypersensitivity reaction to TRODELVY.

Hypersensitivity
TRODELVY can cause severe and life-threatening hypersensitivity. 
Anaphylactic reactions have been observed in clinical trials with TRODELVY.

Hypersensitivity reactions within 24 hours of dosing occurred in 37% 
(151/408) of patients treated with TRODELVY. Grade 3-4 hypersensitivity 
occurred in 1% (6/408) of patients treated with TRODELVY. The incidence 
of hypersensitivity reactions leading to permanent discontinuation of 
TRODELVY was 1% (3/408). 

Pre-infusion medication for patients receiving TRODELVY is recommended. 
Observe patients closely for infusion-related reactions during each TRODELVY 
infusion and for at least 30 minutes after completion of each infusion. Medication 
to treat such reactions, as well as emergency equipment, should be available 
for immediate use.

Nausea and Vomiting
TRODELVY is emetogenic. Nausea occurred in 69% (74/108) of patients with  
mTNBC and 69% (281/408) of all patients treated with TRODELVY. Grade 3 nausea  
occurred in 6% (7/108) and 5% (22/408) of these populations, respectively. 

Vomiting occurred in 49% (53/108) of patients with mTNBC and 45% (183/408) 
of all patients treated with TRODELVY. Grade 3 vomiting occurred in 6% (7/108) 
and 4% (16/408) of these patients, respectively. 

Premedicate with a two or three drug combination regimen (e.g. dexamethasone 
with either a 5-HT3 receptor antagonist or an NK-1 receptor antagonist as 
well as other drugs as indicated) for prevention of chemotherapy-induced 
nausea and vomiting (CINV).

Withhold TRODELVY doses for Grade 3 nausea or Grade 3-4 vomiting at the 
time of scheduled treatment administration and resume with additional 
supportive measures when resolved to Grade ≤1.

Additional antiemetics and other supportive measures may also be employed 
as clinically indicated. All patients should be given take-home medications 
with clear instructions for prevention and treatment of nausea and vomiting.

Use in Patients with Reduced UGT1A1 Activity 
Individuals who are homozygous for the uridine diphosphate-glucuronosyl 
transferase 1A1 (UGT1A1)*28 allele are at increased risk for neutropenia and 
may be at increased risk for other adverse reactions following initiation of 
TRODELVY treatment. 

In 84% (343/408) of patients who received TRODELVY (up to 10 mg/kg on 
Days 1 and 8 of a 21-day cycle) and had retrospective UGT1A1 genotype 
results available, the incidence of Grade 4 neutropenia was 26% (10/39) in 
patients homozygous for the UGT1A1*28 allele, 13% (20/155) in patients 
heterozygous for the UGT1A1*28 allele and 11% (16/149) in patients 
homozygous for the wild-type allele.

Closely monitor patients with reduced UGT1A1 activity for severe neutropenia. 
The appropriate dose for patients who are homozygous for UGT1A1*28 is  
not known and should be considered based on individual patient tolerance 
to treatment.

Embryo-Fetal Toxicity 
Based on its mechanism of action, TRODELVY can cause teratogenicity and/or 
embryo-fetal lethality when administered to a pregnant woman. TRODELVY 
contains a genotoxic component, SN-38, and targets rapidly dividing cells. 
Advise pregnant women and females of reproductive potential of the 

potential risk to a fetus. Advise females of reproductive potential to use 
effective contraception during treatment with TRODELVY and for 6 months 
after the last dose. Advise male patients with female partners of reproductive 
potential to use effective contraception during treatment with TRODELVY and 
for 3 months after the last dose.

Lactation
There is no information regarding the presence of sacituzumab govitecan-hziy 
or SN-38 in human milk, the effects on the breastfed child, or the effects on 
milk production. Because of the potential for serious adverse reactions in a 
breastfed child, advise women not to breastfeed during treatment and for  
1 month after the last dose of TRODELVY.

Adverse Reactions
Most common adverse reactions (incidence ≥25%) in patients with mTNBC 
are nausea (69%), neutropenia (64%), diarrhea (63%), fatigue (57%), anemia 
(52%), vomiting (49%), alopecia (38%), constipation (34%), rash (31%), decreased 
appetite (30%), abdominal pain (26%), and respiratory infection (26%).

Hope S. Rugo, MD
Professor of Medicine

Director, Breast Oncology & Clinical Trials Education
University of California, San Francisco

Helen Diller Family Comprehensive Cancer Center
San Francisco, California
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IMPORTANT SAFETY INFORMATION (cont.)(cont.)
Contraindications
TRODELVY is contraindicated in patients who have experienced a severe 
hypersensitivity reaction to TRODELVY.

Hypersensitivity
TRODELVY can cause severe and life-threatening hypersensitivity. 
Anaphylactic reactions have been observed in clinical trials with TRODELVY.

Hypersensitivity reactions within 24 hours of dosing occurred in 37% 
(151/408) of patients treated with TRODELVY. Grade 3-4 hypersensitivity 
occurred in 1% (6/408) of patients treated with TRODELVY. The incidence 
of hypersensitivity reactions leading to permanent discontinuation of 
TRODELVY was 1% (3/408). 

Pre-infusion medication for patients receiving TRODELVY is recommended. 
Observe patients closely for infusion-related reactions during each TRODELVY 
infusion and for at least 30 minutes after completion of each infusion. Medication 
to treat such reactions, as well as emergency equipment, should be available 
for immediate use.

Nausea and Vomiting
TRODELVY is emetogenic. Nausea occurred in 69% (74/108) of patients with  
mTNBC and 69% (281/408) of all patients treated with TRODELVY. Grade 3 nausea  
occurred in 6% (7/108) and 5% (22/408) of these populations, respectively. 

Vomiting occurred in 49% (53/108) of patients with mTNBC and 45% (183/408) 
of all patients treated with TRODELVY. Grade 3 vomiting occurred in 6% (7/108) 
and 4% (16/408) of these patients, respectively. 

Premedicate with a two or three drug combination regimen (e.g. dexamethasone 
with either a 5-HT3 receptor antagonist or an NK-1 receptor antagonist as 
well as other drugs as indicated) for prevention of chemotherapy-induced 
nausea and vomiting (CINV).

Withhold TRODELVY doses for Grade 3 nausea or Grade 3-4 vomiting at the 
time of scheduled treatment administration and resume with additional 
supportive measures when resolved to Grade ≤1.

Additional antiemetics and other supportive measures may also be employed 
as clinically indicated. All patients should be given take-home medications 
with clear instructions for prevention and treatment of nausea and vomiting.

Use in Patients with Reduced UGT1A1 Activity 
Individuals who are homozygous for the uridine diphosphate-glucuronosyl 
transferase 1A1 (UGT1A1)*28 allele are at increased risk for neutropenia and 
may be at increased risk for other adverse reactions following initiation of 
TRODELVY treatment. 

In 84% (343/408) of patients who received TRODELVY (up to 10 mg/kg on 
Days 1 and 8 of a 21-day cycle) and had retrospective UGT1A1 genotype 
results available, the incidence of Grade 4 neutropenia was 26% (10/39) in 
patients homozygous for the UGT1A1*28 allele, 13% (20/155) in patients 
heterozygous for the UGT1A1*28 allele and 11% (16/149) in patients 
homozygous for the wild-type allele.

Closely monitor patients with reduced UGT1A1 activity for severe neutropenia. 
The appropriate dose for patients who are homozygous for UGT1A1*28 is  
not known and should be considered based on individual patient tolerance 
to treatment.

Embryo-Fetal Toxicity 
Based on its mechanism of action, TRODELVY can cause teratogenicity and/or 
embryo-fetal lethality when administered to a pregnant woman. TRODELVY 
contains a genotoxic component, SN-38, and targets rapidly dividing cells. 
Advise pregnant women and females of reproductive potential of the 

potential risk to a fetus. Advise females of reproductive potential to use 
effective contraception during treatment with TRODELVY and for 6 months 
after the last dose. Advise male patients with female partners of reproductive 
potential to use effective contraception during treatment with TRODELVY and 
for 3 months after the last dose.

Lactation
There is no information regarding the presence of sacituzumab govitecan-hziy 
or SN-38 in human milk, the effects on the breastfed child, or the effects on 
milk production. Because of the potential for serious adverse reactions in a 
breastfed child, advise women not to breastfeed during treatment and for  
1 month after the last dose of TRODELVY.
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Most common adverse reactions (incidence ≥25%) in patients with mTNBC 
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(52%), vomiting (49%), alopecia (38%), constipation (34%), rash (31%), decreased 
appetite (30%), abdominal pain (26%), and respiratory infection (26%).
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Brief Summary of Prescribing Information 
TRODELVY™ (sacituzumab govitecan-hziy) for injection, for intravenous use
See package insert for full Prescribing Information.
INDICATIONS AND USAGE
TRODELVY is indicated for the treatment of adult patients with metastatic triple-negative breast cancer (mTNBC) who have 
received at least two prior therapies for metastatic disease. 
This indication is approved under accelerated approval based on tumor response rate and duration of response. Continued 
approval for this indication may be contingent upon verification and description of clinical benefit in confirmatory trials. 

WARNING: NEUTROPENIA AND DIARRHEA
•  Severe neutropenia may occur. Withhold TRODELVY for absolute neutrophil count below 1500/mm3 

or neutropenic fever. Monitor blood cell counts periodically during treatment. Consider G-CSF for 
secondary prophylaxis. Initiate anti-infective treatment in patients with febrile neutropenia without 
delay [see Warnings and Precautions].

•  Severe diarrhea may occur. Monitor patients with diarrhea and give fluid and electrolytes as needed. 
Administer atropine, if not contraindicated, for early diarrhea of any severity. At the onset of late 
diarrhea, evaluate for infectious causes and, if negative, promptly initiate loperamide [see Warnings 
and Precautions]. If severe diarrhea occurs, withhold TRODELVY until resolved to ≤ Grade 1 and reduce 
subsequent doses.

CONTRAINDICATIONS
TRODELVY is contraindicated in patients who have experienced a severe hypersensitivity reaction to TRODELVY [see Warnings 
and Precautions].
WARNINGS AND PRECAUTIONS
Neutropenia 
TRODELVY can cause severe or life-threatening neutropenia. Withhold TRODELVY for absolute neutrophil count below 
1500/mm3 on Day 1 of any cycle or neutrophil count below 1000/mm3 on Day 8 of any cycle. Withhold TRODELVY for 
neutropenic fever. Dose modifications may be required due to neutropenia. 
Febrile neutropenia occurred in 6% (24/408) patients treated with TRODELVY, including 8% (9/108) patients with 
mTNBC after at least two prior therapies. Less than 1% (1/408) of patients had febrile neutropenia leading to 
permanent discontinuation. 
The incidence of Grade 1-4 neutropenia was 64% in patients with mTNBC (n=108). In all patients treated with TRODELVY 
(n=408), the incidence of Grade1-4 neutropenia was 54%; Grade 4 neutropenia occurred in 13%. Less than 1% (2/408) of 
patients permanently discontinued treatment due to neutropenia. 
Diarrhea
TRODELVY can cause severe diarrhea. Withhold TRODELVY for Grade 3-4 diarrhea at the time of scheduled treatment 
administration and resume when resolved to ≤ Grade 1.
At the onset of diarrhea, evaluate for infectious causes and if negative, promptly initiate loperamide, 4 mg initially followed 
by 2 mg with every episode of diarrhea for a maximum of 16 mg daily. Discontinue loperamide 12 hours after diarrhea 
resolves. Additional supportive measures (e.g. fluid and electrolyte substitution) may also be employed as clinically indicated. 
Patients who exhibit an excessive cholinergic response to treatment with TRODELVY (e.g., abdominal cramping, diarrhea, 
salivation, etc.) can receive appropriate premedication (e.g., atropine) for subsequent treatments. 
Diarrhea occurred in 63% (68/108) of patients with mTNBC and 62% (254/408) of all patients treated with TRODELVY. In 
each population, events of Grade 3-4 occurred in 9% (10/108) of mTNBC patients and 9% (36/408) of all patients treated 
with TRODELVY. Four out of 408 patients (<1%) discontinued treatment because of diarrhea. Neutropenic colitis was 
observed in 2% (2/108) of patients in the mTNBC cohort and 1% of all patients treated with TRODELVY.
Hypersensitivity
TRODELVY can cause severe and life-threatening hypersensitivity. Anaphylactic reactions have been observed in clinical 
trials with TRODELVY.
Hypersensitivity reactions within 24 hours of dosing occurred in 37% (151/408) of patients treated with TRODELVY. Grade 
3-4 hypersensitivity occurred in 1% (6/408) of patients treated with TRODELVY. The incidence of hypersensitivity reactions 
leading to permanent discontinuation of  TRODELVY was 1% (3/408). 
Pre-infusion medication for patients receiving TRODELVY is recommended. Observe patients closely for infusion-related 
reactions during each TRODELVY infusion and for at least 30 minutes after completion of each infusion. Medication to treat 
such reactions, as well as emergency equipment, should be available for immediate use.
Nausea and Vomiting
TRODELVY is emetogenic. Nausea occurred in 69% (74/108) of patients with mTNBC and 69% (281/408) of all patients 
treated with TRODELVY. Grade 3 nausea occurred in 6% (7/108) and 5% (22/408) of these populations, respectively. 
Vomiting occurred in 49% (53/108) of patients with mTNBC and 45% (183/408) of all patients treated with TRODELVY. 
Grade 3 vomiting occurred in 6% (7/108) and 4% (16/408) of these patients, respectively. 
Premedicate with a two or three drug combination regimen (e.g., dexamethasone with either a 5-HT3 receptor antagonist 
or an NK-1 receptor antagonist as well as other drugs as indicated) for prevention of chemotherapy-induced nausea and 
vomiting (CINV).
Withhold TRODELVY doses for Grade 3 nausea or Grade 3-4 vomiting at the time of scheduled treatment administration and 
resume with additional supportive measures when resolved to Grade ≤ 1.
Additional antiemetics and other supportive measures may also be employed as clinically indicated. All patients should be 
given take-home medications with clear instructions for prevention and treatment of nausea and vomiting.
Use in Patients with Reduced UGT1A1 Activity 
Individuals who are homozygous for the uridine diphosphate-glucuronosyl transferase 1A1 (UGT1A1)*28 allele are at 
increased risk for neutropenia and may be at increased risk for other adverse reactions following initiation of TRODELVY 
treatment. 
In 84% (343/408) of patients who received TRODELVY (up to 10 mg/kg on Days 1 and 8 of a 21-day cycle) and had 
retrospective UGT1A1 genotype results available, the incidence of Grade 4 neutropenia was 26% (10/39) in patients 
homozygous for the UGT1A1*28 allele, 13% (20/155) in patients heterozygous for the UGT1A1*28 allele and 11% (16/149) 
in patients homozygous for the wild-type allele.
Closely monitor patients with reduced UGT1A1 activity for severe neutropenia. The appropriate dose for patients who are 
homozygous for UGT1A1*28 is not known and should be considered based on individual patient tolerance to treatment.
Embryo-Fetal Toxicity 
Based on its mechanism of action, TRODELVY can cause teratogenicity and/or embryo-fetal lethality when administered to 
a pregnant woman. TRODELVY contains a genotoxic component, SN-38, and targets rapidly dividing cells. Advise pregnant 

women and females of reproductive potential of the potential risk to a fetus. Advise females of reproductive potential to use 
effective contraception during treatment with TRODELVY and for 6 months after the last dose. Advise male patients with 
female partners of reproductive potential to use effective contraception during treatment with TRODELVY and for 3 months 
after the last dose [see Use in Specific Populations].
ADVERSE REACTIONS
The following adverse reactions are discussed in greater detail in other sections of the label:
• Neutropenia [see Warnings and Precautions]
• Diarrhea [see Warnings and Precautions]
• Hypersensitivity [see Warnings and Precautions]
• Nausea and Vomiting [see Warnings and Precautions]
Clinical Trials Experience
Because clinical trials are conducted under widely varying conditions, adverse reaction rates observed in the clinical trials 
of a drug cannot be directly compared to rates in the clinical trials of another drug and may not reflect the rates observed 
in clinical practice.
The data described in the Warnings and Precautions section reflect exposure to TRODELVY as a single agent in a single-arm, 
open-label study (IMMU-132-01) in 408 patients with mTNBC and other malignancies who had received prior systemic 
therapeutic regimen for advanced disease. TRODELVY was administered as an intravenous infusion once weekly on Days 1 
and 8 of 21-day treatment cycles at doses up to 10 mg/kg until disease progression or unacceptable toxicity. 
The data in Table 2 reflect exposure to TRODELVY in a subset of 108 patients with mTNBC who had received at least two 
prior treatments for metastatic disease in study (IMMU-132-01). Patients received TRODELVY 10 mg/kg via intravenous 
infusion on Days 1 and 8 of 21-day treatment cycles until disease progression or unacceptable toxicity. The median 
treatment duration in these 108 patients was 5.1 months (range: 0-51 months).
Serious adverse reactions were reported in 31% of the patients. The most frequent serious adverse reactions (reported 
in >1%) of the patients receiving TRODELVY were febrile neutropenia (6%) vomiting (5%), nausea (3%), dyspnea (3%), 
diarrhea (4%), anemia (2%), pleural effusion, neutropenia, pneumonia, dehydration (each 2%). 
TRODELVY was permanently discontinued for adverse reactions in 2% of patients. Adverse reactions leading to 
discontinuation were anaphylaxis, anorexia/fatigue, and headache (each <1%, 1 patient for each event). Forty-five 
percent (45%) of patients experienced an adverse reaction leading to treatment interruption. The most common 
adverse reaction leading to treatment interruption was neutropenia (33%). Adverse reactions leading to dose reduction 
occurred in 33% of patients treated with TRODELVY, with 24% having one dose reduction and 9% with two dose 
reductions. The most common adverse reaction leading to dose reductions was neutropenia/febrile neutropenia. 
Adverse reactions occurring in ≥10% of patients with mTNBC in the IMMU-132-01 study are summarized in Table 2.

Table 2: Adverse Reactions in ≥ 10% of Patients with mTNBC in IMMU-132-01

Adverse Reaction
TRODELVY (n=108)

Grade 1-4 (%) Grade 3-4 (%)
Any adverse reaction 100 71
Gastrointestinal disorders 95 21
  Nausea 69 6
  Diarrhea 63 9
  Vomiting 49 6
  Constipation 34 1
  Abdominal paini 26 1
 Mucositisii 14 1
General disorders and administration site conditions 77 9
  Fatigueiii 57 8
  Edemaiv 19 0
  Pyrexia 14 0
Blood and lymphatic system disorders 74 37
  Neutropenia 64 43
  Anemia 52 12
  Thrombocytopenia 14 3
Metabolism and nutrition disorders 68 22
  Decreased appetite 30 1
  Hyperglycemia 24 4
  Hypomagnesemia 21 1
  Hypokalemia 19 2
  Hypophosphatemia 16 9
  Dehydration 13 5
Skin and subcutaneous tissue disorders 63 4
  Alopecia 38 0
  Rashv 31 3
  Pruritus 17 0
  Dry Skin 15 0
Nervous system disorders 56 4
  Headache 23 1
  Dizziness 22 0
  Neuropathyvi 24 0
  Dysgeusia 11 0
Infections and infestations 55 12
  Urinary Tract Infection 21 3
  Respiratory Infectionvii 26 3
Musculoskeletal and connective tissue disorders 54 1
  Back pain 23 0
  Arthralgia 17 0
  Pain in extremity 11 0

Respiratory, thoracic and mediastinal disorders 54 5
  Coughviii 22 0
  Dyspneaix 21 3
Psychiatric disorders 26 1
  Insomnia 13 0

Graded per NCI CTCAE v. 4.0
i. Including abdominal pain, distention, pain (upper), discomfort, tenderness
iiIncluding stomatitis, esophagitis, and mucosal inflammation
iiiIncluding fatigue and asthenia
ivIncluding edema; and peripheral, localized, and periorbital edema 
vIncluding rash; maculopapular, erythematous, generalized rash; dermatitis acneiform; skin disorder, irritation, and exfoliation 
viIncluding gait disturbance, hypoesthesia, muscular weakness, paresthesia, peripheral and sensory neuropathy
vii Including lower and upper respiratory tract infection, pneumonia, influenza, viral upper respiratory infection, bronchitis and respiratory 

syncytial virus infection
viiiIncludes cough and productive cough
ix Includes dyspnea and exertional dyspnea

Table 3: Laboratory Abnormalities observed in >10% of Patients while receiving TRODELVY

Laboratory Abnormality
TRODELVY (n=108)

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

Hematology

Decreased hemoglobin 93 6

Decreased leukocytes 91 26

Decreased neutrophils 82 32

Increased activated partial thromboplastin time 60 12

Decreased platelets 30 3

Chemistry

Increased alkaline phosphatase 57 2

Decreased magnesium 51 3

Decreased calcium 49 3

Increased glucose 48 3

Increased aspartate aminotransferase 45 3

Decreased albumin 39 1

Increased alanine aminotransferase 35 2

Decreased potassium 30 3

Decreased phosphate 29 5

Decreased sodium 25 4.7

Increased magnesium 24 4

Decreased glucose 19 2

Immunogenicity 
As with all therapeutic proteins, there is potential for immunogenicity. The detection of antibody formation is highly 
dependent on the sensitivity and specificity of the assay. Additionally, the observed incidence of antibody (including 
neutralizing antibody) positivity in an assay may be influenced by several factors including assay methodology, sample 
handling, timing of sample collection, concomitant medications, and underlying disease. For these reasons, comparison 
of the incidence of antibodies in the studies described below with the incidence of antibodies in other studies or to other 
sacituzumab govitecan products may be misleading.
The analysis of immunogenicity of TRODELVY in serum samples from 106 patients with mTNBC was evaluated using an 
electrochemiluminescence (ECL)-based immunoassay to test for anti-sacituzumab govitecan-hziy antibodies. Detection 
of the anti-sacituzumab govitecan-hziy antibodies was done using a 3-tier approach: screen, confirm, and titer. 
Persistent anti-sacituzumab govitecan-hziy antibodies developed in 2% (2/106) of patients. 
DRUG INTERACTIONS
Effect of Other Drugs on TRODELVY
UGT1A1 Inhibitors 
Concomitant administration of TRODELVY with inhibitors of UGT1A1 may increase the incidence of adverse reactions due 
to potential increase in systemic exposure to SN-38 [see Warning and Precaution]. Avoid administering UGT1A1 inhibitors 
with TRODELVY.
UGT1A1 Inducers
Exposure to SN-38 may be substantially reduced in patients concomitantly receiving UGT1A1 enzyme inducers [see Warning 
and Precaution]. Avoid administering UGT1A1 inducers with TRODELVY. 
USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary
Based on its mechanism of action, TRODELVY can cause teratogenicity and/or embryo-fetal lethality when administered to 
a pregnant woman. There are no available data in pregnant women to inform the drug-associated risk. TRODELVY contains 
a genotoxic component, SN-38, and is toxic to rapidly dividing cells. Advise pregnant women and females of reproductive 
potential of the potential risk to a fetus.
The estimated background risk of major birth defects and miscarriage for the indicated population is unknown. 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 
There were no reproductive and developmental toxicology studies conducted with sacituzumab govitecan-hziy. 
Lactation
Risk Summary
There is no information regarding the presence of sacituzumab govitecan-hziy or SN-38 in human milk, the effects on the 

breastfed child, or the effects on milk production. Because of the potential for serious adverse reactions in a breastfed child, 
advise women not to breastfeed during treatment and for 1 month after the last dose of TRODELVY.
Females and Males of Reproductive Potential 
Pregnancy Testing
Verify the pregnancy status of females of reproductive potential prior to the initiation of TRODELVY.
Contraception 
Females
TRODELVY can cause fetal harm when administered to a pregnant woman [see Use in Specific Populations]. Advise females of 
reproductive potential to use effective contraception during treatment with TRODELVY and for 6 months after the last dose.
Males 
Because of the potential for genotoxicity, advise male patients with female partners of reproductive potential to use 
effective contraception during treatment with TRODELVY and for 3 months after the last dose.
Infertility
Females
Based on findings in animals, TRODELVY may impair fertility in females of reproductive potential.
Pediatric Use 
Safety and effectiveness of TRODELVY have not been established in pediatric patients.
Geriatric Use
Of the patients who received TRODELVY, 19/108 (18%) patients with mTNBC and 144/408 (35%) of all patients were ≥ 65 
years old. No overall differences in safety and effectiveness were observed between these patients and younger patients.
Hepatic Impairment
No adjustment to the starting dose is required when administering TRODELVY to patients with mild hepatic impairment 
(bilirubin less than or equal to 1.5 ULN and AST/ALT < 3 ULN). 
The exposure of TRODELVY in patients with mild hepatic impairment (bilirubin less than or equal to ULN and AST greater 
than ULN, or bilirubin greater than 1.0 to 1.5 ULN and AST of any level; n=12) was similar to patients with normal hepatic 
function (bilirubin or AST less than ULN; n=45). 
The safety of TRODELVY in patients with moderate or severe hepatic impairment has not been established. TRODELVY has 
not been tested in patients with serum bilirubin > 1.5 ULN, or AST and ALT > 3 ULN, or AST and ALT > 5 ULN and associated 
with liver metastases. 
No dedicated trial was performed to investigate the tolerability of TRODELVY in patients with moderate or severe hepatic 
impairment. No recommendations can be made for the starting dose in these patients.
OVERDOSAGE
In a clinical trial, planned doses of up to 18 mg/kg (approximately 1.8 times the maximum recommended dose of  
10 mg/kg) of TRODELVY were administered. In these patients, a higher incidence of severe neutropenia was observed. 
Pharmacogenomics
SN-38 is metabolized via UGT1A1. Genetic variants of the UGT1A1 gene such as the UGT1A1*28 allele lead to 
reduced UGT1A1 enzyme activity. Individuals who are homozygous for the UGT1A1*28 allele are at increased risk for 
neutropenia from TRODELVY [see Warnings and Precautions]. Approximately 20% of the Black or African American 
population, 10% of the White population, and 2% of the East Asian population are homozygous for the UGT1A1*28 
allele. Decreased function alleles other than UGT1A1*28 may be present in certain populations.
PATIENT COUNSELING INFORMATION
Advise the patient to read the FDA-approved patient labeling (Patient Information)
Neutropenia 
Advise patients of the risk of neutropenia. Instruct patients to immediately contact their healthcare provider if they 
experience fever, chills, or other signs of infection [see Warnings and Precautions].
Diarrhea 
Advise patients of the risk of diarrhea. Instruct patients to immediately contact their healthcare provider if they experience 
diarrhea for the first time during treatment; black or bloody stools; symptoms of dehydration such as lightheadedness, 
dizziness, or faintness; inability to take fluids by mouth due to nausea or vomiting; or inability to get diarrhea under control 
within 24 hours [see Warnings and Precautions].
Hypersensitivity
Inform patients of the risk of serious infusion reactions and anaphylaxis. Instruct patients to immediately contact their 
healthcare provider if they experience facial, lip, tongue, or throat swelling, urticaria, difficulty breathing, lightheadedness, 
dizziness, chills, rigors, wheezing, pruritus, flushing, rash, hypotension or fever, that occur during or within 24 hours 
following the infusion [see Warnings and Precautions].
Nausea/Vomiting 
Advise patients of the risk of nausea and vomiting. Premedication according to established guidelines with a two or three 
drug regimen for prevention of chemotherapy-induced nausea and vomiting (CINV) is also recommended. Additional 
antiemetics, sedatives, and other supportive measures may also be employed as clinically indicated. All patients should 
receive take-home medications for preventing and treating delayed nausea and vomiting, with clear instructions. Instruct 
patients to immediately contact their healthcare provider if they experience uncontrolled nausea or vomiting [see Warnings 
and Precautions].
Embryo-Fetal Toxicity
Advise female patients to contact their healthcare provider if they are pregnant or become pregnant. Inform female patients 
of the risk to a fetus and potential loss of the pregnancy [see Use in Specific Populations]. 
Contraception
Advise female patients of reproductive potential to use effective contraception during treatment and for 6 months after the 
last dose of TRODELVY [see Use in Specific Populations].
Advise male patients with female partners of reproductive potential to use effective contraception during treatment and for 
3 months after the last dose of TRODELVY [see Use in Specific Populations].
Lactation
Advise women not to breastfeed during treatment and for 1 month after the last dose of TRODELVY [see Use in Specific 
Populations].
Infertility
Advise females of reproductive potential that TRODELVY may impair fertility [see Use in Specific Populations].
Manufactured by:
Immunomedics, Inc.
300 The American Road
Morris Plains, NJ 07950, USA U.S. License No. 1737

©2020 Immunomedics, Inc
All Rights Reserved. Apr 2020
2020-US-TROT-00025

Table 2: Adverse Reactions in ≥ 10% of Patients with mTNBC in IMMU-132-01 (cont'd)Brief Summary of Prescribing Information 
TRODELVY™ (sacituzumab govitecan-hziy) for injection, for intravenous use
See package insert for full Prescribing Information.
INDICATIONS AND USAGE
TRODELVY is indicated for the treatment of adult patients with metastatic triple-negative breast cancer (mTNBC) who have 
received at least two prior therapies for metastatic disease. 
This indication is approved under accelerated approval based on tumor response rate and duration of response. Continued 
approval for this indication may be contingent upon verification and description of clinical benefit in confirmatory trials. 

WARNING: NEUTROPENIA AND DIARRHEA
•  Severe neutropenia may occur. Withhold TRODELVY for absolute neutrophil count below 1500/mm3 

or neutropenic fever. Monitor blood cell counts periodically during treatment. Consider G-CSF for 
secondary prophylaxis. Initiate anti-infective treatment in patients with febrile neutropenia without 
delay [see Warnings and Precautions].

•  Severe diarrhea may occur. Monitor patients with diarrhea and give fluid and electrolytes as needed. 
Administer atropine, if not contraindicated, for early diarrhea of any severity. At the onset of late 
diarrhea, evaluate for infectious causes and, if negative, promptly initiate loperamide [see Warnings 
and Precautions]. If severe diarrhea occurs, withhold TRODELVY until resolved to ≤ Grade 1 and reduce 
subsequent doses.

CONTRAINDICATIONS
TRODELVY is contraindicated in patients who have experienced a severe hypersensitivity reaction to TRODELVY [see Warnings 
and Precautions].
WARNINGS AND PRECAUTIONS
Neutropenia 
TRODELVY can cause severe or life-threatening neutropenia. Withhold TRODELVY for absolute neutrophil count below 
1500/mm3 on Day 1 of any cycle or neutrophil count below 1000/mm3 on Day 8 of any cycle. Withhold TRODELVY for 
neutropenic fever. Dose modifications may be required due to neutropenia. 
Febrile neutropenia occurred in 6% (24/408) patients treated with TRODELVY, including 8% (9/108) patients with 
mTNBC after at least two prior therapies. Less than 1% (1/408) of patients had febrile neutropenia leading to 
permanent discontinuation. 
The incidence of Grade 1-4 neutropenia was 64% in patients with mTNBC (n=108). In all patients treated with TRODELVY 
(n=408), the incidence of Grade1-4 neutropenia was 54%; Grade 4 neutropenia occurred in 13%. Less than 1% (2/408) of 
patients permanently discontinued treatment due to neutropenia. 
Diarrhea
TRODELVY can cause severe diarrhea. Withhold TRODELVY for Grade 3-4 diarrhea at the time of scheduled treatment 
administration and resume when resolved to ≤ Grade 1.
At the onset of diarrhea, evaluate for infectious causes and if negative, promptly initiate loperamide, 4 mg initially followed 
by 2 mg with every episode of diarrhea for a maximum of 16 mg daily. Discontinue loperamide 12 hours after diarrhea 
resolves. Additional supportive measures (e.g. fluid and electrolyte substitution) may also be employed as clinically indicated. 
Patients who exhibit an excessive cholinergic response to treatment with TRODELVY (e.g., abdominal cramping, diarrhea, 
salivation, etc.) can receive appropriate premedication (e.g., atropine) for subsequent treatments. 
Diarrhea occurred in 63% (68/108) of patients with mTNBC and 62% (254/408) of all patients treated with TRODELVY. In 
each population, events of Grade 3-4 occurred in 9% (10/108) of mTNBC patients and 9% (36/408) of all patients treated 
with TRODELVY. Four out of 408 patients (<1%) discontinued treatment because of diarrhea. Neutropenic colitis was 
observed in 2% (2/108) of patients in the mTNBC cohort and 1% of all patients treated with TRODELVY.
Hypersensitivity
TRODELVY can cause severe and life-threatening hypersensitivity. Anaphylactic reactions have been observed in clinical 
trials with TRODELVY.
Hypersensitivity reactions within 24 hours of dosing occurred in 37% (151/408) of patients treated with TRODELVY. Grade 
3-4 hypersensitivity occurred in 1% (6/408) of patients treated with TRODELVY. The incidence of hypersensitivity reactions 
leading to permanent discontinuation of  TRODELVY was 1% (3/408). 
Pre-infusion medication for patients receiving TRODELVY is recommended. Observe patients closely for infusion-related 
reactions during each TRODELVY infusion and for at least 30 minutes after completion of each infusion. Medication to treat 
such reactions, as well as emergency equipment, should be available for immediate use.
Nausea and Vomiting
TRODELVY is emetogenic. Nausea occurred in 69% (74/108) of patients with mTNBC and 69% (281/408) of all patients 
treated with TRODELVY. Grade 3 nausea occurred in 6% (7/108) and 5% (22/408) of these populations, respectively. 
Vomiting occurred in 49% (53/108) of patients with mTNBC and 45% (183/408) of all patients treated with TRODELVY. 
Grade 3 vomiting occurred in 6% (7/108) and 4% (16/408) of these patients, respectively. 
Premedicate with a two or three drug combination regimen (e.g., dexamethasone with either a 5-HT3 receptor antagonist 
or an NK-1 receptor antagonist as well as other drugs as indicated) for prevention of chemotherapy-induced nausea and 
vomiting (CINV).
Withhold TRODELVY doses for Grade 3 nausea or Grade 3-4 vomiting at the time of scheduled treatment administration and 
resume with additional supportive measures when resolved to Grade ≤ 1.
Additional antiemetics and other supportive measures may also be employed as clinically indicated. All patients should be 
given take-home medications with clear instructions for prevention and treatment of nausea and vomiting.
Use in Patients with Reduced UGT1A1 Activity 
Individuals who are homozygous for the uridine diphosphate-glucuronosyl transferase 1A1 (UGT1A1)*28 allele are at 
increased risk for neutropenia and may be at increased risk for other adverse reactions following initiation of TRODELVY 
treatment. 
In 84% (343/408) of patients who received TRODELVY (up to 10 mg/kg on Days 1 and 8 of a 21-day cycle) and had 
retrospective UGT1A1 genotype results available, the incidence of Grade 4 neutropenia was 26% (10/39) in patients 
homozygous for the UGT1A1*28 allele, 13% (20/155) in patients heterozygous for the UGT1A1*28 allele and 11% (16/149) 
in patients homozygous for the wild-type allele.
Closely monitor patients with reduced UGT1A1 activity for severe neutropenia. The appropriate dose for patients who are 
homozygous for UGT1A1*28 is not known and should be considered based on individual patient tolerance to treatment.
Embryo-Fetal Toxicity 
Based on its mechanism of action, TRODELVY can cause teratogenicity and/or embryo-fetal lethality when administered to 
a pregnant woman. TRODELVY contains a genotoxic component, SN-38, and targets rapidly dividing cells. Advise pregnant 

women and females of reproductive potential of the potential risk to a fetus. Advise females of reproductive potential to use 
effective contraception during treatment with TRODELVY and for 6 months after the last dose. Advise male patients with 
female partners of reproductive potential to use effective contraception during treatment with TRODELVY and for 3 months 
after the last dose [see Use in Specific Populations].
ADVERSE REACTIONS
The following adverse reactions are discussed in greater detail in other sections of the label:
• Neutropenia [see Warnings and Precautions]
• Diarrhea [see Warnings and Precautions]
• Hypersensitivity [see Warnings and Precautions]
• Nausea and Vomiting [see Warnings and Precautions]
Clinical Trials Experience
Because clinical trials are conducted under widely varying conditions, adverse reaction rates observed in the clinical trials 
of a drug cannot be directly compared to rates in the clinical trials of another drug and may not reflect the rates observed 
in clinical practice.
The data described in the Warnings and Precautions section reflect exposure to TRODELVY as a single agent in a single-arm, 
open-label study (IMMU-132-01) in 408 patients with mTNBC and other malignancies who had received prior systemic 
therapeutic regimen for advanced disease. TRODELVY was administered as an intravenous infusion once weekly on Days 1 
and 8 of 21-day treatment cycles at doses up to 10 mg/kg until disease progression or unacceptable toxicity. 
The data in Table 2 reflect exposure to TRODELVY in a subset of 108 patients with mTNBC who had received at least two 
prior treatments for metastatic disease in study (IMMU-132-01). Patients received TRODELVY 10 mg/kg via intravenous 
infusion on Days 1 and 8 of 21-day treatment cycles until disease progression or unacceptable toxicity. The median 
treatment duration in these 108 patients was 5.1 months (range: 0-51 months).
Serious adverse reactions were reported in 31% of the patients. The most frequent serious adverse reactions (reported 
in >1%) of the patients receiving TRODELVY were febrile neutropenia (6%) vomiting (5%), nausea (3%), dyspnea (3%), 
diarrhea (4%), anemia (2%), pleural effusion, neutropenia, pneumonia, dehydration (each 2%). 
TRODELVY was permanently discontinued for adverse reactions in 2% of patients. Adverse reactions leading to 
discontinuation were anaphylaxis, anorexia/fatigue, and headache (each <1%, 1 patient for each event). Forty-five 
percent (45%) of patients experienced an adverse reaction leading to treatment interruption. The most common 
adverse reaction leading to treatment interruption was neutropenia (33%). Adverse reactions leading to dose reduction 
occurred in 33% of patients treated with TRODELVY, with 24% having one dose reduction and 9% with two dose 
reductions. The most common adverse reaction leading to dose reductions was neutropenia/febrile neutropenia. 
Adverse reactions occurring in ≥10% of patients with mTNBC in the IMMU-132-01 study are summarized in Table 2.

Table 2: Adverse Reactions in ≥ 10% of Patients with mTNBC in IMMU-132-01

Adverse Reaction
TRODELVY (n=108)

Grade 1-4 (%) Grade 3-4 (%)
Any adverse reaction 100 71
Gastrointestinal disorders 95 21
  Nausea 69 6
  Diarrhea 63 9
  Vomiting 49 6
  Constipation 34 1
  Abdominal paini 26 1
 Mucositisii 14 1
General disorders and administration site conditions 77 9
  Fatigueiii 57 8
  Edemaiv 19 0
  Pyrexia 14 0
Blood and lymphatic system disorders 74 37
  Neutropenia 64 43
  Anemia 52 12
  Thrombocytopenia 14 3
Metabolism and nutrition disorders 68 22
  Decreased appetite 30 1
  Hyperglycemia 24 4
  Hypomagnesemia 21 1
  Hypokalemia 19 2
  Hypophosphatemia 16 9
  Dehydration 13 5
Skin and subcutaneous tissue disorders 63 4
  Alopecia 38 0
  Rashv 31 3
  Pruritus 17 0
  Dry Skin 15 0
Nervous system disorders 56 4
  Headache 23 1
  Dizziness 22 0
  Neuropathyvi 24 0
  Dysgeusia 11 0
Infections and infestations 55 12
  Urinary Tract Infection 21 3
  Respiratory Infectionvii 26 3
Musculoskeletal and connective tissue disorders 54 1
  Back pain 23 0
  Arthralgia 17 0
  Pain in extremity 11 0

Respiratory, thoracic and mediastinal disorders 54 5
  Coughviii 22 0
  Dyspneaix 21 3
Psychiatric disorders 26 1
  Insomnia 13 0

Graded per NCI CTCAE v. 4.0
i. Including abdominal pain, distention, pain (upper), discomfort, tenderness
iiIncluding stomatitis, esophagitis, and mucosal inflammation
iiiIncluding fatigue and asthenia
ivIncluding edema; and peripheral, localized, and periorbital edema 
vIncluding rash; maculopapular, erythematous, generalized rash; dermatitis acneiform; skin disorder, irritation, and exfoliation 
viIncluding gait disturbance, hypoesthesia, muscular weakness, paresthesia, peripheral and sensory neuropathy
vii Including lower and upper respiratory tract infection, pneumonia, influenza, viral upper respiratory infection, bronchitis and respiratory 

syncytial virus infection
viiiIncludes cough and productive cough
ix Includes dyspnea and exertional dyspnea

Table 3: Laboratory Abnormalities observed in >10% of Patients while receiving TRODELVY

Laboratory Abnormality
TRODELVY (n=108)

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

Hematology

Decreased hemoglobin 93 6

Decreased leukocytes 91 26

Decreased neutrophils 82 32

Increased activated partial thromboplastin time 60 12

Decreased platelets 30 3

Chemistry

Increased alkaline phosphatase 57 2

Decreased magnesium 51 3

Decreased calcium 49 3

Increased glucose 48 3

Increased aspartate aminotransferase 45 3

Decreased albumin 39 1

Increased alanine aminotransferase 35 2

Decreased potassium 30 3

Decreased phosphate 29 5

Decreased sodium 25 4.7

Increased magnesium 24 4

Decreased glucose 19 2

Immunogenicity 
As with all therapeutic proteins, there is potential for immunogenicity. The detection of antibody formation is highly 
dependent on the sensitivity and specificity of the assay. Additionally, the observed incidence of antibody (including 
neutralizing antibody) positivity in an assay may be influenced by several factors including assay methodology, sample 
handling, timing of sample collection, concomitant medications, and underlying disease. For these reasons, comparison 
of the incidence of antibodies in the studies described below with the incidence of antibodies in other studies or to other 
sacituzumab govitecan products may be misleading.
The analysis of immunogenicity of TRODELVY in serum samples from 106 patients with mTNBC was evaluated using an 
electrochemiluminescence (ECL)-based immunoassay to test for anti-sacituzumab govitecan-hziy antibodies. Detection 
of the anti-sacituzumab govitecan-hziy antibodies was done using a 3-tier approach: screen, confirm, and titer. 
Persistent anti-sacituzumab govitecan-hziy antibodies developed in 2% (2/106) of patients. 
DRUG INTERACTIONS
Effect of Other Drugs on TRODELVY
UGT1A1 Inhibitors 
Concomitant administration of TRODELVY with inhibitors of UGT1A1 may increase the incidence of adverse reactions due 
to potential increase in systemic exposure to SN-38 [see Warning and Precaution]. Avoid administering UGT1A1 inhibitors 
with TRODELVY.
UGT1A1 Inducers
Exposure to SN-38 may be substantially reduced in patients concomitantly receiving UGT1A1 enzyme inducers [see Warning 
and Precaution]. Avoid administering UGT1A1 inducers with TRODELVY. 
USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary
Based on its mechanism of action, TRODELVY can cause teratogenicity and/or embryo-fetal lethality when administered to 
a pregnant woman. There are no available data in pregnant women to inform the drug-associated risk. TRODELVY contains 
a genotoxic component, SN-38, and is toxic to rapidly dividing cells. Advise pregnant women and females of reproductive 
potential of the potential risk to a fetus.
The estimated background risk of major birth defects and miscarriage for the indicated population is unknown. 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 
There were no reproductive and developmental toxicology studies conducted with sacituzumab govitecan-hziy. 
Lactation
Risk Summary
There is no information regarding the presence of sacituzumab govitecan-hziy or SN-38 in human milk, the effects on the 

breastfed child, or the effects on milk production. Because of the potential for serious adverse reactions in a breastfed child, 
advise women not to breastfeed during treatment and for 1 month after the last dose of TRODELVY.
Females and Males of Reproductive Potential 
Pregnancy Testing
Verify the pregnancy status of females of reproductive potential prior to the initiation of TRODELVY.
Contraception 
Females
TRODELVY can cause fetal harm when administered to a pregnant woman [see Use in Specific Populations]. Advise females of 
reproductive potential to use effective contraception during treatment with TRODELVY and for 6 months after the last dose.
Males 
Because of the potential for genotoxicity, advise male patients with female partners of reproductive potential to use 
effective contraception during treatment with TRODELVY and for 3 months after the last dose.
Infertility
Females
Based on findings in animals, TRODELVY may impair fertility in females of reproductive potential.
Pediatric Use 
Safety and effectiveness of TRODELVY have not been established in pediatric patients.
Geriatric Use
Of the patients who received TRODELVY, 19/108 (18%) patients with mTNBC and 144/408 (35%) of all patients were ≥ 65 
years old. No overall differences in safety and effectiveness were observed between these patients and younger patients.
Hepatic Impairment
No adjustment to the starting dose is required when administering TRODELVY to patients with mild hepatic impairment 
(bilirubin less than or equal to 1.5 ULN and AST/ALT < 3 ULN). 
The exposure of TRODELVY in patients with mild hepatic impairment (bilirubin less than or equal to ULN and AST greater 
than ULN, or bilirubin greater than 1.0 to 1.5 ULN and AST of any level; n=12) was similar to patients with normal hepatic 
function (bilirubin or AST less than ULN; n=45). 
The safety of TRODELVY in patients with moderate or severe hepatic impairment has not been established. TRODELVY has 
not been tested in patients with serum bilirubin > 1.5 ULN, or AST and ALT > 3 ULN, or AST and ALT > 5 ULN and associated 
with liver metastases. 
No dedicated trial was performed to investigate the tolerability of TRODELVY in patients with moderate or severe hepatic 
impairment. No recommendations can be made for the starting dose in these patients.
OVERDOSAGE
In a clinical trial, planned doses of up to 18 mg/kg (approximately 1.8 times the maximum recommended dose of  
10 mg/kg) of TRODELVY were administered. In these patients, a higher incidence of severe neutropenia was observed. 
Pharmacogenomics
SN-38 is metabolized via UGT1A1. Genetic variants of the UGT1A1 gene such as the UGT1A1*28 allele lead to 
reduced UGT1A1 enzyme activity. Individuals who are homozygous for the UGT1A1*28 allele are at increased risk for 
neutropenia from TRODELVY [see Warnings and Precautions]. Approximately 20% of the Black or African American 
population, 10% of the White population, and 2% of the East Asian population are homozygous for the UGT1A1*28 
allele. Decreased function alleles other than UGT1A1*28 may be present in certain populations.
PATIENT COUNSELING INFORMATION
Advise the patient to read the FDA-approved patient labeling (Patient Information)
Neutropenia 
Advise patients of the risk of neutropenia. Instruct patients to immediately contact their healthcare provider if they 
experience fever, chills, or other signs of infection [see Warnings and Precautions].
Diarrhea 
Advise patients of the risk of diarrhea. Instruct patients to immediately contact their healthcare provider if they experience 
diarrhea for the first time during treatment; black or bloody stools; symptoms of dehydration such as lightheadedness, 
dizziness, or faintness; inability to take fluids by mouth due to nausea or vomiting; or inability to get diarrhea under control 
within 24 hours [see Warnings and Precautions].
Hypersensitivity
Inform patients of the risk of serious infusion reactions and anaphylaxis. Instruct patients to immediately contact their 
healthcare provider if they experience facial, lip, tongue, or throat swelling, urticaria, difficulty breathing, lightheadedness, 
dizziness, chills, rigors, wheezing, pruritus, flushing, rash, hypotension or fever, that occur during or within 24 hours 
following the infusion [see Warnings and Precautions].
Nausea/Vomiting 
Advise patients of the risk of nausea and vomiting. Premedication according to established guidelines with a two or three 
drug regimen for prevention of chemotherapy-induced nausea and vomiting (CINV) is also recommended. Additional 
antiemetics, sedatives, and other supportive measures may also be employed as clinically indicated. All patients should 
receive take-home medications for preventing and treating delayed nausea and vomiting, with clear instructions. Instruct 
patients to immediately contact their healthcare provider if they experience uncontrolled nausea or vomiting [see Warnings 
and Precautions].
Embryo-Fetal Toxicity
Advise female patients to contact their healthcare provider if they are pregnant or become pregnant. Inform female patients 
of the risk to a fetus and potential loss of the pregnancy [see Use in Specific Populations]. 
Contraception
Advise female patients of reproductive potential to use effective contraception during treatment and for 6 months after the 
last dose of TRODELVY [see Use in Specific Populations].
Advise male patients with female partners of reproductive potential to use effective contraception during treatment and for 
3 months after the last dose of TRODELVY [see Use in Specific Populations].
Lactation
Advise women not to breastfeed during treatment and for 1 month after the last dose of TRODELVY [see Use in Specific 
Populations].
Infertility
Advise females of reproductive potential that TRODELVY may impair fertility [see Use in Specific Populations].
Manufactured by:
Immunomedics, Inc.
300 The American Road
Morris Plains, NJ 07950, USA U.S. License No. 1737

©2020 Immunomedics, Inc
All Rights Reserved. Apr 2020
2020-US-TROT-00025

Table 2: Adverse Reactions in ≥ 10% of Patients with mTNBC in IMMU-132-01 (cont'd)



Brief Summary of Prescribing Information 
TRODELVY™ (sacituzumab govitecan-hziy) for injection, for intravenous use
See package insert for full Prescribing Information.
INDICATIONS AND USAGE
TRODELVY is indicated for the treatment of adult patients with metastatic triple-negative breast cancer (mTNBC) who have 
received at least two prior therapies for metastatic disease. 
This indication is approved under accelerated approval based on tumor response rate and duration of response. Continued 
approval for this indication may be contingent upon verification and description of clinical benefit in confirmatory trials. 

WARNING: NEUTROPENIA AND DIARRHEA
•  Severe neutropenia may occur. Withhold TRODELVY for absolute neutrophil count below 1500/mm3 

or neutropenic fever. Monitor blood cell counts periodically during treatment. Consider G-CSF for 
secondary prophylaxis. Initiate anti-infective treatment in patients with febrile neutropenia without 
delay [see Warnings and Precautions].

•  Severe diarrhea may occur. Monitor patients with diarrhea and give fluid and electrolytes as needed. 
Administer atropine, if not contraindicated, for early diarrhea of any severity. At the onset of late 
diarrhea, evaluate for infectious causes and, if negative, promptly initiate loperamide [see Warnings 
and Precautions]. If severe diarrhea occurs, withhold TRODELVY until resolved to ≤ Grade 1 and reduce 
subsequent doses.

CONTRAINDICATIONS
TRODELVY is contraindicated in patients who have experienced a severe hypersensitivity reaction to TRODELVY [see Warnings 
and Precautions].
WARNINGS AND PRECAUTIONS
Neutropenia 
TRODELVY can cause severe or life-threatening neutropenia. Withhold TRODELVY for absolute neutrophil count below 
1500/mm3 on Day 1 of any cycle or neutrophil count below 1000/mm3 on Day 8 of any cycle. Withhold TRODELVY for 
neutropenic fever. Dose modifications may be required due to neutropenia. 
Febrile neutropenia occurred in 6% (24/408) patients treated with TRODELVY, including 8% (9/108) patients with 
mTNBC after at least two prior therapies. Less than 1% (1/408) of patients had febrile neutropenia leading to 
permanent discontinuation. 
The incidence of Grade 1-4 neutropenia was 64% in patients with mTNBC (n=108). In all patients treated with TRODELVY 
(n=408), the incidence of Grade1-4 neutropenia was 54%; Grade 4 neutropenia occurred in 13%. Less than 1% (2/408) of 
patients permanently discontinued treatment due to neutropenia. 
Diarrhea
TRODELVY can cause severe diarrhea. Withhold TRODELVY for Grade 3-4 diarrhea at the time of scheduled treatment 
administration and resume when resolved to ≤ Grade 1.
At the onset of diarrhea, evaluate for infectious causes and if negative, promptly initiate loperamide, 4 mg initially followed 
by 2 mg with every episode of diarrhea for a maximum of 16 mg daily. Discontinue loperamide 12 hours after diarrhea 
resolves. Additional supportive measures (e.g. fluid and electrolyte substitution) may also be employed as clinically indicated. 
Patients who exhibit an excessive cholinergic response to treatment with TRODELVY (e.g., abdominal cramping, diarrhea, 
salivation, etc.) can receive appropriate premedication (e.g., atropine) for subsequent treatments. 
Diarrhea occurred in 63% (68/108) of patients with mTNBC and 62% (254/408) of all patients treated with TRODELVY. In 
each population, events of Grade 3-4 occurred in 9% (10/108) of mTNBC patients and 9% (36/408) of all patients treated 
with TRODELVY. Four out of 408 patients (<1%) discontinued treatment because of diarrhea. Neutropenic colitis was 
observed in 2% (2/108) of patients in the mTNBC cohort and 1% of all patients treated with TRODELVY.
Hypersensitivity
TRODELVY can cause severe and life-threatening hypersensitivity. Anaphylactic reactions have been observed in clinical 
trials with TRODELVY.
Hypersensitivity reactions within 24 hours of dosing occurred in 37% (151/408) of patients treated with TRODELVY. Grade 
3-4 hypersensitivity occurred in 1% (6/408) of patients treated with TRODELVY. The incidence of hypersensitivity reactions 
leading to permanent discontinuation of  TRODELVY was 1% (3/408). 
Pre-infusion medication for patients receiving TRODELVY is recommended. Observe patients closely for infusion-related 
reactions during each TRODELVY infusion and for at least 30 minutes after completion of each infusion. Medication to treat 
such reactions, as well as emergency equipment, should be available for immediate use.
Nausea and Vomiting
TRODELVY is emetogenic. Nausea occurred in 69% (74/108) of patients with mTNBC and 69% (281/408) of all patients 
treated with TRODELVY. Grade 3 nausea occurred in 6% (7/108) and 5% (22/408) of these populations, respectively. 
Vomiting occurred in 49% (53/108) of patients with mTNBC and 45% (183/408) of all patients treated with TRODELVY. 
Grade 3 vomiting occurred in 6% (7/108) and 4% (16/408) of these patients, respectively. 
Premedicate with a two or three drug combination regimen (e.g., dexamethasone with either a 5-HT3 receptor antagonist 
or an NK-1 receptor antagonist as well as other drugs as indicated) for prevention of chemotherapy-induced nausea and 
vomiting (CINV).
Withhold TRODELVY doses for Grade 3 nausea or Grade 3-4 vomiting at the time of scheduled treatment administration and 
resume with additional supportive measures when resolved to Grade ≤ 1.
Additional antiemetics and other supportive measures may also be employed as clinically indicated. All patients should be 
given take-home medications with clear instructions for prevention and treatment of nausea and vomiting.
Use in Patients with Reduced UGT1A1 Activity 
Individuals who are homozygous for the uridine diphosphate-glucuronosyl transferase 1A1 (UGT1A1)*28 allele are at 
increased risk for neutropenia and may be at increased risk for other adverse reactions following initiation of TRODELVY 
treatment. 
In 84% (343/408) of patients who received TRODELVY (up to 10 mg/kg on Days 1 and 8 of a 21-day cycle) and had 
retrospective UGT1A1 genotype results available, the incidence of Grade 4 neutropenia was 26% (10/39) in patients 
homozygous for the UGT1A1*28 allele, 13% (20/155) in patients heterozygous for the UGT1A1*28 allele and 11% (16/149) 
in patients homozygous for the wild-type allele.
Closely monitor patients with reduced UGT1A1 activity for severe neutropenia. The appropriate dose for patients who are 
homozygous for UGT1A1*28 is not known and should be considered based on individual patient tolerance to treatment.
Embryo-Fetal Toxicity 
Based on its mechanism of action, TRODELVY can cause teratogenicity and/or embryo-fetal lethality when administered to 
a pregnant woman. TRODELVY contains a genotoxic component, SN-38, and targets rapidly dividing cells. Advise pregnant 

women and females of reproductive potential of the potential risk to a fetus. Advise females of reproductive potential to use 
effective contraception during treatment with TRODELVY and for 6 months after the last dose. Advise male patients with 
female partners of reproductive potential to use effective contraception during treatment with TRODELVY and for 3 months 
after the last dose [see Use in Specific Populations].
ADVERSE REACTIONS
The following adverse reactions are discussed in greater detail in other sections of the label:
• Neutropenia [see Warnings and Precautions]
• Diarrhea [see Warnings and Precautions]
• Hypersensitivity [see Warnings and Precautions]
• Nausea and Vomiting [see Warnings and Precautions]
Clinical Trials Experience
Because clinical trials are conducted under widely varying conditions, adverse reaction rates observed in the clinical trials 
of a drug cannot be directly compared to rates in the clinical trials of another drug and may not reflect the rates observed 
in clinical practice.
The data described in the Warnings and Precautions section reflect exposure to TRODELVY as a single agent in a single-arm, 
open-label study (IMMU-132-01) in 408 patients with mTNBC and other malignancies who had received prior systemic 
therapeutic regimen for advanced disease. TRODELVY was administered as an intravenous infusion once weekly on Days 1 
and 8 of 21-day treatment cycles at doses up to 10 mg/kg until disease progression or unacceptable toxicity. 
The data in Table 2 reflect exposure to TRODELVY in a subset of 108 patients with mTNBC who had received at least two 
prior treatments for metastatic disease in study (IMMU-132-01). Patients received TRODELVY 10 mg/kg via intravenous 
infusion on Days 1 and 8 of 21-day treatment cycles until disease progression or unacceptable toxicity. The median 
treatment duration in these 108 patients was 5.1 months (range: 0-51 months).
Serious adverse reactions were reported in 31% of the patients. The most frequent serious adverse reactions (reported 
in >1%) of the patients receiving TRODELVY were febrile neutropenia (6%) vomiting (5%), nausea (3%), dyspnea (3%), 
diarrhea (4%), anemia (2%), pleural effusion, neutropenia, pneumonia, dehydration (each 2%). 
TRODELVY was permanently discontinued for adverse reactions in 2% of patients. Adverse reactions leading to 
discontinuation were anaphylaxis, anorexia/fatigue, and headache (each <1%, 1 patient for each event). Forty-five 
percent (45%) of patients experienced an adverse reaction leading to treatment interruption. The most common 
adverse reaction leading to treatment interruption was neutropenia (33%). Adverse reactions leading to dose reduction 
occurred in 33% of patients treated with TRODELVY, with 24% having one dose reduction and 9% with two dose 
reductions. The most common adverse reaction leading to dose reductions was neutropenia/febrile neutropenia. 
Adverse reactions occurring in ≥10% of patients with mTNBC in the IMMU-132-01 study are summarized in Table 2.

Table 2: Adverse Reactions in ≥ 10% of Patients with mTNBC in IMMU-132-01

Adverse Reaction
TRODELVY (n=108)

Grade 1-4 (%) Grade 3-4 (%)
Any adverse reaction 100 71
Gastrointestinal disorders 95 21
  Nausea 69 6
  Diarrhea 63 9
  Vomiting 49 6
  Constipation 34 1
  Abdominal paini 26 1
 Mucositisii 14 1
General disorders and administration site conditions 77 9
  Fatigueiii 57 8
  Edemaiv 19 0
  Pyrexia 14 0
Blood and lymphatic system disorders 74 37
  Neutropenia 64 43
  Anemia 52 12
  Thrombocytopenia 14 3
Metabolism and nutrition disorders 68 22
  Decreased appetite 30 1
  Hyperglycemia 24 4
  Hypomagnesemia 21 1
  Hypokalemia 19 2
  Hypophosphatemia 16 9
  Dehydration 13 5
Skin and subcutaneous tissue disorders 63 4
  Alopecia 38 0
  Rashv 31 3
  Pruritus 17 0
  Dry Skin 15 0
Nervous system disorders 56 4
  Headache 23 1
  Dizziness 22 0
  Neuropathyvi 24 0
  Dysgeusia 11 0
Infections and infestations 55 12
  Urinary Tract Infection 21 3
  Respiratory Infectionvii 26 3
Musculoskeletal and connective tissue disorders 54 1
  Back pain 23 0
  Arthralgia 17 0
  Pain in extremity 11 0

Respiratory, thoracic and mediastinal disorders 54 5
  Coughviii 22 0
  Dyspneaix 21 3
Psychiatric disorders 26 1
  Insomnia 13 0

Graded per NCI CTCAE v. 4.0
i. Including abdominal pain, distention, pain (upper), discomfort, tenderness
iiIncluding stomatitis, esophagitis, and mucosal inflammation
iiiIncluding fatigue and asthenia
ivIncluding edema; and peripheral, localized, and periorbital edema 
vIncluding rash; maculopapular, erythematous, generalized rash; dermatitis acneiform; skin disorder, irritation, and exfoliation 
viIncluding gait disturbance, hypoesthesia, muscular weakness, paresthesia, peripheral and sensory neuropathy
vii Including lower and upper respiratory tract infection, pneumonia, influenza, viral upper respiratory infection, bronchitis and respiratory 

syncytial virus infection
viiiIncludes cough and productive cough
ix Includes dyspnea and exertional dyspnea

Table 3: Laboratory Abnormalities observed in >10% of Patients while receiving TRODELVY

Laboratory Abnormality
TRODELVY (n=108)

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

Hematology

Decreased hemoglobin 93 6

Decreased leukocytes 91 26

Decreased neutrophils 82 32

Increased activated partial thromboplastin time 60 12

Decreased platelets 30 3

Chemistry

Increased alkaline phosphatase 57 2

Decreased magnesium 51 3

Decreased calcium 49 3

Increased glucose 48 3

Increased aspartate aminotransferase 45 3

Decreased albumin 39 1

Increased alanine aminotransferase 35 2

Decreased potassium 30 3

Decreased phosphate 29 5

Decreased sodium 25 4.7

Increased magnesium 24 4

Decreased glucose 19 2

Immunogenicity 
As with all therapeutic proteins, there is potential for immunogenicity. The detection of antibody formation is highly 
dependent on the sensitivity and specificity of the assay. Additionally, the observed incidence of antibody (including 
neutralizing antibody) positivity in an assay may be influenced by several factors including assay methodology, sample 
handling, timing of sample collection, concomitant medications, and underlying disease. For these reasons, comparison 
of the incidence of antibodies in the studies described below with the incidence of antibodies in other studies or to other 
sacituzumab govitecan products may be misleading.
The analysis of immunogenicity of TRODELVY in serum samples from 106 patients with mTNBC was evaluated using an 
electrochemiluminescence (ECL)-based immunoassay to test for anti-sacituzumab govitecan-hziy antibodies. Detection 
of the anti-sacituzumab govitecan-hziy antibodies was done using a 3-tier approach: screen, confirm, and titer. 
Persistent anti-sacituzumab govitecan-hziy antibodies developed in 2% (2/106) of patients. 
DRUG INTERACTIONS
Effect of Other Drugs on TRODELVY
UGT1A1 Inhibitors 
Concomitant administration of TRODELVY with inhibitors of UGT1A1 may increase the incidence of adverse reactions due 
to potential increase in systemic exposure to SN-38 [see Warning and Precaution]. Avoid administering UGT1A1 inhibitors 
with TRODELVY.
UGT1A1 Inducers
Exposure to SN-38 may be substantially reduced in patients concomitantly receiving UGT1A1 enzyme inducers [see Warning 
and Precaution]. Avoid administering UGT1A1 inducers with TRODELVY. 
USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary
Based on its mechanism of action, TRODELVY can cause teratogenicity and/or embryo-fetal lethality when administered to 
a pregnant woman. There are no available data in pregnant women to inform the drug-associated risk. TRODELVY contains 
a genotoxic component, SN-38, and is toxic to rapidly dividing cells. Advise pregnant women and females of reproductive 
potential of the potential risk to a fetus.
The estimated background risk of major birth defects and miscarriage for the indicated population is unknown. 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 
There were no reproductive and developmental toxicology studies conducted with sacituzumab govitecan-hziy. 
Lactation
Risk Summary
There is no information regarding the presence of sacituzumab govitecan-hziy or SN-38 in human milk, the effects on the 

breastfed child, or the effects on milk production. Because of the potential for serious adverse reactions in a breastfed child, 
advise women not to breastfeed during treatment and for 1 month after the last dose of TRODELVY.
Females and Males of Reproductive Potential 
Pregnancy Testing
Verify the pregnancy status of females of reproductive potential prior to the initiation of TRODELVY.
Contraception 
Females
TRODELVY can cause fetal harm when administered to a pregnant woman [see Use in Specific Populations]. Advise females of 
reproductive potential to use effective contraception during treatment with TRODELVY and for 6 months after the last dose.
Males 
Because of the potential for genotoxicity, advise male patients with female partners of reproductive potential to use 
effective contraception during treatment with TRODELVY and for 3 months after the last dose.
Infertility
Females
Based on findings in animals, TRODELVY may impair fertility in females of reproductive potential.
Pediatric Use 
Safety and effectiveness of TRODELVY have not been established in pediatric patients.
Geriatric Use
Of the patients who received TRODELVY, 19/108 (18%) patients with mTNBC and 144/408 (35%) of all patients were ≥ 65 
years old. No overall differences in safety and effectiveness were observed between these patients and younger patients.
Hepatic Impairment
No adjustment to the starting dose is required when administering TRODELVY to patients with mild hepatic impairment 
(bilirubin less than or equal to 1.5 ULN and AST/ALT < 3 ULN). 
The exposure of TRODELVY in patients with mild hepatic impairment (bilirubin less than or equal to ULN and AST greater 
than ULN, or bilirubin greater than 1.0 to 1.5 ULN and AST of any level; n=12) was similar to patients with normal hepatic 
function (bilirubin or AST less than ULN; n=45). 
The safety of TRODELVY in patients with moderate or severe hepatic impairment has not been established. TRODELVY has 
not been tested in patients with serum bilirubin > 1.5 ULN, or AST and ALT > 3 ULN, or AST and ALT > 5 ULN and associated 
with liver metastases. 
No dedicated trial was performed to investigate the tolerability of TRODELVY in patients with moderate or severe hepatic 
impairment. No recommendations can be made for the starting dose in these patients.
OVERDOSAGE
In a clinical trial, planned doses of up to 18 mg/kg (approximately 1.8 times the maximum recommended dose of  
10 mg/kg) of TRODELVY were administered. In these patients, a higher incidence of severe neutropenia was observed. 
Pharmacogenomics
SN-38 is metabolized via UGT1A1. Genetic variants of the UGT1A1 gene such as the UGT1A1*28 allele lead to 
reduced UGT1A1 enzyme activity. Individuals who are homozygous for the UGT1A1*28 allele are at increased risk for 
neutropenia from TRODELVY [see Warnings and Precautions]. Approximately 20% of the Black or African American 
population, 10% of the White population, and 2% of the East Asian population are homozygous for the UGT1A1*28 
allele. Decreased function alleles other than UGT1A1*28 may be present in certain populations.
PATIENT COUNSELING INFORMATION
Advise the patient to read the FDA-approved patient labeling (Patient Information)
Neutropenia 
Advise patients of the risk of neutropenia. Instruct patients to immediately contact their healthcare provider if they 
experience fever, chills, or other signs of infection [see Warnings and Precautions].
Diarrhea 
Advise patients of the risk of diarrhea. Instruct patients to immediately contact their healthcare provider if they experience 
diarrhea for the first time during treatment; black or bloody stools; symptoms of dehydration such as lightheadedness, 
dizziness, or faintness; inability to take fluids by mouth due to nausea or vomiting; or inability to get diarrhea under control 
within 24 hours [see Warnings and Precautions].
Hypersensitivity
Inform patients of the risk of serious infusion reactions and anaphylaxis. Instruct patients to immediately contact their 
healthcare provider if they experience facial, lip, tongue, or throat swelling, urticaria, difficulty breathing, lightheadedness, 
dizziness, chills, rigors, wheezing, pruritus, flushing, rash, hypotension or fever, that occur during or within 24 hours 
following the infusion [see Warnings and Precautions].
Nausea/Vomiting 
Advise patients of the risk of nausea and vomiting. Premedication according to established guidelines with a two or three 
drug regimen for prevention of chemotherapy-induced nausea and vomiting (CINV) is also recommended. Additional 
antiemetics, sedatives, and other supportive measures may also be employed as clinically indicated. All patients should 
receive take-home medications for preventing and treating delayed nausea and vomiting, with clear instructions. Instruct 
patients to immediately contact their healthcare provider if they experience uncontrolled nausea or vomiting [see Warnings 
and Precautions].
Embryo-Fetal Toxicity
Advise female patients to contact their healthcare provider if they are pregnant or become pregnant. Inform female patients 
of the risk to a fetus and potential loss of the pregnancy [see Use in Specific Populations]. 
Contraception
Advise female patients of reproductive potential to use effective contraception during treatment and for 6 months after the 
last dose of TRODELVY [see Use in Specific Populations].
Advise male patients with female partners of reproductive potential to use effective contraception during treatment and for 
3 months after the last dose of TRODELVY [see Use in Specific Populations].
Lactation
Advise women not to breastfeed during treatment and for 1 month after the last dose of TRODELVY [see Use in Specific 
Populations].
Infertility
Advise females of reproductive potential that TRODELVY may impair fertility [see Use in Specific Populations].
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Table 2: Adverse Reactions in ≥ 10% of Patients with mTNBC in IMMU-132-01 (cont'd)Brief Summary of Prescribing Information 
TRODELVY™ (sacituzumab govitecan-hziy) for injection, for intravenous use
See package insert for full Prescribing Information.
INDICATIONS AND USAGE
TRODELVY is indicated for the treatment of adult patients with metastatic triple-negative breast cancer (mTNBC) who have 
received at least two prior therapies for metastatic disease. 
This indication is approved under accelerated approval based on tumor response rate and duration of response. Continued 
approval for this indication may be contingent upon verification and description of clinical benefit in confirmatory trials. 

WARNING: NEUTROPENIA AND DIARRHEA
•  Severe neutropenia may occur. Withhold TRODELVY for absolute neutrophil count below 1500/mm3 

or neutropenic fever. Monitor blood cell counts periodically during treatment. Consider G-CSF for 
secondary prophylaxis. Initiate anti-infective treatment in patients with febrile neutropenia without 
delay [see Warnings and Precautions].

•  Severe diarrhea may occur. Monitor patients with diarrhea and give fluid and electrolytes as needed. 
Administer atropine, if not contraindicated, for early diarrhea of any severity. At the onset of late 
diarrhea, evaluate for infectious causes and, if negative, promptly initiate loperamide [see Warnings 
and Precautions]. If severe diarrhea occurs, withhold TRODELVY until resolved to ≤ Grade 1 and reduce 
subsequent doses.

CONTRAINDICATIONS
TRODELVY is contraindicated in patients who have experienced a severe hypersensitivity reaction to TRODELVY [see Warnings 
and Precautions].
WARNINGS AND PRECAUTIONS
Neutropenia 
TRODELVY can cause severe or life-threatening neutropenia. Withhold TRODELVY for absolute neutrophil count below 
1500/mm3 on Day 1 of any cycle or neutrophil count below 1000/mm3 on Day 8 of any cycle. Withhold TRODELVY for 
neutropenic fever. Dose modifications may be required due to neutropenia. 
Febrile neutropenia occurred in 6% (24/408) patients treated with TRODELVY, including 8% (9/108) patients with 
mTNBC after at least two prior therapies. Less than 1% (1/408) of patients had febrile neutropenia leading to 
permanent discontinuation. 
The incidence of Grade 1-4 neutropenia was 64% in patients with mTNBC (n=108). In all patients treated with TRODELVY 
(n=408), the incidence of Grade1-4 neutropenia was 54%; Grade 4 neutropenia occurred in 13%. Less than 1% (2/408) of 
patients permanently discontinued treatment due to neutropenia. 
Diarrhea
TRODELVY can cause severe diarrhea. Withhold TRODELVY for Grade 3-4 diarrhea at the time of scheduled treatment 
administration and resume when resolved to ≤ Grade 1.
At the onset of diarrhea, evaluate for infectious causes and if negative, promptly initiate loperamide, 4 mg initially followed 
by 2 mg with every episode of diarrhea for a maximum of 16 mg daily. Discontinue loperamide 12 hours after diarrhea 
resolves. Additional supportive measures (e.g. fluid and electrolyte substitution) may also be employed as clinically indicated. 
Patients who exhibit an excessive cholinergic response to treatment with TRODELVY (e.g., abdominal cramping, diarrhea, 
salivation, etc.) can receive appropriate premedication (e.g., atropine) for subsequent treatments. 
Diarrhea occurred in 63% (68/108) of patients with mTNBC and 62% (254/408) of all patients treated with TRODELVY. In 
each population, events of Grade 3-4 occurred in 9% (10/108) of mTNBC patients and 9% (36/408) of all patients treated 
with TRODELVY. Four out of 408 patients (<1%) discontinued treatment because of diarrhea. Neutropenic colitis was 
observed in 2% (2/108) of patients in the mTNBC cohort and 1% of all patients treated with TRODELVY.
Hypersensitivity
TRODELVY can cause severe and life-threatening hypersensitivity. Anaphylactic reactions have been observed in clinical 
trials with TRODELVY.
Hypersensitivity reactions within 24 hours of dosing occurred in 37% (151/408) of patients treated with TRODELVY. Grade 
3-4 hypersensitivity occurred in 1% (6/408) of patients treated with TRODELVY. The incidence of hypersensitivity reactions 
leading to permanent discontinuation of  TRODELVY was 1% (3/408). 
Pre-infusion medication for patients receiving TRODELVY is recommended. Observe patients closely for infusion-related 
reactions during each TRODELVY infusion and for at least 30 minutes after completion of each infusion. Medication to treat 
such reactions, as well as emergency equipment, should be available for immediate use.
Nausea and Vomiting
TRODELVY is emetogenic. Nausea occurred in 69% (74/108) of patients with mTNBC and 69% (281/408) of all patients 
treated with TRODELVY. Grade 3 nausea occurred in 6% (7/108) and 5% (22/408) of these populations, respectively. 
Vomiting occurred in 49% (53/108) of patients with mTNBC and 45% (183/408) of all patients treated with TRODELVY. 
Grade 3 vomiting occurred in 6% (7/108) and 4% (16/408) of these patients, respectively. 
Premedicate with a two or three drug combination regimen (e.g., dexamethasone with either a 5-HT3 receptor antagonist 
or an NK-1 receptor antagonist as well as other drugs as indicated) for prevention of chemotherapy-induced nausea and 
vomiting (CINV).
Withhold TRODELVY doses for Grade 3 nausea or Grade 3-4 vomiting at the time of scheduled treatment administration and 
resume with additional supportive measures when resolved to Grade ≤ 1.
Additional antiemetics and other supportive measures may also be employed as clinically indicated. All patients should be 
given take-home medications with clear instructions for prevention and treatment of nausea and vomiting.
Use in Patients with Reduced UGT1A1 Activity 
Individuals who are homozygous for the uridine diphosphate-glucuronosyl transferase 1A1 (UGT1A1)*28 allele are at 
increased risk for neutropenia and may be at increased risk for other adverse reactions following initiation of TRODELVY 
treatment. 
In 84% (343/408) of patients who received TRODELVY (up to 10 mg/kg on Days 1 and 8 of a 21-day cycle) and had 
retrospective UGT1A1 genotype results available, the incidence of Grade 4 neutropenia was 26% (10/39) in patients 
homozygous for the UGT1A1*28 allele, 13% (20/155) in patients heterozygous for the UGT1A1*28 allele and 11% (16/149) 
in patients homozygous for the wild-type allele.
Closely monitor patients with reduced UGT1A1 activity for severe neutropenia. The appropriate dose for patients who are 
homozygous for UGT1A1*28 is not known and should be considered based on individual patient tolerance to treatment.
Embryo-Fetal Toxicity 
Based on its mechanism of action, TRODELVY can cause teratogenicity and/or embryo-fetal lethality when administered to 
a pregnant woman. TRODELVY contains a genotoxic component, SN-38, and targets rapidly dividing cells. Advise pregnant 

women and females of reproductive potential of the potential risk to a fetus. Advise females of reproductive potential to use 
effective contraception during treatment with TRODELVY and for 6 months after the last dose. Advise male patients with 
female partners of reproductive potential to use effective contraception during treatment with TRODELVY and for 3 months 
after the last dose [see Use in Specific Populations].
ADVERSE REACTIONS
The following adverse reactions are discussed in greater detail in other sections of the label:
• Neutropenia [see Warnings and Precautions]
• Diarrhea [see Warnings and Precautions]
• Hypersensitivity [see Warnings and Precautions]
• Nausea and Vomiting [see Warnings and Precautions]
Clinical Trials Experience
Because clinical trials are conducted under widely varying conditions, adverse reaction rates observed in the clinical trials 
of a drug cannot be directly compared to rates in the clinical trials of another drug and may not reflect the rates observed 
in clinical practice.
The data described in the Warnings and Precautions section reflect exposure to TRODELVY as a single agent in a single-arm, 
open-label study (IMMU-132-01) in 408 patients with mTNBC and other malignancies who had received prior systemic 
therapeutic regimen for advanced disease. TRODELVY was administered as an intravenous infusion once weekly on Days 1 
and 8 of 21-day treatment cycles at doses up to 10 mg/kg until disease progression or unacceptable toxicity. 
The data in Table 2 reflect exposure to TRODELVY in a subset of 108 patients with mTNBC who had received at least two 
prior treatments for metastatic disease in study (IMMU-132-01). Patients received TRODELVY 10 mg/kg via intravenous 
infusion on Days 1 and 8 of 21-day treatment cycles until disease progression or unacceptable toxicity. The median 
treatment duration in these 108 patients was 5.1 months (range: 0-51 months).
Serious adverse reactions were reported in 31% of the patients. The most frequent serious adverse reactions (reported 
in >1%) of the patients receiving TRODELVY were febrile neutropenia (6%) vomiting (5%), nausea (3%), dyspnea (3%), 
diarrhea (4%), anemia (2%), pleural effusion, neutropenia, pneumonia, dehydration (each 2%). 
TRODELVY was permanently discontinued for adverse reactions in 2% of patients. Adverse reactions leading to 
discontinuation were anaphylaxis, anorexia/fatigue, and headache (each <1%, 1 patient for each event). Forty-five 
percent (45%) of patients experienced an adverse reaction leading to treatment interruption. The most common 
adverse reaction leading to treatment interruption was neutropenia (33%). Adverse reactions leading to dose reduction 
occurred in 33% of patients treated with TRODELVY, with 24% having one dose reduction and 9% with two dose 
reductions. The most common adverse reaction leading to dose reductions was neutropenia/febrile neutropenia. 
Adverse reactions occurring in ≥10% of patients with mTNBC in the IMMU-132-01 study are summarized in Table 2.

Table 2: Adverse Reactions in ≥ 10% of Patients with mTNBC in IMMU-132-01

Adverse Reaction
TRODELVY (n=108)

Grade 1-4 (%) Grade 3-4 (%)
Any adverse reaction 100 71
Gastrointestinal disorders 95 21
  Nausea 69 6
  Diarrhea 63 9
  Vomiting 49 6
  Constipation 34 1
  Abdominal paini 26 1
 Mucositisii 14 1
General disorders and administration site conditions 77 9
  Fatigueiii 57 8
  Edemaiv 19 0
  Pyrexia 14 0
Blood and lymphatic system disorders 74 37
  Neutropenia 64 43
  Anemia 52 12
  Thrombocytopenia 14 3
Metabolism and nutrition disorders 68 22
  Decreased appetite 30 1
  Hyperglycemia 24 4
  Hypomagnesemia 21 1
  Hypokalemia 19 2
  Hypophosphatemia 16 9
  Dehydration 13 5
Skin and subcutaneous tissue disorders 63 4
  Alopecia 38 0
  Rashv 31 3
  Pruritus 17 0
  Dry Skin 15 0
Nervous system disorders 56 4
  Headache 23 1
  Dizziness 22 0
  Neuropathyvi 24 0
  Dysgeusia 11 0
Infections and infestations 55 12
  Urinary Tract Infection 21 3
  Respiratory Infectionvii 26 3
Musculoskeletal and connective tissue disorders 54 1
  Back pain 23 0
  Arthralgia 17 0
  Pain in extremity 11 0

Respiratory, thoracic and mediastinal disorders 54 5
  Coughviii 22 0
  Dyspneaix 21 3
Psychiatric disorders 26 1
  Insomnia 13 0

Graded per NCI CTCAE v. 4.0
i. Including abdominal pain, distention, pain (upper), discomfort, tenderness
iiIncluding stomatitis, esophagitis, and mucosal inflammation
iiiIncluding fatigue and asthenia
ivIncluding edema; and peripheral, localized, and periorbital edema 
vIncluding rash; maculopapular, erythematous, generalized rash; dermatitis acneiform; skin disorder, irritation, and exfoliation 
viIncluding gait disturbance, hypoesthesia, muscular weakness, paresthesia, peripheral and sensory neuropathy
vii Including lower and upper respiratory tract infection, pneumonia, influenza, viral upper respiratory infection, bronchitis and respiratory 

syncytial virus infection
viiiIncludes cough and productive cough
ix Includes dyspnea and exertional dyspnea

Table 3: Laboratory Abnormalities observed in >10% of Patients while receiving TRODELVY

Laboratory Abnormality
TRODELVY (n=108)

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

Hematology

Decreased hemoglobin 93 6

Decreased leukocytes 91 26

Decreased neutrophils 82 32

Increased activated partial thromboplastin time 60 12

Decreased platelets 30 3

Chemistry

Increased alkaline phosphatase 57 2

Decreased magnesium 51 3

Decreased calcium 49 3

Increased glucose 48 3

Increased aspartate aminotransferase 45 3

Decreased albumin 39 1

Increased alanine aminotransferase 35 2

Decreased potassium 30 3

Decreased phosphate 29 5

Decreased sodium 25 4.7

Increased magnesium 24 4

Decreased glucose 19 2

Immunogenicity 
As with all therapeutic proteins, there is potential for immunogenicity. The detection of antibody formation is highly 
dependent on the sensitivity and specificity of the assay. Additionally, the observed incidence of antibody (including 
neutralizing antibody) positivity in an assay may be influenced by several factors including assay methodology, sample 
handling, timing of sample collection, concomitant medications, and underlying disease. For these reasons, comparison 
of the incidence of antibodies in the studies described below with the incidence of antibodies in other studies or to other 
sacituzumab govitecan products may be misleading.
The analysis of immunogenicity of TRODELVY in serum samples from 106 patients with mTNBC was evaluated using an 
electrochemiluminescence (ECL)-based immunoassay to test for anti-sacituzumab govitecan-hziy antibodies. Detection 
of the anti-sacituzumab govitecan-hziy antibodies was done using a 3-tier approach: screen, confirm, and titer. 
Persistent anti-sacituzumab govitecan-hziy antibodies developed in 2% (2/106) of patients. 
DRUG INTERACTIONS
Effect of Other Drugs on TRODELVY
UGT1A1 Inhibitors 
Concomitant administration of TRODELVY with inhibitors of UGT1A1 may increase the incidence of adverse reactions due 
to potential increase in systemic exposure to SN-38 [see Warning and Precaution]. Avoid administering UGT1A1 inhibitors 
with TRODELVY.
UGT1A1 Inducers
Exposure to SN-38 may be substantially reduced in patients concomitantly receiving UGT1A1 enzyme inducers [see Warning 
and Precaution]. Avoid administering UGT1A1 inducers with TRODELVY. 
USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary
Based on its mechanism of action, TRODELVY can cause teratogenicity and/or embryo-fetal lethality when administered to 
a pregnant woman. There are no available data in pregnant women to inform the drug-associated risk. TRODELVY contains 
a genotoxic component, SN-38, and is toxic to rapidly dividing cells. Advise pregnant women and females of reproductive 
potential of the potential risk to a fetus.
The estimated background risk of major birth defects and miscarriage for the indicated population is unknown. 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 
There were no reproductive and developmental toxicology studies conducted with sacituzumab govitecan-hziy. 
Lactation
Risk Summary
There is no information regarding the presence of sacituzumab govitecan-hziy or SN-38 in human milk, the effects on the 

breastfed child, or the effects on milk production. Because of the potential for serious adverse reactions in a breastfed child, 
advise women not to breastfeed during treatment and for 1 month after the last dose of TRODELVY.
Females and Males of Reproductive Potential 
Pregnancy Testing
Verify the pregnancy status of females of reproductive potential prior to the initiation of TRODELVY.
Contraception 
Females
TRODELVY can cause fetal harm when administered to a pregnant woman [see Use in Specific Populations]. Advise females of 
reproductive potential to use effective contraception during treatment with TRODELVY and for 6 months after the last dose.
Males 
Because of the potential for genotoxicity, advise male patients with female partners of reproductive potential to use 
effective contraception during treatment with TRODELVY and for 3 months after the last dose.
Infertility
Females
Based on findings in animals, TRODELVY may impair fertility in females of reproductive potential.
Pediatric Use 
Safety and effectiveness of TRODELVY have not been established in pediatric patients.
Geriatric Use
Of the patients who received TRODELVY, 19/108 (18%) patients with mTNBC and 144/408 (35%) of all patients were ≥ 65 
years old. No overall differences in safety and effectiveness were observed between these patients and younger patients.
Hepatic Impairment
No adjustment to the starting dose is required when administering TRODELVY to patients with mild hepatic impairment 
(bilirubin less than or equal to 1.5 ULN and AST/ALT < 3 ULN). 
The exposure of TRODELVY in patients with mild hepatic impairment (bilirubin less than or equal to ULN and AST greater 
than ULN, or bilirubin greater than 1.0 to 1.5 ULN and AST of any level; n=12) was similar to patients with normal hepatic 
function (bilirubin or AST less than ULN; n=45). 
The safety of TRODELVY in patients with moderate or severe hepatic impairment has not been established. TRODELVY has 
not been tested in patients with serum bilirubin > 1.5 ULN, or AST and ALT > 3 ULN, or AST and ALT > 5 ULN and associated 
with liver metastases. 
No dedicated trial was performed to investigate the tolerability of TRODELVY in patients with moderate or severe hepatic 
impairment. No recommendations can be made for the starting dose in these patients.
OVERDOSAGE
In a clinical trial, planned doses of up to 18 mg/kg (approximately 1.8 times the maximum recommended dose of  
10 mg/kg) of TRODELVY were administered. In these patients, a higher incidence of severe neutropenia was observed. 
Pharmacogenomics
SN-38 is metabolized via UGT1A1. Genetic variants of the UGT1A1 gene such as the UGT1A1*28 allele lead to 
reduced UGT1A1 enzyme activity. Individuals who are homozygous for the UGT1A1*28 allele are at increased risk for 
neutropenia from TRODELVY [see Warnings and Precautions]. Approximately 20% of the Black or African American 
population, 10% of the White population, and 2% of the East Asian population are homozygous for the UGT1A1*28 
allele. Decreased function alleles other than UGT1A1*28 may be present in certain populations.
PATIENT COUNSELING INFORMATION
Advise the patient to read the FDA-approved patient labeling (Patient Information)
Neutropenia 
Advise patients of the risk of neutropenia. Instruct patients to immediately contact their healthcare provider if they 
experience fever, chills, or other signs of infection [see Warnings and Precautions].
Diarrhea 
Advise patients of the risk of diarrhea. Instruct patients to immediately contact their healthcare provider if they experience 
diarrhea for the first time during treatment; black or bloody stools; symptoms of dehydration such as lightheadedness, 
dizziness, or faintness; inability to take fluids by mouth due to nausea or vomiting; or inability to get diarrhea under control 
within 24 hours [see Warnings and Precautions].
Hypersensitivity
Inform patients of the risk of serious infusion reactions and anaphylaxis. Instruct patients to immediately contact their 
healthcare provider if they experience facial, lip, tongue, or throat swelling, urticaria, difficulty breathing, lightheadedness, 
dizziness, chills, rigors, wheezing, pruritus, flushing, rash, hypotension or fever, that occur during or within 24 hours 
following the infusion [see Warnings and Precautions].
Nausea/Vomiting 
Advise patients of the risk of nausea and vomiting. Premedication according to established guidelines with a two or three 
drug regimen for prevention of chemotherapy-induced nausea and vomiting (CINV) is also recommended. Additional 
antiemetics, sedatives, and other supportive measures may also be employed as clinically indicated. All patients should 
receive take-home medications for preventing and treating delayed nausea and vomiting, with clear instructions. Instruct 
patients to immediately contact their healthcare provider if they experience uncontrolled nausea or vomiting [see Warnings 
and Precautions].
Embryo-Fetal Toxicity
Advise female patients to contact their healthcare provider if they are pregnant or become pregnant. Inform female patients 
of the risk to a fetus and potential loss of the pregnancy [see Use in Specific Populations]. 
Contraception
Advise female patients of reproductive potential to use effective contraception during treatment and for 6 months after the 
last dose of TRODELVY [see Use in Specific Populations].
Advise male patients with female partners of reproductive potential to use effective contraception during treatment and for 
3 months after the last dose of TRODELVY [see Use in Specific Populations].
Lactation
Advise women not to breastfeed during treatment and for 1 month after the last dose of TRODELVY [see Use in Specific 
Populations].
Infertility
Advise females of reproductive potential that TRODELVY may impair fertility [see Use in Specific Populations].
Manufactured by:
Immunomedics, Inc.
300 The American Road
Morris Plains, NJ 07950, USA U.S. License No. 1737

©2020 Immunomedics, Inc
All Rights Reserved. Apr 2020
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Table 2: Adverse Reactions in ≥ 10% of Patients with mTNBC in IMMU-132-01 (cont'd)
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SINCE THE US REGULATORY and litiga-
tion pathway for biosimilars was signed into 
law in March 2010, the FDA has approved 
28 biosimilar products, including 16 drugs 
with indications for patients with cancer.1,2 In 
oncology, the agency has authorized biosim-
ilar versions of the therapeutic monoclonal 
antibodies trastuzumab (Herceptin), bevaci-
zumab (Avastin), and rituximab (Rituxan), 
as well as biosimilars for the support-
ive care agents pegfilgrastim (Neulasta), 
filgrastim (Neupogen), and epoetin-alfa 
(Epogen) (Ta b l e ).2 

These new agents are part of the large 
and rapidly growing market for biologics. In 
2005, biological products accounted for more 
than 39% of the $9.5 billion Medicare spent 
on prescription drugs. By 2014, Medicare’s 
drug spending had risen to  
$18.5 billion, with 62% of that spent 
on biologics and 42% was spent on 
cancer therapies.3 

The introduction of biosimilars into 
the market is expected to decrease 
drug spending. In a 2017 RAND 
Corporation study, researchers esti-
mated that the use of biosimilars 
would lead to a $54 billion reduc-
tion in direct spending on biologic 
drugs from 2017 to 2026—or about 3% of the 
total estimated spending on biologics during 
the same period.4 

Ali McBride, PharmD, MS, clinical coor-
dinator of hematology and oncology in the 
Department of Pharmacy at the University of 
Arizona Cancer Center and president of the 
Association of Community Cancer Centers 
(ACCC) for the 2019-2020 term, discusses 
integrating biosimilars into care models 
and the ACCC’s efforts to foster education 
about the drugs.

Q We’re moving into the age of 
biosimilars. What does that mean 

for oncology practices and providers?
It’s a multifaceted approach. Right now, 
with the advent of the number of biosimi-
lars coming into the market, it provides open 
access to patients, which means we’re going 
to be driving down health care costs. In an 

age where we’re looking at alterna-
tive payment models, we’re looking 
at reducing overall total health care 
costs. The introduction of biosimi-
lars provides probably the best option 
for that decrease. As we look through 
and actually see the evolution of 
biosimilars in the United States 
versus the European Union and also 
other European countries, we have 
other issues to address.

Some of the things that we have faced [in] 
the United States versus the European Union 
are very different. We have a lot of different 

payers involved, [whereas] they have a social-
ized medicine system in some of those areas. 
But looking through this and kind of gleaning 
through in a very short and succinct answer, 
the biggest piece will be increasing access to 
the lower costs for our health care system—
decreasing the national health care costs with 
biosimilars in oncology, supportive care, and 
even, for example, in rheumatology and for 
patients who need insulin. [That is] another 
area where biosimilars are coming into play, 
as they’ve reclassified biologics as well, which 
happened in 2020.

The other piece, which is going to be the 
implementation of this process, is of course 
the focus on how we integrate, which is one 
of the things ACCC [can do well]. And that 
will mean looking at monographs, addressing 
formulary, looking at reimbursement, and also 
understanding how it actually integrates into 
your IT [information technology] system, espe-
cially for oncology drugs, a very large part 
of our workflow.

Q Can you expand on the ACCC 
initiative to help with biosimilar 

integration into daily practice?
We’re starting on several initiatives [that] 
we’ll be addressing—the how to’s. But one of 
the things that we have to address is what 
reimbursement looks like with a biosimilar. 
Are you doing that correctly? What does 

Ali McBride, 
PharmD, MS

For more news on biosimilars, visit 
centerforbiosimilars.com.
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patient assistance look like? Patient assis-
tance is a key piece of the puzzle nowadays 
with oncology therapies. Other areas that we 
have to address are IT, EMR [electronic medi-
cal record] systems, and pharmacovigilance, 
which is a key issue across the board and is 
looking at the outcomes.

One of the things with biosimilars is that 
a key initiative by the FDA was to make sure 
that we address pharmacovigilance, which, for 
many of us, we’ve been doing in the pharmacy 
world for many years. [It is] often called [a] 
retrospective study. So, rather simply put, we 
have the ability here to address pharmacovigi-
lance and address the outcomes as well.

But the education piece is one of the biggest 
areas we need to delve into. ACCC [is focused 
on educating] all members, as well as the 
patients who may receive these therapies, to 
ensure that we all are on the same founda-
tion or level for integrating biosimilars into 
practice. Right now, we are looking at 4 to 
5 to maybe 6 trastuzumab therapies [and] 
bevacizumab therapies; we just had 2 ritux-
imab-based therapies approved with more 
coming online shortly. So you can imagine 
some of the repetition that may occur and also 
some of the issues that may occur with payers, 
as they may prefer one therapy over another.

For my presidency [of ACCC], I actu-
ally wrote a column called, “The Year of the 
Biosimilar,” which is 2020. And this is 2020, 
and we’re already seeing the onset. The 
amount of work being done by our health care 
teams, regardless of who you are, where you 
are in that structure, takes a lot of time to inte-
grate these biosimilars into practice because 
we have to address getting the orders in 
correctly. We do that, we have our own formu-
lary, but then the payer may have their own 
form line. That’s going to [create some] havoc. 
So then we have to change orders. We have to 
make sure that we can put those biosimilars 
into the stock and [that] we have them avail-
able to the patients so we can bill appropriately 
based on that payer.

You may also have issues with transition 
of care. We know that in some cases, for exam-
ple, you may be using a short-acting growth 
factor in patients, and they may be discharged. 
You may get a short-acting growth factor 
outpatient. You may get a different drug 
because you’re working with an inpatient 
formulary versus potentially a specialty 

pharmacy formulary. So how do you work to 
really reduce any type of time associated [with 
delays in receipt of the drug]? 

Q What are the biosimilar knowledge 
gaps in the oncology community?

I think it’s not just oncology. We’re talking 
about oncology right now, but it’s actually 
oncology and nononcology—rheumatology is 
a big one. I think also [there is a gap] with 
diabetes. We have insulin coming down the 
pipeline, too. We have a follow-on biologic, 
which did not go through the biosimilar path-
way for long-acting insulin. We’ll probably see 
more of those shortly.

Let me just say that very [simply, there] is an 
across-the-board lack of education. So we have 
about, as I said, 3 to 5 years of education to 
really pin down these issues. We’re looking at 
oncology, where the biggest issue coming up is 
education on these therapeutic areas. We often 
are not really educating the members, [which] 
can be the health care teams, the physicians, 
nurses, pharmacy team members, and phar-
macy technicians. We have live education on 
what a biosimilar is.

So going back to Biosimilars 101, we’re 
almost there but not there yet. We also need 
to address the therapeutic outcome of using 
a biosimilar. ASCO [American Society of 
Clinical Oncology] in 2018 had a survey that 
showed that a lot of physicians did not want to 
use biosimilars in oncology for first-line ther-
apeutic curative therapies.5 A recent survey 
found oncologists are less likely to prescribe 
these drugs when there is a potential the prac-
tice could lose money. 6  There’s a feeling of 
uneasiness when using biosimilars in this 
area, especially for therapeutic outcomes that 
can be curative. Rituximab, trastuzumab for 
lymphoma and breast cancer, respectively.

But [the] other area [that] I think [impacts] 
the practices across the country is the pure 
lack of knowledge for reimbursement. And 
to me, I think that is across the board, the 
biggest area that we can address. We see 
people who are experienced with reimburse-
ments [but] not aware of pass-through status 
for biosimilars, not aware of the potentials for 
these therapies in these areas and also the 
reimbursement coming up front.

And if you’re in an alternative payment 
model—again with ACCC’s experience in 
this area, this is an easy way to invest in 

the education area—it is to really look at how 
[advanced payment models] will actually bene-
fit with the introduction of biosimilars and 
utilization for patients. And that will proba-
bly continue until the next iteration of OCM 
[Oncology Care Model] or OCF [Oncology Care 
First], or it may actually change thereafter. 
We’ll see what happens there. But with that, 
we now have the means to reduce some of 
those costs of care, especially as biologic ther-
apies continue to rise in price. n

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

Table. Biosimilar  
Approvals in  
Oncology2

Biosimilar therapeutics
Biosimilars of bevacizumab 
(Avastin)
• Bevacizumab-awwb (Mvasi)
• Bevacizumab-bvzr (Zirabev) 

Biosimilars of rituximab (Rituxan)
• Rituximab-pvvr (Ruxience)
• Rituximab-abbs (Truxima)

Biosimilars of trastuzumab (Herceptin)
• Trastuzumab-pkrb (Herzuma)
• Trastuzumaab-anns (Kanjinti)
• Trastuzumab-dkst (Ogivri)
• Trastuzumab-dttb (Ontruzant)
• Trastuzumab-qyyp (Trazimera)

Supportive care approvals
Biosimilars of epoetin alfa  
(Epogen/Procrit)
• Epoetin alfa-epbx (Retacrit)

Biosimilars of filgrastim (Neupogen)
• Filgrastim-aafi (Nivestym)
• Filgrastim-sndz (Zarxio)

Biosimilars of pegfilgrastim (Neulasta)
• Pegfilgrastim-jmdb (Fulphila)
• Pegfilgrastim-apgf (Nyvepria)
• Pegfilgrastim-cbqv (Udenyca)
• Pegfilgrastim-bmez (Ziextenzo)

For more information, see expanded tables  
with the article on OncLive.com.
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How to Overcome Implicit 
Bias to Better Help Patients
by REBEKAH BERNARD, MD

THE LAST THING I WANTED TO DO was to write 

an article on racism. As a nonexpert on the topic, 

anytime I even contemplated writing something, I was 

crippled by self-doubt. Worse, I found myself avoiding 

the topic because of my own discomfort. 

Every one of us has a certain degree of implicit bias 

or subconscious automatic thoughts about others that 

stem from our upbringing and social framing. Having 

these thoughts does not mean we are inherently bad. 

But if we fail to identify areas of implicit bias—blind 

spots in our knowledge and understanding of other 

groups of people—we risk inadvertently providing our 

patients with lower-quality care. 

Christina Girgis, MD, a consultation-liaison psychi-

atrist in Illinois and the founder of the Psychiatry 

Network, an educational group and advocacy resource 

for psychiatrists, said one of the biggest challenges 

of acknowledging implicit bias is the cognitive disso-

nance that it creates. “We all want to think that we are 

good. Recognizing that we have automatic negative 

thoughts about certain groups of people does not fit 

with that belief. That’s why it can be so hard to recog-

nize and accept this within ourselves.”

Everyone struggles with bias, including physi-

cians of color. Brian Dixon, MD, is a Fort Worth, 

Texas, psychiatrist and author, and the founder of 

Together Forward, a nonprofit think tank focused on 

improving health and alleviating cultural disparities. 

Dixon discovered during a test of implicit bias that 

he himself, a black person, was biased against black 

people and toward white people. 

“Identifying bias is an opportunity to become aware 

and act,” said Nicole Christian-Brathwaite, MD, a child 

adolescent and adult psychiatrist and CEO and founder 

of Well Minds Consulting company. To help recognize 

our inherent bias, Christian-Brathwaite and Dixon 

suggest taking the Harvard Implicit Bias test, which, 

although imperfect, can at least begin to raise our 

self-awareness. Another good way to avoid blind spots 

is to focus on patients as individuals. “Ask your patients 

about their cultural backgrounds. Listen to your 

patients’ stories. The more you individuate, the less 

likely you are to stereotype,” said Christian-Brathwaite.

Maiysha Clairborne, MD, an integrative family 

physician, physician coach, neurolinguistic program-

ming expert, and the founder of Stress Free Mom MD,  

said one of the keys 

is to not only listen to 

patients but to watch 

their responses carefully 

when you talk with them. 

“Don’t dismiss patients’ reactions as sensitivity,” 

she advised. “If you see your patient react, ask them 

about it.” Clairborne uses the technique of emotional 

mirroring and validation, labeling the response that 

she sees the patient exhibit and asking for clarifica-

tion. “Check in with your patient. If I see a patient 

flinch, I might say, ‘Ooh, I just observed your face 

change, what happened there?’” 

GET HELP PROCESSING EMOTIONS 

One of the reasons why we fail to examine our biases 

is because of the emotions they can produce. These 

emotions can be immensely powerful, and without 

help in processing them, we may develop maladaptive 

coping mechanisms, including denial or anger.

“Trauma begets trauma,” Dixon said. “If we are not 

careful in dealing with our emotions, we can risk trau-

matizing others. It becomes a vicious cycle unless we 

learn to break it.” According to Dixon, this trauma is 

one of the reasons that it has been difficult to have a 

reasoned discussion about racial issues. “We cannot 

even begin to have a public debate or discourse 

about racism when tensions are high.” 

To help you examine your emotions, Dixon recom-

mends finding a guide, usually a psychiatrist or 

psychologist. Another option is a physician coach, 

which may be ideal in states where the medical 

licensing board takes a punitive approach toward 

mental health counseling. 

“The best way to deal with anxiety or fear is 

exposure therapy,” said Christian-Braithwaite. She 

compares the process to what physicians experience 

regarding morbidity and mortality rounds during 

training. “We should discuss racism in medicine in 

the same way that we do medical errors, as both lead 

to negative patient outcomes. Although it’s difficult 

and uncomfortable, this is how we grow.”

APPLYING NEW KNOWLEDGE 
Although many physicians worry that they won’t have 

the time to address racial disparities or socioeconomic 

pressures, Wamda Ahmed, MD, a hospital-based 

neurologist with a special interest in racial disparities, 

said that even taking a moment to connect with 

patients on a human level can be impactful. “Take a 

few minutes to be kind, give encouragement, or a hug—

just to show that you care.” She notes that developing 

emotional connections with patients has also been 

found to decrease physician burnout.

Christian-Brathwaite suggested that doctors take 

time to reflect on the care they provide. “Consider 

doing a chart audit to look at your plan and your goals 

for different patients. Ask yourself: ‘Are my treatments 

consistent?’” She noted that implicit bias increases 

when we are tired, rushed, or stressed. “Medicine is 

often not conducive to being unbiased because when 

we are under stress, we often find ourselves [reverting] 

to shortcuts, including stereotyping our patients.”

I hesitated to write this article because I was afraid 

of saying the wrong thing. Girgis told me that this is a 

common concern. “Discomfort can be the worst feeling 

and most of us try our best to avoid it. Sometimes you 

just have to acknowledge your fear and just jump in.” 

She notes that if we stay silent, our colleagues won’t 

know about our support. “Most of the time, our efforts 

are appreciated, even if they are clunky or imperfect.” 

Girgis noted that one of the things we can all do is to 

analyze what resources we have as physicians to help 

mitigate racial disparities. “I may not be able to go out 

and protest, but I can take steps to make my patients 

feel more comfortable, to talk with my colleagues, and 

to mentor trainees.” She notes that the public pays 

attention to doctors, and their words and actions carry 

weight. “We can educate the public by writing and 

speaking out, or we can just be a good example in our 

interactions with others outside of work.” n

Rebekah Bernard, MD, is a family physician 

and the author of Physician Wellness: The Rock 

Star Doctor’s Guide: Change Your Thinking, 

Improve Your Life. She can be reached at her 

site www.RebekahBernard.com. 

For more Medical Economics® news, visit 
bit.ly/3jqet6g

©
 W

LA
D

IM
IR

18
04

 - 
ST

O
C

K.
AD

O
BE

.C
O

M



The OncLive® On Air podcast focuses on trending topics in oncology to better inform  
the oncology community as they work to improve patient outcomes.

Providing Accurate Information and  
Lively Discussions for the Oncology Community

TOPICS FOR EVERY 
ONCOLOGY SPECIALTY

EXPERT INTERVIEWS, 
DISCUSSIONS, AND INSIGHTS

A PODCAST MINDFUL  
OF YOUR TIME

✔︎
✔︎
✔︎

Listen to these popular episodes:
Physician and Patient 

Perspectives on Diagnosis 
and Treatment in Essential 

Thrombocythemia
Featuring Ruben Mesa, MD

FDA Approval Insights: 
Sacituzumab Govitecan in 
Metastatic Triple-Negative 

Breast Cancer
Featuring Aditya Bardia, MD

Integrating Nutrition Into the 
Continuum of Cancer Care

Featuring Refaat Hegazi, MD, PhD, MPH

Visit www.onclive.com/podcasts  
and subscribe to our podcast today! 

New podcasts every Monday and Thursday.



Partner Perspectives
STRATEGIC

A L L I A N C E

48    Vol. 21 | No. 15 | AUGUST 2020

CAR T Presents Challenges  
and Opportunities in Solid Tumors
by RENIER J. BRENTJENS, MD, PhD; AND MANJUSHA NAMUDURI, MD

NEW AND EMERGING INFORMATION about chimeric 
antigen receptor (CAR) T-cell therapy in the setting of 
hematologic malignancies is informing strategies for over-
coming obstacles in solid tumors.

In a paper recently published in Expert Review of 
Hematology, we discuss the challenges with current CD19-
targeted CARs, obstacles to adopting CAR T-cell therapy 
in solid tumors, and various strategies for addressing 
these issues.1 

Using CARs to defeat solid tumors presents unique 
challenges. Here we summarize how preclinical and clini-
cal research in hematologic malignancies can inform new 
strategies and research efforts. We also discuss antigen 
selection, CAR design, trafficking CAR T cells to tumor 
sites, overcoming challenges associated with an inhibitory 
tumor microenvironment (TME), and T-cell exhaustion 
and proliferation, as well as issues related to production 
logistics and financial accessibility.

Investigators at Memorial Sloan Kettering Cancer 
Center (MSK) pioneered CAR T-cell therapy as a cancer 
treatment and were the first to demonstrate that CD19 
was a robust target in the setting of hematologic cancers. 
Today, we continue to investigate how to improve the effi-
cacy of CAR T cells and extend their use to solid tumors, 
including breast cancer, ovarian cancer, lung cancer, 
and mesothelioma.

ANTIGEN SELECTION
An ideal target antigen has a high and universal expres-
sion on tumor cells, no or low expression on normal cells, 
and is indispensable to the tumor. CD19 is a unique, 
optimal target as its expression is limited to B cells at 
any stage of differentiation. On-target, off-tumor toxic-
ity is limited to normal B cells, and the adverse effect of 
hypogammaglobulinemia can be easily managed with 
immunoglobulin infusions.2 

Finding another antigen with these optimal character-
istics has been challenging, in part because most CARs 
to date have targeted cell surface molecules. Advances in 
RNA sequencing, microarray analysis, and proteomics 
have made it possible to identify new preclinical targets, 

such as the recent discovery of GPC2 in neuroblastoma,3,4 

and other possibilities for combinations in acute 
myeloid leukemia.5 

Combining 2 tumor antigens and single chain Fv 
(scFv) to activate the CARs can help overcome hetero-
geneous antigen expression as well as the presence of 
stromal and fibrous tissue in solid tumors. Incorporating 
a conditional activation switch that requires both tumor 
antigens to be present, but not the normal antigen, can 
improve safety.6-8 

Another strategy involves manipulating the TME from 
an immunosuppressive to a pro-inflammatory state by 
using CARs that deliver cytokines locally to the TME,9,10 
or by another process known as antigen spreading.11,12 By 
antigen spread, the CAR T cells work to reveal previously 
unavailable neoantigens that are presented to endoge-
nous cytotoxic T cells, which propagate and continue to 
attack the tumor on their own.

Tumor stromal and vascular tissues can also be 
targeted, using the antigen as a homing beacon to direct 
the CAR T cells to the TME, where they deliver cyto-
kines to aid tumor kill with the help of locally infiltrated 
immune cells.13-15 

CAR DESIGN
Cell engineers can optimize CAR design based on the 
target antigen and the scFv. Spatial orientation on first 
engagement with an antigen can drive or impede the 
cytotoxic effects of CARs.16 Further, it may also be neces-
sary to individualize CAR design based on the target 
antigen.17 Examples of optimizing orientation are the 
CD22-directed CAR T cells for treating B-cell acute 
lymphoblastic leukemia18 and prostate stem cell antigen- 
targeted CARs.19 

For ROR1-specific CARs used to target epithelial malig-
nancies such as ovarian, breast, and lung cancers,20 the 
affinity and length of the extracellular spacer domain 
determined the lead scFv candidate with the best 
potency.21 Mutating binding sites on the extracellular 
spacer domain helps avoid transgenic immune responses 
and CAR T-cell rejection.19 

RENIER J. BRENTJENS, 
MD, PhD, is director of 

cellular therapeutics and 
associate chair of junior 

faculty development in the 
Department of Medicine at 

Memorial Sloan Kettering 
Cancer Center in  

New York, NY.

MANJUSHA NAMUDURI, MD,  
is an academic pediatric 

oncologist at Memorial Sloan 
Kettering Cancer Center.

This is the second installment of the “CAR T Update” series. In Part 1 Brentjens and Namuduri discussed research avenues under investigation 
for CAR T-cell therapy in hematologic malignancies, the main issues of antigen escape, T-cell persistence, and safety, and the breadth of  
strategies to address them.
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TRAFFICKING CAR T CELLS  
TO THE TUMOR SITE
Chemokine receptors can help systemi-
cally administered CARs home to the tumor 
site. However, this strategy is challenging 
because tumors secrete different types of 
chemokines. One preclinical model showed 
that CCR2b expression on disialoganglio-
side antigen-directed CAR T cells improved 
homing to neuroblastoma tumor cells22 and 
pleural mesotheliomas.23 Similarly, block-
ing protein kinase A in T cells from reaching 
the immunological synapse improved T cells’ 
ability to infiltrate tumors with increased 
expression of CXCR3 on T cells.24 An ongoing 
trial (NCT03602157) is currently test-
ing this strategy.

An alternative approach to improve 
persistence involves stimulating the T-cell 
receptor using antigens. An entirely differ-
ent approach is to deliver CAR T cells directly 
into the tumor or in close proximity. This 
approach may be particularly useful with 
central nervous system tumors as systemi-
cally delivered CARs may not efficiently cross 
the blood-brain barrier. Some promising work 
has been conducted through a direct deliv-
ery approach using CARS directed against 
IL-13Ralpha2 antigens overexpressed in 
some brain tumors25,26 and against MUC-16 
(ecto) antigen for ovarian cancer,27 and this 
approach is safe.28 Several trials under-
way include NCT02414269, NCT02498912, 
NCT03818165, NCT03585764, NCT03500991, 
NCT02442297, NCT03638167, NCT03696030, 
and more (TABLE).

Oncolytic viruses can infect and lyse tumor 
cells. They can release neoantigens that 
encourage antitumor response and can be 
armed with cytokines to enhance efficacy.29,30 
Studies to map T-cell trafficking using 
indium labeling31 or novel imaging methods32 
are invaluable for future learning. One active 
trial of note that is tracking infused CAR T 
cells is NCT03283631, but enrollment has 
been temporarily suspended until a protocol 
amendment is approved.

HOSTILE TME, T-CELL EXHAUSTION, 
AND PROLIFERATION
The TME may be immunosuppressive to 
CAR T-cell therapies and the stroma and the 
extracellular matrix can prevent effective 

migration to cancer cells. A hostile TME may 
be caused by: the presence of inhibitory cells 
such as T-regulatory cells, tumor-associated 
macrophages, or myeloid-derived suppressor 
cells; PD-L1 expression on tumor cells; meta-
bolic competition; and chronic T-cell receptor 
signaling that leads to T-cell exhaustion.33 

Scientists are using several different strat-
egies to overcome these challenges. CAR T 
cells engineered to produce heparanase have 
demonstrated improved penetration of CARs 
within tumors by degrading the extracellu-
lar matrix.34 There has also been considerable 
research lately related to cancer-associated 
fibroblasts, which play a role in extracellular 
matrix remodeling.35,36 

“Armored” CARs, engineered to secrete 
scFvs or cytokines in the TME, have 
improved the efficacy of CAR T-cell therapy.37 
IL12-secretion can skew the TME to a pro- 
inflammatory state, inhibit T-regs, decrease 
the presence of TAMs, and resist PD-L1–medi-
ated inhibition, helping CARs persist and 
boosting their cytotoxicity.27,38-40 IL18 secret-
ing CAR T cells have increased proliferation 
and enhanced antitumor efficacy compared 
with second-generation approaches,41,42 
resulting in a pro-inflammatory TME.43 

There are at least 4 active “armored” 
CAR T-cell trials in the United States: 
NCT02498912, NCT03721068, NCT03635632, 

and NCT03085173 (Table). In the latter 
study, led by MSK researchers, patients with 
relapsed/refractory non-Hodgkin lymphoma 
or chronic lymphocytic leukemia are being 
treated with 19-28z/4-1BBL armored CAR T 
cells. Early data showed that 16 of 28 patients 
achieved a complete response, which was 
sustained at a median follow-up of 169 days 
in 8 patients.44 

T4 immunotherapy is an exciting approach 
that involves using CAR T cells directed 
against various antigens that co-express 
a chimeric cytokine receptor.45 Fusing the 
IL4 receptor ectodomain to a beta domain, 
the signaling moiety for IL2 and IL15 takes 
advantage of the abundance in the TME of 
the immunosuppressive cytokine IL4 while 
also transforming the signal into a T-cell 
stimulatory signal, mimicking IL2 and IL15 
cytokine activation required for T-cell growth 
and persistence.

Combining checkpoint blockade with CAR 
T-cell technology is another area of signif-
icant research effort. Strategies include 
systemic administration of checkpoint block-
ing antibodies46; using PD-1–blocking, 
scFV-secreting CAR T cells47; and editing out 
PD-1/LAG-3 and other inhibitory genetic loci 
on T cells with CRISPR-Cas9 before modify-
ing them to express the CAR.48-50 There are 
several trials under way testing these above 

TABLE.  Select  CAR Strategies Under Invest igat ion

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

MUC16ecto antigen-directed CARs

Cyclophosphamide with or without fludarabine prior to 
4H11-28z/fIL-12/EGFRt+ genetically modified T cells

Phase 1 (NCT02498912): adults 18 and older with MUC16ecto 
antigen-expressing high-grade serous ovarian, primary peri-
toneal, or fallopian tube carcinoma (N = 30)a

Tracking infused CAR T cells

Gamma-retroviral MSGV1 139 scFv EGFRvIII CAR gene- 
modified T cells, followed by imaging

Phase 1 (NCT03283631; INTERCEPT): adults 18 and older with 
grade IV malignant glioma (N = 24)b

“Armored” CAR T cells

iC9.GD2.IL-15 T cells Phase 1 (NCT03721068): patients aged 18 months to 18 years 
with R/R neuroblastoma (N = 18)a

C7R-GD2.CAR T cells Phase 1 (NCT03635632; GAIL-N): patients aged 1 to 74 years 
with R/R neuroblastoma and other GD2+ solid cancers (N = 64)a

Intrapleural mesothelin-directed CAR T cells

iCasp9M28z T cells with either chemotherapy or cyclo-
phosphamide, followed by pembrolizumab

Phase 1/2 (NCT02414269): Adults 18 and older with MPD from 
mesothelioma or lung or breast cancer (N = 179)a

CAR, chimeric antigen receptor; GD2, disialoganglioside; iC9, inducible caspase 9 safety switch; IL, Interleukin; MPD, malignant pleural disease; 
R/R, relapsed/refractory; scFv, single chain Fv; t, truncated.
aRecruiting.
bEnrollment is temporarily suspended.
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approaches: NCT01818323, NCT04003649, 
NCT02414269, NCT03726515, NCT03747965, 
and NCT03525782. The NCT02414269 trial, 
led by MSK investigators, is testing intrapleu-
ral mesothelin-directed CAR T cells. The 
subset of patients who received an anti–PD-1 
agent51 has shown the best overall response 
so far, consistent with preclinical research.52 

Metabolic competition for oxygen and nutri-
ents in the TME is fierce, so using targeted 
drugs to deplete indoleamine 2,3-dioxygen-
ase 53 or inhibit glycolysis54 are methods of 
interest to improve the efficacy of CAR T-cell 
therapy. Another strategy is to engineer T cells 
to express RAS homolog enriched in brain 
to enable activation of mTOR, resulting in 
increased glycolysis and expansion of T cells.55 

Scientists are also investigating ways to 
overcome the issue of exhaustion of CAR T 
cells in the TME. One method is to tempo-
rarily cease zeta phosphorylation in T-cell 
receptors with small molecules that help 
regulate CAR expression levels and restore 
functionality.56 Another technique involves 
eliminating redundancy in CAR signaling 
by eliminating extra immunoreceptor tyro-
sine-based activation motifs in the CD3zeta 
signaling domain.57 

PRODUCTION LOGISTICS AND  
FINANCIAL ACCESSIBILITY ISSUES
From the initial concept of CAR T-cell therapy 
as an immunotherapy strategy to effortlessly 
genetically modifying T cells, we have 
reached a stage where mass production to 
meet clinical needs is possible. This prog-
ress has been accomplished rapidly in 
under 25 years.

However, large-scale production requires 
addressing manufacturing inadequacies, the 
financial cost, and allo-incompatibility of the 
current FDA-approved products.

Strategies that yield superior products are 
using different cytokines for better expan-
sion58 and elutriation,59 which involves 
separating lymphocytes from monocytes 
and granulocytes. Alkylators and anthracy-
cline chemotherapies, which are cornerstone 
agents in several solid tumors, can lower 
the quality of T-cell products.60 A strat-
egy to improve yield is to identify high-risk 
patients and harvest and store their leuco-
cytes in advance, minimizing their exposure. 
However, this approach may be cost- 
prohibitive, as not every patient at high 
risk for relapse will require frozen cells 
modified into CARs.

Off-the-shelf CAR T-cell products can 
shorten production time, lower costs, 
and reach a broader patient population. 
Recommended strategies to generate these 
products are using gene-editing technolo-
gies such as CRISPR-Cas9/TALEN to remove 
endogenous T-cell receptors48,61 or using 
natural killer cells (NCT02742727) or cord 
blood–derived cells (NCT03881774).

Costs associated with producing CAR 
T cells remain incredibly high, at about 
$370,000 per patient.62 Allogeneic CAR T 
cells, increased production scalability, and 
distant domestic and offshore production may 
help improve financial accessibility.63 n

For a full list of references,  
see the article at  . 
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Inside the Clinic With…

Subcutaneous Daratumumab Appears 
Primed to Transform Myeloma Care
by BRITTANY LOVELY

DARATUMUMAB (DARZALEX) 
THERAPY has led to significant improve-
ment in response rates and progression-free 
survival both in combination regimens and 
as monotherapy across several indications in 
patients with multiple myeloma.1 Now, a new 
subcutaneous formulation, daratumumab 
and hyaluronidase-fihj (Darzalex FasPro), 
provides similar efficacy in a more conve-
nient and efficient regimen that is likely to 
change practice, according to experts.

Since its initial approval in 2015, the 
anti-CD38 monoclonal antibody has been 
administered as an intravenous (IV) injec-
tion.1 The FDA approved subcutaneous 
daratumumab on May 1, 2020, for adults 
with newly diagnosed or relapsed/refrac-
tory myeloma based on results from the 
phase 3 COLUMBA trial (NCT03277105), with 
supporting data from the phase 2 PLEIADES 
trial (NCT03412565) (TABLE).2

COLUMBA randomized 263 patients to 
subcutaneous daratumumab and 259 to IV 
daratumumab. The overall response rate 
for the subcutaneous dosing was 41.1% 
versus 37.1% with the IV formulation (ratio 
of response rates, 1.1; 95% CI, 0.89-1.37). A 
comparison of the pharmacokinetics showed 
that the geometric mean trough concentration 
ratio of subcutaneous to IV daratumumab 
was 108% (90% CI, 96%-122%) and maximum 
levels before cycle 3 were similar or higher.3

The investigators concluded that subcu-
taneous daratumumab was noninferior 
to the IV formulation for response rate 

and pharmacokinetics, the 2 primary end 
points of the study. 

As part of a recent OncLive® Insights program, 
Ajai Chari, MD, an expert in plasma cell disor-
ders, discussed the clinical and practical 
implications of the new formation with Daniel 
J. Verina, MSN, RN, ACNP-BC, a nurse practi-
tioner who specializes in multiple myeloma.

Chari is director of clinical research of the 
multiple myeloma program; associate director 
of clinical research in the Cancer Clinical Trials 
Office; and professor of medicine, hematology/
oncology at the Icahn School of Medicine at 
Mount Sinai in New York, New York. Verina is 
part of the myeloma team at Mount Sinai.

 IMPROVING IV ADMINISTRATION  
OF MONOCLONAL ANTIBODIES
Although IV daratumumab has led to better 
outcomes for many patients with multiple 
myeloma, Chari described hurdles to admin-
istering the infusions. “From a practice 
management point of view, one of the biggest 
barriers to getting daratumumab has been that 
first dose issue, that long infusion, the 1-on-1 
nursing staffing, the chair time. All of those 
barriers, I think, are challenging,” Chari said.

There was a striking difference in the  
duration of administration between the  
2 formulations in the COLUMBA trial, Chari 
said. “In this study, obviously one of the 
most important and interesting findings is 
that the median duration of infusion in the 
first administration was 421 minutes for the 
IV versus 5 minutes for the subcutaneous 

[infusion]. And that [extended through the 
trial with] 255 minutes versus 5 minutes 
for the second dose and 205 minutes for the 
remaining course versus 5 minutes. So, we’re 
looking at 7, 4, and a little over 3 hours for 
the IV, whereas the subcutaneous regimen 
remains flat at 5 minutes,” he said.

Chari called the subcutaneous admin-
istration “a great liberation from the 
infusion center.”

The recommended dosage of the new 
formulation is 1800 mg of daratumumab 
and 30,000 U of hyaluronidase adminis-
tered subcutaneously into the abdomen over 
approximately 3 to 5 minutes.2 “I think on the 
whole, it’s going to revolutionize how patients 
are treated,” Verina said. “I think it is safe 
to give, the efficacy is there, and the adverse 
events [AEs] and infusion-related events are 
extremely low compared with the intravenous 
[administration]. I feel that it’s a great option 
[for] patients, and if there’s a community 
physician who can give this drug instead of 
the patient driving 2 hours in each direction, 
it’s also saving them the wear and tear, even 
emotionally, of driving to the institution.”

 INFUSION-RELATED REACTIONS
Both Chari and Verina also noted that infu-
sion-related reactions (IRRs) were notably 
lower with the subcutaneous dosage at  
13% versus 34% with IV administration. 
Grade 3 reactions were also uncommon with 
the subcutaneous formulation; overall, the 
IRR rate was 2% in the COLUMBA trial versus 
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5% for IV administration, and no grade 4 or 
5 IRRs were reported. The IRRs were consis-
tent with what investigators anticipated, 
Chari said. Most adverse events were of grade 
1 or 2 severity and were similar or lower in 
the subcutaneous arm compared with the 
IV arm: chills, 5% versus 12%; pyrexia, 13% 
versus 12%; and dyspnea, 5% versus 10%.

In the IV arm, most IRRs occurred after 
the first dose of daratumumab and led to dose 
interruptions for 79 (31%) patients, 1 instance 
of a terminated infusion, decreases in infu-
sion rate in 26 (10%) patients, and 2 treatment 
discontinuations. No infusion-related reac-
tions with subcutaneous daratumumab led to 
treatment discontinuation, dose interruption, 
or incomplete dose administration.3

“There is some slight swelling [at the 
injection site],” Verina noted regarding 
subcutaneous daratumumab. Some patients 
experiences a red and blotchy but fleeting 
discoloration. “It usually lasts about a day and 
it dissipates over that, but, again, with a mini-
mal amount of effects to the skin or discomfort 
to the patient themselves,” he added.

One difference that merits attention in the 
clinic is the median time to onset for IRRs, 
which was 3.4 hours after the first dose of 
subcutaneous daratumumab versus  
1.5 hours in the IV arm. One question  
posed by Chari: How long should a patient 
stay in the clinic following treatment with 
the subcutaneous formulation? 

“[Do clinicians] want to keep them in the 
waiting area to just be around in case of 
issues, check vital signs, etc? Maybe for those 

patients with respiratory issues, keep them 
around, for sure, and get the vital signs. That 
may be something to consider on a case-by-
case and infusion center–by–infusion center 
basis,” Chari said.

 CROSSOVER CONSIDERATIONS  
FOR BEFORE AND AFTER MEDICATION
The premedication standards remain the same 
for both subcutaneous and IV daratumumab 
and include treatment with corticosteroids, 
antipyretics, and antihistamines, generally 
given 1 hour prior to starting daratumumab 
to reduce the risk of infection.1,2 If subcuta-
neous daratumumab is well tolerated, the 
patient may switch pretreatment medications 
to oral administration, Verina said: “Patients 
can actually take the medications at home and 
then go to their infusion center and receive 
the daratumumab.”

Posttreatment medications also may include 
corticosteroids such as methylprednisolone. 
However, if a patient is receiving a background 
regimen–specific agent such as dexametha-
sone or prednisone, additional administration 
may not be required and may ultimately be 
discontinued if no major postinfusion reac-
tions are observed. 

“Steroids are the backbone of myeloma 
[treatment]. We will use them as premeds…I 
think when patients are on long-term daratu-
mumab, and if they’re in complete remission, 
we then at our institution are starting to 
pull the steroid out of the regimen if there’s 
no need for it,” Verina said. “If the patient 
truly does not have any adverse effects from 

it, we’ve removed the postdaratumumab 
dexamethasone, again, decreasing their 
exposure to it.”

The regimen may need to be reintroduced 
when switching patients who are no longer 
receiving premedication from standard dara-
tumumab to the subcutaneous formulation, 
Chari noted. “We’ll need to look into the guid-
ance on that, whether at least for 1 dose [of 
subcutaneous daratumumab] we need to give 
those premedications just because there is 
hyaluronidase being mixed in. So, I think 
we’ll have to stay tuned for that, but I think, 
again, there will be very minor issues,” Chari 
said. “These patients will all have been toler-
ating IV daratumumab, which is much more 
likely to cause infusion-related reactions. And 
the likelihood of that after you’ve been on it for 
a long time should be pretty low.”

 LESS TIME IN THE CLINIC,  
MORE TIME LIVING
With similar efficacy, fewer infusion- 
related AEs, and less time in the clinic, the 
subcutaneous formulation of daratumumab 
is a practice-changing approval, Chari and 
Verina agreed. “I always say ‘What’s the 
point of having your myeloma be in remis-
sion, but you’re chained to the infusion center 
all the time?’ ” Chari said. “[With subcu-
taneous daratumumab] we basically have 
comparable efficacy with what appears to be 
an improved safety profile, with lower rates 
of infusion-related reaction; obviously, way 
more convenient.”

This patient population may have an average 
age of 69 years, but that does not mean that 
they are an inactive group, Verina added. 
“Even though our patient population involves 
the more mature adult, they’re still working, 
or even if they’re not working, they still have 
other extracurricular activities,” he said. 
“They’re active; they’re seeing their grand-
kids. And to spend time in an infusion center 
for 7 hours compared with ‘I’m going to come 
in for my shot, I’m going to spend an hour or  
2 in the infusion center, and I can still go back 
to work, I can still go on a trip, I can still enjoy 
my life’—I think when you look at patient 
satisfaction and convenience, that outweighs 
having the intravenous therapy.” n

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

Inside the Clinic With... 

TABLE.  FDA - Approved Indicat ions for  Daratumumab 1,2

Indication Subcutaneous Intravenous

In combination with VMP in patients with new diagnoses who are ineligible 
for ASCT

In combination with Rd in patients with new diagnoses who are ineligible for 
ASCT and in those with relapsed/refractory MM who received  
≥ 1 prior therapy

In combination with Vd in patients who received ≥ 1 prior therapy

As monotherapy in patients who received ≥ 3 prior lines of therapy, including 
a PI and an IMiD, or are double refractory to a PI and an IMiD 

In combination with VTd in patients with new diagnoses who are eligible  
for ASCT

In combination with pomalidomide and dexamethasone in patients who 
received ≥ 2 prior therapies, including lenalidomide and a PI

ASCT, autologous stem cell transplant; IMiD, immunomodulatory drug; MM, multiple myeloma; PI, proteasome inhibitor; Rd, lenalidomide  
(Revlimid) plus dexamethasone; Vd, bortezomib plus dexamethasone; VMP, bortezomib, melphalan, and prednisone; VTd, bortezomib (Velcade),  
thalidomide (Thalomid), and dexamethasone.
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CABOSUN was a randomized (1:1), open-label, multicenter, 
phase 2 trial of CABOMETYX vs sunitinib in 157 fi rst-line 
patients with aRCC who had ≥1 IMDC risk factors.2,3
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HR=0.58 (95% CI: 0.45-0.74), P<0.0001

METEOR was a randomized (1:1), open-label, phase 3 trial of 
CABOMETYX vs everolimus in 658 patients with aRCC who had 
previously received at least 1 prior anti-angiogenic treatment.2,4
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FIRST- AND SECOND-LINE aRCC
CABOMETYX® (cabozantinib) is indicated for the treatment of patients with advanced renal cell carcinoma (RCC). 

Hemorrhage: Severe and fatal hemorrhages occurred with CABOMETYX. 
The incidence of Grade 3 to 5 hemorrhagic events was 5% in CABOMETYX 
patients in RCC and HCC studies. Discontinue CABOMETYX for Grade 3 or 4 
hemorrhage. Do not administer CABOMETYX to patients who have a recent 
history of hemorrhage, including hemoptysis, hematemesis, or melena.
Perforations and Fistulas: Gastrointestinal (GI) perforations, including 
fatal cases, occurred in 1% of CABOMETYX patients. Fistulas, including 
fatal cases, occurred in 1% of CABOMETYX patients. Monitor patients 
for signs and symptoms of perforations and fi stulas, including abscess 
and sepsis. Discontinue CABOMETYX in patients who experience a 
Grade 4 fi stula or a GI perforation.
Thrombotic Events: CABOMETYX increased the risk of thrombotic 
events. Venous thromboembolism occurred in 7% (including 4% 
pulmonary embolism) and arterial thromboembolism in 2% of 
CABOMETYX patients. Fatal thrombotic events occurred in CABOMETYX 
patients. Discontinue CABOMETYX in patients who develop an acute 
myocardial infarction or serious arterial or venous thromboembolic 
event requiring medical intervention.
Hypertension and Hypertensive Crisis: CABOMETYX can cause 
hypertension, including hypertensive crisis. Hypertension occurred in 36% 
(17% Grade 3 and <1% Grade 4) of CABOMETYX patients. Do not initiate 
CABOMETYX in patients with uncontrolled hypertension. Monitor blood 
pressure regularly during CABOMETYX treatment. Withhold CABOMETYX 
for hypertension that is not adequately controlled with medical 
management; when controlled, resume at a reduced dose. Discontinue 
CABOMETYX for severe hypertension that cannot be controlled with 
anti-hypertensive therapy or for hypertensive crisis.

Diarrhea: Diarrhea occurred in 63% of CABOMETYX patients. Grade 3 
diarrhea occurred in 11% of CABOMETYX patients. Withhold CABOMETYX 
until improvement to Grade 1 and resume at a reduced dose for intolerable 
Grade 2 diarrhea, Grade 3 diarrhea that cannot be managed with standard 
antidiarrheal treatments, or Grade 4 diarrhea.
Palmar-Plantar Erythrodysesthesia (PPE): PPE occurred in 44% of 
CABOMETYX patients. Grade 3 PPE occurred in 13% of CABOMETYX 
patients. Withhold CABOMETYX until improvement to Grade 1 and resume 
at a reduced dose for intolerable Grade 2 PPE or Grade 3 PPE.
Proteinuria: Proteinuria occurred in 7% of CABOMETYX patients. Monitor 
urine protein regularly during CABOMETYX treatment. Discontinue 
CABOMETYX in patients who develop nephrotic syndrome.
Osteonecrosis of the Jaw (ONJ): ONJ occurred in <1% of CABOMETYX 
patients. ONJ can manifest as jaw pain, osteomyelitis, osteitis, bone 
erosion, tooth or periodontal infection, toothache, gingival ulceration or 
erosion, persistent jaw pain, or slow healing of the mouth or jaw after 
dental surgery. Perform an oral examination prior to CABOMETYX initiation 
and periodically during treatment. Advise patients regarding good oral 
hygiene practices. Withhold CABOMETYX for at least 3 weeks prior to 
scheduled dental surgery or invasive dental procedures, if possible. 
Withhold CABOMETYX for development of ONJ until complete resolution.
Impaired Wound Healing: Wound complications occurred with 
CABOMETYX. Withhold CABOMETYX for at least 3 weeks prior to elective 
surgery. Do not administer CABOMETYX for at least 2 weeks after major 
surgery and until adequate wound healing is observed. The safety of 
resumption of CABOMETYX after resolution of wound healing 
complications has not been established. 

IMPORTANT SAFETY INFORMATION
WARNINGS AND PRECAUTIONS

Reversible Posterior Leukoencephalopathy Syndrome (RPLS):
RPLS, a syndrome of subcortical vasogenic edema diagnosed by 
characteristic fi ndings on MRI, can occur with CABOMETYX. Evaluate for 
RPLS in patients presenting with seizures, headache, visual disturbances, 
confusion, or altered mental function. Discontinue CABOMETYX in patients 
who develop RPLS. 
Embryo-Fetal Toxicity: CABOMETYX can cause fetal harm. Advise 
pregnant women and females of reproductive potential of the potential risk 
to a fetus. Verify the pregnancy status of females of reproductive potential 
prior to initiating CABOMETYX and advise them to use effective 
contraception during treatment and for 4 months after the last dose.
ADVERSE REACTIONS
The most commonly reported (≥25%) adverse reactions are: diarrhea, 
fatigue, decreased appetite, PPE, nausea, hypertension, and vomiting.
DRUG INTERACTIONS
Strong CYP3A4 Inhibitors: If coadministration with strong CYP3A4 
inhibitors cannot be avoided, reduce the CABOMETYX dosage. Avoid 
grapefruit or grapefruit juice.
Strong CYP3A4 Inducers: If coadministration with strong CYP3A4 
inducers cannot be avoided, increase the CABOMETYX dosage. Avoid St. 
John’s wort.
USE IN SPECIFIC POPULATIONS
Lactation: Advise women not to breastfeed during CABOMETYX treatment 
and for 4 months after the fi nal dose.
Hepatic Impairment: In patients with moderate hepatic impairment, 
reduce the CABOMETYX dosage. CABOMETYX is not recommended for 
use in patients with severe hepatic impairment.

*Patients had ≥1 IMDC risk factors.2
†PFS was assessed by a retrospective blinded IRRC.2
‡After at least 1 prior anti-angiogenic therapy.2
§In the METEOR trial, the primary PFS analysis was conducted in the fi rst 375 subjects 
randomized to treatment.2

||PFS was confi rmed by blinded IRRC.2 

NCCN makes no warranties of any kind whatsoever regarding their content, use or 
application and disclaims any responsibility for their application or use in any way.

1L=fi rst-line; 2L=second-line; CI=confi dence interval; HR=hazard ratio; IMDC=International 
Metastatic Renal Cell Carcinoma Database Consortium; IRRC=independent radiology review 
committee; OS=overall survival; PFS=progression-free survival; TKI=tyrosine kinase inhibitor. 

References: 1. Data on fi le. Exelixis, Inc. IQVIA National Prescription Audit®, November 
2019. 2. CABOMETYX® (cabozantinib) Prescribing Information. Exelixis, Inc, 2020. 
3. Choueiri TK, Hessel C, Halabi S, et al. Cabozantinib versus sunitinib as initial therapy 
for metastatic renal cell carcinoma of intermediate or poor risk (Alliance A031203 
CABOSUN randomised trial): progression-free survival by independent review and overall 
survival update. Eur J Cancer. 2018;94:115-125. 4. Choueiri TK, Escudier B, Powles T, 
et al. Cabozantinib versus everolimus in advanced renal cell carcinoma (METEOR): fi nal 
results from a randomised, open-label, phase 3 trial. Lancet Oncol. 2016;17(7):917-927. 
doi:10.1016/S1470-2045(16)30107-3. 5. Referenced with permission from the NCCN 
Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Kidney Cancer V.2.2020. 
©National Comprehensive Cancer Network, Inc. 2019. All rights reserved. Accessed 
August 9, 2019. To view the most recent and complete version of the guideline, 
go online to NCCN.org. 
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FIRST- AND SECOND-LINE aRCC
CABOMETYX® (cabozantinib) is indicated for the treatment of patients with advanced renal cell carcinoma (RCC). 

Hemorrhage: Severe and fatal hemorrhages occurred with CABOMETYX. 
The incidence of Grade 3 to 5 hemorrhagic events was 5% in CABOMETYX 
patients in RCC and HCC studies. Discontinue CABOMETYX for Grade 3 or 4 
hemorrhage. Do not administer CABOMETYX to patients who have a recent 
history of hemorrhage, including hemoptysis, hematemesis, or melena.
Perforations and Fistulas: Gastrointestinal (GI) perforations, including 
fatal cases, occurred in 1% of CABOMETYX patients. Fistulas, including 
fatal cases, occurred in 1% of CABOMETYX patients. Monitor patients 
for signs and symptoms of perforations and fi stulas, including abscess 
and sepsis. Discontinue CABOMETYX in patients who experience a 
Grade 4 fi stula or a GI perforation.
Thrombotic Events: CABOMETYX increased the risk of thrombotic 
events. Venous thromboembolism occurred in 7% (including 4% 
pulmonary embolism) and arterial thromboembolism in 2% of 
CABOMETYX patients. Fatal thrombotic events occurred in CABOMETYX 
patients. Discontinue CABOMETYX in patients who develop an acute 
myocardial infarction or serious arterial or venous thromboembolic 
event requiring medical intervention.
Hypertension and Hypertensive Crisis: CABOMETYX can cause 
hypertension, including hypertensive crisis. Hypertension occurred in 36% 
(17% Grade 3 and <1% Grade 4) of CABOMETYX patients. Do not initiate 
CABOMETYX in patients with uncontrolled hypertension. Monitor blood 
pressure regularly during CABOMETYX treatment. Withhold CABOMETYX 
for hypertension that is not adequately controlled with medical 
management; when controlled, resume at a reduced dose. Discontinue 
CABOMETYX for severe hypertension that cannot be controlled with 
anti-hypertensive therapy or for hypertensive crisis.

Diarrhea: Diarrhea occurred in 63% of CABOMETYX patients. Grade 3 
diarrhea occurred in 11% of CABOMETYX patients. Withhold CABOMETYX 
until improvement to Grade 1 and resume at a reduced dose for intolerable 
Grade 2 diarrhea, Grade 3 diarrhea that cannot be managed with standard 
antidiarrheal treatments, or Grade 4 diarrhea.
Palmar-Plantar Erythrodysesthesia (PPE): PPE occurred in 44% of 
CABOMETYX patients. Grade 3 PPE occurred in 13% of CABOMETYX 
patients. Withhold CABOMETYX until improvement to Grade 1 and resume 
at a reduced dose for intolerable Grade 2 PPE or Grade 3 PPE.
Proteinuria: Proteinuria occurred in 7% of CABOMETYX patients. Monitor 
urine protein regularly during CABOMETYX treatment. Discontinue 
CABOMETYX in patients who develop nephrotic syndrome.
Osteonecrosis of the Jaw (ONJ): ONJ occurred in <1% of CABOMETYX 
patients. ONJ can manifest as jaw pain, osteomyelitis, osteitis, bone 
erosion, tooth or periodontal infection, toothache, gingival ulceration or 
erosion, persistent jaw pain, or slow healing of the mouth or jaw after 
dental surgery. Perform an oral examination prior to CABOMETYX initiation 
and periodically during treatment. Advise patients regarding good oral 
hygiene practices. Withhold CABOMETYX for at least 3 weeks prior to 
scheduled dental surgery or invasive dental procedures, if possible. 
Withhold CABOMETYX for development of ONJ until complete resolution.
Impaired Wound Healing: Wound complications occurred with 
CABOMETYX. Withhold CABOMETYX for at least 3 weeks prior to elective 
surgery. Do not administer CABOMETYX for at least 2 weeks after major 
surgery and until adequate wound healing is observed. The safety of 
resumption of CABOMETYX after resolution of wound healing 
complications has not been established. 

IMPORTANT SAFETY INFORMATION
WARNINGS AND PRECAUTIONS

Reversible Posterior Leukoencephalopathy Syndrome (RPLS):
RPLS, a syndrome of subcortical vasogenic edema diagnosed by 
characteristic fi ndings on MRI, can occur with CABOMETYX. Evaluate for 
RPLS in patients presenting with seizures, headache, visual disturbances, 
confusion, or altered mental function. Discontinue CABOMETYX in patients 
who develop RPLS. 
Embryo-Fetal Toxicity: CABOMETYX can cause fetal harm. Advise 
pregnant women and females of reproductive potential of the potential risk 
to a fetus. Verify the pregnancy status of females of reproductive potential 
prior to initiating CABOMETYX and advise them to use effective 
contraception during treatment and for 4 months after the last dose.
ADVERSE REACTIONS
The most commonly reported (≥25%) adverse reactions are: diarrhea, 
fatigue, decreased appetite, PPE, nausea, hypertension, and vomiting.
DRUG INTERACTIONS
Strong CYP3A4 Inhibitors: If coadministration with strong CYP3A4 
inhibitors cannot be avoided, reduce the CABOMETYX dosage. Avoid 
grapefruit or grapefruit juice.
Strong CYP3A4 Inducers: If coadministration with strong CYP3A4 
inducers cannot be avoided, increase the CABOMETYX dosage. Avoid St. 
John’s wort.
USE IN SPECIFIC POPULATIONS
Lactation: Advise women not to breastfeed during CABOMETYX treatment 
and for 4 months after the fi nal dose.
Hepatic Impairment: In patients with moderate hepatic impairment, 
reduce the CABOMETYX dosage. CABOMETYX is not recommended for 
use in patients with severe hepatic impairment.

*Patients had ≥1 IMDC risk factors.2
†PFS was assessed by a retrospective blinded IRRC.2
‡After at least 1 prior anti-angiogenic therapy.2
§In the METEOR trial, the primary PFS analysis was conducted in the fi rst 375 subjects 
randomized to treatment.2

||PFS was confi rmed by blinded IRRC.2 

NCCN makes no warranties of any kind whatsoever regarding their content, use or 
application and disclaims any responsibility for their application or use in any way.

1L=fi rst-line; 2L=second-line; CI=confi dence interval; HR=hazard ratio; IMDC=International 
Metastatic Renal Cell Carcinoma Database Consortium; IRRC=independent radiology review 
committee; OS=overall survival; PFS=progression-free survival; TKI=tyrosine kinase inhibitor. 

References: 1. Data on fi le. Exelixis, Inc. IQVIA National Prescription Audit®, November 
2019. 2. CABOMETYX® (cabozantinib) Prescribing Information. Exelixis, Inc, 2020. 
3. Choueiri TK, Hessel C, Halabi S, et al. Cabozantinib versus sunitinib as initial therapy 
for metastatic renal cell carcinoma of intermediate or poor risk (Alliance A031203 
CABOSUN randomised trial): progression-free survival by independent review and overall 
survival update. Eur J Cancer. 2018;94:115-125. 4. Choueiri TK, Escudier B, Powles T, 
et al. Cabozantinib versus everolimus in advanced renal cell carcinoma (METEOR): fi nal 
results from a randomised, open-label, phase 3 trial. Lancet Oncol. 2016;17(7):917-927. 
doi:10.1016/S1470-2045(16)30107-3. 5. Referenced with permission from the NCCN 
Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Kidney Cancer V.2.2020. 
©National Comprehensive Cancer Network, Inc. 2019. All rights reserved. Accessed 
August 9, 2019. To view the most recent and complete version of the guideline, 
go online to NCCN.org. 
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CABOMETYX® (cabozantinib) 
TABLETS
BRIEF SUMMARY OF PRESCRIBING INFORMATION. 
PLEASE SEE THE CABOMETYX PACKAGE INSERT FOR 
FULL PRESCRIBING INFORMATION.
INITIAL U.S. APPROVAL: 2012

1 INDICATIONS AND USAGE
1.1 Renal Cell Carcinoma
CABOMETYX is indicated for the treatment of patients with 
advanced renal cell carcinoma (RCC).
1.2 Hepatocellular Carcinoma
CABOMETYX is indicated for the treatment of patients with 
hepatocellular carcinoma (HCC) who have been previously 
treated with sorafenib.

4 CONTRAINDICATIONS
None.

5 WARNINGS AND PRECAUTIONS
5.1 Hemorrhage
Severe and fatal hemorrhages occurred with CABOMETYX. 
The incidence of Grade 3 to 5 hemorrhagic events was 5% 
in CABOMETYX-treated patients in RCC and HCC studies.
Discontinue CABOMETYX for Grade 3 or 4 hemorrhage. 
Do not administer CABOMETYX to patients who have 
a recent history of hemorrhage, including hemoptysis, 
hematemesis, or melena. 
5.2 Perforations and Fistulas
Fistulas, including fatal cases, occurred in 1% of 
CABOMETYX-treated patients. Gastrointestinal (GI) 
perforations, including fatal cases, occurred in 1% of 
CABOMETYX-treated patients. 
Monitor patients for signs and symptoms of fistulas and 
perforations, including abscess and sepsis. Discontinue 
CABOMETYX in patients who experience a Grade 4 fistula 
or a GI perforation.
5.3 Thrombotic Events
CABOMETYX increased the risk of thrombotic events. 
Venous thromboembolism occurred in 7% (including 
4% pulmonary embolism) and arterial thromboembolism 
occurred in 2% of CABOMETYX-treated patients. Fatal 
thrombotic events occurred in CABOMETYX-treated 
patients. 
Discontinue CABOMETYX in patients who develop an 
acute myocardial infarction or serious arterial or venous 
thromboembolic events that require medical intervention. 
5.4 Hypertension and Hypertensive Crisis
CABOMETYX can cause hypertension, including 
hypertensive crisis. Hypertension was reported in 36% 
(17% Grade 3 and <1% Grade 4) of CABOMETYX-treated 
patients.
Do not initiate CABOMETYX in patients with uncontrolled 
hypertension. Monitor blood pressure regularly 
during CABOMETYX treatment. Withhold CABOMETYX 
for hypertension that is not adequately controlled 
with medical management; when controlled, resume 
CABOMETYX at a reduced dose. Discontinue CABOMETYX 
for severe hypertension that cannot be controlled with 
anti-hypertensive therapy or for hypertensive crisis.
5.5 Diarrhea 
Diarrhea occurred in 63% of patients treated with 
CABOMETYX. Grade 3 diarrhea occurred in 11% of 
patients treated with CABOMETYX. 
Withhold CABOMETYX until improvement to Grade 1 and 
resume CABOMETYX at a reduced dose for intolerable 
Grade 2 diarrhea, Grade 3 diarrhea that cannot be 
managed with standard antidiarrheal treatments, or Grade 
4 diarrhea. 
5.6 Palmar-Plantar Erythrodysesthesia
Palmar-plantar erythrodysesthesia (PPE) occurred in 
44% of patients treated with CABOMETYX. Grade 3 PPE 
occurred in 13% of patients treated with CABOMETYX. 
Withhold CABOMETYX until improvement to Grade 1 and 
resume CABOMETYX at a reduced dose for intolerable 
Grade 2 PPE or Grade 3 PPE. 
5.7 Proteinuria
Proteinuria was observed in 7% of patients receiving 
CABOMETYX. Monitor urine protein regularly during 
CABOMETYX treatment. Discontinue CABOMETYX in 
patients who develop nephrotic syndrome.

5.8 Osteonecrosis of the Jaw
Osteonecrosis of the jaw (ONJ) occurred in <1% of 
patients treated with CABOMETYX. ONJ can manifest as 
jaw pain, osteomyelitis, osteitis, bone erosion, tooth or 
periodontal infection, toothache, gingival ulceration or 
erosion, persistent jaw pain or slow healing of the mouth 
or jaw after dental surgery. Perform an oral examination 
prior to initiation of CABOMETYX and periodically during 
CABOMETYX. Advise patients regarding good oral hygiene 
practices. Withhold CABOMETYX for at least 3 weeks prior 
to scheduled dental surgery or invasive dental procedures, 
if possible. Withhold CABOMETYX for development of ONJ 
until complete resolution.
5.9 Impaired Wound Healing 
Wound complications occurred with CABOMETYX. Withhold 
CABOMETYX for at least 3 weeks prior to elective surgery. 
Do not administer CABOMETYX for at least 2 weeks after 
major surgery and until adequate wound healing. The 
safety of resumption of CABOMETYX after resolution of 
wound healing complications has not been established.
5.10  Reversible Posterior Leukoencephalopathy 

Syndrome 
Reversible Posterior Leukoencephalopathy Syndrome 
(RPLS), a syndrome of subcortical vasogenic edema 
diagnosed by characteristic finding on MRI, can occur 
with CABOMETYX. Perform an evaluation for RPLS in 
any patient presenting with seizures, headache, visual 
disturbances, confusion or altered mental function. 
Discontinue CABOMETYX in patients who develop RPLS.
5.11 Embryo-Fetal Toxicity
Based on data from animal studies and its mechanism 
of action, CABOMETYX can cause fetal harm when 
administered to a pregnant woman. Cabozantinib 
administration to pregnant animals during organogenesis 
resulted in embryolethality at exposures below those 
occurring clinically at the recommended dose, and in 
increased incidences of skeletal variations in rats and 
visceral variations and malformations in rabbits. 
Advise pregnant women of the potential risk to a fetus. 
Advise females of reproductive potential to use effective 
contraception during treatment with CABOMETYX and for 
4 months after the last dose.

6 ADVERSE REACTIONS
The following clinically significant adverse reactions are 
discussed above and in the Warnings and Precautions 
section of the prescribing information: Hemorrhage, 
Perforations and Fistulas, Thrombotic Events, Hypertension 
and Hypertensive Crisis, Diarrhea, Palmar-plantar 
Erythrodysesthesia, Proteinuria, Osteonecrosis of the 
Jaw, Impaired Wound Healing, Reversible Posterior 
Leukoencephalopathy Syndrome
6.1 Clinical Trial Experience
The data described in the WARNINGS AND PRECAUTIONS 
section and below reflect exposure to CABOMETYX as 
a single agent in 409 patients with RCC enrolled in 
randomized, active-controlled trials (CABOSUN, METEOR) 
and 467 patients with HCC enrolled in a randomized, 
placebo-controlled trial (CELESTIAL).
Because clinical trials are conducted under widely varying 
conditions, adverse reaction rates observed in the clinical 
trials of a drug cannot be directly compared to rates in the 
clinical trials of another drug and may not reflect the rates 
observed in practice.
Renal Cell Carcinoma
METEOR
The safety of CABOMETYX was evaluated in METEOR, a 
randomized, open-label trial in which 331 patients with 
advanced renal cell carcinoma received CABOMETYX 
60 mg once daily and 322 patients received everolimus 
10 mg once daily until disease progression or 
unacceptable toxicity. Patients on both arms who had 
disease progression could continue treatment at the 
discretion of the investigator. The median duration of 
treatment was 7.6 months (range 0.3 – 20.5) for patients 
receiving CABOMETYX and 4.4 months (range 0.21 – 18.9) 
for patients receiving everolimus. 
Adverse reactions which occurred in ≥ 25% of CABOMETYX-
treated patients, in order of decreasing frequency, were: 
diarrhea, fatigue, nausea, decreased appetite, palmar-
plantar erythrodysesthesia (PPE), hypertension, vomiting, 
weight decreased, and constipation. Grade 3-4 adverse 
reactions and laboratory abnormalities which occurred 
in ≥ 5% of patients were hypertension, diarrhea, fatigue, 
PPE, hyponatremia, hypophosphatemia, hypomagnesemia, 
lymphopenia, anemia, hypokalemia, and increased GGT.

The dose was reduced in 60% of patients receiving 
CABOMETYX and in 24% of patients receiving everolimus. 
Twenty percent (20%) of patients received CABOMETYX 
20 mg once daily as their lowest dose. The most frequent 
adverse reactions leading to dose reduction in patients 
treated with CABOMETYX were: diarrhea, PPE, fatigue, and 
hypertension. Adverse reactions leading to dose interruption 
occurred in 70% patients receiving CABOMETYX and in 
59% patients receiving everolimus. Adverse reactions led to 
study treatment discontinuation in 10% of patients receiving 
CABOMETYX and in 10% of patients receiving everolimus. 
The most frequent adverse reactions leading to permanent 
discontinuation in patients treated with CABOMETYX were 
decreased appetite (2%) and fatigue (1%).

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

Adverse Reaction

CABOMETYX 
(n=331) 1

Everolimus  
(n=322)

All  
Grades2

Grade 
3-4

All 
Grades2

Grade 
3-4

Percentage (%) of Patients
Gastrointestinal

Diarrhea 74 11 28 2
Nausea 50 4 28 <1
Vomiting 32 2 14 <1
Stomatitis 22 2 24 2
Constipation 25 <1 19 <1
Abdominal pain 3 23 4 13 2
Dyspepsia 12 <1 5 0

General
Fatigue 56 9 47 7
Mucosal 
inflammation 19 <1 23 3

Asthenia 19 4 16 2
Metabolism and 
Nutrition

Decreased 
appetite 46 3 34 <1

Skin and 
Subcutaneous 
Tissue

Palmar-plantar 
erythrodysesthesia 42 8 6 <1

Rash 4 23 <1 43 <1
Dry skin 11 0 10 0

Vascular
Hypertension 5 39 16 8 3

Investigations
Weight decreased 31 2 12 0

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

Endocrine
Hypothyroidism 21 0 <1 <1

Respiratory, 
Thoracic, and 
Mediastinal

Dysphonia 20 <1 4 0
Dyspnea 19 3 29 4
Cough 18 <1 33 <1

Blood and 
Lymphatic

Anemia 17 5 38 16
Musculoskeletal 
and Connective 
Tissue

Pain in extremity 14 1 8 <1
Muscle spasms 13 0 5 0
Arthralgia 11 <1 14 1

Renal and Urinary
Proteinuria 12 2 9 <1

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

Adverse Events (CTCAE) Version 4.0
3  Includes the following terms: abdominal pain, abdominal pain 

upper, and abdominal pain lower
4  Includes the following terms: rash, rash erythematous, rash follicular, 

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

5  Includes the following terms hypertension, blood pressure 
increased, hypertensive crisis, blood pressure fluctuation
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Other clinically important adverse reactions (all grades) 
that were reported in <10% of patients treated with 
CABOMETYX included: wound complications (2%), 
convulsion (<1%), pancreatitis (<1%), osteonecrosis of 
the jaw (<1%), and hepatitis cholestatic (<1%).

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

Laboratory 
Abnormality

CABOMETYX 
(n=331)

Everolimus  
(n=322)

All 
Grades

Grade 
3-4

All 
Grades

Grade 
3-4

Percentage (%) of Patients
Chemistry

Increased AST 74 3 40 <1
Increased ALT 68 3 32 <1
Increased creatinine 58 <1 71 0
Increased 
triglycerides 53 4 73 13

Hypophosphatemia 48 8 36 5
Hyperglycemia 37 2 59 8
Hypoalbuminemia 36 2 28 <1
Increased ALP 35 2 29 1
Hypomagnesemia 31 7 4 <1
Hyponatremia 30 8 26 6
Increased GGT 27 5 43 9

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

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

CABOSUN
The safety of CABOMETYX was evaluated in CABOSUN, 
a randomized, open-label trial in patients with advanced 
renal cell carcinoma, in which 78 patients received 
CABOMETYX 60 mg once daily and 72 patients received 
sunitinib 50 mg once daily (4 weeks on treatment followed 
by 2 weeks off), until disease progression or unacceptable 
toxicity. The median duration of treatment was 6.5 months 
(range 0.2 – 28.7) for patients receiving CABOMETYX 
and 3.1 months (range 0.2 – 25.5) for patients receiving 
sunitinib. 
Within 30 days of treatment, there were 4 deaths in 
patients treated with CABOMETYX and 6 deaths in patients 
treated with sunitinib. Of the 4 patients treated with 
CABOMETYX, 2 patients died due to gastrointestinal 
perforation, 1 patient had acute renal failure, and 1 patient 
died due to clinical deterioration. All Grade 3-4 adverse 
reactions were collected in the entire safety population. 
The most frequent Grade 3-4 adverse reactions (≥5%) 
in patients treated with CABOMETYX were hypertension, 
diarrhea, hyponatremia, hypophosphatemia, PPE, fatigue, 
increased ALT, decreased appetite, stomatitis, pain, 
hypotension, and syncope. 
The median average daily dose was 50.3 mg for 
CABOMETYX and 44.7 mg for sunitinib (excluding 
scheduled sunitinib non-dosing days). The dose was 
reduced in 46% of patients receiving CABOMETYX and 
in 35% of patients receiving sunitinib. The dose was 
held in 73% of patients receiving CABOMETYX and in 
71% of patients receiving sunitinib. Based on patient 
disposition, 21% of patients receiving CABOMETYX and 
22% of patients receiving sunitinib discontinued due to 
an adverse reaction.

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

Adverse Reaction

CABOMETYX
(n = 78)

Sunitinib
(n = 72)

Grade 3-41 Grade 3-41

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

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

General
Fatigue 6 17
Pain 5 0

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

Skin and Subcutaneous 
Tissue 

Palmar-plantar 
erythrodysesthesia 8 4

Skin ulcer 3 0
Vascular

Hypertension3 28 21
Hypotension 5 1
Angiopathy 1 1

Investigations
Increased ALT2 5 0
Weight decreased 4 0
Increased AST 2 3 3
Increased blood  
creatinine 2 3 3

Lymphopenia 2 1 6
Thrombocytopenia 2 1 11

Nervous System
Syncope 5 0

Respiratory, Thoracic, and 
Mediastinal

Dyspnea 1 6
Dysphonia 1 0

Blood and Lymphatic
Anemia 1 3

Psychiatric
Depression 4 0
Confusional state 1 1

Infections
Lung infection 4 0

Musculoskeletal and 
Connective Tissue

Back pain 4 0
Bone pain 3 1
Pain in extremity 3 0
Arthralgia 1 0

Renal and Urinary
Renal failure acute 4 1
Proteinuria 3 1

ALT, alanine aminotransferase; AST, aspartate aminotransferase
1  NCI CTCAE Version 4.0
2  Laboratory abnormalities are reported as adverse reactions and 

not based on shifts in laboratory values
3 Includes the following term: hypertension

Hepatocellular Carcinoma
The safety of CABOMETYX was evaluated in CELESTIAL, 
a randomized, double-blind, placebo-controlled trial 
in which 704 patients with advanced hepatocellular 
carcinoma were randomized to receive CABOMETYX 
60 mg orally once daily (n=467) or placebo (n=237) until 
disease progression or unacceptable toxicity. The median 
duration of treatment was 3.8 months (range 0.1 – 37.3) 
for patients receiving CABOMETYX and 2.0 months (range 
0.0 – 27.2) for patients receiving placebo. The population 

exposed to CABOMETYX was 81% male, 56% White, and 
had a median age of 64 years. 
Adverse reactions occurring in ≥ 25% of CABOMETYX-
treated patients, in order of decreasing frequency 
were: diarrhea, decreased appetite, PPE, fatigue, 
nausea, hypertension, and vomiting. Grade 3-4 adverse 
reactions which occurred in ≥ 5% of patients were PPE, 
hypertension, fatigue, diarrhea, asthenia, and decreased 
appetite. There were 6 adverse reactions leading to 
death in patients receiving CABOMETYX (hepatic failure, 
hepatorenal syndrome, esophagobronchial fistula, 
portal vein thrombosis, pulmonary embolism, upper 
gastrointestinal hemorrhage). 
The median average daily dose was 35.8 mg for 
CABOMETYX. The dose was reduced in 62% of patients 
receiving CABOMETYX; 33% of patients required a 
reduction to 20 mg daily. The most frequent adverse 
reactions or laboratory abnormalities leading to dose 
reduction of CABOMETYX were: PPE, diarrhea, fatigue, 
hypertension, and increased AST. Adverse reactions 
leading to dose interruption occurred in 84% patients 
receiving CABOMETYX. Adverse reactions leading to 
permanent discontinuation of CABOMETYX occurred in 
16% of patients. The most frequent adverse reactions 
leading to permanent discontinuation of CABOMETYX were 
PPE (2%), fatigue (2%), decreased appetite (1%), diarrhea 
(1%), and nausea (1%).

Table 4.  Adverse Reactions Occurring in ≥ 5% 
of CABOMETYX-Treated Patients in 
CELESTIAL1 

Adverse Reaction

CABOMETYX  
(n = 467)

Placebo 
(n = 237) 

All  
Grades2

Grade 
3-4

All  
Grades2

Grade 
3-4

Percentage (%) of Patients
Gastrointestinal 

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

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

Metabolism and 
Nutrition 

Decreased appetite 48 6 18 <1
Skin and 
Subcutaneous Tissue 

Palmar-plantar 
erythrodysesthesia 46 17 5 0

Rash3 21 2 9 <1
Vascular 

Hypertension4 30 16 6 2
Investigations

Weight decreased 17 1 6 0
Nervous System 

Dysgeusia 12 0 2 0
Endocrine 

Hypothyroidism 8 <1 <1 0
Respiratory, 
Thoracic, and 
Mediastinal 

Dysphonia 19 1 2 0
Dyspnea 12 3 10 <1

Musculoskeletal and  
Connective Tissue 

Pain in extremity 9 <1 4 1
Muscle spasms 8 <1 2 0

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

2 NCI CTCAE Version 4.0
3  Includes the following terms: rash, rash erythematous, rash 

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

4  Includes the following terms: hypertension, blood pressure diastolic 
increased, blood pressure increased
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Table 5.  Laboratory Abnormalities Occurring in 
≥ 5% of CABOMETYX-Treated Patients in 
CELESTIAL1 

Laboratory 
Abnormality

CABOMETYX 
N=467

Placebo 
N=237

All 
Grades

Grade 
3-4

All 
Grades

Grade 
3-4

Percentage of Patients
Chemistry

Increased LDH 84 9 29 2
Increased ALT 73 12 37 6
Increased AST 73 24 46 19
Hypoalbuminemia 51 1 32 1
Increased ALP 43 8 38 6
Hypophosphatemia 25 9 8 4
Hypokalemia 23 6 6 1
Hypomagnesemia 22 3 3 0
Increased amylase 16 2 9 2
Hypocalcemia 8 2 0 0

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

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

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

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

8 USE IN SPECIFIC POPULATIONS
8.1  Pregnancy
Risk Summary
Based on findings from animal studies and its mechanism 
of action, CABOMETYX can cause fetal harm when 
administered to a pregnant woman. There are no available 
data in pregnant women to inform the drug-associated 
risk. In animal developmental and reproductive toxicology 
studies administration of cabozantinib to pregnant rats 
and rabbits during organogenesis resulted in embryofetal 
lethality and structural anomalies at exposures that were 
below those occurring clinically at the recommended dose 
(see Data). Advise pregnant women of the potential risk 
to a fetus. 
In the U.S. general population, the estimated background 
risk of major birth defects and miscarriage in clinically 
recognized pregnancies is 2-4% and 15-20%, respectively.
Data
Animal Data
In an embryo-fetal development study in pregnant rats, 
daily oral administration of cabozantinib throughout 
organogenesis caused increased embryo-fetal 
lethality compared to controls at a dose of 0.03 mg/kg 
(approximately 0.12-fold of human area under the curve 
[AUC] at the recommended dose). Findings included 
delayed ossification and skeletal variations at a dose of 
0.01 mg/kg/day (approximately 0.04-fold of human AUC 
at the recommended dose).
In pregnant rabbits, daily oral administration of cabozantinib 
throughout organogenesis resulted in findings of visceral 
malformations and variations including reduced spleen 
size and missing lung lobe at 3 mg/kg (approximately 
1.1-fold of the human AUC at the recommended dose). 

In a pre- and postnatal study in rats, cabozantinib 
was administered orally from gestation day 10 through 
postnatal day 20. Cabozantinib did not produce adverse 
maternal toxicity or affect pregnancy, parturition or 
lactation of female rats, and did not affect the survival, 
growth or postnatal development of the offspring at 
doses up to 0.3 mg/kg/day (0.05-fold of the maximum 
recommended clinical dose).
8.2 Lactation
Risk Summary
There is no information regarding the presence of 
cabozantinib or its metabolites in human milk, or their 
effects on the breastfed child or milk production. Because 
of the potential for serious adverse reactions in breastfed 
children, advise women not to breastfeed during treatment 
with CABOMETYX and for 4 months after the final dose. 
8.3 Females and Males of Reproductive Potential 
Pregnancy Testing
Verify the pregnancy status of females of reproductive 
potential prior to initiating CABOMETYX.
Contraception
CABOMETYX can cause fetal harm when administered to 
a pregnant woman.
Females
Advise females of reproductive potential to use effective 
contraception during treatment with CABOMETYX and for 
4 months after the final dose.
Infertility
Females and Males
Based on findings in animals, CABOMETYX may impair 
fertility in females and males of reproductive potential.
8.4 Pediatric Use
The safety and effectiveness of CABOMETYX in pediatric 
patients have not been established.
Juvenile Animal Toxicity Data
Juvenile rats were administered cabozantinib at doses 
of 1 or 2 mg/kg/day from Postnatal Day 12 (comparable 
to less than 2 years in humans) through Postnatal Day 
35 or 70. Mortalities occurred at doses ≥1 mg/kg/day 
(approximately 0.16 times the clinical dose of 60 mg/day 
based on body surface area). Hypoactivity was observed 
at both doses tested on Postnatal Day 22. Targets were 
generally similar to those seen in adult animals, occurred 
at both doses, and included the kidney (nephropathy, 
glomerulonephritis), reproductive organs, gastrointestinal 
tract (cystic dilatation and hyperplasia in Brunner’s gland 
and inflammation of duodenum; and epithelial hyperplasia 
of colon and cecum), bone marrow (hypocellularity and 
lymphoid depletion), and liver. Tooth abnormalities and 
whitening as well as effects on bones including reduced 
bone mineral content and density, physeal hypertrophy, 
and decreased cortical bone also occurred at all dose 
levels. Recovery was not assessed at a dose of 2 mg/kg 
(approximately 0.32 times the clinical dose of 60 mg based 
on body surface area) due to high levels of mortality. At  
the low dose level, effects on bone parameters were 
partially resolved but effects on the kidney and epididymis/
testis persisted after treatment ceased.
8.5 Geriatric Use
In CABOSUN and METEOR, 41% of 409 patients treated 
with CABOMETYX were age 65 years and older, and 8% 
were 75 years and older. In CELESTIAL, 49% of 467 
patients treated with CABOMETYX were age 65 years and 
older, and 15% were 75 years and older.
No overall differences in safety or effectiveness were 
observed between these patients and younger patients.
8.6 Hepatic Impairment
Increased exposure to cabozantinib has been observed in 
patients with moderate (Child-Pugh B) hepatic impairment. 
Reduce the CABOMETYX dose in patients with moderate 
hepatic impairment. Avoid CABOMETYX in patients with 
severe hepatic impairment (Child-Pugh C), since it has not 
been studied in this population.
8.7 Renal Impairment
No dosage adjustment is recommended in patients with 
mild or moderate renal impairment. There is no experience 
with CABOMETYX in patients with severe renal impairment.

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

17 PATIENT COUNSELING INFORMATION
Advise the patient to read the FDA-approved patient 
labeling (Patient Information).
Hemorrhage: Instruct patients to contact their healthcare 
provider to seek immediate medical attention for signs 
or symptoms of unusual severe bleeding or hemorrhage.
Perforations and fistulas: Advise patients that 
gastrointestinal disorders such as diarrhea, nausea, 
vomiting, and constipation may develop during 
CABOMETYX treatment and to seek immediate medical 
attention if they experience persistent or severe abdominal 
pain because cases of gastrointestinal perforation and 
fistula have been reported in patients taking CABOMETYX.
Thrombotic events: Venous and arterial thrombotic 
events have been reported. Advise patients to report 
signs or symptoms of an arterial thrombosis. Venous 
thromboembolic events including pulmonary embolus 
have been reported. Advise patients to contact their health 
care provider if new onset of dyspnea, chest pain, or 
localized limb edema occurs.
Hypertension and hypertensive crisis: Inform patients of 
the signs and symptoms of hypertension. Advise patients 
to undergo routine blood pressure monitoring and to 
contact their health care provider if blood pressure is 
elevated or if they experience signs or symptoms of 
hypertension.
Diarrhea: Advise patients to notify their healthcare provider 
at the first signs of poorly formed or loose stool or an 
increased frequency of bowel movements.
Palmar-plantar erythrodysesthesia: Advise patients to 
contact their healthcare provider for progressive or 
intolerable rash.
Osteonecrosis of the jaw: Advise patients regarding good 
oral hygiene practices. Advise patients to immediately 
contact their healthcare provider for signs or symptoms 
associated with osteonecrosis of the jaw.
Impaired wound healing: Advise patients that CABOMETYX 
may impair wound healing. Advise patients to inform their 
healthcare provider of any planned surgical procedure.
Reversible posterior leukoencephalopathy syndrome: 
Advise patients to immediately contact their health care 
provider for new onset or worsening neurological function.
Embryo-fetal toxicity: Advise females of reproductive 
potential of the potential risk to a fetus. Advise females to 
inform their healthcare provider of a known or suspected 
pregnancy.
Advise females of reproductive potential to use effective 
contraception during treatment with CABOMETYX and for 
4 months after the final dose of CABOMETYX.
Lactation: Advise women not to breastfeed during 
treatment with CABOMETYX and for 4 months following 
the last dose.
Drug interactions: Advise patients to inform their 
healthcare provider of all prescription or nonprescription 
medications, vitamins or herbal products. Inform patients 
to avoid grapefruit, grapefruit juice, and St. John’s wort.
Important administration information

•	 Instruct patients to take CABOMETYX at least 1 
hour before or at least 2 hours after eating.

This brief summary is based on the CABOMETYX 
Prescribing Information 
Revision 02/2020
Distributed by Exelixis, Inc. Alameda, CA 94502

CABOMETYX is a registered trademark of Exelixis, Inc. 
© 2020 Exelixis, Inc.
 
Printed in USA 02/20 CA-1121-2
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HRD Testing Heralds a New Biomarker,  
but Questions Linger
by JANE DE LARTIGUE, PhD

HOMOLOGOUS RECOMBINATION,  
one of the major mechanisms of defective 
DNA repair, has emerged as a bona fide 
therapeutic target, yet its optimal use as a 
biomarker for patient selection remains a 
clouded scientific question.1 

Tumors with mutations in BRCA1 and 
BRCA2, breast cancer susceptibility genes 
that are quintessential members of the 
homologous recombination repair (HRR) path-
way, are highly sensitive to platinum-based 
chemotherapy and PARP inhibitors.2  The FDA 
approved the first PARP inhibitor, olaparib 
(Lynparza), in 2014 for patients with germ-
line BRCA1/2 mutations who have heavily 
pretreated advanced ovarian cancer,3 and 
the agency has since broadened indications 
for this class of agents in terms of disease 
settings and biomarker status.4-6

Germline testing for BRCA1/2 mutations 
has been available since the 1990s and is 
used both to assess breast and ovarian cancer 
risk and to guide use of PARP inhibitors in 
patients with cancer.7

Now a major clinical challenge is iden-
tifying the population of patients with 
wild-type BRCA1/2 who nonetheless will 
benefit from PARP inhibition. Assays measur-
ing homologous recombination deficiency 
(HRD) caused by a broader range of mech-
anisms than BRCA1/2 loss are the central 
focus. In addition to germline BRCA1/2 muta-
tions, such tests identify somatic mutations 
in BRCA1/2 and other HRR-related genes and 
detect the presence of genomic scars indica-
tive of HRD.8-11

HRD tests have been clinically validated 
in several settings in patients with ovarian 
cancer in phase 2 and 3 trials of various 
PARP inhibitors. The results have consis-
tently demonstrated that PARP inhibitors 
have greater benefit in HRD-positive patients, 
defined as those with mutations in 
HRR genes.12-17 

Recent approvals for olaparib and the 
PARP inhibitor niraparib (Zejula) encom-
pass patients with ovarian tumors that are 

HRD positive as well as those with BRCA 
mutations. In May 2020, the FDA also 
approved olaparib for patients with meta-
static castration-resistant prostate cancer 
(mCRPC) with germline or somatic HRR 
mutations. The agency has approved 2 HRD 
tests as companion diagnostics: Myriad 
Genetics’ myChoice CDx for olaparib and 
niraparib in ovarian cancer and Foundation 
Medicine’s FoundationOne CDx for olapa-
rib in mCRPC.18-20

However, most clinical trial findings have 
shown that even patients without HRD, as 
assessed by the current tests, benefited from 
PARP inhibition.12-17 Such findings leave many 
open questions regarding the clinical utility 
of HRD testing. 

HOW A DNA REPAIR  
PATHWAY FUNCTIONS
The rationale for targeting HRR activity 
stems from the frequent occurrence of defec-
tive DNA repair mechanisms in cancer. DNA 
is constantly subjected to potentially damag-
ing assaults, necessitating a complex network 
of molecular signaling pathways of detection 
and repair that maintain genomic integrity.

The HRR pathway repairs double-stranded 
breaks (DSBs), a particularly toxic form of 
DNA damage that can trigger cell death if 
left unrepaired. Both strands of the DNA 
helix are compromised, so no complemen-
tary strand is available to serve as a template 
for repair. Homologous recombination instead 
uses complementary DNA within the sister 
chromatid for this purpose; thus, it is largely 
restricted to the S and G2 phases of the cell 
cycle, when newly replicated sister chroma-
tids are readily available.

The HRR pathway is mechanistically 
complex, involving several related subpath-
ways. Briefly, canonical DSB repair begins 
with recognition and resection of the free 
DNA ends at damaged sites to generate short 
stretches of single-stranded DNA (ssDNA). 
This step is highly dependent on the MRN 
(MRE11, RAD50, and NBS1) protein complex. 

Other key proteins include ATM and RPA, 
which binds and coats the ssDNA. 

Another core component of the HRR 
pathway is the RAD51 protein, a DNA recom-
binase that searches for homologous 
sequences within the sister chromatid 
and ultimately uses them as a template to 
repair the damaged site through strand 
exchange. BRCA2 helps recruit RAD51 to the 
RPA-coated ssDNA, where RAD51 forms fila-
ments made of nucleic acids and proteins. 
Two other central players in the HRR path-
way, BRCA1 and PALB2, are responsible for 
recruiting BRCA2.21,22

DEFECTS PROMOTE CANCER
Defects in the HRR pathway cause the cell 
to become more dependent on other DNA 
repair pathways, including more error-prone 

• Small molecules that 
inhibit PARP enzymes 
from repairing DNA 
damage due to 
oncogenic activity or 
chemotherapy 
have emerged 
as a new class 
of therapy 
since 2014.

• There are now 4 FDA-approved PARP 
inhibitors with indications for these cancers:

• Olaparib (Lynparza): ovarian, breast, 
pancreatic, and prostate 

• Niraparib (Zejula): ovarian 

• Rucaparib (Rubraca): ovarian, prostate 

• Talozaparib (Talzenna): breast 

• Deleterious BRCA1 and/or BRCA2 mutations 
are a biomarker for a more robust response to 
PARP inhibitor therapy but patients with wild-
type disease may also respond.

• Homologous recombination deficiency (HRD) 
assays assess a broader range of defects in 
genes involved in the repair pathways.

Clinical Implications  
of HRD Testing

PARP1 illustration
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mechanisms of DSB repair. This can lead to 
the accumulation of genomic alterations and 
foster genomic instability, which is a hall-
mark of cancer cells.2,7,11

Many types of cancer harbor defects in 
DNA repair. The best-known example is the 
link between mutations in the BRCA1 and 
BRCA2 genes and increased risk of heredi-
tary breast and ovarian cancers. Germline 
mutations in BRCA1/2 are found in around 
7% of patients with breast cancer (up to 15% 
of triple-negative breast cancers) and 13% of 
ovarian cancers.2,23

BRCA1 and BRCA2 are classic tumor 
suppressor genes that require 2 “hits”—inac-
tivation of both alleles—to become oncogenic; 
thus, individuals who inherit a defective 

BRCA1/2 allele are at increased risk of cancer 
because they have only 1 functioning allele.24 
A number of genetic tests for BRCA1/2 muta-
tions, both single-gene and comprehensive 
gene sequencing panels, have been devel-
oped to identify at-risk patients and guide 
risk mitigation.7

For patients who already have cancer, the 
identification of BRCA1/2 mutations also has 
implications for the selection of targeted ther-
apies. The dependence of BRCA1/2-mutant 
tumors on alternative pathways of DNA repair 
has been exploited for the development of 
PARP inhibitors.

PARP is an enzyme involved in the 
repair of single-stranded breaks via the 
base excision repair pathway (FIGURE). 

BRCA1/2-mutant cells are dependent on this 
pathway to prevent the formation of DSBs, 
and loss of PARP activity induces synthetic 
lethality—cells can endure loss of either 
PARP or BRCA1/2 but not both together. Thus, 
PARP inhibition should trigger cell death in a 
tumor-specific manner.2 

Clinical trial results have repeatedly shown 
that breast and ovarian tumors with BRCA1/2 
mutations are highly sensitive to both PARP 
inhibition and platinum-based chemotherapy, 
which induces interstrand cross-links that 
generate DSBs.2,4

Overall, the FDA has approved 4 PARP 
inhibitors: olaparib for ovarian, breast, 
pancreatic, and mCRPC indications; niraparib 
for ovarian cancer; rucaparib (Rubraca) for 
ovarian cancer and mCRPC; and talazoparib 
(Talzenna) for breast cancer. All have some 
indications involving BRCA1/2 mutations, 
mostly with Myriad Genetics’ BRACAnalysis 
CDx as the companion diagnostic.4,25

PARP INHIBITORS EXPAND IN SCOPE
Although the FDA granted initial PARP inhib-
itor approvals for later-line treatment of 
ovarian cancer, these agents more recently 
have found a place in the frontline setting 
as maintenance therapy in patients respond-
ing to platinum-based chemotherapy. PARP 
inhibitors have also been examined as main-
tenance therapy in platinum-sensitive 
recurrent ovarian cancer. In 2017, nirapa-
rib was approved by the FDA in this setting; 
however, the approval was notably indepen-
dent of BRCA1/2 mutation status.26 

In the pivotal phase 3 NOVA trial 
(NCT01847274), approximately two-thirds 
of the 553 enrolled patients did not have 
a germline BRCA1/2 mutation. Although 
patients with germline BRCA1/2 muta-
tions (as determined by BRACAnalysis 
testing) derived a greater median progres-
sion-free survival (mPFS) benefit from 
niraparib (HR, 0.27), patients without germ-
line BRCA1/2 mutations also experienced 
improved mPFS with niraparib compared 
with placebo (HR, 0.45).14

The findings from this clinical trial and 
others have demonstrated that a population 
of patients with BRCA1/2 wild-type ovarian 
cancer would benefit from PARP inhibition. 
The current clinical challenge is to find ways 
to identify those patients.11 

FIGURE.  Targeting DNA Repair Mechanisms

PARP inhibitor therapy interferes with 
the repair of damaged DNA, helping 

to promote cytotoxic activity. The 
homologous recombination repair 

pathway includes DNA repair proteins 
encoded by BRCA1/2 and a broader 

set of genes. Emerging assays identify 
alterations in repair genes that may 
predict response to PARP therapy. 
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A genome-wide study of high-grade serous 
ovarian cancer samples demonstrated 
that HRD is not solely due to mutations in 
BRCA1/2. HRD was identified in approx-
imately half of the tumor samples in this 
analysis.27 In addition, up to 40.0% of breast 
cancers, around 30.0% of prostate cancers, 
and 15.4% of pancreatic cancers have defects 
in other HRR components.2,23,28 

Other mechanisms of HRD include somatic 
mutations in BRCA1/2 and epigenetic inacti-
vation of HRR genes, in addition to alterations 
in the expression or function of HRR pathway 
proteins, including PALB2, RAD51, and ATM. 
In vitro studies have demonstrated that many 
of these events are also determinants of PARP 
inhibitor sensitivity.11

Thus, the idea of expanding the assessment 
of tumor HRD beyond germline BRCA1/2 
mutations is highly attractive. In addition 
to identifying alterations in individual HRR 
genes, other ways exist to potentially assess 
HRD in cancer cells. These include iden-
tification of mutational signatures, gene 
expression profiling, and functional assays.11 

The most clinically advanced HRD 
measures are so-called genomic scar assays. 
These single-nucleotide polymorphism–based 
assays quantify chromosomal abnormalities 
indicative of HRD irrespective of the specific 
cause of the DNA repair defect.11

Loss of heterozygosity (LOH) is a common 
event in many cancer types, reflecting the 
second hit to a tumor suppressor gene that 
already has 1 defective allele. A group of 
investigators generated and tested an HRD 

score, defined as the number of LOH regions 
of intermediate size (> 15 Mb but less than a 
whole chromosome) in a tumor genome. They 
found a strong correlation between elevated 
HRD score and defects in known HRR path-
way components (BRCA1/2 and RAD51).10 

Cells with HRD often attempt DSB repair 
using an error-prone alternative mechanism, 
nonhomologous end joining, which can lead 
to allelic imbalance as a result of aberrant 
chromosomal end fusions that break apart 
during mitosis. A telomeric allelic imbal-
ance (TAI) assay was developed that identifies 
large regions of allelic imbalance that extend 
to the telomere.9,11 

Finally, HRD status can be determined 
by quantitation of a type of large structural 
chromosomal alteration called large-scale 
state transitions (LSTs), defined as chromo-
somal breaks between 2 adjacent regions that 
are at least 10 Mb in size.8 

Two commercial genomic scar assays have 
been developed; Myriad’s myChoice CDx 
generates a genomic instability score from 
combined measurement of LOH, TAI, and 
LSTs. The score ranges from 0 to 100, with 
higher scores indicating greater HRD. The 
cutoff for HRD positivity was set at 42 or 
higher, as this was the 95th percentile of HRD 
scores observed in tumors with BRCA1/2 defi-
ciency.29 Meanwhile, FoundationOne CDx 
produces an LOH score, ranging from 0% to 
100%, with a prespecified cutoff of 16% or 
greater regarded as LOH high.30

Both myChoice and FoundationOne are 
next-generation sequencing–based tests 

performed using formalin-fixed paraffin- 
embedded tumor tissue. In addition to quan-
tifying genomic scars, they can identify 
both somatic and germline mutations in the 
BRCA1/2 genes, although they cannot distin-
guish between them. The FoundationOne test 
further detects somatic alterations in 322 
other genes, including many involved in the 
HRR pathway (TABLE18-20,29,30).29,30

HRD TESTING COMES INTO ITS OWN
HRD testing has been validated in a growing 
number of clinical trials. The single-arm, 
phase 2 QUADRA trial (NCT02354586) eval-
uated the efficacy and safety of niraparib in 
patients with heavily pretreated (median  
4 prior lines of therapy), platinum-sensitive 
ovarian cancer. A total of 463 patients were 
enrolled and treated with niraparib  
300 mg once daily.17 

The primary efficacy population consisted 
of 47 patients with HRD-positive tumors (as 
determined by the myChoice test) with 3 or 
4 previous lines of therapy who were PARP 
inhibitor naïve and sensitive to their last plat-
inum-based agent. This group had an overall 
response rate of 28% compared with 10% in 
the overall population and an mPFS of  
5.5 months.17 On the basis of the QUADRA 
trial results, the FDA approved niraparib for 
the fourth-line or later treatment of patients 
with HRD-positive advanced ovarian cancer. 
The agency simultaneously approved the 
myChoice test as a companion diagnostic.19 

In May 2020, the FDA approved olaparib 
in combination with the VEGF-targeting 

TABLE.  HRD Assays Approved for Patient Selection18-20,29,30 

Test name Test description Biomarkers detected FDA-approved usage as companion diagnostic

myChoice CDx
(Myriad Genetics)

—Determines GIS score
—Positive HRD status defined as 
positive GIS score or tBRCA1/2 
mutations 
—NGS on FFPE tumor tissue

—BRCA1 and BRCA2 SNVs, 
insertions, deletions, and large 
rearrangements 
—GIS measuring LOH, TAI,  
and LST

Niraparib: HRD or BRCA1/2 positivity for patients with advanced ovarian cancer previously 
treated with ≥ 3 chemotherapy regimens 

Olaparib: HRD or BRCA1/2 positivity when used in combination with bevacizumab as 
frontline maintenance therapy in patients with advanced ovarian cancer in complete or 
partial response to first-line platinum-based chemotherapy 

FoundationOne CDx
(Foundation Medicine)

—Determines LOH score
—Positive HRD status defined as 
tBRCA positive and/or LOH high
—NGS on FFPE tumor tissue

BRCA1 and BRCA2 alterations
HRR genes: BRCA1, BRCA2, ATM, 
BARD1, BRIP1, CDK12, CHEK1, 
CHEK2, FANCL, PALB2, RAD51B, 
RAD51C, RAD51D, and RAD54L 
alterations

Rucaparib: positivity for germline or somatic BRCA1/2 alterations for patients with 
advanced ovarian cancer previously treated with ≥ 2 lines of chemotherapya 

Olaparib:
—Positivity for germline or somatic BRCA1/2 alterations in patients with advanced ovarian 
cancer in complete or partial response to first-line platinum-based chemotherapy 
—Germline or somatic HRR gene–mutated metastatic CRPC in patients who have 
progressed following treatment with enzalutamide or abiraterone 

CRPC, castration-resistant prostate cancer; FFPE, formalin-fixed paraffin-embedded; GIS, genomic instability score; HRD, homologous recombination deficiency; HRR, homologous recombination repair; LOH, loss of heterozy-
gosity; LST, large-scale state transition; NGS, next-generation sequencing; SNV, single-nucleotide variant; TAI, telomeric allelic imbalance; tBRCA, tumor BRCA.
aAssay can also be used to analyze HRD status for rucaparib maintenance therapy in recurrent ovarian cancer.
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antibody bevacizumab (Avastin) as frontline 
maintenance therapy for patients with ovar-
ian cancer in complete or partial response 
to platinum-based chemotherapy and who 
have HRD-positive status as determined by 
myChoice CDx.18 Approval was based on the 
phase 3 PAOLA-1 study (NCT02477644), in 
which 535 patients were treated with olapa-
rib and bevacizumab and 267 received 
bevacizumab alone. In the entire patient 
cohort, mPFS was 22.1 months with olapa-
rib and bevacizumab versus 16.6 months 
with bevacizumab alone (HR, 0.59). Subgroup 
analyses showed mPFS benefit for patients 
with BRCA1/2 mutations (37.2 vs 21.7 months; 
HR, 0.31), with wild-type BRCA1/2 (18.9 
vs 16.0 months; HR, 0.71), and with wild-
type BRCA1/2 and HRD-positive tumors 
(28.1 vs 16.6 months; HR, 0.43); however, 
HRD-negative patients had no mPFS benefit 
(16.6 months vs 16.2 months; HR, 1.00).15

Olaparib also recently received approval 
for treating patients with mCRPC who have 
progressed following abiraterone acetate 
(Zytiga) or enzalutamide (Xtandi) and have 
HRR gene mutations, as assessed using the 
FoundationOne and BRACAnalysis tests.20 
Approval was based on the phase 3 PROfound 
trial (NCT02987543), in which HRD-positive 
patients were randomized to receive olapa-
rib (n = 256) or investigator’s choice of 
enzalutamide or abiraterone (n = 131). 
Patients were divided into 2 cohorts: Cohort 
A included patients with at least 1 alteration 
in BRCA1/2 or ATM, and cohort B enrolled 
patients with alterations in any of 12 other 
HRR-related genes.31

The results showed that olaparib had 
a significant mPFS benefit over enzalut-
amide and abiraterone in cohort A (7.4 vs 
3.6 months; HR, 0.34; P < .001) and both 
cohorts combined (5.8 vs 3.5 months; HR, 
0.49; P < .001).31

TRIAL RESULTS HIGHLIGHT  
QUESTIONS
Not all clinical trials evaluating HRD-positive 
patients have proved to be such big wins 
for HRD testing. Similar to the NOVA trial 
of niraparib,14 the ARIEL3 trial evalu-
ated rucaparib as maintenance therapy 
in the recurrent ovarian cancer setting 
(NCT01968213).12 Both trials included cohorts 
of patients evaluated for BRCA1/2 mutations 

(BRACAnalysis) and other types of HRD 
(myChoice for niraparib and FoundationOne 
for rucaparib). In both the NOVA and ARIEL3 
trials, the HRD-positive group included 
patients with either germline or somatic 
BRCA1/2 mutations.12,14 

Although HRD-positive patients derived 
a greater mPFS benefit, efficacy occurred in 
ARIEL3 regardless of HRD and BRCA1/2 posi-
tivity. As with niraparib, the FDA approved 
rucaparib in this setting irrespective of 
biomarker status.32

Several other recently reported clinical 
trials evaluated outcomes in patients with 
HRD-positive ovarian cancer treated with 
PARP inhibitors in the frontline mainte-
nance setting. The phase 3 PRIMA trial 
(NCT02655016) assessed the efficacy of 
niraparib in this setting using myChoice CDx 
to identify HRD-positive patients. Among 
733 patients randomized to receive nirapa-
rib or placebo, 50.9% were HRD positive. The 
mPFS was 21.9 months versus 10.4 months 
(HR , 0.43; P < .001) in HRD-positive patients 
and 13.8 months versus 8.2 months (HR, 0.62; 
P < .001) in the overall population.16 In April 
2020, the FDA approved niraparib in the 
frontline maintenance setting irrespective 
of biomarker status26; nonetheless, Myriad 
has submitted a supplemental premarket 
approval application for myChoice.33

The phase 3 VELIA study (NCT02470585)
evaluated veliparib in the same frontline 
maintenance setting after use as induction 
therapy in combination with chemother-
apy. Patients (N = 1140) were randomized 
into 3 arms: chemotherapy induction and 
no maintenance, chemotherapy plus veli-
parib induction and no maintenance, or 
chemotherapy plus veliparib induction and 
veliparib maintenance.13

Within each arm, investigators assessed 
outcomes in patients with BRCA1/2-
mutant disease, with HRD-positive disease 
(BRCA1/2 mutant or a myChoice modified 
cutoff of ≥ 33), and across the whole popu-
lation. The longest mPFS was observed with 
veliparib (as both induction and mainte-
nance) compared with placebo across all 
patients, regardless of biomarker status, 
although the HRD benefit was greatest in the 
biomarker-defined populations.13

Although HRD testing unequivocally 
identifies patient populations that derive 

significant benefit from PARP inhibition 
in ovarian and prostate cancers, HRD has 
far to go to become an effective predictive 
biomarker. Current tests still miss a signifi-
cant number of potential responders, and the 
benefit frequently observed in biomarker- 
negative populations leaves an open ques-
tion regarding whether PARP inhibitors 
are appropriate for all patients with ovar-
ian cancer. Numerous clinical trials 
evaluating PARP inhibitors as monother-
apy and in combination with other drugs in 
HRD-positive patient populations are ongoing 
and should provide further insight.

A significant issue with the effectiveness 
of current genomic scar assays is that they 
do not capture evolutionary changes within 
the tumor in response to selective pressure 
from cancer therapy. Restoration of homol-
ogous recombination proficiency can result 
and is the most common cause of platinum 
and PARP inhibitor resistance. Genomic scars 
are retained even if resistance pathways 
emerge to reestablish homologous recombina-
tion proficiency.11

Tumor genome testing using tumor tissue 
has several limitations, such as intratumor 
heterogeneity and insufficient sample 
volume. Several novel blood-based HRD tests 
are being explored in an effort to overcome 
these limitations. Epic Sciences’ CTC HRD 
assay is designed to measure chromosomal 
instability in circulating tumor cells isolated 
from the blood to select patients for a clinical 
study of the investigational PARP inhibitor 
pamiparib in patients with mCRPC.34 n
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TREATMENT OPTIONS FOR metastatic 
breast cancer continue to expand, and new 
drug classes and new formulations of tried-
and-true agents have emerged, 
providing clinicians with more 
opportunities to individualize treat-
ments and improve outcomes. One 
major recent development was the 
May 24, 2019, approval of the first 
PI3K inhibitor, alpelisib (Piqray), 
for patients with PI3K mutations of 
PIK3CA, which have been associated 
with a poor prognosis and treatment 
resistance.1-3 However, although agents such 
as alpelisib are expanding treatment options 
for certain patient subsets, chemotherapy 
remains a mainstay of treatment for many 
patients across the metastatic breast cancer 
spectrum. Currently, only intravenous (IV) 
options are available, but traveling to infu-
sion centers can be burdensome for patients 
and may pose health risks, particularly while 
the world is still grappling with the corona-
virus disease 2019 (COVID-19) pandemic. An 
expected advance is the imminent approval of 
1 or more oral taxanes, which have the poten-
tial to mitigate these challenges and risks but 
may have some drawbacks of their own.

During an OncLive Peer Exchange®, a 

panel experts in breast cancer discussed 
the emergence of alpelisib and provided 
insights into the timing of testing patients for 

PIK3CA mutations. They reviewed 
data from the phase 3 SOLAR-1 
trial (NCT02437318), which led 
to alpelisib’s approval, as well as 
data from the phase 2 BYLieve trial 
(NCT03056755), which recently 
provided reassurance regarding 
the use of this treatment in patients 
previously treated with CDK4/6 
inhibitors.2,3 They also examined 

strategies for mitigating alpelisib’s 
adverse effects (AEs) and discussed 
the role of everolimus (Afinitor) 
in a world post alpelisib. Finally, 
the panelists reviewed the emer-
gence of oral taxanes, focusing on 
data for oral paclitaxel and encequi-
dar (formerly known as Oraxol), and 
discussed the potential advantages 
and disadvantages of this approach.

PI3K INHIBITORS
PIK3CA mutations occur in approximately 
40% of patients with hormone receptor–
positive, HER2-negative advanced breast 
cancer.2,3 Because this is an actionable 

mutation, the panelists discussed the impor-
tance of assessing for it. “The first-line 
setting, often while using a CDK4/6 inhibitor, 
is a nice opportunity to start your molecular 

testing for PI3K status, knowing 
then that you may have an oppor-
tunity in later lines of therapy to 
use a PI3K inhibitor,” Tiffany A. 
Traina, MD, said. 

Timing of PIK3CA mutation test-
ing has not been clearly defined; 
however, the panelists agreed that 
they typically test patients when they 
are starting to fail first-line treat-

ment, including CDK4/6 inhibitors. “We like to 
be organized and thinking ahead, but testing 
while somebody is responding to their current 
treatment might not be the best time to do it,” 
Claudine J. Isaacs, MD, said. Moderator Hope 
S. Rugo, MD, FASCO, concurred, saying, 

Participating in the panel are,  
clockwise from left, Priyanka 
Sharma, MD; Claudine J. Isaacs, MD; 
Tiffany A. Traina, MD; 
John Fox, MD, MHA; and, center, 
Hope S. Rugo, MD, FASCO.
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“I usually test when they’re starting to look 
like they might be progressing sometime in 
the near future.” 

From a payer perspective, John 
Fox, MD, MHA, noted that the 
advent of molecular diagnostics 
has increased the probability that 
patients will receive the therapy 
that is most appropriate for their 
cancer type. However, he said confu-
sion exists regarding coverage of the 
tests. “If you’re looking for a single 
gene mutation like a PIK3CA mutation, those 
tests are covered,” he said. “Typically when 
you get into these very costly next- 
generation sequencing tests, for example, if 
you have to do a liquid biopsy because you 
don’t have tissue, those tests require prior 
authorization to determine whether they’re 
medically appropriate.”

Patients found to have a PIK3CA muta-
tion are candidates for alpelisib, which 
was approved in combination with fulves-
trant (Faslodex) for postmenopausal women, 
and men, with hormone receptor–positive, 
HER2-negative, PIK3CA-mutant, advanced 
or metastatic breast cancer detected by an 
FDA-approved test following progression on 
or after an endocrine-based regimen.1 

SOLAR-1 Trial
SOLAR-1 randomly assigned 572 
patients, including 341 with PIK3CA 
mutations, 1:1 to oral alpelisib  
300 mg daily plus fulvestrant 500 
mg given as an intramuscular injec-
tion on days 1 and 15 of cycle 1 and 
on day 1 of 28 subsequent cycles 
or to equivalent oral placebo plus 
fulvestrant.2 The primary end point was 
investigator-assessed progression-free 
survival (PFS), and secondary end points 
included overall response rate and safety.

“There was improvement in PFS that was 
clinically meaningful, almost a 6-month 
improvement,” Priyanka Sharma, MD, 
said. At a median follow-up of 20 months, 
the alpelisib–fulvestrant group had a PFS of 
11.0 months versus 5.7 months in the placebo 
group (HR for progression or death, 0.65;  
95% CI, 0.50-0.85; P < .001). In contrast, the 
HR in the cohort without PIK3CA-mutant 
cancer was 0.85 (95% CI, 0.58-1.25; posterior 
probability of HR < 1.00, 79.4%).2

The most common alpelisib-related AEs 
included hyperglycemia, rash, and diarrhea. 

Grade 3 or 4 hyperglycemia occurred 
in 36.6% of alpelisib-treated patients 
and led to treatment discontinuation 
in 6.3% of patients.2 Because hyper-
glycemia is an on-target effect of  
alpelisib, potentially inextricably 
linked with α-specific PI3K inhi-
bition, the panelists discussed 
the importance of manag-
ing this toxicity.

“We check baseline hemoglobin A1C 
[glycated hemoglobin] and talk about having 
a low-carb diet and finger-stick 
glucose monitoring,” Traina said. In 
patients showing elevation in their 
glycated hemoglobin levels, Isaacs 
said, she follows an algorithm to 
guide metformin dosing if treatment 
with metformin is not sufficient. 

Rugo said she involves an endo-
crinologist because many newer 
hyperglycemia treatments may be 
useful in this setting. She also discussed the 
results of a recent presentation she gave at 
the European Society of Medical Oncology 
Congress 2019 that examined the course of 
AEs of special interest in SOLAR-1.4 “What 

we saw is that if you’re going to be 
hyperglycemic, you usually peak in 
the first 15 days,” she said. She said 
the same was true with rash, which 
is why she and her colleagues have 
started to encourage patients to use 
preventive, nonsedating antihista-
mines. “I think this is something 
like the steroid mouthwash that we 
used for everolimus stomatitis—we 

can really minimize that toxicity [of rash 
with alpelisib],” she said. 

Given alpelisib’s availability, the panel-
ists examined what role everolimus may 
play in treating patients with hormone 
receptor–positive, HER2-negative, PIK3CA-
mutant advanced breast cancer. Everolimus 
became a standard treatment in combina-
tion with the steroidal aromatase inhibitor 
(AI) exemestane for patients with hormone 
receptor–positive, HER2-negative metastatic 
breast cancer resistant to prior nonsteroidal 
AI therapy after it received FDA approval in 
2012 based on results of the BOLERO-2 trial 
(NCT00863655).5,6

Traina said everolimus still has a place but 
that it has moved down the line of potential 
options for endocrine therapy partnered with 
exemestane. “Sometimes in someone who’s 
had a small level of progression but needs a 
change of therapy, has sequenced through all 
our other available endocrine therapies, and 
perhaps is PIK3CA wild-type, I would see that 
as an option with the steroid rinse to make 
the mucositis more manageable, if you will, 
as an alternative to moving on to chemother-
apy,” she said. The other panelists concurred 
and suggested it could also be a good option 
for patients who have difficulty with alpelisib’s 

AEs. “For patients who have a 
PIK3CA mutation and cannot tolerate 
alpelisib because of diarrhea, or for a 
small proportion who develop signif-
icant rash, this is a useful drug,” 
Sharma said. She noted, however, 
that it would not be appropriate for 
those who experienced pneumoni-
tis while on alpelisib because they 
would be at high risk of having this 

same AE with everolimus. 
One of the unknowns with alpelisib has 

been this agent’s efficacy in combination with 
fulvestrant in patients who have received 
contemporary first-line endocrine therapy 
plus targeted therapy, including a CDK4/6 
inhibitor paired with AI or fulvestrant, 
regimens that currently have a National 
Comprehensive Cancer Network category 1 
recommendation in this setting.7 Because 
of SOLAR-1’s timing, only 20 patients had 
received a prior CDK4/6 inhibitor. To better 
inform decision-making in such patients, 
investigators conducted the BYLieve trial.3 
At the time of this Peer Exchange, no data 
were available for this trial; however, data 
regarding the cohort of patients who received 
a CDK4/6 inhibitor plus AI therapy imme-
diately before second-line treatment with 
alpelisib plus fulvestrant have since been 
presented at the American Society of Clinical 
Oncology 2020 Virtual Scientific Program.3

BYLieve Trial
BYLieve is an ongoing, open-label, phase 2 
trial that plans to enroll 340 patients across 
3 cohorts: immediate prior CDK4/6 inhibitor 
plus AI therapy (enrollment complete), imme-
diate prior CDK4/6 inhibitor plus fulvestrant 
(enrollment complete), and immediate 
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prior systemic chemotherapy or prior endo-
crine therapy only (enrollment ongoing).3 
The cohort that received a CDK4/6 inhibitor 
plus AI therapy before second-line treatment 
with alpelisib plus fulvestrant included 127 
patients (median age, 58 years). The primary 
end point was the proportion of patients alive 
without disease progression at 6 months per 
local assessment. 

At 6 months post treatment with alpelisib 
and fulvestrant, 50.4% (95% CI, 41.2%-59.6%) 
of patients who had previously received a 
CDK4/6 inhibitor plus an AI were without 
disease progression. No new safety concerns 
emerged. The most common AEs included 
diarrhea (60%), hyperglycemia (58%), nausea 
(46%), fatigue (29%), decreased appetite 
(28%), and rash (28%). The most frequent 
grade 3 or higher AEs included hypergly-
cemia (28%), rash (9%), and maculopapular 
rash (9%). Based on these findings, the study 
investigators, who included Rugo, concluded 
that alpelisib plus fulvestrant has clini-
cally meaningful efficacy and manageable 
toxicity after previous treatment with a 
CDK4/6 inhibitor.3

ORAL TAXANES
The taxane paclitaxel is a preferred systemic 
therapy in patients with recurrent or stage IV 
breast cancer8 but has thus far been available 
as an IV treatment only. However, several oral 
taxanes, including tesetaxel and 2 paclitaxel 
formulations, oral paclitaxel plus encequidar  
and DHP107 (Liporaxel), are currently in clin-
ical trials testing oral taxanes either alone or 
in combination with other agents in patients 
with breast cancer (TABLE).8-10 

The panelists started their discussion of 
oral taxanes by examining the potential 
advantages and disadvantages of these treat-
ments, focusing mostly on oral paclitaxel 
plus encequidar, which had phase 3 data 
presented at the 2019 San Antonio Breast 
Cancer Symposium.11 “The perception has 
been that oral therapy would be simpler and 
easier for our patients, although I say that is a 
perception because we’ve found in the space 
of targeted therapy, that’s not always the 
case,” Traina said.

One key advantage the panelists noted 
regarding oral paclitaxel plus encequidar 
is its potential to reduce trips for patients 
to receive treatment, which they said may 

be particularly beneficial during the coro-
navirus disease-19 pandemic as well as for 
patients who have to travel long distances to 
receive care, such as those in rural commu-
nities. “Where we are right now in the 
world, it’s clear that the more that we can get 
patients away from our infusion units, and 
the more we can have them have the liberty 
of getting their treatment at home, that is 
clearly advantageous,” Isaacs said. However, 
she added that this advantage needs to be 
balanced against the toxicities of oral versus 
IV treatments and the complexity of the regi-
men, both of which can impede adherence.

The oral paclitaxel plus encequidar regi-
men is challenging because it has a large pill 
burden and patients must take it in a certain 
way. “It comes in a little gelatin capsule, 
so you need several of them together. Most 
patients took 10 or 12 tablets each time,” 
Rugo said. She explained that oral paclitaxel 
plus encequidar has absorption issues 
because the intestinal P-glycoprotein efflux 
pump is clearing the drug as quickly as it is 
being absorbed, affecting its bioavailability. 
To prevent this, the regimen adds the agent 
encequidar, which is a highly specific potent 
inhibitor of P-glycoprotein that does not have 
a lot of toxicity on its own. In clinical trials, 
patients took encequidar as a single tablet 
before the paclitaxel capsules. The other 
challenging aspect of the regimen is that it 
requires periods of fasting. 

“You have to wait a certain number of 
hours after you take 1 aspect of it, then 
take multiple pills and then fast for more 

hours. That would raise concerns with 
some patients, where we do not know 
whether they would be able to adhere with 
that complexity,” Sharma said, especially 
because the regimen is taken 3 days in a 
row for 3 weeks of an every-4-week cycle. 
However, she said that oral paclitaxel plus 
encequidar, unlike IV paclitaxel, does not 
require the use of weekly steroids, which 
may be particularly beneficial for patients 
who have diabetes that is not well controlled. 
Additionally, the lack of need for steroids 
enables greater opportunities for pairing 
this agent with other drugs.

Oral Paclitaxel Phase 3 Study
Investigators studied oral paclitaxel plus 
encequidar in a phase 3, open-label study 
conducted in Central America and South 
America that randomly assigned patients 2:1 
to this regimen (n = 265) or IV paclitaxel  
(n = 137).11 “A lot of these patients had 
received some prior treatment. About a quar-
ter had received prior chemotherapy, about 
a third had prior taxane exposure in any 
setting, and, of course, quite a number had 
visceral disease, so they were our stan-
dard patients,” Rugo said. She explained that 
the study’s primary end point was tumor 
response by week 19, which was confirmed 1 
month later. She indicated that this end point 
is different from those traditionally used in 
registration trials but that it is reasonable 
because the investigators had to show that oral 
paclitaxel plus encequidar was at least as good 
as IV paclitaxel.

TABLE. Currently Recruiting Clinical Trials of Oral Taxanes in Breast Cancer8-10 

Clinical trial Phase Disease setting Regimen

CONTESSA 2 
(NCT03858972)

2 Taxane-naïve, HER2-negative, 
HR-positive locally advanced 
or metastatic breast cancer

Cohort 1: tesetaxel 27 mg/m2 orally once every 21 
days on day 1 of each 21-day cycle plus capecitabine 
at 825 mg/m2 orally twice daily for a total daily dose 
of 1650 mg/m2 for 14 days of each 21-day cycle

Cohort 2: a single dose of capecitabine 825 mg/m2 
(cohort 2A) or 1250 mg/m2 (cohort 2B) on day 1, 
followed by 2 cycles of therapy involving capecit-
abine and tesetaxel

CONTESSA TRIO
(NCT03952325)

2 Chemotherapy-naïve locally 
advanced or metastatic TNBC 

Cohort 1: tesetaxel 27 mg/m2 orally once every  
3 weeks plus either IV nivolumab 360 mg, IV pem-
brolizumab 200 mg, or IV atezolizumab 1200 mg

Cohort 2: tesetaxel 27 mg/m2 orally once every 3 weeks

OPERA  
(NCT03326102)

2 Recurrent or metastatic  
breast cancer

Arm 1: Oral paclitaxel/encequidar 200 mg/m2  
orally twice daily on days 1, 8, and 15 every 28 days

Arm 2: IV paclitaxel 80 mg/m2 once weekly  
for a 3-weeks-on, 1-week-off schedule

HR, hormone receptor; IV, intravenous; TNBC, triple-negative breast cancer.
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The study met its primary end point. For 
the protocol-defined modified intention-to-
treat population (baseline evaluable scans 
and patient received ≥ 75% of the first cycle 

of dosing), the confirmed response rates were 
40.4% for oral paclitaxel plus encequidar and 
25.6% for IV paclitaxel (P = .005). “[The inves-
tigators] didn’t see big differences in terms 
of subset analyses. They had the smallest 
number of patients who had triple-nega-
tive disease, so it was a little bit harder to 
assess in that specific population,” Rugo said. 
Responses also appeared durable. “About 
three-quarters of the patients stayed on 
treatment for more than 100 days and about 
one-third of patients for more than 200 days, 
and the follow-up is still ongoing,” she said. 

PFS and overall survival, both secondary 
end points, also favored the oral regimen over 
IV paclitaxel. In the modified intention-to-
treat population, the median PFS was  
9.3 months in the oral paclitaxel plus ence-
quidar group compared with 8.3 months in 
the IV paclitaxel group, with a median overall 
survival of 27.9 months versus 16.9 months in 
these groups, respectively.11 

Rugo said that one of the most impressive 
findings was a difference in neuropathy 
between treatment arms. “If you looked at 
the grade 2 or greater neuropathy, there 
was significantly less neuropathy over time 
with [the oral paclitaxel regimen] compared 
with IV paclitaxel, a clinically significant 
difference in terms of developing neuropa-
thy. If you just looked at the total incidence, 
it was 31% for IV paclitaxel and only 7.6% for 
the [oral paclitaxel], which is quite differ-
ent,” she said. 

Overall, the toxicity profile of oral paclitaxel 
plus encequidar was generally similar to that 
of IV paclitaxel; however, the oral regimen was 
associated with higher rates of neutropenia, 
infection, and gastrointestinal AEs. In both 
treatment arms, the risk of serious AEs was 
highest in patients with pretreatment evidence 
of hepatic impairment, and the protocol was 
amended to address this issue.11

Traina acknowledged the challenges of the 
study’s design, with the control arm being 
unusual and the study not providing 
clarity on certain subgroups. However, she 
said that she was still encouraged by the 
neuropathy data. “We have many women who 
have long-lasting neuropathy because of their 
adjuvant taxane, and that can be a limiting 
factor when we need to treat them serially 
in metastatic disease. To be able to have a 
taxane that’s active, that has less neuropathy, 

that perhaps could even partner nicely with 
some other oral targeted therapies and have 
a doublet oral regimen, and that enables 
women to stay out of the infusion suite could 
be really advantageous,” she concluded. n
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•  PIK3CA is one of the most frequently 
mutated genes in breast cancer, occur-
ring in approximately 40% of hormone 
receptor–positive, HER2-negative  
advanced breast cancers.

•  The presence of a PIK3CA mutation is 
a negative prognostic factor for this 
patient population.

•  PI3K pathway hyperactivation due to  
PIK3CA mutations contributes to endo-
crine resistance.

Current standard of care 
First-line setting for patients with hormone 
receptor–positive, HER2-negative advanced 
breast cancer is endocrine therapy plus a 
category 1 CDK inhibitor:
• Palbociclib (Ibrance)
• Ribociclib (Kisqali)
• Abemaciclib (Verzenio)

For patients who progress on CDK inhibitor– 
based treatment, the National Comprehen-
sive Cancer Network recommendations 
state:
•  PIK3CA mutation testing can be done 

on the tumor tissue or circulating tumor 
DNA in peripheral blood
◦  If liquid biopsy is negative, tumor  

testing is recommended
◦  If positive for PIK3CA mutation:

•  Alpelisib (Piqray) + fulvestrant

Fast Facts20,21

PIK3CA-Mutant Breast Cancer3,8
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Dr Osman Is Remembered as a Visionary Breast Cancer Leader 
by JASON HARRIS

DANIEL A. OSMAN, MD, a South Florida 
surgeon who founded the Miami Breast Cancer 
Conference® (MBCC) and helped shepherd its 
growth into a premier medical meeting, died 
peacefully in Weston, Florida, on July 15 at the 
age of 98, according to his widow, Lois Osman. 
Together, the couple was the driving force 
behind the conference for 30 years.

Dr Osman developed a unique format for 
MBCC with experts delivering short, focused 
presentations on relevant clinical topics. He 
would scour medical journals from all over 
the world for “hot subjects” that could be 
presented at the conference.

“You can’t discuss what you did last year or 
no one’s going to come,” he told OncLive® in 
2011, his 28th year as program director. 
“From each journal, I try to get a piece of 
what I think is a hot subject, something 
that looks like it’s valuable. I try to put 
that all together.”

In the late 1970s, lumpectomy was a new 
and poorly understood surgery for patients 
with breast cancer. Dr Osman, then a young 
breast cancer surgeon, believed that this 
minimally invasive surgery would revo-
lutionize care—but there were no existing 
conferences where he could share his knowl-
edge with other surgeons also performing 
the procedure.

He first corresponded with some of the only 
other surgeons performing lumpectomies at 
the time, including the late Bernard Fisher, 
MD, of the University of Pittsburgh School 
of Medicine, a Giants of Cancer Care® award 

winner who pioneered the procedure, and the 
late Umberto Veronesi, MD, who later founded 
the European Institute of Oncology in Milan, 
Italy. Then, with the help of his wife, Dr 
Osman began the arduous task of organizing 
a breast cancer conference.

Ninety-five surgeons attended that first 
meeting in 1983, and the Osmans made a 
point to greet each one of them personally. 
The conference has since grown into a multi-
disciplinary event that attracts more than 
1000 participants. The meeting includes 
sessions on medical oncology, surgery, radio-
therapy, and many aspects of patient-centered 
care. The 37th annual meeting, held at the 
Fountainebleau Miami Beach in March 
2020, also included a daylong sympo-
sium for patients.

Thanks to Dr Osman, MBCC has always 
been at the forefront of developments in breast 
cancer treatment. For example, the conference 
featured presentations on targeting HER2 and 
genetic links to breast cancer years before 
they were routinely discussed in practice.

“He was fascinated by the science long before 
most people were,” said Patrick I. Borgen, 
MD, chair of the Department of Surgery at 
Maimonides Medical Center and director of the 
Maimonides Breast Center in Brooklyn, New 
York, who has served as MBCC program chair 
since 2014. “He included science in the Miami 
Breast Cancer Conference® when almost no 
other meeting had science.

“This type of meeting absolutely did not 
exist in the 1980s. “There was just nothing 
like it. Dan’s contribution was his vision—how 
forward thinking he was to come up with a 
format that we use 37 years later.”

Borgen noted that the meeting still follows 
the guiding principle established by Dr 
Osman: “Whatever you learn on Friday, you 
can use on Monday.”

In 2012, the Osmans turned over day-to-day 
operations of the conference to Physicians’ 
Education Resource®, LLC (PER®), the leading 
provider of oncology/hematology continuing 
medical education. 

“Dr Osman was a pioneer not only in cancer 
treatment, but also in medical education,” 
said Mike Hennessy Jr, president and CEO of 

MJH Life Sciences™, the parent company of 
PER®. “As the founder of the annual Miami 
Breast Cancer Conference® nearly 40 years 
ago, he understood the real challenges that 
breast surgeons faced in practice and had 
the vision to create a forum not only to share 
best practices but also apply new strategies 
to the clinic.”

Phil Talamo, CHCP, president of PER®, said 
the organization built on Dr Osman’s legacy. 
“As breast cancer became increasingly 
complex with the rapid development of new 
agents, testing strategies, and patient- 
centric care, PER® acquired the conference to 
foster its growth and educate a contemporary 
cancer team. In working with Dr Osman, we 
evolved the conference into a landmark event, 
where attendance has become an integral 
part of being a breast oncologist.”

Dr Osman was born in Chicago, Illinois, 
and very early on dreamed of becoming a 
doctor. He realized that dream in 1949, when 
he graduated from Chicago Medical School. 
In 1951, after an internship in Georgia, he 
enlisted in the US Army during the Korean 
War, and served in the first Mobile Army 
Surgical Hospital (MASH unit) and as a medi-
cal officer in a prisoner of war camp. He was 
honored with a Bronze Star Medal.  

Dr Osman specialized in breast cancer 
surgery in the Miami area for more than  
35 years, first at Mercy and Hialeah Hospitals 
and then at Palmetto General Hospital, where 
he was a founding partner. 

“He dearly loved the practice of medicine 
and his patients,” said his widow, Lois Osman.

Another important aspect of Dr Osman’s 
life was his membership in The Explorers 
Club. As a wildlife enthusiast, Dr Osman 
traveled all over the world observing 
animals in the wild. 

He is survived by his loving wife of 40 
years, Lois Osman, and a blended family that 
includes 2 children from a first marriage, Jeff 
Osman and Pamela Jarrett; 2 stepdaughters, 
Donna Delano and Sharon Burgos; and  
8 grandchildren. n

Donations can be made to  
www.OsmanFoundation.com.
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