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Please see Selected Safety Information continued on the following page 
and adjacent brief summary of HALAVEN full Prescribing Information.

Indication

Metastatic Breast Cancer

HALAVEN (eribulin mesylate) Injection is indicated for the 
treatment of patients with metastatic breast cancer (mBC) 
who have previously received at least 2 chemotherapeutic 
regimens for the treatment of metastatic disease. Prior 
therapy should have included an anthracycline and a taxane 
in either the adjuvant or metastatic setting.

Selected Safety Information

Warnings and Precautions

Neutropenia: Severe neutropenia (ANC <500/mm3) lasting 
>1 week occurred in 12% of patients with mBC. Febrile 
neutropenia occurred in 5% of patients with mBC and 2 
patients (0.4%) died from complications. Patients with mBC 
with elevated liver enzymes >3 × ULN and bilirubin >1.5 × 
ULN experienced a higher incidence of Grade 4 neutropenia 
and febrile neutropenia than patients with normal levels. 
Monitor complete blood cell counts prior to each dose, 
and increase the frequency of monitoring in patients who 
develop Grade 3 or 4 cytopenias. Delay administration and 
reduce subsequent doses in patients who experience febrile 
neutropenia or Grade 4 neutropenia lasting >7 days.

Peripheral Neuropathy: Grade 3 peripheral neuropathy 
occurred in 8% of patients with mBC (Grade 4=0.4%) and 
22% developed a new or worsening neuropathy that had not 
recovered within a median follow-up duration of 269 days 
(range 25-662 days). Neuropathy lasting >1 year occurred 
in 5% of patients with mBC. Patients should be monitored 
for signs of peripheral motor and sensory neuropathy. 
Withhold HALAVEN in patients who experience Grade 3 or 4 
peripheral neuropathy until resolution to Grade 2 or less.

Embryo-Fetal Toxicity: HALAVEN can cause fetal harm 
when administered to a pregnant woman. Advise females of 
reproductive potential to use effective contraception during 
treatment with HALAVEN and for at least 2 weeks following 
the f nal dose. Advise males with female partners of 
reproductive potential to use effective contraception during 
treatment with HALAVEN and for 3.5 months following the 
f nal dose.

QT Prolongation: Monitor for prolonged QT intervals in 
patients with congestive heart failure, bradyarrhythmias, drugs 
known to prolong the QT interval, and electrolyte abnormalities. 
Correct hypokalemia or hypomagnesemia prior to initiating 
HALAVEN and monitor these electrolytes periodically during 
therapy. Avoid in patients with congenital long QT syndrome.

From the Phase III, randomized, open-label, multicenter, multinational Eisai Metastatic Breast Cancer Study Assessing 
Physician’s Choice versus E7389 (Eribulin) (EMBRACE) trial of HALAVEN versus TPC in patients with mBC (N=762). Primary 
endpoint was OS.1,4 

Results of the updated analysis, conducted when 77% of events (deaths) had been observed, were 
consistent with the primary analysis, which was conducted when ~50% of events (deaths) had been observed. 
HALAVEN demonstrated a median OS of 13.1 months (95% CI: 11.8, 14.3, 274 deaths) vs 10.6 months with the TPC arm 
(95% CI: 9.3, 12.5, 148 deaths), hazard ratio (HR)=0.81 (95% CI: 0.66, 0.99) (P=0.041).1,4

OS=overall survival; CI=conf dence interval.

HALAVEN® is the fi rst and only single agent 

to show a signifi cant overall survival benefi t in patients 

with third-line metastatic breast cancer1-4

HALAVEN improved median overall survival in metastatic breast cancer vs Treatment 

of Physician’s Choice (TPC) updated OS analysis: (13.2 months vs 10.6 months) 

when following 2 prior chemotherapies for metastatic breast cancer.4
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Adverse Reactions

In patients with mBC receiving HALAVEN, the most 
common adverse reactions (≥25%) were neutropenia (82%), 
anemia (58%), asthenia/fatigue (54%), alopecia (45%), 
peripheral neuropathy (35%), nausea (35%), and 
constipation (25%). Febrile neutropenia (4%) and 
neutropenia (2%) were the most common serious adverse 
reactions. The most common adverse reaction resulting in 
discontinuation was peripheral neuropathy (5%).

Use in Specifi c Populations

Lactation: Because of the potential for serious adverse 
reactions in breastfed infants from eribulin mesylate, advise 
women not to breastfeed during treatment with HALAVEN 
and for 2 weeks after the f nal dose.

Hepatic and Renal Impairment: A reduction in 
starting dose is recommended for patients with mild or 
moderate hepatic impairment and/or moderate or severe 
renal impairment.

Selected Safety Information

 NCCN®=National Comprehensive Cancer Network®.
 * Therapies in the TPC arm consisted of 97% chemotherapy (26% vinorelbine, 18% gemcitabine, 18% capecitabine, 16% taxanes [including paclitaxel, docetaxel, 
nab-paclitaxel, and ixabepilone], 9% anthracyclines, and 10% other chemotherapy) and 3% hormone therapy.1,4

†Patient treatment based on estimate of average patient usage provided by IntrinsiQ® intelliVIEW™. Total number of vials from November 2010 to December 2017.

HALAVEN is for patients with mBC

HALAVEN may be appropriate for your patients who are ready for chemotherapy in third-line mBC and who 
have received 2 prior chemotherapies for mBC. Their previous treatment should have included an anthracycline and a 
taxane in the adjuvant or metastatic setting.4

Patients in the 

HALAVEN arm of the EMBRACE trial:

Visit us

at booth

7025

A growing body of 

real-world experience

81.3%

Over

50,000
patients

ERIBULIN (HALAVEN) IS LISTED AS A PREFERRED SINGLE AGENT FOR mBC IN THE
NCCN CLINICAL PRACTICE GUIDELINES IN ONCOLOGY (NCCN GUIDELINES®)6

13.2
months
(95% CI:

12.1, 14.4)
Deaths=386

Number of patients at risk at measured timepoints were as follows4:

• HALAVEN arm: n=508 (month 0), 406 (month 6), 274 (month 12), 142 (month 18), 54 (month 24), 11 (month 30), and 0 (month 36)

• TPC arm: n=254 (month 0), 178 (month 6), 106 (month 12), 61 (month 18), 26 (month 24), 5 (month 30), and 0 (month 36)
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HALAVEN® (eribulin mesylate) Injection, for intravenous use 

BRIEF SUMMARY – See package insert for full prescribing information.

DOSAGE AND ADMINISTRATION

Recommended Dose: The recommended dose of HALAVEN is 1.4 mg/m2 administered 
intravenously over 2 to 5 minutes on Days 1 and 8 of a 21-day cycle.

The recommended dose of HALAVEN in patients with mild hepatic impairment (Child-Pugh A) is  
1.1 mg/m2 administered intravenously over 2 to 5 minutes on Days 1 and 8 of a 21-day cycle.

The recommended dose of HALAVEN in patients with moderate hepatic impairment (Child-Pugh B) 
is 0.7 mg/m2 administered intravenously over 2 to 5 minutes on Days 1 and 8 of a 21-day cycle.

The recommended dose of HALAVEN in patients with moderate or severe renal impairment 
(creatinine clearance (CLcr) 15-49 mL/min) is 1.1 mg/m2 administered intravenously over 2 to  
5 minutes on Days 1 and 8 of a 21-day cycle.

Dose Modifcation: Assess for peripheral neuropathy and obtain complete blood cell counts prior 
to each dose.

Recommended dose delays
• Do not administer HALAVEN on Day 1 or Day 8 for any of the following:

 – ANC < 1,000/mm3

 – Platelets < 75,000/mm3

 – Grade 3 or 4 non-hematological toxicities.
• The Day 8 dose may be delayed for a maximum of 1 week.

 – If toxicities do not resolve or improve to ≤ Grade 2 severity by Day 15, omit the dose.
 –  If toxicities resolve or improve to ≤ Grade 2 severity by Day 15, administer HALAVEN at a 

reduced dose and initiate the next cycle no sooner than 2 weeks later.

Recommended dose reductions
•  If a dose has been delayed for toxicity and toxicities have recovered to Grade 2 severity or less, 

resume HALAVEN at a reduced dose as set out in Table 1.
• Do not re-escalate HALAVEN dose after it has been reduced.

Table 1: Recommended Dose Reductions

Event Description
Recommended  
HALAVEN Dose

Permanently reduce the 1.4 mg/m2 HALAVEN dose for any  
of the following:

1.1 mg/m2

ANC <500/mm3 for >7 days 
ANC <1,000 /mm3 with fever or infection
Platelets <25,000/mm3

Platelets <50,000/mm3 requiring transfusion
Non-hematologic Grade 3 or 4 toxicities 
Omission or delay of Day 8 HALAVEN dose in previous cycle for toxicity

Occurrence of any event requiring permanent dose reduction  
while receiving 1.1 mg/m2 

0.7 mg/m2

Occurrence of any event requiring permanent dose reduction  
while receiving 0.7 mg/m2 

Discontinue HALAVEN

ANC = absolute neutrophil count.
Toxicities graded in accordance with National Cancer Institute (NCI) Common Terminology Criteria for 
Adverse Events (CTCAE) version 3.0.

WARNINGS AND PRECAUTIONS

Neutropenia: In Study 1, severe neutropenia (ANC < 500/mm3) lasting more than one week 
occurred in 12% (62/503) of patients with metastatic breast cancer, leading to discontinuation in 
<1% of patients. Febrile neutropenia (fever ≥38.5°C with Grade 3 or 4 neutropenia) occurred in  
5% (23/503) of patients; two patients (0.4%) died from complications of febrile neutropenia.

In Study 1, patients with alanine aminotransferase (ALT) or aspartate aminotransferase (AST)  
> 3 × ULN (upper limit of normal) experienced a higher incidence of Grade 4 neutropenia and  
febrile neutropenia than patients with normal aminotransferase levels. Patients with bilirubin  
> 1.5 × ULN also had a higher incidence of Grade 4 neutropenia and febrile neutropenia.

In Study 2, severe neutropenia (ANC < 500/mm3) lasting more than one week occurred in 12% 
(26/222) of patients with liposarcoma or leiomyosarcoma. Febrile neutropenia occurred in 0.9%  
of patients treated with HALAVEN and fatal neutropenic sepsis in 0.9%.

Monitor complete blood counts prior to each dose; increase the frequency of monitoring in patients who 
develop Grade 3 or 4 cytopenias. Delay administration of HALAVEN and reduce subsequent doses in 
patients who experience febrile neutropenia or Grade 4 neutropenia lasting longer than 7 days. Clinical 
studies of HALAVEN did not include patients with baseline neutrophil counts below 1,500/mm3.

Peripheral Neuropathy: In Study 1, Grade 3 peripheral neuropathy occurred in 8% (40/503) of 
patients, and Grade 4 in 0.4% (2/503) of patients with metastatic breast cancer (MBC). Peripheral 
neuropathy was the most common toxicity leading to discontinuation of HALAVEN (5% of patients; 
24/503) in Study 1. Neuropathy lasting more than one year occurred in 5% (26/503) of patients. 
Twenty-two percent (109/503) of patients developed a new or worsening neuropathy that had not 
recovered within a median follow-up duration of 269 days (range 25-662 days).

In Study 2, Grade 3 peripheral neuropathy occurred in 3.1% (7/223) of HALAVEN-treated patients. 
Peripheral neuropathy led to discontinuation of HALAVEN in 0.9% of patients. The median time  
to frst occurrence of peripheral neuropathy of any severity was 5 months (range: 3.5 months to  
9 months). Neuropathy lasting more than 60 days occurred in 58% (38/65) of patients. Sixty three 
percent (41/65) had not recovered within a median follow-up duration of 6.4 months (range:  
27 days to 29 months).

Monitor patients closely for signs of peripheral motor and sensory neuropathy. Withhold HALAVEN 
in patients who experience Grade 3 or 4 peripheral neuropathy, until resolution to Grade 2 or less.

Embryo-Fetal Toxicity: Based on fndings from an animal reproduction study and its mechanism 
of action, HALAVEN can cause fetal harm when administered to a pregnant woman. There are 
no adequate and well-controlled studies of HALAVEN in pregnant women. In animal reproduction 
studies, eribulin mesylate caused embryo-fetal toxicity when administered to pregnant rats during 
organogenesis at doses below the recommended human dose. Advise pregnant women of the 
potential risk to a fetus. Advise females of reproductive potential to use effective contraception 
during treatment with HALAVEN and for at least 2 weeks following the fnal dose. Advise males 
with female partners of reproductive potential to use effective contraception during treatment with 
HALAVEN and for 3.5 months following the fnal dose.

QT Prolongation: In an uncontrolled open-label ECG study in 26 patients, QT prolongation was 
observed on Day 8, independent of eribulin concentration, with no QT prolongation observed on 
Day 1. ECG monitoring is recommended if therapy is initiated in patients with congestive heart 
failure, bradyarrhythmias, drugs known to prolong the QT interval, including Class Ia and III 
antiarrhythmics, and electrolyte abnormalities. Correct hypokalemia or hypomagnesemia prior to 
initiating HALAVEN and monitor these electrolytes periodically during therapy. Avoid HALAVEN  
in patients with congenital long QT syndrome.

ADVERSE REACTIONS

Clinical Trials Experience: Because clinical trials are conducted under widely varying 
conditions, the adverse reaction rates observed in the clinical trials of a drug cannot be directly 
compared to rates in other clinical trials and may not refect the rates observed in clinical practice.

The following adverse reactions are discussed in detail in other sections of the labeling:
• Neutropenia
• Peripheral neuropathy
• QT prolongation

In clinical trials, HALAVEN has been administered to 1963 patients including 467 patients exposed 
to HALAVEN for 6 months or longer. The majority of the 1963 patients were women (92%) with a 
median age of 55 years (range: 17 to 85 years). The racial and ethnic distribution was White (72%), 
Black (4%), Asian (9%), and other (3%).

Metastatic Breast Cancer: The most common adverse reactions (≥25%) reported in patients 
receiving HALAVEN were neutropenia, anemia, asthenia/fatigue, alopecia, peripheral neuropathy, 
nausea, and constipation. The most common serious adverse reactions reported in patients 
receiving HALAVEN were febrile neutropenia (4%) and neutropenia (2%). The most common 
adverse reaction resulting in discontinuation of HALAVEN was peripheral neuropathy (5%).

The adverse reactions described in Table 2 were identifed in 750 patients treated in Study 1. In Study 1,  
patients were randomized (2:1) to receive either HALAVEN (1.4 mg/m2 on Days 1 and 8 of a 21-day 
cycle) or single agent treatment chosen by their physician (control group). A total of 503 patients 
received HALAVEN and 247 patients in the control group received therapy consisting of chemotherapy 
[total 97% (anthracyclines 10%, capecitabine 18%, gemcitabine 19%, taxanes 15%, vinorelbine 
25%, other chemotherapies 10%)] or hormonal therapy (3%). The median duration of exposure was 
118 days for patients receiving HALAVEN and 63 days for patients receiving control therapy. Table 2 
reports the most common adverse reactions occurring in at least 10% of patients in either group.

Table 2: Adverse Reactionsa with a Per-Patient Incidence of at Least 10% in Study 1

Adverse Reactions
HALAVEN

n=503
Control Group

n=247
All Grades ≥ Grade 3 All Grades ≥ Grade 3

Blood and lymphatic system disordersb

Neutropenia 82% 57% 53% 23%
Anemia 58% 2% 55% 4%

Nervous system disorders
Peripheral neuropathyc 35% 8% 16% 2%
Headache 19% <1% 12% <1%

General disorders
Asthenia/Fatigue 54% 10% 40% 11%
Pyrexia 21% <1% 13% <1%
Mucosal infammation 9% 1% 10% 2%

Gastrointestinal disorders
Nausea 35% 1% 28% 3%
Constipation 25% 1% 21% 1%
Vomiting 18% 1% 18% 1%
Diarrhea 18% 0 18% 0

Musculoskeletal and connective tissue disorders
Arthralgia/Myalgia 22% <1% 12% 1%
Back pain 16% 1% 7% 2%
Bone pain 12% 2% 9% 2%
Pain in extremity 11% 1% 10% 1%

Metabolism and nutrition disorders
Decreased weight 21% 1% 14% <1%
Anorexia 20% 1% 13% 1%

Respiratory, thoracic, and mediastinal disorders
Dyspnea 16% 4% 13% 4%
Cough 14% 0 9% 0

Skin and subcutaneous tissue disorders
Alopecia 45% NAd 10% NAd

Infections
Urinary Tract Infection 10% 1% 5% 0

a  adverse reactions were graded per National Cancer Institute Criteria for Adverse Events version 4.0.
b based upon laboratory data.
c  includes peripheral neuropathy, peripheral sensorimotor neuropathy, peripheral motor neuropathy, 
polyneuropathy, peripheral sensory neuropathy, and paraesthesia.

d not applicable; (grading system does not specify > Grade 2 for alopecia).

Cytopenias: Grade 3 neutropenia occurred in 28% (143/503) of patients who received HALAVEN in 
Study 1, and 29% (144/503) of patients experienced Grade 4 neutropenia. Febrile neutropenia occurred 
in 5% (23/503) of patients; two patients (0.4%) died from complications of febrile neutropenia. Dose 
reduction due to neutropenia was required in 12% (62/503) of patients and discontinuation was 
required in <1% of patients. The mean time to nadir was 13 days and the mean time to recovery 
from severe neutropenia (<500/mm3) was 8 days. Grade 3 or greater thrombocytopenia occurred 
in 1% (7/503) of patients. G-CSF (granulocyte colony-stimulating factor) or GM-CSF (granulocyte–
macrophage colony-stimulating factor) was used in 19% of patients who received HALAVEN.

Peripheral Neuropathy: In Study 1, 17% of enrolled patients had Grade 1 peripheral neuropathy  
and 3% of patients had Grade 2 peripheral neuropathy at baseline. Dose reduction due to 
peripheral neuropathy was required by 3% (14/503) of patients who received HALAVEN. Four 
percent (20/503) of patients experienced peripheral motor neuropathy of any grade and 2% (8/503) 
of patients developed Grade 3 peripheral motor neuropathy.

Liver Function Test Abnormalities: Among patients with Grade 0 or 1 ALT levels at baseline, 18% 
of HALAVEN-treated patients experienced Grade 2 or greater ALT elevation. One HALAVEN-treated 
patient without documented liver metastases had concomitant Grade 2 elevations in bilirubin and 
ALT; these abnormalities resolved and did not recur with re-exposure to HALAVEN.

Less Common Adverse Reactions: The following additional adverse reactions were reported in ≥5% 
to <10% of the HALAVEN-treated group:
• Eye Disorders:  increased lacrimation
• Gastrointestinal Disorders:  dyspepsia, abdominal pain, stomatitis, dry mouth
• General Disorders and Administration Site Conditions:  peripheral edema
• Infections and Infestations:  upper respiratory tract infection
• Metabolism and Nutrition Disorders:  hypokalemia
• Musculoskeletal and Connective Tissue Disorders:  muscle spasms, muscular weakness
• Nervous System Disorders:  dysgeusia, dizziness
• Psychiatric Disorders:  insomnia, depression
• Skin and Subcutaneous Tissue Disorders:  rash

ES1043355_ONC0518_208_FP.pgs  04.24.2018  00:06    ADV  black



HALAVEN® is a registered trademark used by Eisai Inc. under license from  
Eisai R&D Management Co., Ltd.

© 2016 Eisai Inc. All rights reserved. 

Printed in USA / December 2016

Liposarcoma: The safety of HALAVEN was evaluated in Study 2, an open-label, randomized, 
multicenter, active-controlled trial, in which patients were randomized (1:1) to receive either HALAVEN 
1.4 mg/m2 on Days 1 and 8 of a 21-day cycle or dacarbazine at doses of 850 mg/m2 (20%), 1000 mg/m2  
(64%), or 1200 mg/m2 (16%) every 3 weeks. A total of 223 patients received HALAVEN and 221 
patients received dacarbazine. Patients were required to have received at least two prior systemic 
chemotherapy regimens. The trial excluded patients with pre-existing ≥ Grade 3 peripheral 
neuropathy, known central nervous system metastasis, elevated serum bilirubin or signifcant chronic 
liver disease, history of myocardial infarction within 6 months, history of New York Heart Association 
Class II or IV heart failure, or cardiac arrhythmia requiring treatment. The median age of the safety 
population in Study 2 was 56 years (range: 24 to 83 years); 67% female; 73% White, 3% Black or 
African American, 8% Asian/Pacifc Islander, and 15% unknown; 99% received prior anthracycline-
containing regimen; and 99% received ≥ 2 prior regimens. The median duration of exposure was  
2.3 months (range: 21 days to 26 months) for patients receiving HALAVEN.

The most common adverse reactions (≥25%) reported in patients receiving HALAVEN were fatigue, 
nausea, alopecia, constipation, peripheral neuropathy, abdominal pain, and pyrexia. The most 
common (≥5%) Grade 3-4 laboratory abnormalities reported in patients receiving HALAVEN were 
neutropenia, hypokalemia, and hypocalcemia. The most common serious adverse reactions reported in 
patients receiving HALAVEN were neutropenia (4.9%) and pyrexia (4.5%). Permanent discontinuation 
of HALAVEN for adverse reactions occurred in 8% of patients. The most common adverse reactions 
resulting in discontinuation of HALAVEN were fatigue and thrombocytopenia (0.9% each). Twenty-six 
percent of patients required at least one dose reduction. The most frequent adverse reactions that led 
to dose reduction were neutropenia (18%) and peripheral neuropathy (4.0%).

Table 3 summarizes the incidence of adverse reactions occurring in at least 10% of patients in the 
HALAVEN-treated arm in Study 2.

Table 3:  Adverse Reactionsa Occurring in ≥10% (all Grades) of Patients Treated on the 
HALAVEN arm and at a Higher Incidence than in the Dacarbazine Arm (Between 
Arm Difference of ≥5% for All Grades or ≥2% for Grades 3 and 4) (Study 2)b

Adverse Reaction
HALAVEN 

n=223
Dacarbazine 

n=221
All Grades Grades 3-4 All Grades Grades 3-4

Nervous system disorders
Peripheral Neuropathyc 29% 3.1% 8% 0.5%
Headache 18% 0% 10% 0%

General disorders 
Pyrexia 28% 0.9% 14% 0.5%

Gastrointestinal disorders 
Constipation 32% 0.9% 26% 0.5%
Abdominal paind 29% 1.8% 23% 4.1%
Stomatitis 14% 0.9% 5% 0.5%

Skin and subcutaneous tissue disorders 
Alopecia 35% NAe 2.7% NAe

Infections 
Urinary tract infection 11% 2.2% 5% 0.5%

a  Adverse reactions were graded per National Cancer Institute Criteria for Adverse Events version 4.03 
(NCI CTCAE v4.03).

b  Safety data from one study site enrolling six patients were excluded.
c  Includes peripheral neuropathy, peripheral sensorimotor neuropathy, peripheral motor neuropathy, 
polyneuropathy, peripheral sensory neuropathy, and paraesthesia.

d Includes abdominal pain, upper abdominal pain, lower abdominal pain, abdominal discomfort.
e Not applicable; (grading system does not specify > Grade 2 for alopecia).

Other clinically important adverse reactions occurring in ≥10% of the HALAVEN-treated  
patients were:
• Gastrointestinal Disorders:  nausea (41%); vomiting (19%), diarrhea (17%)
• General Disorders:  asthenia/fatigue (62%); peripheral edema (12%)
• Metabolism and Nutrition Disorders:  decreased appetite (19%)
• Musculoskeletal and Connective Tissue Disorders:  arthralgia/myalgia (16%);  

back pain (16%)
• Respiratory Disorders:  cough (18%)

Less Common Adverse Reactions: The following additional clinically important adverse reactions 
were reported in ≥5% to <10% of the HALAVEN-treated group:
• Blood and Lymphatic System Disorders:  thrombocytopenia
• Eye Disorders:  increased lacrimation
• Gastrointestinal Disorders:  dyspepsia 
• Metabolism and Nutrition Disorders:  hyperglycemia
• Musculoskeletal and Connective Tissue Disorders:  muscle spasms, musculoskeletal pain 
• Nervous System Disorders:  dizziness, dysgeusia 
• Psychiatric Disorders:  insomnia, anxiety
• Respiratory, Thoracic, and Mediastinal Disorders:  oropharyngeal pain
• Vascular Disorders:  hypotension

Table 4:  Laboratory Abnormalities Occurring in ≥10% (all Grades) of Patients Treated on the 
HALAVEN arm and at a Higher Incidence than in the Dacarbazine Arm (Between 
Arm Difference of ≥5% for All Grades or ≥2% for Grades 3 and 4)a (Study 2)†

Laboratory Abnormality Halaven Dacarbazine
All Grades Grades 3-4 All Grades Grades 3-4

Hematology
Anemia 70% 4.1% 52% 6%
Neutropenia 63% 32% 30% 8.9%

Chemistry
Increased alanine aminotransferase (ALT) 43% 2.3% 28% 2.3%
Increased aspartate aminotransferase (AST) 36% 0.9% 16% 0.5%
Hypokalemia 30% 5.4% 14% 2.8%
Hypocalcemia 28% 5% 18% 1.4%
Hypophosphatemia 20% 3.2% 11% 1.4%

a  Each test incidence is based on the number of patients who had both baseline and at least one  
on-study measurement and at least 1 grade increase from baseline.Halaven group (range 221-222) and 
dacarbazine group (range 214-215)

†  Laboratory results were graded per NCI CTCAE v4.03.

Postmarketing Experience: The following adverse drug reactions have been identifed during 
post-approval of HALAVEN.  Because these reactions are reported voluntarily from a population of 
uncertain size, it is not always possible to reliably estimate their frequency or establish a causal 
relationship to drug exposure.

• Blood and Lymphatic System Disorders:  lymphopenia
• Gastrointestinal Disorders:  pancreatitis
• Hepatobiliary Disorders:  hepatotoxicity
• Immune System Disorders:  drug hypersensitivity
• Infections and Infestations:  pneumonia, sepsis/neutropenic sepsis 
• Metabolism and Nutrition Disorders:  hypomagnesemia, dehydration
• Respiratory, thoracic and mediastinal disorders:  interstitial lung disease
•  Skin and Subcutaneous Tissue Disorders: pruritus, Stevens-Johnson syndrome,  

toxic epidermal necrolysis

USE IN SPECIFIC POPULATIONS

Pregnancy 

Risk Summary: Based on fndings from an animal reproduction study and its mechanism of action, 
HALAVEN can cause fetal harm when administered to a pregnant woman. There are no available 
data on the use of HALAVEN during pregnancy. In an animal reproduction study, eribulin mesylate 
caused embryo-fetal toxicity when administered to pregnant rats during organogenesis at doses 
below the recommended human dose. Advise pregnant women of the potential risk to a fetus.

The estimated background risks of major birth defects and miscarriage for the indicated populations 
are unknown. In the U.S. general population, the estimated background risk of major birth defects and 
miscarriage in clinically-recognized pregnancies is 2% to 4% and 15% to 20%, respectively.

Data 

Animal Data: In an embryo-fetal developmental toxicity study, pregnant rats received intravenous 
infusion of eribulin mesylate during organogenesis (Gestation Days 8, 10, and 12) at doses 
approximately 0.04, 0.13, 0.43 and 0.64 times the recommended human dose, based on body 
surface area. Increased abortion and severe fetal external or soft tissue malformations, including 
the absence of a lower jaw and tongue, or stomach and spleen, were observed at doses  
0.64 times the recommended human dose of 1.4 mg/m2 based on body surface area. Increased 
embryo-fetal death/resorption, reduced fetal weights, and minor skeletal anomalies consistent 
with developmental delay were also reported at doses at or above a maternally toxic dose of 
approximately 0.43 times the recommended human dose.

Females and Males of Reproductive Potential 

Contraception

Females: Based on fndings from an animal reproduction study and its mechanism of action, 
HALAVEN can cause fetal harm when administered to a pregnant woman. Advise females of 
reproductive potential to use effective contraception during treatment with HALAVEN and for at 
least 2 weeks following the fnal dose.

Males: Based on its mechanism of action, advise males with female partners of reproductive 
potential to use effective contraception during treatment with HALAVEN and for 3.5 months 
following the fnal dose.

Infertility

Males: Based on animal data, HALAVEN may result in damage to male reproductive tissues leading 
to impaired fertility of unknown duration.

Pediatric Use: The safety and effectiveness of HALAVEN in pediatric patients below the age of 
18 years have not been established.

Hepatic Impairment: Administration of HALAVEN at a dose of 1.1 mg/m2 to patients with mild 
hepatic impairment and 0.7 mg/m2 to patients with moderate hepatic impairment resulted in similar 
exposure to eribulin as a dose of 1.4 mg/m2 to patients with normal hepatic function. Therefore, a 
lower starting dose of 1.1 mg/m2 is recommended for patients with mild hepatic impairment  
(Child-Pugh A) and of 0.7 mg/m2 is recommended for patients with moderate hepatic impairment 
(Child-Pugh B). HALAVEN was not studied in patients with severe hepatic impairment (Child-Pugh C).

Renal Impairment: For patients with moderate or severe renal impairment (CLcr 15-49 mL/min), 
reduce the starting dose to 1.1 mg/m2.

OVERDOSAGE 

Overdosage of HALAVEN has been reported at approximately 4 times the recommended dose,  
which resulted in Grade 3 neutropenia lasting seven days and a Grade 3 hypersensitivity reaction 
lasting one day.

There is no known antidote for HALAVEN overdose.

NONCLINICAL TOXICOLOGY

Carcinogenesis, Mutagenesis, Impairment of Fertility: Carcinogenicity studies have not been 
conducted with eribulin mesylate. Eribulin mesylate was not mutagenic in in vitro bacterial reverse 
mutation assays (Ames test). Eribulin mesylate was positive in mouse lymphoma mutagenesis 
assays, and was clastogenic in an in vivo rat bone marrow micronucleus assay.

Fertility studies have not been conducted with eribulin mesylate in humans or animals; however, 
nonclinical fndings in repeat-dose dog and rat toxicology studies suggest that male fertility may be 
compromised by treatment with eribulin mesylate. Rats exhibited testicular toxicity (hypocellularity 
of seminiferous epithelium with hypospermia/aspermia) following dosing with eribulin mesylate at 
or above 0.43 times the recommended human dose (based on body surface area) given once weekly 
for 3 weeks, or at or above 0.21 times the recommended human dose (based on body surface area) 
given once weekly for 3 out of 5 weeks, repeated for 6 cycles. Testicular toxicity was also observed 
in dogs given 0.64 times the recommended human dose (based on body surface area) weekly for  
3 out of 5 weeks, repeated for 6 cycles.

PATIENT COUNSELING INFORMATION

Advise the patient to read the FDA-approved patient labeling (Patient Information).

Neutropenia: Advise patients to contact their health care provider for a fever of 100.5°F or greater 
or other signs or symptoms of infection such as chills, cough, or burning or pain on urination.

Peripheral Neuropathy: Advise patients to inform their healthcare providers of new or worsening 
numbness, tingling and pain in their extremities.

Embryo-Fetal Toxicity
•  Advise females of reproductive potential of the potential risk to a fetus and to inform their 

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

with HALAVEN and for at least 2 weeks after the fnal dose.
•  Advise males with female partners of reproductive potential to use effective contraception 

during treatment with HALAVEN and for 3.5 months following the fnal dose.

Lactation: Advise women not to breastfeed during treatment with HALAVEN and for 2 weeks  
after the fnal dose.
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In the SPARTAN study†: 

ERLEADA™ + ADT improved median metastasis-free survival (MFS) 

by    ǲ������    (24.3 months) vs placebo + ADT 1

(40.5 months vs 16.2 months; HR=0.28; 95% CI: 0.23, 0.35; P<0.0001)

FOR PATIENTS WITH NON-METASTATIC CRPC 

 On ADT

 With a rapidly rising PSA*

  And no radiographically 

detectable metastases

As soon as you see a rapidly rising
 PSA in patients receiving ADT…

Visit erleadahcp.com

PUSH BACK ON PROGRESSION
WITH ERLEADA™ (apalutamide) 

Janssen Biotech, Inc.
© Janssen Biotech, Inc. 2018 2/18 cp-47718v1

INDICATION 

ERLEADA™ (apalutamide) is an androgen receptor 
inhibitor indicated for the treatment of patients with
non-metastatic castration-resistant prostate cancer. 

IMPORTANT SAFETY INFORMATION 

CONTRAINDICATIONS 

Pregnancy—ERLEADA™ can cause fetal harm
and potential loss of pregnancy. 

WARNINGS AND PRECAUTIONS 

Falls and Fractures—In a randomized study 
(SPARTAN), falls and fractures occurred in 16% and 12% 
of patients treated with ERLEADA™ compared to 9% and 
7% treated with placebo, respectively. Falls were not 
associated with loss of consciousness or seizure. Evaluate 
patients for fracture and fall risk. Monitor and manage 
patients at risk for fractures according to established treatment 
guidelines and consider use of bone targeted agents. 
Seizure—In a randomized study (SPARTAN), 2 patients 
(0.2%) treated with ERLEADA™ experienced a seizure. 
Permanently discontinue ERLEADA™ in patients who 
develop a seizure during treatment. It is unknown whether 
anti-epileptic medications will prevent seizures with 
ERLEADA™. Advise patients of the risk of developing a 
seizure while receiving ERLEADA™ and of engaging in any 
activity where sudden loss of consciousness could cause 
harm to themselves or others. 

ADVERSE REACTIONS 

Adverse Reactions—The most common adverse 
UHDFWLRQV��������ZHUH�IDWLJXH��K\SHUWHQVLRQ��UDVK��
diarrhea, nausea, weight decreased, arthralgia, fall, hot 
�XVK��GHFUHDVHG�DSSHWLWH��IUDFWXUH��DQG�SHULSKHUDO�HGHPD��
Laboratory Abnormalities—All Grades (Grade 3-4)
•  Hematology—anemia ERLEADA™ 70% (0.4%), 

placebo 64% (0.5%); leukopenia ERLEADA™ 47% 
(0.3%), placebo 29% (0%); lymphopenia ERLEADA™ 
41% (2%), placebo 21% (2%)

•  Chemistry—hypercholesterolemia ERLEADA™ 76% 
(0.1%), placebo 46% (0%); hyperglycemia ERLEADA™ 
70% (2%), placebo 59% (1%); hypertriglyceridemia 
ERLEADA™ 67% (2%), placebo 49% (0.8%); 
hyperkalemia ERLEADA™ 32% (2%), placebo 22% (0.5%)

Rash—Rash was most commonly described as macular or 
maculo-papular. Adverse reactions were 24% with ERLEADA™ 
YHUVXV����ZLWK�SODFHER��*UDGH���UDVKHV��GH��QHG�DV�
covering >30% body surface area [BSA]) were reported with 
ERLEADA™ treatment (5%) versus placebo (0.3%).
The onset of rash occurred at a median of 82 days. Rash 
resolved in 81% of patients within a median of 60 days 
(range: 2 to 709 days) from onset of rash. Four percent 
of patients treated with ERLEADA™ received systemic 
corticosteroids. Rash recurred in approximately half of 
patients who were re-challenged with ERLEADA™. 
Hypothyroidism was reported for 8% of patients 
treated with ERLEADA™ and 2% of patients treated with 
placebo based on assessments of thyroid-stimulating 
hormone (TSH) every 4 months. Elevated TSH occurred 
in 25% of patients treated with ERLEADA™ and 7% of 
patients treated with placebo. The median onset was 
day 113. There were no Grade 3 or 4 adverse reactions. 
Thyroid replacement therapy, when clinically indicated, 
should be initiated or dose-adjusted. 

DRUG INTERACTIONS

(��HFW�RI�2WKHU�'UXJV�RQ�(5/($'$�—
Co-administration of a strong CYP2C8 or CYP3A4 inhibitor 
is predicted to increase the steady-state exposure of the 
active moieties. No initial dose adjustment is necessary; 
however, reduce the ERLEADA™ dose based on 
tolerability [see Dosage and Administration (2.2)]. 
(��HFW�RI�(5/($'$��RQ�2WKHU�'UXJV—
ERLEADA™ is a strong inducer of CYP3A4 and CYP2C19, 
and a weak inducer of CYP2C9 in humans. Concomitant 
use of ERLEADA™ with medications that are primarily 
metabolized by CYP3A4, CYP2C19, or CYP2C9 can result 

in lower exposure to these medications. Substitution for 
these medications is recommended when possible, or 
evaluate for loss of activity if medication is continued. 
Concomitant administration of ERLEADA™ with medications 
that are substrates of UDP-glucuronosyl transferase (UGT) 
can result in decreased exposure. Use caution if substrates 
of UGT must be co-administered with ERLEADA™ and 
evaluate for loss of activity. 
3�JS��%&53��RU�2$73�%��6XEVWUDWHV—Apalutamide 
is a weak inducer of P-glycoprotein (P-gp), breast cancer 
resistance protein (BCRP), and organic anion transporting 
polypeptide 1B1 (OATP1B1) clinically. Concomitant use of 
ERLEADA™ with medications that are substrates of P-gp, 
BCRP, or OATP1B1 can result in lower exposure of these 
medications. Use caution if substrates of P-gp, BCRP, or 
OATP1B1 must be co-administered with ERLEADA™ and 
evaluate for loss of activity if medication is continued.

�36$�GRXEOLQJ�WLPH�����PRQWKV�
 †�6WXG\�'HVLJQ��SPARTAN was a phase 3, multicenter, randomized, double-
blind, placebo-controlled trial of patients with non-metastatic CRPC (N=1207). 
3DWLHQWV�KDG�D�36$�GRXEOLQJ�WLPH�����PRQWKV�DQG�VHUXP�WHVWRVWHURQH�OHYHOV�
<50 ng/dL. All patients in the SPARTAN trial received a concomitant GnRH 
DQDORJ�RU�KDG�D�ELODWHUDO�RUFKLHFWRP\��$OO�SDWLHQWV�HQUROOHG�ZHUH�FRQ��UPHG�
to be non-metastatic by blinded central imaging review. Patients were 
randomized 2:1 to receive ERLEADA™ 240 mg orally once daily + ADT or 
placebo orally once daily + ADT. The primary endpoint was metastasis-free 
VXUYLYDO��0)6���GH��QHG�DV�WKH�WLPH�IURP�UDQGRPL]DWLRQ�WR�WKH�WLPH�RI���UVW�
HYLGHQFH�RI�EOLQGHG�LQGHSHQGHQW�FHQWUDO�UHYLHZ�FRQ��UPHG�GLVWDQW�PHWDVWDVLV��
GH��QHG�DV�QHZ�ERQH�RU�VRIW�WLVVXH�OHVLRQV�RU�HQODUJHG�O\PSK�QRGHV�DERYH�WKH�
LOLDF�ELIXUFDWLRQ��RU�GHDWK�GXH�WR�DQ\�FDXVH��ZKLFKHYHU�RFFXUUHG���UVW�1-3

ADT = androgen-deprivation therapy; CRPC = castration-resistant prostate 
cancer; GnRH = gonadotropin-releasing hormone; HR = hazard ratio; 
36$� �SURVWDWH�VSHFL��F�DQWLJHQ��63$57$1� �6HOHFWLYH�3URVWDWH�$QGURJHQ�
Receptor Targeting with ARN-509.

5HIHUHQFHV� �� ERLEADA™ [Prescribing Information]. Horsham, PA: Janssen Biotech, Inc. ���'DWD�RQ���OH��-DQVVHQ�%LRWHFK��ΖQF��
�� Smith MR, Saad F, Chowdhury S, et al; for the SPARTAN Investigators. Apalutamide treatment and metastasis-free survival in 
prostate cancer [published online February 8, 2018]. N Engl J Med. doi:10.1056/NEJMoa1715546.

3OHDVH�VHH�EULHI�VXPPDU\�RI�IXOO�3UHVFULELQJ�ΖQIRUPDWLRQ�IRU�(5/($'$��RQ�VXEVHTXHQW�SDJHV�
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Brief Summary of Prescribing Information for ERLEADATM (apalutamide)
ERLEADATM (apalutamide) tablets, for oral use
See package insert for Full Prescribing Information

INDICATIONS AND USAGE
ERLEADA is indicated for the treatment of patients with non-metastatic, 
castration-resistant prostate cancer (NM-CRPC).

CONTRAINDICATIONS
Pregnancy 
ERLEADA can cause fetal harm and potential loss of pregnancy [see Use 
in Specific Populations].

WARNINGS AND PRECAUTIONS
Falls and Fractures
Falls and fractures occurred in patients receiving ERLEADA. Evaluate 
patients for fracture and fall risk. Monitor and manage patients at risk for 
fractures according to established treatment guidelines and consider use 
of bone targeted agents.

In a randomized study (SPARTAN), falls occurred in 16% of patients 
treated with ERLEADA compared to 9% of patients treated with placebo. 
Falls were not associated with loss of consciousness or seizure. Fractures 
occurred in 12% of patients treated with ERLEADA and in 7% of patients 
treated with placebo. Grade 3-4 fractures occurred in 3% of patients 
treated with ERLEADA and in 1% of patients treated with placebo. The 
median time to onset of fracture was 314 days (range: 20 to 953 days) for 
patients treated with ERLEADA. Routine bone density assessment and 
treatment of osteoporosis with bone targeted agents were not performed 
in the SPARTAN study.

Seizure
Seizure occurred in patients receiving ERLEADA. Permanently discontinue 
ERLEADA in patients who develop a seizure during treatment. It is unknown 
whether anti-epileptic medications will prevent seizures with ERLEADA. 
Advise patients of the risk of developing a seizure while receiving ERLEADA 
and of engaging in any activity where sudden loss of consciousness could 
cause harm to themselves or others.

In a randomized study (SPARTAN), two patients (0.2%) treated with 
ERLEADA experienced a seizure. Seizure occurred from 354 to 475 days 
after initiation of ERLEADA. No seizures occurred in patients treated with 
placebo. Patients with a history of seizure, predisposing factors for seizure, 
or receiving drugs known to decrease the seizure threshold or to induce 
seizure were excluded. There is no clinical experience in re-administering 
ERLEADA to patients who experienced a seizure.

ADVERSE REACTIONS
The following are discussed in more detail in other sections of the labeling:

• Falls and Fractures [see Warnings and Precautions].

• Seizure [see Warnings and Precautions].

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

SPARTAN, a randomized (2:1), double-blind, placebo-controlled, multi-
center clinical study, enrolled patients who had non-metastatic, castration-
resistant prostate cancer (NM-CRPC). In this study, patients received 
either ERLEADA at a dose of 240 mg daily or a placebo. All patients in the 
SPARTAN study received a concomitant gonadotropin-releasing hormone 
(GnRH) analog or had a bilateral orchiectomy. The median duration of 
exposure was 16.9 months (range: 0.1 to 42 months) in patients who 
received ERLEADA and 11.2 months (range: 0.1 to 37 months) in patients 
who received placebo.

Overall, 8 patients (1%) who were treated with ERLEADA died from 
adverse reactions. The reasons for death were infection (n=4), myocardial 
infarction (n=3), and cerebral hemorrhage (n=1). One patient (0.3%) 
treated with placebo died from an adverse reaction of cardiopulmonary 
arrest (n=1). ERLEADA was discontinued due to adverse reactions in 11% 
of patients, most commonly from rash (3%). Adverse reactions leading to 
dose interruption or reduction of ERLEADA occurred in 33% of patients; 
the most common (>1%) were rash, diarrhea, fatigue, nausea, vomiting, 
hypertension, and hematuria. Serious adverse reactions occurred in 25% 
of ERLEADA-treated patients and 23% in patients receiving placebo. The 
most common serious adverse reactions (>2%) were fracture (3%) in the 
ERLEADA arm and urinary retention (4%) in the placebo arm.

Table 1 shows adverse reactions occurring in ≥10% on the ERLEADA 
arm in SPARTAN that occurred with a 2% absolute increase in frequency 
compared to placebo. Table 2 shows laboratory abnormalities that 
occurred in ≥15% of patients, and more frequently (>5%) in the ERLEADA 
arm compared to placebo.

Table 1: Adverse Reactions in SPARTAN

System/Organ Class  
Adverse reaction

ERLEADA
N=803

Placebo
N=398

All Grades
%

Grade 3-4
%

All Grades
%

Grade 3-4
%

General disorders and  
administration site conditions

Fatigue1,4 39 1 28 0.3

Musculoskeletal and  
connective tissue disorders

Arthralgia4 16 0 8 0

Skin and subcutaneous  
tissue disorders

Rash2 24 5 6 0.3

Metabolism and nutrition  
disorders

Decreased appetite5 12 0.1 9 0

Peripheral edema6 11 0 9 0

Injury, poisoning and  
procedural complications

Fall4 16 2 9 0.8

Fracture3 12 3 7 0.8

Investigations

Weight decreased4 16 1 6 0.3

Vascular disorders

Hypertension 25 14 20 12

Hot flush 14 0 9 0

Gastrointestinal disorders

Diarrhea 20 1 15 0.5

Nausea 18 0 16 0
1 Includes fatigue and asthenia
2  Includes rash, rash maculo-papular, rash generalized, urticaria, rash 

pruritic, rash macular, conjunctivitis, erythema multiforme, rash papular, 
skin exfoliation, genital rash, rash erythematous, stomatitis, drug 
eruption, mouth ulceration, rash pustular, blister, papule, pemphigoid, 
skin erosion, and rash vesicular

3  Includes rib fracture, lumbar vertebral fracture, spinal compression 
fracture, spinal fracture, foot fracture, hip fracture, humerus fracture, 
thoracic vertebral fracture, upper limb fracture, fractured sacrum, 
hand fracture, pubis fracture, acetabulum fracture, ankle fracture, 
compression fracture, costal cartilage fracture, facial bones fracture, 
lower limb fracture, osteoporotic fracture, wrist fracture, avulsion 
fracture, fibula fracture, fractured coccyx, pelvic fracture, radius 
fracture, sternal fracture, stress fracture, traumatic fracture, cervical 
vertebral fracture, femoral neck fracture, and tibia fracture

4 Grade 4 definitions do not exist for these reactions
5  Includes appetite disorder, decreased appetite, early satiety, and 

hypophagia
6  Includes peripheral edema, generalized edema, edema, edema genital, 

penile edema, peripheral swelling, scrotal edema, lymphedema, 
swelling, and localized edema

Additional clinically significant adverse reactions occurring in 2% or more 
of patients treated with ERLEADA included hypothyroidism (8.1% versus 
2% on placebo), pruritus (6.2% versus 2% on placebo), ischemic heart 
disease (3.7% versus 2% on placebo), and heart failure (2.2% versus 1% 
on placebo).

Table 2:  Laboratory Abnormalities Occurring in ≥ 15% of ERLEADA-Treated 
Patients and at a Higher Incidence than Placebo (Between Arm 
Difference > 5% All Grades) in SPARTAN

Laboratory Abnormality

ERLEADA
N=803

Placebo
N=398

All Grades
%

Grade 3-4
%

All Grades
%

Grade 3-4
%

Hematology

   Anemia 70 0.4 64 0.5

   Leukopenia 47 0.3 29 0

   Lymphopenia 41 2 21 2

Chemistry

   Hypercholesterolemia1 76 0.1 46 0

   Hyperglycemia1 70 2 59 1

   Hypertriglyceridemia1 67 2 49 0.8

   Hyperkalemia 32 2 22 0.5
1 Does not reflect fasting values

ERLEADATM (apalutamide) tablets
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Rash

In SPARTAN, rash associated with ERLEADA was most commonly 
described as macular or maculo-papular. Adverse reactions of rash were 
reported for 24% of patients treated with ERLEADA versus 6% of patients 
treated with placebo. Grade 3 rashes (defined as covering > 30% body 
surface area [BSA]) were reported with ERLEADA treatment (5%) versus 
placebo (0.3%).

The onset of rash occurred at a median of 82 days of ERLEADA treatment. 
Rash resolved in 81% of patients within a median of 60 days (range: 2 to 
709 days) from onset of rash. Four (4%) of patients treated with ERLEADA 
received systemic corticosteroids for treatment of rash. Rash recurred in 
approximately half of patients who were re-challenged with ERLEADA.

Hypothyroidism

Hypothyroidism was reported for 8% of patients treated with ERLEADA 
and 2% of patients treated with placebo based on assessments of thyroid-
stimulating hormone (TSH) every 4 months. Elevated TSH occurred in 25% 
of patients treated with ERLEADA and 7% of patients treated with placebo. 
The median onset was Day 113. There were no Grade 3 or 4 adverse 
reactions. Thyroid replacement therapy was initiated in 7% of patients 
treated with ERLEADA. Thyroid replacement therapy, when clinically 
indicated, should be initiated or dose-adjusted [see Drug Interactions].

DRUG INTERACTIONS
Effect of Other Drugs on ERLEADA
Strong CYP2C8 or CYP3A4 Inhibitors 

Co-administration of a strong CYP2C8 or CYP3A4 inhibitor is predicted 
to increase the steady-state exposure of the active moieties (sum of 
unbound apalutamide plus the potency-adjusted unbound N-desmethyl-
apalutamide). No initial dose adjustment is necessary however, reduce 
the ERLEADA dose based on tolerability [see Dosage and Administration 
(2.2) in Full Prescribing Information]. Mild or moderate inhibitors of CYP2C8 
or CYP3A4 are not expected to affect the exposure of apalutamide.

Effect of ERLEADA on Other Drugs
CYP3A4, CYP2C9, CYP2C19 and UGT Substrates

ERLEADA is a strong inducer of CYP3A4 and CYP2C19, and a weak inducer 
of CYP2C9 in humans. Concomitant use of ERLEADA with medications that 
are primarily metabolized by CYP3A4, CYP2C19, or CYP2C9 can result in 
lower exposure to these medications. Substitution for these medications is 
recommended when possible or evaluate for loss of activity if medication 
is continued. Concomitant administration of ERLEADA with medications 
that are substrates of UDP-glucuronosyl transferase (UGT) can result 
in decreased exposure. Use caution if substrates of UGT must be co-
administered with ERLEADA and evaluate for loss of activity [see Clinical 
Pharmacology (12.3) in Full Prescribing Information].

P-gp, BCRP or OATP1B1 Substrates

Apalutamide was shown to be a weak inducer of P-glycoprotein (P-gp), 
breast cancer resistance protein (BCRP), and organic anion transporting 
polypeptide 1B1 (OATP1B1) clinically. At steady-state, apalutamide 
reduced the plasma exposure to fexofenadine (a P-gp substrate) and 
rosuvastatin (a BCRP/OATP1B1 substrate). Concomitant use of ERLEADA 
with medications that are substrates of P-gp, BCRP, or OATP1B1 can result 
in lower exposure of these medications. Use caution if substrates of P-gp, 
BCRP or OATP1B1 must be co-administered with ERLEADA and evaluate 
for loss of activity if medication is continued [see Clinical Pharmacology 
(12.3) in Full Prescribing Information].

USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary

ERLEADA is contraindicated for use in pregnant women because the 
drug can cause fetal harm and potential loss of pregnancy. ERLEADA is 
not indicated for use in females, so animal embryo-fetal developmental 
toxicology studies were not conducted with apalutamide. There are no 
human data on the use of ERLEADA in pregnant women. Based on its 
mechanism of action, ERLEADA may cause fetal harm when administered 
during pregnancy.

Lactation
Risk Summary

ERLEADA is not indicated for use in females. There are no data on the 
presence of apalutamide or its metabolites in human milk, the effect on 
the breastfed child, or the effect on milk production.

Females and Males of Reproductive Potential
Contraception

Males
Based on the mechanism of action and findings in an animal reproduction 
study, advise male patients with female partners of reproductive potential 
to use effective contraception during treatment and for 3 months after the 
last dose of ERLEADA. [see Use in Specific Populations].

Infertility

Males
Based on animal studies, ERLEADA may impair fertility in males of 
reproductive potential [see Nonclinical Toxicology (13.1) in Full Prescribing 
Information].

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

Geriatric Use
Of the 803 patients who received ERLEADA in SPARTAN, 87% of patients 
were 65 years and over and 49% were 75 years and over. Grade 3-4 
adverse reactions occurred in 46% (323/697) of patients 65 years or older 
and in 51% (197/391) of patients 75 years or older treated with ERLEADA 
compared to 35% (124/355) of patients 65 years or older and 37% (70/187) 
of patients 75 years or older treated with placebo. No overall differences 
in effectiveness were observed between these patients and younger 
patients.

OVERDOSAGE
There is no known specific antidote for apalutamide overdose. In the event 
of an overdose, stop ERLEADA, undertake general supportive measures 
until clinical toxicity has been diminished or resolved.

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

Falls and Fractures

•  Inform patients that ERLEADA is associated with an increased 
incidence of falls and fractures [see Warnings and Precautions].

Seizures

•  Inform patients that ERLEADA has been associated with an increased 
risk of seizure. Discuss conditions that may predispose to seizures and 
medications that may lower the seizure threshold. Advise patients of 
the risk of engaging in any activity where sudden loss of consciousness 
could cause serious harm to themselves or others. Inform patients to 
contact their healthcare provider right away if they experience a 
seizure [see Warnings and Precautions].

Rash

•  Inform patients that ERLEADA is associated with rashes and to inform 
their healthcare provider if they develop a rash [see Adverse Reactions].

Dosage and Administration

•  Inform patients receiving concomitant gonadotropin-releasing 
hormone (GnRH) analog therapy that they need to maintain this 
treatment during the course of treatment with ERLEADA.

•  Instruct patients to take their dose at the same time each day (once 
daily). ERLEADA can be taken with or without food. Each tablet should 
be swallowed whole.

•  Inform patients that in the event of a missed daily dose of ERLEADA, 
they should take their normal dose as soon as possible on the same day 
with a return to the normal schedule on the following day. The patient 
should not take extra tablets to make up the missed dose [see Dosage 
and Administration (2.1) in Full Prescribing Information].

Embryo-Fetal Toxicity

•  Inform patients that ERLEADA can be harmful to a developing fetus. 
Advise patients having sex with female partners of reproductive 
potential to use effective contraception during treatment and for  
3 months after the last dose of ERLEADA. Advise male patients to use 
a condom if having sex with a pregnant woman [see Use in Specific 
Populations].

Infertility

•  Advise male patients that ERLEADA may impair fertility and not to 
donate sperm during therapy and for 3 months following the last dose 
of ERLEADA [see Use in Specific Populations].
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Introduction
Despite the availability of many therapies, hormone recep-

tor (HR)-positive, human epidermal growth factor receptor 2 

(HER2)-negative (HR+/HER2−) advanced breast cancer is rarely 

curable. T e current treatment paradigm for HR+/HER2− advanced 

breast cancer involves sequencing endocrine therapy, targeted ther-

apy, and/or chemotherapy to prolong patients’ lives, delay disease 

progression, and minimize cancer-related symptoms. T e cyclin-de-

pendent kinase 4 and 6 (CDK4/6) inhibitors are rapidly transform-

ing this treatment landscape. T ere are currently three CDK4/6 

inhibitors that have been approved by the US Food and Drug Ad-

ministration: palbociclib, ribociclib, and abemaciclib. How to choose 

among these agents and how to sequence them with other therapies 

are currently the most pressing questions. T e possibility of using 

biomarkers to predict response, novel treatment combinations with 

CDK4/6 inhibitors, and the potential activity of these agents beyond 

the setting of HR+/HER2− advanced breast cancer are areas of ac-

tive research. We will review the current role of CDK4/6 inhibitors 

in the treatment of patients with HR+ breast cancer, as well as prom-

ising future applications.

Mechanism of Action of CDK4/6 Inhibitors
T e CDK4/6 inhibitors act at the G1-to-S cell cycle checkpoint. T is 

checkpoint is tightly controlled by the D-type cyclins and CDK4 and 

CDK6. When CDK4 and CDK6 are activated by D-type cyclins, they 

phosphorylate the retinoblastoma-associated protein (pRb). T is 

suspends pRb’s suppression of the E2F transcription factor family 

and ultimately allows the cell to proceed through the cell cycle and 

divide. In HR+ breast cancer, cyclin D overexpression is common 

and loss of pRb is rare, making the G1-to-S checkpoint an ideal ther-

apeutic target. T e CDK4/6 inhibitors prevent progression through 

this checkpoint, leading to cell cycle arrest.[1] 

Approved CDK4/6 Inhibitors for HR+/HER2− 
Advanced Breast Cancer
Table 1 summarizes the evidence from the pivotal trials that led to 

the FDA approveals of palbociclib, ribociclib, and abemaciclib.  

Palbociclib

Palbociclib was approved for use with an aromatase inhibitor (AI) 

as f rst-line treatment of HR+/HER2− advanced breast cancer in 

postmenopausal women, based on the phase II study PALOMA-1/

TRIO-18 and the phase III study PALOMA-2. Palbociclib was ap-

proved for use with fulvestrant as second- or later-line treatment of 

HR+/HER2− advanced breast cancer based on the phase III study 

PALOMA-3. 

In PALOMA-1/TRIO-18, 165 women with HR+/HER2− un-

treated advanced breast cancer were randomized to receive either 

palbociclib and letrozole or letrozole alone. Previous treatment 

with an AI more than 12 months before enrollment was allowed. 

T e study’s primary endpoint was median progression-free survival 

(PFS). Patients who received palbociclib and letrozole had a median 

PFS of 20.2 months, compared with only 10.2 months with letrozole 

alone (hazard ratio, 0.488; 95% CI, 0.319–0.748; P = .0004).[2] T is 

study led to accelerated approval of palbociclib in February 2015. 

Median overall survival (OS) was 37.5 months with palbociclib and 

letrozole and 34.5 months with letrozole alone (HR, 0.897; 95% CI, 

0.623–1.294; P = .281). T is dif erence was not signif cant, but the 

study was not powered to show a dif erence in OS.[3] 

In PALOMA-2, 666 treatment-naive patients with HR+/HER2− 

advanced breast cancer were randomized to receive palbociclib and 

letrozole or placebo and letrozole. Median PFS was 24.8 months in 

the patients who received palbociclib and letrozole and 14.5 months 

in those who received placebo and letrozole (hazard ratio, 0.58; 95% 
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CI, 0.46–0.72; P = .001).[4] T is led to regular approval of palboci-

clib in March 2017. OS data are still maturing.

In PALOMA-3, 521 women of any menopausal status with HR+/

HER2− advanced breast cancer whose disease had progressed on 

prior endocrine therapy or recurred within 12 months of stopping 

adjuvant endocrine therapy were randomized to receive either pal-

bociclib and fulvestrant or placebo and fulvestrant. Approximately 

half the patients had received two or more lines of endocrine therapy 

in the metastatic setting and approximately one-third had received 

chemotherapy in the metastatic setting. Final analysis demonstrated 

a median PFS in the palbociclib and fulvestrant group of 9.5 months, 

compared with 4.6 months in the placebo and fulvestrant group 

(hazard ratio, 0.46; 95% CI, 0.36–0.59; P < .0001),[5,6] which led to 

the approval of palbociclib in combination with fulvestrant for use 

af er progression while receiving endocrine therapy. 

Ribociclib

Ribociclib was approved in March 2017 for f rst-line treatment of 

HR+/HER2− advanced breast cancer in postmenopausal women, 

based on the results of the phase III MONALEESA-2 study. In this 

study, treatment-naive patients with HR+/HER2− advanced breast 

cancer received letrozole with ribociclib or placebo. Prior AI therapy 

was allowed if it had been discontinued 12 months before enroll-

ment. At the 18-month follow-up, median PFS had not been reached 

in the ribociclib-treated arm, compared with a median PFS of 14.7 

months in the placebo group (hazard ratio, 0.56; 95% CI, 0.43–0.72; 

P < .001). Updated analysis showed a median PFS of 25.3 months in 

the ribociclib group vs 16.0 months in the placebo group.[7,8] OS 

data are not available yet.

MONALEESA-3 is a phase III study assessing ribociclib in com-

bination with fulvestrant for both second-line and f rst-line treat-

ment of HR+/HER2− advanced breast cancer in both postmeno-

pausal women and men. T is study has completed recruitment but 

results are not yet available.

Abemaciclib

Abemaciclib was approved in February 2018 in combination with an 

AI for f rst-line therapy of HR+/HER2− advanced breast cancer in 

postmenopausal women, based on results from the MONARCH-3 

study. Abemaciclib was approved in September 2017 for second- or 

later-line therapy in combination with fulvestrant, based on the re-

sults of MONARCH-2, and as a single agent for third- or later-line 

therapy for women and men, based on MONARCH-1. 

MONARCH-3, a phase III study, compared an AI with abemac-

iclib or placebo in treatment-naive patients with HR+/HER2− ad-

vanced breast cancer. Interim results af er 18 months of follow-up 

demonstrated that median PFS was not reached in the abemaciclib 

arm, compared with a median PFS of 14.7 months in the placebo 

arm (hazard ratio, 0.543; 95% CI, 0.409–0.723; P < .001).[9,10] 

MONARCH-2 was a phase III study that randomized patients 

with HR+/HER2− advanced breast cancer whose disease had pro-

gressed on prior endocrine therapy to receive either abemaciclib and 

fulvestrant or placebo and fulvestrant. Patients could enroll if their 

disease had progressed during adjuvant or neoadjuvant endocrine 
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Table 1. Summary of Clinical Trial Data for CDK4/6 Inhibitors for HR+/HER2− Advanced Breast Cancer

 Study Phase Arms Description Median PFS
Hazard Ratio (95% 
CI)

ORR Median OS
Hazard Ratio 
(95% CI)

First-line PALOMA-1/ 
TRIO-18

II 2 Palbociclib/letrozole
vs letrozole

20.2 vs 10.2 mo
0.488 (0.319–0.748)

55.0% vs 
39.0%

37.5 vs 34.5 mo 
0.897 (0.623–
1.294)

PALOMA-2 III 2 Palbociclib/letrozole
vs placebo/letrozole

24.8 vs 14.5 mo
0.58 (0.46–0.72)

55.3% vs 
44.4%

Pending

MONALEESA-2 III 2 Ribociclib/letrozole
vs placebo/letrozole

25.3 vs 16.0 mo
0.568 (0.457–0.704)

52.7% vs 
37.1%

Pending

MONALEESA-7 III 2 Ribociclib/OFS/AI or 
tamoxifen
vs placebo/OFS/AI or 
tamoxifen

23.8 vs 13.0 mo
0.553 (0.441–0.694)

51.0% vs 
36.0%

Pending

MONARCH-3 III 2 Abemaciclib/AI
vs placebo/AI

NR vs 14.7 mo
0.543 (0.409–0.723)

59.0% vs 
44.0%

Pending

Second-
line

PALOMA-3 III 2 Palbociclib/fulvestrant
vs placebo/fulvestrant

9.5 vs 4.6 mo
0.46 (0.36–0.59)

24.6% vs 
15.0%

Unknown

MONARCH-2 III 2 Abemaciclib/fulvestrant
vs placebo/fulvestrant

16.4 vs 9.3 mo
0.553 (0.449–0.681)

48.1% vs 
21.3%

Pending

Later-line MONARCH-1 II 1 Abemaciclib 6.0 mo 19.7% 17.7 mo

AI = aromatase inhibitor; CDK4/6 = cyclin-dependent kinase 4 and 6; HER2 = human epidermal growth factor receptor 2; HR = hormone receptor; OFS = 

ovarian function suppression; ORR = objective response rate; OS = overall survival; PFS = progression-free survival.
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therapy, ≤ 12 months af er completion of adjuvant endocrine ther-

apy, or while receiving endocrine therapy for advanced breast can-

cer. Patients had received only one prior line of endocrine therapy 

and no chemotherapy for their advanced breast cancer. Median PFS 

in the abemaciclib group was signif cantly improved: 16.4 months, 

compared with 9.3 months in the placebo group (hazard ratio, 0.553; 

95% CI, 0.449–0.681; P < .001).[11] OS data are still maturing.

MONARCH-1 was a phase II single-arm study of abemaciclib 

as a single agent; it enrolled women of any menopausal status with 

HR+/HER2− advanced breast cancer that had progressed on prior 

endocrine therapy and chemotherapy (at least one line of chemo-

therapy). Patients in this study had received a median of three prior 

lines of systemic treatment for advanced breast cancer. T e majority 

(90.2%) had visceral disease. T e objective response rate (ORR) was 

19.7% at 12 months, median PFS was 6.0 months, and median OS 

was 17.7 months.[12] 

Comparative Efficacy of CDK4/6 Inhibitors for 
HR+/HER2− Advanced Breast Cancer
Palbociclib, ribociclib, and abemaciclib are approved in combi-

nation with an AI for f rst-line therapy of HR+/HER2− advanced 

breast cancer. T ese drugs have never been directly compared and 

are considered equivalent in ef  cacy. Palbociclib and ribociclib 

demonstrated similar prolongations of PFS when compared with 

AI-only therapy in PALOMA-1/PALOMA-2 and MONALEESA-2, 

respectively. Data regarding abemaciclib with an AI vs an AI only are 

comparatively immature. Only results from 18 months of follow-up 

have been reported thus far; however, the hazard ratio is similar to 

that seen in studies with palbociclib and ribociclib, suggesting simi-

lar ef  cacy. All three agents are appropriate choices in combination 

with an AI for f rst-line treatment. 

Palbociclib and abemaciclib are both approved in combination 

with fulvestrant for second- or later-line treatment of HR+/HER2− 

advanced breast cancer, and either combination is an appropriate 

choice in this setting. T ere are no direct comparisons of these two 

agents and they are likely equivalent in ef  cacy. Of note, the patients 

who received abemaciclib-fulvestrant in MONARCH-2 had a much 

longer PFS (16.4 months) than did patients who received palboci-

clib-fulvestrant in PALOMA-3 (9.5 months). T is likely ref ects dif-

ferences in the characteristics of the patient populations enrolled. 

T e patients in MONARCH-2 had received only one prior line of 

endocrine therapy, and 59% had received only adjuvant or neoadju-

vant endocrine therapy. No patients had received chemotherapy in 

the metastatic setting. In contrast, about half the patients enrolled in 

PALOMA-3 had received two or more lines of endocrine therapy in 

the metastatic setting, and about one-third had received chemother-

apy in the metastatic setting, indicating a population that was more 

endocrine-resistant and possibly more treatment-resistant. Con-

sequently, the median PFS for patients in the control (fulvestrant 

alone) arm of MONARCH-2 was much longer than for patients in 

the control arm of PALOMA-3 (9.3 vs 4.6 months). Ribociclib with 

fulvestrant will likely have activity similar to that of the palboci-

clib-fulvestrant and abemaciclib-fulvestrant combinations.

CDK4/6 Inhibitors in Premenopausal Women
T e combination of palbociclib or ribociclib with an AI is only ap-

proved for postmenopausal women. Many providers are treating 

premenopausal women with a CDK4/6 inhibitor, an AI, and ovarian 

function suppression with a gonadotropin-releasing hormone ago-

nist, based on studies showing that an AI with ovarian suppression is 

ef  cacious for premenopausal women with HR+/HER2− advanced 

breast cancer.[13] Several ongoing studies specif cally include pre-

menopausal women receiving palbociclib or ribociclib and en-

docrine therapy with ovarian function suppression (eg, FATIMA 

[ClinicalTrials.gov identif er: NCT02917005], COMPLEEMENT-1 

[NCT02941926]). 

MONALEESA-7 was the f rst of these trials that included pre-

menopausal women to be reported. In this phase III study, pre-

menopausal women with HR+/HER2− advanced breast cancer were 

treated with f rst-line ribociclib vs placebo, along with goserelin and 

tamoxifen or a nonsteroidal AI. T e improvement in PFS seen in 

the ribociclib arm (23.8 vs 13.0 months [hazard ratio, 0.553; 95% CI, 

0.441–0.694; P < .001]) was similar to that seen in postmenopausal 

women in MONALEESA-2.[14]  

In PALOMA-3, premenopausal women were included and re-

ceived goserelin. A subgroup analysis of the PALOMA-3 study 

showed that premenopausal women derived a benef t similar to that 

seen in the overall study population.[15] T e combination of palbo-

ciclib and fulvestrant is approved regardless of menopausal status. 

None of the f rst-line studies looked at the activity of CDK4/6 

inhibitors in premenopausal women in the absence of ovarian sup-

pression. In MONARCH-1, a single-arm study of abemaciclib as a 

single agent, women were enrolled regardless of their menopausal 

status. However, all had demonstrated prior progression on at least 

one line of chemotherapy for advanced disease, so presumably the 

premenopausal women had some degree of ovarian failure while 

enrolled in the study.  

Safety of CDK4/6 Inhibitors
T e CDK4/6 inhibitors as a class are generally well tolerated. T e 

most common class-wide adverse ef ects include nausea, diarrhea, 

fatigue, neutropenia, leukopenia, anemia, and thrombocytopenia. 

Palbociclib and ribociclib most commonly cause neutropenia, while 

diarrhea is the most common adverse ef ect of abemaciclib, perhaps 

because of its greater af  nity for CDK4 over CDK6.[16] T e safety 

prof les of these agents do not absolutely favor one agent over anoth-

The safety profi les of these agents do not absolutely favor one 

agent over another. . . . If a patient is intolerant of one agent, it is 

reasonable to try another
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er, and patient-specif c concerns related to toxicity should be taken 

into account. If a patient is intolerant of one agent, it is reasonable 

to try another.

Palbociclib, administered at a dosage of 125 mg daily for 3 weeks 

on and 1 week of , was associated with grade 3/4 neutropenia in 

55% to 65% of patients across clinical studies. Febrile neutropenia 

occurred in only 0% to 2% of patients, and permanent discontinua-

tion of therapy was infrequent.[4,17] Complete blood count (CBC) 

should be monitored frequently early in therapy, and neutropenia 

should be managed with appropriate dose interruption and/or dose 

reduction. Palbociclib-induced neutropenia occurs via a unique 

mechanism, in which cell cycle arrest occurs without apoptosis of 

hematopoietic precursor cells.[18] T is unique mechanism allows 

rapid reversal with dose interruption and/or dose reduction, unlike 

with chemotherapy-induced neutropenia. Detailed safety analysis of 

PALOMA-3 showed that neutropenia occurred early (median time 

to onset, 16 days), was reversible (median duration, 7 days), and was 

not cumulative (became increasingly rare with subsequent cycles). 

Dose reduction did not seem to impact ef  cacy.[17] Of note, grade 3 

anemia, although uncommon, can be a late event, justifying contin-

ued hematologic monitoring.[19]

Ribociclib, at a dosage of 600 mg daily for 3 weeks on and 1 week 

of , was associated with grade 3/4 neutropenia in ~60% of patients in 

MONALEESA-2; however, febrile neutropenia was rare, as was per-

manent discontinuation of the study drug. Other important adverse 

ef ects that require monitoring include elevated alanine aminotrans-

ferase  or aspartate aminotransferase levels and prolonged QT in-

terval. CBC should be monitored frequently early in treatment, and 

neutropenia can be managed in a manner similar to that used for 

palbociclib-associated neutropenia. 

Abemaciclib, at a dosage of 150 mg twice daily with fulvestrant or 

200 mg twice daily alone, was associated with diarrhea of any grade 

in 85% to 90% of patients and with grade 3/4 diarrhea in 15% to 20% 

of patients across clinical studies. Diarrhea typically occurred early 

(median time to onset, 6 days in MONARCH-2) and was managed 

with antidiarrheals, followed by dose interruption and dose reduc-

tion if needed. More than 70% of the patients in MONARCH-2 who 

experienced diarrhea did not need dose reduction. Grade 3/4 neu-

tropenia occurred in approximately 25% of patients across studies; 

this adverse ef ect can also be managed with dose interruption/dose 

reduction. 

For all three agents, we recommend initiating the approved dose 

for most patients and then making adjustments for toxicities. Pa-

tients should be counseled that dose adjustments may be necessary 

but that they can still have benef t on a lower dose. Specif c guidance 

about monitoring parameters is provided in Table 2. 

Sequencing CDK4/6 Inhibitors With Existing 
Therapies for HR+/HER2− Advanced Breast 
Cancer
T ere are already a number of treatment options for patients with 

HR+/HER2− advanced breast cancer, including the selective estro-

gen receptor modulator tamoxifen, nonsteroidal AIs such as anas-

trozole and letrozole, the selective estrogen receptor degrader fulves-

trant, the steroidal AI exemestane (with or without the mammalian 

target of rapamycin [mTOR] inhibitor everolimus), and chemother-

apy. Usually, patients receive sequential endocrine therapies until 

they develop resistance or experience a visceral crisis that requires 

chemotherapy.[20] Clinicians must now decide whether to use 

CDK4/6 inhibitors as part of f rst- or later-line therapy (approved 

Table 2. Monitoring Parameters for CDK4/6 Inhibitors

 Drug Dose and 
Schedule

Pregnancy 
Testa 

CBC and 
Differential

Liver Tests (AST, ALT, 
and Total Bilirubin)

Serum 
Electrolytes (K, Ca, 
Mg, Phos)

ECG

Palbociclib 125 mg daily, 
3 wk on, 1 
wk off

Baseline Baseline, 
every 2 wk 
for 2 mo, 
monthly for 
next 4 mo, 
then every 
3 mod

NA NA NA

Ribociclib 600 mg daily, 
3 wk on, 1 
wk off

600 mg daily, 
3 wk on, 1 
wk off

Baseline, 
every 2 wk 
for 2 mo, 
monthly for 
4 mo

Baseline, every 2 wk 
for 2 mo, monthly for 
4 mo

Baseline, monthly 
for 6 mo

Baseline, day 14 of cycle 
1, day 1 of cycle 2

Abemaciclib 150 mg twice 
dailyb 

OR
200 mg twice 
dailyc 

Baseline Baseline, 
every 2 wk 
for 2 mo, 
monthly for 
2 mo

Baseline, every 2 wk 
for 2 mo, monthly for 
2 mo

NA NA

aIn women of childbearing potential. 
bWhen given with fulvestrant.
cWhen given alone.
dIf no more than grade 1 or 2 neutropenia in the fi rst 6 mo.

ALT = alanine aminotransferase; AST = aspartate aminotransferase; CBC = complete blood cell count; CDK4/6 = cyclin-dependent kinase 4 and 6; ECG = 

electrocardiogram; NA = not applicable.

CDK4/6 INHIBITORS FOR HR+ BREAST CANCER
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in both settings) and how to sequence therapies af er progression. 

Clinical evidence to guide these decisions is immature or lacking.

Receiving a CDK4/6 inhibitor during any line of therapy prob-

ably confers a survival benef t compared with never receiving one. 

However, whether receiving a CDK4/6 inhibitor in the f rst line adds 

a survival advantage is unknown, and the OS results from PALO-

MA-2, MONALEESA-2, and MONARCH-3 are eagerly anticipated. 

Our recommendations for sequencing the CDK4/6 inhibitors with 

existing therapies are summarized in the Figure. 

First-line endocrine therapy

We generally recommend that patients with HR+/HER2− advanced 

breast cancer receive a CDK4/6 inhibitor along with an AI for f rst-

line treatment, pending OS data. CDK4/6 inhibitors are well toler-

ated by most women, and even without an OS benef t, a prolonged 

PFS may delay the onset of more severe disease symptoms and have 

other benef ts. However, select patients with a long disease-free in-

terval, low-volume disease, and/or bone-only disease will likely have 

a long progression-free interval with endocrine therapy alone. While 

it is possible that they would do even better with the addition of a 

CDK4/6 inhibitor, patients should be counseled regarding the treat-

ment schedule for the agents being considered, the need for labora-

tory and other monitoring, and safety prof les.

T e combination of a CDK4/6 inhibitor and an AI is ef  cacious 

even for women with visceral disease. Between 45% and 60% of 

patients enrolled across all f rst-line studies had visceral disease. In 

subgroup analyses, these patients derived a benef t similar to that 

seen in the overall study populations. T e combination of a CDK4/6 

inhibitor and an AI may be considered even when a rapid tumor re-

sponse is needed, given its robust ORR (50% to 60% in the f rst line), 

but chemotherapy should still be used for a true visceral crisis.[21] 

Second-line endocrine therapy

In patients whose disease progresses while receiving a CDK4/6 in-

hibitor and an AI, we recommend fulvestrant for second-line treat-

ment, although the clinical trials showing fulvestrant’s ef  cacy in 

this setting were conducted prior to CDK4/6 inhibitor use.[22,23] 

Exemestane can also be considered af er treatment with a CDK4/6 

inhibitor and an AI, or reserved for use in the next line, along with 

everolimus.[24] T ere is currently no evidence to support continu-

ing the same CDK4/6 inhibitor or switching to a dif erent CDK4/6 

inhibitor af er progression.

Patients who received endocrine therapy only (tamoxifen or an 

AI) as f rst-line treatment should receive a CDK4/6 inhibitor–based 

second-line treatment, although for patients with a very long pro-

gression-free interval, endocrine therapy alone can again be consid-

ered. T ose whose disease has progressed while receiving adjuvant 

or neoadjuvant endocrine therapy or for whom ≤ 12 months has 

passed since their completion of adjuvant endocrine therapy can re-

ceive a CDK4/6 inhibitor with fulvestrant upfront, since they would 

meet inclusion criteria for PALOMA-3 and/or MONARCH-2. 

Third- and later-line endocrine therapy

For patients who received a CDK4/6 inhibitor and fulvestrant or ful-

vestrant alone for second-line treatment, we would recommend ex-

emestane with the addition of everolimus in the third line, although 

the ef  cacy of this combination af er receiving a CDK4/6 inhibitor 

with endocrine therapy is unknown. 

Second-line therapya,b

Third-line therapya,b,e,f

First-line therapya,b
Tamoxifen or 

aromatase inhibitorc
Aromatase inhibitorc/

CDK4/6 inhibitor

Fulvestrant/

CDK4/6 inhibitord

Fulvestrant/
CDK4/6 inhibitor

Fulvestrant or tamoxifen

Exemestane/everolimus or

chemotherapy

Figure. Management Algorithm for HR+/HER2– Advanced Breast Cancer.

aConsider chemotherapy at each step if overt evidence of visceral crisis.
bConsider clinical trials at each step.
cShould be used with ovarian function suppression in premenopausal women.
dConsider in fi rst line for patients who meet inclusion criteria for PALOMA-3 or MONARCH-2.
eConsider additional or other endocrine therapies in patients with long duration of response to endocrine therapy.
fIf patient has not yet received CDK4/6 inhibitor, consider abemaciclib alone. 

CDK4/6 = cyclin-dependent kinase 4 and 6; HR+/HER2− = hormone receptor–positive/human epidermal growth factor receptor 2–negative. 
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For patients who have not yet received a CDK4/6 inhibitor but 

who have received endocrine therapy and chemotherapy, abemac-

iclib as a single agent may be given, based on data from MON-

ARCH-1. It may also be reasonable to try single-agent abemaciclib 

before chemotherapy for patients who have exhausted endocrine 

therapy, although this is dif erent from the approved indication. 

We do recognize that the number of patients who reach third- or 

later-line therapy without receiving a CDK4/6 inhibitor will dimin-

ish over time and we do not recommend reserving therapy with a 

CDK4/6 inhibitor for use in this setting. 

Next Directions for CDK4/6 Inhibitors

Many questions remain about integrating CDK4/6 inhibitors into 

clinical practice. T ese include whether there are biomarkers that 

may predict response to a CDK4/6 inhibitor, how to determine if a 

CDK4/6 inhibitor should be continued or switched af er progres-

sion, whether CDK4/6 inhibitors may be combined with therapies 

other than endocrine therapies, and whether the use of these agents 

can be expanded to HR+/HER2− early-stage breast cancer and 

HR+/HER2+ disease. 

Predictive biomarkers for CDK4/6 inhibitors

Approximately 20% of patients will not respond to CDK4/6 inhib-

itors initially, and all patients will ultimately develop resistance. A 

better understanding of biomarkers of intrinsic and acquired resis-

tance may help guide therapy. Despite extensive research, estrogen 

receptor positivity remains the best predictive biomarker for initial 

response to CDK4/6 inhibitors. PALOMA-1/TRIO-18 initially en-

rolled two cohorts of patients with HR+/HER2− advanced breast 

cancer: an unselected group; and a group with either amplif ca-

tion of the cyclin DI gene (CCND1), loss of the p16 gene (INK4A/

CDKN2A), or both. T e presence of these alterations was not asso-

ciated with increased benef t from the addition of palbociclib. T is 

was also conf rmed in PALOMA-2, where expression levels (wheth-

er high or low) of genes in the cyclin D-CDK4/6-Rb pathway did 

not correlate with benef t from palbociclib plus letrozole.[25] In 

PALOMA-3, mutations of PIK3CA were detectable in circulating 

DNA, but not predictive of benef t from palbociclib. Mutations in 

the ESR1 gene (which encodes estrogen receptor-α) are detectable 

in 25% to 40% of tumors that become resistant to AI therapy,[26,27] 

but these were not predictive of benef t or resistance with palbociclib 

in PALOMA-3.[26] In MONALEESA-2, benef t with ribociclib was 

maintained irrespective of baseline Rb, Ki-67, or p16 protein expres-

sion; or CDKN2A or CCND1 messenger RNA expression levels.[28]

Several ongoing studies with palbociclib (PYTHIA 

[NCT02536742, NCT03195192]) and ribociclib (NCT03195192) 

are designed specif cally to look at gene- and protein-based predic-

tive biomarkers in an ef ort to better understand intrinsic and ac-

quired resistance. 

Continuing CDK4/6 inhibitors after disease progression

It is not known whether a CDK4/6 inhibitor should be continued 

beyond the development of disease progression. In two ongoing 

studies, patients with HR+/HER2− advanced breast cancer whose 

disease had progressed while receiving a CDK4/6 inhibitor and an 

AI will receive palbociclib and fulvestrant (NCT02738866) or be 

randomized to receive ribociclib and fulvestrant or fulvestrant alone 

(NCT02632045) to determine whether there is a benef t to continu-

ing CDK4/6 inhibitor therapy in this setting. 

Novel combinations with CDK4/6 inhibitors

Novel combinations with CDK4/6 inhibitors for patients with HR+/

HER2− advanced breast cancer are also being studied. Preclinical 

data suggest a synergistic ef ect of inhibiting CDK4/6 and the phos-

phoinositide 3-kinase (PI3K)/AKT/mTOR pathway. Several studies 

are combining a CDK4/6 inhibitor with everolimus and exemes-

tane (NCT02871791, TRINITI-1[NCT02732119], NCT01857193) 

or with novel inhibitors of the PI3K pathway (NCT02684032, 

NCT02389842, NCT03128619, NCT03006172, NCT01872260, 

NCT02088684, NCT02154776). T e CDK4/6 inhibitors are also be-

ing combined with immunotherapy (programmed death 1 or pro-

grammed death ligand 1 inhibitors) in several clinical studies (PACE 

[NCT03147287], NCT02778685, NCT02779751). 

CDK4/6 inhibitors for HR+/HER2− early-stage breast 

cancer

It is not known whether CDK4/6 inhibitors should be added to 

adjuvant treatment for patients with HR+/HER2− early-stage 

breast cancer. Several ongoing studies with palbociclib (PAL-

LAS [NCT02513394]), ribociclib (EarLEE-1 [NCT03078751] 

and EarLEE-2 [NCT03081234]), and abemaciclib (monarchE 

[NCT03155997]) are comparing treatment with a CDK4/6 inhibitor 

plus endocrine therapy vs adjuvant endocrine therapy alone. T ese 

studies are enrolling patients with stage II or III disease to determine 

whether some patients at higher risk for recurrence may benef t 

from an adjuvant CDK4/6 inhibitor. If the results of these studies are 

positive, benef t for some patients will need to be balanced against 

the risks of overtreatment, as is the case with any adjuvant treatment; 

in addition, novel biomarkers of response could add value. 

CDK4/6 INHIBITORS FOR HR+ BREAST CANCER

KEY POINTS

 � The cyclin-dependent kinase 4 and 6 (CDK4/6) inhibitors 

palbociclib, ribociclib, and abemaciclib are approved by the 

US Food and Drug Administration for fi rst-line, second-line, 

and later-line treatment of patients with hormone receptor–

positive/human epidermal growth factor receptor 2–negative 

(HR+/HER2−) advanced breast cancer.

 � Effi cacy data do not support the use of one agent over another; 

however, their safety profi les differ somewhat and may help 

select among agents. 

 � There are several options for sequencing the CDK4/6 inhibitors 

with other therapies for HR+/HER2− advanced breast cancer.

 � Next steps for CDK4/6 inhibitors include fi nding predictive bio-

markers beyond the estrogen receptor, determining whether 

to continue these agents beyond disease progression, creating 

novel combinations with other treatments, and using them for 

indications other than HR+/HER2− advanced breast cancer.
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CDK4/6 inhibitors for HR+/HER2+ advanced breast 

cancer

Preclinical data suggest that combining a CDK4/6 inhibitor with 

anti-HER2 therapy may be ef ective in this setting.[29] Ongoing 

clinical trials with palbociclib (PATRICIA [NCT02448420], PATI-

NA [NCT02947685]), ribociclib (NCT02657343), and abemaciclib 

(monarcHER [NCT02675231]) are all examining the benef t of a 

CDK4/6 inhibitor added to HER2-directed therapy or HER2-direct-

ed therapy and endocrine therapy for patients with HR+/HER2+ 

advanced breast cancer. 

Conclusion

T e CDK4/6 inhibitors palbociclib, ribociclib, and abemaciclib are 

rapidly changing the treatment paradigm for patients with HR+/

HER2− advanced breast cancer. T ey have demonstrated meaning-

ful improvement in PFS when used for f rst- or later-line therapy, 

although OS data are still immature. All three CDK4/6 inhibitors 

appear to have equivalent ef  cacy; their somewhat dif erent safety 

prof les may favor use of one over another in particular patients. We 

provide a possible framework that clinicians can use to sequence the 

CDK4/6 inhibitors with existing therapies; future data will better 

guide this approach. Next steps include identifying biomarkers be-

yond the estrogen receptor to predict response, determining wheth-

er to continue CDK4/6 inhibitors af er disease progression, combin-

ing these agents with other therapies, and expanding their use into 

settings other than HR+/HER2− advanced breast cancer. �
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POINT/COUNTERPOINT

The Case for Abiraterone

T e treatment landscape for metastatic prostate can-

cer has changed considerably with the approval of 

several life-prolonging systemic therapies. Among 

the various agents approved since 2004 are tradi-

tional chemotherapeutic compounds (docetaxel and 

cabazitaxel), immunotherapy (sipuleucel-T), a bone-

targeted radiopharmaceutical (radium-223), and two 

novel androgen receptor (AR)-targeted therapies 

(abiraterone acetate and enzalutamide).[1] Docetaxel, 

the f rst chemotherapeutic agent to show a survival 

advantage in metastatic castration-resistant prostate 

cancer (CRPC), became the standard nonhormonal 

treatment in this setting.[2] In addition, two recent 

placebo-controlled randomized phase III trials re-

ported signif cantly improved metastasis-free survival 

in patients with nonmetastatic CRPC: the SPARTAN 

study,[3] which led to US Food and Drug Administra-

tion (FDA) approval of the AR-targeted drug apalut-

amide, and the PROSPER study,[4] which led to the 

approval of enzalutamide in this setting. 

In 2005, the Eastern Cooperative Oncology Group 

initiated a trial comparing standard androgen depri-

vation therapy (ADT) with or without 6 cycles of 

docetaxel in patients with metastatic hormone-sensi-

tive prostate cancer (HSPC; the CHAARTED study). 

In a recent updated analysis with a median follow-up 

time of 53.7 months, the group reported a median 

overall survival (OS) for the combined treatment arm 

of 57.6 months compared with 47.2 months for ADT 

alone (hazard ratio [HR], 0.72; 95% CI, 0.59–0.89; 

P = .0018).[5] Subgroup analysis indicates that this 

survival benef t is signif cant primarily in the group 

of patients (513 patients) with high-volume disease, 

def ned as presence of visceral metastases and/or 4 
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In the modern era of cytotoxic chemotherapy for com-

mon solid tumors, advanced prostate cancer came late 

to the table. T e principal reason for this was the al-

ready established role of androgen deprivation thera-

py (ADT), with its near 100% chance of success and 

its contrastingly acceptable toxicity prof le, coupled 

with a philosophy of using “the most active and least 

toxic treatment f rst.” Although a role for chemothera-

py was eventually established in the treatment of men 

with advanced prostate cancer in whom ADT was 

failing,[1] it seemed counterintuitive to use it in men 

who retained sensitivity to the relatively benign inter-

vention of ADT. Initially establishing a niche among 

men in whom both ADT and docetaxel had failed, 

the new hormonal therapies abiraterone acetate and 

enzalutamide rapidly became a f rst-choice treatment 

for men with metastatic castration-resistant prostate 

cancer (CRPC), with most patients and physicians 

preferring to defer chemotherapy until abiraterone or 

enzalutamide had failed.[2-5] T is shif  occurred in 

the absence of any head-to-head trials comparing abi-

raterone or enzalutamide with docetaxel, and despite 

the substantially lower acquisition cost of docetaxel. 

In other words, patients and physicians made instinc-

tive decisions as to which drug was more suited to 

their needs during the predominantly asymptomatic 

or minimally symptomatic stage of the disease af er 

initial failure of ADT.

Despite this, it is still clear that, for most men with 

metastatic CRPC, there is benef t to be had from se-

quential use of docetaxel and abiraterone or enzalut-

amide. Until recently, for most men the preferred 

treatment pathway was ADT, followed by the addition 

of abiraterone or enzalutamide, and then docetaxel 

when this approach failed.
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or more bone lesions (≥ 1 appendicular lesions) (51.2 

months for the combined arm vs 34.4 months for 

ADT alone; HR, 0.63; 95% CI, 0.50–0.79; P < .001). 

In the 277 patients classif ed as having low-volume 

disease, the OS dif erence between the two arms was 

not signif cant—the median survival in these patients 

was 58.3 and 59.8 months for the combined and ADT-

alone arms, respectively. T e combined arm was supe-

rior with regard to secondary study endpoints, includ-

ing time to the development of castration resistance 

(either by prostate-specif c antigen or clinical progres-

sion) and time to clinical progression.[5] 

T e STAMPEDE trial[6] was started in 2005 to test 

the same chemohormonal hypothesis, and the results 

reported were similar to those of CHAARTED. T e 

STAMPEDE trial design also addressed the question 

of whether the addition of zoledronic acid would fur-

ther improve outcomes, which was eventually shown 

to not be the case.[6] With a median follow-up of 43 

months for 2,962 patients, the latest published report 

from STAMPEDE showed a signif cant OS dif erence 

in favor of the combined ADT + docetaxel arm (HR, 

0.78; 95% CI, 0.66–0.93; P = .006). T e median OS was 

81 months (range, 30 months to not reached) for the 

combined arm vs 71 months (range, 32 months to not 

reached) for the ADT-alone arm. T e combination 

arm also showed signif cantly improved failure-free 

survival. Toxicities observed in both CHAARTED 

and STAMPEDE included those previously reported 

with docetaxel and were mostly reversible. 

A third study (GETUG-AFU 15), involving only 

385 patients with mostly (> 50%) low-volume disease 

as def ned in the CHAARTED trial, reported an OS 

of 58.9 months vs 54.2 months for the combined and 

ADT-alone arms, which was not signif cant (medi-

an follow-up of 50 months).[7] Toxicities were again 

similar to those reported in the other two trials. 

More recently, two large prospectively random-

ized phase III studies[8,9] of patients with metastatic 

HSPC reported signif cant OS improvements with 

the addition of abiraterone to standard-of-care ADT. 

T e f rst (LATITUDE) was a placebo-controlled dou-

ble-blind study (abiraterone plus prednisone was 

blinded) that included 1,199 patients randomized to 

abiraterone + ADT (597 patients) or ADT alone (602 

patients). With a median follow-up of 30.4 months, 

28% of the patients had died in the abiraterone + ADT 

arm vs 39% in the ADT-alone arm, which represents 

a 38% lower risk of death with abiraterone use (HR, 

0.62; 95% CI, 0.51–0.76; P < .001).[8] 

In the second study (STAMPEDE—abiraterone 

segment), 1,917 men with metastatic or locally ad-

vanced prostate cancer were randomized to receive 

abiraterone + ADT or ADT alone. T e combination 

arm had a signif cant improvement in the 3-year sur-

vival rate (83% vs 76% in the ADT-alone arm; HR, 

0.61; 95% CI, 0.49–0.75).[9] Both studies also re-

ported impressive dif erences in failure-free and pro-

gression-free survival, favoring the abiraterone arms. 

Toxicity was modest, especially when compared with 

docetaxel treatment. T e survival benef t favoring 

abiraterone was reported across all extent-of-disease 

subgroups in these two studies. 

T e data summarized herein strongly support 

the notion that the standard treatment for metastatic 

HSPC should no longer be ADT alone. While pre-

vious experience in HSPC patients using combined 

endocrine manipulations with f rst-generation an-

tiandrogens and older (less ef ective) chemothera-

py regimens did not result in clinical benef t of the 

magnitude reported with contemporary systemic ap-

proaches, it is clear that the biological heterogeneity 

of this disease at the time of metastatic presentation 

remains an important consideration for the design of 

future trials and underscores the need for additional 

rationally combined approaches based on biology. 

At the present time, the choice between the mo-

dalities that can be added to standard ADT remains 

a major challenge for patients and physicians alike. 

T e results of clinical trials indicate a remarkable sim-

ilarity in benef ts. While it is certainly true that tox-

icities are more severe with chemotherapy than with 

abiraterone, they are usually acute and reversible af-

ter treatment is discontinued. T e median follow-up 

time in the LATITUDE and STAMPEDE trials was 

less than 40 months.[8,9] In our opinion, additional 

follow-up information is necessary to properly eval-

uate adverse events with longer-term abiraterone plus 

prednisone use. It is possible that the chronic and in-

cremental testosterone suppression and inhibition of 

CYP17-lyase and hydroxylase caused by abiraterone 

and chronic (> 5 years) exposure to 10 mg of predni-

sone may further increase the incidence and severity 

of toxicities associated with this type of treatment, 

such as decreases in bone and muscle mass; fatigue; 

obesity; a variety of chronic metabolic abnormalities; 

and, most importantly, the potential risk of progres-

sive cognitive changes currently emphasized as a po-

tential complication of long-term ADT.[10]

Current knowledge of the biology of prostate 

cancer clearly supports the use of chemotherapy and 

abiraterone.[11-13] Prostate cancer is remarkably 

dependent on AR signaling, and while AR-targeted 

approaches are highly ef ective, the emergence of re-

sistance is predictable.[11,12] Drugs that further sup-

press intracrine androgen synthesis (abiraterone) and 
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novel AR antagonists (enzalutamide) result in signif-

icant benef ts following disease progression af er cas-

tration, supporting the notion that reactivation of AR 

signaling is an important mechanism of resistance to 

ADT. However, while the benef ts are clinically mean-

ingful, it is clear that they remain relatively short-

lived; most patients with metastatic CRPC develop 

resistance and eventually die of their disease. 

Prostate cancer is a biologically heterogeneous dis-

ease and includes various phenotypes that are variably 

sensitive to currently available AR antagonists, both as 

preexisting clones and emerging as a result of adapta-

tion to long-term AR selective pressure.[11-13] Data 

illustrate that with sequential administration of novel 

AR-targeted therapies for metastatic CRPC (enzalut-

amide af er abiraterone or vice versa), the second drug 

is only minimally ef ective, suggesting that clinically 

signif cant resistance emerges af er exposure to the 

f rst AR-targeted drug. In fact, across trials, experi-

ence indicates that there are greater benef ts with tax-

ane-based chemotherapy af er the f rst novel AR-tar-

geted drug is no longer ef ective.[12] T erefore, it 

remains possible that the early use of abiraterone, 

while ef ective in delaying progression, may at least 

partly negate subsequent benef ts of current AR-tar-

geted drugs at the time castration resistance develops.

T e lack of prospectively planned standardization 

of post-progression management of newly diagnosed 

metastatic HSPC patients represents a major chal-

lenge in the interpretation of all clinical trials de-

signed to employ survival as the primary endpoint. In 

the LATITUDE trial,[8] protocol treatment was un-

blinded at the time of f rst interim analysis, at which 

point 78% of patients in the ADT-alone arm and 53% 

in the ADT + abiraterone arm developed evidence of 

disease progression. Based on post-hoc assessments, 

only 11% of patients assigned to the ADT-alone arm 

received subsequent abiraterone treatment. T ir-

ty-four percent in the ADT + abiraterone arm and 

40% in the ADT-alone arm were reported to receive 

docetaxel af er disease progression. 

T e STAMPEDE study[6] represented a more 

complex multiarm, multistage platform design in 

which standardization of post-progression manage-

ment was not prospectively def ned. As in the LAT-

ITUDE study, post-progression management in the 

STAMPEDE trial was lef  to the discretion of the par-

ticipating treating physician. Twenty-two percent of 

patients in the ADT-alone arm received abiraterone 

af er progression; 37% in the ADT-alone arm and 

46% in the ADT + abiraterone arm received docetaxel. 

Based on these data, it may be argued that the bene-

f ts of initial combined treatment (ADT + abiraterone 

and prednisone) compared with sequential treatment 

(ADT followed by abiraterone and prednisone) need 

to be better def ned. Future trials should prospectively 

include crossover designs specif cally aimed at mini-

mizing the potential post-progression ef ects of other 

life-extending systemic treatments.[14] 

Finally, the availability and cost of treatments are 

critical points of consideration in treatment decision 

making. Docetaxel is a widely used drug available in 

many countries. A recent analysis of the economic 

burden[15] associated with the use of single-agent 

docetaxel in men with metastatic CRPC showed an 

average of $1,799 per patient. T e actual cost of each 

docetaxel cycle is approximately $1,700, while the cost 

for 1 month of treatment with abiraterone in the Unit-

ed States is approximately $10,000.[16] Abiraterone 

is now approved by the FDA for use in HSPC.[17,18]

In summary, at present the choice of chemohor-

monal therapy in metastatic HSPC can be supported 

biologically and clinically, primarily in patients with 

high disease burden as def ned by the CHAARTED 

study. While more signif cant, the toxicities associat-

ed with docetaxel are short-lived and mostly revers-

ible. Additionally, the overall economic burden of 

docetaxel treatment is substantially lower than that of 

treatment with abiraterone + prednisone. 

Research focusing on the identif cation of bio-

markers to facilitate patient and treatment selection, 

and on prospectively validated intermediate end-

points that correlate with survival, is urgently need-

ed to further build on the signif cant advances in the 

treatment of men with metastatic HSPC.�
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The evidence

Two large trials inform our understanding of the 

use of abiraterone (in combination with low-dose 

prednisone) predominantly in patients with new-

ly diagnosed advanced prostate cancer. Both trials 

completed accrual before docetaxel became standard 

treatment in this setting, and so both trials excluded 

men who had received prior docetaxel. 

LATITUDE was a multicenter, double-blind, ran-

domized, phase III trial conducted in 34 countries 

that compared abiraterone plus prednisone (5 mg 

once daily) with dual placebos in men with high-risk 

metastatic prostate cancer at the time of diagnosis. 

“High-risk” disease was def ned in this trial as two or 

more of the following three features: Gleason score ≥ 

8, ≥ 3 bone metastases, and/or visceral disease. T e 

coprimary endpoints were overall survival and radio-

graphic progression–free survival (rPFS).[6]

STAMPEDE is a multi-arm, multi-stage trial in 

men starting long-term ADT. As such, the trial has 

included multiple interventions in a group of men, 

which includes not only men presenting with meta-

static disease, but also men with high-risk locally ad-

vanced and recurrent prostate cancer. T e abiraterone 

comparison of STAMPEDE (arm G vs arm A) was an 

open-label trial comparing abiraterone plus predniso-

lone (5 mg once daily) with ADT alone. T e primary 

endpoint was overall survival, and failure-free sur-

vival (FFS; def ned, predominantly, as prostate-spe-

cif c antigen [PSA] progression) was a key secondary 

endpoint in the f nal analysis. For the purposes of this 

debate, I will focus on the subgroup of the 52% of pa-

tients who had metastatic disease at presentation.[7]

Both trials have yielded striking and similar re-

sults, with 38% and 39% reductions in the risk of 

death in LATITUDE and STAMPEDE, respective-

ly, in men with metastatic disease. Neither trial has 

achieved suf  cient follow-up to enable an estimate of 

the median survival gain, but informal extrapolation 

of the survival curves leads to an estimated median 

survival gain in excess of 20 months. T e true magni-

tude of the survival gain in LATITUDE may be com-

promised by crossover af er unblinding for those men 

who were still progression-free and receiving placebo. 

T ere was a very signif cant delay in rPFS in men 

receiving abiraterone in LATITUDE, with a 53% re-

duction in risk and a median improvement in rPFS of 

18.2 months. Routine scanning was not performed in 

STAMPEDE, and so rPFS was not calculated. Howev-

er, the risk of failure of any sort was reduced by 69% 

in those with metastatic disease who received abi-

raterone. In both trials, the tolerability of abiraterone 

was similar to what was seen in the metastatic CRPC 

setting, despite the lower dose of corticosteroids. 

Due to its unique design features, there was a brief 

period when patients entering the STAMPEDE trial 

were directly randomized between docetaxel and abi-

raterone. Although this was not a formally powered 

comparison, it of ers the only head-to-head data in 

this setting. T ere was no dif erence in overall survival 

between the two treatments (hazard ratio [HR], 1.16; 

95% CI, 0.82–1.65, in favor of docetaxel), although 

abiraterone was associated with a superior FFS (HR, 

0.51; 95% CI, 0.39–0.67). At 1 and 2 years, there was 

no dif erence in toxicity. T is analysis included pa-

tients with high-risk locally advanced disease.[8]

Treatment objectives for men with 

metastatic HSPC

Despite these recent advances, for most patients, 

metastatic prostate cancer remains a fatal condition. 

Patients’ expectations of treatment dif er from one 

patient to another, and so it is unlikely that a unif ed 

treatment pathway will be right for all men. While 

survival is important, many will trade survival time 

for quality of life, and most strive for treatment that 

prolongs the high-quality phase of their survival. 
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However, the months between diagnosis and f rst pro-

gression will, for most, be among the highest-quality 

months of the remainder of their lives. T is precious 

progression-free period is a time when most patients 

are enjoying a fully active and productive life. T ere-

fore, a major objective of treatment intensif cation in 

metastatic hormone-sensitive prostate cancer (HSPC) 

is the prolongation of progression-free survival.

Abiraterone is a more effective option in 

metastatic HSPC

T e data demonstrate that treatment with abiraterone 

achieves the objectives of prolonging both overall and 

progression-free survival to an extent rarely seen in 

solid tumor trials. T e common methodology used 

throughout the STAMPEDE trial permits high-quali-

ty indirect comparison. Docetaxel reduced the risk of 

FFS by 39%, compared with 69% for abiraterone.[9] 

Even in the undersized direct comparison, there was 

a signif cantly greater ef ect on FFS with abiraterone 

compared with docetaxel. T is seemingly greater ef-

fect of abiraterone may be explained by its direct ef ect 

on PSA transcription, resulting in a spurious exagger-

ation of the ef ect when compared with the less direct 

ef ects of docetaxel on PSA production. However, 

even with the more conservative measure of rPFS 

used in the LATITUDE trial, the magnitude of the 

benef t is greater than the ef ect on PSA-driven end-

points seen in the docetaxel comparisons of STAM-

PEDE, GETUG-AFU 15, and CHAARTED.[9-11] 

Indirect comparison of the ef ects on overall survival 

suggest that the 38% to 39% risk reduction observed 

with abiraterone is greater than the 23% reduction 

seen in the meta-analysis of the docetaxel trials.[12] 

Abiraterone is less toxic than docetaxel

T ere is no debate that, during treatment, docetaxel 

will be associated with a greater burden of toxicity 

and a higher risk of severe toxicity or death compared 

with abiraterone. T is analysis is simplistic, since it 

fails to take into account the very dif erent durations 

of therapy. Time from f rst to last dose of docetaxel is 

15 weeks, compared with the median duration of abi-

raterone, which, in the trials, was 24 to 33.2 months. 

However, mature experiences of prolonged use of 

abiraterone in the metastatic CRPC setting conf rm 

that the toxicity prof le is compatible with a stable and 

high quality of life, adding little to underlying ADT. 

Abiraterone is more broadly applicable 

than docetaxel

Real-life experience suggests that as many as 62% of 

men presenting with metastatic HSPC are not suitable 

for treatment with docetaxel.[13] Reasons include ex-

cessive comorbidity, reduced performance status, and 

patient choice. It is undoubtedly the case that many, if 

not most, of these men will be suitable for, and may 

wish to receive, abiraterone. Indeed, the higher pro-

portion of elderly and lower-performance-status men 

enrolled in the abiraterone trials compared with the 

docetaxel trials would support the position that abi-

raterone remains ef ective even in men who are less 

suitable for treatment with docetaxel. 

Abiraterone will prove to be more 

cost-effective

T e high cost of abiraterone when compared with 

the low acquisition cost of docetaxel is a clear factor 

against its use in 2018. However, even at this cost, giv-

en the sizable ef ect on overall survival and, more im-

portantly, the likely gain in quality-adjusted life-years 

(due to the high proportion of time gained in the 

pre-progression state), abiraterone is likely to demon-

strate good value in high-income healthcare systems, 

at least when compared with ADT alone. As patent 

expiries loom for abiraterone around the world, it will 

inevitably be the case that the price will drop very sub-

stantially in coming years, meaning that abiraterone 

may well become more cost-ef ective than docetaxel, 

despite the prolonged duration of therapy.

A future for metastatic HSPC

Despite their dif erences, the trials of abiraterone and 

docetaxel have irreversibly changed the way we view 

and treat metastatic prostate cancer, clearly demon-

strating that early intervention results in signif cantly 

superior outcomes. We can anticipate very rapid evo-

lution in this f eld: trials including sequential use of 

docetaxel and abiraterone or other androgen recep-

tor–targeted therapies, as well as the combination of 

enzalutamide and abiraterone, have already complet-

ed accrual in this setting, and emerging agents in met-

astatic CRPC will, in all likelihood, rapidly transition 

to the early phase of the disease. As we move into the 

era of precision medicine and genomics, it will inevi-

tably make sense to use such approaches at the time of 

initial diagnosis. In the meantime, many patients have 

a choice of treatments available to them, a choice that 

will be guided by their own expectations of treatment, 

as well as the dif ering prof les of the drugs.�
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Background
T e immune system can eliminate cancer, so strategies to increase 

antitumor immunity have emerged as a primary therapeutic ap-

proach for the treatment of melanoma. While the immune system 

is complex and multifaceted, therapeutic approaches to antitumor 

immunity have largely focused on T cells. T-cell immunity is con-

trolled by immune checkpoints. T ese are physiologic on/of  switch-

es that enable immune responses to potentially threatening antigens, 

while protecting the host from overzealous immune responses and 

autoimmunity.[1,2] For the treatment of melanoma, there are cur-

rently three checkpoint inhibitors that have been approved by the 

US Food and Drug Administration (FDA): ipilimumab, nivolumab, 

and pembrolizumab. T ese have two main targets: cytotoxic T-lym-

phocyte–associated antigen 4 (CTLA-4), which is targeted by ipilim-

umab, and programmed death receptor 1 (PD-1), which is targeted 

by nivolumab and pembrolizumab. All three of the approved check-

point inhibitors are widely used in clinical practice. 

Single-agent immune checkpoint inhibition has proved to be a 

successful strategy for the treatment of metastatic melanoma. Ipili-

mumab is also approved as adjuvant therapy for resected stage III 

disease. More recently, nivolumab was approved for adjuvant thera-

py based on an improvement in recurrence-free survival compared 

with ipilimumab in patients with resected stage IIIB, IIIC, or IV mel-

anoma. 

Despite the known ef  cacy of these agents, not all patients bene-

f t from single-agent immune checkpoint inhibitor therapy, prompt-

ing further investigation into whether combining immune check-

point inhibitors, either with each other or with other anticancer 

treatments, could improve outcomes. Combinations ideally should 

have complementary and not overlapping mechanisms of immune 

activation to maximize benef t and minimize toxicity.[3,4] 

While combinatorial approaches hold considerable promise, it is 

important that the potential added risk of toxicity with a proposed 

combination therapy not outweigh the added benef t.[5] In this ar-

ticle, we take a practical approach to understanding the role of com-

bination strategies for checkpoint inhibition in melanoma by exam-

ining data on the superiority of combinations vs single agents, and 

thereby trying to answer controversial questions of “which is bet-

ter.” We focus on clinically relevant therapeutic strategies for which 

clinical trial data are available. A number of other combinations are 

being actively investigated—such as those that involve indoleamine 

2,3-dioxygenase inhibitors or lymphocyte-activation gene 3—but  

these are not yet ready for the clinic due to the paucity of random-

ized data. T e Figure shows the mechanisms of action of the vari-

ous approaches we discuss. T e Table lists ongoing phase III clinical 

trials of combinations of immune checkpoint inhibition with other 

approaches. In the many areas where much remains unknown, we 

highlight key questions in the f eld and propose strategies for reme-

dying def ciencies in available knowledge. 

Ipilimumab Plus Anti–PD-1 vs Ipilimumab Alone 
vs Anti–PD-1 Alone 
CTLA-4 was the f rst immune checkpoint targeted for clinical in-

tervention. CTLA-4 is expressed on the surface of T cells and regu-

lates early activation, known as priming, of naive T cells during their 

f rst encounter with a tumor peptide, which is presented as part of 

the major histocompatibility complex by antigen-presenting cells in 

the draining lymph node.[6] Binding of CTLA-4 to its ligands on 

antigen-presenting cells inhibits T cells, so preventing this binding 

is one mechanism by which CTLA-4 blockade increases T-cell re-

sponses against tumors.[7] Ultimately, the anti–CTLA-4 monoclo-

nal antibody ipilimumab was shown to improve overall survival 
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(OS) in patients with advanced melanoma,[8] and ipilimumab was 

approved by the FDA for the treatment of metastatic melanoma in 

March 2011.

While CTLA-4 blockade functions primarily, though not exclu-

sively, in lymph nodes, PD-1 is thought to operate primarily with-

in the tumor microenvironment, where it decreases the activity of 

peripheral T cells. T erefore, anti–PD-1 therapy has a mechanism 

of therapeutic checkpoint inhibition that complements rather than 

overlaps that of CTLA-4 blockade. In a phase I clinical trial of the 

combination of ipilimumab and nivolumab at escalating doses in pa-

tients with melanoma, response rates were favorable compared with 

each agent as monotherapy. However, an increase in immune-relat-

ed adverse events (irAEs) with the combination compared with each 

agent as monotherapy was also reported.[9,10]

T e phase II CheckMate 069 study of 142 patients with advanced 

untreated melanoma, which compared ipilimumab (3 mg/kg) plus 

nivolumab (1 mg/kg) vs ipilimumab alone, demonstrated an objec-

tive response rate (ORR) of 61% for combination therapy vs 11% for 

ipilimumab alone in patients with BRAF wild-type melanoma.[11] 

T e risk of progression or death was reduced by 60% with combina-

tion therapy compared with ipilimumab alone (hazard ratio [HR], 

0.40; 95% CI, 0.22–0.71; P < .002). In a subsequent exploratory 

OS analysis af er a median of 24.5 months of follow-up, the 2-year 

OS rate in the ipilimumab + nivolumab arm was 63.8% (95% CI, 

53.3%–72.6%) vs 53.6% in the ipilimumab-alone arm (95% CI, 

38.1%–66.8%), and median 

OS was not yet reached in ei-

ther arm.[12] Grade 3/4 toxic-

ity was observed in 54% of pa-

tients treated with combination 

therapy and in 24% of patients 

treated with ipilimumab alone. 

Af er the superiority of the 

combination over ipilimumab in 

short-term endpoints (response 

rates and progression-free sur-

vival [PFS]) had been demon-

strated in CheckMate 069, the 

phase III trial (CheckMate 067) 

randomized 945 patients with 

advanced untreated melanoma 

to ipilimumab alone, nivolumab 

alone, or concurrent ipilimum-

ab and nivolumab.[13] ORRs 

for the ipilimumab, nivolumab, 

and combination arms were 

19%, 44%, and 58%, respective-

ly. An updated survival analysis 

was recently published, with a minimum of 36 months of follow-up; 

this showed that the median OS was 19.9 months for ipilimumab, 

37.6 months for nivolumab, and not yet reached for the ipilimumab 

+ nivolumab arm (HR for death with ipilimumab plus nivolumab vs 

ipilimumab alone, 0.55; P < .001).[14] T ree-year OS rates for ipili-

mumab, nivolumab, and combination therapy were 34%, 52%, and 

59%, respectively. T e study was not powered suf  ciently to com-

pare nivolumab alone against ipilimumab plus nivolumab. 

Again, this study demonstrated that improved ef  cacy with com-

bination therapy compared with ipilimumab alone comes with the 

detriment of higher toxicity. Grade 3/4 toxicity rates were 28.3% for 

ipilimumab, 16.3% for nivolumab, and 55% for combination thera-

py.[13] While 31% of patients receiving ipilimumab plus nivolumab 

stopped therapy because of adverse events (compared with 14.1% 

in the ipilimumab arm and 7.7% in the nivolumab arm), the ORR 

was 70% among those who discontinued therapy and median OS 

was not yet reached, raising questions about the optimal duration of 

combination immunotherapy.[15] 

Given the impressive ef  cacy yet ongoing concerns about in-

creased toxicity with the combination of checkpoint inhibitors tar-

geting CTLA-4 and PD-1, there is considerable interest in altering 

schedules and/or dosing of CTLA-4 blockade to try to minimize 

irAEs while maintaining ef  cacy.[16,17] Specif cally, altering the 

administration of ipilimumab by lowering the dose to 1 mg/kg in 

combination with anti–PD-1 therapy, or administering ipilimumab 

less frequently (ie, every 6 or 12 weeks), have been appealing strate-

gies. In one single-arm nonrandomized study of reduced-dose ipili-

mumab (1 mg/kg) with standard-dose pembrolizumab, the response 

rate appeared similar to that seen with standard-dose ipilimumab (3 

mg/kg) plus nivolumab (1 mg/kg). However, ipilimumab is known 

to have dose-dependent ef ects on OS that are not necessarily de-

pendent on response rates, given that 10 mg/kg of ipilimumab was 
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Table.  Ongoing Phase III Trials of Melanoma Combination Therapies 
Involving Immune Checkpoint Inhibitors

 Comparators ClinicalTrials.gov Identifi er

T-VEC + checkpoint inhibition

Pembrolizumab ± T-VEC NCT02263508

IDO inhibitor + checkpoint inhibition

Pembrolizumab ± epacadostat NCT02752074

Nivolumab ± BMS-986205 Upcoming

Pembrolizumab or nivolumab ± indoximod Upcoming

BRAF/MEK inhibition + checkpoint inhibition

Dabrafenib and trametinib ± PDR001 (patients with BRAF mutation) NCT02967692

Vemurafenib and cobimetinib ± atezolizumab (patients with BRAF 
mutation)

NCT02908672

Cobimetinib + atezolizumab vs pembrolizumab (patients with BRAF 
wild-type tumor)

NCT03273153

LAG-3 + checkpoint inhibition

Nivolumab ± relatlimab Upcoming

IDO = indoleamine 2,3-dioxygenase; LAG-3 = lymphocyte-activation gene 3; T-VEC = talimogene laherparepvec.
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recently shown to improve OS compared with 3 mg/kg, without an 

apparent dif erence in response rate or PFS.[18] T us, clinicians 

must be cautious when considering reduced dosing of ipilimumab 

in combination with an anti–PD-1 agent based on response rate 

endpoints alone. Randomized trials with longer-term follow-up are 

needed to assess the true ef  cacy of these modif cations.[19]

In summary, ipilimumab plus nivolumab is clearly superior to 

ipilimumab alone, but the question of whether combination ipili-

mumab plus nivolumab is superior to nivolumab alone remains 

a dif  cult dilemma for clinicians who must decide between these 

treatments for their patients. T e exploratory data that demonstrate 

the highest ef  cacy for the combination are intriguing, but this ad-

vantage comes at the cost of higher toxicity, requiring appropriate 

patient selection and counseling. 

Unfortunately, no biomarker has been shown to be specif cally 

predictive of treatment benef t from nivolumab plus ipilimumab 

compared with nivolumab (or pembrolizumab) alone.  Nonetheless, 

testing for tumor programmed death ligand 1 (PD-L1) expression 

and mutational burden have been explored as potential predictive 

indicators of response to immunotherapy—with PD-L1 positivity 

and high mutational burdens being favorable for better outcomes.

[20] Despite some exploratory signals that the relative benef ts of 

nivolumab plus ipilimumab compared with nivolumab alone were 

greatest in patients who were def ned as PD-L1–negative, a statisti-

cal test for interaction was not positive, suggesting that PD-L1 neg-

ativity is not statistically predictive of treatment benef t from com-

bination immunotherapy compared with single-agent anti–PD-1 

therapy.[13] Data for tumor mutational burden have not yet been 

reported in the setting of nivolumab plus ipilimumab. T erefore, 

while the hypotheses are provocative that perhaps patients with PD-

Figure. Mechanisms of Action of Immunotherapies Used in the Treatment of Melanoma.

APC = antigen-presenting cell; CTLA-4 = cytotoxic T-lymphocyte–associated antigen 4; GM-CSF = granulocyte-macrophage 
colony-stimulating factor; IDO = indoleamine 2,3-dioxygenase; LAG-3 = lymphocyte-activation gene 3; MHC = major histo-
compatibility complex; PD-1 = programmed death receptor 1; PD-L1 = programmed death ligand 1; TCR = T-cell receptor; 
T-VEC = talimogene laherparepvec.
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L1–negative tumors or those with low mutational burden may de-

rive greater benef t from nivolumab plus ipilimumab compared with 

single-agent anti–PD-1 therapy, the data are not strong enough to 

recommend using these markers to guide clinical practice.  

Special considerations may be warranted for certain subgroups 

of patients. One example is patients with mucosal melanoma, who 

are generally believed to have a poor prognosis.[21] A pooled anal-

ysis of patients with mucosal melanoma (N = 86) who received 

ipilimumab plus nivolumab or nivolumab alone in a clinical trial 

was recently published.[22] Of these patients, the median PFS was 

2.7 months in the ipilimumab arm, 3.0 months in the nivolumab 

arm, and 5.9 months in the combination arm. Combination immu-

notherapy response rates appeared lower in patients with mucosal 

melanoma (37%) than in patients with cutaneous melanoma (60%). 

Patients with mucosal melanoma had a response rate of 37% for 

combination immunotherapy vs a response rate of 23% for therapy 

with nivolumab alone. Notably, this absolute dif erence of 14 per-

centage points approximates the absolute dif erence in response rate 

between combination immunotherapy and nivolumab monothera-

py seen in cutaneous melanoma.  T ese data suggest that the choice 

of the combination of nivolumab plus ipilimumab for a patient with 

cutaneous melanoma should be largely based on the higher response 

rate and cannot simply be made based on the histology of the under-

lying melanoma subtype. 

Similarly, particular attention has been paid to the ef  cacy of 

nivolumab plus ipilimumab in patients with brain metastases. At 

the American Society of Clinical Oncology (ASCO) 2017 Annual 

Meeting, data were presented from two phase II trials. One study 

consisted of 50 patients with asymptomatic melanoma brain me-

tastases who had not received prior local brain therapy or immune 

checkpoint blockade.[23] Patients were randomized to ipilimumab 

plus nivolumab vs nivolumab alone. While not powered for a statis-

tical comparison of OS, the 6-month OS rate was 59% for nivolumab 

alone vs 76% for ipilimumab plus nivolumab, suggesting an advan-

tage to combination therapy for patients with intracranial metasta-

ses. Data from the CheckMate 204 study were also presented at the 

2017 ASCO Annual Meeting; these demonstrated an intracranial 

ORR of 56% with the combination of ipilimumab plus nivolumab.

[24] Although these are small studies, and longer-term follow-up 

with more patients is needed, these data suggest impressive ef  cacy 

for the combination of ipilimumab plus nivolumab in patients with 

brain metastases. In our practice, we generally prefer combination 

immunotherapy over single-agent anti–PD-1 therapy for patients 

with multiple brain metastases who are not candidates for stereotac-

tic radiosurgery (SRS). 

Most important to the choice of combination immunotherapy 

in any setting, however, is that patients are perceived to be capable 

of handling the possibility of irAEs and consequent treatment with 

corticosteroids. Patients who do not have supportive caregivers or 

who are perceived as having dif  culty communicating with the care 

team may not be good candidates for combination immunotherapy, 

since management requires close communication and may neces-

sitate adherence to immunosuppressive treatment regimens in the 

event of signif cant toxicity.  Because the 3-year OS rates of nivolum-

ab plus ipilimumab and nivolumab alone are similar, single-agent 

anti–PD-1 therapy remains an appropriate choice for many patients 

and is the standard control arm of most randomized clinical trials. 

GM-CSF Plus Ipilimumab vs Ipilimumab Alone
 Granulocyte-macrophage colony-stimulating factor (GM-CSF) is a 

cytokine naturally secreted by macrophages, T cells, mast cells, nat-

ural killer cells, endothelial cells, and f broblasts to stimulate stem 

cells to produce granulocytes and monocytes. T e monocytes sub-

sequently mature into macrophages and dendritic cells. From an 

oncologic perspective, GM-CSF augments the ability of dendritic 

cells to present antigen to lymphocytes, thereby boosting the anti-

tumor activity of T- and B-lymphocytes.[25,26] Hodi and colleagues 

conducted a phase II randomized clinical trial in 245 patients who 

had advanced melanoma that had progressed on at least one pri-

or therapy. Patients were randomized to receive either ipilimumab 

(10 mg/kg) plus sargramostim (GM-CSF; 250 μg subcutaneously on 

days 1–4 of a 21-day cycle) or ipilimumab (10 mg/kg) alone.[27] At 

a median follow-up of 13.3 months, median OS in the ipilimumab 

+ sargramostim group was 17.5 months (95% CI, 14.9 months–not 

reached) vs 12.7 months in the ipilimumab-alone arm (95% CI, 10.0 

months–not reached; P = .01). Grade 3–5 toxicity was signif cantly 

lower in the ipilimumab + sargramostim arm than in the ipilim-

umab-alone arm (P = .04). Although follow-up time was short, this 

study provided the f rst evidence of an OS advantage with combina-

tion immunotherapy. T e toxicity data are also reassuring. Despite 

the positive f ndings from incorporating GM-CSF into treatment 

with high-dose ipilimumab, this trial’s f ndings have not led to sig-

nif cant clinical use of GM-CSF with CTLA-4 blockade. Reasons for 

the limited uptake may be related to the dif  culty of GM-CSF ad-

ministration and the increase in use of the ipilimumab + anti–PD-1 

combination at around the same time that the GM-CSF + ipilim-

umab combination data became available. Clearly, additional larger 

studies are needed with longer follow-up before conclusive recom-

mendations can be made about the use of GM-CSF in addition to 

checkpoint blockade. 

Checkpoint Inhibition Plus Talimogene 
Laherparepvec vs Checkpoint Inhibition Alone
Talimogene laherparepvec (T-VEC) is an oncolytic virus derived 

from herpes simplex virus type 1 that is FDA-approved for the treat-

ment of advanced melanoma. It is the f rst oncolytic virus to pro-

duce meaningful clinical benef t in a randomized clinical trial for 

patients with solid tumors.[28] Administration of oncolytic viruses 

in patients with melanoma enhanced tumor antigen–specif c T-cell 

response and abrogated the immunosuppressive function of regula-

tory  T cells, suppressor CD8+ T cells, and myeloid-derived suppres-

sor cells, providing a rationale for exploring T-VEC in combination 

with checkpoint inhibition.[29,30] Data were recently presented 

from an open-label, randomized phase II trial of 198 patients with 

advanced, unresectable stage IIIB–IV melanoma with injectable tu-

mors who were given ipilimumab (3 mg/kg) with or without T-VEC.

[31] T e ORR was 38.8% for T-VEC plus ipilimumab vs 18.0% for 

ipilimumab alone (P = .002). In total, 28% of patients who received 

T-VEC plus ipilimumab and 18% of patients who received ipilim-

umab alone had grade 3/4 toxicity. T ese results are quite promising, 

MELANOMA COMBINATION CONTROVERSIES
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and additional data are expected that will further inform decisions 

about this combination. Given the higher response rate and no ob-

viously increased toxicity for the T-VEC + ipilimumab combination, 

for patients with unresectable or metastatic melanoma who have in-

jectable lesions and for whom treatment with ipilimumab is appro-

priate, we favor combining ipilimumab with T-VEC, although we 

acknowledge this is not an approved combination.

T-VEC has also been studied in combination with anti–PD-1 

therapy, including in a recently reported phase Ib trial with pem-

brolizumab that demonstrated a 62% conf rmed response rate in pa-

tients with injectable melanoma lesions and advanced disease.[32] 

Despite this promise in a nonrandomized study, randomized data 

for T-VEC plus pembrolizumab are needed; a phase III randomized 

trial of pembrolizumab with or without T-VEC is ongoing (Clinical-

Trials.gov identif er: NCT02263508). 

Chemotherapy Plus Ipilimumab vs Ipilimumab 
Alone vs Chemotherapy Alone
Although traditionally viewed as immunosuppressive, chemother-

apy can potentiate release of antigen and pro-inf ammatory dam-

age-associated molecular patterns, which in theory could be used 

to increase the ef  cacy of immune checkpoint blockade.[33] How-

ever, experience with this approach in melanoma has been limited 

to date. A randomized phase II trial of 72 patients with unresectable 

metastatic melanoma who had not received previous chemotherapy 

evaluated ipilimumab (3 mg/kg) plus dacarbazine (250 mg/m2/d) 

vs ipilimumab alone.[34] T e combination arm had a higher ORR 

(14.3% vs 5.4%), but this dif erence was not statistically signif cant, 

probably because of the small number of patients in this study. Also, 

the response rate for the combination does not appear dif erent from 

that seen with ipilimumab alone in other studies. To date, follow-up 

studies have not been conducted to determine whether adding che-

motherapy to immune checkpoint blockade would be better than 

immune checkpoint blockade alone in melanoma.

A phase III trial of 502 patients randomized to higher-dose ip-

ilimumab (10 mg/kg) plus dacarbazine (850 mg/m2) vs dacarbazine 

alone showed improved OS in the combination arm (11.2 months vs 

9.1 months; HR, 0.72; P < .001).[35] As expected, grade 3/4 toxicity 

was increased in the combination arm (56.3% vs 27.5%; P < .001). 

T e response rate in the ipilimumab + dacarbazine arm was 15.2%, 

similar to the published response rates for ipilimumab monothera-

py. T e trial did not compare the combination against ipilimumab 

alone. For this reason, and given the higher toxicity of this combina-

tion compared with ipilimumab monotherapy, this combination is 

not generally recommended for clinical use. 

MAP Kinase Pathway–Directed Targeted Therapy 
Plus Immune Checkpoint Inhibition vs Targeted 
Therapy Alone
For melanoma that harbors a BRAF mutation, small molecules that 

target the combination of BRAF and MEK have become standard 

of care. FDA-approved BRAF inhibitors include dabrafenib and 

vemurafenib, and the approved MEK inhibitors are trametinib and 

cobimetinib. One of the tenets of combination strategies is that each 

agent should address a separate mechanism of antitumor action. 

T us, combining BRAF/MEK inhibition with immunotherapy is an 

intriguing approach to improving ef  cacy and durability of response. 

Additionally, preclinical experiments indicated that treatment with 

BRAF inhibitors could increase antigen presentation and T-cell acti-

vation and proliferation.[36,37] Inhibition of CTLA-4 enhanced this 

ef ect in preclinical models.[38] However, both strategies can cause 

dermatologic and hepatic toxicities. 

Unfortunately, the f rst report of such a combination, a phase I 

study of vemurafenib (960 mg orally twice daily) plus concurrent 

ipilimumab (3 mg/kg) in patients with metastatic BRAF V600–mu-

tated melanoma, showed signif cant dose-limiting hepatotoxicity 

as well as rash.[39] T ese ef ects persisted at a lower dose of vemu-

rafenib (720 mg twice daily), and thus the trial was closed to accrual. 

It is noteworthy that all aminotransferase levels were reversible with 

discontinuation of the agents and/or treatment with glucocorticoids. 

Sequential dosing, with administration of ipilimumab followed by 

vemurafenib, also caused severe skin toxicity, providing additional 

evidence of increased toxicity when these agents are given in prox-

imity.[40] In a subsequent study, triple therapy with ipilimumab plus 

dabrafenib plus trametinib resulted in colitis followed by intestinal 

perforation in 2 of 7 patients.[41] T e results of these studies have di-

minished enthusiasm for combining ipilimumab with MAP kinase 

pathway inhibitors. 

PD-1/PD-L1 inhibitors are likely to be better combinatorial part-

ners with BRAF and MEK inhibitors. At the 2017 ASCO Annual 

Meeting, data were presented on the combination of the PD-L1 in-

hibitor atezolizumab plus cobimetinib plus vemurafenib in BRAF 

V600–mutant metastatic melanoma.[42] Of 34 treated patients, 15  

(44.1%) had grade 3/4 adverse events; 3 had to discontinue treatment 

because of transaminitis, and 1 patient discontinued treatment be-

cause of rash. At the time of the meeting, the ORR was 85.3%. While 

these data are promising, high response rates can be seen with the 

KEY POINTS

 � Ideal combinations should have complementary—not overlap-

ping—mechanisms of immune activation to maximize benefi t 

and minimize toxicity.

 � Ipilimumab + nivolumab is clearly superior to ipilimumab 

alone, but the superiority of the combination compared with 

nivolumab alone is not clearly established. The risk of toxicity 

is signifi cantly higher with combination therapy. We favor 

using ipilimumab + nivolumab in patients with multiple brain 

metastases who are not candidates for stereotactic radiosur-

gery, patients with mucosal melanoma, and those patients 

who are well enough. 

 � At this time, there are insuffi cient data to recommend the 

combination of checkpoint inhibitors + BRAF/MEK inhibition.

 � While there is not clear evidence for improved effi cacy with 

radiation therapy + checkpoint blockade, data suggest that 

the combination is safe, so concurrent treatment is reasonable 

to pursue when both modalities are independently indicated. 
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combination of BRAF + MEK inhibitors without immunotherapy, 

and the true question remains how much the addition of anti–PD-1/

PD-L1 immunotherapy increases the duration of response. Clearly, 

data from ongoing randomized studies with longer follow-up are 

needed to determine the safety and ef  cacy of these combinations. 

Concurrent Immune Checkpoint Inhibition Plus 
Radiation Therapy vs Immune Checkpoint 
Inhibition Alone
In addition to the systemic therapies discussed previously, radiation 

therapy (RT) is a mainstay of treatment for metastatic melanoma. 

Nearly half of patients with metastatic melanoma receive RT during 

their treatment, with palliative intent—to either relieve symptoms or 

prevent more serious complications (eg, impending cord compres-

sion, enlarging intracranial metastases). Because increasing num-

bers of patients are receiving immunotherapy, it is critical to under-

stand the interactions between immune-based approaches and RT. 

T e role of RT in the era of immunotherapy for melanoma con-

tinues to evolve. For decades, scientists in the f eld of radiation biol-

ogy have studied the abscopal ef ect, in which systemic ef ects in the 

nonirradiated f eld are observed following treatment with local RT. 

While radiation is generally thought to be immunosuppressive as a 

result of toxic ef ects on hematopoietic cells, studies have demon-

strated that high-dose radiation causes tumor cell necrosis, releas-

ing tumor-associated antigens that potentiate a systemic immune 

response.[43] Additionally, radiation has been shown to increase 

CD8+ T-cell inf ltration, increase antigen presentation to dendritic 

cells, and promote pro-inf ammatory cytokine signaling.[44,45] T e 

mechanistic details of the interaction between RT and systemic im-

munity are reviewed elsewhere, and there is preclinical evidence to 

support the combination of RT with immunotherapy.[46,47] Here, 

we focus on available clinical data in melanoma. 

Extracranial irradiation

T e f rst prospective trial to evaluate checkpoint inhibition plus RT 

was a phase I trial of 22 patients with metastatic melanoma who 

were treated with RT targeting bone, liver, lung, and subcutaneous 

metastases, followed by ipilimumab (3 mg/kg).[48] Response rates 

and toxicity were similar to those seen in historical controls treated 

with ipilimumab monotherapy, suggesting that RT did not enhance 

the ef  cacy of ipilimumab in this setting. 

In a separate pilot trial of 22 patients with metastatic melanoma, 

another group of investigators treated patients with ipilimumab (3 

mg/kg) followed by RT within 5 days of the f rst dose of ipilimumab.

[49] T e median OS in this trial was 13.8 months, and nonirradiat-

ed tumor shrinkage was noted in 6 patients. Whether the shrink-

age of nonirradiated tumors was purely attributable to ipilimumab 

alone (without RT) remains unknown, as nonrandomized studies 

are unable to assess for abscopal responses. Again, no added toxicity 

was seen above that expected from the individual therapies. To date, 

there has not been a randomized trial of ipilimumab with or without 

RT to def nitively address whether the combination is superior to 

ipilimumab alone. We therefore cannot support adding RT to ipilim-

umab purely in hopes of eliciting an abscopal response.  However, if 

a patient needs RT anyway, it appears safe to add RT to ipilimumab.

Anti–PD-1 therapy in combination with RT is also being ex-

plored. To date, no prospective clinical trial data are available. T ere 

are many ongoing clinical studies testing the combination of RT plus 

anti–PD-1 therapy (with or without additional ipilimumab; eg, Clin-

icalTrials.gov identif er: NCT02659540). At this time, there still are 

no prospective data that suggest adding RT to immune checkpoint 

inhibition improves the ef  cacy of checkpoint inhibition alone. 

Intracranial irradiation

Over half of all patients with metastatic melanoma will develop brain 

metastases, and the majority of these metastases are of en treated 

with SRS. Whether SRS enhances the ef  cacy of immune checkpoint 

inhibition for brain metastases is therefore an active area of interest. 

Since immunotherapy has ef  cacy in this patient population, there 

is controversy about adding SRS to the treatment regimen in these 

patients, making studies of SRS and immunotherapy especially im-

portant. Reports of combinations of immunotherapy with SRS are 

increasing, and the toxicity level is generally believed to be accept-

able.[46] One group of investigators has reported biopsy-conf rmed 

symptomatic necrosis of the brain following SRS and ipilimumab, 

but conclusions cannot be drawn from isolated case reports.[50] 

Some retrospective analyses of patients who received the com-

bination of ipilimumab plus SRS show improvements in OS with 

combination therapy compared with SRS alone, but others have not 

demonstrated the same improvement.[51-53] Additionally, in the 

patients with improved survival, it is unclear whether this improve-

ment is simply a byproduct of the ef  cacy of systemic immunother-

apy or a result of the combination approach.[54] In our practice, giv-

en safety data that generally indicate that SRS with immunotherapy 

has an acceptable toxicity prof le, if a patient needs SRS and immu-

notherapy, we feel both are reasonable to pursue. 

Conclusions
Advances in immunotherapy and the approval of immune check-

point inhibitors have revolutionized the treatment of metastatic 

melanoma, but not all patients benef t from monotherapy with an 

immune checkpoint inhibitor. To overcome this, complementary 

combinations of immunotherapy are increasingly being explored as 

a strategy to improve outcomes. We have highlighted the combina-

tion strategies that have been studied in prospective trials and have 

attempted to identify clinical scenarios that would favor treatment 

with combination therapy. However, with so many potential com-

binatorial strategies, identifying optimal approaches and obtaining 

randomized data are paramount to maximize benef t and minimize 

toxicity. To maximize ef  ciency, cost-ef ectiveness, and potential 

benef t to patients, novel clinical trial designs are needed to explore 

the growing array of new immunotherapy combinations. � 
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Introduction
Adjuvant endocrine therapy is the standard of care 

for women with estrogen receptor– and progesterone 

receptor–positive breast cancers. Endocrine therapies 

include aromatase inhibitors (AIs), such as the non-

steroidal compounds letrozole and anastrozole and 

the steroidal compound exemestane. All three AIs 

have comparable benef ts and side ef ect prof les. T e 

selective estrogen receptor modulator tamoxifen has 

anticancer activity in pre- and postmenopausal wom-

en. While AIs only have anticancer activity in post-

menopausal women, they are superior to tamoxifen at 

reducing the risk of recurrence and improving overall 

survival.[1-3]

AIs and tamoxifen require long-term daily self-

administration of oral medications for 5 years, and in 

some cases, 10 years. However, up to 28% of wom-

en in clinical trials, and as many as 73% in commu-

nity practice settings, prematurely discontinue these 

drugs.[4-6] AI adherence in particular is suboptimal, 

ranging from 50% to 91% over 5 years of therapy,[6] 

and only 40% to 60% of women complete the recom-

mended course of AIs.[7-9] A consequence of nonad-

herence and discontinuation is an increase in breast 

cancer mortality.[8-10]

Medication “adherence” is synonymous with med-

ication “compliance.” Adherence is measured over 

time and reported as a percentage.[11] T e preference 

for “adherence” over “compliance” is due to the for-

mer term’s less harsh and judgmental connotations 

regarding patients’ behavior.[12] Persistence is the 

duration of time from initiation to discontinuation of 

therapy, and is a continuous variable referring to the 

duration of treatment.[11,12] Persistence is a specif c 

aspect of adherence. 

T ere are several ways to measure adherence. One 

method is to review prescription ref ll data and the 

medication possession ratio (MPR). T e MPR is the 

ratio of total days of medication divided by the entire 

duration of days that the drug is prescribed for, with 

adherence def ned as > 80%.[8] Another method of 

measuring adherence is to use patient-reported data, 

which may take into account behaviors and experi-

ences. T e most straightforward and reliable way to 

measure adherence is to ask the patient if she is taking 

the medication.

Risk Factors Leading to Treatment 
Nonadherence and Discontinuation 
T ere are many independent risk factors for treat-

ment nonadherence and discontinuation, including 

adverse ef ects; disease stage; use of chemotherapy (ie, 

taxanes); comorbidities; demographic features such 

as age, lower socioeconomic status, and race; and 

psychosocial factors such as quality of life, emotion-

al distress, attitude toward therapy, and perception of 

self-ef  cacy.[13-16]

Adverse ef ects are the most common reason for 

nonadherence to and discontinuation of endocrine 

therapy. A survey of 538 women with early-stage 
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breast cancer receiving endocrine treatments found 

that 18% of women discontinued therapy within 5 

years, and 94% of them experienced adverse ef ects. 

Among those who discontinued AIs, two-thirds re-

ported that they “did not like the adverse ef ects.”[15] 

Importantly, about 25% of the women in this study 

discontinued treatment without consulting a medical 

provider, thus missing an opportunity for guidance or 

shared decision making.

Adverse Effects of Endocrine Therapy 
T e adverse ef ects of endocrine therapy include hot 

f ashes, vaginal dryness, dyspareunia, osteoporosis, 

and arthralgia/myalgia. For many of these side ef ects, 

there are proven interventions, including venlafaxine 

or gabapentin for hot f ashes; vaginal moisturizers, de-

hydroepiandrosterone, the intravaginal laser MonaLi-

sa Touch, and minimal doses of intravaginal estrogens 

for dyspareunia or vaginal dryness; and vitamin D 

and calcium supplementation, bisphosphonates, and 

denosumab for osteoporosis and osteopenia. Here, we 

will focus on arthralgia and myalgia, because mitigat-

ing these symptoms can prove especially challenging.

Arthralgia and myalgia are the most common 

side ef ects of AI treatment and contribute the most 

to nonadherence and discontinuation. T e preva-

lence of AI-induced arthralgia is 50% (range, 20% to 

73%).[17] Some studies combine data on arthralgia 

and myalgia, referring to the two together as ‘mus-

culoskeletal symptoms.’[18] We have followed this 

practice here, using the term ‘AI-induced arthralgia’ 

to encompass myalgia as well. In one study of women 

with early-stage breast cancer receiving an adjuvant 

AI, more than half of those who discontinued treat-

ment reported grade 2/3 arthralgia as the reason.[19] 

T e primary criteria def ning AI-induced ar-

thralgia are: 

•   Joint pain develops or worsens while a patient is 

taking an AI.

•   If the AI is stopped for 3 weeks, the joint pain goes 

away. When the AI is subsequently restarted, the 

joint pain returns.[20]

Minor criteria include:

• T e joints are af ected symmetrically.

•   T e patient complains of pain in the hands or 

wrists, carpal tunnel syndrome, and/or decreased 

grip strength.

•  Joint stif ness is worse in the morning.

•  Exercise improves symptoms. 

AI-induced arthralgia tends to occur soon af er 

initiating treatment with an AI, with a median on-

set of 1.6 months (range, 0.4 to 10 months).[20] T e 

mechanism(s) of AI-induced arthralgia are not en-

tirely understood.[21] MRI f ndings show tenosyno-

vitis with enhancement and thickening of the tendon 

sheaths, consistent with an inf ammatory process.[22]

Our Approach to Maximizing 
Treatment Adherence to AI Therapy 
In clinical practice, the biggest challenge of treating 

hormone receptor (HR)-positive breast cancer pa-

tients is helping them maintain adherence and com-

plete the prescribed course of AI treatment. Some 

of the questions that clinicians of en struggle with 

include: How do you know that the patient receiv-

ing an AI is experiencing AI-induced arthralgia, and 

what distinguishes it from osteoarthritis? What are 

the proven interventions for AI-induced arthralgia? 

Finally, what is the role of the healthcare provider in 

increasing adherence and decreasing discontinuation 

rates? Our experience mirrors the literature.[23]

Before starting AI therapy, weight management 

and increasing physical activity should be part of the 

routine care of every woman with breast cancer. Obe-

sity increases breast cancer mortality, and increasing 

physical activity (ie, from being sedentary), though 

not proven, may decrease breast cancer mortality. 

Increasing physical activity has a wealth of benef ts 

beyond breast cancer, and may mitigate AI-induced 

arthralgia. It is beyond the scope of this article to 

discuss the ‘teachable moment’[24] and the ways to 

ef ect behavior modif cation. However, three points 

are worth mentioning. T e f rst point is that women 

receiving AIs desire information from their oncology 

provider about AI-induced arthralgia, and are more 

likely to increase physical activity if their oncologists 

recommend it.[25] Second, if AI-induced arthralgia 

occurs, despite maintaining optimal physical activity, 

there are approaches to mitigate it. Finally, it should 

be noted that there is a placebo ef ect in all interven-

tion trials. For example, as many as 50% of women 

reported improvements in joint pain while receiving 

a placebo in a randomized placebo-controlled tri-

al of omega-3 fatty acids for AI-induced arthralgias.

[26] From the patient’s point of view, it doesn’t matter 

whether it’s a therapeutic ef ect of an intervention or 

the placebo ef ect, as long as it relieves the joint pain.

Typically, we start endocrine treatment with the 

nonsteroidal compound anastrozole. If the patient 

has any preexisting arthritis, we note the sites of joint 

pain. As discussed previously, we describe the rela-

tively rapid onset of AI-associated joint pain, and its 

typical pattern of af ecting the joints symmetrically. 

To assess adherence, we directly ask the patient if she 

is taking her medication.[27] 

If new joint symptoms appear while a patient is 
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taking an AI, do not respond to over-the-counter 

medications, and are of suf  cient magnitude to af ect 

activities of daily living, we recommend stopping the 

AI for 2 to 4 weeks. If the joint pain persists, it is not 

likely related to the AI. If the joint pain improves, we 

recommend a rechallenge with the same AI. If the 

joint pain reoccurs, then a causal relationship between 

the particular AI and the joint pain is established.

One of the simplest and most ef ective interven-

tions is switching from one AI to another or to tamox-

ifen[28,29]; about one-third of women who switch to 

another AI can tolerate the second AI for a median 

of nearly 14 months (range, 3 to 39 months).[30] For 

example, we would switch to the steroidal compound 

exemestane if anastrozole causes intolerable side ef-

fects. If exemestane results in joint pain, and rechal-

lenge provokes the same joint pain, we would typically 

try tamoxifen in women for whom there are no abso-

lute contraindications to this drug.

T ere are several recent systematic reviews of 

other interventions, including high-dose vitamin D
3
 , 

omega-3 fatty acids, duloxetine, acupuncture, aero-

bic and resistance exercise training, yoga, and tai chi.

[18,31] Many of the intervention trials have method-

ological problems, including small sample sizes, the 

inclusion of only retrospective or prospective cohorts, 

the use of dif erent entry criteria for baseline level 

of joint pain, and the use of dif erent instruments to 

measure the primary endpoint of joint pain, as well as 

secondary endpoints.

T e results of acupuncture trials and exercise inter-

ventions, as well as studies on vitamin D
3
, are mixed.

[18] Higher doses of omega-3 fatty acids in random-

ized controlled trials were shown to be inef ective at 

reducing AI-induced arthralgia.[18] Recently, the re-

sults of a randomized placebo-controlled trial of du-

loxetine showed statistically and clinically signif cant 

reductions in joint pain in women receiving AIs.[32] 

At Mount Sinai, there is an ongoing randomized con-

trolled trial of hypnosis for women with AI-induced 

arthralgia. We encourage eligible patients to enroll in 

this trial. T e uptake of the trial is high because it uses 

a nondrug intervention. We also of en refer women 

with AI-induced arthralgia for acupuncture, despite 

the mixed trial results. 

As healthcare providers, we tend to underestimate 

the role we play in maintaining adherence and reduc-

ing discontinuation. It is important to remember that 

adherence depends to a considerable degree on good 

physician/patient communication, as well as on the 

strength of the therapeutic relationship; good commu-

nication should include clear and careful explanations 

of risks, benef ts, and alternatives to treatment.�
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KEY 

POINTS

 � It should be established 

that a patient’s joint 

pain is caused by her 

aromatase inhibitor 

(AI) and not related to 

other causes. The most 

effective way is to note 

what happens to the 

joint pain when the AI is 

stopped for about 2 to 

4 weeks. If joint pain re-

solves, then rechallenge 

with the same AI. If joint 

pain reoccurs, causality 

is proven.

 � One of the simplest and 

most effective methods 

of maintaining adher-

ence in a patient who 

experienced AI-induced 

joint pain is to switch 

her to another AI. About 

30% of women will stay 

on the second AI for a 

median of 14 months. 

Some women are 

intolerant of all three AIs 

and are then switched 

to tamoxifen. 

 � There are many trials of 

interventions to mitigate 

the pain of AI-induced 

arthralgia. Many of 

these are fl awed meth-

odologically, and are of 

low to moderate quality. 

Higher doses of vitamin 

D3 and omega-3 fatty 

acids are ineffective. 

However, there is recent 

evidence for duloxetine 

that shows both statis-

tically signifi cant and 

clinically meaningful 

reductions in AI-induced 

arthralgia.

 � Healthcare providers 

have a role in increasing 

adherence and decreas-

ing discontinuation 

rates. Adherence, in 

part, depends on good 

physician/patient com-

munication with regard 

to the risks and benefi ts 

of treatments, and avail-

able alternatives. CONTINUED ON PAGE 249 h 
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The OAK study was a pivotal Phase III, multicenter, international, randomized, open-label trial in patients with metastatic 
NSCLC who progressed during or following a platinum-containing chemotherapy regimen (N=1225). The primary analysis was 
conducted on the fi rst 850 randomized patients. Of the 850 patients, the median age was 64 years, 61% were male, 70% 
were white, and 82% were current or previous smokers. In addition, the baseline ECOG performance status was 0 (37%) 
or 1 (63%), 10% had a known EGFR mutation, 0.2% had known ALK rearrangements, and 75% had received only 1 prior 
platinum-based therapeutic regimen. Patients were randomized 1:1 to receive either TECENTRIQ 1200 mg IV q3w or 
docetaxel 75 mg/m2 IV q3w. The primary endpoint was overall survival (OS).1,2

TECENTRIQ is indicated for the treatment of patients with metastatic non-small cell lung cancer (NSCLC) who have disease progression 
during or following platinum-containing chemotherapy. Patients with EGFR or ALK genomic tumor aberrations should have disease 
progression on FDA-approved therapy for these aberrations prior to receiving TECENTRIQ.

ALK=anaplastic lymphoma kinase; ECOG=Eastern Cooperative Oncology Group; EGFR=epidermal growth factor receptor; IC=tumor-infi ltrating immune cell; IV=intravenous; 
PD-L1=programmed death-ligand 1; q3w=every 3 weeks; TC=tumor cell.

Indication

Important Safety Information

Serious Adverse Reactions

Please refer to the full Prescribing Information for important dose 

management information specifi c to adverse reactions.

Immune-Related Pneumonitis

• Immune-mediated pneumonitis or interstitial lung disease, including 

2 fatal cases, occurred with TECENTRIQ treatment

• In non-small cell lung cancer (NSCLC), pneumonitis occurred in 3.7% 

of patients

• Monitor patients for signs with radiographic imaging and symptoms 

of pneumonitis. Administer steroids for ≥Grade 2 pneumonitis. 

Withhold TECENTRIQ until resolution of Grade 2 pneumonitis. 

Permanently discontinue for Grade 3 or 4 pneumonitis

Immune-Related Hepatitis

•  Immune-mediated hepatitis, including a fatal case in urothelial 

carcinoma (UC), and liver test abnormalities have occurred with 

TECENTRIQ treatment

• Across clinical trials, Grade 3 or 4 elevation occurred in ALT (2.5%), 

AST (2.3%), and total bilirubin (1.6%). In NSCLC, immune-mediated 

hepatitis occurred in 0.9% of patients

• Monitor patients for signs and symptoms of hepatitis. Monitor AST, ALT, 

and bilirubin prior to and periodically during treatment

• Administer corticosteroids for ≥Grade 2 transaminase elevations, 

with or without concomitant elevation in total bilirubin. Withhold 

TECENTRIQ for Grade 2, and permanently discontinue for Grade 3 or 4 

immune-mediated hepatitis

Immune-Related Colitis

•  Immune-mediated colitis or diarrhea have occurred with TECENTRIQ 

treatment

• Across clinical trials, colitis or diarrhea occurred in 19.7% of patients, 

including a fatal case of diarrhea-associated renal failure in UC. In 

patients with NSCLC, immune-mediated colitis or diarrhea occurred 

in 0.5% of patients

• Monitor patients for signs and symptoms of diarrhea or colitis. Withhold 

TECENTRIQ for Grade 2 or Grade 3 diarrhea or colitis. Permanently 

discontinue for Grade 4 diarrhea or colitis

Immune-Related Endocrinopathies

• Immune-related thyroid disorders, adrenal insuffi ciency, hypophysitis, 

and type 1 diabetes mellitus, including diabetic ketoacidosis, have 

occurred in patients receiving TECENTRIQ. Monitor patients for clinical 

signs and symptoms of endocrinopathies

For previously treated metastatic NSCLC

IS TECENTRIQ® 

RIGHT FOR YOUR PATIENT?

Stratification factors from the OAK study1,2

PD-L1 expression Histology

Prior therapy

In the OAK study, nearly half of patients had PD-L1 
expression on <1% of TCs and ICs
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with TECENTRIQ
(95% CI, 11.8, 15.7)

with docetaxel
(95% CI, 8.6, 11.2)

13.8
MONTHS

median OS 

9.6
MONTHS

median OS 

TECENTRIQ®:

ENGINEERED TO ENDURE

vs

Important Safety Information (cont’d)

HR=0.74 (95% CI, 0.63, 0.87); P=0.00042

CI=confi dence interval; HR=hazard ratio.

Learn more at TECENTRIQ.com/lunginfo

Immune-Related Endocrinopathies (cont’d)
• In patients with NSCLC, hypo- and hyperthyroidism occurred in 4.2% 

and 1.1%, respectively. Monitor thyroid function prior to and periodically 
during treatment with TECENTRIQ. For symptomatic hypothyroidism, 
withhold TECENTRIQ and initiate hormone replacement as needed. 
Manage isolated hypothyroidism with replacement therapy and without 
corticosteroids. For symptomatic hyperthyroidism, withhold TECENTRIQ 
and initiate an anti-thyroid drug as needed

• Across clinical trials, adrenal insuffi ciency occurred in 0.4% of 
patients. For symptomatic adrenal insuffi ciency, withhold TECENTRIQ 
and administer steroids

• In UC, hypophysitis occurred in 0.2% of patients. Administer 
corticosteroids and hormone replacement as clinically indicated. 
Withhold for Grade 2 or Grade 3, and permanently discontinue for 
Grade 4 hypophysitis

• New onset diabetes with ketoacidosis occurred in patients. Diabetes mellitus 
without an alternative etiology occurred in 0.3% of patients with NSCLC. 
Initiate treatment with insulin for type 1 diabetes mellitus. For ≥Grade 3 
hyperglycemia (fasting glucose >250-500 mg/dL), withhold TECENTRIQ

Other Immune-Related Adverse Reactions
• Other immune-related adverse reactions, including meningoencephalitis, 

myasthenic syndrome/myasthenia gravis, Guillain-Barré syndrome, 
ocular infl ammatory toxicity, and pancreatitis, including increases in 
serum amylase and lipase levels, have occurred in ≤1.0% of patients 
treated with TECENTRIQ

• Symptomatic pancreatitis without an alternative etiology occurred in 
0.1% of patients across clinical trials

• Monitor patients for clinical signs and symptoms of meningitis or 
encephalitis, as well as symptoms of motor and sensory neuropathy. 
Permanently discontinue TECENTRIQ for any grade of meningitis or 
encephalitis, or any grade of myasthenic syndrome/myasthenia gravis 
or Guillain-Barré syndrome

• Monitor patients for signs and symptoms of acute pancreatitis. 
Withhold TECENTRIQ for ≥Grade 3 serum amylase or lipase levels 
(>2.0 ULN), or Grade 2 or 3 pancreatitis. Permanently discontinue for 
Grade 4 or any grade of recurrent pancreatitis

Infection

• Severe infections, including sepsis, herpes encephalitis, and 
mycobacterial infection leading to retroperitoneal hemorrhage, 
occurred in patients receiving TECENTRIQ

• In patients with NSCLC, infection occurred in 43% of patients treated 
with TECENTRIQ compared with 34% of patients treated with docetaxel. 
Grade 3 or 4 infection occurred in 9.2% of patients treated with 
TECENTRIQ compared with 2.2% with docetaxel. Two patients (1.4%) 
treated with TECENTRIQ died. Pneumonia was the most common cause 
of Grade 3 or higher infection, occurring in 7.7% of patients

• Monitor patients for signs and symptoms of infection and treat with 
antibiotics for suspected or confi rmed bacterial infections. Withhold 
TECENTRIQ for ≥Grade 3 infection

Infusion-Related Reactions
• Severe infusion reactions have occurred in patients in clinical trials of TECENTRIQ

• In patients with NSCLC, infusion-related reactions occurred in 1.6% of patients

• Interrupt or slow the rate of infusion in patients with Grade 2 infusion-
related reactions. Permanently discontinue TECENTRIQ in patients with 
Grade 3 or 4 infusion reactions

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

when administered to a pregnant woman. Advise pregnant women 
or women planning to become pregnant of the potential risk to the 
fetus. Advise females of reproductive potential to use effective 
contraception during treatment with TECENTRIQ and for at least 5 
months after the last dose of TECENTRIQ

Nursing Mothers/Fertility
• Because of the potential for serious adverse reactions in breastfed 

infants from TECENTRIQ, advise female patients not to breastfeed 
while taking TECENTRIQ and for at least 5 months after the last dose

• Based on animal studies, TECENTRIQ may impair fertility in females of 
reproductive potential while receiving treatment

Most Common Adverse Reactions
The most common adverse reactions in NSCLC (rate ≥20%) included 
fatigue (46%), decreased appetite (35%), dyspnea (32%), cough (30%), 
nausea (22%), musculoskeletal pain (22%), and constipation (20%).

You may report side effects to the FDA at 1-800-FDA-1088 or www.fda.gov/
medwatch. You may also report side effects to Genentech at 1-888-835-2555.

Please see Brief Summary of Prescribing Information on 
adjacent pages.
References: 1. Rittmeyer A, Barlesi F, Waterkamp D, et al; OAK Study Group. Atezolizumab 
versus docetaxel in patients with previously treated non-small-cell lung cancer (OAK): a 
phase 3, open-label, multicentre randomised controlled trial. Lancet. 2017;389:255-265. 
2. TECENTRIQ Prescribing Information. Genentech, Inc. April 2017.
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TECENTRIQ® [atezolizumab]
Initial U.S. Approval: 2016
This is a brief summary of information about TECENTRIQ. Before prescribing, please see full  
Prescribing Information.

1 INDICATIONS AND USAGE

1.1 Locally Advanced or Metastatic Urothelial Carcinoma
TECENTRIQ (atezolizumab) is indicated for the treatment of patients with locally advanced or metastatic 
urothelial carcinoma who:
 • are not eligible for cisplatin-containing chemotherapy, or
 •  have disease progression during or following any platinum-containing chemotherapy, or within  

12 months of neoadjuvant or adjuvant chemotherapy
This indication is approved under accelerated approval based on tumor response rate and durability of 
response.  Continued approval for this indication may be contingent upon verifcation and description of 
clinical beneft in confrmatory trials [see Clinical Studies (14.1)].

1.2 Metastatic Non-Small Cell Lung Cancer 
TECENTRIQ is indicated for the treatment of patients with metastatic non-small cell lung cancer (NSCLC) 
who have disease progression during or following platinum-containing chemotherapy. Patients with 
EGFR or ALK genomic tumor aberrations should have disease progression on FDA-approved therapy for 
these aberrations prior to receiving TECENTRIQ [see Clinical Studies (14.2)].

4 CONTRAINDICATIONS
None.

5 WARNINGS AND PRECAUTIONS 

5.1 Immune-Related Pneumonitis 
Immune-mediated pneumonitis or interstitial lung disease, defned as requiring use of corticosteroids 
and with no clear alternate etiology, occurred in patients receiving TECENTRIQ. Monitor patients for 
signs with radiographic imaging and for symptoms of pneumonitis.  Administer steroids at a dose of 1 to 
2 mg/kg/day prednisone equivalents for Grade 2 or greater pneumonitis, followed by corticosteroid taper.  
Withhold TECENTRIQ until resolution for Grade 2 pneumonitis.  Permanently discontinue TECENTRIQ for 
Grade 3 or 4 pneumonitis [see Dosage and Administration (2.2)]. 
Across clinical trials, 2.6% (51/1978) of patients developed pneumonitis. Fatal pneumonitis occurred 
in two patients.

Urothelial Carcinoma
In 523 patients with urothelial carcinoma who received TECENTRIQ, pneumonitis occurred in six (1.1%) 
patients.  Of these patients, there was one patient with fatal pneumonitis, one patient with Grade 3, three 
patients with Grade 2, and one patient with Grade 1 pneumonitis. TECENTRIQ was held in all cases.  
Pneumonitis resolved in three patients.  The median time to onset was 2.6 months (range: 15 days 
to 4.2 months). The median duration was 15 days (range: 6 days to 3.1+ months).  Immune-mediated 
pneumonitis occurred in 5 (1.0%) patients.

NSCLC
In 1027 patients with NSCLC who received TECENTRIQ, pneumonitis occurred in 38 (3.7%) patients. Of 
these patients, there was one patient with fatal pneumonitis, two patients with Grade 4, thirteen patients 
with Grade 3, eleven patients with Grade 2, and eleven patients with Grade 1 pneumonitis. TECENTRIQ 
was held in 24 patients and 21 patients were treated with corticosteroids. Pneumonitis resolved in 26 of 
the 38 patients. The median time to onset was 3.3 months (range: 3 days to 18.7 months). The median 
duration was 1.4 months (range: 0 days to 12.6+ months).

5.2 Immune-Related Hepatitis 
Immune-mediated hepatitis, defned as requiring use of corticosteroids and with no clear alternate 
etiology, occurred in patients receiving TECENTRIQ treatment. Liver test abnormalities occurred in 
patients who received TECENTRIQ. Monitor patients for signs and symptoms of hepatitis.  Monitor AST, 
ALT, and bilirubin prior to and periodically during treatment with TECENTRIQ.  Administer corticosteroids 
at a dose of 1–2 mg/kg/day prednisone equivalents for Grade 2 or greater transaminase elevations, with 
or without concomitant elevation in total bilirubin, followed by corticosteroid taper.  Withhold TECENTRIQ 
for Grade 2 and permanently discontinue TECENTRIQ for Grade 3 or 4 immune-mediated hepatitis  
[see Dosage and Administration (2.2) and Adverse Reactions (6.1)].
Across clinical trials (n=1978), Grade 3 or 4 elevation occurred in ALT (2.5%), AST (2.3%), and total 
bilirubin (1.6%).

Urothelial Carcinoma
In patients with urothelial carcinoma (n=523), Grade 3 or 4 elevation occurred in ALT (2.5%), AST (2.5%), and  
total bilirubin (2.1%).  Immune-mediated hepatitis occurred in 1.3% (7/523) of patients.  Of these cases,  
one patient died from hepatitis, fve patients had Grade 3, and one patient had Grade 2 hepatitis.  The 
median time to onset was 1.1 months (range: 0.4 to 7.7 months).  TECENTRIQ was temporarily interrupted 
in four patients; none of these patients developed recurrence of hepatitis after resuming TECENTRIQ.

NSCLC
In patients with NSCLC, Grade 3 or 4 elevation occurred in ALT (1.4%), AST (1.3%), and total bilirubin 
(0.6%). Immune-mediated hepatitis occurred in 0.9% (9/1027) of patients. Of these nine patients, one 
patient had Grade 4, four patients had Grade 3, three patients had Grade 2, and one patient had Grade 
1 immune-mediated hepatitis. The median time to onset was 28 days (range: 15 days to 4.2 months). 
TECENTRIQ was temporarily interrupted in seven patients; none of these patients developed recurrence 
of hepatitis after resuming TECENTRIQ.

5.3 Immune-Related Colitis
Immune-mediated colitis or diarrhea, defned as requiring use of corticosteroids and with no clear 
alternate etiology, occurred in patients receiving TECENTRIQ. Monitor patients for signs and symptoms 
of diarrhea or colitis.  Withhold treatment with TECENTRIQ for Grade 2 diarrhea or colitis.  If symptoms 
persist for longer than 5 days or recur, administer 1–2 mg/kg prednisone or equivalent per day.  
Withhold treatment with TECENTRIQ for Grade 3 diarrhea or colitis.  Treat with IV methylprednisolone 
1–2 mg/kg per day and convert to oral steroids once the patient has improved.  For both Grade 2  
and Grade 3 diarrhea or colitis, when symptoms improve to Grade 0 or Grade 1, taper steroids over  
≥ 1 month.  Resume treatment with TECENTRIQ if the event improves to Grade 0 or 1 within 12 weeks 
and corticosteroids have been reduced to the equivalent of ≤ 10 mg oral prednisone per day. Permanently 
discontinue TECENTRIQ for Grade 4 diarrhea or colitis [see Dosage and Administration (2.2) and Adverse 
Reactions (6.1)]. 
Across clinical trials, colitis or diarrhea occurred in 19.7% (389/1978) of all patients. 

Urothelial Carcinoma
In 523 patients with urothelial carcinoma who received TECENTRIQ, colitis or diarrhea occurred in  
98 (18.7%) patients.  Ten patients (1.9%) developed Grade 3 or 4 diarrhea.  Four patients (0.8%) had 
immune-mediated colitis or diarrhea with a median time to onset of 1.7 months (range: 1.1 to 3.1 months).  
Immune-mediated colitis resolved with corticosteroid administration in three of these patients, while the 
other patient died without resolution of colitis in the setting of diarrhea-associated renal failure.

NSCLC
In 1027 patients with NSCLC who received TECENTRIQ, colitis or diarrhea occurred in 198 (19.3%) 
patients. Twelve patients (1.2%) developed Grade 3 colitis or diarrhea.  Five patients (0.5%) had 
immune-mediated colitis or diarrhea with a median time to onset of 21 days (range: 12 days to  
3.4 months). Of these patients, one had Grade 3, two had Grade 2, and two had Grade 1 immune-mediated 
colitis or diarrhea. Immune-mediated colitis or diarrhea resolved with corticosteroid administration in 
four of these patients, while the ffth patient died due to disease progression prior to resolution of colitis. 

5.4 Immune-Related Endocrinopathies 
Immune-related thyroid disorders, adrenal insuffciency, and type 1 diabetes mellitus, including diabetic 
ketoacidosis, have occurred in patients receiving TECENTRIQ.  Monitor patients for clinical signs and 
symptoms of endocrinopathies.

Hypophysitis
Hypophysitis occurred in 0.2% (1/523) of patients with urothelial cancer receiving TECENTRIQ.  Monitor 
for signs and symptoms of hypophysitis.  Administer corticosteroids and hormone replacement as 
clinically indicated.  Withhold TECENTRIQ for Grade 2 or Grade 3 and permanently discontinue for Grade 
4 hypophysitis [see Dosage and Administration (2.2) and Adverse Reactions (6.1)]. 

Thyroid Disorders
Thyroid function was assessed routinely only at baseline and the end of the study. Monitor thyroid 
function prior to and periodically during treatment with TECENTRIQ.  Asymptomatic patients with 
abnormal thyroid function tests can receive TECENTRIQ.  For symptomatic hypothyroidism, withhold 
TECENTRIQ and initiate thyroid hormone replacement as needed.  Manage isolated hypothyroidism 
with replacement therapy and without corticosteroids.  For symptomatic hyperthyroidism, withhold 
TECENTRIQ and initiate an anti-thyroid drug as needed.  Resume treatment with TECENTRIQ when 
symptoms of hypothyroidism or hyperthyroidism are controlled and thyroid function is improving  
[see Dosage and Administration (2.2) and Adverse Reactions (6.1)]. 
Across clinical trials, hypothyroidism and hyperthyroidism occurred in 3.9% (77/1978) and 1.0% 
(20/1978) of patients, respectively.

Urothelial Carcinoma
In 523 patients with urothelial carcinoma who received TECENTRIQ, hypothyroidism occurred in 2.5% 
(13/523).  One patient had Grade 3 and twelve patients had Grade 1–2 hypothyroidism.  The median time 
to frst onset was 5.4 months (range: 21 days to 11.3 months).  Thyroid stimulating hormone (TSH) was 
elevated and above the patient’s baseline in 16% (21/131) of patients with a follow-up measurement.
Hyperthyroidism occurred in 0.6% (3/523) of patients with urothelial carcinoma.  Of the three urothelial 
carcinoma patients, one patient had Grade 2 and two patients had Grade 1 hyperthyroidism.  The median 
time to onset was 3.2 months (range: 1.4 to 5.8 months). TSH was decreased and below the patient’s 
baseline in 3.8% (5/131) of patients with a follow-up measurement.

NSCLC
In 1027 patients with NSCLC who received TECENTRIQ, hypothyroidism occurred in 4.2% (43/1027). 
Three patients had Grade 3 and forty patients had Grade 1–2 hypothyroidism.  The median time to onset 
was 4.8 months (range 15 days to 31 months.)  TSH was elevated and above the patient’s baseline in 
17% (54/315) of patients with follow-up measurement.
Hyperthyroidism occurred in 1.1% (11/1027) of patients with NSCLC. Eight patients had Grade 2 and 
three patients had Grade 1 hyperthyroidism. The median time to onset was 4.9 months (range: 21 days 
to 31 months).  TSH was decreased and below the patient’s baseline in 7.6% (24/315) of patients with 
a follow-up measurement.

Adrenal Insuffciency
Adrenal insuffciency occurred in 0.4% (7/1978) of patients across clinical trials, including two patients 
with Grade 3, four patients with Grade 2, and one patient with Grade 1.  Adrenal insuffciency resolved 
in two patients.  
For symptomatic adrenal insuffciency, withhold TECENTRIQ and administer methylprednisolone 1–2 
mg/kg per day IV followed by oral prednisone 1–2 mg/kg per day or equivalent once symptoms improve.  
Start steroid taper when symptoms improve to ≤ Grade 1 and taper steroids over ≥ 1 month.  Resume 
treatment with TECENTRIQ if the event improves to ≤ Grade 1 within 12 weeks and corticosteroids 
have been reduced to the equivalent of ≤ 10 mg oral prednisone per day and the patient is stable on 
replacement therapy, if required [see Dosage and Administration (2.2) and Adverse Reactions (6.1)].

Diabetes Mellitus
New onset diabetes with ketoacidosis has occurred in patients receiving TECENTRIQ. Diabetes mellitus 
without an alternative etiology occurred in one (0.2%) patient with urothelial carcinoma and three (0.3%) 
patients with NSCLC.
Initiate treatment with insulin for type 1 diabetes mellitus.  For ≥ Grade 3 hyperglycemia (fasting  
glucose >250–500 mg/dL), withhold TECENTRIQ.  Resume treatment with TECENTRIQ when metabolic 
control is achieved on insulin replacement therapy [see Dosage and Administration (2.2) and Adverse 
Reactions (6.1)].

5.5 Other Immune-Related Adverse Reactions 
Other immune-related adverse reactions including meningoencephalitis, myasthenic syndrome/
myasthenia gravis, Guillain-Barré, ocular infammatory toxicity, and pancreatitis, including increases in 
serum amylase and lipase levels, have occurred in ≤ 1.0% of patients treated with TECENTRIQ. 

Meningitis / Encephalitis
Monitor patients for clinical signs and symptoms of meningitis or encephalitis.  Permanently discontinue 
TECENTRIQ for any grade of meningitis or encephalitis.  Treat with IV steroids (1–2 mg/kg/day 
methylprednisolone or equivalent) and convert to oral steroids (prednisone 60 mg/day or equivalent) 
once the patient has improved.  When symptoms improve to ≤ Grade 1, taper steroids over ≥ 1 month 
[see Dosage and Administration (2.2) and Adverse Reactions (6.1)].

Motor and Sensory Neuropathy
Monitor patients for symptoms of motor and sensory neuropathy.  Permanently discontinue TECENTRIQ 
for any grade of myasthenic syndrome/myasthenia gravis or Guillain-Barré syndrome.  Institute medical 
intervention as appropriate.  Consider initiation of systemic corticosteroids at a dose of 1–2 mg/kg/day 
prednisone [see Dosage and Administration (2.2) and Adverse Reactions (6.1)].

Pancreatitis
Symptomatic pancreatitis without an alternative etiology occurred in 0.1% (2/1978) of patients across 
clinical trials.  Monitor patients for signs and symptoms of acute pancreatitis. Withhold TECENTRIQ 
for ≥ Grade 3 serum amylase or lipase levels (> 2.0 ULN), or Grade 2 or 3 pancreatitis.  Treat with 
1−2 mg/kg IV methylprednisolone or equivalent per day.  Once symptoms improve, follow with  
1−2 mg/kg of oral prednisone or equivalent per day.  Resume treatment with TECENTRIQ when serum 
amylase and lipase levels improve to ≤ Grade 1 within 12 weeks or symptoms of pancreatitis have 
resolved, and corticosteroids have been reduced to ≤ 10 mg oral prednisone or equivalent per day.  
Permanently discontinue TECENTRIQ for Grade 4 or any grade of recurrent pancreatitis [see Dosage and 
Administration (2.2) and Adverse Reactions (6.1)]. 

5.6 Infection
Severe infections, including sepsis, herpes encephalitis, and mycobacterial infection leading to 
retroperitoneal hemorrhage occurred in patients receiving TECENTRIQ.  Monitor patients for signs 
and symptoms of infection and treat with antibiotics for suspected or confrmed bacterial infections.  
Withhold TECENTRIQ for ≥ Grade 3 infection [see Dosage and Administration (2.2) and Adverse Reactions 
(6.1)].
Across clinical trials, infections occurred in 38.4% (759/1978) of patients. 

Urothelial Carcinoma
In 523 patients with urothelial carcinoma who received TECENTRIQ, infection occurred in  
197 (37.7%) patients.  Grade 3 or 4 infection occurred in sixty (11.5%) patients, while three patients  
died due to infections.  Urinary tract infections were the most common cause of Grade 3 or higher 
infection, occurring in 37 (7.1%) patients.

NSCLC
In Study 3, a randomized trial in patients with NSCLC, infections were more common in patients treated 
with TECENTRIQ (43%) compared with those treated with docetaxel (34%).  Grade 3 or 4 infections 
occurred in 9.2% of patients treated with TECENTRIQ compared with 2.2% in patients treated with 
docetaxel. Two patients (1.4%) treated with TECENTRIQ and three patients (2.2%) treated with docetaxel 
died due to infection.  Pneumonia was the most common cause of Grade 3 or higher infection, occurring 
in 7.7% of patients treated with TECENTRIQ.

5.7 Infusion-Related Reactions
Severe infusion reactions have occurred in patients in clinical trials of TECENTRIQ.  Infusion-related 
reactions occurred in 1.3% (25/1978) of patients across clinical trials, 1.7% (9/523) of patients with 
urothelial carcinoma, and 1.6% (16/1027) of patients with NSCLC. Interrupt or slow the rate of infusion 
in patients with mild or moderate infusion reactions.  Permanently discontinue TECENTRIQ in patients 
with Grade 3 or 4 infusion reactions [see Dosage and Administration (2.2) and Adverse Reactions (6.1)].  

5.8 Embryo-Fetal Toxicity
Based on its mechanism of action, TECENTRIQ can cause fetal harm when administered to a pregnant 
woman.  Animal studies have demonstrated that inhibition of the PD–L1/PD–1 pathway can lead to 
increased risk of immune-related rejection of the developing fetus resulting in fetal death.  If this drug 
is used during pregnancy, or if the patient becomes pregnant while taking this drug, advise the patient 
of the potential risk to a fetus.  Advise females of reproductive potential to use effective contraception 
during treatment with TECENTRIQ and for at least 5 months after the last dose [see Use in Specifc 
Populations (8.1, 8.3)].
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6 ADVERSE REACTIONS 
The following adverse reactions are discussed in greater detail in other sections of the label:
 • Immune-Related Pneumonitis [see Warnings and Precautions (5.1)]
 • Immune-Related Hepatitis [see Warnings and Precautions (5.2)]
 • Immune-Related Colitis [see Warnings and Precautions (5.3)]
 • Immune-Related Endocrinopathies [see Warnings and Precautions (5.4)]
 • Other Immune-Related Adverse Reactions [see Warnings and Precautions (5.5)]
 • Infection [see Warnings and Precautions (5.6)]
 • Infusion-Related Reactions [see Warnings and Precautions (5.7)]

6.1 Clinical Trials Experience 
Because clinical trials are conducted under widely varying conditions, adverse reaction rates observed 
in the clinical trials of a drug cannot be directly compared to rates in the clinical trials of another drug and 
may not refect the rates observed in practice.

Urothelial Carcinoma

Cisplatin-Ineligible Patients with Locally Advanced or Metastatic Urothelial Carcinoma
The safety of TECENTRIQ was evaluated in Study 4, a multicenter, open-label, single-arm trial that 
included 119 patients with locally advanced or metastatic urothelial carcinoma who were ineligible for 
cisplatin-containing chemotherapy and were either previously untreated or had disease progression 
at least 12 months after neoadjuvant or adjuvant chemotherapy [see Clinical Studies (14.1)].  Patients 
received 1200 mg of TECENTRIQ intravenously every 3 weeks until either unacceptable toxicity or 
disease progression.  The median duration of exposure was 15.0 weeks (range 0, 87 weeks).
The most common adverse reactions (≥ 20%)  were fatigue (52%), decreased appetite ( 24%), diarrhea 
(24%), and nausea (22%).  The most common Grade 3–4 adverse reactions (≥ 2%) were fatigue, 
urinary tract infection, anemia, diarrhea, blood creatinine increase, intestinal obstruction, ALT increase, 
hyponatremia, decreased appetite, sepsis, back/neck pain, renal failure, and hypotension. 
Five patients (4.2%) who were treated with TECENTRIQ experienced one of the following events which 
led to death:  sepsis, cardiac arrest, myocardial infarction, respiratory failure, or respiratory distress.  
One additional patient (0.8%) was experiencing herpetic meningoencephalitis and disease progression 
at the time of death. TECENTRIQ was discontinued for adverse reactions in 4.2% (5/119) of patients.  The 
adverse reactions leading to discontinuation were diarrhea/colitis (1.7%), fatigue (0.8%), hypersensitivity 
(0.8%), and dyspnea (0.8%).  Adverse reactions leading to interruption of TECENTRIQ occurred in 35% of 
patients, the most common (≥ 1%) were intestinal obstruction, fatigue, diarrhea, urinary tract infection, 
infusion related reaction, cough, abdominal pain, peripheral edema, pyrexia, respiratory tract infection, 
upper respiratory tract infection, creatinine increase, decreased appetite, hyponatremia, back pain, 
pruritus, and venous thromboembolism.  Serious adverse reactions occurred in 37% of patients.  The 
most frequent serious adverse reactions (≥ 2%) were diarrhea, intestinal obstruction, sepsis, acute 
kidney injury, and renal failure.
Immune-related adverse reactions requiring systemic corticosteroids or hormone replacement therapy 
occurred in 19.3% (23/119) patients, including 12.6% (15/119) patients who required systemic 
corticosteroid therapy and 6.7% (8/119) patients who required only hormone replacement therapy.
Six patients (5.0%) received an oral prednisone dose equivalent to ≥40 mg daily for an immune-mediated 
adverse reaction [see Warnings and Precautions (5)].
Table 1 summarizes the adverse reactions that occurred in ≥ 10% of patients and Table 2 summarizes 
Grade 3–4 selected laboratory abnormalities that occurred in ≥ 1% of patients treated with TECENTRIQ 
in Study 4.

Table 1: All Grade Adverse Reactions in ≥ 10% of Patients with Urothelial Carcinoma in 
Study 4

TECENTRIQ 
N = 119

Adverse Reaction
All Grades 

(%)
Grades 3–4 

(%)

General Disorders

Fatiguea 52 8

Peripheral edemab 17 2

Pyrexia 14 0.8

Gastrointestinal Disorders

Diarrheac 24 5

Nausea 22 2

Vomiting 16 0.8

Constipation 15 2

Abdominal paind 15 0.8

Metabolism and Nutrition Disorders

Decreased appetitee 24 3

Musculoskeletal and Connective Tissue Disorders

Back/Neck pain 18 3

Arthralgia 13 0

Skin and Subcutaneous Tissue Disorders

Pruritus 18 0.8

Rashf 17 0.8

Infections

Urinary tract infectiong 17 5

Respiratory, Thoracic, and Mediastinal Disorders

Coughh 14 0

Dyspneai 12 0
a Includes fatigue, asthenia, lethargy, and malaise
b Includes  edema peripheral, scrotal edema, lymphedema, and edema
c Includes diarrhea, colitis, frequent bowel movements, autoimmune colitis
d Includes abdominal pain, upper abdominal pain, lower abdominal pain, and fank pain
e Includes decreased appetite and early satiety
f  Includes rash, dermatitis, dermatitis acneiform, rash maculo-papular, rash erythematous, rash pruritic, 
rash macular, and rash papular

g Includes urinary tract infection, urinary tract infection bacterial, cystitis, and urosepsis
h Includes cough and productive cough
i Includes dyspnea and exertional dyspnea

Table 2: Grade 3–4 Laboratory Abnormalities in Patients with Urothelial Carcinoma in 
Study 4 in ≥ 1% of Patients

Laboratory Test
Grades 3–4  

(%)

Hyponatremia 15

Hyperglycemia 10

Lymphopenia 9

Anemia 7

Table 2: Grade 3–4 Laboratory Abnormalities in Patients with Urothelial Carcinoma in 
Study 4 in ≥ 1% of Patients (continued)

Laboratory Test
Grades 3–4  

(%)

Increased Alkaline phosphatase 7

Increased Creatinine 5

Hypophosphatemia 4

Increased ALT 4

Increased AST 4

Hyperkalemia 3

Hypermagnesemia 3

Hyperbilirubinemia 3

Previously Treated Patients with Locally Advanced or Metastatic Urothelial Carcinoma
The safety of TECENTRIQ was evaluated in Study 1, a multicenter, open-label, single-arm trial that 
included 310 patients in a single arm trial with locally advanced or metastatic urothelial carcinoma who 
had disease progression during or following at least one platinum-containing chemotherapy regimen or 
who had disease progression within 12 months of treatment with a platinum-containing neoadjuvant or 
adjuvant chemotherapy regimen [see Clinical Studies (14.1)].  Patients received 1200 mg of TECENTRIQ 
intravenously every 3 weeks until unacceptable toxicity or either radiographic or clinical progression.  
The median duration of exposure was 12.3 weeks (range: 0.1, 46 weeks).  
The most common adverse reactions (≥ 20%) were fatigue (52%), decreased appetite (26%), nausea 
(25%), urinary tract infection (22%), pyrexia (21%), and constipation (21%).  The most common  
Grade 3–4 adverse reactions (≥ 2%) were urinary tract infection, anemia, fatigue, dehydration,  
intestinal obstruction, urinary obstruction, hematuria, dyspnea, acute kidney injury, abdominal pain, 
venous thromboembolism, sepsis, and pneumonia.
Three patients (1.0%) who were treated with TECENTRIQ experienced one of the following events which 
led to death: sepsis, pneumonitis, or intestinal obstruction.  TECENTRIQ was discontinued for adverse 
reactions in 3.2% (10/310) of the 310 patients. Sepsis led to discontinuation in 0.6% (2/310) of patients.  
Adverse reactions leading to interruption of TECENTRIQ occurred in 27% of patients; the most common 
(> 1%) were liver enzyme increase, urinary tract infection, diarrhea, fatigue, confusional state, urinary 
obstruction, pyrexia, dyspnea, venous thromboembolism, and pneumonitis.  Serious adverse reactions 
occurred in 45% of patients.  The most frequent serious adverse reactions (> 2%) were urinary tract 
infection, hematuria, acute kidney injury, intestinal obstruction, pyrexia, venous thromboembolism, 
urinary obstruction, pneumonia, dyspnea, abdominal pain, sepsis, and confusional state. 
Immune-related adverse reactions requiring systemic corticosteroids or hormone replacement 
therapy occurred in 11.0% (34/310) patients, including 8.4% (26/310) patients who required systemic 
corticosteroid therapy and 2.6% (8/310) patients who required only hormone replacement therapy.
Eighteen patients (5.8%) received an oral prednisone dose equivalent to ≥40 mg daily for an  
immune-mediated adverse reaction [see Warnings and Precautions (5)].

Table 3 summarizes the adverse reactions that occurred in ≥ 10% of patients while Table 4 summarizes 
Grade 3–4 selected laboratory abnormalities that occurred in ≥ 1% of patients treated with TECENTRIQ 
in Study 1.

Table 3: All Grade Adverse Reactions in ≥ 10% of Patients with Urothelial Carcinoma in 
Study 1

TECENTRIQ
N=310

Adverse Reaction
All Grades

(%)
Grades 3–4 

(%)

Gastrointestinal Disorders

Nausea 25 2

Constipation 21 0.3

Diarrhea 18 1

Abdominal pain 17 4

Vomiting 17 1

General Disorders

Fatigue 52 6

Pyrexia 21 1

Peripheral edema 18 1

Infections

Urinary tract infection 22 9

Metabolism and Nutrition Disorders

Decreased appetite 26 1

Musculoskeletal and Connective Tissue Disorders

Back/Neck pain 15 2

Arthralgia 14 1

Renal and urinary disorders

Hematuria 14 3

Respiratory, Thoracic, and Mediastinal Disorders

Dyspnea 16 4

Cough 14 0.3

Skin and Subcutaneous Tissue Disorders

Rash 15 0.3

Pruritus 13 0.3

Table 4: Grade 3–4 Laboratory Abnormalities in Patients with Urothelial Carcinoma in 
Study 1 in ≥ 1% of Patients

Laboratory Test
Grades 3–4  

(%)

Lymphopenia 10

Hyponatremia 10

Anemia 8

Hyperglycemia 5

Increased Alkaline phosphatase 4

Increased Creatinine 3

Increased ALT 2

Increased AST 2

Hypoalbuminemia 1
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NSCLC
The safety of TECENTRIQ was evaluated in Study 3, a multicenter, international, randomized, open-
label trial in patients with metastatic NSCLC who progressed during or following a platinum-containing 
regimen, regardless of PD–L1 expression [see Clinical Studies (14.2)].  Patients received 1200 mg of 
TECENTRIQ (n=142) administered intravenously every 3 weeks until unacceptable toxicity or either 
radiographic or clinical progression or docetaxel (n=135) administered intravenously at 75 mg/m2 every  
3 weeks until unacceptable toxicity or disease progression. The median duration of exposure was  
3.7 months (range: 0–19 months) in TECENTRIQ-treated patients and 2.1 months (range: 0–17 months) 
in docetaxel-treated patients.
The most common adverse reactions (≥ 20%) in patients receiving TECENTRIQ were fatigue (46%), 
decreased appetite (35%), dyspnea (32%), cough (30%), nausea (22%), musculoskeletal pain (22%), 
and constipation (20%). The most common Grade 3-4 adverse reactions (≥2%) were dyspnea, 
pneumonia, hypoxia, hyponatremia, fatigue, anemia, musculoskeletal pain, AST increase, ALT increase, 
dysphagia, and arthralgia.
Nine patients (6.3%) who were treated with TECENTRIQ experienced either pulmonary embolism 
(2), pneumonia (2), pneumothorax, ulcer hemorrhage, cachexia secondary to dysphagia, myocardial 
infarction, or large intestinal perforation which led to death.  TECENTRIQ was discontinued due to adverse 
reactions in 4% (6/142) of patients.  Adverse reactions leading to interruption of TECENTRIQ occurred 
in 24% of patients; the most common (>1%) were pneumonia, liver function test abnormality, upper 
respiratory tract infection, pneumonitis, acute kidney injury, hypoxia, hypothyroidism, dyspnea, anemia, 
and fatigue. Serious adverse reactions occurred in 37% of patients. The most frequent serious adverse 
reactions (> 2%) were pneumonia, dyspnea, pleural effusion, pyrexia, and venous thromboembolism.
Table 5 summarizes adverse reactions that occurred in at least 10% of TECENTRIQ-treated patients and 
at a higher incidence than in the docetaxel arm. Table 6 summarizes selected laboratory abnormalities 
worsening from baseline that occurred in ≥10% of TECENTRIQ-treated patients and at a higher incidence 
than in the docetaxel arm.

Table 5: Adverse Reactions Occurring in ≥10% of TECENTRIQ-Treated Patients with NSCLC 
and at a Higher Incidence than in the Docetaxel Arm (Between Arm Difference of ≥5% [All 
Grades] or ≥2% [Grades 3–4]) (Study 3)

TECENTRIQ
(n=142)

Docetaxel
(n=135)

Adverse Reaction All grades Grade 3–4 All grades Grade 3–4

Percentage (%) of Patients

General Disorders

Pyrexia 18 0 13 0

Infections

Pneumonia 18 6 4 2

Metabolism and nutrition disorders 

Decreased appetite 35 1 22 0

Musculoskeletal and connective tissue disorders 

Arthralgia 16 2 9 2

Back pain 14 1 9 1

Psychiatric Disorders 

Insomnia 14 0 8 2

Respiratory, thoracic and mediastinal disorders 

Dyspnea 32 7 24 2

Cough 30 1 25 0

Table 6: Selected Laboratory Abnormalities Worsening from Baseline Occurring in ≥10% of 
TECENTRIQ-Treated Patients with NSCLC and at a Higher Incidence than in the Docetaxel 
Arm (Between Arm Difference of ≥5% [All Grades] or ≥2% [Grades 3–4]) (Study 3)

Percentage of Patients with Worsening
Laboratory Test from Baseline

TECENTRIQ Docetaxel

Test
All grades

%
Grade 3–4

%
All grades

%
Grade 3–4

%

Hyponatremia 48 13 28 8

Hypoalbuminemia 48 5 49 1

Alkaline Phosphatase increased 42 2 24 1

Aspartate aminotransferase increased 33 2 15 0

Alanine aminotransferase increased 31 2 9 1

Creatinine increased 19 1 14 2

Hypokalemia 18 2 11 4

Hypercalcemia 13 0 5 0

Total Bilirubin increased 11 0 5 1

6.2 Immunogenicity
As with all therapeutic proteins, there is a potential for immunogenicity.  Among 275 patients in Study 1,  
114 patients (41.5%) tested positive for treatment-emergent (treatment-induced or treatment-enhanced)  
anti-therapeutic antibodies (ATA) at one or more post-dose time points.  Among 135 patients in Study 3,  
73 patients (54.1%) tested positive for treatment-emergent ATAs at one or more post-dose time points.  
Among 111 patients in Study 4, 53 patients (47.7%) tested positive for treatment-emergent ATAs at one 
or more post-dose time points.  In Study 1, Study 3, and Study 4, the presence of ATAs did not appear to 
have a clinically signifcant impact on pharmacokinetics, safety or effcacy.
Immunogenicity assay results are highly dependent on several factors, including assay sensitivity and 
specifcity, assay methodology, sample handling, timing of sample collection, concomitant medications 
and underlying disease.  For these reasons, comparison of incidence of ATAs to TECENTRIQ with the 
incidence of antibodies to other products may be misleading.

8 USE IN SPECIFIC POPULATIONS

8.1 Pregnancy

Risk Summary
Based on its mechanism of action, TECENTRIQ can cause fetal harm when administered to a pregnant 
woman [see Clinical Pharmacology (12.1)].  There are no available data on the use of TECENTRIQ  
in pregnant women.  Animal studies have demonstrated that inhibition of the PD–L1/PD–1 pathway  
can lead to increased risk of immune-related rejection of the developing fetus resulting in fetal death  
[see Data].  If this drug is used during pregnancy, or if the patient becomes pregnant while taking this 
drug, advise the patient of the potential risk to a fetus.  
In the U.S. general population, the estimated background risk of major birth defects and miscarriage in 
clinically recognized pregnancies is 2% to 4% and 15% to 20%, respectively.

Data

Animal Data

Animal reproduction studies have not been conducted with TECENTRIQ to evaluate its effect on 
reproduction and fetal development.  A literature-based assessment of the effects on reproduction 
demonstrated that a central function of the PD–L1/PD–1 pathway is to preserve pregnancy by 
maintaining maternal immune tolerance to a fetus.  Blockage of PD–L1 signaling has been shown in 
murine models of pregnancy to disrupt tolerance to a fetus and to result in an increase in fetal loss; 
therefore, potential risks of administering TECENTRIQ during pregnancy include increased rates of 
abortion or stillbirth. As reported in the literature, there were no malformations related to the blockade 
of PD–L1/PD–1 signaling in the offspring of these animals; however, immune-mediated disorders 
occurred in PD–1 and PD–L1 knockout mice. Based on its mechanism of action, fetal exposure to 
atezolizumab may increase the risk of developing immune-mediated disorders or altering the normal 
immune response. 

8.2 Lactation

Risk Summary
There is no information regarding the presence of atezolizumab in human milk, the effects on the 
breastfed infant, or the effects on milk production.  As human IgG is excreted in human milk, the potential 
for absorption and harm to the infant is unknown.  Because of the potential for serious adverse reactions 
in breastfed infants from TECENTRIQ, advise a lactating woman not to breastfeed during treatment and 
for at least 5 months after the last dose.  

8.3 Females and Males of Reproductive Potential

Contraception

Females

Based on its mechanism of action, TECENTRIQ can cause fetal harm when administered to a pregnant 
woman [see Use in Specifc Populations (8.1)].  Advise females of reproductive potential to use effective 
contraception during treatment with TECENTRIQ and for at least 5 months following the last dose.

Infertility

Females

Based on animal studies, TECENTRIQ may impair fertility in females of reproductive potential while 
receiving treatment [see Nonclinical Toxicology (13.1)].

8.4 Pediatric Use
The safety and effectiveness of TECENTRIQ have not been established in pediatric patients.

8.5 Geriatric Use
Of the 310 previously-treated patients with urothelial carcinoma treated with TECENTRIQ in Study 1, 
59% were 65 years or older.  Of the 142 patients with NSCLC treated with TECENTRIQ in Study 3, 39% 
were 65 years or older.  No overall differences in safety or effcacy were observed between patients  
≥ 65 years of age and younger patients.
Of the 119 cisplatin-ineligible patients with urothelial carcinoma treated with TECENTRIQ in Study 4, 
83% were 65 years or older and 41% were 75 years or older. The overall response rate in patients  
65 years or older was 23% (23/99) and in patients 75 years or older was 29% (14/49).  Grade 3 or 4 
adverse reactions occurred in 53% (52/99) of patients 65 years or older and 51% (25/49) of patients  
75 years or older. No overall differences in safety or effcacy were observed between patients  
≥ 75 years of age and younger patients. 

8.6 Renal Impairment
Based on a population pharmacokinetic analysis, no dose adjustment of TECENTRIQ is recommended  
for patients with renal impairment [see Clinical Pharmacology (12.3)].

8.7 Hepatic Impairment
Based on a population pharmacokinetic analysis, no dose adjustment of TECENTRIQ is recommended 
for patients with mild hepatic impairment.  TECENTRIQ has not been studied in patients with moderate 
or severe hepatic impairment [see Clinical Pharmacology (12.3)].

10 OVERDOSAGE
There is no information on overdose with TECENTRIQ.  

17  PATIENT COUNSELING INFORMATION
Advise the patient to read the FDA-approved patient labeling (Medication Guide).
Inform patients of the risk of immune-related adverse reactions that may require corticosteroid treatment 
and interruption or discontinuation of TECENTRIQ, including:
 •  Pneumonitis: Advise patients to contact their healthcare provider immediately for any new or 

worsening cough, chest pain, or shortness of breath [see Warnings and Precautions (5.1)].
 •  Hepatitis: Advise patients to contact their healthcare provider immediately for jaundice, severe 

nausea or vomiting, pain on the right side of abdomen, lethargy, or easy bruising or bleeding [see 
Warnings and Precautions (5.2)].

 •  Colitis: Advise patients to contact their healthcare provider immediately for diarrhea or severe 
abdominal pain [see Warnings and Precautions (5.3)].

 •  Endocrinopathies: Advise patients to contact their healthcare provider immediately for signs or 
symptoms of hypophysitis, hyperthyroidism, hypothyroidism, adrenal insuffciency, or type 1 
diabetes mellitus, including diabetic ketoacidosis [see Warnings and Precautions (5.4)].

 •  Meningoencephalitis, Myasthenic syndrome/Myasthenia Gravis, and Guillain-Barré syndrome: 
Advise patients to contact their healthcare provider immediately for signs or symptoms of 
meningitis, myasthenic syndrome/myasthenia gravis, or Guillain-Barré syndrome [see Warnings 
and Precautions (5.5)].

 •  Ocular Infammatory Toxicity: Advise patients to contact their healthcare provider immediately for 
signs or symptoms of ocular infammatory toxicity [see Warnings and Precautions (5.5)].

 •  Pancreatitis: Advise patients to contact their healthcare provider immediately for signs and 
symptoms of pancreatitis [see Warnings and Precautions (5.5)].

 •  Infection: Advise patients to contact their healthcare provider immediately for signs or symptoms of 
infection [see Warnings and Precautions (5.6)].

 •  Infusion-Related Reactions: Advise patients to contact their healthcare provider immediately for 
signs or symptoms of infusion-related reactions [see Warnings and Precautions (5.7)].

 •  Rash: Advise patients to contact their healthcare provider immediately for signs or symptoms of 
rash [see Dosage and Administration (2.2)].

Embryo-Fetal Toxicity
Advise female patients that TECENTRIQ can cause fetal harm.  Instruct females of reproductive 
potential to use effective contraception during treatment and for at least 5 months after the last dose of 
TECENTRIQ [see Use in Specifc Populations (8.1, 8.3)].

Lactation
Advise female patients not to breastfeed while taking TECENTRIQ and for at least 5 months after the last 
dose [see Use in Specifc Populations (8.2)].

TECENTRIQ® (atezolizumab)

Manufactured by: PDL/080916/0193(1)
Genentech, Inc. Initial U.S. Approval: May 2016
A Member of the Roche Group Code Revision Date: April 2017
1 DNA Way TECENTRIQ is a registered trademark of Genentech, Inc.
South San Francisco, CA 94080-4990 © 2017 Genentech, Inc. 

U.S. License No. 1048
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CLINICAL QUANDARIES

h

Initiation of ADT in a Man With 
Locally Advanced Prostate Cancer 
and Multiple Cardiovascular Risk 
Factors

Francisco J. Castro-Alonso, MD1, Jennifer Dominguez-Pineda, MD1, 
Guillermo Rosales-Sotomayor1, Thomas W. Flaig, MD2, María T. Bourlon, MD, MS1

The Case
A 65-year-old man presented with locally advanced, 

high-risk prostate cancer. His medical history was re-

markable for type 2 diabetes mellitus (T2DM) treated 

with metformin, 500 mg BID. He was also overweight 

and had dyslipidemia and hypertension, although he 

was not receiving medical therapy for any of these 

problems. He was an active smoker with a 27 pack-

year history.

His prostate-specif c antigen (PSA) level was 32 

ng/mL; no other recent PSA measurements were 

available. Digital rectal examination revealed a f xed 

prostate (cT4) not amenable to surgical resection; his 

prostate biopsy showed an acinar adenocarcinoma in 

8 of 12 cores, with a Gleason score of 4+4=8. He un-

derwent a bone scan and CT scanning of the chest, 

abdomen, and pelvis, which showed no evidence of 

metastatic disease. He was of ered treatment with ex-

ternal beam radiation therapy (EBRT) and androgen 

deprivation therapy (ADT) with degarelix. 

Upon ADT initiation, his blood pressure (BP) was 

140/90 mm Hg and his body mass index (BMI) was 

27.2 kg/m2. Laboratory workup revealed a fasting 

glucose level of 123 mg/dL and a glycosylated hemo-

globin (HbA
1c

) of 7.1%. His lipid prof le showed: tri-

glycerides, 180 mg/dL; total cholesterol, 170 mg/dL; 

high-density lipoprotein cholesterol (HDL-C), 30 mg/

dL; and low-density lipoprotein cholesterol (LDL-C), 

140 mg/dL. His serum creatinine level was 0.7 mg/dL 

and his calculated creatinine clearance, adjusted for 

overweight, was 103 mL/min. An electrocardiogram 

was normal. 

According to the American College of Cardiology 

(ACC)/American Heart Association (AHA) Cardio-

vascular (CV) Risk Calculator,[1] the patient’s 10-

year risk for atherosclerotic cardiovascular disease 

(CVD)—def ned as coronary death, nonfatal myocar-

dial infarction, or fatal or nonfatal stroke—was 49.6%. 

T is CV risk calculation mandated strict metabolic 

control for the management of his CV risk factors.

Which of the following is the best way to manage 

cardiovascular comorbidities in this patient?

1Department of Hemato-Oncol-
ogy, Urologic Oncology Clinic, 
Instituto Nacional de Nutrici—n 
Salvador Zubir‡n, Mexico City, 
Mexico
2Division of Medical Oncology, 
University of Colorado School of 
Medicine, Aurora, Colorado

Answer and full discussion appear on 

page 244.

A.  Lifestyle interventions only

B.  Lifestyle interventions + moder-

ate-intensity statin + BP target < 

140/90 mm Hg

C.  Lifestyle interventions + high-

intensity statin + BP target < 

140/90 mm Hg

D.  Lifestyle interventions + high-in-

tensity statin + BP target < 130/80 

mm Hg

E.  Lifestyle interventions + high-

intensity statin + BP target < 

130/80 mm Hg + aspirin
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Discussion

Prostate cancer is an exquisitely hormone-sensitive 

malignancy, and ADT is the mainstay of treatment in 

locally advanced and metastatic disease.[2,3] T e ther-

apeutic benef ts of ADT are of set by a plethora of side 

ef ects, among which CVD is of greatest concern.[4] 

T e association between ADT and fatal and nonfatal 

CVD is attested to by large retrospective and observa-

tional studies.[5,6] T ese data led to a joint statement 

issued by the AHA, the American Cancer Society, the 

American Urological Association, and the American 

Society for Radiation Oncology to raise awareness 

about CV consequences of ADT.[7] T e aforemen-

tioned f ndings were not conf rmed in a recent me-

ta-analysis of randomized trials.[8] Potential reasons 

for this discrepancy may be the selection of a healthier 

population in clinical trials, underpowered post-hoc 

analysis, and short follow-up.[9]

T e mechanism of action of the type of hormonal 

therapy prescribed may impact CVD risk. Hormonal 

treatment can be accomplished by reducing testos-

terone production (surgical orchiectomy or medical 

castration) or by blocking the interaction of androgen 

receptors with testosterone. T e Swedish National 

Data Service reported an increased risk of incident 

CVD with gonadotropin-releasing hormone (GnRH) 

agonists and orchiectomy, and a decreased risk with 

anti-androgens.[10] In the meta-analysis by Zhao et al, 

GnRH agonists, and GnRH agonists plus anti-andro-

gens, were associated with CVD, but not anti-andro-

gens alone or orchiectomy.[5] A meta-analysis by Bos-

co et al showed an increased risk of nonfatal CVD with 

GnRH agonists, anti-androgens, and orchiectomy.[6] 

Recently, orchiectomy was reported to be associated 

with higher rates of CV events in older patients and 

those with a history of CV comorbidities within 1.5 

years of initiating ADT.[11] With regard to GnRH an-

tagonists vs agonists, reports are divergent. A nation-

wide French database reported no dif erence in CVD 

risk between GnRH agonists and antagonists.[12] 

However, post-hoc pooled data from six randomized 

trials showed that GnRH antagonists were associated 

with a signif cantly lower risk of cardiac events, com-

pared with GnRH agonists. T ese same data led clini-

cians to the conclusion that it may be safer to prescribe 

antagonists in men at high risk for CVD.[13] T ese 

data supported our decision to start hormonal therapy 

with degarelix, a GnRH antagonist, in this case.

Several potential pathophysiologic mechanisms 

link ADT with CVD. Pro-atherogenic metabolic 

Table. Summary of ACC/AHA and ADA Recommendations

Patient Population Recommendations Goals

D
y
s
li
p

id
e
m

ia
Clinical CVD High-intensity statina

No recommendations 
for or against specif c 
LDL-C or non–HDL-C 

targets

LDL-C > 190 mg/dL High-intensity statin

DM, aged 40–75 yr, 
LDL-C 70–189 mg/
dL, without clinical 

atherosclerotic CVD

10-yr CVD risk < 7.5%
Moderate-intensity 
statinb

10-yr CVD risk ≥ 7.5% High-intensity statin

Aged 40–75 yr, LDL-C 70–189 mg/dL, without 
clinical CVD or DM

Moderate- to 
high-intensity statin

H
y
p

e
rt

e
n

s
io

n Stage 1 (BP 130–139/
80–89 mm Hg)

10-yr CVD risk < 10% LI

BP < 130/80 mm Hg
10-yr CVD risk ≥ 10% LI + Rx monotherapy 

Stage 2 (BP ≥ 140/90 mm Hg)
LI + Rx mono- or 
combination therapy

D
ia

b
e
te

s HbA
1c

 < 9% LI + Rx monotherapy 

HbA
1c

 < 7% in most 
patientsc

HbA
1c

 ≥ 9% LI + Rx dual therapy

HbA
1c

 ≥10%, glycemia ≥ 300 mg/dL, or patient 
markedly symptomatic 

Consider adding insulin 
therapy

aHigh-intensity statin: atorvastatin 40–80 mg/d, rosuvastatin 20–40 mg/d, or simvastatin 80 mg/d. 
bModerate-intensity statin: atorvastatin 10–20 mg/d, rosuvastatin 5–10 mg/d, or simvastatin 20–40 mg/d.
cA HbA

1c
 target of < 6.5% may be reasonable in younger patients with no comorbidities. Less stringent HbA

1c
 goals (< 8%) 

may be appropriate for patients with comorbidities (hypoglycemia and/or drug adverse effects). 

BP = blood pressure; CVD = cardiovascular disease; DM = diabetes mellitus; HbA
1c

 = hemoglobin A
1c

; HDL-C = high-density 

lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol; LI = lifestyle interventions; Rx = pharmacological.

Adapted from Stone et al. J Am Coll Cardiol. 2014.[24]; Whelton et al. J Am Coll Cardiol. 2017.[25]; and Kalyani et al. Diabetes 

Care. 2018.[31]
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Correct Answer: 

E
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changes, similar to those of metabolic syndrome, have 

been described in patients receiving ADT. T ese in-

clude sarcopenic obesity (decrease in lean body mass 

and subcutaneous fat increase), dyslipidemia (increase 

in triglycerides, total cholesterol, LDL-C, and HDL-C), 

insulin resistance, and increased fasting plasma glu-

cose levels.[14,15] However, in some respects, the 

metabolic changes seen with ADT are dif erent from 

metabolic syndrome: an increase in subcutaneous 

rather than visceral fat, and an increase in HDL-C lev-

els instead of the decrease typically seen in metabolic 

syndrome.[14]

T e greatest risk of a f rst CV event af er the ini-

tiation of ADT is within the f rst year of treatment. 

T ese early events may not be due solely to accelerated 

atherosclerosis, since this develops more chronically 

than acutely.[10] Testosterone at physiologic levels has 

many antithrombotic ef ects, including stimulation of 

nitric oxide production, reduction of thromboxane 

A2 release from platelets, and increased expression of 

tissue plasminogen activator.[16-18] Testosterone has 

also been noted to have a potential antiarrhythmic 

ef ect—shortening the QT interval.[19] T erefore, tes-

tosterone depletion may impact a man’s health through 

multiple physiologic channels. In addition, ADT has 

been associated with cytokine derangements in the 

tumor microenviroment, resulting in increased IFN-γ 

production by T lymphocytes (activated by stimu-

lation of GnRH receptors in these cells), with subse-

quent plaque instability and rupture.[9] 

Guidelines suggest that every patient starting ADT 

for prostate cancer should be screened and assessed 

for CVD and CV risk factors. Preexisting CVD may 

further increase ADT’s deleterious side ef ects. In the 

Swedish population study, men with a history of two or 

more CVD events in the year prior to ADT initiation 

had the highest CVD risk.[10] In a retrospective co-

hort of patients with high-risk prostate cancer, the ad-

dition of ADT to radiation therapy was associated with 

increased risk of all-cause mortality among men with 

previous congestive heart failure or myocardial infarc-

tion, but not in men without these prior events.[20] 

Clinicians must weigh the benef t of starting ADT 

against the potential CV toxicity on an individual pa-

tient basis. An internist, a primary care physician, a 

cardiologist, or a cardio-oncologist should be part of 

the tumor board or management team whenever pos-

sible.[14] Evaluating the patient’s personal history of 

preexisting CVD is of utmost importance. T ere are 

no specif c recommendations for the management 

of CVD in prostate cancer patients undergoing ADT. 

Similar to the “ABCDE” steps for controlling CV risk 

factors in cancer survivors, an “ABCDE” mnemonic 

was developed for prostate cancer patients: Awareness/

Aspirin, Blood pressure, Cholesterol/Cigarettes, Dia-

betes/Diet, and Exercise.[21,22] T is mnemonic em-

phasizes the importance of adhering to the established 

guidelines (ACC/AHA, American Diabetes Associa-

tion, the Obesity Society) regarding the detection and 

management of CV comorbidities. 

Lifestyle interventions include, but are not lim-

ited to: smoking cessation; 150 minutes per week of 

moderate-intensity physical activity; and a diet rich in 

fruits, vegetables, and whole grains, and low in satu-

rated fat. While these interventions are recommend-

ed, they may be insuf  cient by themselves to achieve 

this patient’s metabolic goals. A recent meta-analysis 

showed that an exercise program can overcome many 

ADT adverse ef ects, but may not have a noticeable im-

pact on many important cardiometabolic parameters, 

such as triglycerides, HDL-C, and fasting glucose level.

[23] T us, Answer A is incorrect, since lifestyle inter-

ventions alone will likely be insuf  cient to modify this 

patient’s metabolic risk factors.

According to the 2013 ACC/AHA Guidelines on 

the Treatment of Blood Cholesterol to Reduce Athero-

sclerotic Cardiovascular Risk in Adults,[24] this pa-

tient f ts in the statin benef t group of individuals aged 

40–75 years with diabetes, LDL-C of 70–189 mg/dL, 

and an estimated 10-year atherosclerotic CVD risk of 

≥ 7.5%. Dyslipidemia treatment for such persons con-

sists of therapy with a high-intensity statin. T erefore, 

Answer B is incorrect, because moderate-intensity sta-

tin therapy will be insuf  cient for achieving the desired 

cholesterol reductions. 

According to the 2017 ACC/AHA Guideline for 

the Prevention, Detection, Evaluation, and Manage-

ment of High BP in Adults,[25] this patient has stage 

2 hypertension (≥ 140 mm Hg systolic or ≥ 90 mm Hg 

diastolic). T erefore, at least one BP-lowering medica-

tion should be initiated. Angiotensin-converting en-

zyme inhibitors and angiotensin receptor blockers are 

attractive options in patients with T2DM since they 

decrease CVD mortality in this population.[22,26] Be-

cause this man’s 10-year atherosclerotic CVD risk is ≥ 

10%, a BP target of less than 130/80 mm Hg is recom-

mended. T us, Answer C is incorrect.

In 2016, the US Preventive Services Task Force pub-

lished its latest statement on aspirin use in CVD pre-

vention.[27] T e patient in this case f ts in the group of 

adults aged 60 to 69 years with a ≥ 10% atherosclerotic 

CVD risk; in this group, the decision to initiate low-

dose aspirin should be individualized. T is man has a 

low bleeding risk and a high CVD risk because of his 

comorbidities and impending initiation of ADT. T ere 

is also interesting evidence about aspirin use and its 

benef t in cancer-specif c mortality in prostate cancer 

patients, especially high-risk patients.[28,29] T us, as-

ADT IN PATIENT WITH CV RISK FACTORS

KEY 

POINTS

 � Androgen depriva-

tion therapy (ADT) 

for prostate cancer 

is associated with 

increased risk of fatal 

and nonfatal cardio-

vascular (CV) events.

 � The type of ADT 

used, preexisting 

CV events, and CV 

comorbidities modify 

the magnitude of this 

risk.

 � Currently for those 

patients with CV risk 

factors, strict comor-

bidity management 

as delineated by 

national guidelines is 

indicated.

 � An “ABCDE” mne-

monic may help with 

remembering the var-

ious useful interven-

tions in comorbidity 

management: Aware-

ness/Aspirin, Blood 

pressure, Cholesterol/

Cigarettes, Diabetes/

Diet, and Exercise.
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pirin use is recommended, and Answer D is incorrect.

According to current national guideline recom-

mendations, summarized in the Table, Answer E is the 

correct answer in this case. T e patient has a 10-year 

atherosclerotic CVD risk > 10% and must start lifestyle 

interventions, high-intensity statin therapy, BP lower-

ing with a goal of < 130/80 mm Hg, and low-dose aspi-

rin. Several other interventions are worthwhile in the 

management of CV comorbidities, since they are tight-

ly interconnected with CVD outcomes. T ese include 

weight management (lowering BMI and abdominal 

perimeter) and T2DM treatment goals. Adherence to 

published clinical guidelines is highly recommended 

in patients with prostate cancer and metabolic comor-

bidities who will be starting hormonal therapy.[30,31]

Outcome of This Case 
T e importance of lifestyle interventions was ex-

plained to the patient and he was sent to a tobacco 

cessation clinic. Antihypertensive treatment was start-

ed with enalapril 10 mg/d; strict BP monitoring was 

advised to achieve the goal of < 130/80 mmHg. His 

metformin dose was increased to 850 mg TID, and he 

achieved a fasting glucose level of 80–130 mg/dL and 

HbA
1c

 of <7.0%. He was also started on high-intensity 

statin therapy (rosuvastatin 20 mg/d) and aspirin. His 

last lipid prof le showed triglycerides of 156 mg/dL, 

total cholesterol of 126 mg/dL, HDL-C of 32 mg/dL, 

and LDL-C of 62 mg/dL. T e patient completed EBRT 

and 24 months of hormonal therapy with degarelix. 

His last scans showed him to be disease-free, and his 

last PSA level was 0.01 ng/dL.�
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Robert Chapkin on relationships 
between the gut microbiome, 
diet, and colorectal cancer

We have become very familiar with reports in the media comparing the health effects of West-

ern diets, typically heavy in animal fats and proteins, with Asian and Mediterranean diets, which 

include more fi sh and place greater emphasis on consumption of fruits, vegetables, and whole 

grains. There is a growing body of evidence that bioactive molecules derived from pesco-vege-

tarian meals offer better protection against colorectal cancer than meat-based diets. More recent 

research has delved even deeper into the benefi cial and detrimental effects of dietary compo-

nents at the molecular level—examining how what we eat and drink infl uences the quantity 

and diversity of gut bacteria, and, in turn, evaluating the ways in which the gut microbiota may 

impact colorectal cancer risk. ONCOLOGY recently interviewed cell biologist and nutritional bio-

chemist Robert Chapkin, MSc, PhD, Distinguished Professor and Allen Endowed Chair in Nutrition 

& Chronic Disease Prevention in the department of nutrition and food science at Texas A&M 

University in College Station, Texas, to discuss both his work and the current state of the science 

in this pioneering area of cancer research. 

1 Could you please provide some back-

ground on the beginnings of research 

into the relationship between gut micro-

biota and colon cancer? What are one or 

two pivotal studies in this area?

DR. CHAPKIN: Only recently has it been appreci-

ated that intestinal microbiota inf uences the devel-

opment of colorectal tumors in preclinical models 

and human subjects. T ere have been many studies 

highlighting the interplay between host genetics, 

gut microbes, and intestinal tumor initiation/pro-

gression. However, the seminal works of Arthur,[1] 

Tao,[2] and O’Keefe[3] stand out in my mind. 

T e Arthur laboratory f ndings provided novel 

insight into the complex ef ects of inf ammation 

on microbial composition/activity and the host’s 

(intestinal mucosa) ability to protect itself from 

microorganisms with genotoxic capabilities. Also, 

from a mechanistic perspective, the Tao lab f nd-

ings demonstrated that Frizzled proteins (receptors 

that regulate Wnt signaling, required for colonic 

stem cell maintenance, self-renewal, and repair 

of the epithelial lining) can be activated by toxin 

B produced by pathogenic bacteria (Clostridium 

dif  cile). T ese f ndings demonstrate that colonic 

stem cells are the target of some microbial toxins. 

Lastly, the O’Keefe lab f ndings demonstrated that 

dietary f ber and fat content have a remarkable ef ect 

on the colonic microbiota and its metabolic activi-

ty in high-risk vs low-risk cancer populations. His 

work supports the claim that total f ber intake needs 

to exceed 50 g per day to prevent colon cancer.

2What key principles (eg, infl ammation) 

or hypothesis models (eg, bacterial 

driver/passenger or keystone/pathogen 

models) are important to understanding 

how the gut microbiome modulates intes-

tinal cells, immune cells, and malignant 

cells in the gut?

DR. CHAPKIN: T ere is ample evidence that the 

microbiome (eg, patchy bacterial biof lms) in the 

gut can modulate host immune cell function, pro-

moting low-grade chronic inf ammation. T is, 

combined with intestinal barrier deterioration in-

duced by (1) colorectal cancer–initiating genetic 

lesions, and (2) crosstalk between microbiota and 

diets low in f ber, results in the invasion of secret-

ed microbial products (eg, oncotoxins), which can 

drive tumor growth. Intriguingly, the protective ef-

fects of dietary f ber on cancer development may 
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be based on dramatic shif s in microbial com-

munity function—particularly short-chain fat-

ty acid production—which stimulate gut mu-

cosal metabolism and increase epithelial barrier 

function. T ese f ndings suggest that precision 

(personalized) nutrition might be utilized to fa-

vorably modulate an individual’s microbiota to 

reduce cancer risk. 

3 A review you coauthored in Semi-

nars in Cancer Biology cites studies 

showing that some microbiota produce 

DNA-damaging toxins, and that others 

are known to activate tumor-promot-

ing pathways.[4] You describe multiple 

“omics” techniques and analyses that 

could shed light on targetable micro-

biota/microenvironment interactions 

of potential use in colorectal cancer 

prevention and treatment. Could you 

please highlight two or three of the 

more promising approaches?

DR. CHAPKIN: A major gap in the f eld lies in 

the methodological limitations of assessing the 

multivariate relationships among the microbial 

metagenome (DNA), metatranscriptome (mes-

senger RNA), metametabolome (small mole-

cules), and the host transcriptome and metab-

olome in the gut over time. Our collaborative 

interdisciplinary team, made up of biologists, 

engineers, bioinformaticians, and clinician 

scientists, is developing novel latent variable 

Bayesian data fusion and network-based al-

gorithms to predict disease risk. T e goal is to 

establish “molecular f ngerprints,” which is a 

f rst step in identifying host/microbial targets 

that are amenable to interventions to optimize 

health and reduce the risk of chronic sequelae 

of inf ammation and cancer.

4 Even your earliest undergraduate 

and graduate work in the early to 

mid 1980s was focused on cell biology 

and nutrition. Could you please share 

with our readers what drew you to this 

fascinating fi eld of study?

DR. CHAPKIN: I have always been interested 

in using cutting-edge experimental tools to de-

termine how and why nutrition, or diet, modi-

f es disease risk. Since only a small fraction of 

biomedical research funding is devoted to the 

generation of new knowledge related to cancer 

prevention, my lab has always had to push the 

mechanistic boundaries of dietary chemopre-

vention. Fortunately, our interest in the (1) syn-

ergistic ef ects of systemic and lumenal metabo-

lites on intestinal stem cells, (2) development of 

a novel noninvasive methodology using exfoli-

ated cells (exfoliome) to monitor host/microbe 

interactions, (3) ef ects of dietary/microbial 

bioactives on plasma membrane structure and 

function, and (4) investigation of the role of di-

etary and microbial ligands as modif ers of in-

f ammation and colon cancer development, has 

been well received by the scientif c community.

Financial Disclosure: The author has no signifi -

cant fi nancial interest in or other relationship with 

the manufacturer of any product or provider of 

any service mentioned in this article.
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To reduce the risk of radiographic 
progression in metastatic CRPC†1 

Indication
XTANDI (enzalutamide) capsules is indicated for the treatment 
of patients with metastatic castration-resistant prostate 
cancer (CRPC).

Important Safety Information

Contraindications
XTANDI is not indicated for women. XTANDI can cause fetal harm 
and potential loss of pregnancy.

Warnings and Precautions
Seizure occurred in 0.5% of patients receiving XTANDI in clinical 
studies. In a study of patients with predisposing factors, seizures 
were reported in 2.2% of patients. See section 5.1 of the Prescribing 
Information for the list of predisposing factors. It is unknown 
whether anti-epileptic medications will prevent seizures with 
XTANDI. Permanently discontinue XTANDI in patients who develop 
a seizure during treatment.

Posterior Reversible Encephalopathy Syndrome (PRES) In post 
approval use, there have been reports of PRES in patients receiving 
XTANDI. PRES is a neurological disorder which can present with 
rapidly evolving symptoms including seizure, headache, lethargy, 
confusion, blindness, and other visual and neurological disturbances, 
with or without associated hypertension. A diagnosis of PRES requires 
confi rmation by brain imaging, preferably MRI. Discontinue XTANDI in 
patients who develop PRES.

Adverse Reactions
The most common adverse reactions (≥ 10%) that occurred more 
commonly (≥ 2% over placebo) in the XTANDI patients from the 

two placebo-controlled clinical trials were asthenia/fatigue, back pain, 
decreased appetite, constipation, arthralgia, diarrhea, hot fl ush, upper 
respiratory tract infection, peripheral edema, dyspnea, musculoskeletal 
pain, weight decreased, headache, hypertension, and dizziness/vertigo. 
In the bicalutamide-controlled study of chemotherapy-naïve patients, the 
most common adverse reactions (≥ 10%) reported in XTANDI patients 
were asthenia/fatigue, back pain, musculoskeletal pain, hot fl ush, 
hypertension, nausea, constipation, upper respiratory tract infection, 
diarrhea, and weight loss.

In the placebo-controlled study of patients taking XTANDI who 
previously received docetaxel, Grade 3 and higher adverse reactions 
were reported among 47% of XTANDI patients and 53% of placebo 
patients. Discontinuations due to adverse events were reported 
for 16% of XTANDI patients and 18% of placebo patients. In the 
placebo-controlled study of chemotherapy-naïve patients, Grade 
3-4 adverse reactions were reported in 44% of XTANDI patients and 
37% of placebo patients. Discontinuations due to adverse events 
were reported for 6% of both study groups. In the bicalutamide-
controlled study of chemotherapy-naïve patients, Grade 3-4 adverse 
reactions were reported in 38.8% of XTANDI patients and 37.6% of 
bicalutamide patients. Discontinuations due to adverse events were 
reported for 7.6% of XTANDI patients and 6.3% of bicalutamide 
patients.

Lab Abnormalities: In the two placebo-controlled trials, Grade 1-4 
neutropenia occurred in 15% of XTANDI patients (1% Grade 3-4) 
and 6% of placebo patients (0.5% Grade 3-4). Grade 1-4 
thrombocytopenia occurred in 6% of XTANDI patients (0.3% 
Grade 3-4) and 5% of placebo patients (0.5% Grade 3-4). 
Grade 1-4 elevations in ALT occurred in 10% of XTANDI patients

Upon progression on 
GnRH therapy* in mCRPC1

83% reduction in the risk of radiographic progression or death‡
 

with XTANDI + GnRH therapy* vs placebo + GnRH therapy*1

• HR = 0.17 (95% CI, 0.14-0.21); P < 0.0001

Overall survival, co-primary endpoint§: 23% reduction in risk of death with 

XTANDI + GnRH therapy* vs placebo + GnRH therapy* (HR = 0.77 [95% CI, 0.67-0.88])1
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CI, confidence interval; GnRH therapy, gonadotropin-releasing hormone therapy; HR, hazard ratio; mCRPC, metastatic castration-resistant prostate cancer.

*Or after bilateral orchiectomy.1

† As seen in the PREVAIL trial (Study 2): a multinational, double-blind, randomized, phase 3 trial that enrolled 1717 patients with metastatic CRPC who progressed 
on GnRH therapy or after bilateral orchiectomy, and who had not received prior cytotoxic chemotherapy. All patients continued on GnRH therapy.1,3

‡ Radiographic progression was assessed by blinded Independent Central Review (ICR) per Prostate Cancer Clinical Trials Working Group 2 (PCWG2) criteria for 
bone lesion progression and/or Response Evaluation Criteria in Solid Tumors version 1.1 (RECIST 1.1) for soft tissue/visceral disease progression.1,3

§ An updated survival analysis was conducted when 784 deaths were observed.  The median follow-up time was 31 months. Results from this analysis were consistent 
with those from the prespecified interim analysis.1

II Category 1: Based upon high-level evidence, there is uniform NCCN consensus that the intervention is appropriate.2

Learn more about XTANDI at XtandiHCP.com 

© 2017 Astellas Pharma US, Inc. All rights reserved. Printed in USA. 076-2953-PM  12/17
XTANDI, Astellas, and the fl ying star logo are registered trademarks of Astellas Pharma Inc.

(0.2% Grade 3-4) and 16% of placebo patients (0.2% Grade 3-4). 
Grade 1-4 elevations in bilirubin occurred in 3% of XTANDI patients 
(0.1% Grade 3-4) and 2% of placebo patients (no Grade 3-4).

Infections: In the study of patients taking XTANDI who previously 
received docetaxel, 1% of XTANDI patients compared to 0.3% 
of placebo patients died from infections or sepsis. In the study of 
chemotherapy-naïve patients, 1 patient in each treatment group 
(0.1%) had an infection resulting in death.

Falls (including fall-related injuries) occurred in 9% of XTANDI 
patients and 4% of placebo patients in the two placebo-controlled 
trials. Falls were not associated with loss of consciousness or seizure. 
Fall-related injuries were more severe in XTANDI patients, and 
included non-pathologic fractures, joint injuries, and hematomas.

Hypertension occurred in 11% of XTANDI patients and 4% of 
placebo patients in the two placebo-controlled trials. No patients 
experienced hypertensive crisis. Medical history of hypertension was 
balanced between arms. Hypertension led to study discontinuation 
in < 1% of patients in each arm.

Drug Interactions
Effect of Other Drugs on XTANDI Avoid strong CYP2C8 inhibitors, 
as they can increase the plasma exposure to XTANDI. 
If co-administration is necessary, reduce the dose of XTANDI. 

Avoid strong CYP3A4 inducers as they can decrease the plasma 

exposure to XTANDI. If co-administration is necessary, increase 
the dose of XTANDI.

Effect of XTANDI on Other Drugs Avoid CYP3A4, CYP2C9, and 
CYP2C19 substrates with a narrow therapeutic index, as XTANDI 
may decrease the plasma exposures of these drugs. If XTANDI is 
co-administered with warfarin (CYP2C9 substrate), conduct 
additional INR monitoring.

Please see adjacent pages for Brief Summary 
of Full Prescribing Information.

The National Comprehensive Cancer Network 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. 

References: 1. XTANDI [package insert]. Northbrook, IL: Astellas, Inc. 2. Referenced 

with permission from the NCCN Clinical Practice Guidelines in Oncology (NCCN 

Guidelines®) for Prostate Cancer V.2.2017. © National Comprehensive Cancer 

Network, Inc. 2017. All rights reserved. Accessed [November 14, 2017]. To view the 

most recent and complete version of the guideline, go online to NCCN.org. 3. Beer 

TM, Armstrong AJ, Rathkopf DE, et al., for the PREVAIL Investigators. Enzalutamide 

in metastatic prostate cancer before chemotherapy. N Engl J Med 2014;371(5):424-33. 

National Comprehensive Cancer Network® (NCCN®)2

The NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) 

recommend enzalutamide (XTANDI) as a Category 1 fi rst-line treatment 

option for patients with metastatic CRPC||2
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XTANDI® (enzalutamide) capsules for oral use  
Initial U.S. Approval: 2012

BRIEF SUMMARY OF PRESCRIBING INFORMATION

The following is a brief summary. Please see the package 
insert for full prescribing information.

INDICATIONS AND USAGE

XTANDI is indicated for the treatment of patients with 
metastatic castration-resistant prostate cancer (CRPC).

CONTRAINDICATIONS

Pregnancy 

XTANDI can cause fetal harm and potential loss of pregnancy.

WARNINGS AND PRECAUTIONS

Seizure

Seizure occurred in 0.5% of patients receiving XTANDI in 
clinical studies. In these trials patients with predisposing 
factors for seizure were generally excluded. Seizure 
occurred from 31 to 603 days after initiation of XTANDI. 
Patients experiencing seizures were permanently 
discontinued from therapy and all seizure events resolved.

In a single-arm trial designed to assess the risk of 
seizure in patients with pre-disposing factors for seizure, 
8 of 366 (2.2%) XTANDI-treated patients experienced  
a seizure. Three of the 8 patients experienced a second 
seizure during continued treatment with XTANDI after 
their first seizure resolved. It is unknown whether  
anti-epileptic medications will prevent seizures with 
XTANDI. Patients in the study had one or more of the 
following pre-disposing factors: the use of medications 
that may lower the seizure threshold (~ 54%), history 
of traumatic brain or head injury (~ 28%), history of 
cerebrovascular accident or transient ischemic attack 
(~ 24%), and Alzheimer’s disease, meningioma, or 
leptomeningeal disease from prostate cancer, unexplained 
loss of consciousness within the last 12 months, past 
history of seizure, presence of a space occupying lesion 
of the brain, history of arteriovenous malformation, or 
history of brain infection (all < 5%). Approximately 17% 
of patients had more than one risk factor. 

Advise patients of the risk of developing a seizure while 
receiving XTANDI and of engaging in any activity where 
sudden loss of consciousness could cause serious harm 
to themselves or others. 

Permanently discontinue XTANDI in patients who develop 
a seizure during treatment.

Posterior Reversible Encephalopathy Syndrome (PRES)

There have been reports of posterior reversible 
encephalopathy syndrome (PRES) in patients receiving 
XTANDI. PRES is a neurological disorder which can present  
with rapidly evolving symptoms including seizure, 
headache, lethargy, confusion, blindness, and other 
visual and neurological disturbances, with or without 
associated hypertension. A diagnosis of PRES requires 
confirmation by brain imaging, preferably magnetic 
resonance imaging (MRI). Discontinue XTANDI in 
patients who develop PRES. 

ADVERSE REACTIONS

Clinical Trial Experience 

Because clinical trials are conducted under widely varying 
conditions, adverse reaction rates observed in the clinical 
trials of a drug cannot be directly compared to rates in the 
clinical trials of another drug and may not reflect the rates 
observed in practice.

Three randomized clinical trials enrolled patients with 
metastatic prostate cancer that has progressed on  
androgen deprivation therapy (GnRH therapy or bilateral 
orchiectomy), a disease setting that is also defined as 
metastatic CRPC. Two trials were placebo-controlled 
(Studies 1 and 2), and one trial was bicalutamide- 
controlled (Study 3). In Studies 1 and 2, patients received 
XTANDI 160 mg or placebo orally once daily. In Study 3, 
patients received XTANDI 160 mg or bicalutamide 
50 mg orally once daily. All patients continued androgen 
deprivation therapy. Patients were allowed, but not 
required, to take glucocorticoids. 

The most common adverse reactions (≥ 10%) that 
occurred more commonly (≥ 2% over placebo) in the 
XTANDI-treated patients from the two randomized 
placebo-controlled clinical trials were asthenia/fatigue, 
back pain, decreased appetite, constipation, arthralgia, 
diarrhea, hot flush, upper respiratory tract infection, 
peripheral edema, dyspnea, musculoskeletal pain, 
weight decreased, headache, hypertension, and 
dizziness/vertigo.

Study 1: XTANDI versus Placebo in Metastatic CRPC 
Following Chemotherapy

Study 1 enrolled 1199 patients with metastatic CRPC 
who had previously received docetaxel. The median 
duration of treatment was 8.3 months with XTANDI 
and 3.0 months with placebo. During the trial, 48% of  
patients on the XTANDI arm and 46% of patients on the 
placebo arm received glucocorticoids.

Grade 3 and higher adverse reactions were reported 
among 47% of XTANDI-treated patients and 53% of 
placebo-treated patients. Discontinuations due to adverse 
events were reported for 16% of XTANDI-treated patients 
and 18% of placebo-treated patients. The most common 
adverse reaction leading to treatment discontinuation was 
seizure, which occurred in 0.9% of the XTANDI-treated 
patients compared to none (0%) of the placebo-treated 
patients. Table 1 shows adverse reactions reported in 
Study 1 that occurred at a ≥ 2% higher frequency in the 
XTANDI arm compared to the placebo arm.

Table 1. Adverse Reactions in Study 1 

XTANDI
N = 800

Placebo
N = 399

Grade 
1-4a

(%)

Grade 
3-4
(%)

Grade 
1-4
(%)

Grade 
3-4
(%)

General Disorders

Asthenic 
Conditionsb 50.6 9.0 44.4 9.3

Peripheral 
Edema

15.4 1.0 13.3 0.8

Musculoskeletal And Connective Tissue Disorders

Back Pain 26.4 5.3 24.3 4.0

Arthralgia 20.5 2.5 17.3 1.8
Musculoskeletal 
Pain

15.0 1.3 11.5 0.3

Muscular 
Weakness

9.8 1.5 6.8 1.8

Musculoskeletal 
Stiffness

2.6 0.3 0.3 0.0

Gastrointestinal Disorders

Diarrhea 21.8 1.1 17.5 0.3

Vascular Disorders

Hot Flush 20.3 0.0 10.3 0.0

Hypertension 6.4 2.1 2.8 1.3

Nervous System Disorders

Headache 12.1 0.9 5.5 0.0

Dizzinessc 9.5 0.5 7.5 0.5
Spinal Cord 
Compression 
and Cauda 
Equina 
Syndrome

7.4 6.6 4.5 3.8

Paresthesia 6.6 0.0 4.5 0.0
Mental 
Impairment 
Disordersd

4.3 0.3 1.8 0.0

Hypoesthesia 4.0 0.3 1.8 0.0

Infections And Infestations

Upper 
Respiratory 
Tract Infectione

10.9 0.0 6.5 0.3

Lower 
Respiratory 
Tract And Lung 
Infectionf

8.5 2.4 4.8 1.3

Psychiatric Disorders

Insomnia 8.8 0.0 6.0 0.5

Anxiety 6.5 0.3 4.0 0.0

Renal And Urinary Disorders

Hematuria 6.9 1.8 4.5 1.0

Pollakiuria 4.8 0.0 2.5 0.0

Injury, Poisoning And Procedural Complications

Fall 4.6 0.3 1.3 0.0
Non-pathologic 
Fractures 

4.0 1.4 0.8 0.3

Skin And Subcutaneous Tissue Disorders

Pruritus 3.8 0.0 1.3 0.0

Dry Skin 3.5 0.0 1.3 0.0

Respiratory Disorders

Epistaxis 3.3 0.1 1.3 0.3
a    CTCAE v4.
b    Includes asthenia and fatigue.
c    Includes dizziness and vertigo.
d     Includes amnesia, memory impairment, cognitive disorder, 

and disturbance in attention.
e     Includes nasopharyngitis, upper respiratory tract infection, 

sinusitis, rhinitis, pharyngitis, and laryngitis.
f      Includes pneumonia, lower respiratory tract infection, 

bronchitis, and lung infection.

Study 2: XTANDI versus Placebo in Chemotherapy-
naïve Metastatic CRPC

Study 2 enrolled 1717 patients with metastatic CRPC who 
had not received prior cytotoxic chemotherapy, of whom 
1715 received at least one dose of study drug. The median  
duration of treatment was 17.5 months with XTANDI and 
4.6 months with placebo. Grade 3-4 adverse reactions  
were reported in 44% of XTANDI-treated patients and 
37% of placebo-treated patients. Discontinuations due to 
adverse events were reported for 6% of XTANDI-treated  
patients and 6% of placebo-treated patients. The 
most common adverse reaction leading to treatment  
discontinuation was fatigue/asthenia, which occurred in 
1% of patients on each treatment arm. Table 2 includes 
adverse reactions reported in Study 2 that occurred at a 
≥ 2% higher frequency in the XTANDI arm compared to 
the placebo arm. 

Table 2. Adverse Reactions in Study 2

XTANDI
N = 871

Placebo
N = 844

Grade 
1-4a

(%)

Grade 
3-4
(%)

Grade 
1-4
(%)

Grade 
3-4
(%)

General Disorders

Asthenic 
Conditionsb 46.9 3.4 33.0 2.8

Peripheral 
Edema

11.5 0.2 8.2 0.4

Musculoskeletal And Connective Tissue Disorders

Back Pain 28.6 2.5 22.4 3.0

Arthralgia 21.4 1.6 16.1 1.1

Gastrointestinal Disorders

Constipation 23.2 0.7 17.3 0.4

Diarrhea 16.8 0.3 14.3 0.4

Vascular Disorders

Hot Flush 18.0 0.1 7.8 0.0

Hypertension 14.2 7.2 4.1 2.3

Nervous System Disorders

Dizzinessc 11.3 0.3 7.1 0.0

Headache 11.0 0.2 7.0 0.4

Dysgeusia 7.6 0.1 3.7 0.0
Mental 
Impairment 
Disordersd

5.7 0.0 1.3 0.1

Restless Legs 
Syndrome

2.1 0.1 0.4 0.0

Respiratory Disorders

Dyspneae 11.0 0.6 8.5 0.6

Infections And Infestations

Upper 
Respiratory 
Tract Infectionf

16.4 0.0 10.5 0.0

Lower 
Respiratory 
Tract And Lung 
Infectiong

7.9 1.5 4.7 1.1

Psychiatric Disorders

Insomnia 8.2 0.1 5.7 0.0

Renal And Urinary Disorders

Hematuria 8.8 1.3 5.8 1.3

Injury, Poisoning And Procedural Complications

Fall 12.7 1.6 5.3 0.7
Non-Pathological 
Fracture

8.8 2.1 3.0 1.1

Metabolism and Nutrition Disorders

Decreased 
Appetite

18.9 0.3 16.4 0.7

Investigations

Weight 
Decreased

12.4 0.8 8.5 0.2

Reproductive System and Breast Disorders

Gynecomastia 3.4 0.0 1.4 0.0
a    CTCAE v4.
b    Includes asthenia and fatigue. 
c    Includes dizziness and vertigo.
d     Includes amnesia, memory impairment, cognitive disorder, 

and disturbance in attention.
e     Includes dyspnea, exertional dyspnea, and dyspnea at rest.
f      Includes nasopharyngitis, upper respiratory tract infection, 

sinusitis, rhinitis, pharyngitis, and laryngitis.
g     Includes pneumonia, lower respiratory tract infection, 

bronchitis, and lung infection.

Study 3: XTANDI versus Bicalutamide in Chemotherapy- 
naïve Metastatic CRPC

Study 3 enrolled 375 patients with metastatic CRPC who 
had not received prior cytotoxic chemotherapy, of whom 
372 received at least one dose of study drug. The median  
duration of treatment was 11.6 months with XTANDI 
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and 5.8 months with bicalutamide. Discontinuations with 
an adverse event as the primary reason were reported for 
7.6% of XTANDI-treated patients and 6.3% of bicalutamide- 
treated patients. The most common adverse reactions 
leading to treatment discontinuation were back pain and 
pathological fracture, which occurred in 3.8% of XTANDI- 
treated patients for each event and in 2.1% and 1.6% of 
bicalutamide-treated patients, respectively. Table 3 shows 
overall and common adverse reactions (≥ 10%) in XTANDI- 
treated patients. 

Table 3. Adverse Reactions in Study 3

XTANDI
N = 183

Bicalutamide
N = 189

Grade 
1-4a

(%)

Grade 
3-4
(%)

Grade 
1-4a

(%)

Grade 
3-4
(%)

Overall 94.0 38.8 94.2 37.6

General Disorders

Asthenic 
Conditionsb 31.7 1.6 22.8 1.1

Musculoskeletal And Connective Tissue Disorders

Back Pain 19.1 2.7 18.0 1.6
Musculoskeletal 
Painc 16.4 1.1 14.3 0.5

Vascular Disorders

Hot Flush 14.8 0.0 11.1 0.0

Hypertension 14.2 7.1 7.4 4.2

Gastrointestinal Disorders

Nausea 14.2 0.0 17.5 0.0

Constipation 12.6 1.1 13.2 0.5

Diarrhea 11.5 0.0 9.0 1.1

Infections And Infestations

Upper 
Respiratory 
Tract Infectiond

12.0 0.0 6.3 0.5

Investigational

Weight Loss 10.9 0.5 7.9 0.5
a    CTCAE v 4.
b    Including asthenia and fatigue. 
c    Including musculoskeletal pain and pain in extremity.
d     Including nasopharyngitis, upper respiratory tract infection, 

sinusitis, rhinitis, pharyngitis, and laryngitis.

Laboratory Abnormalities

In the two randomized placebo-controlled clinical trials, 
Grade 1-4 neutropenia occurred in 15% of patients treated  
with XTANDI (1% Grade 3-4) and in 6% of patients treated  
with placebo (0.5% Grade 3-4). The incidence of Grade 
1-4 thrombocytopenia was 6% of patients treated with 
XTANDI (0.3% Grade 3-4) and 5% of patients treated 
with placebo (0.5% Grade 3-4). Grade 1-4 elevations in 
ALT occurred in 10% of patients treated with XTANDI  
(0.2% Grade 3-4) and 16% of patients treated with  
placebo (0.2% Grade 3-4). Grade 1-4 elevations in  
bilirubin occurred in 3% of patients treated with XTANDI 
(0.1% Grade 3-4) and 2% of patients treated with placebo 
(no Grade 3-4). 

Infections

In Study 1, 1% of patients treated with XTANDI compared  
to 0.3% of patients treated with placebo died from  
infections or sepsis. In Study 2, 1 patient in each treatment  
group (0.1%) had an infection resulting in death. 

Falls and Fall-related Injuries

In the two randomized placebo-controlled clinical trials,  
falls including fall-related injuries, occurred in 9% of  
patients treated with XTANDI compared to 4% of  
patients treated with placebo. Falls were not associated  
with loss of consciousness or seizure. Fall-related  
injuries were more severe in patients treated with  
XTANDI and included non-pathologic fractures, joint 
injuries, and hematomas.

Hypertension

In the two randomized placebo-controlled trials,  
hypertension was reported in 11% of patients receiving  
XTANDI and 4% of patients receiving placebo.  
No patients experienced hypertensive crisis. Medical  
history of hypertension was balanced between arms. 
Hypertension led to study discontinuation in < 1% of  
patients in each arm.

Post-Marketing Experience

The following additional adverse reactions have been 
identified during post approval use of XTANDI. Because 
these reactions were reported voluntarily from a 
population of uncertain size, it is not always possible 
to reliably estimate the frequency or establish a causal 
relationship to drug exposure.

Body as a Whole: hypersensitivity (tongue edema, lip edema, 
and pharyngeal edema)

Gastrointestinal Disorders: vomiting
Neurological Disorders: posterior reversible encephalopathy 
syndrome (PRES)
Skin and Subcutaneous Tissue Disorders: rash

DRUG INTERACTIONS

Drugs that Inhibit CYP2C8

Co-administration of a strong CYP2C8 inhibitor 
(gemfibrozil) increased the composite area under  
the plasma concentration-time curve (AUC) of 
enzalutamide plus N-desmethyl enzalutamide by 
2.2-fold. Co-administration of XTANDI with strong 
CYP2C8 inhibitors should be avoided if possible. If  
co-administration of XTANDI with a strong CYP2C8 
inhibitor cannot be avoided, reduce the dose of XTANDI.

Drugs that Induce CYP3A4

Co-administration of rifampin (strong CYP3A4 inducer 
and moderate CYP2C8 inducer) decreased the composite  
AUC of enzalutamide plus N-desmethyl enzalutamide 
by 37%. Co-administration of strong CYP3A4 inducers 
(e.g., carbamazepine, phenobarbital, phenytoin, rifabutin, 
rifampin, rifapentine) with XTANDI should be avoided 
if possible. St John’s wort may decrease enzalutamide  
exposure and should be avoided. If co-administration of a 
strong CYP3A4 inducer with XTANDI cannot be avoided, 
increase the dose of XTANDI.

Effect of XTANDI on Drug Metabolizing Enzymes

Enzalutamide is a strong CYP3A4 inducer and a moderate 
CYP2C9 and CYP2C19 inducer in humans. At steady 
state, XTANDI reduced the plasma exposure to midazolam 
(CYP3A4 substrate), warfarin (CYP2C9 substrate), and 
omeprazole (CYP2C19 substrate). Concomitant use of 
XTANDI with narrow therapeutic index drugs that are 
metabolized by CYP3A4 (e.g., alfentanil, cyclosporine, 
dihydroergotamine, ergotamine, fentanyl, pimozide, 
quinidine, sirolimus and tacrolimus), CYP2C9 (e.g., 
phenytoin, warfarin) and CYP2C19 (e.g., S-mephenytoin) 
should be avoided, as enzalutamide may decrease their 
exposure. If co-administration with warfarin cannot be 
avoided, conduct additional INR monitoring. 

USE IN SPECIFIC POPULATIONS

Pregnancy

Risk Summary
XTANDI is contraindicated for use in pregnant women 
because the drug can cause fetal harm and potential loss 
of pregnancy. XTANDI is not indicated for use in females. 
There are no human data on the use of XTANDI in pregnant 
women. In animal reproduction studies, oral administration 
of enzalutamide in pregnant mice during organogenesis 
caused adverse developmental effects at doses lower than 
the maximum recommended human dose.

Animal Data
In an embryo-fetal developmental toxicity study in 
mice, enzalutamide caused developmental toxicity 
when administered at oral doses of 10 or 30 mg/kg/day 
throughout the period of organogenesis (gestational days 
6-15). Findings included embryo-fetal lethality (increased 
post-implantation loss and resorptions) and decreased 
anogenital distance at ≥ 10 mg/kg/day, and cleft palate 
and absent palatine bone at 30 mg/kg/day. Doses of  
30 mg/kg/day caused maternal toxicity. The doses tested 
in mice (1, 10 and 30 mg/kg/day) resulted in systemic 
exposures (AUC) approximately 0.04, 0.4 and 1.1 times, 
respectively, the exposures in patients. Enzalutamide 
did not cause developmental toxicity in rabbits when 
administered throughout the period of organogenesis 
(gestational days 6-18) at dose levels up to 10 mg/kg/day  
(approximately 0.4 times the exposures in patients based 
on AUC).

Lactation

Risk Summary
XTANDI is not indicated for use in females. There is 
no information available on the presence of XTANDI in 
human milk, the effects of the drug on the breastfed 
infant, or the effects of the drug on milk production. 
Enzalutamide and/or its metabolites were present in milk 
of lactating rats.

Females and Males of Reproductive Potential

Contraception

Males
Based on findings in animal reproduction studies, advise 
male patients with female partners of reproductive 
potential to use effective contraception during treatment 
and for 3 months after the final dose of XTANDI.

Infertility

Based on animal studies, XTANDI may impair fertility in 
males of reproductive potential. 

Pediatric Use

Safety and effectiveness of XTANDI in pediatric patients 
have not been established.

Geriatric Use

Of 1671 patients who received XTANDI in the two 
randomized placebo-controlled clinical trials, 75% were  
65 and over, while 31% were 75 and over. No overall  
differences in safety or effectiveness were observed  
between these patients and younger patients. Other 
reported clinical experience has not identified differences  
in responses between the elderly and younger patients,  
but greater sensitivity of some older individuals cannot  
be ruled out.

Patients with Renal Impairment

A dedicated renal impairment trial for XTANDI has not  
been conducted. Based on the population pharmacokinetic 
analysis using data from clinical trials in patients with 
metastatic CRPC and healthy volunteers, no significant 
difference in enzalutamide clearance was observed 
in patients with pre-existing mild to moderate renal 
impairment (30 mL/min ≤ creatinine clearance [CrCL]  
≤ 89 mL/min) compared to patients and volunteers with 
baseline normal renal function (CrCL ≥ 90 mL/min).  
No initial dosage adjustment is necessary for patients  
with mild to moderate renal impairment. Severe renal 
impairment (CrCL < 30 mL/min) and end-stage renal 
disease have not been assessed. 

Patients with Hepatic Impairment

Dedicated hepatic impairment trials compared the 
composite systemic exposure of enzalutamide plus 
N-desmethyl enzalutamide in volunteers with baseline 
mild, moderate, or severe hepatic impairment (Child-
Pugh Class A, B, or C, respectively) versus healthy 
controls with normal hepatic function. The composite 
AUC of enzalutamide plus N-desmethyl enzalutamide 
was similar in volunteers with mild, moderate, or severe 
baseline hepatic impairment compared to volunteers with 
normal hepatic function. No initial dosage adjustment is 
necessary for patients with baseline mild, moderate, or 
severe hepatic impairment.

OVERDOSAGE

In the event of an overdose, stop treatment with XTANDI 
and initiate general supportive measures taking into 
consideration the half-life of 5.8 days. In a dose escalation 
study, no seizures were reported at ≤ 240 mg daily, 
whereas 3 seizures were reported, 1 each at 360 mg,  
480 mg, and 600 mg daily. Patients may be at increased 
risk of seizure following an overdose. 

NONCLINICAL TOXICOLOGY

Carcinogenesis, Mutagenesis, Impairment of Fertility

Long-term animal studies have not been conducted to 
evaluate the carcinogenic potential of enzalutamide.

Enzalutamide did not induce mutations in the bacterial 
reverse mutation (Ames) assay and was not genotoxic  
in either the in vitro mouse lymphoma thymidine 
kinase (Tk) gene mutation assay or the in vivo mouse 
micronucleus assay. 

Based on nonclinical findings in repeat-dose toxicology 
studies, which were consistent with the pharmacological 
activity of enzalutamide, male fertility may be impaired 
by treatment with XTANDI. In a 26-week study in rats, 
atrophy of the prostate and seminal vesicles was observed 
at ≥ 30 mg/kg/day (equal to the human exposure based 
on AUC). In 4-, 13-, and 39-week studies in dogs, 
hypospermatogenesis and atrophy of the prostate and 
epididymides were observed at ≥ 4 mg/kg/day (0.3 times 
the human exposure based on AUC). 
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Introduction
T e number of cancer survivors in the United States 

is predicted to exceed 20 million by 2026, largely due 

to advances in treatment and early detection of can-

cer, along with the aging and overall growth of the 

population.[1] T e Centers for Disease Control and 

Prevention (CDC), under guidance from the Advi-

sory Committee on Immunization Practices (ACIP), 

recommends certain vaccines for routine use in all 

persons, stratif ed by age and clinical indication.[2] 

Patients receiving treatment for cancer should be 

considered for age- and indication-appropriate vacci-

nations, and the responsibility for administration of 

these vaccines is shared between the oncologist and 

the primary care provider. Although vaccine ef ective-

ness may be lower in patients immunocompromised 

because of cancer or its therapy—in comparison with 

the ef ectiveness in immunocompetent persons—vac-

cination can still reduce morbidity and mortality. 

Inactivated vaccines are prepared from fractional 

or whole components of bacteria or viruses, or their 

products, and are typically protein- or polysaccha-

ride-based. Polysaccharide vaccines are typically less 

immunogenic and can be conjugated to proteins to 

enhance the immune response. Live-attenuated vac-

cines use a weakened form of the pathogen to induce 

an immune response. Recombinant vaccines consist 

of genetically engineered antigens and are typically 

inactivated, but can occasionally be live-attenuated. 

Both inactivated and recombinant vaccines can con-

tain adjuvants to increase the immune response.[3,4] 

T is article will address several important vaccination 

considerations in adult patients with cancer. Stem cell 

transplantation recipients require primary re-immu-

nization strategies that are addressed in other reviews.

[5,6] In general, inactivated and recombinant (non-

live) vaccines can be safely given to immunocompro-

mised patients (see Table). Live-attenuated vaccines 

should not be administered to patients who are con-

sidered to be highly immunocompromised. 

Immunocompromised Patients 
With Cancer
Highly immunocompromised cancer patients are 

those who have received chemotherapy and/or radi-

ation therapy within the preceding 3 months, those 

who have generalized malignancy or hematologic 

malignancy, and those who have received the equiv-

alent of ≥ 20 mg prednisone daily for ≥ 2 weeks, as 

well as stem cell transplant recipients within 2 years 

of transplant (or beyond 2 years if there is ongoing 

evidence of graf -vs-host disease).[7] Patients who re-

ceive regimens containing anti–B-cell antibodies are 

also highly immunosuppressed and unable to mount 

ef ective vaccine responses, and thus should have 

routine vaccinations delayed for at least 6 months. 

Other biologic agents, including both targeted agents 

and immune checkpoint blockade therapy (immuno-

therapy), have variable immunomodulatory and im-

munosuppressive ef ects. T e degree and duration of 

immunosuppression are dependent on the individual 

drug, dose, and therapeutic context of administra-
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tion. Certain patients or survivors with cancer may 

have anatomical or functional asplenia and, if this is 

their sole immune def cit, they are not considered to 

be highly immunocompromised and may be able to 

receive live-attenuated vaccines. 

Timing of Vaccination 
When feasible, vaccines should be administered pri-

or to planned immunosuppressive chemotherapy. 

Inactivated vaccines should ideally be given at least 

2 weeks prior to starting chemotherapy, or 3 months 

af er completion. Live-attenuated vaccines should be 

administered ≥ 4 weeks prior to the onset of such ther-

apy, or ≥ 3 months af er immune restoration.[5] For 

patients undergoing elective splenectomy as part of 

their cancer therapy, indicated vaccines should be ad-

ministered at least 2 weeks prior to the procedure.[8]

Influenza Vaccines
Adult patients undergoing treatment for cancer are 

at a higher risk for developing serious complications 

from inf uenza, with 3 to 4 times higher odds of hos-

pitalization compared with age-matched controls.

[9] Despite their limited ef ectiveness in preventing 

inf uenza, existing studies suggest that inactivated 

inf uenza vaccines are safe, and of er protection to 

cancer patients by reducing inf uenza-related hospi-

talizations, interruption of chemotherapy cycles, and 

risk of death.[10-13] Antibody responses to vaccines 

are generally lower in patients receiving chemothera-

Table.  Recommendations for Routine Vaccinations in Adults With 
Underlying Cancer

 Vaccine Safety Schedule Comments

Infl uenza One dose annually High dose recommended for 
age 65 yr and above

Trivalent inactivated √

Quadrivalent inactivated √

High-dose inactivated √

Live-attenuated (FluMist) X

Cell culture–based (Flucelvax 
Quadrivalent)

√

Recombinant (Flublok Tri- and 
Quadrivalent)

√ Use for severe egg allergy; 
age indication: ≥ 18 yr

Pneumococcal

13-valent pneumococcal 
conjugate (PCV-13; 
Prevnar-13)

√ One dose of PCV-13 followed by 
one dose of PPSV-23 at least 8 
weeks after PCV-13

23-valent pneumococcal 
polysaccharide (PPSV-23; 
Pneumovax)

√ (additional booster for 
Pneumovax may be 
recommendeda

Zoster

Recombinant zoster vaccine 
(RZV; Shingrix)

√ Two doses 2–6 mo apart Age indication: > 50 yr; if 
previously vaccinated with 
ZVL, wait 2 mo

Live zoster vaccine (ZVL; 
Zostavax)

X

Tetanus, diphtheria, and 
pertussis

Tdap √ Once in adulthood, if not 
previously vaccinated

Td √ Td booster every 10 yr (following 
Tdap)

√ = safe.
X = contraindicated.
aAdditional information available at https://www.cdc.gov/vaccines/schedules/downloads/adult/adult-combined-schedule.pdf.
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py compared with healthy individuals or cancer pa-

tients who are not actively receiving treatment. For 

those with solid tumors, immunogenicity of the stan-

dard-dose trivalent inactivated inf uenza vaccine has 

ranged from 21% to 89% across heterogeneous groups 

of patients undergoing treatment with dif erent cyto-

toxic chemotherapies.[14]

Newer infl uenza vaccines and recent 

developments

Trivalent inactivated inf uenza vaccines, which in-

clude two type A strains and one type B strain, have 

been the most widely used prevention strategies 

among patients with cancer. Several notable develop-

ments in this area are: 

• Quadrivalent inactivated vaccines include an addi-

tional B antigen that provides expanded coverage 

of strains from both inf uenza B genetic lineages 

that are expected to co-circulate within the same 

season. T ese vaccines are the current standard of 

care for inf uenza prevention at Memorial Sloan 

Kettering Cancer Center (MSKCC), with the ex-

ception of adults ≥ 65 years of age who are eligible 

for the high-dose vaccine.

• T e live-attenuated inf uenza vaccine (LAIV) is 

administered as a nasal mist; the vaccine strain vi-

rus replicates in the upper airway to mimic natural 

infection and induce mucosal immunity. LAIVs 

are not considered safe for patients undergoing 

cancer treatment. However, while the LAIV is 

not of ered to healthcare workers at MSKCC, use 

among household contacts of solid tumor patients 

is not discouraged. Secondary transmission of 

vaccine strain virus to susceptible high-risk con-

tacts is a recognized risk, but severe disease due 

to vaccine strain has rarely been reported.[15] In 

recent seasons, the CDC issued interim recom-

mendations against the use of LAIVs due to ef  ca-

cy concerns; the vaccine is now reapproved for the 

upcoming 2018–2019 season.

• T e high-dose inf uenza vaccine (https://www.

cdc.gov/flu/protect/vaccine/qa_fluzone.htm) 

contains four times the amount of antigen as the 

standard dose, eliciting higher antibody respons-

es and yielding clinically superior ef  cacy for the 

prevention of inf uenza and related respiratory ill-

nesses among older adults.[16-18] T e high-dose 

vaccine also induces higher seroprotection rates 

in non-elderly cancer patients,[19,20] and has the 

potential to incrementally enhance the clinical ef-

fectiveness of inactivated vaccines. Due to a lack 

of data on clinical ef  cacy, routine use of the high-

dose vaccine among cancer patients < 65 years old 

is not currently recommended by the ACIP.[21] At 

MSKCC, the high-dose inf uenza vaccine is rou-

tinely used only for patients ≥ 65 years. T e benef t 

of second doses of standard or high-dose vaccine 

to achieve superior immune and clinical responses 

remains unproven, and second doses are not cur-

rently given at our institution.

• Recombinant and cell culture–based vaccines uti-

lize shorter and more rapidly scalable manufac-

turing processes, compared with other inf uenza 

vaccine formulations that utilize traditional egg-

based manufacturing methods; the former there-

by preserve genetic and antigenic similarity to 

circulating viruses. It is conceivable that retention 

of genetic identity between vaccine and circulating 

strains translates into a higher level of protection, 

and this has been substantiated by a single study 

in adults > 50 years, which demonstrated superi-

or ef  cacy of quadrivalent recombinant vaccines 

compared with standard-dose egg-based vaccines 

during a single inf uenza season.[22] Until further 

data are available on the relative ef  cacy of recom-

binant vaccines compared with other high-dose 

formulations, and their benef ts are conf rmed to 

extend across dif erent strains and seasons, their 

use at MSKCC remains solely for patients with a 

history of severe egg allergy. 

• Adjuvanted inf uenza vaccines are another prom-

ising frontier in vaccine development that may 

enhance the immunogenicity in immunocompro-

mised patients.[23] None of the existing random-

ized controlled trials of newer vaccine formula-

tions have specif cally assessed their performance 

in oncology populations.

Safety, contraindications, and timing of in-

fl uenza vaccine in relation to chemotherapy

T ere is no specif c concern regarding the safety of the 

inactivated inf uenza vaccine among cancer patients 

undergoing chemotherapy. Most reported adverse 

ef ects are mild and local. High-dose vaccines may 

be more reactogenic at the site of administration, 

but the general safety prof le and incidence of Guil-

lain-Barré syndrome matches what is seen with stan-

dard-dose vaccines. Immunization between Septem-

ber and December, or later, is likely to be benef cial 

in most inf uenza seasons. Based on limited evi-

dence, the preferred timing for the inf uenza vaccine 

during treatment with chemotherapy is either more 

than 2 weeks before receiving chemotherapy or be-

tween chemotherapy cycles. Due to the unpredict-

able nature of the inf uenza season and unexpected 

delays in vaccine production, such precision in tim-
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ing is of en not achievable, and not ideal if regional 

inf uenza spread has begun early. 

Infl uenza vaccine for patients receiving 

immunotherapy

Recent reports have questioned the safety of the in-

f uenza vaccine in patients receiving immunotherapy, 

postulating that it acts as an unrecognized antigenic 

trigger that amplif es immune-related adverse events 

(irAEs).[24,25] In our experience, the incidence 

of irAEs in vaccine recipients receiving anti–pro-

grammed death 1 (PD-1) therapy, or combination 

therapy with ipilimumab and an anti–PD-1, is no 

dif erent from the irAE rates reported in clinical tri-

als of immune checkpoint inhibitors. Based on these 

data and the robust T-cell and humoral response to 

inf uenza vaccine in patients treated with checkpoint 

blockade,[26] we believe that co-administration of in-

f uenza vaccine with US Food and Drug Administra-

tion–approved immune checkpoint blockade therapy 

is safe and ef ective.

Pneumococcal Vaccines

Patients undergoing chemotherapy for solid tumors 

are at a 40- to 50-fold higher risk for the develop-

ment of invasive pneumococcal disease (IPD) com-

pared with healthy adults,[27] with case fatality rates 

approaching 35%. Polysaccharide-based vaccines 

(Pneumovax) are poorly immunogenic in cancer 

patients despite the broad coverage against 23 cap-

sular serotypes.[28] T e highly immunogenic conju-

gate vaccines were f rst licensed in the United States 

in 2000 (Prevnar-7); capsular serotype coverage was 

expanded with approval of Prevnar-13 for adults in 

2011. Among older adults, Prevnar-13 demonstrated 

a vaccine ef  cacy rate of 45% in reducing pneumonia, 

and a rate of 75% in reducing IPD.[29] With the ad-

vent of conjugate vaccines, a marked reduction in IPD 

rates has been observed among cancer patients—wide-

ly believed to be a consequence of the universal vac-

cination of children.[30] T e ACIP recommends that 

both pneumococcal vaccines be administered to adults 

with generalized malignancy, regardless of age.[31]

Co-administration of the pneumococcal vaccine 

and the inf uenza vaccine is safe and ef ective. Un-

familiarity with the frequently changing administra-

tion schedules for the two pneumococcal vaccines, 

and lack of access to vaccination records, have been 

major barriers to improving vaccination rates among 

patients in the oncology setting. To facilitate inf uen-

za and pneumococcal vaccine uptake among patients 

at MSKCC, a nurse-initiated protocol was developed 

and implemented in 2017. Patients are assessed for eli-

gibility for inf uenza vaccines and pneumococcal vac-

cines at each ambulatory visit as a mandatory com-

ponent of the nursing care assessment. Both vaccines 

may be administered by nurses, as guided by a logic 

tool built into the electronic medical record (EMR), 

and without a specif c physician order. T e logic tool 

screens for past vaccination history, eligibility for each 

type of vaccine, and potential contraindications.[32] 

T is program has led to a substantial increase in vac-

cine coverage. 

Zoster Vaccines

Following primary infection, varicella zoster virus 

persists in latent form in sensory ganglia. Reactivation 

of virus can occur in those with impaired cell-medi-

ated immunity and can cause herpes zoster infection 

(“shingles”), postherpetic neuralgia, and other serious 

complications associated with varicella reactivation. 

Cancer patients have a higher overall incidence of 

zoster, compared with age-matched controls, partic-

ularly those with hematologic malignancies.[33] Two 

zoster vaccines are now licensed for use in the Unit-

ed States. T e older vaccine, Zostavax (ZVL), is live-

attenuated and therefore has had limited use in the 

oncology setting. T e new recombinant subunit 

vaccine, Shingrix (RZV), is superior to ZVL and is 

available for adults ≥ 50 years of age, including those 

with a previous episode of zoster or those who have 

previously received ZVL, and is considered to be the 

preferred zoster vaccine by the ACIP. 

Studies have demonstrated that RZV is highly ef-

fective at preventing herpes zoster infection and pos-

therpetic neuralgia in all age groups, including the 

elderly (91% in adults ≥ 70 years old, 97% in adults 

50–69 years old).[34-36] T e ACIP has made no spe-

cif c recommendations for RZV use in immunocom-

promised cancer patients, citing lack of ef  cacy data. 

However, a recent study found signif cant ef  cacy 

among autologous stem cell transplant recipients who 

received the vaccine 50 to 70 days post-transplant. T e 

vaccine was about 68% ef ective at preventing herpes 

zoster reactivation and 89% ef ective at preventing 

postherpetic neuralgia; it reduced overall complica-

tions by nearly 78%.[37] Further studies to evaluate 

the ef  cacy of this vaccine in patients who have sol-

id or hematologic malignancies are underway, as are 

studies assessing immune responses in patients who 

have previously received ZVL. At MSKCC, we of er 

RZV to patients we deem eligible, based on current-

ly published data and ACIP recommendations; these 

are primarily adult patients ≥ 50 years who are not 

considered highly immunocompromised. We suggest 

administering the f rst dose of the vaccine prior to the 

KEY 

POINTS

 � Indicated vaccines 

are ideally adminis-

tered before cancer 

treatment is initiated.

 � Live vaccines are 

contraindicated due 

to risk of severe 

vaccine-induced 

infection.

 � Injectable infl uenza 

vaccine is given 

annually, and both 

pneumococcal vac-

cines should be ad-

ministered according 

to the recommended 

schedule from the 

Centers for Disease 

Control and Preven-

tion.

 � The newer recombi-

nant zoster vaccine 

(RZV) is the safer and 

preferred vaccine.

 � Family members and 

close contacts of 

cancer patients can 

be safely immunized 

with most, but not 

all, live vaccines.

IMMUNIZING CANCER PATIENTS
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onset of cancer-directed therapy or ≥ 3 months af er 

chemotherapy. We vaccinate with RZV even patients 

who have previously received ZVL; the ACIP recom-

mends waiting at least 2 months between the vaccines. 

Other Routine Vaccines
All patients should be up to date on tetanus and 

diphtheria toxoid (Td) immunization. Adults who 

have never received the tetanus-diphtheria-pertussis 

(Tdap) vaccine should receive this as soon as possible; 

that dose can replace one of the Td booster doses. Hu-

man papillomavirus (HPV) vaccine should be of ered 

to all immunocompromised young adults with cancer 

(through 26 years of age) if they have not previously 

received the series. Meningococcal, pneumococcal, 

and Haemophilus inf uenzae type b (Hib) vaccines 

should be given to cancer patients with anatomical or 

functional asplenia, to reduce the risk of sepsis caused 

by these organisms. Two dif erent types of vaccines 

(against serogroups A, C, W, and Y and serogroup B) 

are available to target dif erent serogroups of Neisseria 

meningitidis. Hepatitis A and B vaccines can be con-

sidered in cancer patients if another indication for vac-

cination is present. Live-attenuated vaccines—such as 

measles, mumps, and rubella (MMR) and varicella—

are contraindicated in highly immunocompromised 

cancer patients.

Travel Vaccines
Recent studies have highlighted the fact that interna-

tional travel is common among patients living with 

cancer, even highly immunocompromised patients.

[38,39] Some vaccines that are considered prior to 

travel are based on specif c epidemiologic risks that 

may be encountered at the travel destination(s). 

Country-specif c vaccine recommendations are avail-

able from the CDC.[40] Live-attenuated yellow fever 

vaccine, oral typhoid vaccine, and oral cholera vac-

cine cannot be given to highly immunocompromised 

patients. Certain countries require proof of receipt 

of yellow fever vaccination upon disembarkation, 

based on the individual traveler’s prior travel history, 

irrespective of actual risk at the destination. For pa-

tients who cannot safely receive yellow fever vaccine 

but who will be visiting a location where there is little 

epidemiologic risk of yellow fever, a waiver letter can 

be written by a certif ed provider of yellow fever vac-

cine. For patients who are planning a trip that may 

result in natural exposure to disease, attendant risks of 

travel should be carefully discussed; this can be done 

in conjunction with a travel medicine provider.[41]

Household Contacts, Including Children
All immunocompetent household members of highly 

immunocompromised cancer patients should receive 

age-appropriate vaccinations as recommended by the 

ACIP, including all inactivated vaccines, as well as 

most live-attenuated vaccines, to protect the health 

of the immunocompromised household member. 

Live-attenuated vaccines such as MMR and varicel-

la can be given, but immunocompromised patients 

should avoid contact with persons who develop skin 

lesions af er receipt of the varicella vaccine until the 

lesions clear. Rotavirus vaccine can also be safely giv-

en, but immunocompromised patients should avoid 

handling diapers of infants who have been vaccinat-

ed for 4 weeks af er vaccination. LAIVs should not 

be given to household contacts of patients who have 

received stem cell transplantation. Live-attenuated 

oral polio vaccine, which is not available in the United 

States, cannot be safely given to household contacts; 

the inactivated polio vaccine should be used.[5] Most 

travel vaccines can also be given to household con-

tacts as indicated. Live-attenuated travel vaccines, 

such as yellow fever and oral typhoid vaccinations, 

can be given. T ere are limited data on the use of oral 

cholera vaccine among household contacts.

Conclusion
Routine vaccination in cancer patients and their 

household contacts is an important strategy for re-

ducing morbidity and mortality in this vulnerable 

population. Vaccine type and categorization of the 

underlying degree of immunocompromise are essen-

tial considerations in the timing and feasibility of ad-

ministration of each recommended vaccine. Compli-

cations from inf uenza and pneumococcal disease are 

signif cantly higher in patients with cancer compared 

with the general adult population, and we have found 

improved vaccine uptake with integrated EMR logic 

tools in our oncology patient population. T e new 

recombinant zoster vaccine is highly promising, and 

forthcoming ef  cacy data in immunosuppressed pa-

tients will help guide possible expanded use.�
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A key implication of the CSC model 

for cancer treatment is that both 

CSCs and non-stem cancer cell s 

should be targeted to reduce tumor 

recurrence and metastasis.15 ,16 

The nex t gener ation of cancer 

ther apeutic s is in development with 

investigational agents designed to 

inhibit stemness pathways.1

Targeting Stemness

Stemness of CSCs may drive tumor growth

Stemness is defined by the ability to self-renew and differentiate.4 

Unlike normal stem cells, which differentiate into healthy, mature 

cell types, CSCs differentiate into cancer cells.4 The stemness 

of CSCs is maintained by various signaling pathways that are 

overactivated, including JAK/STAT, Wnt/β-catenin, Nanog, and 

Notch, depending on the tumor type.5-9

Stemness may enable CSCs to metastasize and regrow tumors.3 

This makes CSCs phenotypically different from non-stem cancer 

cells and may confer therapy resistance.3 Stemness can be acquired 

by non-stem cancer cells as they dedifferentiate in response to 

multiple stimuli, possibly including conventional cancer therapies.10,11

The CSC model may help explain tumor recurrence

In the clonal evolution model, all cells within a malignant tumor 

have similar tumorigenic activity.12 By contrast, in the CSC model 

only a subset of tumor cells, CSCs, have tumor-initiating capability.2 

This may help to explain why early tumor shrinkage is often poorly 

predictive of overall survival.13,14 While conventional therapies kill the 

bulk of non-stem cancer cells, resulting in tumor shrinkage, CSCs 

may remain viable and later reestablish the tumor, leading to relapse.4

Not all cancer cells 

within a tumor are equal

Despite current advances in 

cancer therapy, tumor recurrence 

and metastases remain clinical 

challenges.1 A potential new approach 

to address these is the targeting of a 

subset of the tumor cell population 

known as cancer stem cells (CSCs).2 

CSCs are highly tumorigenic, have high 

metastatic potential, and are resistant 

to conventional cancer therapies.3
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Boston Biomedical is developing the next generation of cancer therapeutics with drugs designed to inhibit cancer stemness 

pathways. Clinical trials are underway with the goal of reducing recurrence and metastasis.

CSCs are highly tumorigenic, 

have high metastatic 

potential, and  are 

resistant to conventional 

cancer ther apies.3

TARGETING CANCER 

STEMNESS PATHWAYS
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