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The fi rst and only CDK4 & 6 inhibitor approved
IN COMBINATION WITH FULVESTRANT AND AS A SINGLE AGENT 

 for HR+, HER2– MBC¹

Visit verzenio.com/hcp for more information

Please see additional Important Safety Information on adjacent page.

For assessment of potential hepatotoxicity, monitor liver function tests (LFTs) prior to the start of Verzenio therapy, every 2 weeks for the  rst 
2 months, monthly for the next 2 months, and as clinically indicated. Dose interruption, dose reduction, dose discontinuation, or delay in starting 
treatment cycles is recommended for patients who develop persistent or recurrent Grade 2, or Grade 3 or 4, hepatic transaminase elevation.

Venous thromboembolic events were reported in 5% of patients treated with Verzenio plus fulvestrant in MONARCH 2 as compared to 0.9% of 
patients treated with fulvestrant plus placebo. Venous thromboembolic events included deep vein thrombosis, pulmonary embolism, cerebral 
venous sinus thrombosis, subclavian and axillary vein thrombosis, and inferior vena cava thrombosis. Across the clinical development program, 
deaths due to venous thromboembolism have been reported. Monitor patients for signs and symptoms of venous thrombosis and pulmonary 
embolism and treat as medically appropriate.

Verzenio can cause fetal harm when administered to a pregnant woman based on  ndings from animal studies and the mechanism of action. 
In animal reproduction studies, administration of abemaciclib to pregnant rats during the period of organogenesis caused teratogenicity and 
decreased fetal weight at maternal exposures that were similar to the human clinical exposure based on area under the curve (AUC) at the 
maximum recommended human dose. Advise pregnant women of the potential risk to a fetus. Advise females of reproductive potential to use 
eff ective contraception during treatment with Verzenio and for at least 3 weeks after the last dose. There are no data on the presence of Verzenio 
in human milk or its eff ects on the breastfed child or on milk production. Advise lactating women not to breastfeed during Verzenio treatment and 
for at least 3 weeks after the last dose because of the potential for serious adverse reactions in breastfed infants. Based on  ndings in animals, 
Verzenio may impair fertility in males of reproductive potential.

The most common adverse reactions (all grades, ≥10%) observed in MONARCH 2 for Verzenio plus fulvestrant and ≥2% higher than placebo 
plus fulvestrant were diarrhea (86% vs 25%), neutropenia (46% vs 4%), fatigue (46% vs 32%), nausea (45% vs 23%), infections (43% vs 25%), 
abdominal pain (35% vs 16%), anemia (29% vs 4%), leukopenia (28% vs 2%), decreased appetite (27% vs 12%), vomiting (26% vs 10%), headache 
(20% vs 15%), dysgeusia (18% vs 3%), thrombocytopenia (16% vs 3%), alopecia (16% vs 2%), stomatitis (15% vs 10%), ALT increased (13% vs 5%), 
pruritus (13% vs 6%), cough (13% vs 11%), dizziness (12% vs 6%), AST increased (12% vs 7%), peripheral edema (12% vs 7%), creatinine increased 
(12% vs <1%), rash (11% vs 4%), pyrexia (11% vs 6%), and weight decreased (10% vs 2%).

The most common adverse reactions (all grades, ≥10%) observed in MONARCH 1 with Verzenio were diarrhea (90%), fatigue (65%), nausea 
(64%), decreased appetite (45%), abdominal pain (39%), neutropenia (37%), vomiting (35%), infections (31%), anemia (25%), thrombocytopenia 
(20%), headache (20%), cough (19%), leukopenia (17%), constipation (17%), arthralgia (15%), dry mouth (14%), weight decreased (14%), stomatitis 
(14%), creatinine increased (13%), alopecia (12%), dysgeusia (12%), pyrexia (11%), dizziness (11%), and dehydration (10%). 

The most frequently reported ≥5% Grade 3 or 4 adverse reactions that occurred in the Verzenio arm of MONARCH 2 were neutropenia 
(27% vs 2%), diarrhea (13% vs <1%), leukopenia (9% vs 0%), anemia (7% vs 1%), and infections (6% vs 3%).

The most frequently reported ≥5% Grade 3 or 4 adverse reactions from MONARCH 1 with Verzenio were neutropenia (24%), diarrhea (20%), 
fatigue (13%), infections (7%), leukopenia (6%), anemia (5%), and nausea (5%).

Lab abnormalities (all grades; Grade 3 or 4) for MONARCH 2 in ≥10% for Verzenio plus fulvestrant and ≥2% higher than placebo plus 
fulvestrant were increased serum creatinine (98% vs 74%; 1% vs 0%), decreased white blood cells (90% vs 33%; 23% vs 1%), decreased neutrophil 
count (87% vs 30%; 33% vs 4%), anemia (84% vs 33%; 3% vs <1%), decreased lymphocyte count (63% vs 32%; 12% vs 2%), decreased platelet count 
(53% vs 15%; 2% vs 0%), increased ALT (41% vs 32%; 5% vs 1%), increased AST (37% vs 25%; 4% vs 4%).

Lab abnormalities (all grades; Grade 3 or 4) for MONARCH 1 with Verzenio were increased serum creatinine (98%; <1%), decreased white blood 
cells (91%; 28%), decreased neutrophil count (88%; 27%), anemia (68%; 0%), decreased lymphocyte count (42%; 14%), decreased platelet count 
(41%; 2%), increased ALT (31%; 3%), and increased AST (30%; 4%).  

Strong CYP3A inhibitors increased the exposure of abemaciclib plus its active metabolites to a clinically meaningful extent and may lead to 
increased toxicity. Avoid concomitant use of ketoconazole. Ketoconazole is predicted to increase the AUC of abemaciclib by up to 16-fold. 
In patients with recommended starting doses of 200 mg twice daily or 150 mg twice daily, reduce the Verzenio dose to 100 mg twice daily with 
concomitant use of other strong CYP3A inhibitors. In patients who have had a dose reduction to 100 mg twice daily due to adverse reactions, 
further reduce the Verzenio dose to 50 mg twice daily with concomitant use of other strong CYP3A inhibitors. If a patient taking Verzenio 
discontinues a strong CYP3A inhibitor, increase the Verzenio dose (after 3 to 5 half-lives of the inhibitor) to the dose that was used before 
starting the strong inhibitor. Patients should avoid grapefruit products. 

Avoid concomitant use of strong CYP3A inducers and consider alternative agents. Coadministration of Verzenio with rifampin, a strong CYP3A 
inducer, decreased the plasma concentrations of abemaciclib plus its active metabolites and may lead to reduced activity. 

With severe hepatic impairment (Child-Pugh Class C), reduce the Verzenio dosing frequency to once daily. The pharmacokinetics of Verzenio in 
patients with severe renal impairment (CLcr <30 mL/min), end stage renal disease, or in patients on dialysis is unknown. No dosage adjustments 
are necessary in patients with mild or moderate hepatic (Child-Pugh A or B) and/or renal impairment (CLcr ≥30-89 mL/min).

Please see Brief Summary of full Prescribing Information for Verzenio on next pages.

AL HCP ISI 02OCT2017

Reference: 1. Verzenio [package insert]. Indianapolis, IN: Eli Lilly and Company; 2017. 

PP-AL-US-0048 10/2017 ©Lilly USA, LLC 2017. All rights reserved. 
Verzenio™ is a trademark owned or licensed by Eli Lilly and Company, its subsidiaries or affi  liates.

Verzenio is indicated:
•   In combination with fulvestrant for women with hormone receptor–positive (HR+), human epidermal growth factor receptor 2–negative 

(HER2−) advanced or metastatic breast cancer (MBC) with disease progression following endocrine therapy 

•   As monotherapy for the treatment of adult patients with HR+, HER2− advanced or metastatic breast cancer (MBC) with disease 
progression following endocrine therapy and prior chemotherapy in the metastatic setting

Important Safety Information 
Diarrhea occurred in 86% of patients receiving Verzenio plus fulvestrant in MONARCH 2 and 90% of patients receiving Verzenio alone in 
MONARCH 1. Grade 3 diarrhea occurred in 13% of patients receiving Verzenio plus fulvestrant in MONARCH 2 and in 20% of patients receiving 
Verzenio alone in MONARCH 1. Episodes of diarrhea have been associated with dehydration and infection.  

In MONARCH 2, diarrhea incidence was greatest during the  rst month of Verzenio dosing. The median time to onset of the  rst diarrhea event 
was 6 days, and the median duration of diarrhea for Grades 2 and 3 were 9 days and 6 days, respectively. Twenty-two percent of patients with 
diarrhea required a dose omission and 22% required a dose reduction. In the MONARCH 1 study, the time to onset and resolution for diarrhea 
were similar to those in MONARCH 2.

Instruct patients that at the  rst sign of loose stools, they should start antidiarrheal therapy such as loperamide, increase oral  uids, and notify 
their healthcare provider for further instructions and appropriate follow-up. For Grade 3 or 4 diarrhea, or diarrhea that requires hospitalization, 
discontinue Verzenio until toxicity resolves to ≤Grade 1, and then resume Verzenio at the next lower dose.

Neutropenia occurred in 46% of patients receiving Verzenio plus fulvestrant in MONARCH 2 and 37% of patients receiving Verzenio alone 
in MONARCH 1. A Grade ≥3 decrease in neutrophil count (based on laboratory  ndings) occurred in 32% of patients receiving Verzenio plus 
fulvestrant in MONARCH 2 and in 27% of patients receiving Verzenio in MONARCH 1. In MONARCH 2 and MONARCH 1, the median time to  rst 
episode of Grade >3 neutropenia was 29 days, and the median duration of Grade ≥3 neutropenia was 15 days.

Monitor complete blood counts prior to the start of Verzenio therapy, every 2 weeks for the  rst 2 months, monthly for the next 2 months, and as 
clinically indicated. Dose interruption, dose reduction, or delay in starting treatment cycles is recommended for patients who develop Grade 3 or 
4 neutropenia.

Febrile neutropenia has been reported in 1% of patients exposed to Verzenio in MONARCH 2 and MONARCH 1. Two deaths due to neutropenic 
sepsis were observed in MONARCH 2. Inform patients to promptly report any episodes of fever to their healthcare provider.

Grade ≥3 increases in alanine aminotransferase (ALT) (4% versus 2%) and aspartate aminotransferase (AST) (2% versus 3%) were reported in 
the Verzenio and placebo arms respectively, in MONARCH 2.

In MONARCH 2, for patients receiving Verzenio plus fulvestrant with Grade ≥3 ALT increased, median time to onset was 57 days, and median 
time to resolution to Grade <3 was 14 days. For patients with Grade ≥3 AST increased, median time to onset was 185 days, and median time to 
resolution was 13 days.

CDK4 & 6=cyclin-dependent kinases 4 and 6.
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The fi rst and only CDK4 & 6 inhibitor approved
IN COMBINATION WITH FULVESTRANT AND AS A SINGLE AGENT 

 for HR+, HER2– MBC¹

Visit verzenio.com/hcp for more information

Please see additional Important Safety Information on adjacent page.

For assessment of potential hepatotoxicity, monitor liver function tests (LFTs) prior to the start of Verzenio therapy, every 2 weeks for the  rst 
2 months, monthly for the next 2 months, and as clinically indicated. Dose interruption, dose reduction, dose discontinuation, or delay in starting 
treatment cycles is recommended for patients who develop persistent or recurrent Grade 2, or Grade 3 or 4, hepatic transaminase elevation.

Venous thromboembolic events were reported in 5% of patients treated with Verzenio plus fulvestrant in MONARCH 2 as compared to 0.9% of 
patients treated with fulvestrant plus placebo. Venous thromboembolic events included deep vein thrombosis, pulmonary embolism, cerebral 
venous sinus thrombosis, subclavian and axillary vein thrombosis, and inferior vena cava thrombosis. Across the clinical development program, 
deaths due to venous thromboembolism have been reported. Monitor patients for signs and symptoms of venous thrombosis and pulmonary 
embolism and treat as medically appropriate.

Verzenio can cause fetal harm when administered to a pregnant woman based on  ndings from animal studies and the mechanism of action. 
In animal reproduction studies, administration of abemaciclib to pregnant rats during the period of organogenesis caused teratogenicity and 
decreased fetal weight at maternal exposures that were similar to the human clinical exposure based on area under the curve (AUC) at the 
maximum recommended human dose. Advise pregnant women of the potential risk to a fetus. Advise females of reproductive potential to use 
eff ective contraception during treatment with Verzenio and for at least 3 weeks after the last dose. There are no data on the presence of Verzenio 
in human milk or its eff ects on the breastfed child or on milk production. Advise lactating women not to breastfeed during Verzenio treatment and 
for at least 3 weeks after the last dose because of the potential for serious adverse reactions in breastfed infants. Based on  ndings in animals, 
Verzenio may impair fertility in males of reproductive potential.

The most common adverse reactions (all grades, ≥10%) observed in MONARCH 2 for Verzenio plus fulvestrant and ≥2% higher than placebo 
plus fulvestrant were diarrhea (86% vs 25%), neutropenia (46% vs 4%), fatigue (46% vs 32%), nausea (45% vs 23%), infections (43% vs 25%), 
abdominal pain (35% vs 16%), anemia (29% vs 4%), leukopenia (28% vs 2%), decreased appetite (27% vs 12%), vomiting (26% vs 10%), headache 
(20% vs 15%), dysgeusia (18% vs 3%), thrombocytopenia (16% vs 3%), alopecia (16% vs 2%), stomatitis (15% vs 10%), ALT increased (13% vs 5%), 
pruritus (13% vs 6%), cough (13% vs 11%), dizziness (12% vs 6%), AST increased (12% vs 7%), peripheral edema (12% vs 7%), creatinine increased 
(12% vs <1%), rash (11% vs 4%), pyrexia (11% vs 6%), and weight decreased (10% vs 2%).

The most common adverse reactions (all grades, ≥10%) observed in MONARCH 1 with Verzenio were diarrhea (90%), fatigue (65%), nausea 
(64%), decreased appetite (45%), abdominal pain (39%), neutropenia (37%), vomiting (35%), infections (31%), anemia (25%), thrombocytopenia 
(20%), headache (20%), cough (19%), leukopenia (17%), constipation (17%), arthralgia (15%), dry mouth (14%), weight decreased (14%), stomatitis 
(14%), creatinine increased (13%), alopecia (12%), dysgeusia (12%), pyrexia (11%), dizziness (11%), and dehydration (10%). 

The most frequently reported ≥5% Grade 3 or 4 adverse reactions that occurred in the Verzenio arm of MONARCH 2 were neutropenia 
(27% vs 2%), diarrhea (13% vs <1%), leukopenia (9% vs 0%), anemia (7% vs 1%), and infections (6% vs 3%).

The most frequently reported ≥5% Grade 3 or 4 adverse reactions from MONARCH 1 with Verzenio were neutropenia (24%), diarrhea (20%), 
fatigue (13%), infections (7%), leukopenia (6%), anemia (5%), and nausea (5%).

Lab abnormalities (all grades; Grade 3 or 4) for MONARCH 2 in ≥10% for Verzenio plus fulvestrant and ≥2% higher than placebo plus 
fulvestrant were increased serum creatinine (98% vs 74%; 1% vs 0%), decreased white blood cells (90% vs 33%; 23% vs 1%), decreased neutrophil 
count (87% vs 30%; 33% vs 4%), anemia (84% vs 33%; 3% vs <1%), decreased lymphocyte count (63% vs 32%; 12% vs 2%), decreased platelet count 
(53% vs 15%; 2% vs 0%), increased ALT (41% vs 32%; 5% vs 1%), increased AST (37% vs 25%; 4% vs 4%).

Lab abnormalities (all grades; Grade 3 or 4) for MONARCH 1 with Verzenio were increased serum creatinine (98%; <1%), decreased white blood 
cells (91%; 28%), decreased neutrophil count (88%; 27%), anemia (68%; 0%), decreased lymphocyte count (42%; 14%), decreased platelet count 
(41%; 2%), increased ALT (31%; 3%), and increased AST (30%; 4%).  

Strong CYP3A inhibitors increased the exposure of abemaciclib plus its active metabolites to a clinically meaningful extent and may lead to 
increased toxicity. Avoid concomitant use of ketoconazole. Ketoconazole is predicted to increase the AUC of abemaciclib by up to 16-fold. 
In patients with recommended starting doses of 200 mg twice daily or 150 mg twice daily, reduce the Verzenio dose to 100 mg twice daily with 
concomitant use of other strong CYP3A inhibitors. In patients who have had a dose reduction to 100 mg twice daily due to adverse reactions, 
further reduce the Verzenio dose to 50 mg twice daily with concomitant use of other strong CYP3A inhibitors. If a patient taking Verzenio 
discontinues a strong CYP3A inhibitor, increase the Verzenio dose (after 3 to 5 half-lives of the inhibitor) to the dose that was used before 
starting the strong inhibitor. Patients should avoid grapefruit products. 

Avoid concomitant use of strong CYP3A inducers and consider alternative agents. Coadministration of Verzenio with rifampin, a strong CYP3A 
inducer, decreased the plasma concentrations of abemaciclib plus its active metabolites and may lead to reduced activity. 

With severe hepatic impairment (Child-Pugh Class C), reduce the Verzenio dosing frequency to once daily. The pharmacokinetics of Verzenio in 
patients with severe renal impairment (CLcr <30 mL/min), end stage renal disease, or in patients on dialysis is unknown. No dosage adjustments 
are necessary in patients with mild or moderate hepatic (Child-Pugh A or B) and/or renal impairment (CLcr ≥30-89 mL/min).

Please see Brief Summary of full Prescribing Information for Verzenio on next pages.

AL HCP ISI 02OCT2017

Reference: 1. Verzenio [package insert]. Indianapolis, IN: Eli Lilly and Company; 2017. 

PP-AL-US-0048 10/2017 ©Lilly USA, LLC 2017. All rights reserved. 
Verzenio™ is a trademark owned or licensed by Eli Lilly and Company, its subsidiaries or affi  liates.

Verzenio is indicated:
•   In combination with fulvestrant for women with hormone receptor–positive (HR+), human epidermal growth factor receptor 2–negative 

(HER2−) advanced or metastatic breast cancer (MBC) with disease progression following endocrine therapy 

•   As monotherapy for the treatment of adult patients with HR+, HER2− advanced or metastatic breast cancer (MBC) with disease 
progression following endocrine therapy and prior chemotherapy in the metastatic setting

Important Safety Information 
Diarrhea occurred in 86% of patients receiving Verzenio plus fulvestrant in MONARCH 2 and 90% of patients receiving Verzenio alone in 
MONARCH 1. Grade 3 diarrhea occurred in 13% of patients receiving Verzenio plus fulvestrant in MONARCH 2 and in 20% of patients receiving 
Verzenio alone in MONARCH 1. Episodes of diarrhea have been associated with dehydration and infection.  

In MONARCH 2, diarrhea incidence was greatest during the  rst month of Verzenio dosing. The median time to onset of the  rst diarrhea event 
was 6 days, and the median duration of diarrhea for Grades 2 and 3 were 9 days and 6 days, respectively. Twenty-two percent of patients with 
diarrhea required a dose omission and 22% required a dose reduction. In the MONARCH 1 study, the time to onset and resolution for diarrhea 
were similar to those in MONARCH 2.

Instruct patients that at the  rst sign of loose stools, they should start antidiarrheal therapy such as loperamide, increase oral  uids, and notify 
their healthcare provider for further instructions and appropriate follow-up. For Grade 3 or 4 diarrhea, or diarrhea that requires hospitalization, 
discontinue Verzenio until toxicity resolves to ≤Grade 1, and then resume Verzenio at the next lower dose.

Neutropenia occurred in 46% of patients receiving Verzenio plus fulvestrant in MONARCH 2 and 37% of patients receiving Verzenio alone 
in MONARCH 1. A Grade ≥3 decrease in neutrophil count (based on laboratory  ndings) occurred in 32% of patients receiving Verzenio plus 
fulvestrant in MONARCH 2 and in 27% of patients receiving Verzenio in MONARCH 1. In MONARCH 2 and MONARCH 1, the median time to  rst 
episode of Grade >3 neutropenia was 29 days, and the median duration of Grade ≥3 neutropenia was 15 days.

Monitor complete blood counts prior to the start of Verzenio therapy, every 2 weeks for the  rst 2 months, monthly for the next 2 months, and as 
clinically indicated. Dose interruption, dose reduction, or delay in starting treatment cycles is recommended for patients who develop Grade 3 or 
4 neutropenia.

Febrile neutropenia has been reported in 1% of patients exposed to Verzenio in MONARCH 2 and MONARCH 1. Two deaths due to neutropenic 
sepsis were observed in MONARCH 2. Inform patients to promptly report any episodes of fever to their healthcare provider.

Grade ≥3 increases in alanine aminotransferase (ALT) (4% versus 2%) and aspartate aminotransferase (AST) (2% versus 3%) were reported in 
the Verzenio and placebo arms respectively, in MONARCH 2.

In MONARCH 2, for patients receiving Verzenio plus fulvestrant with Grade ≥3 ALT increased, median time to onset was 57 days, and median 
time to resolution to Grade <3 was 14 days. For patients with Grade ≥3 AST increased, median time to onset was 185 days, and median time to 
resolution was 13 days.

CDK4 & 6=cyclin-dependent kinases 4 and 6.
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VERZENIO™ (abemaciclib) tablets, for oral use
Initial U.S. Approval: 2017

BRIEF SUMMARY: Consult the package insert for complete prescribing information.

INDICATIONS AND USAGE
VERZENIO™ (abemaciclib) is indicated:

CONTRAINDICATIONS: None

WARNINGS AND PRECAUTIONS

Diarrhea

Neutropenia

.

Hepatotoxicity 

Venous Thromboembolism

Embryo-Fetal Toxicity

ADVERSE REACTIONS

Clinical Studies Experience

Women with HR-positive, HER2-negative advanced or metastatic breast cancer with disease 
progression on or after prior adjuvant or metastatic endocrine therapy

 

Table 1: Adverse Reactions ≥10% in Patients Receiving VERZENIO Plus Fulvestrant  
and ≥2% Higher Than Placebo Plus Fulvestrant in MONARCH 2

VERZENIO plus  
Fulvestrant

N=441

Placebo plus  
Fulvestrant

N=223
All 

Grades
%

Grade 3
%

Grade 4
%

All 
Grades

%

Grade 3
%

Grade 4
%

Gastrointestinal Disorders
13 0 0

3 0 23 1 0

Abdominal Paina 2 0 1 0

0 10 2 0

Stomatitis 0 10 0 0

Infections and Infestations
b 3

Blood and Lymphatic System Disorders
c 3 1

Anemiad 29 7 1 0
e 28 9 2 0 0

2 1 3 0

General Disorders and Administration Site Conditions
3 0 32 0

12 0 0 7 0 0

11 0

Metabolism and Nutrition Disorders
27 1 0 12 0

T.7”
T.10”
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VERZENIO plus  
Fulvestrant

N=441

Placebo plus  
Fulvestrant

N=223
All 

Grades
%

Grade 3
%

Grade 4
%

All 
Grades

%

Grade 3
%

Grade 4
%

Respiratory, Thoracic and Mediastinal Disorders
13 0 0 11 0 0

Skin and Subcutaneous Tissue Disorders
0 0 2 0 0

13 0 0 0 0

11 1 0 0 0

Nervous System Disorders
20 1 0 0

18 0 0 3 0 0

Dizziness 12 1 0 0 0

Investigations

increased
13 2 0

increased

12 2 0 7 3 0

Creatinine increased 12 0 0 0

10 0 2 0

a

b

c

d

e

Table 2: Laboratory Abnormalities ≥10% in Patients Receiving VERZENIO Plus 
Fulvestrant and ≥2% Higher Than Placebo Plus Fulvestrant in MONARCH 2

VERZENIO plus 
Fulvestrant

N=441

Placebo plus  
Fulvestrant

N=223
All 

Grades
%

Grade 3
%

Grade 4
%

All 
Grades

%

Grade 3
%

Grade 4
%

Creatinine increased 98 1 0 0 0

90 23 33 0

87 29 30

Anemia 3 0 33 0

12 32 2 0

1 0 0

increased
32 1 0

increased
37 0

Creatinine Increased

Patients with HR-positive, HER2-negative breast cancer who received prior endocrine 
therapy and 1-2 chemotherapy regimens in the metastatic setting

Table 3: Adverse Reactions (≥10% of Patients) in MONARCH 1

VERZENIO 
N=132

All Grades 
%

Grade 3 
%

Grade 4 
%

Gastrointestinal Disorders
90 20 0

0

39 2 0

2 0

17 0

0 0

Stomatitis 0 0

Infections and Infestations
31 2

General Disorders and Administration Site Conditions
a 13 0

11 0 0

Blood and Lymphatic System Disorders
b 37 19

Anemiac 0
d 20 0

e 17

Metabolism and Nutrition Disorders
3 0

10 2 0

Respiratory, Thoracic and Mediastinal Disorders
19 0 0

Musculoskeletal and Connective Tissue Disorders
0 0

Nervous System Disorders
20 0 0

12 0 0

Dizziness 11 0 0

Skin and Subcutaneous Tissue Disorders
12 0 0

Investigations
Creatinine increased 13 0

0 0
a

b

c

d

e

Table 1: Adverse Reactions ≥10% in Patients Receiving VERZENIO Plus Fulvestrant  
and ≥2% Higher Than Placebo Plus Fulvestrant in MONARCH 2 (Cont.)

T.7”

T.10”
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EXECUTIVE SUMMARY

In 2017, the brisk pace of drug approvals from the US Food and Drug Administration 
allowed an influx of new treatment options for oncology indications. These included 
novel breakthrough treatments for solid tumors and hematologic malignancies, new 
and expanded indications for existing approved therapies, and the addition of new 
agents in drug classes with already demonstrated success. As the rapid evolution of 
the oncology treatment landscape is expected to continue, it is important for oncol-
ogy care providers and decision-makers to stay informed about the latest generation 
of treatment options as well as their impact on standard of care.
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TAGRISSO®—ELEGANT DESIGN 
MEETS SELECTIVE TARGETING

The � rst and only third-generation EGFR TKI1

TAGRISSO is designed to target EGFR sensitizing mutations and EGFR T790M 
mutations.1 TAGRISSO binds irreversibly to these key drivers of disease 
and resistance while demonstrating a lower af� nity for wild-type EGFR2

With a lower af� nity for wild-type EGFR, 
TAGRISSO binds at approximately 9-fold 
lower concentrations2 

INDICATION
TAGRISSO (osimertinib) is indicated for the treatment of patients with metastatic epidermal growth 
factor receptor (EGFR) T790M mutation-positive non-small cell lung cancer (NSCLC), as detected by an 
FDA-approved test, whose disease has progressed on or after EGFR tyrosine kinase inhibitor therapy. 

IMPORTANT SAFETY INFORMATION
•  There are no contraindications for TAGRISSO
•  Interstitial Lung Disease (ILD)/Pneumonitis occurred in 3.5% and was fatal in 0.6% of 833 TAGRISSO-

treated patients. Withhold TAGRISSO and promptly investigate for ILD in patients who present with 
worsening of respiratory symptoms indicative of ILD (eg, dyspnea, cough, and fever). Permanently 
discontinue TAGRISSO if ILD is con� rmed

•  Heart rate-corrected QT (QTc) interval prolongation occurred in TAGRISSO-treated patients. Of the 
833 TAGRISSO-treated patients, 0.7% of patients were found to have a QTc > 500 msec, and 2.9% 
of patients had an increase from baseline QTc > 60 msec. No QTc-related arrhythmias were reported. 
Conduct periodic monitoring with ECGs and electrolytes in patients with congenital long QTc syndrome, 
congestive heart failure, electrolyte abnormalities, or those who are taking medications known to prolong 
the QTc interval. Permanently discontinue TAGRISSO in patients who develop QTc interval prolongation 
with signs/symptoms of life-threatening arrhythmia

TAGRISSO binds irreversibly to 
EGFR with exon 19 deletions, 
a mutation seen in approximately 
46% of EGFRm metastatic 
NSCLC2,3

TAGRISSO binds irreversibly 
to EGFR with exon 21 L858R 
substitution, a mutation 
seen in approximately 39% of 
EGFRm metastatic NSCLC2,3

TAGRISSO inhibits mutated EGFR 
with the T790M mutation, which 
is responsible for resistance in 
more than half of EGFRm metastatic 
NSCLC cases at progression2,4 

EGFRm=epidermal growth factor receptor mutation, NSCLC=non-small cell lung cancer, TKI=tyrosine kinase inhibitor.

References: 1. Cross DAE, Ashton SE, Ghiorghiu S, et al. AZD9291, an irreversible EGFR TKI, 
overcomes T790M-mediated resistance to EGFR inhibitors in lung cancer. Cancer Discov. 2014;4:
1046-1061. 2. TAGRISSO [package insert]. Wilmington, DE: AstraZeneca Pharmaceuticals LP; 
2017. 3. Shigematsu H, Lin L, Takahashi T, et al. Clinical and biological features associated with 
epidermal growth factor receptor gene mutations in lung cancers. J Natl Cancer Inst. 2005;97(5):
339-346. 4. Yu HA, Arcila ME, Rekhtman N, et al. Analysis of tumor specimens at the time of 
acquired resistance to EGFR-TKI therapy in 155 patients with EGFR-mutant lung cancers. 
Clin Cancer Res. 2013;19:2240-2247.

Please see accompanying complete Brief Summary 
of Prescribing Information on adjacent pages.
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•  Cardiomyopathy occurred in 1.9% and was fatal in 0.1% of 833 TAGRISSO-treated patients. 
Left Ventricular Ejection Fraction (LVEF) decline ≥ 10% and a drop to < 50% occurred in 4% of 655 
TAGRISSO-treated patients. Conduct cardiac monitoring, including an assessment of LVEF at baseline 
and during treatment in patients with cardiac risk factors. Assess LVEF in patients who develop relevant 
cardiac signs or symptoms during treatment. For symptomatic congestive heart failure or persistent, 
asymptomatic LV dysfunction that does not resolve within 4 weeks, permanently discontinue TAGRISSO

•  Keratitis was reported in 0.7% of 833 TAGRISSO-treated patients in clinical trials. Promptly refer patients 
with signs and symptoms suggestive of keratitis (such as eye in� ammation, lacrimation, light sensitivity, 
blurred vision, eye pain, and/or red eye) to an ophthalmologist

•  Advise pregnant women of the potential risk to a fetus. Advise females of reproductive potential to use 
effective contraception during TAGRISSO treatment and for 6 weeks after the � nal dose. Advise males with 
female partners of reproductive potential to use effective contraception for 4 months after the � nal dose

•  The most common adverse reactions (≥ 20%) in patients treated 
with TAGRISSO were diarrhea (41%), rash (34%), dry skin (23%), 
nail toxicity (22%), and fatigue (22%)
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TAGRISSO® (osimertinib) tablets, for oral use
Brief Summary of Prescribing Information.
For complete prescribing information consult official package insert.
INDICATIONS AND USAGE
TAGRISSO is indicated for the treatment of patients with metastatic epidermal growth factor 
receptor (EGFR) T790M mutation-positive non-small cell lung cancer (NSCLC), as detected by 
an FDA-approved test, whose disease has progressed on or after EGFR tyrosine kinase inhibitor 
(TKI) therapy.
DOSAGE AND ADMINISTRATION
Patient Selection
Confirm the presence of a T790M EGFR mutation in tumor or plasma specimens prior to initiation of 
treatment with TAGRISSO [see Indications and Usage (1) and Clinical Studies (14) in full Prescribing 
Information]. Testing for the presence of the mutation in plasma specimens is recommended only 
in patients for whom a tumor biopsy cannot be obtained. If this mutation is not detected in a 
plasma specimen, re-evaluate the feasibility of biopsy for tumor tissue testing. Information on 
FDA-approved tests for the detection of T790M mutations is available at http://www.fda.gov/
companiondiagnostics.
Recommended Dosage Regimen
The recommended dose of TAGRISSO is 80 mg tablet once a day until disease progression or 
unacceptable toxicity. TAGRISSO can be taken with or without food.
If a dose of TAGRISSO is missed, do not make up the missed dose and take the next dose  
as scheduled.
Administration to Patients Who Have Difficulty Swallowing Solids
Disperse tablet in 60 mL (2 ounces) of non-carbonated water only. Stir until tablet is dispersed into 
small pieces (the tablet will not completely dissolve) and swallow immediately. Do not crush, heat, 
or ultrasonicate during preparation. Rinse the container with 120 mL to 240 mL (4 to 8 ounces of) 
water and immediately drink.
If administration via nasogastric tube is required, disperse the tablet as above in 15 mL of  
non-carbonated water, and then use an additional 15 mL of water to transfer any residues to the 
syringe. The resulting 30 mL liquid should be administered as per the nasogastric tube instructions 
with appropriate water flushes (approximately 30 mL).
Dosage Modification
Adverse Reactions
Table 1. Recommended Dose Modifications for TAGRISSO

Target
Organ Adverse Reactiona Dose Modification

Pulmonary Interstitial lung disease 
(ILD)/Pneumonitis

Permanently discontinue TAGRISSO.

Cardiac

QTc† interval greater than  
500 msec on at least 2 separate ECGsb

Withhold TAGRISSO until QTc interval 
is less than 481 msec or recovery to 
baseline if baseline QTc is greater than 
or equal to 481 msec, then resume at 
40 mg dose.

QTc interval prolongation with 
signs/symptoms of life-threatening 
arrhythmia

Permanently discontinue TAGRISSO.

Symptomatic congestive heart failure 
or asymptomatic left ventricular 
dysfunction that persists ≥ 4 weeks

Permanently discontinue TAGRISSO.

Other

Adverse reaction of Grade 3 or greater 
severity

Withhold TAGRISSO for up to 3 weeks.

If improvement to Grade 0-2 within 
3 weeks

Resume at 80 mg or 40 mg daily.

If no improvement within 3 weeks Permanently discontinue TAGRISSO.
a  Adverse reactions graded by the National Cancer Institute Common Terminology Criteria for Adverse Events  
 version 4.0 (NCI CTCAE v4.0).
b  ECGs = Electrocardiograms
†  QTc = QT interval corrected for heart rate

Drug Interactions
Strong CYP3A4 Inducers
If concurrent use is unavoidable, increase TAGRISSO dosage to 160 mg daily when coadministering 
with a strong CYP3A inducer. Resume TAGRISSO at 80 mg 3 weeks after discontinuation of the 
strong CYP3A4 inducer [see Drug Interactions (7), and Clinical Pharmacology (12.3) in full 
Prescribing Information].
CONTRAINDICATIONS
None.
WARNINGS AND PRECAUTIONS
The following information for ILD/ Pneumonitis, QTc Interval Prolongation, Cardiomyopathy and 
Keratitis reflects exposure to TAGRISSO in 833 patients with EGFR T790M mutation-positive  
non-small cell lung cancer (NSCLC) who received TAGRISSO at the recommended dose of 80 mg 
once daily in AURA3 (n=279), AURA Extension (n=201), AURA2 (n=210), and an expansion cohort 
in the first-in-human trial of osimertinib (AURA1, n=143).
Interstitial Lung Disease/Pneumonitis
Interstitial lung disease (ILD)/pneumonitis occurred in 3.5% (n=29) of TAGRISSO-treated patients 
(n=833); 0.6% (n=5) of cases were fatal.
Withhold TAGRISSO and promptly investigate for ILD in patients who present with worsening 
of respiratory symptoms which may be indicative of ILD (e.g., dyspnea, cough and fever). 
Permanently discontinue TAGRISSO if ILD is confirmed [see Dosage and Administration (2.4) and 
Adverse Reactions (6) in full Prescribing Information].

QTc Interval Prolongation
Heart rate-corrected QT (QTc) interval prolongation occurs in patients treated with TAGRISSO. Of 
the 833 patients treated with TAGRISSO in clinical trials, 0.7% (n=6) were found to have a QTc 
greater than 500 msec, and 2.9% of patients (n=24) had an increase from baseline QTc greater 
than 60 msec [see Clinical Pharmacology (12.2) in full Prescribing Information]. No QTc-related 
arrhythmias were reported.
Clinical trials of TAGRISSO did not enroll patients with baseline QTc of greater than 470 msec. 
Conduct periodic monitoring with ECGs and electrolytes in patients with congenital long QTc 
syndrome, congestive heart failure, electrolyte abnormalities, or those who are taking medications 
known to prolong the QTc interval. Permanently discontinue TAGRISSO in patients who develop 
QTc interval prolongation with signs/symptoms of life-threatening arrhythmia [see Dosage and 
Administration (2.4) in full Prescribing Information].
Cardiomyopathy
Across clinical trials, cardiomyopathy (defined as cardiac failure, congestive heart failure, 
pulmonary edema or decreased ejection fraction) occurred in 1.9% (n=16) of 833 TAGRISSO-
treated patients: 0.1% (n=1) of cases were fatal.
Left Ventricular Ejection Fraction (LVEF) decline greater than or equal to 10% and a drop to less 
than 50% occurred in 4.0% (26/655) of patients who had baseline and at least one follow-up  
LVEF assessment.
Conduct cardiac monitoring, including an assessment of LVEF at baseline and during treatment in 
patients with cardiac risk factors. Assess LVEF in patients who develop relevant cardiac signs or 
symptoms during treatment. For symptomatic congestive heart failure or persistent, asymptomatic 
LV dysfunction that does not resolve within 4 weeks, permanently discontinue TAGRISSO [see 
Dosage and Administration (2.4) in full Prescribing Information].
Keratitis
Keratitis was reported in 0.7% (n=6) of 833 patients treated with TAGRISSO in clinical trials. 
Promptly refer patients with signs and symptoms suggestive of keratitis (such as eye inflammation, 
lacrimation, light sensitivity, blurred vision, eye pain and/or red eye) to an ophthalmologist.
Embryo-Fetal Toxicity
Based on data from animal studies and its mechanism of action, TAGRISSO can cause fetal harm 
when administered to a pregnant woman. In animal reproduction studies, osimertinib caused post-
implantation fetal loss when administered during early development at a dose exposure 1.5 times 
the exposure at the recommended human dose. When males were treated prior to mating with 
untreated females, there was an increase in preimplantation embryonic loss at plasma exposures 
of approximately 0.5-times those observed in patients at the 80 mg dose level.
Advise pregnant women of the potential risk to a fetus.
Advise females of reproductive potential to use effective contraception during treatment with 
TAGRISSO and for 6 weeks after the final dose. Advise males with female partners of reproductive 
potential to use effective contraception for 4 months after the final dose [see Use in Specific 
Populations (8.1), (8.3) and Clinical Pharmacology (12.3) in full Prescribing Information].
ADVERSE REACTIONS
The following adverse reactions are discussed in greater detail in other sections of the labeling: 
Interstitial Lung Disease/Pneumonitis [see Warnings and Precautions (5.1) in full Prescribing 
Information]
QTc Interval Prolongation [see Warnings and Precautions (5.2) in full Prescribing Information]
Cardiomyopathy [see Warnings and Precautions (5.3) in full Prescribing Information]
Keratitis [see Warnings and Precautions (5.4) in full Prescribing Information] 
Clinical Trials Experience
Because clinical trials are conducted under widely varying conditions, adverse reaction rates 
observed in the clinical trials of a drug cannot be directly compared to rates in the clinical trials of 
another drug and may not reflect the rates observed in practice.
The data described below reflect exposure to TAGRISSO (80 mg daily) in patients with EGFR T790M 
mutation-positive metastatic NSCLC in an open-label, randomized, active-controlled trial (AURA3, 
n=279) and in two single arm trials, AURA Extension (n=201) and AURA2 (n=210). Patients with 
a history of interstitial lung disease, drug induced interstitial disease or radiation pneumonitis that 
required: steroid treatment, serious arrhythmia or baseline QTc interval greater than 470 msec on 
electrocardiogram were excluded from trial enrollment.
AURA3 Trial
The safety of TAGRISSO was evaluated in AURA3, a multicenter international open label randomized
(2:1) controlled trial conducted in 419 patients with unresectable or metastatic EGFR T790M 
mutation-positive NSCLC who had progressive disease following first line EGFR TKI treatment. 
A total of 279 patients received TAGRISSO 80 mg orally once daily until intolerance to therapy, 
disease progression, or investigator determination that the patient was no longer benefiting from 
treatment. A total of 136 patients received pemetrexed plus either carboplatin or cisplatin every 
three weeks for up to 6 cycles; patients without disease progression after 4 cycles of chemotherapy 
could continue maintenance pemetrexed until disease progression, unacceptable toxicity, or 
investigator determination that the patient was no longer benefiting from treatment. Left Ventricular 
Ejection Fraction (LVEF) was evaluated at screening and every 12 weeks. The median duration of 
treatment was 8.1 months for patients treated with TAGRISSO and 4.2 months for chemotherapy-
treated patients. The trial population characteristics were: median age 62 years, age less than 65 
(58%), female (64%), Asian (65%), never smokers (68%), and ECOG PS 0 or 1 (100%).
The most common adverse reactions (≥20%) in patients treated with TAGRISSO were diarrhea 
(41%), rash (34%), dry skin (23%), nail toxicity (22%), and fatigue (22%). Serious adverse reactions 
were reported in 18% of patients treated with TAGRISSO and 26% in the chemotherapy group. No 
single serious adverse reaction was reported in 2% or more patients treated with TAGRISSO. One 
patient (0.4%) treated with TAGRISSO experienced a fatal adverse reaction (ILD/pneumonitis).
Dose reductions occurred in 2.9% of patients treated with TAGRISSO. The most frequent adverse 
reactions leading to dose reductions or interruptions were prolongation of the QT interval as 
assessed by ECG (1.8%), neutropenia (1.1%), and diarrhea (1.1%). Adverse reactions resulting in 
permanent discontinuation of TAGRISSO occurred in 7% of patients treated with TAGRISSO. The 
most frequent adverse reaction leading to discontinuation of TAGRISSO was ILD/pneumonitis (3%).
Tables 2 and 3 summarize common adverse reactions and laboratory abnormalities which 
occurred in TAGRISSO-treated patients in AURA3. AURA3 was not designed to demonstrate a 
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statistically significant reduction in adverse reaction rates for TAGRISSO, or for the control arm, 
for any adverse reaction listed in Tables 2 and 3.
Table 2.  Adverse Reactions Occurring in ≥10% of Patients Receiving TAGRISSO in AURA3

Adverse Reaction TAGRISSO 
(N=279)

Chemotherapy  
(Pemetrexed/Cisplatin or 
Pemetrexed/Carboplatin)

(N=136)
All Gradesa

(%)
Grade 3/4a

(%)
All Gradesa

(%)
Grade 3/4a

(%)
Gastrointestinal disorders
Diarrhea 41 1.1 11 1.5
Nausea 16 0.7 49 3.7
Stomatitis 15 0 15 1.5
Constipation 14 0 35 0
Vomiting 11 0.4 20 2.2
Skin disorders
Rashb 34 0.7 5.9 0
Dry skinc 23 0 4.4 0
Nail toxicityd 22 0 1.5 0
Prurituse 13 0 5.1 0
Metabolism and Nutrition Disorders
Decreased appetite 18 1.1 36 2.9
Respiratory, Thoracic and Mediastinal Disorders
Cough 17 0 14 0
Musculoskeletal and Connective Tissue Disorders
Back pain 10 0.4 9 0.7
General Disorders and Administration Site Conditions
Fatiguef 22 1.8 40 5.1

* NCI CTCAE v4.0.
a No grade 4 events were reported.
b Includes rash, rash generalized, rash erythematous, rash macular, rash maculo-papular, rash papular, rash 

pustular, erythema, folliculitis, acne, dermatitis and acneform dermatitis.
c Includes dry skin, eczema, skin fissures, xerosis.
d Includes nail disorders, nail bed disorders, nail bed inflammation, nail bed tenderness, nail discoloration, nail 

disorder, nail dystrophy, nail infection, nail ridging, nail toxicity, onychoclasis, onycholysis, onychomadesis, 
paronychia.

e Includes pruritus, pruritus generalized, eyelid pruritus.
f Includes fatigue, asthenia.

Table 3.  Common Laboratory Abnormalities (>20% for all NCI CTCAE Grades) in AURA3

Laboratory 
Abnormality

TAGRISSO
(N=279)

Chemotherapy  
(Pemetrexed/Cisplatin or 
Pemetrexed/Carboplatin)

(N=131a)
Change from 

Baseline
All Grades  

(%)

Change from 
Baseline to 

Grade 3 or Grade 
4 (%)

Change from 
Baseline

All Grades
(%)

Change from 
Baseline to 
Grade 3 or 

Grade 4
(%)

Leukopenia 61 1.1 75 5.3
Lymphopenia 63 8.2 61 9.9
Thrombocytopenia 46 0.7 48 7.4
Neutropenia 27 2.2 49 12

a  Based on the number of patients with available follow-up laboratory data
AURA Extension and AURA2 Trials
The safety of TAGRISSO was evaluated in two single arm trials, AURA Extension (n=201) and 
AURA2 (n=210). A total of 411 patients with EGFR 790M mutation-positive NSLC who received one 
or more prior EGFR therapies including an EGFR TKI were treated with TAGRISSO (80 mg daily). 
The majority of patients were heavily pretreated. Prior to enrollment, 68% of patients had received 
at least 2 prior treatment regimens, 46% had received 3 or more prior lines of therapy, and 63% 
had received prior platinum-based chemotherapy.
Median duration of exposure to TAGRISSO was 7.7 months (range: <0.1 to 11.6 months). The 
toxicity profile of TAGRISSO observed in the AURA Extension and AURA2 trials was generally 
consistent with the toxicity profile observed in the AURA3 trial. Four patients (1%) treated with 
TAGRISSO developed fatal adverse reactions of ILD/pneumonitis. Discontinuation of therapy due 
to adverse reactions occurred in 5.6% of patients treated with TAGRISSO. The most frequent 
adverse reactions that led to discontinuation were ILD/pneumonitis.
DRUG INTERACTIONS
Effect of Other Drugs on Osimertinib
Strong CYP3A Inducers
Coadministering TAGRISSO with a strong CYP3A4 inducer decreased the exposure of osimertinib 
compared to administering TAGRISSO alone [see Clinical Pharmacology (12.3) in full Prescribing 
Information]. Decreased osimertinib exposure may lead to reduced efficacy.
Avoid coadministering TAGRISSO with strong CYP3A inducers (e.g., phenytoin, rifampin, 
carbamazepine, St. John’s Wort) [note: effect of St. John’s Wort varies widely and is preparation-
dependent]. Increase the TAGRISSO dosage when coadministering with a strong CYP3A4 
inducer if concurrent use is unavoidable [see Dosage and Administration (2.4) in full Prescribing 
Information]. No dose adjustments are required when TAGRISSO is used with moderate and/or 
weak CYP3A inducers.

Effect of Osimertinib on Other Drugs
Coadministering TAGRISSO with a BCRP substrate increased the exposure of the BCRP substrate 
compared to administering the BCRP substrate alone [see Clinical Pharmacology (12.3) in full 
Prescribing Information]. Increased BCRP substrate exposure may increase the risk of exposure-
related toxicity.
Monitor for adverse reactions of the BCRP substrate (e.g., rosuvastatin, sulfasalazine, topotecan), 
unless otherwise instructed in its approved labeling, when coadministered with TAGRISSO.
USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary
Based on data from animal studies and its mechanism of action, TAGRISSO can cause fetal harm 
when administered to a pregnant woman. There are no available data on TAGRISSO use in pregnant 
women. Administration of osimertinib to pregnant rats was associated with embryolethality and 
reduced fetal growth at plasma exposures 1.5 times the exposure at the recommended human 
dose [see  Data]. Advise pregnant women of the potential risk to a fetus.
In the U.S. general population, the estimated background risk of major birth defects and  
miscarriage in clinically-recognized pregnancies is 2% to 4% and 15% to 20%, respectively.
Data
Animal Data
When administered to pregnant rats prior to embryonic implantation through the end of 
organogenesis (gestation days 2-20) at a dose of 20 mg/kg/day, which produced plasma exposures 
of approximately 1.5 times the clinical exposure, osimertinib caused post-implantation loss and 
early embryonic death. When administered to pregnant rats from implantation through the closure 
of the hard palate (gestation days 6 to 16) at doses of 1 mg/kg/day and above (0.1-times the AUC 
observed in patients at the recommended dose of 80 mg), an equivocal increase in the rate of fetal 
malformations and variations was observed in treated litters relative to those of concurrent controls. 
When administered to pregnant dams at doses of 30 mg/kg/day during organogenesis through 
lactation Day 6, osimertinib caused an increase in total litter loss and postnatal death. At a dose of 
20 mg/kg/day, osimertinib administration during the same period resulted in increased postnatal 
death as well as a slight reduction in mean pup weight at birth that increased in magnitude between 
lactation days 4 and 6.
Lactation
Risk Summary
There are no data on the presence of osimertinib in human milk, the effects of osimertinib on the 
breastfed infant or on milk production. Administration to rats during gestation and early lactation 
was associated with adverse effects, including reduced growth rates and neonatal death [see Use 
in Specific Populations (8.1) in full Prescribing Information]. Because of the potential for serious 
adverse reactions in breastfed infants from osimertinib, advise a lactating woman not to breastfeed 
during treatment with TAGRISSO and for 2 weeks after the final dose.
Females and Males of Reproductive Potential
Contraception
Females
Advise females of reproductive potential to use effective contraception during treatment with 
TAGRISSO and for 6 weeks after the final dose [see Use in Specific Populations (8.1) in full 
Prescribing Information].
Males
Advise male patients with female partners of reproductive potential to use effective contraception 
during and for 4 months following the final dose of TAGRISSO [see Nonclinical Toxicology (13.1) 
in full Prescribing Information].
Infertility
Based on animal studies, TAGRISSO may impair fertility in females and males of reproductive 
potential. The effects on female fertility showed a trend toward reversibility. It is not known whether 
the effects on male fertility are reversible [see Nonclinical Toxicology (13.1) in full Prescribing 
Information].
Pediatric Use
The safety and effectiveness of TAGRISSO in pediatric patients have not been established.
Geriatric Use
Three hundred and forty-six (42%) of the 833 patients in AURA3 (n=279), AURA Extension (n=201), 
AURA2 (n=210), and an expansion cohort in the first-in-human trial of osimertinib (AURA1, n=143) 
were 65 years of age and older. No overall differences in effectiveness were observed based on 
age. Exploratory analysis suggests a higher incidence of Grade 3 and 4 adverse reactions (9.8% 
versus 6.8%) and more frequent dose modifications for adverse reactions (10.1% versus 6.0%) in 
patients 65 years or older as compared to those younger than 65 years.
Renal Impairment
No dose adjustment is recommended in patients with mild, [creatinine clearance (CLcr)  
60-89 mL/min, as estimated by the Cockcroft Gault method (C-G)] moderate, (CLcr 30-59 mL/min, 
as estimated by C-G) or severe (CLcr 15-29 mL/min) renal impairment. There is no recommended 
dose of TAGRISSO for patients with end-stage renal disease [see Clinical Pharmacology (12.3) in 
full Prescribing Information].
Hepatic Impairment
No dose adjustment is recommended in patients with mild hepatic impairment [total bilirubin less 
than or equal to upper limit of normal (ULN) and AST greater than ULN or total bilirubin between 
1.0 to 1.5 times ULN and any AST] or moderate hepatic impairment (total bilirubin between 1.5 to 
3 times ULN and any AST). There is no recommended dose for TAGRISSO for patients with severe 
hepatic impairment [see Clinical Pharmacology (12.3) in full Prescribing Information].
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statistically significant reduction in adverse reaction rates for TAGRISSO, or for the control arm, 
for any adverse reaction listed in Tables 2 and 3.
Table 2.  Adverse Reactions Occurring in ≥10% of Patients Receiving TAGRISSO in AURA3

Adverse Reaction TAGRISSO 
(N=279)

Chemotherapy  
(Pemetrexed/Cisplatin or 
Pemetrexed/Carboplatin)

(N=136)
All Gradesa

(%)
Grade 3/4a

(%)
All Gradesa

(%)
Grade 3/4a

(%)
Gastrointestinal disorders
Diarrhea 41 1.1 11 1.5
Nausea 16 0.7 49 3.7
Stomatitis 15 0 15 1.5
Constipation 14 0 35 0
Vomiting 11 0.4 20 2.2
Skin disorders
Rashb 34 0.7 5.9 0
Dry skinc 23 0 4.4 0
Nail toxicityd 22 0 1.5 0
Prurituse 13 0 5.1 0
Metabolism and Nutrition Disorders
Decreased appetite 18 1.1 36 2.9
Respiratory, Thoracic and Mediastinal Disorders
Cough 17 0 14 0
Musculoskeletal and Connective Tissue Disorders
Back pain 10 0.4 9 0.7
General Disorders and Administration Site Conditions
Fatiguef 22 1.8 40 5.1

* NCI CTCAE v4.0.
a No grade 4 events were reported.
b Includes rash, rash generalized, rash erythematous, rash macular, rash maculo-papular, rash papular, rash 

pustular, erythema, folliculitis, acne, dermatitis and acneform dermatitis.
c Includes dry skin, eczema, skin fissures, xerosis.
d Includes nail disorders, nail bed disorders, nail bed inflammation, nail bed tenderness, nail discoloration, nail 

disorder, nail dystrophy, nail infection, nail ridging, nail toxicity, onychoclasis, onycholysis, onychomadesis, 
paronychia.

e Includes pruritus, pruritus generalized, eyelid pruritus.
f Includes fatigue, asthenia.

Table 3.  Common Laboratory Abnormalities (>20% for all NCI CTCAE Grades) in AURA3

Laboratory 
Abnormality

TAGRISSO
(N=279)

Chemotherapy  
(Pemetrexed/Cisplatin or 
Pemetrexed/Carboplatin)

(N=131a)
Change from 

Baseline
All Grades  

(%)

Change from 
Baseline to 

Grade 3 or Grade 
4 (%)

Change from 
Baseline

All Grades
(%)

Change from 
Baseline to 
Grade 3 or 

Grade 4
(%)

Leukopenia 61 1.1 75 5.3
Lymphopenia 63 8.2 61 9.9
Thrombocytopenia 46 0.7 48 7.4
Neutropenia 27 2.2 49 12

a  Based on the number of patients with available follow-up laboratory data
AURA Extension and AURA2 Trials
The safety of TAGRISSO was evaluated in two single arm trials, AURA Extension (n=201) and 
AURA2 (n=210). A total of 411 patients with EGFR 790M mutation-positive NSLC who received one 
or more prior EGFR therapies including an EGFR TKI were treated with TAGRISSO (80 mg daily). 
The majority of patients were heavily pretreated. Prior to enrollment, 68% of patients had received 
at least 2 prior treatment regimens, 46% had received 3 or more prior lines of therapy, and 63% 
had received prior platinum-based chemotherapy.
Median duration of exposure to TAGRISSO was 7.7 months (range: <0.1 to 11.6 months). The 
toxicity profile of TAGRISSO observed in the AURA Extension and AURA2 trials was generally 
consistent with the toxicity profile observed in the AURA3 trial. Four patients (1%) treated with 
TAGRISSO developed fatal adverse reactions of ILD/pneumonitis. Discontinuation of therapy due 
to adverse reactions occurred in 5.6% of patients treated with TAGRISSO. The most frequent 
adverse reactions that led to discontinuation were ILD/pneumonitis.
DRUG INTERACTIONS
Effect of Other Drugs on Osimertinib
Strong CYP3A Inducers
Coadministering TAGRISSO with a strong CYP3A4 inducer decreased the exposure of osimertinib 
compared to administering TAGRISSO alone [see Clinical Pharmacology (12.3) in full Prescribing 
Information]. Decreased osimertinib exposure may lead to reduced efficacy.
Avoid coadministering TAGRISSO with strong CYP3A inducers (e.g., phenytoin, rifampin, 
carbamazepine, St. John’s Wort) [note: effect of St. John’s Wort varies widely and is preparation-
dependent]. Increase the TAGRISSO dosage when coadministering with a strong CYP3A4 
inducer if concurrent use is unavoidable [see Dosage and Administration (2.4) in full Prescribing 
Information]. No dose adjustments are required when TAGRISSO is used with moderate and/or 
weak CYP3A inducers.

Effect of Osimertinib on Other Drugs
Coadministering TAGRISSO with a BCRP substrate increased the exposure of the BCRP substrate 
compared to administering the BCRP substrate alone [see Clinical Pharmacology (12.3) in full 
Prescribing Information]. Increased BCRP substrate exposure may increase the risk of exposure-
related toxicity.
Monitor for adverse reactions of the BCRP substrate (e.g., rosuvastatin, sulfasalazine, topotecan), 
unless otherwise instructed in its approved labeling, when coadministered with TAGRISSO.
USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary
Based on data from animal studies and its mechanism of action, TAGRISSO can cause fetal harm 
when administered to a pregnant woman. There are no available data on TAGRISSO use in pregnant 
women. Administration of osimertinib to pregnant rats was associated with embryolethality and 
reduced fetal growth at plasma exposures 1.5 times the exposure at the recommended human 
dose [see  Data]. Advise pregnant women of the potential risk to a fetus.
In the U.S. general population, the estimated background risk of major birth defects and  
miscarriage in clinically-recognized pregnancies is 2% to 4% and 15% to 20%, respectively.
Data
Animal Data
When administered to pregnant rats prior to embryonic implantation through the end of 
organogenesis (gestation days 2-20) at a dose of 20 mg/kg/day, which produced plasma exposures 
of approximately 1.5 times the clinical exposure, osimertinib caused post-implantation loss and 
early embryonic death. When administered to pregnant rats from implantation through the closure 
of the hard palate (gestation days 6 to 16) at doses of 1 mg/kg/day and above (0.1-times the AUC 
observed in patients at the recommended dose of 80 mg), an equivocal increase in the rate of fetal 
malformations and variations was observed in treated litters relative to those of concurrent controls. 
When administered to pregnant dams at doses of 30 mg/kg/day during organogenesis through 
lactation Day 6, osimertinib caused an increase in total litter loss and postnatal death. At a dose of 
20 mg/kg/day, osimertinib administration during the same period resulted in increased postnatal 
death as well as a slight reduction in mean pup weight at birth that increased in magnitude between 
lactation days 4 and 6.
Lactation
Risk Summary
There are no data on the presence of osimertinib in human milk, the effects of osimertinib on the 
breastfed infant or on milk production. Administration to rats during gestation and early lactation 
was associated with adverse effects, including reduced growth rates and neonatal death [see Use 
in Specific Populations (8.1) in full Prescribing Information]. Because of the potential for serious 
adverse reactions in breastfed infants from osimertinib, advise a lactating woman not to breastfeed 
during treatment with TAGRISSO and for 2 weeks after the final dose.
Females and Males of Reproductive Potential
Contraception
Females
Advise females of reproductive potential to use effective contraception during treatment with 
TAGRISSO and for 6 weeks after the final dose [see Use in Specific Populations (8.1) in full 
Prescribing Information].
Males
Advise male patients with female partners of reproductive potential to use effective contraception 
during and for 4 months following the final dose of TAGRISSO [see Nonclinical Toxicology (13.1) 
in full Prescribing Information].
Infertility
Based on animal studies, TAGRISSO may impair fertility in females and males of reproductive 
potential. The effects on female fertility showed a trend toward reversibility. It is not known whether 
the effects on male fertility are reversible [see Nonclinical Toxicology (13.1) in full Prescribing 
Information].
Pediatric Use
The safety and effectiveness of TAGRISSO in pediatric patients have not been established.
Geriatric Use
Three hundred and forty-six (42%) of the 833 patients in AURA3 (n=279), AURA Extension (n=201), 
AURA2 (n=210), and an expansion cohort in the first-in-human trial of osimertinib (AURA1, n=143) 
were 65 years of age and older. No overall differences in effectiveness were observed based on 
age. Exploratory analysis suggests a higher incidence of Grade 3 and 4 adverse reactions (9.8% 
versus 6.8%) and more frequent dose modifications for adverse reactions (10.1% versus 6.0%) in 
patients 65 years or older as compared to those younger than 65 years.
Renal Impairment
No dose adjustment is recommended in patients with mild, [creatinine clearance (CLcr)  
60-89 mL/min, as estimated by the Cockcroft Gault method (C-G)] moderate, (CLcr 30-59 mL/min, 
as estimated by C-G) or severe (CLcr 15-29 mL/min) renal impairment. There is no recommended 
dose of TAGRISSO for patients with end-stage renal disease [see Clinical Pharmacology (12.3) in 
full Prescribing Information].
Hepatic Impairment
No dose adjustment is recommended in patients with mild hepatic impairment [total bilirubin less 
than or equal to upper limit of normal (ULN) and AST greater than ULN or total bilirubin between 
1.0 to 1.5 times ULN and any AST] or moderate hepatic impairment (total bilirubin between 1.5 to 
3 times ULN and any AST). There is no recommended dose for TAGRISSO for patients with severe 
hepatic impairment [see Clinical Pharmacology (12.3) in full Prescribing Information].
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A YEAR OF FIRSTS IN ONCOLOGY DRUG 
APPROVALS
The year 2017 was a particularly successful one for new 
specialty drug approvals by the US Food and Drug Admin-
istration (FDA). After a dip in in 2016, 2017 is on track for 
30 approvals—more than any previous year except 2015.1 
As of December 1, 2017, a total of 44 agents received new 
approvals from the FDA for oncology indications.2

This year also saw a lot of firsts, including several prod-
ucts that offered treatment options for patients with com-
plex and previously untreatable cancers (Table).3 Orphan 
drugs, which treat rare conditions, make up a growing pro-
portion of the specialty drug pipeline.1 However, even as 
more options enter the market, drug prices are not drop-
ping. Similarly, orphan drugs, which constitute a growing 
percentage of the specialty drug pipeline, cost an average 
of 5 times more than nonorphan drugs. Thus, although the 
conditions treated with orphan drugs are rare, 30% of drugs 
in this category are considered “blockbusters” as they bring 
in $1 billion or more each year.1

When the FDA approved Mvasi (bevacizumab-awwb; 
Amgen) as a biosimilar to Avastin (bevacizumab) on Sep-
tember 14, it became the first biosimilar approved in the 
United States for the treatment of cancer. Since then, a 
second biosimilar, Ogivri (trastuzumab-dkst, Mylan) has 
also been approved. Biosimilars are expected to become an 
increasingly important part of the specialty pharmaceuti-
cals market. Biosimilars “are really acting like competing 
brands,” said Aimee Tharaldson, PharmD, of Express Scripts, 
at the Academy of Managed Care Pharmacy 2017 Nexus 
meeting.1 This will become especially so as more regula-
tory and litigation hurdles are eliminated.1 While this year 
has yielded additional guidance on the naming of biosimilar 

drugs, the same has not been true for interchangeability re-
quirements. Once those regulations are known and biosim-
ilar drugs can be deemed interchangeable, it is anticipated 
that they will produce greater cost savings.1

Another first emerged with the US approval of the chi-
meric antigen receptor T-cell (CAR-T) cancer immuno-
therapy Kymriah (tisagenlecleucel; Novartis) in August. This 
landmark approval was soon followed by a second when Yes-
carta (axicabtagene ciloleucel; Kite Pharma) was approved in 
October for advanced non-Hodgkin lymphoma.1

One notable trend this past year has been the approval 
of new and multiple indications for existing drugs such as 
Opdivo (nivolumab; Bristol-Myers Squibb) and Keytruda 
(pembrolizumab; Merck). But it was the May 23 acceler-
ated approval of Keytruda that gained the most attention as 
the drug became the first FDA-approved cancer treatment 
based on a common biomarker rather than tumor location.

One growing trend to keep an eye on is the drug de-
velopment movement toward specific patient subpopula-
tions and a focus on targeting cancer gene mutations and 
molecular pathways.4 A few emerging key areas for new 
therapeutic advances are discussed below.

GROWTH IN ORAL ONCOLYTICS
Of the novel cancer drugs approved in 2017, over half were 
oral oncolytic therapies.5 The trend is expected to continue 
moving forward, as roughly 4 of 10 cancer therapies in the 
current pipeline are oral medications.3 The cancer pipeline 
for 2018 includes five oral drugs for a range of tumors: the 
nonsteroidal antiandrogen apalutamide (Janssen) for castra-
tion-resistant prostate cancer; entinostat (Syndax) for estro-
gen receptor-positive breast cancer; ivosidenib (Agios) for 
acute myeloid leukemia; larotrectinib (Array BioPharma) 
for TRK+ fusion tumors; talazoparib (Pfizer) for BRCA 
mutation-positive breast cancers.1 Other than apalutamide 
and entinostat, most cancer drugs in the 2018 pipeline are 
targeted therapies.1 Three antibody-drug conjugates for 
targeted delivery are also in the 2018 pipeline: AbbVie’s 
depatuxizumab for glioblastoma brain tumors and roval-
pituzumab for small-cell lung cancer, and Seattle Genetics’ 
sacituzumab for triple-negative breast cancer.3

New approvals of targeted oral medications in 2017 have 
already led to advances in standard of care for certain diseas-
es. Key drug classes are spotlighted in the following sections.

CDK4/6 Inhibitors for Breast Cancer
Oral cyclin-dependent kinase (CDK) 4/6 inhibitors for 
hormone receptor-positive breast cancer marked a ma-
jor innovation in 2017. When combined with estrogen 
blockade, these agents decrease tumor cell proliferation 
and improve survival.

The first CDK4/6 approved in the first-line setting for 
patients with hormone receptor-positive, human epider-
mal growth factor receptor 2 (HER2)-negative advanced 

TABLE. FIRST PRODUCTS APPROVED IN THEIR 
INDICATIONS

Product Indication

Imbruvica (ibrutinib) Chronic graft-versus-host 
disease 

Vyxeos (daunorubicin 
and cytarabine)

Therapy-related acute myeloid 
leukemia or acute myeloid 
leukemia with myelodysplasia-
related changes

Tafinlar (dabrafenib) 
and Mekinist 
(trametinib)

BRAF V600E mutation-positive 
metastatic NSCLC

Bavencio (avelumab) Merkel cell carcinoma

Idhifa (enasidenib) Relapsed or refractory acute 
myeloid leukemia specifically 
with an IDH2 mutation
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or metastatic breast cancer, in combination with an aro-
matase inhibitor, was Kisqali (ribociclib; Novartis). The ap-
proval was based on clinical studies that showed an over-
all response rate (ORR) of 53% for patients who received 
Kisqali plus letrozole compared with 37% in patients who 
received letrozole alone.

Shortly after, Ibrance (palbociclib; Pfizer) was approved 
for the same indication. In clinical trials, Ibrance plus letro-
zole showed an improved median progression-free survival 
(PFS) of 25 months vs 15 months in the letrozole-only group. 
Ibrance was previously approved in February 2016 for pa-
tients with disease progression following endocrine therapy.

A third CDK4/6 joined the market in September, with the 
approval of Verzenio (abemaciclib; Eli Lilly and Co). Verzenio 
received two approved indications for hormone receptor-
positive, HER2-negative advanced or metastatic breast can-
cer: it may be taken in combination with fulvestrant for wom-
en with disease progression following endocrine therapy, and 
it may be used as a monotherapy for women and men with 
disease progression following endocrine therapy and prior 
chemotherapy in the metastatic setting.

The combined use of Verzenio with fulvestrant will 
compete with Ibrance as a second-line therapy.4 Verzenio 
has attributes distinct from Ibrance that contribute to its 
discrete therapeutic effects, in particular, its single-agent 
activity. One advantage Verzenio has over Ibrance is its 
greater selectivity for CDK4. This may explain why it does 
not affect white blood cell count as severely as other CDK 
inhibitors, allowing Verzenio to be taken on a continuous 
schedule without treatment holidays.4,6

In the latest National Comprehensive Cancer Network 
Clinical Practice Guidelines in Oncology® (NCCN Guide-
lines®) for Breast Cancer, Ibrance plus aromatase inhibitor, 
Kisqali plus an aromatase inhibitor, and Verzenio plus fulves-
trant are all listed as category 1 recommendations for post-
menopausal hormone receptor-positive, HER2-negative 
patients with recurrent or stage IV disease. Verzenio is also 
listed as an option after progression on a prior endocrine 
therapy and prior chemotherapy in the metastatic setting.7

ALK Inhibitors for NSCLC
For non–small cell lung cancer (NSCLC), patients who are 
positive for translocations of the anaplastic lymphoma kinase 
(ALK) gene have improved disease outcomes when treated 
with therapies targets toward ALK fusion proteins. Xalkori 
(crizotinib; Pfizer) was the first ALK-inhibitor to become 
available for patients in the first-line setting in 2011. Two 
other ALK inhibitors, Alecensa (alectinib; Genentech) and 
Zykadia (ceritinib), were later introduced and were initially 
approved for previously treated patients who developed re-
sistance to Xalkori. This year, both drugs received updated 
indications to include use in the first-line setting.

The approval of Alecensa was based on a clinical trial in 
comparision with Xalkori in previously untreated patients 

with ALK-positive disease. Alecensa showed an estimated 
median PFS of 25.7 months compared with 10.4 months 
for those taking Xalkori, and the ORR was 79% vs 72% 
with Alecensa and Xalkori, respectively.

Zykadia was compared with chemotherapy in the first-
line setting. The estimated median PFS was 17 months in 
the Zykadia arm vs 8 months in the chemotherapy arm. 
The ORR was 73% vs 27% with Zykadia and chemother-
apy, respectively. Additionally, Alunbrig (brigatinib; Ariad) 
was approved as another option for ALK inhibition after 
prior ALK inhibitor therapy. Alunbrig received accelerated 
approval based on data from a noncomparative, two-arm, 
open-label, multicenter clinical trial with 222 patients. The 
ORR was 48% in the 90-mg arm and 53% in the 180-
mg arm. The average duration of response (DOR) was 14 
months in both cohorts.

These new approvals led NCCN to drastically revise 
its guidance for treatment of patients with ALK-positive 
NSCLC. In the latest version, NCCN Guidelines recom-
mend that patients with ALK-positive metastatic NSCLC 
initially be treated with either Xalkori, Zykadia, or Ale-
censa, with Alecensa preferred. Patients with ALK-positive 
NSCLC who have progressed after first-line therapy with 
Xalkori should be given Alecensa, Zykadia, or Alunbrig, 
while patients who progress after first-line Alecensa or 
Zykadia may switch to either Alecensa or Zykadia, depend-
ing on which was received previously.8

PARP Inhibitors for Ovarian Cancer
For patients with epithelial ovarian cancer who have known 
mutations (germline or somatic) in BRCA, poly(ADP-ri-
bose) polymerase (PARP) inhibitors represent an exciting 
advancement in treatment. PARP inhibitors block an en-
zyme involved in repairing damaged DNA inside cancerous 
cells, leading to cell death and prohibiting tumor growth.

In 2017, the FDA approved a new PARP inhibitor, Zejula 
(niraparib; Tesaro). Zejula is indicated for the maintenance 
treatment of patients with recurrent disease who respond-
ed to platinum-based chemotherapy. Among patients with 
germline BRCA mutations, Zejula shows an improved me-
dian PFS of 21 months compared with 5.5 months for pla-
cebo. PFS was also improved in patients without germline 
BRCA mutations (9.3 months vs 3.9 months with Zejula 
and placebo, respectively).

Lynparza (olaparib tablet; AstraZeneca) was another 
PARP inhibitor to be approved for maintenance treatment. 
Lynparza had previously been approved by the FDA in 
capsule form for subsequent therapy in patients previously 
treated with three or more prior lines of chemotherapy. In 
the maintenance setting, Lynparza showed a median PFS of 
19.1 months vs 5.5 months with placebo in a study of pa-
tients with germline BRCA mutations, and a median PFS 
of 8.4 months vs 4.8 months vs placebo in a different study 
that included patients with and without BRCA mutations.
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Both of these newly approved PARP inhibitors are 
recommended by NCCN Guidelines as maintenance 
therapy for patients with platinum-sensitive disease who 
have had two or more lines of platinum-based therapy 
and a complete or partial response to the most recent line 
of recurrence therapy.

Lynparza has also joined the previously approved PARP 
inhibitor Rubraca (rucaparib; Clovis Oncology) as recom-
mended recurrence therapy for patients with advanced 
ovarian cancer who have received at least three lines of 
chemotherapy and who have a germline BRCA mutation, 
according to NCCN Guidelines.9

PD-1/PD-L1 Inhibitors for Urothelial Carcinoma
This year the FDA approved four immunotherapy drugs for 
urothelial carcinoma, the most common form of bladder 
cancer, all within a few weeks, bringing the total number of 
approved immunotherapies for this disease to five. All five 
drugs are checkpoint inhibitors targeting the programmed 
cell death ligand 1 (PD-L1) pathway.

In 2016, Tecentriq (atezolizumab; Genentech) was the 
first product in this class to be approved to treat urothelial 
carcinoma. This year, it was joined by Opdivo, Imfinzi (dur-
valumab; AstraZeneca), Bavencio (avelumab; EMD Serono), 
and Keytruda.

Opdivo was granted accelerated approval based on a sin-
gle-arm study treating 270 patients, in which the ORR was 
20%; 7 patients had complete remission and 46 had partial 
remission. Estimated mean DOR was 10 months.

Bavencio was approved based on an open-label, single-
arm, multicenter study that enrolled 242 patients. The 
ORR in patients who had been followed for at least 13 
weeks was 13% and 16% in patients who had been fol-
lowed for at least 6 months. Imfinzi received accelerated 
approval based on one single-arm trial of 182 patients and 
an ORR of 17%.

Keytruda showed a median overall survival (OS) of 10 
months vs 7 months with chemotherapy and an ORR of 
21% compared with 11% with chemotherapy.

Opdivo, Bavencio, Imfinzi, and Keytruda have been in-
cluded as second-line systemic therapy options after plat-
inum-based therapy, according to NCCN Guidelines. In 
addition, atezoluzumab and pembrolizumab has been in-
cluded as a first-line therapy option for patients with lo-
cally advanced or metastatic disease who are not eligible for 
cisplatin-containing chemotherapy.10

TKIs for Hematologic Malignancies
Newly approved tyrosine kinase inhibitors (TKI) provide 
new treatment options for patients with hematologic ma-
lignancies. Rydapt (midostaurin; Novartis) is the first tar-
geted therapy approved for the treatment of patients with 
acute myeloid leukemia (AML), in combination with 
chemotherapy. The approval was specific to patients who 

are positive for a mutation of the FLT3 gene, as detected 
by an FDA-approved test. Rydapt was also approved for 
adults with certain types of rare blood disorders, includ-
ing aggressive systemic mastocytosis, systemic mastocyto-
sis with associated hematological neoplasm or mast cell 
leukemia).

In November, Sprycel (dasatinib; Bristol-Myers Squibb) 
became the third TKI approved for chronic phase chronic 
myeloid leukemia (CML) in the first-line setting. The ap-
proval was based on data from 97 pediatric patients evalu-
ated in two trials—a phase 1, open-label, nonrandomized, 
dose-ranging trial and a phase 2, open-label, nonrandom-
ized trial. After 24 months of treatment, 96% of newly di-
agnosed patients and 83% of patients resistant or intolerant 
to imatinib had complete cytogenic response. Dasatinib has 
been added as an option for first-line treatment along with 
imatinib and nilotinib.

Calquence (acalabrutinib; AstraZeneca) was granted ac-
celerated approval in October 2017 to treat mantle cell 
lymphoma (MCL) in those who have received at least one 
prior therapy. Data came from Study LY-004, an open-label, 
phase 2 trial enrolling 124 patients. The ORR was 81%, 
and the complete response (CR) rate was 40%. The drug 
joins another Bruton’s tyrosine kinase (BTK) inhibitor, Im-
bruvica (ibrutinib; Janssen), as a second-line therapy option. 
However, it is designed to be more potent and selective 
than Imbruvica.4 Unlike Imbruvica, it does not target the 
epidermal growth factor receptor (EGFR), interleukin-
2-inducible T-cell kinase (ITK), or TEC kinase molecular 
pathways in tumors, and thus it produces fewer off-target 
effects in healthy T-cells, reducing off-target toxicities such 
as hemorrhage, skin rash, and diarrhea.4

Because the drug was approved by the FDA using the 
accelerated pathway, additional evidence is needed to ver-
ify the anticipated clinical benefits. Currently, the phase 3 
ACE-LY-308 trial is evaluating the treatment in combina-
tion with bendamustine and rituximab (BR) vs placebo 
plus BR for patients with MCL. The treatment is also being 
evaluated for the treatment of chronic lymphocytic leu-
kema (CLL)/small cell lymphoma, as well as in combina-
tion therapy with the immunotherapy pembrolizumab for 
solid tumors.4

CAR-T THERAPY: A TREATMENT  
BREAKTHROUGH
At the forefront of advancements in immunotherapies for 
oncology is CAR-T therapy. In this approach, autologous T 
cells collected in a leukapheresis procedure are genetically 
modified with a new gene containing a CAR protein, al-
lowing the T cells to identify and eliminate CD19-express-
ing normal and malignant cells, and then administered back 
to the patient.

While several CAR-T therapies are currently in devel-
opment, this summar Kymriah (tisagenlecleucel; Novartis) 
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became the first of this type of therapy to be FDA ap-
proved. The approval of Kymriah for the treatment of 
acute lymphoblastic leukemia (ALL) was based on a 
single-arm trial of 63 pediatric and young adult patients, 
with 83% experiencing remission and 63% experienc-
ing CR. Kymriah’s high price tag has made headlines, 
but its response rates and efficacy so impressive they are 
considered to justify the cost.3

A second CAR-T therapy, Yescarta (axicabtagene 
ciloleucel; Kite Pharma) received regular approval 
shortly after for the treatment of large B-cell lym-
phoma. In a single-arm, multicenter trial including 108 
patients, 101 of which were evaluated for efficacy, the 
ORR was 72% with a CR rate of 51%.

More competition is expected in the CAR-T space. 
A third CAR-T therapy, Juno Therapeutics’ JCAR017 
for treating B-cell non-Hodgkin lymphoma, should re-
ceive an FDA decision sometime in 2018.3

THE RISE OF COMPANION DIAGNOSTICS
The growth in new cancer drugs targeting mutations 
has led to an expansion in the use of genetic testing to 
identify patients who are most likely to benefit. New 
genetic testing platforms were approved by the FDA in 
2017 (Sidebar), including those offering next-genera-
tion sequencing (NGS) technology. These recent tech-
nologies allow us to sequence DNA and RNA much 
more quickly and cheaply.

Additionally, there have been a variety of drugs 
approved with indications requiring use of specific 
genetic tests, known as companion diagnostics. Along 
with its approval of Rydapt for the treatment of AML, 
the FDA concurrently approved the LeukoStrat CDx 
FLT3 Mutation Assay to test patients for the FLT3 
mutation. The accelerated approval of Imfinzi for the 
treatment of patients with urothelial carcinoma was 
accompanied by an approval of the VENTANA PD-
L1 (SP263) Assay for the assessment of the PD-L1 
protein. For Taflinar and Mekinist, patients with met-
astatic NSCLC with BRAF V600E mutation must be 
tested for the mutation using the Oncomine Dx Tar-
get Test. The approval of Idhifa for AML came with 
an approval of the RealTime IDH2 Assay to detect 
the IDH2 mutation. Tagrisso was approved for the 
treatment of patients with metastatic EGFR T790M 
mutation-positive NSCLC, as detected by the cobas 
EGFR mutation test. Finally, Keytruda’s accelerated 
approval for gastric or gastroesophageal junction ad-
enocarcinoma whose tumors express PD-L1 requires 
that patients be evaluated by the PD-L1 IHC 22C3 
pharmDx Kit.1

“The ability to detect the gene mutation with a di-
agnostic test means doctors can identify specific patients 
who may benefit from this treatment,” Richard Pazdur, 

ipsogen JAK2 RGQ PCR Kit. On March 27, 2017, the 
FDA granted marketing authorization to ipsogen JAK2 
RGQ PCR Kit (QIAGEN GmbH.) to detect mutations 
affecting the Janus tyrosine kinase 2 (JAK2) gene. This is 
the first FDA-authorized test intended to help physicians 
in evaluating patients for suspected polycythemia vera (PV).

The ipsogen JAK2 RGQ PCR Kit is a qualitative in 
vitro diagnostic test for the detection of the JAK2 V617F/
G1849T allele in genomic DNA extracted from EDTA 
whole blood. The kit is a real-time PCR test performed on 
the QIAGEN Rotor-Gene Q MDx instrument. The test is 
intended for use as an adjunct to evaluation of suspected PV, 
in conjunction with other clinicopathological factors. This 
test does not detect less common mutations associated with 
PV including mutations in exon 12 and is not intended for 
stand-alone diagnosis of PV.

Praxis Extended RAS Panel. On June 29, 2017, the FDA 
granted marketing approval to the Praxis Extended RAS 
Panel (Illumina, Inc), a next-generation sequencing (NGS) 
test to detect certain genetic mutations in RAS genes in 
tumor samples of patients with metastatic colorectal cancer 
(mCRC). The test is used to aid in the identification of 
patients who may be eligible for treatment with Vectibix 
(panitumumab; Amgen, Inc). This is the first FDA-approved 
NGS test that can detect multiple RAS gene mutations for 
colorectal cancer in a single test.

The Praxis Extended RAS Panel detects the presence 
of 56 specific mutations in RAS genes (KRAS exons 2, 3, 
and 4 and NRAS exons 2, 3, and 4) in the tumor tissue of 
patients with mCRC. If the Praxis Extended RAS Panel 
result indicates that a mutation is present in the colorectal 
cancer tissue, then panitumumab is not recommended. If 
the Praxis Extended RAS Panel does not detect a mutation 
(presumed to be RAS mutation-negative), then panitumumab 
may be an appropriate treatment.

FoundationOne CDx. On November 30, 2017, the FDA 
granted marketing approval to the FoundationOne CDx 
(F1CDx, Foundation Medicine, Inc), an NGS-based in vitro 
diagnostic (IVD) to detect genetic mutations in 324 genes 
and two genomic signatures in any solid tumor type. The test 
can also identify which patients with NSCLC, melanoma, 
breast cancer, colorectal cancer, or ovarian cancer may benefit 
from 15 different FDA-approved targeted treatment options.

This is the first device with the FDA’s Breakthrough 
Device designation to complete the premarket approval 
process, and it is the second IVD authorized under the FDA 
and Centers for Medicare & Medicaid Services’ Parallel 
Review program.

2017 DIAGNOSTIC TEST APPROVALS
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MD, acting director of the Office of Hematology and On-
cology Products in the FDA’s Center for Drug Evaluation 
and Research and director of the FDA’s Oncology Center 
of Excellence, said this year.11

THE ADVENT OF TUMOR-AGNOSTIC 
INDICATIONS
In May of 2017, immunotherapy Keytruda became the first 
cancer treatment to gain US approval based a specific ge-
netic mutation as opposed to the cancer’s location. The drug 
received accelerated approval for unresectable or metastatic, 
microsatellite instability-high (MSI-H) or mismatch repair 
deficient (dMMR) solid tumors using data from 149 pa-
tients enrolled across five uncontrolled, multicohort, mul-
ticenter, single-arm clinical trials. The ORR rate was 40%, 
and the DOR lasted 6 months or more for 78% of those 
who responded to therapy.

This development prompted some experts, such as David 
Hyman, MD, chief of early drug development at Memorial 
Sloan Kettering Cancer Center, to argue that the approval 
essentially changed the field overnight.12 Dr Pazdur said this 
new indication represents a shift in the evaluation of thera-
pies, moving the field from the strict disease-site indication, 
such as breast, colon, or lung cancer, to a site-agnostic indi-
cation and changes how cancer can be defined.13

The trend is expected to gain momentum with the likely 
approval of larotrectinib (LOXO-101), which could be used 
across multiple solid tumor types with the help of genetic 
testing.5 Although it has not received FDA approval to date, 
larotrectinib has the potential to become the first targeted, 
oral, tumor-agnostic therapy. The drug is an inhibitor of 
tropomyosin receptor kinases (TRK), a family of signaling 
proteins that plays an important role in tumor growth. Al-
though TRK fusions are thought to occur in only about 
0.5% to 1% of many common cancers, they are seen in over 
90% of certain rare cancers.

Dr. Hyman and colleagues presented study findings 
at the 2017 American Society of Clinical Oncology an-
nual meeting.14 The data included 55 patients with 17 
discrete tumor types. Of the first 50 patients involved 
long enough to have a minimum of two scans, 38 (76%) 
had a response to larotrectinib and at 12 months, 79% 
of responding patients remained progression-free. Seven 
of the study patients had their doses reduced because of 
side effects. The most common were fatigue (30%), nau-
sea (28%), and dizziness (28%).14

The drug is expected to be approved for use with adult 
and pediatric refractory, advanced, or metastatic cancers ex-
pressing NTRK1, NTRK2, or NTRK3 gene fusion mu-
tations when there aren’t any alternative options available. 
These NTRK-fusion mutations exist in only about 1% to 
2% of tumors, but there is a very specific and unmet need 
for these patients.4

Together, these two new tumor agnostic biomarkers 
targeted by larotrectinib and pembrolizumab are found in 
about 5% of all cancers.12 This means that it is more impor-
tant than ever to test patients with advanced cancer for these 
genetic abnormalities. Similar approvals could be on the way 
as drug developers design more of their trials to gather data 
on a therapy’s outcomes across multiple tumor sites.
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SOLID TUMORS

BREAST CANCER

KISQALI (ribociclib)
Manufacturer: Novartis Pharmaceuticals Corp
Approval Date: March 13, 2017
FDA approved ribociclib, a CDK4/6 inhibitor, in combina-
tion with an aromatase inhibitor as initial endocrine-based 
therapy for the treatment of postmenopausal women with 
hormone receptor-positive, HER2-negative advanced or 
metastatic breast cancer.

In a randomized, double-blind, placebo-controlled, inter-
national clinical trial, postmenopausal women with hormone 
receptor-positive, HER2-negative advanced or metastatic 
breast cancer who received no prior therapy for advanced 
disease were randomized to receive letrozole 2.5 mg admin-
istered orally once daily for 28 days plus either ribociclib 600 
mg or placebo (n = 334) administered orally once daily for 
21 consecutive days, followed by 7 days off. A pre-planned 
interim efficacy analysis demonstrated an improvement in 
PFS with hazard ratio (HR) of 0.556 (95% CI: 0.429, 0.720; 
P < .0001). The estimated median PFS had not been reached 
in the ribociclib-containing arm and was 14.7 months in the 
placebo-containing arm. ORR in patients with measurable 
disease was 52.7% (95% CI: 46.6, 58.9) in the ribociclib plus 
letrozole arm and 37.1% (95% CI: 31.1, 43.2) in the placebo 
plus letrozole arm.

The most common adverse reactions (ARs)  with riboci-
clib (> 20%) were neutropenia, nausea, fatigue, diarrhea, leu-
kopenia, alopecia, vomiting, constipation, headache, and back 
pain. The most common grade 3 or 4 ARs (reported in > 2%) 
were neutropenia, leukopenia, abnormal liver function tests, 
lymphopenia, and vomiting. Ribociclib has been shown to 
prolong the QT interval in a concentration-dependent man-
ner.

IBRANCE (palbociclib)
Manufacturer: Pfizer Inc
Approval Date: March 31, 2017
FDA granted regular approval to palbociclib, a CDK4/6 inhib-
itor, for the treatment of hormone receptor-positive, HER2-
negative advanced or metastatic breast cancer in combination 
with an aromatase inhibitor as initial endocrine-based therapy 
in postmenopausal women.

Palbociclib previously received accelerated approval in 
February 2015, in combination with letrozole for the treat-
ment of estrogen receptor-positive, HER2-negative advanced 

breast cancer as initial endocrine based therapy in postmeno-
pausal women, and regular approval in February 2016, in 
combination with fulvestrant for the treatment of hormone 
receptor-positive, HER2-negative advanced or metastatic 
breast cancer in women with disease progression following 
endocrine therapy.

The current approval was based on data from an interna-
tional, randomized, double-blind, placebo-controlled, clinical 
trial that randomized 666 postmenopausal women (2:1) to 
letrozole (2.5 mg was administered orally once daily) plus ei-
ther palbociclib 125 mg or placebo administered orally once 
daily for 21 consecutive days, followed by 7 days off. The 
median PFS was 24.8 months in the palbociclib plus letro-
zole arm and 14.5 months in the placebo plus letrozole arm 
(HR = .576; 95% CI: 0.463, 0.718; P < .0001).

Neutropenia was the most frequently reported AR among 
patients who received palbociclib plus letrozole, with an in-
cidence of 80%. The most common ARs observed in ≥ 10% 
of patients taking palbociclib were neutropenia, infections, 
leukopenia, fatigue, nausea, alopecia, stomatitis, diarrhea, ane-
mia, rash, asthenia, thrombocytopenia, vomiting, decreased 
appetite, dry skin, pyrexia, and dysgeusia. The most frequently 
reported grade 3 or greater ARs in patients receiving palbo-
ciclib plus letrozole were neutropenia, leukopenia, infections, 
and anemia. The palbociclib prescribing information recom-
mends monitoring complete blood counts prior to starting 
therapy and at the beginning of each cycle, as well as on day 
15 of the first 2 cycles.

NERLYNX (neratinib)
Manufacturer: Puma Biotechnology, Inc
Approval Date: July 17, 2017
FDA approved neratinib, a TKI, for the extended adjuvant 
treatment of adult patients with early stage HER2-overex-
pressed/amplified breast cancer, to follow adjuvant trastuzum-
ab-based therapy.

In a multicenter, randomized, double-blind, placebo-
controlled trial of neratinib following adjuvant trastuzumab 
treatment, women (n = 2840) with early-stage HER2-posi-
tive breast cancer and within 2 years of completing adjuvant 
trastuzumab were randomized to receive either neratinib 
(n = 1420) or placebo (n = 1420) for 1 year. After 2 years, in-
vasive disease-free survival—defined as the time between the 
randomization date to the first occurrence of invasive recur-
rence (local/regional, ipsilateral, or contralateral breast cancer), 
distant recurrence, or death from any cause—was 94.2% in 
patients treated with neratinib compared with 91.9% in those 
receiving placebo (HR = .66; 95% CI: 0.49, 0.90; P = .008).

Index: 2017 FDA Approvals of 
Oncology Products by Indication
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The most common ARs (> 5%) were diarrhea, nausea, 
abdominal pain, fatigue, vomiting, rash, stomatitis, decreased 
appetite, muscle spasms, dyspepsia, aspartate transaminase 
(AST) or alanine transaminase (ALT) increase, nail disorder, 
dry skin, abdominal distention, weight loss, and urinary tract 
infection. The most common AR leading to discontinuation 
was diarrhea, observed in 16.8% of neratinib-treated patients. 
Hepatotoxicity or increases in liver transaminases led to drug 
discontinuation in 1.7% of neratinib-treated patients.

VERZENIO (abemaciclib)
Manufacturer: Eli Lilly and Company
Approval Date: September 28, 2017
FDA approved abemaciclib, a CDK4/6 inhibitor, in combi-
nation with fulvestrant for women with hormone receptor-
positive, HER2-negative advanced or metastatic breast cancer 
with disease progression following endocrine therapy. In ad-
dition, abemaciclib was approved as monotherapy for women 
and men with hormone receptor-positive, HER2-negative 
advanced or metastatic breast cancer with disease progression 
following endocrine therapy and prior chemotherapy in the 
metastatic setting.

The approval in combination with fulvestrant was based 
on a randomized, placebo-controlled, multicenter trial, in 
which 669 patients received either abemaciclib or placebo 
orally twice daily plus intramuscular injection of 500 mg ful-
vestrant on days 1 and 15 of cycle 1 and then on day 1 of cycle 
2 and beyond (28-day cycles). Median PFS for patients tak-
ing abemaciclib with fulvestrant was 16.4 months compared 
with 9.3 months for those taking placebo with fulvestrant 
(HR = 0.553; 95% CI: 0.449, 0.681; P < .0001). The ORR 
in patients with measurable disease taking abemaciclib with 
fulvestrant was 48.1% (95% CI: 42.6, 53.6) compared with 
21.3% (95% CI: 15.1, 27.6) in the placebo with fulvestrant-
treated patients.

The approval as monotherapy was based on a single-arm, 
open-label, multicenter study, in which 132 patients received 
200 mg abemaciclib orally twice daily on a continuous sched-
ule until progressive disease or unmanageable toxicity. ORR 
was 19.7% (95% CI: 13.3, 27.5) with a median response dura-
tion of 8.6 months (95% CI: 5.8, 10.2).

The most common ARs in > 20% of patients taking abe-
maciclib were diarrhea, neutropenia, nausea, abdominal pain, 
infections, fatigue, anemia, leukopenia, decreased appetite, 
vomiting, headache, and thrombocytopenia. The most fre-
quently reported (≥ 5%) grade 3 or 4 ARs in patients taking 
abemaciclib with fulvestrant were neutropenia, diarrhea, leu-
kopenia, anemia, and infections.

COLORECTAL CANCER

OPDIVO (nivolumab)
Manufacturer: Bristol-Myers Squibb Co
Approval Date: August 1, 2017
FDA granted accelerated approval to nivolumab, a PD-1 in-

hibitor, for the treatment of patients 12 years and older with 
dMMR and MSI-H metastatic colorectal cancer that has pro-
gressed following treatment with a fluoropyrimidine, oxali-
platin, and irinotecan.

In a multicenter, open-label, single-arm study, 53 pa-
tients with locally determined dMMR or MSI-H meta-
static colorectal cancer who had disease progression during, 
after, or were intolerant to prior treatment with fluoropy-
rimidine-, oxaliplatin-, and irinotecan-based chemotherapy 
received nivolumab 3 mg/kg by IV infusion every 2 weeks 
until unacceptable toxicity or radiographic progression. The 
ORR was 28% (n = 15) (95% CI: 17, 42). Responses lasted 6 
or more months for 67% (95% CI: 38, 88) of patients. There 
was one CR and 14 partial responses (PRs). The ORR was 
32% (n = 24) (95% CI: 22, 44) among the 74 patients in the 
overall population.

The most common ARs (≥ 20%) to single-agent nivolum-
ab include fatigue, rash, musculoskeletal pain, pruritus, diar-
rhea, nausea, asthenia, cough, dyspnea, constipation, decreased 
appetite, back pain, arthralgia, upper respiratory tract infec-
tion, and pyrexia.

The recommended nivolumab dose for this indication is 
240 mg every 2 weeks.

GASTROINTESTINAL CANCER

KEYTRUDA (pembrolizumab)
Manufacturer: Merck & Co, Inc
Approval Date: September 22, 2017
FDA granted accelerated approval to pembrolizumab, a PD-1 
inhibitor, for patients with recurrent locally advanced or met-
astatic, gastric, or gastroesophageal junction adenocarcinoma 
whose tumors express PD-L1 as determined by an FDA-ap-
proved test. Patients must have had disease progression on or 
after two or more prior systemic therapies, including fluoro-
pyrimidine- and platinum-containing chemotherapy and, if 
appropriate, HER2/neu-targeted therapy.

In an open-label, multicenter, noncomparative, multico-
hort trial, a subset of the 259 patients with gastric or gastro-
esophageal junction adenocarcinoma had tumors expressing 
PD-L1 and either microsatellite stable, or undetermined MSI 
or MMR status (n = 143; 55%). For these patients, the ORR 
was 13.3% (95% CI: 8.2, 20.0); 1.4% had CRs and 11.9% had 
PRs. Among the 19 responding patients, the response dura-
tion ranged from 2.8+ to 19.4+ months, with 11 patients 
(58%) having response durations of 6 months or longer and 
5 patients (26%) having response durations of 12 months or 
longer. Among the 259 enrolled patients, 7 (3%) had tumors 
that were determined to be MSI-H. Responses were ob-
served in 4 of these 7 patients (ORR = 57%), with 1 CR. The 
response duration ranged from 5.3+ to 14.1+ months.

The most common ARs occurring in patients with gastric 
cancer treated with pembrolizumab were fatigue, musculoskel-
etal pain, decreased appetite, pruritus, diarrhea, nausea, rash, 
pyrexia, cough, dyspnea, and constipation. Pembrolizumab is 
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associated with immune-mediated side effects, including pneu-
monitis, colitis, hepatitis, endocrinopathies, and nephritis.

The recommended pembrolizumab dose for gastric cancer 
is 200 mg administered as an IV infusion over 30 minutes 
every 3 weeks until disease progression, unacceptable toxicity, 
or up to 24 months in patients without disease progression.

HEPATOCELLULAR CARCINOMA

STIVARGA (regorafenib)
Manufacturer: Bayer HealthCare Pharmaceuticals Inc
Approval Date: April 27, 2017
FDA expanded the indications of regorafenib, an oral mul-
tikinase inhibitor, to include the treatment of patients with 
hepatocellular carcinoma who have been previously treated 
with sorafenib.

In an international, multicenter, randomized, double-blind, 
placebo-controlled trial, 573 patients with Child-Pugh A and 
Barcelona Clinic Liver Cancer Stage B or C hepatocellular 
carcinoma with documented disease progression following 
sorafenib were randomized to receive regorafenib 160 mg 
orally once daily plus best supportive care (BSC) or matching 
placebo plus BSC for the first 21 days of each 28-day cy-
cle. Patients had significant improvement in OS (HR = 0.63, 
95% CI: 0.50, 0.79; P < .0001) with an estimated median OS 
for patients in the regorafenib arm of 10.6 months and 7.8 
months for patients in the placebo arm. A statistically signifi-
cant improvement was also demonstrated for PFS (HR = 0.46; 
95% CI: 0.37, 0.56; P < .0001), with an estimated median PFS 
of 3.1 and 1.5 months in the regorafenib and placebo arms, 
respectively. The ORR based on modified RECIST was 11% 
in the regorafenib arm and 4% in the placebo arm.

The most common ARs observed in ≥ 20% or more of 
patients taking regorafenib were pain, hand-foot skin reac-
tion, asthenia/fatigue, diarrhea, decreased appetite, hyperten-
sion, infection, dysphonia, elevated bilirubin, fever, mucositis, 
weight loss, rash, and nausea.

OPDIVO (nivolumab)
Manufacturer: Bristol-Myers Squibb Co
Approval Date: September 22, 2017
FDA granted accelerated approval to nivolumab, a PD-1 in-
hibitor, for the treatment of hepatocellular carcinoma in pa-
tients who have been previously treated with sorafenib.

A 154-patient subgroup of a multicenter, open-label tri-
al conducted in patients with hepatocellular carcinoma and 
Child-Pugh A cirrhosis who progressed on or were intolerant 
to sorafenib, included patients without active hepatitis viral 
infection as well as those with either active hepatitis B virus 
(31%) or hepatitis C virus (21%) but not those with active 
co-infection with hepatitis B virus and hepatitis C virus or 
with hepatitis D virus infection. Patients received nivolumab 
3 mg/kg by IV infusion every 2 weeks. The confirmed ORR 
was 14.3% (95% CI: 9.2, 20.8), with 3 CRs and 19 PRs. Re-
sponse duration ranged from 3.2 to 38.2+ months; 91% of 

responders had responses lasting 6 months or longer and 55% 
had responses lasting 12 months or longer.

ARs occurring in patients with hepatocellular carcinoma 
were similar to those previously reported, with the exception 
of a higher incidence of elevations in transaminases and bili-
rubin levels. Treatment with nivolumab resulted in treatment-
emergent grade 3 or 4 aspartate aminotransferase in 27 (18%) 
patients, grade 3 or 4 alanine aminotransferase in 16 (11%) 
patients, and grade 3 or 4 bilirubin in 11 (7%) of patients. 
Common ARs occurring in > 20% of patients in nivolumab 
clinical trials include fatigue, rash, musculoskeletal pain, pru-
ritus, diarrhea, nausea, asthenia, cough, dyspnea, constipation, 
decreased appetite, back pain, arthralgia, upper respiratory 
tract infection, and pyrexia. Immune-mediated hepatitis re-
quiring systemic corticosteroids occurred in 8 (5%) patients.

MERKEL CELL CARCINOMA

BAVENCIO (avelumab)
Manufacturer: EMD Serono, Inc
Approval Date: March 23, 2017
FDA granted accelerated approval to avelumab, a PD-L1 in-
hibitor, for the treatment of patients 12 years and older with 
metastatic Merkel cell carcinoma. This is the first FDA-ap-
proved product to treat this type of cancer.

Approval was based on data from an open-label, single-
arm, multicenter clinical trial of patients with histologically 
confirmed metastatic Merkel cell carcinoma with disease pro-
gression on or after chemotherapy administered for metastatic 
disease. The ORR was 33% (95% CI: 23.3, 43.8), with 11% 
CR and 22% PR rates. Among the 29 responding patients, 
the response duration ranged from 2.8 to 23.3+ months with 
86% of responses durable for 6 months or longer. Responses 
were observed regardless of PD-L1 tumor expression or pres-
ence of Merkel cell polyomavirus.

The most common serious ARs to avelumab are immune-
mediated ARs (pneumonitis, colitis, hepatitis, adrenal insuf-
ficiency, hypothyroidism and hyperthyroidism, diabetes mel-
litus, and nephritis) and life-threatening infusion reactions. 
The most common ARs were fatigue, musculoskeletal pain, 
diarrhea, nausea, infusion-related reaction, rash, decreased ap-
petite, and peripheral edema. Serious ARs that occurred in 
more than one patient in the trial were acute kidney injury, 
anemia, abdominal pain, ileus, asthenia, and cellulitis.

NON–SMALL CELL LUNG CANCER

TAGRISSO (osimertinib)
Manufacturer: AstraZeneca Pharmaceuticals, LP
Approval Date: March 30, 2017
FDA granted regular approval to osimertinib for the treatment 
of patients with metastatic EGFR T790M mutation-positive 
NSCLC, as detected by an FDA-approved test, whose disease 
has progressed on or after EGFR TKI therapy. Osimertinib is 
a third-generation EGFR TKI inhibitor.
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In November 2015, osimertinib received accelerated ap-
proval for this indication.

In a randomized, multicenter, open-label, active-controlled 
trial, patients with metastatic EGFR T790M mutation-
positive NSCLC, identified by the cobas EGFR mutation 
test, who had progressive disease following first-line EGFR 
TKI therapy were randomized (2:1) to receive osimertinib 
(n = 279) 80 mg orally once daily or platinum-based doublet 
chemotherapy (n = 140). Investigator-assessed PFS signifi-
cantly improved with osimertinib (HR = 0.30; 95% CI: 0.23, 
0.41; P < .001). The estimated median PFS was 10.1 months 
in the osimertinib arm and 4.4 months in the chemotherapy 
arm. Confirmed ORR was 65% (95% CI: 59%, 70%) and 
29% (95% CI: 21%, 37%) in the osimertinib and chemother-
apy arms, respectively (P < .0001). Estimated median response 
durations were 11 months (95% CI: 8.6, 12.6) and 4.2 months 
(95% CI: 3.9, 5.9) in the osimertinib and chemotherapy arms, 
respectively. In patients with measurable central nervous sys-
tem (CNS) lesions on baseline brain scans, the confirmed 
CNS ORR was 57% (95% CI: 37%, 75%) and 25% (95% CI: 
7%, 52%) in the osimertinib and chemotherapy arms, respec-
tively. The median CNS response duration was not reached 
in the osimertinib arm (range: 1.4, 12.5 months) and was 5.7 
months (range: 1.4, 5.7 months) in the chemotherapy arm.

The most serious ARs were interstitial lung disease/pneu-
monitis, QTc interval prolongation, cardiomyopathy, and 
keratitis. The most common ARs (> 20% of patients) were 
diarrhea, rash, dry skin, nail toxicity, and fatigue.

ALUNBRIG (brigatinib)
Manufacturer: Takeda Pharmaceutical Co
Approval Date: April 28, 2017
FDA granted accelerated approval to brigatinib tablets for the 
treatment of patients with metastatic ALK-positive NSCLC 
who have progressed on or are intolerant to crizotinib. Briga-
tinib is an ALK inhibitor and an EGFR inhibitor.

In a noncomparative, two-arm, open-label, multicenter 
clinical trial, patients with locally advanced or metastatic 
ALK-positive NSCLC who had progressed on crizotinib 
were randomized to brigatinib orally either 90 mg once daily 
(n = 112) or 180 mg once daily following a 7-day lead-in at 90 
mg once daily (n = 110). ORR was 48% (95% CI: 39%, 58%) 
in the 90-mg arm and 53% (95% CI: 43%, 62%) in the 180-
mg arm. After a median duration of follow-up of 8 months, 
median DOR was 13.8 months in both arms. In patients with 
measurable brain metastases at baseline, intracranial ORR was 
42% (95% CI: 23%, 63%) in the 90-mg arm (n = 26) and 67% 
(95% CI: 41%, 87%) in the 180-mg arm (n = 18). Median in-
tracranial DOR was not estimable (NE) in the 90-mg arm 
and was 5.6 months in the 180-mg arm. Among patients who 
exhibited an intracranial response, 78% of patients in the 90-
mg arm and 68% of patients in the 180-mg arm maintained 
an intracranial response for at least 4 months.

The most common ARs (> 25%) in patients taking briga-
tinib were nausea, diarrhea, fatigue, cough, and headache. The 

most common serious ARs were pneumonia and interstitial 
lung disease/pneumonitis. Fatal ARs occurred in 3.7% of 
patients and consisted of pneumonia (two patients), sudden 
death, dyspnea, respiratory failure, pulmonary embolism, bac-
terial meningitis, and urosepsis (one patient each). Visual dis-
turbances also occurred in patients receiving brigatinib. ARs 
leading to permanent discontinuation of brigatinib occurred 
in 2.8% and 8.2% of patients receiving 90 mg and 180 mg, 
respectively.

The recommended dosing regimen of brigatinib is 90 mg 
orally once daily for the first 7 days then, if tolerated, increase 
to 180 mg orally once daily.

KEYTRUDA (pembrolizumab)
Manufacturer: Merck and Co, Inc
Approval Date: May 10, 2017
FDA granted accelerated approval to pembrolizumab, a PD-1 
inhibitor, in combination with pemetrexed and carboplatin 
for the treatment of patients with previously untreated meta-
static nonsquamous NSCLC.

A cohort of patients enrolled in an open-label, multi-
center, multicohort study were randomized to receive either 
pembrolizumab 200 mg every 3 weeks, in combination with 
pemetrexed and carboplatin for 4 cycles followed by pembro-
lizumab for a maximum of 24 months (n = 60), or pemetrexed 
and carboplatin alone (n = 63). The ORR was 55% (95% CI: 
42, 68) for the pembrolizumab plus pemetrexed and carbo-
platin arm and 29% (95% CI: 18, 41) for the pemetrexed and 
carboplatin alone arm (P = .0032). Among responders, the 
proportion of patients with response durations of 6 months 
or longer was 93% in the pembrolizumab-containing arm 
and 81% in the pemetrexed and carboplatin alone arm. The 
HR for PFS was 0.53 (95% CI: 0.31, 0.91, P = .0205), and 
the median PFS was 13.0 months (95% CI: 8.3, NE) for the 
pembrolizumab plus pemetrexed and carboplatin arm and 8.9 
months (95% CI: 4.4, 10.3) for the pemetrexed and carbopla-
tin alone arm.

Serious ARs occurred in 41% of the patients in the pem-
brolizumab plus pemetrexed and carboplatin arm compared 
with 28% in the pemetrexed and carboplatin alone arm. The 
most common ARs were fatigue, nausea, and constipation. 
The most common grade 3-4 ARs were fatigue, dyspnea, 
nausea, vomiting, diarrhea, and rash. Pembrolizumab was dis-
continued for ARs in 10% of patients. The most common 
AR resulting in discontinuation was acute kidney injury. Im-
mune-mediated ARs including pneumonitis, colitis, hepatitis, 
endocrinopathies, and nephritis can occur.

ZYKADIA (ceritinib)
Manufacturer: Novartis Pharmaceuticals Corp
Approval Date: May 26, 2017
FDA granted regular approval to ceritinib, an ALK-inhibitor, 
for patients with metastatic NSCLC whose tumors are ALK-
positive as detected by an FDA-approved test.

In April 2014, ceritinib received accelerated approval for 
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patients with ALK-positive metastatic NSCLC whose disease 
has progressed or who are intolerant to crizotinib.

In a randomized, multicenter, open-label, active-controlled 
trial, patients with untreated ALK-positive NSCLC were ran-
domized to receive either ceritinib 750 mg orally once daily 
until disease progression (n = 189) or platinum-pemetrexed 
doublet chemotherapy (n = 187). The trial demonstrated an 
improvement in PFS, with a HR of 0.55 (95% CI: 0.42, 0.73; 
P < .0001). The estimated median PFS was 16.6 months (95% 
CI: 12.6, 27.2) in the ceritinib arm vs 8.1 months (95% CI: 
5.8, 11.1) in the chemotherapy arm. Confirmed ORR was 
73% (95% CI: 66%, 79%) and 27% (95% CI: 21%, 34%) in 
the ceritinib and chemotherapy arms, respectively. Estimated 
median response durations were 23.9 months (95% CI: 16.6, 
NE) and 11.1 months (95% CI: 7.8, 16.4) in the ceritinib and 
chemotherapy arms, respectively. In patients with measurable 
CNS lesions on baseline brain scans, the confirmed overall 
intracranial response rate was 57% (95% CI: 37, 76) in the 
ceritinib arm vs 22% (95% CI: 9, 42) in the chemotherapy 
arm. The median CNS response duration was 16.6 months 
(95% CI: 8.1, NE) in the ceritinib arms.

The most common ARs (≥ 25%) were diarrhea, nausea, 
vomiting, fatigue, abdominal pain, decreased appetite, and 
cough. Serious ARs occurred in 38% of patients treated with 
ceritinib. ARs leading to ceritinib discontinuation occurred 
in 12% and included (> 1% or more of patients) increased cre-
atinine, increased amylase, and increased lipase. Dose interrup-
tion due to ARs occurred in 77% of ceritinib-treated patients, 
while dose reductions were required in 66%.

TAFINLAR (dabrafenib) and MEKINIST (trametinib)
Manufacturer: Novartis Pharmaceuticals Inc
Approval Date: June 22, 2017
FDA granted regular approvals to dabrafenib, a BRAF inhibi-
tor, and trametinib, a mitogen-activated protein kinase inhibi-
tor, administered in combination for patients with metastatic 
NSCLC with BRAF V600E mutation as detected by an 
FDA-approved test. These are the first FDA approvals specifi-
cally for treatment of patients with BRAF V600E mutation-
positive metastatic NSCLC.

In an international, multicenter, three-cohort, nonran-
domized, noncomparative, open-label trial, 93 patients with 
locally confirmed BRAF V600E mutation-positive metastatic 
NSCLC were treated with the combination of dabrafenib 
(150 mg orally twice daily) and trametinib (2 mg orally once 
daily). Of these 93 patients, 36 had received no prior systemic 
therapy for metastatic NSCLC and 57 received at least one 
platinum-based chemotherapy regimen with demonstrated 
disease progression. Seventy-eight patients with previously 
treated BRAF V600E mutation-positive NSCLC received 
single-agent dabrafenib. In the previously treated group, the 
ORR for the combination was 63% (95% CI: 49%, 76%) with 
a median DOR of 12.6 months (95% CI: 5.8, NE). In the 
treatment-naive group, the ORR for the combination was 
61% (95% CI: 44%, 77%); 59% of responders had response 

durations greater than 6 months. The ORR for patients who 
received single-agent dabrafenib was 27% (95% CI: 18%, 38%) 
and the median DOR was 9.9 months.

The most common ARs (≥ 20%) were pyrexia, fatigue, 
nausea, vomiting, diarrhea, dry skin, decreased appetite, ede-
ma, rash, chills, hemorrhage, cough, and dyspnea. The most 
common grade 3-4 ARs were pyrexia, fatigue, dyspnea, vom-
iting, rash, hemorrhage, and diarrhea. The majority of labora-
tory abnormalities were grade 1-2. The most common (≥ 5%) 
Grade 3-4 laboratory abnormalities were hyponatremia, lym-
phopenia, anemia, hyperglycemia, neutropenia, leukopenia, 
hypophosphatemia, and increased alanine aminotransferase. 
Dabrafenib and trametinib were discontinued for ARs in 18% 
and 19% of patients, respectively.

ALECENSA (alectinib)
Manufacturer: Hoffmann-La Roche, Inc/Genentech
Approval Date: November 6, 2017
FDA granted regular approval to alectinib, an ALK inhibi-
tor, for treatment of patients with ALK-positive metastatic 
NSCLC, as detected by an FDA-approved test.

In December 2015, alectinib received accelerated ap-
proval for treatment of patients with ALK-positive metastatic 
NSCLC whose disease progressed on or who were intolerant 
of crizotinib.

In a randomized, multicenter, open-label, active-controlled 
trial, patients with ALK-positive NSCLC who had not re-
ceived prior systemic therapy for metastatic disease were 
randomized to receive alectinib 600 mg orally twice daily 
(n = 152) or crizotinib 250 mg orally twice daily (n = 151). 
The study demonstrated an improvement in PFS, with a HR 
of 0.53 (95% CI: 0.38, 0.73; P < .0001). The estimated median 
PFS for patients randomized to alectinib was 25.7 months 
(95% CI: 19.9, NE) compared with 10.4 months (95% CI: 
7.7, 14.6) for those randomized to crizotinib. There was also a 
lower incidence of progression in the CNS as first site of dis-
ease progression, alone or concurrent with systemic progres-
sion, in the alectinib arm (12%) compared with the crizotinib 
arm (45%). Confirmed ORR was 79% (95% CI: 72, 85) and 
72% (95% CI: 64, 79) in the alectinib and crizotinib arms, 
respectively. Among the 120 responders in the alectinib arm 
and the 109 responders in the crizotinib arm, the proportion 
of patients with response duration of ≥ 12 months was 64% 
and 36%, respectively.

Among the 43 patients with measurable CNS lesions on 
baseline brain scans, the CNS ORR was 81% (95% CI: 58, 
95) in the alectinib arm and 50% (95% CI: 28, 72) in the 
crizotinib arm. Among patients with measurable CNS lesions 
and a CNS response, the proportion of patients with a CNS 
response duration of ≥ 12 months was 59% in the alectinib 
arm and 36% in the crizotinib arm.

The most common ARs (≥ 20%) were fatigue, constipa-
tion, edema, myalgia, and anemia. Serious ARs occurred in 
28% of patients treated with alectinib. ARs leading to alectinib 
discontinuation occurred in 11%. ARs that led to alectinib 
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discontinuation in 1% or more of patients were renal impair-
ment, hyperbilirubinemia, increased alanine aminotransferase, 
and increased aspartate aminotransferase. Dose interruption 
due to ARs occurred in 19% of alectinib-treated patients, 
while dose reductions were required in 16%.

OVARIAN CANCER

ZEJULA (niraparib)
Manufacturer: Tesaro, Inc
Approval Date: March 27, 2017
FDA approved niraparib, a PARP inhibitor, for the mainte-
nance treatment of adult patients with recurrent epithelial 
ovarian, fallopian tube, or primary peritoneal cancer who are 
in CR or PR to platinum-based chemotherapy.

Approval was based on a randomized trial of 553 patients 
with recurrent epithelial ovarian, fallopian tube, or primary 
peritoneal cancer who had received at least two prior treat-
ments of platinum-based chemotherapy and were in a CR or 
PR to the most recent chemotherapy treatment. Patients were 
randomized (2:1) within 8 weeks of the last therapy to either 
niraparib (300 mg orally daily) or matched placebo. Among 
patients who had a germline BRCA mutation (n = 203), those 
taking niraparib had an estimated median PFS of 21 months 
compared with 5.5 months for those receiving placebo 
(HR = 0.26; 95% CI: 0.17, 0.41; P < .0001). Among patients 
who did not have a germline BRCA mutation (n = 350), 
the estimated median PFS for those taking niraparib was 9.3 
months compared with 3.9 months for those patients receiv-
ing placebo (HR = 0.45; 95% CI: 0.34, 0.61; P < .0001).

The most common ARs occurring in at least 10% of pa-
tients receiving niraparib were thrombocytopenia, anemia, 
neutropenia, leukopenia, palpitations, nausea, constipation, 
vomiting, abdominal pain/distention, mucositis/stomatitis, 
diarrhea, dyspepsia, dry mouth, fatigue, decreased appetite, 
urinary tract infection, AST/ALT elevation, myalgia, back 
pain, arthralgia, headache, dizziness, dysgeusia, insomnia, anxi-
ety, nasopharyngitis, dyspnea, cough, rash, and hypertension. 
Myelodysplastic syndrome and/or AML occurred in 1.4% of 
patients receiving niraparib. Grade 3-4 hypertension occurred 
in 9% of niraparib-treated patients.

LYNPARZA (olaparib)
Manufacturer: AstraZeneca
Approval Date: August 17, 2017
FDA granted regular approval to olaparib tablets for the main-
tenance treatment of adult patients with recurrent epithelial 
ovarian, fallopian tube, or primary peritoneal cancer, who are 
in a CR or PR to platinum-based chemotherapy.

FDA approved capsules of the PARP inhibitor olaparib 
in 2014 for the treatment of patients with deleterious or sus-
pected deleterious germline BRCA-mutated advanced ovar-
ian cancer who have been treated with three or more prior 
lines of chemotherapy. Olaparib tablets are approved for this 
indication as well.

The approval in the maintenance setting was based on two 
randomized, placebo-controlled, double-blind, multicenter 
trials in patients with recurrent ovarian cancers who were 
in response to platinum-based therapy. SOLO-2 randomized 
295 patients with recurrent germline BRCA-mutated ovar-
ian, fallopian tube, or primary peritoneal cancer (2:1) to re-
ceive olaparib tablets 300 mg orally twice daily or placebo. 
SOLO-2 demonstrated a statistically significant improvement 
in investigator-assessed PFS, with a HR of 0.30 (95% CI: 0.22, 
0.41; P < .0001). The estimated median PFS was 19.1 and 5.5 
months in the olaparib and placebo arms, respectively.

Study 19 randomized 265 patients regardless of BRCA sta-
tus (1:1) to receive olaparib capsules 400 mg orally twice daily 
or placebo. Study 19 demonstrated a statistically significant 
improvement in investigator-assessed PFS, with a HR of 0.35 
(95% CI: 0.25, 0.49; P < .0001). The estimated median PFS 
was 8.4 months and 4.8 months in the olaparib and placebo 
arms, respectively. 

The most common ARs (≥ 20%) in clinical trials were 
anemia, nausea, fatigue (including asthenia), vomiting, naso-
pharyngitis, diarrhea, arthralgia/myalgia, dysgeusia, headache, 
dyspepsia, decreased appetite, constipation, and stomatitis. The 
most common laboratory abnormalities (≥ 25%) were decrease 
in hemoglobin, increase in mean corpuscular volume, decrease 
in lymphocytes, decrease in leukocytes, decrease in absolute 
neutrophil count, increase in serum creatinine, and decrease 
in platelets.

The recommended olaparib tablet dose for both the main-
tenance therapy and later-line treatment setting is 300 mg (two 
150-mg tablets) taken orally twice daily with or without food.

PROSTATE CANCER

JEVTANA (cabazitaxel) – Lower Dose (20 mg/m2 
every 3 weeks)
Manufacturer: Sanofi-Aventis
Approval Date: September 14, 2017
FDA approved a lower dose of cabazitaxel (20 mg/m2 every 
3 weeks) in combination with prednisone for the treatment 
of patients with metastatic castration-resistant prostate can-
cer previously treated with a docetaxel-containing treatment 
regimen.

Cabazitaxel (25 mg/m2 every 3 weeks) was approved for 
this indication in 2010.

The approval was based on data from a noninferiority, 
multicenter, randomized, open-label trial conducted as a post-
marketing requirement to evaluate a lower dose compared 
with the approved dose of 25 mg/m2. Patients with metastatic 
castration-resistant prostate cancer previously treated with 
a docetaxel-containing regimen received either cabazitaxel 
25 mg/m2 (n = 602) or the 20 mg/m2 (n = 598) dose. The trial 
demonstrated noninferiority in OS of cabazitaxel 20 mg/m2 
in comparison with 25 mg/m2 in an intent-to-treat popula-
tion. The estimated median OS was 13.4 months for patients 
on the lower dose compared with 14.5 months for patients 
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receiving the higher dose (HR = 1.024; 97.78% CI: 0.886, 
1.184). Based on the per-protocol population, the estimat-
ed median OS was 15.1 and 15.9 months on cabazitaxel 20 
mg/m2 and cabazitaxel 25 mg/m2 respectively (HR = 1.042; 
97.78% CI: 0.886, 1.224).

The major safety findings, myelosuppression, infections, 
and increased toxicity, occurred with greater frequency on 
the 25 mg/m2 arm compared with the lower dose. Deaths 
within 30 days of the last study drug dose (5.4% vs 3.8%), 
and early infection-related deaths within 30 days of the treat-
ment initiation (1.3% vs 0.7%) were more common on the 
25 mg/m2 arm compared with the 20 mg/m2 arm. ARs and 
laboratory abnormalities occurring in greater than 10% of pa-
tients treated with cabazitaxel on clinical trials were neutrope-
nia, anemia, leukopenia, thrombocytopenia, diarrhea, fatigue, 
nausea, vomiting, constipation, asthenia, abdominal pain, he-
maturia, back pain, and anorexia. Grade 3-4 infections were 
reported in 20% patients on the 25 mg/m2 arm and 10% pa-
tients on the lower dose. Febrile neutropenia occurred in 9% 
of patients on the 25 mg/m2 arm and in 2% on the 20 mg/
m2 arm. The most common reasons for dose discontinuation 
were fatigue and hematuria.

The recommended dose of cabazitaxel is 20 mg/m2 ad-
ministered every 3 weeks as a 1-hour IV infusion in combina-
tion with oral prednisone 10 mg administered daily.

URETHELIAL CARCINOMA

OPDIVO (nivolumab)
Manufacturer: Bristol-Myers Squibb Company
Approval Date: February 2, 2017
FDA granted accelerated approval to the PD-1 inhibitor 
nivolumab for treatment of patients with locally advanced or 
metastatic urothelial carcinoma who have disease progression 
during or following platinum-containing chemotherapy or 
have disease progression within 12 months of neoadjuvant or 
adjuvant treatment with a platinum-containing chemotherapy.

Approval was based on a single-arm study treating 270 pa-
tients with locally advanced or metastatic urothelial carcino-
ma who progressed during or following platinum-containing 
chemotherapy, or progressed within 12 months of neoadju-
vant or adjuvant treatment with platinum-containing chemo-
therapy. Patients received nivolumab, 3 mg/kg every 2 weeks, 
until disease progression or unacceptable toxicity. ORR was 
19.6% (53/270; 95% CI: 15.1, 24.9). Seven patients had CRs 
and 46 had PRs. Estimated median response duration was 
10.3 months with responses ongoing at data cutoff.

The most common ARs (> 20%) were fatigue, musculo-
skeletal pain, nausea, and decreased appetite. Fourteen patients 
died from causes other than disease progression, including 
four patients who died from pneumonitis or cardiovascular 
failure attributed to nivolumab. ARs led to dose discontinua-
tion in 17% of patients.

The recommended dose and schedule for nivolumab for 
the above indication is 240 mg intravenously every 2 weeks.

IMFINZI (durvalumab)
Manufacturer: AstraZeneca UK Limited
Approval Date: May 1, 2017
FDA granted accelerated approval to the PD-L1 inhibitor 
durvalumab for the treatment of patients with locally ad-
vanced or metastatic urothelial carcinoma who have disease 
progression during or following platinum-containing chemo-
therapy or who have disease progression within 12 months of 
neoadjuvant or adjuvant treatment with platinum-containing 
chemotherapy.

Approval was based on a single-arm trial of 182 patients 
with locally advanced or metastatic urothelial carcinoma 
whose disease progressed after prior platinum-containing 
chemotherapy. Durvalumab, 10 mg/kg intravenously, was ad-
ministered every 2 weeks. Confirmed ORR was 17.0% (95% 
CI: 11.9, 23.3). At the data cutoff for the ORR analysis, me-
dian response duration was not reached (range: 0.9+, 19.9+ 
months). In the 182 patients, the confirmed ORR was 26.3% 
(95% CI: 17.8, 36.4) in 95 patients with a high PD-L1 score 
and 4.1% (95% CI: 0.9, 11.5) in 73 patients with a low or 
negative PD-L1 score.

The most common ARs in at least 15% of patients were 
fatigue, musculoskeletal pain, constipation, decreased appetite, 
nausea, peripheral edema, and urinary tract infection. Grade 
3-4 ARs were seen in 43% of patients. Infection and immune-
related ARs such as pneumonitis, hepatitis, colitis, thyroid dis-
ease, adrenal insufficiency, and diabetes were also seen with 
durvalumab.

BAVENCIO (avelumab)
Manufacturer: EMD Serono, Inc
Approval Date: May 9, 2017
FDA granted accelerated approval to the PD-L1 inhibitor ave-
lumab for patients with locally advanced or metastatic urothe-
lial carcinoma whose disease progressed during or following 
platinum-containing chemotherapy or within 12 months of 
neoadjuvant or adjuvant platinum-containing chemotherapy.

Approval was based on data from an open-label, single-
arm, multicenter study that enrolled 242 patients with locally 
advanced or metastatic urothelial carcinoma whose disease 
progressed on or after platinum-based therapy or within 12 
months of a platinum-containing neoadjuvant or adjuvant 
chemotherapy regimen. Patients received avelumab, 10 mg/kg  
intravenously, every 2 weeks until radiographic or clinical 
progression or unacceptable toxicity. Confirmed ORR in pa-
tients who had been followed for at least 13 weeks was 13.3% 
(n = 30) (95% CI: 9.1, 18.4), and 16.1% (n = 26) (95% CI: 
10.8, 22.8) in patients who had been followed for at least 6 
months. Median time to response was 2.0 months (range: 1.3, 
11.0). The median response duration had not been reached in 
patients followed for at least 13 weeks or at least 6 months, but 
ranged from 1.4+ to 17.4+ months in both groups.

Deaths due to an AR occurred in 6% of patients. Serious 
ARs were reported in 41% of patients. The most frequent 
serious ARs reported in 2% or more of patients were urinary 
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tract infection/urosepsis, abdominal pain, musculoskeletal 
pain, creatinine increased/renal failure, dehydration, hema-
turia/urinary tract hemorrhage, intestinal obstruction/small 
intestinal obstruction, and pyrexia. The most common ARs 
that occurred in at least 20% of patients were fatigue, infu-
sion-related reaction, musculoskeletal pain, nausea, decreased 
appetite, and urinary tract infection.

KEYTRUDA (pembrolizumab)
Manufacturer: Merck and Co, Inc
Approval Date: May 18, 2017
FDA granted regular approval to the PD-1 inhibitor pem-
brolizumab for patients with locally advanced or metastatic 
urothelial carcinoma who have disease progression during or 
following platinum-containing chemotherapy or within 12 
months of neoadjuvant or adjuvant treatment with platinum-
containing chemotherapy.

FDA also granted accelerated approval to pembrolizum-
ab for patients with locally advanced or metastatic urothe-
lial carcinoma who are not eligible for cisplatin-containing 
chemotherapy.

The regular approval for the second-line indication was 
based on data from a multicenter, randomized, active-con-
trolled trial in patients with locally advanced or metastatic 
urothelial carcinoma with disease progression on or after 
platinum-containing chemotherapy. Patients were randomly 
assigned to receive either pembrolizumab 200 mg every 3 
weeks (n = 270) or investigator’s choice of a chemotherapy 
regimen every 3 weeks (n = 272). Median OS was 10.3 and 
7.4 months in the pembrolizumab and chemotherapy arms, 
respectively (HR = 0.73; 95% CI: 0.59, 0.91; P = .004). ORR 
was 21% for pembrolizumab and 11% for chemotherapy (P 
= .002). No statistically significant difference in PFS between 
the two arms was observed.

The accelerated approval for the first-line indication 
was based on data from a single-arm, open-label trial in 
370 patients with locally advanced or metastatic urothe-
lial carcinoma who were deemed not eligible for cisplatin-
containing chemotherapy. Patients received pembrolizum-
ab 200 mg every 3 weeks. With a median follow-up time of 
7.8 months, the ORR was 28.6% (95% CI: 24, 34) and the 
median response duration was not reached (range: 1.4+, 
17.8+ months).

The most common ARs reported for at least 20% of 
pembrolizumab-treated patients in either of the two tri-
als included fatigue, musculoskeletal pain, pruritus, de-
creased appetite, nausea, diarrhea, constipation, and rash. 
Discontinuation of pembrolizumab secondary to ARs oc-
curred in 8% of patients in KEYNOTE-045 and in 11% 
in KEYNOTE-052. Dose interruption of pembrolizumab 
occurred in approximately 20% of patients in either trial. 
Serious ARs occurred in approximately 40% of pembroli-
zumab-treated patients. Immune-mediated ARs, including 
pneumonitis, colitis, hepatitis, and endocrinopathies, were 
reported in the trials.

HEMATOLOGIC MALIGNANCIES

ACUTE LYMPHOBLASTIC LEUKEMIA

BLINCYTO (blinatumomab)
Manufacturer: Amgen Inc
Approval Date: July 11, 2017
FDA approved blinatumomab for the treatment of relapsed or 
refractory B-cell precursor ALL in adults and children.

Blinatumomab received accelerated approval in December 
2014 for the treatment of Philadelphia chromosome-negative 
(Ph-) relapsed or refractory B-cell precursor ALL.

The trial that confirmed clinical benefit in patients with 
relapsed or refractory B-cell precursor ALL was a randomized, 
open-label, multicenter clinical trial (TOWER), comparing 
blinatumomab to standard-of-care (SOC) chemotherapy in 
405 patients. The trial demonstrated a statistically significant 
improvement in OS for patients treated with blinatumomab 
compared with those treated with SOC (HR = 0.71; 95% 
CI: 0.55, 0.93; P = .012). The estimated median OS was 7.7 
months in the blinatumomab arm (95% CI: 5.6, 9.6) and 4.0 
months in the SOC arm (95% CI: 2.9, 5.3).

The inclusion of Philadelphia chromosome-positive (Ph+) 
relapsed or refractory B-cell precursor ALL in the indication 
was based on a single-arm, multicenter study enrolling 45 pa-
tients with Ph+ ALL. Patients either had disease resistant to 
second-generation TKIs or were intolerant to second-genera-
tion TKIs and had disease resistant to imatinib. In this popula-
tion, 36% of the patients achieved a complete remission with 
complete or partial hematological recovery. The median dura-
tion of remission was 6.7 months.

No new major ARs of blinatumomab were identified in 
the above clinical trials.

BESPONSA (inotuzumab ozogamicin)
Manufacturer: Wyeth Pharmaceuticals Inc
Approval Date: August 17, 2017
FDA approved inotuzumab ozogamicin for the treatment of 
adults with relapsed or refractory B-cell precursor ALL.

The approval was based on data from a randomized (1:1), 
open-label, international, multicenter study in 326 patients 
with Ph- or Ph+ relapsed or refractory B-cell precursor ALL. 
Patients were required to have ≥ 5% bone marrow blasts and 
to have received one or two previous induction chemother-
apy regimens for ALL. Patients with Ph+ B-cell precursor 
ALL were required to have disease that failed treatment with 
at least one TKI and standard chemotherapy. Patients were 
randomized to receive inotuzumab ozogamicin (n = 164) or 
investigator’s choice of chemotherapy (n = 162). Of the ini-
tial 218 randomized patients, 35.8% of those who received 
inotuzumab ozogamicin experienced complete remission for 
a median 8.0 months and 89.7% of those patients achieved 
minimal residual disease negativity. Of the patients who re-
ceived chemotherapy, 17.4% experienced complete remission 
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for a median 4.9 months and 31.6% of those patients achieved 
minimal residual disease negativity.

The most common ARs occurring in greater than 20% of 
patients were thrombocytopenia, neutropenia, infection, ane-
mia, leukopenia, fatigue, hemorrhage, pyrexia, nausea, head-
ache, febrile neutropenia, transaminases increased, abdominal 
pain, gamma-glutamyltransferase increased, and hyperbili-
rubinemia. The most common (≥ 2%) ARs reported as the 
reason for permanent discontinuation were infection, throm-
bocytopenia, hyperbilirubinemia, transaminases increased, and 
hemorrhage.

KYMRIAH (tisagenlecleucel)
Manufacturer: Novartis Pharmaceuticals Corp
Approval Date: August 30, 2017
FDA granted regular approval to tisagenlecleucel for the treat-
ment of patients up to age 25 years with B-cell precursor ALL 
that is refractory or in second or later relapse.

Tisagenlecleucel is the first CAR-T immunotherapy ap-
proved by the FDA.

Approval of tisagenlecleucel was based on a single-arm tri-
al of 63 patients with relapsed or refractory pediatric precur-
sor B-cell ALL including 35 patients who had a prior hema-
topoietic stem-cell transplantation. Patients received a single 
dose of tisagenlecleucel intravenously within 2 to 14 days 
following the completion of lymphodepleting chemotherapy. 
Of the 63 patients who were evaluable for efficacy, the con-
firmed overall remission rate as assessed by independent cen-
tral review was 82.5% (95% CI: 70.9, 91.0), consisting of 63% 
of patients with complete remission and 19% with complete 
remission with incomplete hematologic recovery. All patients 
with a confirmed complete remission or complete remission 
with incomplete hematologic recovery were minimal residual 
disease negative by flow cytometry. Median remission dura-
tion was not reached (range: 1.2, 14.1+ months).

The most common ARs (incidence greater than 20%) are 
cytokine release syndrome (CRS), hypogammaglobulinemia, 
infections-pathogen unspecified, pyrexia, decreased appetite, 
headache, encephalopathy, hypotension, bleeding episodes, 
tachycardia, nausea, diarrhea, vomiting, viral infectious dis-
orders, hypoxia, fatigue, acute kidney injury, and delirium. 
Grade 3 or 4 ARs were noted in 84% of patients. Serious 
ARs such as CRS, including fatal CRS and CRS-associated 
disseminated intravascular coagulation with intracranial hem-
orrhage, prolonged cytopenia, infection, cardiac failure, and 
cardiac arrest occurred in patients receiving tisagenlecleucel.

ACUTE MYELOID LEUKEMIA

RYDAPT (midostaurin)
Manufacturer: Novartis Pharmaceuticals Corp
Approval Date: April 28, 2017
FDA approved midostaurin for the treatment of adult pa-
tients with newly diagnosed AML who are FLT3 mutation-
positive (FLT3+), as detected by an FDA-approved test, in 

combination with standard cytarabine and daunorubicin in-
duction and cytarabine consolidation.

FDA also approved midostaurin for the treatment of adults 
with aggressive systemic mastocytosis (ASM), SM with as-
sociated hematological neoplasm (SM-AHN), or mast cell 
leukemia.

Approval for patients with previously untreated FLT3+ 
AML was based on a randomized, double-blind, placebo-con-
trolled trial. A total of 717 patients were randomized to either 
placebo or midostaurin 50 mg orally twice daily on days 8-21 
of each cycle of induction and consolidation chemotherapy 
followed by continuous daily midostaurin for up to 12 cycles. 
The trial demonstrated a statistically significant improvement 
in OS for patients receiving midostaurin compared with 
those on the placebo-containing arm (HR = 0.77; P = .016).

Common ARs, occurring in at least 20% of patients, in-
cluded febrile neutropenia, nausea, mucositis, vomiting, head-
ache, petechiae, musculoskeletal pain, epistaxis, device-related 
infection, hyperglycemia, and upper respiratory tract infec-
tion. The most frequent serious AR was febrile neutropenia, 
occurring in 16% of patients on both arms.

Approval for ASM, SM-AHN, and mast cell leukemia in-
dications was based on response rate and duration in a single-
arm, open-label study of midostaurin 100 mg orally twice 
daily. With 6 cycles of midostaurin, the rates of confirmed 
complete remission plus incomplete remission by modified 
Valent criteria were 38% for ASM and 16% for SM-AHN. 
One patient (5%) with mast cell leukemia achieved a CR. 
The most common ARs included nausea, vomiting, diarrhea, 
edema, musculoskeletal pain, abdominal pain, fatigue, upper 
respiratory tract infection, fever, headache, and dyspnea.

The recommended dose of midostaurin in AML is 50 mg 
twice daily with food on days 8 to 21 of each cycle of induc-
tion and consolidation chemotherapy followed by 50 mg with 
food as a single agent for up to 12 months. The recommended 
dose for the treatment of adults with ASM, SM-AHN, or mast 
cell leukemia is 100 mg twice daily with food.

IDHIFA (enasidenib)
Manufacturer: Celgene Corp
Approval Date: August 1, 2017
FDA granted regular approval to enasidenib for the treatment 
of adult patients with relapsed or refractory AML with an 
isocitrate dehydrogenase-2 (IDH2) mutation as detected by 
an FDA-approved test.

This is the first FDA approval for relapsed or refractory 
AML specifically with an IDH2 mutation.

The enasidenib approval was based on an open-label, sin-
gle-arm, multicenter clinical trial of enasidenib that includ-
ed 199 adults with relapsed or refractory AML who had an 
IDH2 mutation. Patients were treated with enasidenib 100 
mg orally daily.

After a median follow-up time of 6.6 months, 23% of 
patients experienced CR or CR with partial hematologic 
improvement (CRh) lasting a median of 8.2 months, with 
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19% of patients having a CR lasting a median 8.2 months, 
and 4% with a CRh lasting a median 9.6 months. The me-
dian time-to-first response was 1.9 months (range, 0.5 to 
7.5 months) and the median time-to-best response of CR/
CRh was 3.7 months (range, 0.6 to 11.2 months). Of the 
157 patients who required transfusions at the initiation of 
the trial, 34% no longer required transfusions during at least 
one 56-day time period on enasidenib. Of the 42 patients 
who did not require transfusions at the start of the trial, 76% 
maintained transfusion independence.

The most common ARs occurring in greater than 20% of 
patients were nausea, vomiting, diarrhea, elevated bilirubin, 
and decreased appetite. Differentiation syndrome occurred in 
14% of patients.

VYXEOS (daunorubicin and cytarabine)
Manufacturer: Jazz Pharmaceuticals, Inc
Approval Date: August 3, 2017
FDA granted regular approval to a liposome-encapsulated 
combination of daunorubicin and cytarabine for the treatment 
of adults with newly-diagnosed therapy-related AML (t-AML) 
or AML with myelodysplasia-related changes (AML-MRC), 
two types of AML having a poor prognosis.

This is the first FDA-approved treatment specifically for 
patients with t-AML or AML-MRC.

Approval was based on data from a randomized (1:1), mul-
ticenter, open-label, active-controlled trial comparing Vyxeos 
to a standard combination of daunorubicin and cytarabine 
(7+3) in 309 patients 60 to 75 years of age with newly-diag-
nosed t-AML or AML-MRC. Vyxeos demonstrated an esti-
mated median OS of 9.6 months compared with 5.9 months 
for the 7+3 control (HR = 0.69; 95% CI: 0.52, 0.90; P = .005).

The most common ARs occurring in greater than 25% of 
patients treated with Vyxeos were hemorrhage events, febrile 
neutropenia, rash, edema, nausea, mucositis, diarrhea, consti-
pation, musculoskeletal pain, fatigue, abdominal pain, dyspnea, 
headache, cough, decreased appetite, arrhythmia, pneumonia, 
bacteremia, chills, sleep disorders, and vomiting.

MYLOTARG (gemtuzumab ozogamicin)
Manufacturer: Pfizer Inc
Approval Date: September 1, 2017
FDA approved gemtuzumab ozogamicin for the treatment of 
newly-diagnosed CD33-positive AML in adults and for treat-
ment of relapsed or refractory CD33-positive AML in adults 
and in pediatric patients aged 2 years and older. Gemtuzumab 
ozogamicin may be used in combination with daunorubicin 
and cytarabine for adults with newly-diagnosed AML, or as a 
stand-alone treatment for certain adult and pediatric patients.

This approval includes a lower recommended dose and 
schedule of gemtuzumab ozogamicin than what FDA approved 
previously in 2000, as well as a different patient population.

Approval of gemtuzumab ozogamicin in combination 
with chemotherapy for adults was based on a multicenter, 
randomized, open-label, phase 3 study of 271 patients aged 50 

to 70 years with newly-diagnosed AML. Patients were ran-
domized to receive daunorubicin (60 mg/m2 on days 1 to 3) 
and cytarabine (200 mg/m2 on days 1 to 7) induction therapy 
with (n = 135) or without (n = 136) gemtuzumab ozogamicin  
3 mg/m2 (up to maximum of one vial) on days 1, 4, and 7. 
Estimated median event-free survival was 17.3 months for 
patients receiving gemtuzumab ozogamicin vs 9.5 months 
for those receiving chemotherapy alone (HR = 0.56; 95% 
CI: 0.42, 0.76).

Gemtuzumab ozogamicin was evaluated in two clinical 
trials for use as a single agent. In a multicenter, randomized, 
open-label, phase 3 study, gemtuzumab ozogamicin mono-
therapy was compared with BSC in 237 newly-diagnosed 
AML patients older than 75 years of age or between 61 and 
75 years of age with a WHO performance status > 2 or were 
unwilling to receive intensive chemotherapy. During induc-
tion, gemtuzumab ozogamicin 6 mg/m2 was given on day 1 
and gemtuzumab ozogamicin 3 mg/m2 was given on day 8. 
Patients with no evidence of disease progression or signifi-
cant toxicities after induction received continuation therapy 
as outpatients with up to 8 courses of treatment including 
gemtuzumab ozogamicin 2 mg/m2 on day 1, every 4 weeks. 
Estimated median OS was 4.9 months for patients receiving 
gemtuzumab ozogamicin vs 3.6 months for those receiving 
BSC (HR = 0.69; 95% CI: 0.53, 0.90).

In a phase 2, single-arm, open-label study, 57 patients 
with CD33-positive AML in first relapse received a single 
course of gemtuzumab ozogamicin 3 mg/m2 on days 1, 4, 
and 7. Consolidation therapy consisted of cytarabine in-
travenously every 12 hours for 3 days. Fifteen (26%; 95% 
CI: 16, 40) patients achieved CR following a single course 
of gemtuzumab ozogamicin. Median relapse-free survival, 
measured from the first documentation of CR to the date of 
relapse or death, was 11.6 months.

The most common ARs (>15%) were hemorrhage, in-
fection, fever, nausea, vomiting, constipation, headache, in-
creased AST, increased ALT, rash, and mucositis. Serious ARs 
associated with gemtuzumab ozogamicin are hepatotoxicity 
(including veno-occlusive disease), infusion-related reactions 
(including anaphylaxis), and hemorrhage.

B-CELL LYMPHOMA

YESCARTA (axicabtagene ciloleucel)
Manufacturer: Kite Pharma, Inc
Approval Date: October 18, 2017
FDA granted regular approval to the CAR-T immunothera-
py axicabtagene ciloleucel for the treatment of adult patients 
with relapsed or refractory large B-cell lymphoma after two 
or more lines of systemic therapy, including diffuse large B-
cell lymphoma (DLBCL) not otherwise specified, primary 
mediastinal large B-cell lymphoma, high-grade B-cell lym-
phoma, and DLBCL arising from follicular lymphoma (FL).

Approval was based on a single-arm multicenter trial of 
108 adult patients with aggressive B-cell non-Hodgkin lym-
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phoma. Eligible patients had refractory disease to the most 
recent therapy or relapse within 1 year after autologous he-
matopoietic stem cell transplantation. Patients received a 
single infusion of axicabtagene ciloleucel following comple-
tion of lymphodepleting chemotherapy. Of the 101 patients 
evaluated for efficacy, the ORR as assessed by independent 
central review was 72%, with a complete remission rate of 
51% (95% CI: 41, 62). The DOR was longer in patients with 
a best overall response of complete remission, as compared 
to a best overall response of partial remission. Among pa-
tients achieving complete remission, the estimated median 
DOR was not reached (95% CI: 8.1 months, NE) after a 
median follow-up of 7.9 months. The estimated median 
DOR among patients in partial remission was 2.1 months 
(95% CI: 1.3, 5.3).

The most common grade 3 or higher ARs (incidence of 
10% or greater) include febrile neutropenia, fever, CRS, en-
cephalopathy, infections, hypotension, and hypoxia. Serious 
ARs occurred in 52% of patients and included CRS, neuro-
logic toxicity, prolonged cytopenias (including neutropenia, 
thrombocytopenia, and anemia), and serious infections. Fatal 
cases of CRS and neurologic toxicity occurred.

PRIMARY CUTANEOUS ANAPLASTIC LARGE  
CELL LYMPHOMA

ADCETRIS (brentuximab vedotin)
Manufacturer: Seattle Genetics, Inc
Approval Date: November 9, 2017
FDA granted regular approval to brentuximab vedotin for the 
treatment of adult patients with primary cutaneous anaplastic 
large cell lymphoma (pcALCL) or CD30-expressing mycosis 
fungoides (MF) who have received prior systemic therapy.

In a phase 3, randomized, open-label, multicenter clinical 
trial, 131 patients with MF or pcALCL who had previously 
received one prior systemic therapy and required systemic 
treatment were randomized to receive either brentuximab 
vedotin or the physician’s choice of methotrexate or bexaro-
tene. The study demonstrated an ORR lasting 4 months of 
56% (95% CI: 44%, 68%) in the brentuximab vedotin arm 
vs 12% (95% CI 4%, 21%) in the physician’s choice arm 
(P < .001). CR rate in the brentuximab vedotin arm was 16% 
(95% CI: 8, 27) vs 2% (95% CI: 0, 8) in the physician’s choice 
arm (P = .007). Improvement in PFS was also demonstrated 
(HR = 0.27; 95% CI: 0.17, 0.43; P < .001). The median PFS 
was 17 months in the brentuximab vedotin arm vs 4 months 
in the physician’s choice arm.

The most common ARs (> 20%) were anemia, peripheral 
sensory neuropathy, nausea, diarrhea, fatigue, and neutropenia. 
The most common AR leading to discontinuation was pe-
ripheral neuropathy.

The recommended dose of brentuximab vedotin is 1.8 mg/kg 
up to a maximum of 180 mg as an IV infusion over 30 min-
utes every 3 weeks until a maximum of 16 cycles, disease 
progression, or unacceptable toxicity.

CHRONIC MYELOID LEUKEMIA

SPRYCEL (dasatinib)
Manufacturer: Bristol-Myers Squibb Co
Approval Date: November 9, 2017
FDA granted regular approval to dasatinib for the treatment of 
pediatric patients with Ph+ CML in the chronic phase.

Approval was based on data from 97 pediatric patients 
with chronic phase CML evaluated in two trials—a phase 1, 
open-label, nonrandomized, dose-ranging trial and a phase 
2, open-label, nonrandomized trial. Fifty-one patients ex-
clusively from the phase 2 trial were newly diagnosed with 
chronic phase CML and 46 patients (17 from the phase 1 
trial and 29 from the phase 2 trial) were resistant or intol-
erant to previous treatment with imatinib. The majority of 
patients were treated with dasatinib tablets 60 mg/m2 once 
daily. After 24 months of treatment, 96.1% of newly diag-
nosed patients (95% CI: 86.5, 99.5) and 82.6% of patients 
resistant or intolerant to imatinib (95% CI: 68.6, 92.2) had 
complete cytogenic response (CCyR). With a median fol-
low-up of 4.5 years in newly diagnosed patients and 5.2 
years in imatinib-resistant or imatinib-intolerant patients, 
the median durations of CCyR, major cytogenic response 
(MCyR), and major molecular response could not be esti-
mated as more than half of the responding patients had not 
progressed at the time of data cut-off.

ARs reported in ≥ 10% of dasatinib-treated pediatric pa-
tients (n = 97) were headache, nausea, diarrhea, skin rash, vom-
iting, pain in extremity, abdominal pain, fatigue, and arthralgia.

FOLLICULAR LYMPHOMA

ALIQOPA (copanlisib)
Manufacturer: Bayer HealthCare Pharmaceuticals Inc
Approval Date: September 14, 2017
FDA granted accelerated approval to copanlisib for the treat-
ment of adult patients with relapsed FL who have received at 
least two prior systemic therapies.

Approval was based on efficacy results in 104 patients with 
relapsed FL enrolled in an open-label, single-arm, multicenter, 
phase 2 trial. Patients received 0.8 mg/kg or 60 mg of co-
panlisib by intravenous infusion on days 1, 8, and 15 of a 28-
day treatment cycle. The ORR was 58.7% (95% CI: 48.6%, 
68.2%) with an estimated median response duration of 12.2 
months (range: 0+, 22.6 months). The CR rate was 14.4% 
and PR rate was 44.2%. The safety population included 168 
patients with FL and other hematologic malignancies treated 
with the recommended copanlisib dosing regimen.

Common ARs (> 20%) include hyperglycemia, diarrhea, 
fatigue, hypertension, leukopenia, neutropenia, nausea, 
lower respiratory tract infections, and thrombocytopenia. 
The most common grade 3-4 ARs include hyperglycemia, 
leukopenia, hypertension, neutropenia, and lower respira-
tory tract infections. Serious noninfectious pneumonitis 
occurred in 6% of patients.
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HODGKIN LYMPHOMA

KEYTRUDA (pembrolizumab)
Manufacturer: Merck and Co, Inc
Approval Date: March 15, 2017
FDA granted accelerated approval to pembrolizumab for the 
treatment of adult and pediatric patients with refractory clas-
sical Hodgkin lymphoma (cHL), or those who have relapsed 
after three or more prior lines of therapy.

Approval was based on data from 210 adult cHL patients 
enrolled in a multicenter, nonrandomized, open-label clini-
cal trial. Patients had refractory or relapsed disease after au-
tologous stem cell transplantation (ASCT; 129 patients) and/
or brentuximab vedotin (175 patients), and received a median 
of four prior systemic therapies (range: 1, 12). With a median 
follow-up of 9.4 months (range: 1, 15), the ORR was 69% 
(95% CI: 62, 75). This included PRs in 47% of patients and 
CRs in 22%. The estimated median response duration was 
11.1 months (range: 0+, 11.1). Efficacy in pediatric patients 
was extrapolated from results observed in adults.

In adults, the most common (at least 20%) ARs were fa-
tigue, pyrexia, cough, musculoskeletal pain, diarrhea, rash and 
hypertransaminasemia. Additional common ARs (at least 
10%) included dyspnea, arthralgia, vomiting, nausea, pruritus, 
hypothyroidism, upper respiratory tract infections, headache, 
peripheral neuropathy, hyperbilirubinemia, and increased 
creatinine. Other immune-mediated ARs occurring in 0.5% 
to 9% of patients included infusion reactions, hyperthyroid-
ism, pneumonitis, uveitis, myositis, myelitis and myocarditis. 
Fifteen percent had an AR requiring systemic corticosteroid 
therapy. Pembrolizumab was discontinued due to ARs in 5% 
of patients, and treatment was interrupted due to ARs in 26%. 
The safety profile in the pediatric patients was similar to that 
observed in adults. ARs occurring at a higher rate (difference 
of 15% or greater) in children than adults included fatigue, 
vomiting, abdominal pain, hypertransaminasemia and hypo-
natremia. Pembrolizumab exposure in these pediatric patients 
at a dose of 2 mg/kg every 3 weeks was comparable to that 
seen in adults.

The recommended dose and schedule of pembrolizumab 
for cHL is 200 mg every 3 weeks for adults and 2 mg/kg (up 
to 200 mg) every 3 weeks for pediatric patients.

ERDHEIM-CHESTER DISEASE

ZELBORAF (vemurafenib)
Manufacturer: Hoffmann-La Roche Inc
Approval Date: November 6, 2017
FDA granted regular approval to vemurafenib for the treat-
ment of patients with Erdheim-Chester disease (ECD) with 
BRAF V600 mutation.

Approval was based on an open-label, multicenter, single-
arm, multiple cohort clinical trial in 22 patients aged 16 years 
of age and older. The best ORR was 54.5% (n = 12) (95% CI: 
32.2, 75.6). Eleven PRs (50%) and 1 CR (4.5%) were ob-

served. The median duration of follow- up was 26.6 months 
(range: 3.0 to 44.3 months). The median time to response was 
11 months (95% CI: 3.7, 14.6).

In the trial, the most commonly reported ARs (> 50%) 
in patients with BRAF V600 ECD were arthralgia, rash 
maculo-papular, alopecia, fatigue, electrocardiogram QT 
prolonged, and skin papilloma. The most common (≥ 10%) 
Grade ≥ 3 ARs were squamous cell carcinoma of the skin, 
hypertension, rash maculo-papular, and arthralgia. The inci-
dence of ARs resulting in permanent discontinuation was 
32%. The recommended dose of vemurafenib is 960 mg 
orally twice daily taken approximately 12 hours apart with 
or without a meal.

MANTLE CELL LYMPHOMA

CALQUENCE (acalabrutinib)
Manufacturer: AstraZeneca Pharmaceuticals Inc under li-
cense of Acerta Pharma BV
Approval Date: October 31, 2017
FDA granted accelerated approval to acalabrutinib for treat-
ment of adult patients with MCL who have received at least 
one prior therapy.

Approval was based on an open-label, phase 2 trial enroll-
ing 124 patients with MCL who received at least one prior 
therapy. Patients received acalabrutinib, 100 mg orally twice 
daily, until disease progression or unacceptable toxicity. The 
ORR (investigator assessed), which was the primary endpoint, 
was 81% (95% CI: 73%, 87%); and the CR rate was 40% (95% 
CI: 31%, 49%). The median DOR has not been reached with 
15.2 months of follow-up. The median time to best response 
was 1.9 months.

The most common ARs in greater than 20% of patients 
taking acalabrutinib were anemia, thrombocytopenia, head-
ache, neutropenia, diarrhea, fatigue, myalgia, and bruising. Dose 
reductions or discontinuations due to ARs were reported in 
1.6% and 6.5% of patients, respectively. The most frequently 
reported (≥ 5%) Grade 3 or 4 ARs were neutropenia, throm-
bocytopenia, and anemia.

MULTIPLE MYELOMA

REVLIMID (lenalidomide)
Manufacturer: Celgene Corp
Approval Date: February 22, 2017
FDA approved lenalidomide as maintenance therapy for pa-
tients with multiple myeloma following ASCT.

In 2006, lenalidomide, an orally administered thalidomide 
analogue, received FDA approval for use with dexamethasone 
in patients with multiple myeloma who received at least one 
prior therapy. In 2015, the indication was expanded for use 
in combination with dexamethasone for the treatment of 
patients with multiple myeloma, to include newly diagnosed 
multiple myeloma patients who are not eligible for autolo-
gous stem cell transplant. Lenalidomide is also approved in 
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myelodysplastic syndromes and MCL.
The current approval was based on two randomized, con-

trolled trials evaluating the efficacy and safety of lenalido-
mide maintenance therapy for the treatment of multiple my-
eloma patients after autologous stem cell transplant. These 
trials demonstrated approximately a 15-month (HR = 0.38; 
95% CI: 0.27, 0.54; P < .001) and 18-month (HR = 0.50; 
95% CI: 0.39, 0.64; P < .001) PFS survival advantage, at 
the time of the primary analysis, in patients treated with 
lenalidomide compared with patients receiving placebo. The 
median OS was 111 and 106 months for patients treated 
with lenalidomide compared with 84 and 88 months for 
patients receiving placebo in the two trials.

The types, frequency, and severity of ARs observed in the 
two trials were similar to those previously described. Neutro-
penia, affecting 56% of the 517 patients treated with lenalido-
mide in both trials, was the most frequently reported grade 
3/4 AR. An increased incidence of second primary malignan-
cies was reported among patients treated with lenalidomide 
compared with those receiving placebo.

The recommended dose and schedule for lenalidomide is 
10 mg once daily continuously on day 1 to day 28 of repeated 
28-day cycles.

MULTIPLE INDICATIONS

RITUXAN HYCELA (rituximab and hyaluronidase  
human)
Manufacturer: Genentech Inc
Approval Date: June 22, 2017
FDA granted regular approval to Rituxan Hycela for adult 
patients with FL, DLBCL, and CLL. The approval provides 
patients a subcutaneous route of rituximab administration that 
shortens the administration time to 5 to 7 minutes compared 
with IV infusion that can take several hours. This new product 
also provides flat dosing.

The approval specifies the combination is indicated for the 
following previously approved indications for Rituxan:

• Relapsed or refractory, FL as a single agent.
• Previously untreated FL in combination with first-line 

chemotherapy and, in patients achieving a CR or PR 
to rituximab in combination with chemotherapy, as 
single-agent maintenance therapy.

• Nonprogressing (including stable disease) FL as a single 
agent after first-line cyclophosphamide, vincristine, and 
prednisone chemotherapy.

• Previously untreated DLBCL in combination with cy-
clophosphamide, doxorubicin, vincristine, prednisone, 
or other anthracycline-based chemotherapy regimens.

• Previously untreated and previously treated CLL in 
combination with fludarabine and cyclophosphamide.

Approval was based on multiple randomized clinical tri-
als demonstrating noninferior rituximab trough concen-
trations levels for Rituxan Hycela 1400 mg/23,400 units 

compared with IV rituximab 375 mg/m2, noninferior 
rituximab trough concentrations levels for Rituxan Hy-
cela 1600 mg/26,800 units compared with IV rituximab  
500 mg/m2, and comparable efficacy and safety results of the 
two products.

The most common ARs (≥ 20%) observed in patients 
with FL include infections, neutropenia, nausea, constipation, 
cough, and fatigue. The most common ARs (≥ 20%) observed 
in patients with DLBCL include infections, neutropenia, alo-
pecia, nausea, and anemia. The most common ARs (≥ 20%) 
observed in patients with CLL were infections, neutropenia, 
nausea, thrombocytopenia, pyrexia, vomiting, and injection 
site erythema.

The recommended doses are 1400 mg rituximab and 
23,400 units hyaluronidase human for FL and DLBCL and 
1600 mg rituximab and 26,800 units hyaluronidase human for 
CLL.

KEYTRUDA (pembrolizumab)
Manufacturer: Merck & Co
Approval Date: May 23, 2017
FDA granted accelerated approval to pembrolizumab for adult 
and pediatric patients with unresectable or metastatic, MSI-H 
or dMMR solid tumors that have progressed following prior 
treatment and who have no satisfactory alternative treatment 
options or with MSI-H or dMMR colorectal cancer that has 
progressed following treatment with a fluoropyrimidine, oxali-
platin, and irinotecan.

This is the first tissue/site-agnostic approval granted by 
the FDA.

The approval was based on data from 149 patients with MSI-
H or dMMR cancers enrolled across five uncontrolled, mul-
ticohort, multicenter, single-arm clinical trials. Ninety patients 
had colorectal cancer and 59 patients were diagnosed with one 
of 14 other cancer types. Patients received either pembroli-
zumab 200 mg every 3 weeks, or pembrolizumab 10 mg/kg 
every 2 weeks.

ORR was 39.6% (95% CI: 31.7, 47.9). Responses lasted 6 
months or more for 78% of those who responded to pembro-
lizumab. There were 11 CRs and 48 PRs. ORR was similar 
irrespective of whether patients were diagnosed with colorec-
tal cancer (36%) or a different cancer type (46% across the 14 
other cancer types).

The most common ARs to pembrolizumab include fa-
tigue, pruritus, diarrhea, decreased appetite, rash, pyrexia, 
cough, dyspnea, musculoskeletal pain, constipation, and nau-
sea. Pembrolizumab is associated with immune-mediated side 
effects, including pneumonitis, colitis, hepatitis, endocrinopa-
thies, and nephritis.

The recommended pembrolizumab dose for this indica-
tion is 200 mg for adults or 2 mg/kg (up to a maximum of 
200 mg) for children, administered as an IV infusion over 
30 minutes every 3 weeks until disease progression, unac-
ceptable toxicity, or up to 24 months in patients without 
disease progression. 
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MVASI (bevacizumab-awwb)
Manufacturer: Amgen Inc
Approval Date: September 14, 2017
FDA approved Mvasi as a biosimilar to Avastin (bevacizumab; 
Genentech Inc). Mvasi is the first biosimilar approved in the 
US for the treatment of cancer.

Mvasi is approved for the treatment of patients with the 
following cancers:

• Metastatic colorectal cancer, in combination with IV 
5-fluorouracil-based chemotherapy for first- or second-
line treatment.

• Metastatic colorectal cancer, in combination with fluo-
ropyrimidine-irinotecan- or fluoropyrimidine-oxalipl-
atin-based chemotherapy for the second-line treatment 
of patients who have progressed on a first-line bevaci-
zumab product-containing regimen.

• Nonsquamous NSCLC, in combination with carbopla-
tin and paclitaxel for first-line treatment of unresectable, 
locally advanced, recurrent, or metastatic disease.

• Glioblastoma with progressive disease following prior 
therapy, based on improvement in ORR.

• Metastatic renal cell carcinoma, in combination with 
interferon alfa.

• Cervical cancer that is persistent, recurrent, or metastat-
ic disease, in combination with paclitaxel and cisplatin 
or paclitaxel and topotecan.

The approval was based on comparisons of extensive 
structural and functional product characterization, animal 
data, human pharmacokinetic and pharmacodynamic data, 
and clinical immunogenicity between Mvasi and US-licensed 
Avastin demonstrating that Mvasi is highly similar to US-
licensed Avastin and that there are no clinically meaningful 
differences between the products. It has not been shown to be 
interchangeable with US-licensed Avastin.

Common expected side effects of Mvasi include epistaxis, 
headache, hypertension, rhinitis, proteinuria, taste alteration, 
dry skin, hemorrhage, lacrimation disorder, and exfoliative 
dermatitis. Serious expected side effects of Mvasi include per-
foration or fistula, arterial and venous thromboembolic events, 
hypertension, posterior reversible encephalopathy syndrome, 
proteinuria, infusion-related reactions, and ovarian failure.

OGIVRI (trastuzumab-dkst)
Manufacturer: Mylan
Approval Date: December 1, 2017
FDA approved Ogivri as a biosimilar to Herceptin (trastu-
zumab, Genentech, Inc.) for the treatment of patients with 
HER2-overexpressing breast or metastatic stomach cancer 
(gastric or gastroesophageal junction adenocarcinoma).

Approval was based on comparisons of extensive struc-
tural and functional product characterization, animal data, 
human pharmacokinetic and pharmacodynamic data, and 
clinical studies including clinical immunogenicity between 
Ogivri and US-licensed Herceptin. These data demonstrate 

that Ogivri is highly similar to US-licensed Herceptin and 
that there are no clinically meaningful differences between 
the products. Ogivri has been approved as a biosimilar, not as 
an interchangeable product.

Common expected side effects of Ogivri for the treatment 
of HER2+ breast cancer include headache, diarrhea, nau-
sea, chills, fever, infection, congestive heart failure, insomnia, 
cough, and rash. Common expected side effects of Ogivri for 
the treatment of HER2+ metastatic stomach cancer include 
neutropenia, diarrhea, fatigue, anemia, stomatitis, weight loss, 
upper respiratory tract infections, fever, thrombocytopenia, 
mucosal inflammation, nasopharyngitis, and dysgeusia. Se-
rious expected side effects of Ogivri include worsening of 
chemotherapy-induced neutropenia.

SUPPORTIVE CARE

IMBRUVICA (ibrutinib)
Manufacturer: Pharmacyclics LLC
Approval Date: August 2, 2017
FDA approved ibrutinib for the treatment of adult patients 
with chronic graft-versus-host disease (cGVHD) after failure 
of one or more lines of systemic therapy. This is the first FDA-
approved therapy for the treatment of cGVHD.

Approval was based on Study PCYC-1129-CA, an open-
label, multicenter, single-arm clinical trial enrolling 42 pa-
tients with cGVHD after failure of first-line corticosteroid 
therapy and requiring additional therapy. The majority of 
patients (88%) had at least two organs involved at baseline. 
The most common organs involved were mouth (86%), skin 
(81%), and gastrointestinal tract (33%).

Patients received ibrutinib orally at 420 mg once daily. 
Investigator-assessed ORR was 67%, or 28 patients (95% CI: 
51%, 80%). The median time-to-response coinciding with the 
first scheduled response assessment was 12.3 weeks (range, 4.1 
to 42.1 weeks). Responses were seen in all organs involved 
with cGVHD (skin, mouth, gastrointestinal tract, and liver). 
Responses lasting 5 months or longer were observed in 48% 
of the patients (n = 20).

The most common ARs (≥ 20%) were fatigue, bruising, 
diarrhea, thrombocytopenia, stomatitis, muscle spasms, nausea, 
hemorrhage, anemia, and pneumonia. Atrial fibrillation oc-
curred in one patient (grade 3). Treatment was discontinued 
due to ARs in 24% of the patients. The most common ARs 
leading to discontinuation were fatigue and pneumonia. ARs 
leading to dose reduction occurred in 26% of patients.

FDA previously approved ibrutinib for the treatment of 
CLL/small lymphocytic lymphoma, CLL/small lymphocytic 
lymphoma with 17p deletion, Waldenström’s macroglobulin-
emia, marginal zone lymphoma, and MCL.

The recommended dose of ibrutinib for cGVHD is 
420 mg taken orally once daily (three 140-mg capsules once 
daily). 
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For more information about ongoing Loxo Oncology clinical 
studies, visit loxooncologytrials.com or call 1-855-NTRK-123

TRK fusions are primary oncogenic drivers that
occur in many adult and pediatric solid tumors1

Learn more at:

loxooncologytrials.com

Larotrectinib, a selective TRK inhibitor, is being evaluated in the TRACKER Trials program, which includes:

Study of LOXO-101 (Larotrectinib) in Subjects 
With NTRK Fusion Positive Solid Tumors* 
A phase 2, multicenter, single-arm, open-label trial
in adult and adolescent patients with advanced
solid tumors, including:

Glioma

Salivary gland cancer

Breast cancer

Pancreatic cancer

Cholangiocarcinoma

Appendiceal cancer

Thyroid cancer 

Thyroid cancer 

Lung cancer 

Infantile  
fibrosarcoma 

Congenital 
mesoblastic 
nephroma

Various  
sarcomas

Various 
sarcomas

Glioma

Glioma

Breast cancer 

Cholangiocarcinoma 

Salivary gland cancer 

Pancreatic cancer 

GIST 

Colorectal  
cancer 

Appendiceal cancer Melanoma 

Spitzoid 
melanoma

Thyroid cancer

Lung cancer

Gastrointestinal 
stromal tumor

Colorectal cancer

Melanoma

Various sarcomas

Thyroid cancer 

Thyroid cancer 

Lung cancer 

Infantile  
fibrosarcoma 

Congenital 
mesoblastic 
nephroma

Various  
sarcomas

Various 
sarcomas

Glioma

Glioma

Breast cancer 

Cholangiocarcinoma 

Salivary gland cancer 

Pancreatic cancer 

GIST 

Colorectal  
cancer 

Appendiceal cancer Melanoma 

Spitzoid 
melanoma

Thyroid cancer 

Thyroid cancer 

Lung cancer 

Infantile  
fibrosarcoma 

Congenital 
mesoblastic 
nephroma

Various  
sarcomas

Various 
sarcomas

Glioma

Glioma

Breast cancer 

Cholangiocarcinoma 

Salivary gland cancer 

Pancreatic cancer 

GIST 

Colorectal  
cancer 

Appendiceal cancer Melanoma 

Spitzoid 
melanoma

Thyroid cancer 

Thyroid cancer 

Lung cancer 

Infantile  
fibrosarcoma 

Congenital 
mesoblastic 
nephroma

Various  
sarcomas

Various 
sarcomas

Glioma

Glioma

Breast cancer 

Cholangiocarcinoma 

Salivary gland cancer 

Pancreatic cancer 

GIST 

Colorectal  
cancer 

Appendiceal cancer Melanoma 

Spitzoid 
melanoma

Thyroid cancer 

Thyroid cancer 

Lung cancer 

Infantile  
fibrosarcoma 

Congenital 
mesoblastic 
nephroma

Various  
sarcomas

Various 
sarcomas

Glioma

Glioma

Breast cancer 

Cholangiocarcinoma 

Salivary gland cancer 

Pancreatic cancer 

GIST 

Colorectal  
cancer 

Appendiceal cancer Melanoma 

Spitzoid 
melanoma

Thyroid cancer 

Thyroid cancer 

Lung cancer 

Infantile  
fibrosarcoma 

Congenital 
mesoblastic 
nephroma

Various  
sarcomas

Various 
sarcomas

Glioma

Glioma

Breast cancer 

Cholangiocarcinoma 

Salivary gland cancer 

Pancreatic cancer 

GIST 

Colorectal  
cancer 

Appendiceal cancer Melanoma 

Spitzoid 
melanoma

Thyroid cancer 

Thyroid cancer 

Lung cancer 

Infantile  
fibrosarcoma 

Congenital 
mesoblastic 
nephroma

Various  
sarcomas

Various 
sarcomas

Glioma

Glioma

Breast cancer 

Cholangiocarcinoma 

Salivary gland cancer 

Pancreatic cancer 

GIST 

Colorectal  
cancer 

Appendiceal cancer Melanoma 

Spitzoid 
melanoma

Thyroid cancer 

Thyroid cancer 

Lung cancer 

Infantile  
fibrosarcoma 

Congenital 
mesoblastic 
nephroma

Various  
sarcomas

Various 
sarcomas

Glioma

Glioma

Breast cancer 

Cholangiocarcinoma 

Salivary gland cancer 

Pancreatic cancer 

GIST 

Colorectal  
cancer 

Appendiceal cancer Melanoma 

Spitzoid 
melanoma

Thyroid cancer 

Thyroid cancer 

Lung cancer 

Infantile  
fibrosarcoma 

Congenital 
mesoblastic 
nephroma

Various  
sarcomas

Various 
sarcomas

Glioma

Glioma

Breast cancer 

Cholangiocarcinoma 

Salivary gland cancer 

Pancreatic cancer 

GIST 

Colorectal  
cancer 

Appendiceal cancer Melanoma 

Spitzoid 
melanoma

Thyroid cancer 

Thyroid cancer 

Lung cancer 

Infantile  
fibrosarcoma 

Congenital 
mesoblastic 
nephroma

Various  
sarcomas

Various 
sarcomas

Glioma

Glioma

Breast cancer 

Cholangiocarcinoma 

Salivary gland cancer 

Pancreatic cancer 

GIST 

Colorectal  
cancer 

Appendiceal cancer Melanoma 

Spitzoid 
melanoma

Thyroid cancer 

Thyroid cancer 

Lung cancer 

Infantile  
fibrosarcoma 

Congenital 
mesoblastic 
nephroma

Various  
sarcomas

Various 
sarcomas

Glioma

Glioma

Breast cancer 

Cholangiocarcinoma 

Salivary gland cancer 

Pancreatic cancer 

GIST 

Colorectal  
cancer 

Appendiceal cancer Melanoma 

Spitzoid 
melanoma

Thyroid cancer 

Thyroid cancer 

Lung cancer 

Infantile  
fibrosarcoma 

Congenital 
mesoblastic 
nephroma

Various  
sarcomas

Various 
sarcomas

Glioma

Glioma

Breast cancer 

Cholangiocarcinoma 

Salivary gland cancer 

Pancreatic cancer 

GIST 

Colorectal  
cancer 

Appendiceal cancer Melanoma 

Spitzoid 
melanoma

NCT02576431

Oral TRK Inhibitor LOXO-101 (Larotrectinib)
for Treatment of Advanced Pediatric Solid
or Primary Central Nervous System Tumors*
A phase 1/2, multicenter, single-arm, open-label trial 
in pediatric patients with advanced solid or primary 
central nervous system (CNS) tumors, including:
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Primary outcome measure: overall response rate of confirmed 
complete response or partial response

Visit the website to see whether your patients are eligible.

Phase 1 primary outcome measure: to determine the safety of oral 
larotrectinib in pediatric patients, including dose-limiting toxicity
Phase 2 primary outcome measure: overall response rate of
confirmed complete response or partial response

Visit the website to see whether your patients are eligible.

Loxo Oncology is exploring new paths to
tumor-agnostic selective TRK inhibition

To be eligible, patients must: 
• Be 1 month–21 years of age 
•   Have locally advanced or metastatic solid tumor or primary CNS 

tumor with a documented NTRK1, NTRK2, or NTRK3 gene fusion, 
identified through molecular assays 

• Have a Karnofsky or Lansky Performance Status score of ≥50

To be eligible, patients must: 
• Be ≥12 years of age 
•  Have locally advanced or metastatic malignancy with an NTRK1, 

NTRK2, or NTRK3 gene fusion, identified through molecular assays
•  Have received prior standard therapy appropriate for tumor type 

and stage of disease 

Copyright © Loxo Oncology, Inc, 2017, All Rights Reserved.    
LMA.OL.2017Oct16.01

* Information consistent with ClinicalTrials.gov as of September 27, 2017.
Reference: 1. Vaishnavi A, Le AT, Doebele RC. TRKing down an old oncogene in a new era of targeted therapy. 
Cancer Discov. 2015;5(1):25-34.

TRK, tropomyosin receptor kinase.
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