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Definition/Explanation

AACR

American Association for Cancer Research

ADME

absorption, distribution, metabolism, and excretion

AUC

area under the plasma concentration-time curve

ALK

anaplastic lymphoma kinase gene

ALT

alanine aminotransferase

AST

aspartate aminotransferase

BCRP

breast cancer resistance protein

BID

twice daily

BRAF

B-raf gene

Cmax

maximum plasma concentration

CDX

cell line-derived xenograft

CL

clearance

COVID-19

coronavirus disease 2019

CR

complete response

CRC

colorectal cancer

CSR

clinical study report

CTCAE

common terminology criteria for adverse events

CYP

cytochrome P450

DCR

disease control rate

DDI

drug-drug interaction

DLRM

dose level review meeting

DLRT

dose level review team

DLT

dose-limiting toxicity

DOR

duration of response

DRT

data review team

ECG

electrocardiogram
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ECOG

Eastern Cooperative Oncology Group

EGFR

epidermal growth factor receptor

EMA

European Medicines Agency

F1

Relative bioavailability

FDA

Food and Drug Administration

GAP

GTPase-activating protein

GLP

Good Laboratory Practice

GTP

guanosine triphosphate

HNSTD

highest nonseverely toxic dose

I

inhibitor concentration

IC50

half maximal inhibitory concentration

ICH

International Council for Harmonisation

INN

International Nonproprietary Name

IV

intravenous

KA

absorption rate coefficient

KEAP1

Kelch-like ECH-associated protein 1

KRAS

Kirsten rat sarcoma viral oncogene homolog (protein)

KRAS

Kirsten rat sarcoma viral oncogene homolog (DNA)
G12C

KRAS

KRAS protein with a G12C amino acid substitution

KRAS G12C

KRAS gene with a mutation resulting in a G12C amino acid substitution at the
protein level

MATE

multidrug and toxin extrusion

MedDRA

Medical Dictionary for Regulatory Activities

NCI-ODWG

National Cancer Institute organ dysfunction working group

NSCLC

non-small cell lung cancer

NTRK

neurotrophic tyrosine kinase gene

OAT

organic anion transporter
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overall survival
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outer stripe of the outer medulla
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programmed cell death-1

PD-L1

programmed death-ligand 1
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patient-derived xenograft

PFS

progression-free survival
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P-glycoprotein

PO

oral(ly)

PPI
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patient-reported outcomes
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VEGF
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World Health Organization
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1 Executive Summary
Product Introduction
Sotorasib is an inhibitor of the RAS GTPase family that binds irreversibly to Kirsten rat sarcoma protooncogene (KRAS) G12C, thereby locking the kinase receptor in an inactive conformation. It was not
approved for any indication at the time of application submission.
The recommended dosage regimen for the proposed indication is sotorasib 960mg by mouth daily with
or without food until disease progression or unacceptable toxicity.

Conclusions on the Substantial Evidence of Effectiveness
Amgen has provided substantial evidence of effectiveness supporting the accelerated approval of
sotorasib for the treatment of patients with locally advanced or metastatic NSCLC with KRAS G12C
mutation, as determined by an FDA-approved test, following at least one prior systemic therapy. The
recommendation for accelerated approval is supported by results from Study 20170543 (CodeBreak
100), a multicenter, open label, multicohort, single arm study comprised of dose escalation and dose
expansion portions.
Patients with advanced KRAS G12C mutated NSCLC who received sotorasib at the recommended phase 2
dose (RP2D) of 960 mg daily in the dose expansion portion of the Study 20170543 (primary efficacy
population, n=124) had an overall response rate (ORR) per Blinded Independent Review Committee
(BICR) of 36% (95% CI 28, 45). Median duration of response (DOR) was 10 months (range 1.3+, 11.1). The
majority of these patients (n=100) received both prior platinum-based chemotherapy and
immunotherapy.
The submitted evidence meets the statutory evidentiary standard for accelerated approval. The effect of
sotorasib on durable ORR observed in the primary efficacy population from Study 20170543
demonstrates a meaningful advantage over that achievable with FDA-approved available therapies for
this refractory population. ORR of large magnitude and long duration is an endpoint reasonably likely to
predict clinical benefit in NSCLC and has supported the accelerated approvals of multiple other targeted
therapies for patients with NSCLC harboring oncogenic driver mutations (Blumenthal 2015). This is the
first approval of a targeted therapy for patients with KRAS G12C mutated NSCLC; the ORR and DOR
results are supported by a favorable safety profile and ease of administration over currently available
therapies.
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Benefit-Risk Assessment (BRA)
Benefit-Risk Summary and Assessment
Lung cancer is the leading cause of cancer and cancer-related mortality worldwide (WHO, GLOBOCAN 2018) and the leading cause of cancer-related deaths
in the U.S. (NCI, SEER 2019). Locally advanced or metastatic NSCLC with KRAS G12C mutation is a genetically distinct form of lung cancer that is not curable
with available therapy and is found in 13.8% of advanced NSCLC cases, affecting approximately 15,760 patients in the U.S. per year (Nassar 2021, Siegel
2021). Kirsten rat sarcoma proto-oncogene (KRAS) has been recognized as an oncogenic driver mutation in NSCLC and is associated with a history of
smoking. Patients harboring this mutation traditionally have had a poor prognosis compared to patients with epidermal growth factor receptor (EGFR)
mutated NSCLC (Fan 2017). Furthermore, unlike other oncogenic driver mutations found in NSCLC, KRAS G12C has been refractory to drug targeting
resulting in a substantial unmet need for improved therapies for this patient population.
Sotorasib is a small molecule inhibitor that binds KRAS G12C, locking the protein in its inactive conformation. The proposed dosing regimen is 960 mg daily
with or without food, and sotorasib is not approved for any other indication in the U.S. or globally.
The pivotal trial supporting this NDA is Study 20170543, a global, multicenter, multicohort, dose escalation and dose expansion study that enrolled 427
patients with advanced KRAS G12C mutated solid tumors as of a data cutoff date of September 1, 2020. Patients were treated with sotorasib at a range of
doses until disease progression or unacceptable toxicity. The primary efficacy population is comprised of 124 patients with KRAS G12C-mutated NSCLC with
at least one measurable lesion by RECIST 1.1 and who received sotorasib 960 mg daily in the dose expansion portion of Study 20170543. This patient
population consisted primarily of current or former smokers (93%), 90% of patients received prior platinum-based chemotherapy, and most patients (91%)
received prior therapy with an immune checkpoint inhibitor. The objective response rate (ORR) as determined by BICR was 36% (95% CI: 28, 45). The median
duration of response (DOR) was 10.0 months (range 1.3+, 11.1) with 58% of patients experiencing a DOR of at least 6 months.
Sotorasib exhibited saturable absorption with similar systemic exposures at steady state across all dose levels administered in Study 20170543, ranging from
180 mg to 960 mg, and tumor responses were observed at lower doses with no clear trend in anti-tumor activity across the studied doses. However, the
numbers of patients enrolled at the lower dose levels were small, resulting in wide and overlapping 95% confidence intervals around the ORR observed at
each dose level. Therefore, the Applicant is conducting a post-marketing requirement study to assess sotorasib’s anti-tumor efficacy at a lower dose level
(240 mg QD) and potentially inform future labeling updates.
Sotorasib has an acceptable safety profile when assessed in the context of a life-threatening condition. The primary safety review focused on the population
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of 204 patients with KRAS G12C NSCLC who received sotorasib 960 mg once daily across both portions of Study 20170543. The most common treatmentemergent adverse reactions (ш10%) were diarrhea (42%), musculoskeletal pain (35%), fatigue (26%), nausea (26%), hepatotoxicity (25%), cough (20%),
vomiting (17%), constipation (16%), dyspnea (16%), abdominal pain (15%), edema (15%), decreased appetite (13%), arthralgia (12%), pneumonia (12%), and
rash (12%). Serious adverse reactions occurred in 50% of patients treated with sotorasib͘ ^ĞƌŝŽƵƐ ĂĚǀĞƌƐĞ ƌĞĂĐƚŝŽŶƐ ŝŶ ш Ϯй ŽĨ ƉĂƚŝĞŶƚƐ ǁĞƌĞ ƉŶĞƵŵŽŶŝĂ
(8%), hepatotoxicity (3.4%), and diarrhea (2%). Permanent discontinuation of sotorasib due to an adverse reaction occurred in 9% of patients and was
most commonly due to hepatotoxicity (4.9%). Potentially serious adverse reactions identified during the NDA review were interstitial lung disease
(ILD)/pneumonitis and hepatotoxicity (including preferred terms drug-induced liver injury and hepatitis). ILD/pneumonitis occurred in three patients in the
primary safety population (1.5%) and one case was fatal. A total of 50 patients (25%) in the primary safety population developed hepatotoxicity, however
severe events were rare (3.4%) and there were no fatalities related to hepatotoxicity. These safety concerns are adequately addressed by information in the
Warnings and Precautions section of the USPI and in the dose modification recommendations included in product labeling. There were no significant safety
concerns identified during NDA review requiring risk management beyond labeling or warranting consideration for Risk Evaluation and Mitigation Strategy
(REMS).
Supplemental premarket applications (sPMA) for a companion diagnostic (Guardant®CDx) for plasma was submitted by Guardant Health and for a tissuebased companion diagnostic (QIAGEN therascreen KRAS RGQ PCR kit) was submitted by Qiagen for contemporaneous review and approval with this NDA.

Given that a concordance analysis revealed a positive percent agreement (PPA) of approximately 70% for the plasma test compared to the
tissue test, suggesting that 30% of tissue positive samples will be missed by plasma test, reflex testing language was included in labeling.
The submitted evidence meets the statutory evidentiary standard for accelerated approval of sotorasib. While the benefit-risk profile in the indicated
population is positive based on a response rate that exceeds that of available second-line therapies, the current dose (960 mg QD) may not be optimized,
requiring the conduct of a post-marketing dose optimization study. However, the durable response rate and favorable safety profile observed with sotorasib
treatment in a patient population with a significant unmet need and no other available targeted therapies supports approval at this time.
Therefore, based on a favorable risk:benefit assessment, sotorasib was granted accelerated approval for the following indication:
“Sotorasib is indicated for the treatment of adult patients with KRAS G12C-mutated locally advanced or metastatic non-small cell lung cancer (NSCLC), as
determined by an FDA-approved test, who have received at least one prior systemic therapy.”
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Dimension

Analysis of
Condition

Current
Treatment
Options

Evidence and Uncertainties
x KRAS G12C mutated NSCLC represents 13% of all metastatic
NSCLC cases. This mutation is associated with a history of
smoking tobacco and higher programmed death-ligand 1
(PD-L1) expression and tumor mutational burden than
observed in wild-type NSCLC cells.
x KRAS G12C has been refractory to drug-targeting.
x The median overall survival observed in patients with KRAS
G12C NSCLC treated with immunotherapy is approximately
21-28 months compared to 10-20 months with
chemotherapy alone (Herbst 2019, Gadgeel 2019). There
are no approved targeted therapies for patients with KRAS
G12C NSCLC.
x Standard of care for patient with metastatic KRAS G12C
mutated NSCLC includes the same therapies for the
treatment of metastatic NSCLC that does not harbor a
targetable mutation.
x First line therapy for patients with KRAS G12C mutated
NSCLC includes platinum-based chemotherapy with or
without an immune checkpoint inhibitor.
x Second line available therapies for this patient population
include immune checkpoint inhibitors and pemetrexed if not
already given as part of a first-line regimen, docetaxel with
ramucirumab, or docetaxel alone.

Conclusions and Reasons
Metastatic KRAS G12C mutated NSCLC is a lifethreatening condition with poor survival.

FDA- approved treatment options for patients with
KRAS G12C mutated NSCLC are limited and include
platinum-based chemotherapy with or without an
immune checkpoint inhibitor. There are no approved
therapies targeting this oncogenic driver mutation.
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Dimension

Benefit

Evidence and Uncertainties
x The primary trial supporting this NDA is Study 20170543
(CodeBreaK 100), a global, open-label, single-arm,
multicohort, dose escalation and dose expansion study for
patients with advanced/metastatic solid tumors harboring a
KRAS G12C mutation (n = 427). The majority of these
patients had NSCLC (n = 261).
x The ORR observed in the primary efficacy population of
patients with KRAS G12C mutated NSCLC who received
sotorasib 960 mg daily and had at least one measurable
lesion by RECIST 1.1 (n = 124) was 36% (95% CI: 28, 45). The
median duration of response (DOR) was 10.0 months (range
1.3+, 11.1); 58% of patients had a DOR ш6 months.
x ORRs ranging from 25-50% were observed in NSCLC patients
receiving lower doses of sotorasib. Pharmacokinetic data
demonstrated similar steady state levels of sotorasib across
dosing levels ranging from 180 mg to 960 mg.

x The primary safety population for the assessment of safety
and tolerability of sotorasib in patients with KRAS G12C
mutated NSCLC included patients with NSCLC who received
Risk and Risk
at least one dose of sotorasib 960 mg daily in any portion of
Management
Study 20170543 (n = 204).
x The most common (шϮϬй) treatment emergent adverse

Conclusions and Reasons
The submitted evidence meets the evidentiary standard
for accelerated approval. Sotorasib provides a clinically
meaningful improvement in durable overall response
rate as compared to the FDA-approved therapies for
the second- and later line treatment of patients with
NSCLC without a targetable driver mutation (anti-PD(L)1 agents, docetaxel in combination with ramucirumab,
single agent chemotherapy) . The results of CodeBreak
200, a randomized study comparing sotorasib to
docetaxel in patients with KRAS G12C mutated NSCLC
who have received at least one line of prior therapy, will
be submitted as a post-marketing requirement (PMR) to
confirm the clinical benefit of sotorasib.
Additionally, given the pharmacokinetic data observed
in Study 20170543, a dose finding study comparing
sotorasib doses of 240 mg and 960 mg daily will be
conducted as a PMR.

Although sotorasib can cause serious toxicities,
information in the Warnings and Precautions and
Dosage and Administration sections of product labeling
address these safety issues adequately. In addition, the
observed safety profile is acceptable when assessed in
the context of the treatment of a life-threatening
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Dimension

Evidence and Uncertainties
reactions were diarrhea, musculoskeletal pain, nausea,
fatigue, hepatotoxicity, cough, vomiting, constipation,
dyspnea and abdominal pain.
x Serious adverse reactions (SARs) in occurred in 50% of
patients in the primary safety population SARs occurring ш
2% of patients were pneumonia, musculoskeletal pain,
hepatotoxicity, and diarrhea.
x Fatal adverse reactions occurred in 3.4% of patients who
received sotorasib due to respiratory failure (0.8%),
pneumonitis (0.4%), cardiac arrest (0.4%), cardiac failure
(0.4%), gastric ulcer (0.4%), and pneumonia (0.4%).
x Permanent discontinuations of sotorasib occurred in 9% of
patients, primarily due to hepatotoxicity (4.9%). Dose
interruptions due to an adverse reaction occurred in 34% of
patients, due to hepatotoxicity, diarrhea, musculoskeletal
pain, nausea, and pneumonia. Dose reductions due to an
adverse reaction occurred in 5% of patients, primarily for
increased aspartate aminotransferase (AST) or alanine
aminotransferase (ALT).
x Adverse reactions that were included in the Warnings and
Precautions section of the USPI for sotorasib are
hepatotoxicity and ILD/pneumonitis.

Conclusions and Reasons
disease. There were no significant safety concerns
identified during NDA review requiring risk
management beyond labeling or warranting
consideration for Risk Evaluation and Mitigation
Strategy (REMS).

Patient Experience Data
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Patient Experience Data Relevant to this Application (check all that apply)
x

ප

The patient experience data that was submitted as part of the application, include:

Section where discussed, if
applicable

x

Section 8.1.2

Clinical outcome assessment (COA) data, such as
x

Patient reported outcome (PRO)

ප

Observer reported outcome (ObsRO)

ප

Clinician reported outcome (ClinRO)

ප

Performance outcome (PerfO)

ප

Qualitative studies (e.g., individual patient/caregiver interviews, focus group interviews, expert
interviews, Delphi Panel, etc.)

ප

Patient-focused drug development or other stakeholder meeting summary reports

ප

Observational survey studies designed to capture patient experience data

ප

Natural history studies

ප

Patient preference studies (e.g., submitted studies or scientific publications)

ප

Other: (Please specify)

Patient experience data that was not submitted in the application, but was
considered in this review.
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X

X

Cross-Disciplinary Team Leader
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2 Therapeutic Context
Analysis of Condition
The Applicant’s Position:
Disease Background: Lung cancer is the leading cause of cancer death, with more than 80% of
all lung cancer cases classified as non-small cell lung cancer (NSCLC). Worldwide, lung cancer
(small cell and non-small cell) is the most common cancer occurring in both men and women,
with an estimated 2.09 million cases in 2018 (World Health Organization Statistics, 2018). In
2018, more than 250 000, 470 039, and 1 225 000 new cases of lung cancer were reported in
North America, Europe, and Asia, respectively; of these, approximately 80% were NSCLC. The
estimated number of deaths from lung cancer in 2018 was 173 278 in North America, 387 913 in
Europe, and 1 068 862 in Asia (Globocan – Lung Cancer, 2018). Advanced NSCLC (stage IIIB and
IV) is a serious and life-threatening disease, with a 5 year survival rate of 5.2% (Surveillance,
Epidemiology, and End Results [SEER], 2019). Lung cancer is the leading cause of cancer death
in the United States, with more than 225 000 new cases and more than 135 000 deaths (22.4%
of all cancer deaths) projected to occur in 2020 (SEER, 2020).
Oncogenic RAS and KRAS G12C Mutation: Several proto-oncogene mutations have been
implicated in the development of NSCLC. Among these, mutations in the RAS family of protooncogenes are among the most prevalent. The RAS family of proto-oncogenes consists of
3 closely related genes that encode guanosine triphosphatases (GTPases) responsible for
regulating cellular proliferation and survival (Simanshu et al, 2017; Barbacid, 1987). Different
tumor types are associated with mutations in certain isoforms of RAS, with Kirsten rat sarcoma
viral oncogene homolog (KRAS) being the most frequently mutated isoform in most cancers
(Prior et al, 2012).
Of the KRAS mutations, an estimated 80% occur at codon 12. The KRAS G12C mutation in
codon 12 is a single guanine to thymine substitution that results in a glycine to cysteine
substitution at amino acid position 12. This structural change in the protein results in a defect
in the association of guanosine triphosphatase-activating proteins (GAPs), thereby reducing the
hydrolysis of guanosine triphosphate (GTP) by the KRAS protein. The resulting accumulation of
active, GTP-bound KRAS leads to proliferative and survival signaling in tumor cells (Jones et al,
2017). It is estimated that the KRAS G12C mutation is present in approximately 13% of lung
adenocarcinoma and has been identified as a putative oncogenic driver in this tumor type
(AACR Project GENIE Consortium, 2017; Biernacka et al, 2016; Fernández-Medarde and Santos,
2011).
Based on the estimated incidence of the KRAS G12C mutation in NSCLC (approximately 13% in
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Western regions [Biernacka et al, 2016] and approximately 3% in Asia [Liu et al, 2020]), and the
estimated number of worldwide lung cancer cases in 2018, the expected number of new cases
diagnosed annually for KRAS G12C-mutated NSCLC is approximately 33 000 in North America,
61 000 in Europe, and 37 000 in Asia.
The role of KRAS mutations in human cancers, including NSCLC, has been known for decades,
but no inhibitors specifically targeting KRAS G12C mutations have been successfully developed
until recently (McCormick, 2019). Oncogenic KRAS mutations rarely occur concomitantly with
other oncogenic mutations such as the epidermal growth factor receptor gene (EGFR),
anaplastic lymphoma kinase gene (ALK), B-raf gene (BRAF), proto-oncogene tyrosine-protein
kinase ROS (ROS1), or neurotrophic tyrosine kinase gene (NTRK) (Martorell et al, 2017;
Study 20180277, Study 20200097 [data on file]), which is consistent with the findings from a
systematic literature search (Study 20190344) conducted by Amgen to identify data on the
epidemiology and outcomes among patients with NSCLC driven by KRASG12C mutations, and also
with the real word evidence studies conducted by Amgen. Results from 3 real-world,
retrospective natural history studies (Studies 20180277, 20200097, and 20200132) using the
Flatiron Health-Foundation Medicine Clinico-Genomic Database and AACR Project GENIE
databases in the United States showed that patients with KRAS G12C-mutated advanced NSCLC
had similar demographic and clinical characteristics compared with the overall group of
patients with advanced NSCLC, although higher proportions of women, past or present
smokers, and nonsquamous cell carcinoma histology were observed in the patients with
KRAS G12C-mutated advanced NSCLC (Study 20200097 and Study 20200132) (Table 12 and
Section 1.1.2 of Module 2.5, Clinical Overview).
The FDA’s Assessment:
FDA agrees with the Applicant’s position. In particular, the association between KRAS G12C and
a positive smoking history is a significant distinction from all other targetable mutations in
NSCLC which are more prevalent in non-smokers.

Analysis of Current Treatment Options
The Applicant’s Position:
Treatment of advanced NSCLC has unequivocally improved since the discovery of
immunotherapies (the checkpoint inhibitors) and targeted therapies for a variety of oncogenic
mutations. The National Comprehensive Cancer Network (NCCN) and European Society for
Medical Oncology (ESMO) treatment guidelines call for testing of all patients with NSCLC for
oncogenic driver mutations (Ettinger et al, 2019; Planchard et al, 2018). Patients whose tumors
have actionable mutations (eg, EGFR, ALK, ROS, BRAF) may receive targeted therapies directed
at these specific oncogenic drivers in first or later lines. However, no anticancer therapies that
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specifically target tumors that have the KRAS G12C mutation are currently approved for the
treatment of patients with NSCLC (Román et al, 2018; McCormick, 2016). Further, oncogenic
KRAS mutations rarely occur concomitantly with these other actionable oncogenic mutations
(Studies 20200097, 20180277, and 20190344; Scheffler et al, 2019; Martorell et al, 2017;
Gainor et al, 2013). Thus, most patients with oncogenic KRAS mutations, including the
KRAS G12C mutation, are not candidates for currently approved targeted therapies and
consequently are typically treated as patients without targetable mutations (ie, with
chemotherapy, immunotherapy, or antiangiogenic agents) (Planchard et al, 2018; Van
Cutsem et al, 2014).
In first-line therapy, patients with NSCLC without actionable oncogenic driver mutations are
typically treated with checkpoint inhibitors with or without chemotherapy (eg, checkpoint
inhibitors with or without platinum-containing doublets such as cisplatin/pemetrexed).
Patients requiring subsequent second-line or later therapy are commonly treated with taxane
chemotherapy with or without a vascular endothelial growth factor (VEGF) inhibitor or
checkpoint inhibitors/platinum-containing doublet chemotherapy (if not already given in firstline) (Ettinger, 2019; Planchard et al, 2018). In addition to the chemotherapy regimens above,
current second-line treatment options for patients whose tumors are without actionable
mutations, including the KRAS G12C mutation, are summarized in (Table 1).
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Table 1. Summary of Treatment Armamentarium Relevant to Proposed Indication
Product Name
(INN)
Afatinib

Atezolizumab

Docetaxel

Erlotinib

Second-line Non-targeted Treatment Options for Non-small Cell Lung Cancer
Year and Type of
Dosing /
Approval
Administration
Efficacy Information
Important Safety and Tolerability Issues
diarrhea, bullous and exfoliative skin disorders,
2016
tablets: 40 mg
Study LUX-Lung 8 (NCT01523587)
interstitial lung disease, hepatic toxicity,
Full
orally once daily
x median OS: 7.9 months
gastrointestinal perforation, keratitis, and
x median PFS: 2.4 months
embryo-fetal toxicity
x ORR: 3%
2016
injection (IV
Study GO28915 (OAK)
immune-related events (including pneumonitis,
Full
infusion): 840 mg
hepatitis, colitis, endocrinopathies); infusionx median OS: 13.8 months
every 2 weeks,
related reactions, infections, and embryo-fetal
x median PFS: 2.8 months
1200 mg every
toxicity
x ORR: 14%
3 weeks, or 1680
mg every 4 weeks
1999
Injection (IV
Study TAX317
second primary malignancies, cutaneous
Full
infusion); 75 mg/m2 x median survival: 7.5 months
reactions, neurologic reactions, eye disorders,
every 3 weeks
asthenia, embryo-fetal toxicity, alcohol content,
x time to progression: 12.3 weeks
and tumor lysis syndrome
x response rate: 5.5%
Study TAX320
x median survival: 5.7months
x time to progression: 8.3 weeks
x response rate: 5.7%
2004
Full

150 mg orally daily

Study BR.21
x median PFS: 2.2 months
x median OS: 6.7 months

interstitial lung disease, renal failure,
hepatotoxicity, gastrointestinal perforation,
bullous and exfoliative skin disorders, ocular
disorders, hemorrhage in patients taking
warfarin, and embryo-fetal toxicity
Page 1 of 3

Footnotes are provided on last page of table.
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Table 1. Summary of Treatment Armamentarium Relevant to Proposed Indication
Product Name
(INN)
Nivolumab

Year and Type
of Approval
2015
Full

Pembrolizumab

2015
Accelerated

Second-line Non-targeted Treatment Options for Non-small Cell Lung Cancer
Dosing /
Administration
Efficacy Information
Important Safety and Tolerability Issues
injection (IV): 240 mg Study CHECKMATE-017
immune-mediated reactions (including
every 2 weeks or
(NCT01642004)
pneumonitis, colitis, hepatitis, endocrinopathies,
480 mg every 4 weeks x median OS: 9.2 months
nephritis and renal dysfunction, skin adverse
reactions, and encephalitis), infusion-related
x ORR: 20%
reactions, complications of allogeneic HSCT, and
x median DOR: not reported
embryo-fetal toxicity
x median PFS: 3.5 months
injection (IV): 200 mg
every 3 weeks or
400 mg every 6 weeks

2016
Full

Pemetrexed

2004
Accelerated

injection (IV):
500 mg/m2 every
3 weeks

2008
Full

Study KEYNOTE-010 (NCT01905657)
vs docetaxel
TPS ш 50%
x median OS: 14.9 vs 8.2 months
x median DOR: NR v 8.1 months
x ORR: 30% vs 8%
TPS ш 1%
x median OS: 10.4 vs 8.5 months
x median DOR: NR vs 6.2 months
x ORR: 18% vs 9%
Study JMEI (NCT00004881)
x median OS: 8.3 months
x median PFS: 2.9 months
x ORR: 8.5%

immune-mediated reactions (including
pneumonitis, colitis, hepatitis and hepatotoxicity,
endocrinopathies, nephritis, skin adverse reactions,
other adverse reactions), infusion-related
reactions, complications of allogeneic HSCT, and
embryo-fetal toxicity

myelosuppression, renal failure, bullous and
exfoliative skin toxicity, interstitial pneumonitis,
radiation recall, and embryo-fetal toxicity

Page 2 of 3
Footnotes are provided on last page of table.
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Table 1. Summary of Treatment Armamentarium Relevant to Proposed Indication
Product Name
(INN)
Ramucirumab
Docetaxel

Year and Type
of Approval
2014
Supplemental
Full

Second-line Non-targeted Treatment Options for Non-small Cell Lung Cancer
Dosing /
Administration
Efficacy Information
Important Safety and Tolerability Issues
injection (IV):
hemorrhage, gastrointestinal perforations,
Study REVEL (NCT01168973)
10 mg/kg over
impaired wound healing, arterial thromboembolic
x median OS: 10.5 months
60 minutes on day 1
events, hypertension, infusion-related reactions,
x median PFS: 4.5 months
of a 21-day cycle prior
worsening of pre-existing hepatic impairment,
x ORR: 23%
to docetaxel infusion
posterior reversible encephalopathy syndrome,
proteinuria including nephrotic syndrome, thyroid
dysfunction, and embryo-fetal risk
Page 3 of 3

ALK = anaplastic lymphoma kinase; DOR = duration of response; EGFR = epidermal growth factor receptor; FDA = Food and Drug Administration; HSCT = hematopoietic stem cell
transplantation; INN = International Nonproprietary Name; IV = intravenous; NR = not reached; NSCLC = non-small lung cancer; ORR = objective response rate;
OS = overall survival; PD 1 = programmed cell death-1; PD L1 = programmed death-ligand 1; PFS = progression-free survival; QTc = corrected QT (interval); TKI = tyrosine kinase
inhibitors; TPS = tumor proportion score
Source: Product prescribing information
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The Applicant’s Position:
An unmet medical need exists for therapies targeting the KRAS G12C mutation in the
population of patients with previously-treated advanced/metastatic NSCLC. Checkpoint
inhibitors have emerged as the new frontline therapy and chemotherapy with or without an
anti-angiogenic agent is the standard of care for second line or later for patients without
actionable mutations (Ettinger et al, 2019; Planchard et al, 2018). Given the low response rates
to chemotherapy regimens and poor survival outcomes of patients with NSCLC in second-line or
later treatment, new biomarker-driven anticancer therapies are needed in this patient
population.
Standard-of-care outcomes for patients with advanced/metastatic NSCLC (who are not
ĐĂŶĚŝĚĂƚĞƐ ĨŽƌ ĐƵƌƌĞŶƚůǇ ĂƉƉƌŽǀĞĚ ƚĂƌŐĞƚĞĚ ƚŚĞƌĂƉǇͿ ŝŶ ш ƐĞĐŽŶĚ-line therapies, who had
received first-line platinum-containing chemotherapy doublets (typically cisplatin/pemetrexed),
have demonstrated objective response rates (ORRs; objective response = complete response +
partial response) between 5.5% to 13% with chemotherapy (typically a taxane) and between
9.7% to 22.5% with chemotherapy plus a vascular endothelial growth factor receptor (VEGFR)
inhibitor (Gridelli et al, 2018; Rittmeyer et al, 2017; Herbst et al, 2016; Borghaei et al, 2015;
Herbst et al, 2007). These studies have also demonstrated progression-free survival (PFS) and
overall survival (OS) of 2.8 to 4.2 months and 6 to 11.4 months, respectively, for chemotherapy
alone and 4.8 to 5.4 months and 9.9 to 12.6 months, respectively, for chemotherapy with a
VEGFR inhibitor. With these survival outcomes, current treatments remain inadequate.
While checkpoint inhibitors have shown improved efficacy in the second line versus docetaxel
after platinum-doublet chemotherapy (Vokes et al, 2018; Rittmeyer et al, 2017; Herbst et al,
2016; Borghaei et al, 2015), the treatment landscape has evolved since those studies were
completed and checkpoint inhibitors with or without platinum-containing chemotherapy
regimens are increasingly being used in first line. There are no large prospective randomized
studies currently to inform on the utility of using checkpoint inhibitors in second line if they
were used in first-line therapy. Likewise, there are no large randomized clinical trials evaluating
the activity of platinum-doublet chemotherapy after initial checkpoint inhibitor monotherapy.
Three real-world evidence natural history studies conducted by Amgen showed that outcomes
in second or later lines of therapy for patients with KRAS G12C-mutated advanced NSCLC were
as poor as the overall patient population with advanced NSCLC (Table 2). These outcomes were
consistent in similar patient populations regardless of the line of therapy when treated with
current standard of care. In second line of therapy in patients with KRAS G12C-mutated
advanced NSCLC and the overall advanced NSCLC population in Study 20200097 and
Study 20200132, the median (95% CI) OS was 9.5 (8.1, 13.1) months and 10.2 (9.5, 11.3)
months, respectively. The median (95% CI) real-world PFS was 4.0 (2.8, 5.3) months and
4.0 (3.7, 4.4) months, respectively. Consistent results were observed in Study 20180277.
Overall survival and real-world PFS decreased with each subsequent line of therapy in all
3 studies.
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Table 2. Real-world Outcomes for Patients With Advanced Non-small Cell Lung Cancer and
KRAS G12C-mutated Advanced Non-small Cell Lung Cancer by Line of Therapy
KRAS G12C-mutated NSCLC

All NSCLC

Study 20180277a

Study 202000097a

Study 20200132a

First

14.9 (12.2, 24.3)

12.0 (9.6, 15.3)

12.9 (11.9, 14.2)

Second

10.1 (7.1, 16.9)

9.5 (8.1, 13.1)

10.2 (9.5, 11.3)

Third

6.5 (5.0, NE)

6.7 (5.9, 10.7)

7.9 (6.6, 8.8)

Fourth

3.0 (2.2, NE)

5.9 (4.3, 12.9)

7.4 (6.4, 8.6)

Line of Therapy
Median (95% CI) OS (months)

Median (95% CI) real-world PFS (months)
First

6.1 (4.4, 9.3)

5.0 (4.4, 5.8)

5.6 (5.3, 5.8)

Second

3.2 (2.1, 5.3)

4.0 (2.8, 5.3)

4.0 (3.7, 4.4)

Third

2.3 (1.4, 4.1)

3.1 (2.4, 4.3)

3.5 (3.1, 3.9)

Fourth

1.8 (1.4, 15.0)

2.6 (2.1, 4.7)

3.0 (2.7, 3.4)

CI = confidence interval; KRAS G12C = KRAS gene with a mutation resulting in a G12C amino acid substitution; NE =
not evaluable; OS = overall survival; PFS = progression-free survival
a Retrospective Study 20180277 was conducted using the American Association for Cancer Research Project
Genomics Evidence Neoplasia Information Exchange database in 416 patients with KRAS G12C-mutated advanced
NSCLC. Retrospective Studies 20200097 and 20200132 were conducted using the United States Flatiron Health Foundation Medicine Clinico-Genomic Database in 743 patients with KRAS G12C-mutated advanced NSCLC and
7069 patients with advanced NSCLC (ie, regardless of KRAS G12C mutation), respectively.
Source: Table 10-9 and Table 10-10 of Study 20200097 Observational Research Study Report (ORSR); Table 10-9
and Table 10-10 of Study 20200132 ORSR; Table 10-9 and Table 10-10 of Study 20180277 ORSR.

The FDA’s Assessment:
FDA agrees with the Applicant’s descriptions of second-line treatment options for patients with
KRAS G12C-mutated NSCLC and the changed landscape of first-line therapy for NSCLC which
now includes combination treatment with an anti-PD-(L)1 antibody. Erlotinib is a small
molecule inhibitor of EGFR and as such, retains greater anti-tumor activity against EGFRmutated NSCLC. However, early studies of erlotinib in patients with EGFR wild-type
demonstrated a small survival benefit even in this non-targeted population (Piperdi 2012).
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3 Regulatory Background
U.S. Regulatory Actions and Marketing History
The Applicant’s Position:
Sotorasib (International Nonproprietary Name [INN]; AMG 510) is not currently registered (or
approved) in the United States or in any other part of the world.
The FDA’s Assessment:
FDA agrees with the Applicant’s position.

Summary of Presubmission/Submission Regulatory Activity
The Applicant’s Position:
A summary of key interactions with the FDA regarding sotorasib for the proposed NSCLC
indication, the subject of this marketing application, is provided in Table 3.
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Table 3. Summary of Key Regulatory Activity for Sotorasib
Date

Regulatory Interaction/Milestone

01 June 2018
(IND 139023)

New IND submitted for Study 20170543, the first-in-human study with
sotorasib entitled “A Phase 1, First-in-Human, Open-label Study Evaluating the
Safety, Tolerability, Pharmacokinetics, and Efficacy of AMG 510 in Subjects With
Advanced Solid Tumors With a Specific KRAS Mutation”

29 June 2018
(IND 139023)

Study May Proceed received for Protocol 20170543

01 May 2019
(IND 139023)

Orphan Drug Designation granted to sotorasib for treatment of KRAS G12C
mutated NSCLC

13 May 2019
(IND 139023)

Type B (EOP1) Meeting (Reference ID: 4436342) to reach agreement on the
proposed sotorasib monotherapy clinical development plan and the adequacy
of the design of the phase 2 portion of Study 20170543 to support an indication
(b) (4)
of sotorasib monotherapy for KRAS G12C mutant advanced NSCLC
via accelerated approval pathway.

06 August 2019
(IND 139023)

Type C Meeting (Reference ID: 4473141) to reach agreement on the planned
clinical pharmacology package to support accelerated approval for an indication
of sotorasib monotherapy for the treatment of patients with previously-treated
(b) (4)
metastatic KRAS G12C mutant advanced solid tumors (NSCLC,

16 August 2019
(IND 139023)

Fast Track designation granted to sotorasib for the treatment of patients with
metastatic NSCLC with KRAS G12C mutation with disease progression on or
after platinum-based chemotherapy

01 October 2019

Qiagen (Amgen's diagnostic partner) Pre-submission with the CDRH (Reference
ID: Q191502) to obtain feedback on the co-development of therascreen® KRAS
RGQ PCR kit as a companion diagnostic for sotorasib
Page 1 of 3

Footnotes are provided on last page of table.
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Table 3. Summary of Key Regulatory Activity for Sotorasib
05 November 2019
(IND 145628)

Type B (pre-Phase 3) Meeting (Reference ID: 4515778) to reach agreement on
the design of the proposed phase 3 confirmatory study (Study 20190009) to
verify the clinical benefit of sotorasib monotherapy ĂƐ ш ƐĞĐŽŶĚ-line treatment
of subjects with locally-advanced and unresectable or metastatic NSCLC with
the KRAS G12C mutation and the proposed strategy for generation of PRO data
from Study 20190009 for inclusion in the USPI.

26 November 2019
(IND 145628)

New IND submitted for Study 20190009, the Phase 3 confirmatory study in
previously-treated NSCLC subjects with sotorasib entitled “A Phase 3
Multicenter, Randomized, Open Label, Active-controlled, Study of AMG 510
Versus Docetaxel for the Treatment of Previously Treated Locally Advanced and
Unresectable or Metastatic NSCLC Subjects With Mutated KRAS G12C”

26 December 2019
(IND 145628)

Study May Proceed received for Protocol 20190009

06 January 2020

Guardant Health (Amgen's diagnostic partner) Presubmission with CDRH
(Reference ID: Q192227) to reach an alignment on the validation plan for the
analytical and clinical validation of the Guardant Health Guardant360 test and
companion diagnostics approval

30 January 2020
(IND 139023)

Type C CMC Meeting (Reference ID: 4562316) to discuss and gain agreement on
the proposed commercial drug substance and product manufacturing, control
strategy and supporting data package for the future commercialization given a
possible accelerated approval of NDA

13 March 2020
(IND 145628)

Agreed iPSP received for a full waiver for the development of sotorasib for the
treatment of previously-treated KRAS G12C-mutated locally-advanced and
metastatic NSCLC in all pediatric age groups under Pediatric Research Equity Act
on grounds that necessary studies are impossible or highly impracticable per
Section 505B(a)(4)(A)(i) of the FD&C Act and meet the pediatric requirements
per the amendments made by FDA Reauthorization Act of 2017 Section 504 to
Section 505B of the FD&C Act regarding molecularly targeted oncology drugs
Page 2 of 3

Footnotes are provided on last page of table.

35
Version date: January 2020 (ALL NDA/ BLA reviews)
Disclaimer: In this document, the sections labeled as “Data” and “The Applicant’s Position” are completed by the
Applicant and do not necessarily reflect the positions of the FDA.

Reference ID: 4803204

NDA/BLA Multi-disciplinary Review and Evaluation {NDA 214665}
LUMAKRAS™ (sotorasib)
Table 3. Summary of Key Regulatory Activity for Sotorasib
03 April 2020
(IND 145628)

Type C Structure and Format Meeting (Reference ID: 4586819) to seek input
and agreement on the proposed structure, format, and content of a planned
NDA for sotorasib and the proposed data standardization plan, principal
concepts of the integrated summaries, and feedback on the mock submission of
electronic data

05 August 2020
(IND 145628)

Fast Track designation granted to sotorasib for the treatment of patients with
metastatic NSCLC with KRAS G12C mutation with disease progression on or
after platinum-based chemotherapy (administrative submission to obtain fast
track designation under NSCLC specific IND 145628)

15 October 2020
(IND 145628)

Planned Type B CMC Pre-NDA Meeting to seek the FDA’s input and reach
agreement on the proposed data package that will be presented in the planned
NDA for sotorasib

10 November 2020
(IND 145628)

Planned Type B pre-NDA meeting to discuss and reach agreement on the
clinical and nonclinical aspects of the sotorasib program in advance of a
planned NDA for sotorasib.

Page 3 of 3
AMG 510 = sotorasib; CDRH = Center for Devices and Radiological Health; CMC = Clinical Manufacturing and
Controls; CRC = colorectal cancer; EOP1 = end of phase 1; FDA = Food and Drug Administration; IND =
Investigational New Drug; iPSP = Initial Pediatric Study Plan; KRAS G12C = KRAS DNA with a mutation resulting in a
G12C amino acid substitution; NDA = New Drug Application; NSCLC = non-small cell lung cancer;
PRO = patient-reported outcome; USPI = United States Prescribing Information

The FDA’s Assessment:
FDA agrees with the Applicant’s summary. In addition, sotorasib was granted Breakthrough
Therapy designation for the treatment of patients with locally advanced or metastatic NSCLC
with KRAS G12C mutation, as determined by an FDA-approved test, following at least one prior
systemic therapy, on December 7, 2020.
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4 Significant Issues from Other Review Disciplines Pertinent to Clinical
Conclusions on Efficacy and Safety
Office of Scientific Investigations (OSI)
(b) (4)

FDA performed clinical inspections at three US sites (56928, 28643, and 57631) and of
the central imaging services contract research organization (CRO). Sites outside the US
were not inspected due to travel restrictions related to the COVID-19 pandemic. No regulatory
violations were identified at any of the clinical sites. At Site 57631, the FDA noted that for
several patients, adverse event (Grade 1 and 2 events of diarrhea) and concomitant
medications were documented in the source record (Toxicity Log) but not entered in the eCRF;
thus, this information was not submitted to the NDA. However, there is no evidence of harm to
the study participants related to these few instances of missing information.
(b) (4)

The inspection of
did not identify any data discrepancies for the primary endpoint
assessment. All procedures were followed for study-related activities, and no regulatory
violations were identified.
For additional details, see the Clinical Inspection Summary by Lee Pai-Scherf, MD.

Product Quality
The CMC review team identified 12 impurities in the sotorasib drug substance for qualification:
(b) (4)

. The
proposed specifications at levels above the ICH Q3A thresholds are justified by the available
nonclinical toxicology data (Table 4).
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(b) (4)

Clinical Microbiology
See CMC review from the current NDA submission; no clinical microbiology concerns were
identified.

Devices and Companion Diagnostic Issues
Refer to the CDRH review by Drs. Deb Chatterjee, Timothy Schaffer, Soma Ghosh, and Reena
Philip for full details.
The Applicant partnered with Guardant and Qiagen to submit premarket approval applications
(PMAs) for the Guardant360 CDx Kit (P200010/S012) and QIAGEN therascreen® KRAS RGQ PCR
Kit (P110027/S012), respectively, for the qualitative detection of KRAS G12C from circulating
cell-free DNA (cfDNA) isolated from K3EDTA plasma from non-small lung cancer patients, and
total DNA from formalin-fixed, paraffin-embedded lung tissue for treatment with sotorasib.
Patients whose FFPE tissue or plasma sample produce a positive Guardant 360CDx Kit test
result for the presence of KRAS G12C mutation are eligible for treatment with sotorasib.
Patients whose plasma sample produces a negative result using this test should be reflexed to
testing for the presence of KRAS G12C mutation with FFPE tumor tissue. The positive percent
agreement (PPA) of the plasma test compared to tissue test was 81/116 (69.8%) in the
concordance analysis, suggesting that 30% of the tissue positive samples will be missed by
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plasma test. The low PPA may be in part attributed to variables such as low tumor shedding.
The negative percent agreement (NPA) was 100% (72/72). However, the PPA of the tissue test
compared to the plasma test necessitated reflex testing language.
There were 126 patients enrolled by tumor tissue using QIAGEN therascreen® KRAS RGQ PCR kit
in the cohort with KRAS G12C mutation and no patients were enrolled in the cohort without a
KRAS G12C mutation. Out of the 126 patients with KRAS G12C mutations confirmed in tumor
tissue, 112 had sufficient plasma specimens to be tested with Guardant360 CDx Kit. A total of
14 patients had no plasma specimen available for testing with the Guardant360 CDx Kit. Of
these 112 patients, 77 patients were evaluable for efficacy calculation. Of the 126 subjects
enrolled in the clinical trial, 124 had at least one measurable lesion at baseline assessed by
Blinded Independent Central Review (BICR) according to RECIST v1.1 and were included in the
analysis for response-related efficacy outcomes. Clinical efficacy of 124 patients as measured
by the ORR observed was 36 % (95% CI: 28, 45). Clinical efficacy in the primary objective
analysis set (n=77) by Guardant 360 CDx was similar (38%, 95% CI 27%, 49%) to the clinical
efficacy of KRAS G12C mutant cohort selected by QIAGEN therascreen® KRAS RGQ PCR tissue.
The data support the reasonable assurance of safety and effectiveness of the device when
used in accordance with the indications for use. The use of this device to aid clinicians in
identifying patients with advanced lung cancer who may be eligible for treatment with
sotorasib based on KRAS G12C mutation detected result is expected to provide a benefit in
overall response rate.
Post-market commitments with respect to the following studies will be required: additional
information on software upgrade and documentation should be submitted in the post-market
setting to confirm that the upgrade will not have any impact on the safety and effectiveness of
the device.
In summary, considering all factors including conditions of approval (post-market actions), the
benefits of the use of QIAGEN therascreen® KRAS RGQ PCR Kit or Guardant360 CDx in patients
with NSCLC as an aid for selecting patients for treatment with sotorasib are judged to outweigh
the risks.

39
Version date: January 2020 (ALL NDA/ BLA reviews)
Disclaimer: In this document, the sections labeled as “Data” and “The Applicant’s Position” are completed by the
Applicant and do not necessarily reflect the positions of the FDA.

Reference ID: 4803204

NDA/BLA Multi-disciplinary Review and Evaluation {NDA 214665}
LUMAKRAS™ (sotorasib)

5 Nonclinical Pharmacology/Toxicology
Executive Summary
The FDA’s Assessment:
KRAS (Kirsten rat sarcoma viral oncogene homolog) is an oncogene that encodes the small
guanosine 5’-triphosphate hydrolase (GTPase) signal-transduction protein KRAS (Chang et al.
1982). KRAS is a member of the RAS family of proteins, which are small, membrane-bound,
GTP-binding proteins that mediate numerous intracellular signaling pathways involved in
cell growth and survival. RAS proteins function as molecular switches by alternating
between inactive guanosine 5’-diphosphate (GDP)-bound and active GTP-bound states.
Guanine nucleotide exchange factors (GEFs) such as son-of-sevenless homolog 1 (SOS1)
facilitate GTP loading and RAS activation, whereas GTPase-activating proteins (GAPs)
inactivate RAS by facilitating the hydrolysis of GTP to GDP (Simanshu et al. 2017). Binding of
GTP to RAS activates downstream signaling through RAF/MEK/ERK pathway (Cully, Downward
2008). The KRASG12C activating mutation reduces GTP hydrolysis, thereby resulting in
accumulation of active GTP-bound KRAS (Scheffzek et al. 1997).
Sotorasib (AMG 510) is an oral small molecule drug with an established pharmacological class of
inhibitor of the RAS GTPase family that binds irreversibly to the P2 pocket in the inactive GDPbound form of KRAS through a novel interaction with a cryptic groove at histidine 95 and a
covalent interaction with mutant cysteine 12 (Canon et al. 2019). Sotorasib inhibited the SOS1catalyzed nucleotide exchange of KRASG12C (IC50 = 92.6 nM or ~51.9 ng/mL) but not wild-type
(WT) KRAS (IC50 х ϮϱϬ ʅDͿ͕ ƚŚĞƌĞďǇ ůŽĐŬŝŶŐ <Z^G12C in the inactive GDP-bound conformation.
Sotorasib did not exhibit substantial off-target activity against other targets in a kinase screen
or in in vitro secondary pharmacology screens at concentrations achievable at the intended
clinical dose of 960 mg (free Cmax of approximately 1 μM based on ~89% protein binding).
Further, cysteine-proteome profiling of NSCLC cells demonstrated that sotorasib did not
interact with any off-target cysteine-containing proteins in human NSCLC cells. In vitro
incubation of sotorasib reduced ERK1/2 phosphorylation and cell viability in human cancer cell
lines expressing KRASG12C but not cells expressing either other KRAS mutations (G12D, G12V,
G12S, G13C) or other selected MAPK-pathway activating mutations including EGFRE746_A750del,
EML4-ALK fusion, TPM3-NTRK1 fusion, or BRAFV600E. Sotorasib also inhibited downstream KRAS
signaling and induced apoptosis and accumulation of active EGFR in KRASG12C mutant human
cancer cells. In vivo, sotorasib induced dose-dependent inhibition of ERK1/2 phosphorylation
and tumor growth in mice bearing subcutaneously (SC)-implanted human tumor cell lines
(including NSCLC) expressing KRASG12C but not KRASG12V or KRASG12D mutations; WT KRAS was
not assessed. Mass spectrometry demonstrated that sotorasib covalently modified KRASG12C in
these in vivo models. Further, sotorasib exhibited in vivo anti-tumor activity in
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immunocompetent mice bearing syngeneic mouse KRAS G12C-H10 engineered tumor cell lines.
Finally, the Applicant demonstrated an association between treatment of KRASG12C tumorbearing mice with sotorasib and a pro-inflammatory tumor microenvironment.
Sotorasib did not inhibit in vitro hERG potassium currents at relevant concentrations or induce
QTc prolongation in either a single-dose safety pharmacology study or in the 3-month repeatdose toxicology study in Beagle dogs. Following single oral administration, 14C-sotorasib-derived
radioactivity distributed widely to rat tissues especially the liver, kidney, thyroid, pancreas,
exorbital lacrimal gland, intra-orbital lacrimal gland, and adrenal gland, but brain penetration
appeared low.
There were no unique human metabolites detected in vitro in hepatic microsomes or
hepatocytes. M10 (cysteine adduct), M24 (bond cleavage at the piperazine acrylamide moiety),
and M18 (aromatic hydroxylation) were detectable in humans, though only M10 was present in
ŚƵŵĂŶƐ Ăƚ ůĞǀĞůƐ шϭϬй ŽĨ total [14C]-sotorasib-related radioactivity. These metabolites were
also found in microsomes and/or hepatocytes from rats and/or dogs. M10 and M24 were
predominant metabolites in rat and dog plasma. Although M18 was present at higher levels in
human plasma compared to rat and dog plasma samples in a matrix-normalized PK study, it was
still at levels of <10% in human plasma and was detected at ~10% of the radioactive dose in rat
feces. M24 and M10 were not pharmacologically active in in vitro assays; however, M18 (which
retains the covalent warhead of sotorasib) inhibited SOS1-catalyzed nucleotide exchange of
KRASG12C (IC50 = 311 nM) in in vitro phosphorylation and cell viability assays. None of these
metabolites inhibited in vitro hERG potassium currents at relevant concentrations, exhibited
substantial off-target activity in pharmacology screens, or were mutagenic. Based on these
findings no further toxicological assessment of these metabolites is warranted at this time.
The Applicant evaluated the safety of sotorasib using Sprague-Dawley rats and Beagle dogs in
GLP-compliant repeat-dose toxicology studies of up to 3 months duration. In both species
sotorasib treatment resulted in increased cholesterol and decreases in red blood cell (RBC)
parameters that did not correlate with histologic findings in the bone marrow. The liver was
also a common target with increases in bilirubin, AST and ALT at the high dose in rats
[exposures approximately 6.4 times the human exposure (steady-state AUC0-24h) of 32.4
hour*μg/mL at the clinical dose of 960 mg once daily] and of increased bilirubin and alkaline
phosphatase, increased liver weight, and centrilobular hepatocellular hypertrophy in dogs at
exposures approximately 0.4 times the clinical AUC at the 960 mg human dose. Elevated
ALT/AST has been seen clinically and the LUMAKRAS label includes a warning for elevated liver
enzymes.
In the 3-month rat study, sotorasib induced decreased body weight gain; decreased calcium
and chloride; and increased white blood cells, platelets, phosphate, and potassium compared to
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controls. The kidney was the major target organ in the rat with toxicity including minimal to
marked tubular degeneration/necrosis and increased kidney weight, urea nitrogen, creatinine,
and urinary biomarkers of renal tubular injury at exposures approximaƚĞůǇ шϬ͘ϱ ƚŝŵĞƐ ƚŚĞ
clinical AUC at the 960 mg human dose. Renal tubule degeneration/necrosis was mainly
restricted to the proximal tubule in the outer stripe of the outer medulla (OSOM), which is rich
in metabolizing enzymes (Cooper, Hanigan 2018). Mild tubular degeneration/regeneration was
present after 2 months of recovery, suggesting partial recovery. In addition, one female rat at
the 750 mg/kg (approximately 6.4 times the clinical AUC at the 960 mg human dose) high dose
level was euthanized on Day 126 due to poor clinical condition associated with malignant
nephroblastoma. Nephroblastoma is an uncommon spontaneous tumor in rats with an
incidence of ~0.1% (Chandra et al. 1993, Frazier et al. 2012, Ito et al. 2014). The Applicant
suggests that this was a spontaneous finding unrelated to sotorasib due to 1 finding in the
historical control data from the same testing facility (0.3% incidence in studies conducted from
2016-2019) and the lack of additional tumors or evidence of nephroblastematosis. Although the
nephroblastoma occurred at the high dose level and there were clear signs of general kidney
toxicŝƚǇ ŝŶ ŵƵůƚŝƉůĞ ĂŶŝŵĂůƐ Ăƚ ĚŽƐĞ ůĞǀĞůƐ шϲϬ ŵŐͬŬŐ͕ given that sotorasib is not genotoxic,
hyperplasia was not seen in the toxicology studies, and the pathogenesis of nephroblastoma
can potentially be distinguished from sotorasib-induced epithelial degeneration/necrosis in the
kidney, this finding was not included in Section 13.2 of the label despite uncertainty regarding
its relatedness to treatment.
To further investigate the kidney toxicity, the Applicant conducted a separate 7-day mechanistic
study in rats. There was an increase in mercapturate pathway metabolites M10 (cysteine
conjugate) and M20 (acetylcysteine conjugate) in renal tissue at the nephrotoxic dose of 750
mg/kg and these metabolites co-localized with renal tubular injury in the OSOM. Although M10
was detected in the plasma of rats, dogs, and humans, dose-dependent renal toxicity was not
seen in dogs, and acute renal toxicity has not been observed clinically. Cysteine S-ĐŽŶũƵŐĂƚĞ ɴlyase activity is greater in the rat kidney compared to the human kidney (Green et al. 1990; Lash
et al. 1990; Iyer, Anders 1996; Anders 2005), suggesting that rats may be more susceptible to
ƌĞŶĂů ƚŽǆŝĐŝƚǇ ĐĂƵƐĞĚ ďǇ ɴ-lyase-mediated bioactivation than humans; however given their
overall severity, the kidney findings are included in Section 13.2 of the label.
In dogs, sotorasib exposures in both the 4-week and 3-month toxicology studies were lower
than those achieved in clinical studies. Other than the liver, target organs of sotorasib toxicity in
dogs included the thyroid gland (decreased weight and marked follicular cell atrophy, moderate
to marked colloid depletion, and follicular cell hypertrophy), pituitary gland (increased weight
and hypertrophy of pituitary basophils of the pars distalis), thymus (decreased weight and
decreased lymphoid cellularity), and gallbladder (bile sludge). The observed changes in the
liver, gall bladder, pituitary gland, and thyroid gland in the 3-month dog study appear
consistent with an adaptive response to hepatocellular enzyme induction (confirmed in in vitro
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assays using dog hepatocytes) and subsequent reduced thyroid hormone levels (i.e. secondary
hypothyroidism) (Houle et al. 2014, Zabka et al. 2011). Thyroid levels were not measured
directly in the dog study. Hypothyroidism or thyroid dysfunction has not occurred frequently in
the clinic, but these nonclinical findings are included in Section 13.2 of the label.
Though both sotorasib and the M24 metabolite showed some potential for induction of
micronuclei in vitro, neither was mutagenic in in vitro bacterial reverse mutation (Ames) assays
and sotorasib was not genotoxic in the in vivo erythrocyte micronucleus test and alkaline comet
assay in rats. The weight of evidence assessment is, therefore, that sotorasib is not genotoxic.
In addition, sotorasib did not demonstrate phototoxic potential in an exploratory in vitro
phototoxicity assay using BALB/c 3T3 mouse fibroblasts.
The Applicant did not conduct carcinogenicity or fertility studies to support the currently
proposed indication (NSCLC), and these studies are not needed to support a marketing
application for a drug intended to treat patients with advanced cancer. There were no doserelated adverse findings in female reproductive organs in general toxicology studies. In the 3month rat toxicology study, one low dose rat and one recovery cohort rat dosed with 750
mg/kg sotorasib (approximately 6.4 times the clinical AUC at the 960 mg human dose) exhibited
small testis correlating with severe seminiferous tubule degeneration in the testis; the recovery
animal also had severe sperm reduction in the epididymis. In the 3-month dog toxicology study,
there was minimal hypospermatogenesis in the testis at 1000 mg/kg/day (approximately 0.4
times the clinical AUC at the 960 mg human dose). The Applicant submitted an independent
expert review of the male reproductive findings concluding that these findings were not
sotorasib-related; FDA agreed with their conclusions.
The Applicant conducted GLP-compliant embryo-fetal development studies in Sprague-Dawley
rats and New Zealand White rabbits. In the rat study, once daily oral administration of 540
mg/kg sotorasib (approximately 4.6 times the clinical AUC at the 960 mg human dose) to
pregnant rats during the period of organogenesis [gestation Days (GD) 7 to 17] resulted in
maternal toxicity characterized by reduced maternal body weight/body weight gain and food
consumption. Sotorasib did not have significant adverse developmental effects and did not
affect embryo-fetal survival at doses up to 540 mg/kg, but did induce a slight increase in fetal
ƐŬĞůĞƚĂů ǀĂƌŝĂƚŝŽŶƐ ƐŚŽƌƚ ƌŝď;ƐͿ ĂŶĚ ƐŚŽƌƚ ĐĞƌǀŝĐĂů ƐƵƉĞƌŶƵŵĞƌĂƌǇ ƌŝď;ƐͿ Ăƚ ĚŽƐĞ ůĞǀĞůƐ шϭϴϬ
mg/kg (approximately 3.2 times the clinical AUC at the 960 mg human dose). In the rabbit
study, once daily oral administration of 100 mg/kg sotorasib (approximately 2.6 times the
clinical AUC at the 960 mg dose) to pregnant rabbits during the period of organogenesis (GD 7
to 19) resulted in maternal toxicity including one mortality on GD 21 due to body weight loss
and reduced food intake. Sotorasib did not have significant adverse developmental effects and
did not affect embryo-fetal survival at doses up to 100 mg/kg; however, treatment with 100
ŵŐͬŬŐ ƐŽƚŽƌĂƐŝď ƌĞƐƵůƚĞĚ ŝŶ чϭϬй ůŽǁĞƌ ŵĞĂŶ ŐƌĂǀŝĚ ƵƚĞƌŝŶĞ ǁĞŝŐŚƚ ĂŶĚ ĨĞƚĂů ďŽĚǇ ǁĞŝŐŚƚ
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compared to controls. Sotorasib also induced a slight decrease in mean ossification of fetal
metacarpals at the 100 mg/kg dose level as well as incomplete ossification of the sternabrae. In
addition, there was also one fetus at the mid-dose level with a missing digit. Though some of
these developmental delays are described in Section 8.1 of the label, given that sotorasib did
not cause clear significant adverse effects or embryo-lethality at exposures exceeding the
clinical exposure at the recommended human dose of 960 mg, the apparent specificity of
sotorasib for KRASG12C, and its lack of genotoxicity, the LUMAKRAS label does not include a
warning for embryo-fetal toxicity or contraception recommendations. The Applicant did not
evaluate the presence of sotorasib in milk; however, because of potential adverse effects of
LUMAKRAS on a breastfeeding child and the sotorasib mean half-life of 5 hours, the
pharmacology/toxicology review team recommends advising patients not to breastfeed during
treatment with LUMAKRAS and for 1 week after the final dose. There are no outstanding issues
from a pharmacology/toxicology perspective that would prevent the approval of LUMAKRAS for
the treatment of patients with KRAS G12C-mutated locally advanced or metastatic NSCLC, as
determined by an FDA-approved test, who have received at least one prior systemic therapy.

Referenced NDAs, BLAs, DMFs
The Applicant’s Position:
There are no referenced NDAs, BLAs, or DMFs related to nonclinical pharmacology or toxicology
for sotorasib.

Pharmacology
Primary pharmacology (all data presented by FDA)
A. In Vitro Studies
Dr. G. Sachia Khasar reviewed many of the primary pharmacology studies for sotorasib under
the original IND submission. His review of the primary pharmacology studies reviewed under
IND 139023 is reproduced in this document with editorial changes and additional details.
Studies reviewed by Dr. G. Sachia Khasar are indicated, and the other pharmacology studies
were reviewed by Dr. Emily F. Wearne under the NDA.
X-ray crystallography of the covalent sotorasib-KRAS(G12C) complex demonstrated that
sotorasib binds irreversibly to the P2 pocket in the inactive GDP-bound form of KRAS through a
novel interaction with a cryptic groove at histidine 95 and a covalent interaction with mutant
cysteine 12, thereby locking KRASG12C in the inactive GDP-bound conformation (Canon et al.
2019).
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The Applicant investigated the ability of sotorasib (AMG 510) to inhibit SOS1-catalyzed
nucleotide exchange activity of KRASG12C using Amplified Luminescent Proximity Homogenous
Assay (Alpha) technology (Study #R20150198; reviewed by Dr. G. Sachia Khasar). In these
AlphaScreen assays, investigators pre-incubated sotorasib or its three circulating human
metabolites [AMG3368167 (M24), AMG3375854 (M10), and AMG3413829 (M18)] with mutant
KRASG12C/C118A or WT KRASC118A for 5 min, followed by the addition of, first, SOS1 and GTP for 30
min and then the combination of the RAS binding domain of c-RAF (c-RAF RBD) and
AlphaScreenTM donor and acceptor reagents for 5 min before measuring luminescence signal
using an EnVision® Multilabel Reader. KRASC118A was used as WT KRAS in this assay. Signal
intensity correlated with the association of c-RAF RBD and GTP-bound KRASG12C/C118A. Sotorasib
inhibited the SOS1-catalyzed nucleotide exchange of KRASG12C/C118A with an IC50 value of 92.6 ±
15.8 nM but did not inhibit WT KRASC118A (IC50 > ϮϱϬ ʅDͿ͘ Incubation with the sotorasib
metabolites M24 (IC50 = 123 μM) and M10 (IC50 = 78.2 μM), which lack the covalent warhead of
sotorasib, did not substantially inhibit SOS1-catalyzed nucleotide exchange of KRASG12C/C118A;
however, the sotorasib metabolite M18, which retains the covalent warhead, inhibited the
SOS1-catalyzed nucleotide exchange of KRASG12C/C118A with a mean IC50 value of 311 nM ± 157
nM.
The Applicant investigated the ability of sotorasib to interact with 468 human kinases in an in
vitro KINOMEscan® screen using active site-directed competition binding assays (Study
#124787). At a concentration of 10 μM, sotorasib prevented ligand binding to KIT (A829P),
PKNB (M.tuberculosis), FLT3-autoinhibited, FLT3 (ITD,D835V) and NDR2 by 51-62% but did not
prevent ligand binding to any kinases by ग़65%, suggesting there were no strong interactions
with any of the 468 kinases evaluated. Follow-up assays were not conducted. In Study #153415,
incubation with 10 μM of M10 or M18 did not prevent ligand binding to any kinases by ग़50%.
The Applicant next evaluated the in vitro effects of sotorasib on downstream RAS-RAF-MEK-ERK
signaling and viability using a panel of 21 human tumor cell lines bearing KRASG12C or other
mutations/fusions (Study #R20150199; reviewed by Dr. G. Sachia Khasar). As assessed by a
MesoScale Discovery (MSD) electrochemiluminescent immunoassay, incubation with sotorasib
for 2 hours reduced basal ERK1/2 phosphorylation in pancreatic, lung, rectum, and bladder
cancer cell lines expressing homozygous or heterozygous KRASG12C with IC50 values ranging from
0.0133-0.1230 μM (~7.5-69 ng/mL), but did not inhibit ERK1/2 phosphorylation in cancer cell
lines expressing other KRAS mutations (G12D, G12V, G12S, G13C), EGFRE746_A750del, EML4-ALK
fusion, TPM3-NTRK1 fusion, or BRAFV600E (IC50 values > 10 μM) (Figure 1A).
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Figure 1: Effect of Sotorasib on In Vitro ERK1/2 Phosphorylation and Cell Viability
A

B

(Applicant Figure reproduced from Study # R20150199)

As assessed using the CellTiter-Glo Assay, incubation with sotorasib for 72 hours inhibited the in
vitro viability of cancer cell lines expressing homozygous or heterozygous KRASG12C with IC50
values ranging from 0.0038-0.0315 μM (~2.1-17.7 ng/mL), but did not inhibit the viability of cell
lines expressing other KRAS mutations or other gene mutations/fusions (IC50 > 7.5 μM; Figure
1B). Although sotorasib inhibited ERK1/2 phosphorylation in the homozygous KRASG12C lung
cancer cell line SW1573 (IC50 = 0.0272 μM), it did not substantially inhibit the in vitro viability of
this cell line (IC50 > 7.5 μM), potentially due to the presence of other mutations including an
activating PIK3CA mutation. The sotorasib metabolite M18 inhibited ERK1/2 phosphorylation
and cell viability ~11-fold and ~39-fold less potently than sotorasib, respectively, in KRASG12C
mutant MIA PaCa-2 pancreatic cancer cells (Table 5).
Table 5: Inhibition of ERK1/2 Phosphorylation and Cell Viability in KRASG12C MIA PaCa-2 Cells

Sotorasib
M18

IC50 values
ERK1/2 Phosphorylation
Cell Viability
0.0357 μM
0.0046 μM
0.3975 μM
0.18 μM

(Reviewer generated table based on results from Study # R20150199)

To evaluate the effects of sotorasib on MAPK and PI3K signaling, investigators incubated two
KRASG12C mutant human cell lines [NCI-H358 (NSCLC) and MIA PaCa-2] with 0.001-1 μM
sotorasib for 4 or 24 hours (Study #R20190078). As assessed by immunoblotting, sotorasib
reduced the phosphorylation of MEK1/2 (S217/221), ERK1/2 (T185/Y187), and S6 (S235/236) in
both cell lines; reduced AKT (S473) phosphorylation in NCI-H358 cells; induced EGFR
phosphorylation at Y1068 in both cell lines indicating accumulation of active EGFR; and induced
cleavage of caspase-3 in both cell lines indicative of apoptosis (Figure 2). The most pronounced
effects on downstream signaling were generally at sotorasib ĐŽŶĐĞŶƚƌĂƚŝŽŶƐ шϬ͘ϭ ђD͘
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Figure 2: Effect of Sotorasib on In Vitro Downstream KRAS Signaling and Apoptosis

ND = Not detectable; (Applicant Figure reproduced from Study # R20190078)

B. In Vivo Studies
The Applicant investigated the in vivo anti-tumor activity of sotorasib in female nude mice
(10/group) implanted subcutaneously (SC) with human KRASG12C mutant NCI-H358 NSCLC cells
(Study #R20150190; reviewed by Dr. G. Sachia Khasar). When the mean tumor volume was
~170 mm3, mice began receiving 0, 3, 10, 30, or 100 mg/kg sotorasib orally once daily.
Treatment with ш3 mg/kg sotorasib significantly inhibited tumor growth compared to vehicle
(Figure 3, Table 6) without inducing significant toxicity based on body weight loss. Similar in
vivo anti-tumor activity occurred in mice bearing KRASG12C mutant MIA PaCa-2 T2 human
pancreatic cancer xenografts (Study #20150189; Table 6; reviewed by Dr. G. Sachia Khasar) and
KRASG12C mutant colorectal cancer (CRC) patient-derived xenografts (PDX) (Study #R20190131;
Table 6). In contrast, oral administration of sotorasib at doses up to 100 mg/kg/day did not
inhibit the growth of SC KRASG12V mutant SW480-1AC CRC xenografts (Study #R20150191; Table
6; reviewed by Dr. G. Sachia Khasar), suggesting that, consistent with in vitro findings discussed
above, sotorasib is selective for KRASG12C versus KRASG12V mutations.
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Figure 3: Effect of Sotorasib on In Vivo Anti-Tumor Activity in Mice Bearing KRASG12C mutant
NSCLC NCI-H358 Xenografts

TGI = Tumor growth inhibition; **** and #, p<0.0001 compared to vehicle; (Applicant Figure reproduced from Study # R20150190)

Table 6: Summary of In Vivo Anti-Tumor Activity in Mouse Xenograft Models Expressing KRAS
Mutations (FDA Table)
Study #
R20150190

Xenograft Model
NCI-H358 NSCLC
(KRASG12C)

20150189

MIA PaCa-2 T2
Pancreatic cancer
(KRASG12C)
CRC PDX (KRASG12C)

R20190131

R20150191

SW480-1AC CRC
(KRASG12V)

Dose (oral once daily)
3 mg/kg
10 mg/kg
30 mg/kg
100 mg/kg
10 mg/kg
30 mg/kg
100 mg/kg
3 mg/kg
10 mg/kg
30 mg/kg
100 mg/kg
30 mg/kg
100 mg/kg

%TGI
39% (Day 21)
56%
100%
111%
86% (Day 24)
109%
117%
48.27% (Day 57)
61.71%
100.2%
109.91%
-0.868 (Day 24)
-3.763

NSCLC = Non-small cell lung cancer; CRC = colorectal cancer; PDX = patient-derived xenograft; TGI = Tumor growth inhibition; (Reviewer
generated table based on results from studies listed in table)

Single oral administration of ш3 mg/kg sotorasib resulted in dose- and time-dependent
inhibition of ERK1/2 phosphorylation in KRASG12C mutant NCI-H358 xenografts beginning at 2
hours post-dose and persisting until 48 hours post-dose, with maximal inhibition at 100 mg/kg
(Study #R20190129; Figure 4A). Further, mass spectrometry demonstrated that sotorasib
covalently modified KRASG12C in NCI-H358 xenografts. Reduced ERK1/2 phosphorylation
correlated with increased KRASG12C occupancy by sotorasib (Figure 4B).
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Figure 4: Effect of Sotorasib on ERK1/2 Phosphorylation and KRASG12C Occupancy in NCI-H358
NSCLC Xenografts
A

B

****, p<0.0001 compared to vehicle; % Occupancy = 100 * [KRASG12C sotorasib modified peptide / (KRASG12C unmodified peptide + KRASG12C
sotorasib modified peptide)]; (Applicant Figure reproduced from Study # R20190129)

Similarly, single oral administration of ш1 mg/kg sotorasib resulted in dose-dependent inhibition
of ERK1/2 phosphorylation in KRASG12C mutant MIA PaCa-2 T2 xenografts compared to vehicle
at 2 hours post-dose, with maximal inhibition at 100 mg/kg (Study #R20150188; reviewed by
Dr. G. Sachia Khasar). In a study examining earlier timepoints, single oral administration of 10
mg/kg sotorasib covalently modified KRASG12C and inhibited ERK1/2 phosphorylation in MIA
PaCa-2 T2 xenografts beginning at 0.5 hours post-dose, with maximal inhibition at the longest
timepoint tested (2 hours post-dose) (Study #20150192; reviewed by by Dr. G. Sachia Khasar).
In addition, ĐŽŵƉĂƌĞĚ ƚŽ ǀĞŚŝĐůĞ ƐŝŶŐůĞ ŽƌĂů ĂĚŵŝŶŝƐƚƌĂƚŝŽŶ ŽĨ шϯϬ ŵŐͬŬŐ ƐŽƚŽƌĂƐŝď ƚŽ ƚƵŵŽƌ
implanted mice inhibited ERK1/2 phosphorylation in human KRAS G12C CRC PDX beginning at 2
hours post-dose, with 59% inhibition persisting by the 48 hour-post dose time-point at the 100
mg/kg dose level (Study #R20190130).
The Applicant also examined the in vivo anti-tumor activity of sotorasib in immunocompetent
female Balb/c mice (3/group) implanted SC with murine parental CT-26 CRC cells expressing
KRAS p.G12D (Study #R20190128). When the mean tumor volume was ~80 mm3 (Day 11), mice
began treatment with vehicle or 200 mg/kg sotorasib oral once daily until Day 24. Consistent
with its selectivity for KRASG12C, treatment with 200 mg/kg sotorasib did not significantly inhibit
the growth of KRASG12D CT-26 xenografts compared to control (Figure 5) because sotorasib is
not active against the KRASG12D mutation.
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Figure 5: Effect of Sotorasib on In Vivo Anti-Tumor Activity in Mice Bearing Syngeneic
KRASG12D Mutant CRC CT-26 Tumors

(Applicant Figure reproduced from Study # R20150128)

Next, the Applicant generated CT-26 KRAS G12C cells using CRISPR technology to replace both
endogenous KRAS p.G12D alleles with KRAS G12C (CT-26 KRAS G12C-H10). The Applicant
confirmed that, compared to vehicle control, single oral administration of ш30 mg/kg sotorasib
(Study #R20180002, #R20190110) or twice daily treatment with 100 mg/kg sotorasib (Study
#R20190110) significantly inhibited ERK1/2 phosphorylation in a dose-dependent manner at 2
hours post-dose in this syngeneic CT-26 KRAS G12C-H10 tumor model. In Study #R20180034,
immunocompetent female Balb/c mice (3/group) were implanted SC with murine CT-26 KRAS
G12C-H10 cells. When the mean tumor volume was ~130 mm3 (Day 15), mice received vehicle,
100 mg/kg sotorasib oral once daily, 100 μg anti-PD-1 intraperitoneal (IP) once every 3 days, or
100 mg/kg sotorasib in combination with 100 μg anti-PD-1. Sotorasib exhibited single-agent
anti-tumor activity against CT-26 KRAS G12C-H10 xenografts without inducing significant
toxicity based on mortality or body weight loss; however, only 1 out of 10 tumors remained
completely regressed over time (Figure 6A). Combined treatment with sotorasib and anti-PD-1
improved anti-tumor activity (9/10 tumor regressions) and survival compared to either agent
alone (Figure 6B).
Figure 6: Effect of Sotorasib and anti-PD-1 on In Vivo Anti-Tumor Activity and Survival in Mice
Bearing Syngeneic KRASG12C mutant CRC CT-26 Tumors
A

B

A: Individual tumor growth; B: Survival; AMG 510 = Sotorasib; Combination = Sotorasib + anti-PD-1; (Applicant Figure reproduced from Study #
R20180034)
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Investigators then re-challenged tumor-free mice from the sotorasib and anti-PD-1 single agent
groups with bilateral tumors of CT-26 KRAS G12C and parental CT-26 (KRAS p.G12D) cells and
tumor-free mice from the combination group with CT-26 KRAS G12C and 4T1 murine breast
cancer cells and monitored for tumor growth. Different tumors were implanted on separate
sides of the body. On Day 40, investigators harvested splenocytes and measured IFN-Ȗ secretion
using an Enzyme-linked IFN-Ȗ immunoSpot (ELISpot) assay. Tumor-free mice previously dosed
with sotorasib (n=1), anti-PD-1 (n=1), or sotorasib plus anti-PD-1 (n=8) rejected both CT-26
KRAS G12C and parental CT-26 KRAS p.G12D cells upon rechallenge; however, 4T1 breast
cancer cells still grew in mice previously dosed with sotorasib plus anti-PD-1 (Figure 7A),
suggesting adaptive immunity and establishment of long-term tumor-specific T cell responses.
The Applicant did not re-challenge mice from the sotorasib or anti-PD-1 single agent groups
with 4T1 cells. Consistent with these findings, re-challenging mice in the combination group
with CT-26 KRAS G12C or CT-26 (KRAS p.G12D) cells (but not 4T1 cells) significantly increased
IFN-ɶ ƐĞĐƌĞƚŝŽŶ ĨƌŽŵ splenocytes compared to vehicle control (Figure 7B). Canon et al. (2019)
demonstrated that treatment with 200 mg/kg single-agent sotorasib resulted in complete
tumor regression in 8/10 mice bearing syngeneic CT-26 KRAS G12C tumors.
Figure 7: Effect of Re-challenging Tumor-Free Mice with CT-26, CT-26 KRAS G12C, or 4T1 Cells
A

B

(Applicant Figures reproduced from Study # R20180034)

The Applicant next used flow cytometry to evaluate the effects of sotorasib on intra-tumoral
immune cell infiltration in female Balb/c mice implanted with CT-26 KRAS G12C-H10 xenografts
(Study #R20180035). Oral administration of 100 mg/kg sotorasib once daily for 4 days
significantly increased T-cell (primarily CD8+), macrophage, and dendritic cell (DC; including
CD103+ cross-presenting DCs) infiltration into CT-26 KRAS G12C-H10 tumors compared to
vehicle, which correlated with tumor inhibition (Figure 8). Treatment with sotorasib also
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associated with increased PD-1 expression on CD8+ T cells compared to vehicle (data not
shown). Further, immunohistochemistry demonstrated that sotorasib increased intratumoral
infiltration of CD8+ cytotoxic T cells, macrophages (F4/80), and total and proliferating CD3+ T
cells compared to vehicle (Study #R20190105; data not shown). Combined treatment with
sotorasib and anti-PD-1 increased CD3+ and CD8+ T-cell infiltration compared to either agent
alone. Finally, sotorasib induced some apoptosis in tumor cells as measured by increased
intratumoral staining for cleaved caspase-3.
Figure 8: Effect of Sotorasib on Intra-tumoral Immune Cell Infiltration in Mice Bearing CT-26
KRAS G12C-H10 xenografts

****, P ख़ 0.0001; ***, P ख़ 0.001; *, P ख़ 0.05 compared to vehicle; NS = Not significant; anti-PD-1 = 100 μg single IP dose; MEKi = MEK inhibitor;
(Applicant Figure reproduced from Study # R20180035)

To investigate the effect of sotorasib on inflammatory gene expression, the Applicant isolated
RNA from CT-26 KRAS G12C-H10 implanted tumors after two days of treatment with 100
mg/kg/day sotorasib or a MEK inhibitor (Study #R20180036). As assessed by RNA analysis using
NanoString, there was an association between sotorasib administration and significantly
increased expression of genes involved in interferon signaling, antigen processing, chemokine
(including CXCL11) production, cytotoxic and NK cell activity, and innate immune stimulation.
EliSPOT analysis demonstrated that sotorasib did not substantially affect the reactivity of
splenocytes towards the viral antigen AH1, neoantigen Mtch1, CT-26 KRAS G12C-H10 cells, or
CT-26 parental cells. Thus, sotorasib induced a pro-inflammatory tumor microenvironment.
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Secondary Pharmacology
The Applicant’s Position:
Sotorasib selectivity was assessed in vitro against various targets including receptors, enzymes,
ion channels, and transporters; minimal activity was observed, suggesting sotorasib is highly
selective for KRASG12C. In NCI-H358 cells, cysteine-proteome profiling demonstrated that
sotorasib engaged only the cysteine at amino acid position 12 (Cys12) from KRASG12C.
Secondary pharmacology screenings for the 3 human circulating metabolites (M10, M18 and
M24) did not indicate any clinically relevant or significant off-target pharmacological activities.
The FDA’s Assessment:
FDA generally agrees with the Applicant’s conclusions. See the Primary Pharmacology section
above for FDA’s review of in vitro kinase screens investigating the binding of sotorasib (Study
#124787) and two of its metabolites (M10 and M18; Study #153415) to 468 human kinases.
The Applicant evaluated off-target activity of sotorasib against 41 (Study #124452) and 105
(Study #124453) receptors, transporters, enzymes, and ion channels in in vitro radioligand
displacement and enzyme activity assays. Incubation with 10 μM sotorasib did not result in
>50% inhibition or stimulation of any of the 146 targets tested, suggesting little potential for
off-target effects. In vitro screens evaluating the human metabolites M24 (Studies #124807 and
#124808), M18 (Studies #153413 and #153414), and M10 (Studies #153413 and #153414)
yielded similar results, although incubation with 10 μM M24 inhibited binding to Neurokinin
NK1 and NK2 receptors by 61% and 52.3%, respectively. Follow-up IC50 studies were not
conducted. Given the high concentration in these screening assays (10 μM) relative to the
unbound Cmax at the 960 mg clinical dose (~1 μM), these targets are unlikely to be clinically
significant for sotorasib/M24.
RNA sequencing demonstrated that WT KRAS is ubiquitously expressed in normal human,
cynomolgus monkey, dog, mouse, and rat tissues (Study #125831) with the highest mRNA
amounts measured in a variety of human, monkey, and dog purified immune cell subtypes
(immune cells were not available in rodents) as well as in mouse and rat intestinal tissues. The
Applicant also performed cysteine proteome analysis using mass spectrometry to identify
sotorasib engagement with any off-target cysteine-containing proteins in human NSCLC
NCI-H358 cells (Study #R20150219). Investigators incubated NCI-,ϯϱϴ ĐĞůůƐ ǁŝƚŚ D^K Žƌ ϭ ʅD
sotorasib for 4 hours then harvested cells for analysis of cysteine-containing peptides. Mass
spectrometry identified 6451 unique, cysteine-containing peptides, but only the Cys12containing peptide of KRASG12C was significantly engaged by sotorasib in NCI-H358 cells,
suggesting that sotorasib is selective for KRASG12C at a concentration that inhibits KRASG12C
signaling in this cell line (data not shown)
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Safety Pharmacology
The Applicant’s Position:
The sotorasib human ether-à-go-go-related gene (hERG) 50% inhibitory concentration was
54.8 mM, and no clinically significant interaction with the hERG channel is expected over the
proposed clinical dose range. In a Good Laboratory Practices (GLP) cardiovascular safety
pharmacology study in telemetered dogs, sotorasib at doses up to 300 mg/kg did not result in
changes to electrocardiogram (ECG) or hemodynamic parameters.
In vitro hERG assays for these metabolites did not indicate any clinically relevant or significant
interactions.
The FDA’s Assessment:
FDA generally agrees with the Applicant’s conclusions with the exception that the IC50 for
sotorasib-induced inhibition of in vitro hERG potassium currents was 54.8 μM, not 54.8 mM
(Study #150431). The IC50 value of 54.8 μM (n=3) determined in this GLP-compliant in vitro
hERG channel study suggests minimal risk of QT prolongation through this pathway in humans
given sotorasib. Similarly, the metabolites M24 (Study #124803), M18 (Study #153419), and
M10 (Study #153419) inhibited in vitro hERG potassium currents with IC50 ǀĂůƵĞƐ ŽĨ ग़ϯϬ ђD ŝŶ
non-GLP studies, suggesting they are also unlikely to induce QT prolongation in humans.
In GLP Study #150458, 8 male telemetry-instrumented conscious Beagle dogs received single
oral doses of 0, 30, 100, and 300 mg/kg sotorasib on Days 1, 4, 8, and 11 in a double Latin
square dosing design; ECG parameters, heart rate, arterial blood pressure (systolic, diastolic,
and mean), pulse pressure, left ventricular end diastolic pressure, dP/dtmax, and body
temperature were measured continuously for at least 1 hour pre-dosing through 25 hours postdosing. Single oral administration of sotorasib at doses up to 300 mg/kg did not result in drugrelated effects on the cardiovascular parameters tested.

ADME/PK
The Applicant’s Position:
The absorption, distribution, metabolism, excretion and PK characteristics of sotorasib were
evaluated in mouse, rat, dog, and monkey.
Sotorasib exhibited moderate to high clearance, a moderate volume of distribution and a low to
moderate bioavailability in nonclinical species. The terminal half-life of sotorasib in nonclinical
species following intravenous administration ranged between 0.34 and 0.71 hours. Sotorasib
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had moderate binding to plasma proteins and did not preferentially distribute into blood cells
when assessed in vitro in rat, dog, and human.
A whole body distribution study in male Long Evans or male or female Sprague Dawley rats
showed that [14C]-sotorasib-derived radioactivity distributed reversibly to most tissues after a
single oral dose (60 mg/kg), with Cmax occurring in most tissues at 0.5 hour postdose. Tissues
with the highest sotorasib-related radioactivity exposures common to both rat strains were
liver, kidney, thyroid, pancreas, exorbital lacrimal gland, and the intra-orbital lacrimal gland.
Elimination of sotorasib-related radioactivity was nearly complete for most tissues by 336 hours
postdose. By the final sampling time of 672 hours postdose, only highly perfused tissues
including blood, kidney, lung, myocardium and spleen had measurable concentrations of
sotorasib-related radioactivity.
The metabolism of sotorasib was studied in vitro using pooled liver microsomes and
hepatocytes. Metabolites M10, M18, and M24 were the predominant metabolites formed
using human hepatocytes. The in vitro metabolites formed by pooled human liver microsomes
and hepatocytes were also produced by pooled liver microsomes and hepatocytes from the rat
and dog, the nonclinical species used in repeat dose toxicology studies. No unique human
metabolites were observed in vitro. All human in vitro metabolites of sotorasib were observed
from in vitro incubations with rat and dog pooled liver microsomes and hepatocytes.
The metabolism and excretion of [14C]-sotorasib were evaluated in non-cannulated male or
female rats as well as in bile duct-cannulated male rats after a single oral dose of sotorasib
(60 mg/kg). Overall, the data indicated that sotorasib was readily absorbed after an oral dose
to non-cannulated male and female rats and bile duct-cannulated male rats, underwent
extensive biotransformation, and was eliminated primarily by nonenzymatic conjugation and
metabolic clearance; [14C]-sotorasib-derived radioactivity was excreted primarily through biliary
and fecal pathways. Biotansformation of sotorasib was mediated primarily by nonenzymatic
glutathione conjugation, oxidation, and to a lesser extent, reduction and dealkylation.
Secondary sotorasib metabolism was substantive and included amide hydrolysis, cysteineconjugate cleavage, N-acetylation, methylation, glucuronidation, and sulfonation.
Biotransformation of sotorasib through primary glutathione conjugation was major and
accounted for up to approximately 21% to 33% of dose from intact male and female rats,
respectively, and up to approximately 41%of dose in male bile duct-cannulated rats. Sotorasib
metabolites originating from primary oxidation accounted for up to approximately 20% of dose
in non-cannulated rats and for approximately 10% of dose in bile duct-cannulated rats.
Reduction of the sotorasib acrolein moiety accounted for up to approximately 10% of dose in
non-cannulated male and female rats and approximately 2.7% of dose in bile duct-cannulated
rats, wheras dealkylation at the piperazine moiety accounted for approximately 10 to 13% of
dose in non-cannulated rats and for approximately 6% of dose in bile duct-cannulated rats.
The metabolism and excretion of [14C]-sotorasib were evaluated in non-cannulated male and
female dogs after a single oral (500 mg/kg) dose of sotorasib. Overall, [14C]-sotorasib-derived
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radioactivity was minimally absorbed and was eliminated predominantly as unchanged
sotorasib in feces following a single 500 mg/kg dose to male or female dogs.
Mixed plasma matrix experiments were performed to characterize circulating metabolites after
multiple doses of sotorasib in male or female rat, dog, or humans. Overall, the data presented
in the mixed matrix experiments indicate that sotorasib underwent oxidative N-dealkylation,
glutathione congujation, oxidation, and to a lesser extent, hydrogenation, lysine conjugation,
and glucuronide conjugation, with similar circulating metabolites observed across rat, dog, and
humans.
In vitro experiments were run to characterize the enzymes or mechanisms involved with the
formation of the sotorasib metabolites M12 (glutathione adduct) and M24 (oxidative
dealkylation). In vitro studies using recombinant glutathione transferases, human liver cytosol,
or human liver S9 fractions demonstrated that M12 formation from sotorasib is primarily
nonenzymatic (Michael addition), with limited contribution from glutathione transferases.
Formation of M24 from sotorasib was predominantly catalyzed by CYP3A.
The potential for sotorasib and its metabolites M10, M18, and M24 to cause CYP-mediated
drug-drug interactions (DDI) was evaluated in vitro. The in vitro experiments indicated that
sotorasib and its metabolites have potential to cause CYP3A-mediated DDI due to direct
inhibition, time-dependent inhibition, and induction; therefore, a clinical CYP3A DDI study was
run as dicussed in Module 2.7.2, Summary of Clinical Pharmacology Studies. Based on sotorasib
concentrations observed in the clinic and the in vitro characteristics of sotorasib, minimal risk
for CYP-mediated DDIs is expected with sotorasib for other CYPs.
Sotorasib had high passive permeability and was a substrate of P-gp in vitro, but was not a
breast cancer resistance protein (BCRP) substrate. The potential for sotorasib and its
metabolites M10, M18, and M24 to cause transporter-mediated DDI was evaluated in vitro.
Sotorasib was characterized as an in vitro inhibitor of BCRP (IC50 = 120 μM), multidrug and
toxin extrusion protein 1 (MATE1, IC50 = 0.440 μM), multidrug and toxin extrusion protein 2-K
(MATE2-K, IC50 = 2.39 μM) and P-glycoprotein (P-gp) (IC50 = 60.2 μM); therefore, clinical DDI
studies for MATE1/MATE2-K and P-gp were run as dicussed in Module 2.7.2, Summary of
Clinical Pharmacology Studies. Based on concentrations observed in the clinic and the in vitro
characteristics of sotorasib, minimal risk for transporter-mediated DDIs is expected with
sotorasib for other transporters.
The FDA’s Assessment (all data presented by FDA):
FDA generally agrees with the Applicant’s summaries of the nonclinical ADME/PK data. All of
the in vitro PK drug interaction studies (e.g. cytochrome P450 metabolism and transporter
studies) were reviewed by the clinical pharmacology team as part of their assessment. FDA
agrees with the Applicant’s position that there are minimal risks of inhibition-based DDI of
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sotorasib on CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19, or CYP2D6. However, in vivo
induction potential of sotorasib on CYP2B6, CYP2C8, CYP2C9 cannot be ruled out based on in
vitro data and mechanistic modeling (see Appendix 19.4.3 Physiologically based
Pharmacokinetic Modeling Review). The DDI potential of sotorasib as an inhibitor of BCRP will
be investigated in a post-marketing clinical DDI study with BCRP substrate (see section 6.3.
Comprehensive Clinical Pharmacology Review).
Type of Study
Absorption
Preclinical Pharmacokinetics of
AMG 510 / 150529

Major Findings
Female mice, male Sprague-Dawley (SD) rats, male Beagle dogs,
and male cynomolgus monkeys received a single oral or
intravenous (IV) dose of sotorasib.

Mean PK Parameters of Sotorasib and Metabolites AMG3368167 (M24) and AMG3368447 (M12)

(Applicant Table reproduced from Study #150529)
NC = Not calculated due to insufficient data; ND = Not determined; CL = Clearance; Vss = Steady-state volume of distribution;
Foral = Oral bioavailability

Distribution
Mouse, Rat, Dog, Monkey, and
Human In Vitro Plasma Protein
Binding of AMG 510 and
AMG3368167 / 150530

Sotorasib bound to mouse, rat, dog, monkey, and human plasma
with a mean in vitro unbound fraction of approximately 0.071,
0.054, 0.21, 0.066, and 0.112, respectively. The metabolite M24
bound to mouse, rat, dog, monkey, and human plasma with a
mean in vitro unbound fraction of approximately 0.036, 0.0088,
0.0063, 0.021, and 0.026, respectively. Thus, sotorasib and M24
are approximately 89% and 97% bound to human plasma protein
in vitro, respectively. Plasma protein binding was generally
concentration-independent in all species tested.
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Type of Study
Human In Vitro Plasma Protein
Binding of AMG3375854 and
AMG3413829 / 153486

Major Findings
AMG3375854 (M10) and AMG3413829 (M18) are approximately
75% and 83% bound to human plasma protein in vitro,
respectively.
Sotorasib
Concentration
1 μM
5 μM
20 μM
50 μM
Overall Mean

Mean Fraction Unbound in
Human Plasma
M10
M18
0.16 ± 0.01
0.3 ± 0.027
0.19 ± 0.01
0.17 ± 0.012
0.29 ± 0.074
0.14 ± 0.0085
0.35 ± 0.016
0.05 ± 0.011
0.25 ± 0.089
0.17 ± 0.10

Unbound fraction presented as mean ± standard deviation

Nonspecific Binding of AMG 510
and Three of Its Metabolites to
Human Liver Microsomes /
154075

Sotorasib, M10, M18, and M24 exhibited relatively low nonspecific
binding to human liver microsomes (HLM) across the
ĐŽŶĐĞŶƚƌĂƚŝŽŶƐ ƚĞƐƚĞĚ ;ϭ͕ ϱ͕ ϮϬ͕ ĂŶĚ ϱϬ ʅDͿ͕ ĞǆĐĞƉƚ DϮϰ ĞǆŚŝďŝƚĞĚ
moderate nonspecific binding to 1 mg/mL HLM.

Sotorasib
M10
M18
M24

In Vitro Assessment of Blood-toPlasma Partitioning of AMG 510
in Mouse, Rat, Dog, Monkey and
Human and stability in human
plasma and whole blood /
150532

In Vitro Permeability of AMG
510 and Its Metabolite
(AMG3368167) in MDCK
Transwell Assay / 150563

Mean Fraction Unbound in HLM
0.1 mg/mL HLM
1 mg/mL HLM
0.897
0.681
0.966
0.766
0.563
0.630
0.845
0.302

Following 60 minutes of in vitro incubation with 0.1, 1, or 10 μM
sotorasib, mean blood-to-plasma partition ratios for mice, rats,
dogs, monkeys, and humans were 0.72, 0.60, 0.84, 2.69, and 0.69,
respectively, indicating that the majority of sotorasib is
constrained in the plasma in rodents, dogs, and humans (but not
monkeys). Sotorasib partitioning was concentration-independent
in rodents, dogs, and humans but concentration-dependent in
monkeys.
In an in vitro MDCK transwell assay, sotorasib and M24 were
highly permeable in the presence or absence of the P-gp inhibitor
elacridar.
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Pharmacokinetics, Distribution,
Metabolism, and Excretion of
14
C-AMG 510 Following Oral
Administration to Rats / 152495

Following single oral administration of 60 mg/kg 14C-sotorasib to
male and female SD rats or pigmented male Long Evans (LE) rats,
14
C-sotorasib-derived radioactivity was detected in the blood and
plasma of SD rats for 0.25-144 hours post-dose; mean plasma halflife was 43.9-46.7 hours. 14C-sotorasib-derived radioactivity
partitioned primarily to the plasma at ~0.25-1 hr post-dose and
primarily to the cellular fraction of blood at ~4-144 hrs post-dose.
In pigmented male LE rats and non-pigmented male SD rats, 14Csotorasib-derived radioactivity was widely distributed to tissues
with a Tmax of ~0.5 hours post-dose (except Tmax was 8 hours postdose in the seminal vesicles). In pigmented LE rats, distribution of
14
C-sotorasib was highest in the liver, kidney, thyroid, pancreas,
exorbital lacrimal gland, and intra-orbital lacrimal gland. The
lowest radioactivity was observed in the brain, spinal cord, testes,
eyes, bone, and abdominal fat. Radioactivity was not detected in
the eye lens or brain olfactory lobe. 14C-sotorasib-derived
radioactivity in the uveal tract was not quantifiable after 48 hrs
post-dose. 14C-sotorasib-derived radioactivity crossed the bloodbrain barrier for at least 0.5 hours after a single oral dose (351-623
ng equivalents 14C-sotorasib/g in brain) but was undetectable by 4
hours post-dose (BLQ = ख़329 ng equivalents 14C-sotorasib/g).
In SD rats, distribution of 14C-sotorasib was highest in the liver,
kidney, pancreas, exorbital lacrimal gland, intra-orbital lacrimal
gland, adrenal gland, and thyroid. The lowest radioactivity was
observed in the bone, testes, reproductive fat, eyes, and
abdominal fat. Radioactivity was not detected in the eye lens,
whole brain, or spinal cord and there was no evidence that 14Csotorasib crossed the blood-brain barrier at quantifiable
concentrations. Overall, tissue distribution of radioactivity was
relatively similar in pigmented LE and non-pigmented SD rats, and
concentration data in the uveal tract suggests that 14C-sotorasibderived radioactivity does not have a high affinity for melanincontaining tissue.
M10 (чϭϴ͘ϰ% of total radioactivity AUC0-t), M24 (ч9.7% of total
radioactivity AUC0-t), and M12 (ч8.6% of total radioactivity AUC0-t)
were the most abundant metabolites in rat plasma. Although M18
was a trace metabolite in plasma (ч0.454% of total radioactivity
AUC0-t ) and urine (ч0.178% of radioactive dose), it was present at
чϵ͘ϵϴ% of radioactive dose in the feces. Primary metabolism was
mediated by glutathione conjugation, oxidation, reduction, and
dealkylations. Secondary metabolism included amide hydrolysis,
cysteine-conjugate cleavage, N-acetylation, oxidation,
methylation, glucuronidation, and sulfonation. 14C-sotorasibderived radioactivity was detected in the bile and urine through 24
and 73 hours post-dose, respectively. 14C-sotorasib -derived
radioactivity was excreted predominantly via biliary and fecal
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Type of Study

Major Findings
pathways; urinary excretion was a minor elimination pathway.
M12 and its downstream metabolites were the largest group of
metabolites in excreta (predominantly feces) in intact SD rats.
M12, M10, and M20 were the most abundant metabolites in
excreta in bile-duct cannulated (BDC) SD rats.

Metabolism
Characterization of In Vitro
Metabolites of AMG 510
Formed in Mouse, Rat, Dog,
Monkey and Human Hepatic
Microsomes and Hepatocytes /
150531

In vitro metabolites of sotorasib included M1 and M5
(hydroxylation and glutathione addition); M2 (acrylamide
hydrolysis); M6, M9, M18, M22, and M23 (hydroxylation); M7
(sulfation and hydroxylation); M8 (oxidation/reduction); M10
(cysteine adduct); M12 (glutathione addition); M13
(glucuronidation); M14 (dihydrodiol formation); M16
(hydroxylation and glucuronidation); M17 (dihydroxylation); and
M24 [bond cleavage between the 6-fluoro-7-(2-fluoro-6hydroxyphenyl)-3,4-dihydropyrido[2,3-d]pyrimidin-2(1H)-one and
piperazine acrylamide structures].
DĞƚĂďŽůŝƚĞƐ ƉƌĞƐĞŶƚ ŝŶ ŚƵŵĂŶ ŚĞƉĂƚŝĐ ŵŝĐƌŽƐŽŵĞƐ ŝŶ ǀŝƚƌŽ Ăƚ шϱй
of total mass spectrometry (MS) response were M18 (9.9%) and
M24 (6.7%). Metabolites present in human hepatocytes in vitro at
шϱй ŽĨ ƚŽƚĂů D^ ƌĞƐƉŽŶƐĞ ǁĞƌĞ DϭϬ ;ϵ͘ϵйͿ͕ Dϭϴ ;ϳ͘ϵйͿ͕ ĂŶĚ DϮϰ
(5.3%). There were no unique human metabolites, although M2
was present at higher levels in human hepatocytes compared to
animal hepatocytes.

Percent Distribution of Metabolites in Hepatic Microsomes with NADPH Cofactor

(Applicant Table reproduced from Study #150531)
Trace = Percent of total MS response ख़1%
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Percent Distribution of Metabolites in Hepatocyte Incubations

(Applicant Table reproduced from Study #150531)
Trace = Percent of total MS response ख़1%

Peak Area Ratios for AMG 510 and
Identified Human Metabolites in
Matrix-Normalized Rat, Dog, and
Human Plasma Samples / 153303

The Applicant compared the metabolic profiles of sotorasib
in plasma collected from rats (Study #152458; 200
mg/kg/day), dogs (Study #150433; 1000 mg/kg/day), and
humans (Study #20170543; 960 mg/day) on Days 27, 90,
and 8, respectively. Pooled plasma samples from in vivo
studies from one species were mixed with control plasma
from another species to minimize the potential for matrixbased interference in the mass spectrometry analysis. The
outputs of the mixed matrix experiments were relative
ratios of metabolites in each species that have been matrix
normalized for cross-species comparison, and are not
directly comparable to PK parameters obtained from other
clinical or nonclinical PK studies. In human plasma,
sotorasib underwent primary oxidative N-dealkylation,
glutathione conjugation, oxidation, and, to a lesser extent,
hydrogenation, lysine conjugation, and glucuronide
conjugation. Secondary metabolism included amide
hydrolysis, glucuronidation, and N-acetylation. 14
metabolites were detected in human plasma. The most
abundant human metabolites were M10 (11.9% of total
peak area exposure) and M24 (15.2% of total peak area
exposure); the other human metabolites were detected at
ख़5% of total peak area exposure. There were no unique
human metabolites, although M63 (0.504%), M48 (3.52%),
and M18 (2.16%) were present at higher levels in human
plasma compared to rat and dog plasma.
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Percent Distribution of Metabolites in Matrix-Normalized Pooled Human, Rat, and Dog Plasma Samples

(Applicant Table reproduced from Study #153303)
Bl. = Normalized with blank human, rat, or dog plasma; BLQ = Below the limit of quantitation; ND = Peak not detected

In Vitro Characterization of the
Glutathione Conjugation of AMG 510 /
154076
Excretion
Excretion and Metabolism of AMG 510
Following Intravenous and Oral Bolus
Administration in Male SpragueDawley Rats / 124686

In vitro M12 formation is primarily caused by inherent
chemical reactivity with limited enzymatic contribution
from glutathione transferase (GST) M1 and GST S1.
Following single oral (10 mg/kg) or IV (1 mg/kg)
administration of sotorasib to male BDC SD rats, there was
low recovery of drug in urine, bile, and feces. Sotorasib
recovery after oral administration was 0.3%, 0.15%, and
1.8% of dose in urine, bile, and feces, respectively (2.2%
total). M24 recovery after oral administration of sotorasib
was 0.06%, 0.25%, and 0.38% of dose in urine, bile, and
feces, respectively (0.69% total).
Metabolite profiling results following oral administration of
10 mg/kg sotorasib:
Plasma: M24 (29.3% of total MS peak area)
Urine: M20 was detected at 29.7% of total MS peak area.
Additional metabolites detected at ш5% included M15
(6.2%) and M18 (6%). Metabolites detected at ख़5%
included M3, M4, M10, M13, M16, M21, and M24.
Bile: Metabolites detected at ग़10% of total MS peak area
included M4 (17.7%) and M16 (34.4%). Additional
metabolites detected at ш5% included M13 (8%) and M24
(8.3%). Metabolites detected at ख़5% included M3, M10,
M18, M19, and M20.
Feces: M21, M24, and M11 were detected at 6.7%, 0.6%,
and 0.5% of total MS peak area, respectively.
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Pharmacokinetics, Absorption,
Metabolism, and Excretion of 14C-AMG
510 Following Oral Administration to
Dogs / 153304

Following single oral administration of 500 mg/kg (38.4
μCi/kg) 14C-sotorasib to male and female Beagle dogs, 14Csotorasib-derived radioactivity was generally quantifiable in
the blood and plasma for 0.5-8 hours post-dose, and mean
Tmax was 3-4 hours post-dose. Exposure was ч3-fold higher
in females compared to males. 14C-sotorasib-derived
radioactivity partitioned primarily to the plasma. The
majority of 14C-sotorasib-derived radioactivity was excreted
in the feces (89.6-92.7% of administered dose), whereas
urine was a minor excretion pathway (2.17-3.05% of
administered dose). Sotorasib was primarily metabolized by
glutathione conjugation along with minor oxidative Ndealkylation and glucuronidation. 11 metabolites were
identified. The most abundant plasma metabolites were
M10/M48 (60-64.4%) and M24 (20-21.3%). M12, M67,
M30, M13, M22, and M37 were detected at ख़10% of total
radioactivity. M37, M65, M66, M30, M68, M69, M10, M13,
and M24 were detected at ख़2% of the radioactive dose in
urine. In feces, unchanged sotorasib accounted for 99.5103% of the radioactive dose, whereas M10, M22, and
M60/M70 were detected at ч4% of radioactive dose. Thus,
sotorasib was excreted primarily as unchanged drug in
feces in dogs.
M10, M24, and M18 were circulating human metabolites.
There were no human-specific metabolites. M18 was
present at higher levels in human plasma compared to
rat/dog plasma; however, there was adequate safety
coverage considering the higher exposures achieved in the
rat studies and the metabolite’s overall low exposure in
humans. No additional toxicological assessment of
metabolites is warranted.

SD = Sprague-Dawley; BDC = Bile duct cannulated; Hrs = Hours

Toxicology
General Toxicology
The Applicant’s Position:
All the pivotal nonclinical studies were conducted in GLP testing facilities in the United States
and Canada, countries that are signatories of the Organisation for Economic Cooperation and
Development Mutual Acceptance of Data programme in accordance with the Organisation for
Economic Cooperation and Development Test Guidelines and Principles of GLP.
The Sprague Dawley rat and beagle dog were selected as species for nonclinical safety
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evaluation of sotorasib. The human metabolites formed in vitro were also produced in the rat
and dog in vitro (liver microsomes/hepatocytes). The oral route of administration was chosen
for in vivo nonclinical studies based on the intended clinical route of administration.
28-Day Rat Toxicology (Study 150428)
Sotorasib was well tolerated in the GLP 28-day rat toxicology study at 30, 100, and
200 mg/kg/day; the severely toxic dose in 10% of animals (STD10) was > 200 mg/kg. Key
sotorasib-related changes in the rat were minimal to mild and included increased leukocytes, a
decrease in red blood cell (RBC) mass (hemoglobin, RBC count, and hematocrit), and by light
microscopy, kidney tubular epithelial degeneration/necrosis restricted to the proximal tubules
in the outer stripe of the outer medulla (OSOM).
3-Month Rat Toxicology (Study 150432)
In the GLP 3-month rat toxicology study with a 2-month recovery, higher dose levels were
evaluated (60, 180, and 750 mg/kg/day), which were associated with systemic exposure that
exceeded the human clinical exposures. Key sotorasib-related changes in the rat were a
ŵŝŶŝŵĂů ƚŽ ŵŽĚĞƌĂƚĞ ĚĞĐƌĞĂƐĞ ŝŶ Z ŵĂƐƐ Ăƚ ш 60 mg/kg, a minimal to moderate increase in
ƚŽƚĂů ďŝůŝƌƵďŝŶ Ăƚ ш 180 mg/kg and gamma-glutamyltransferase at 750 mg/kg, a mild increase in
cholesterol at ш 60 ŵŐͬŬŐ͕ Ă ŵŝůĚ ƚŽ ŵĂƌŬĞĚ ĚĞĐƌĞĂƐĞ ŝŶ ƚƌŝŐůǇĐĞƌŝĚĞƐ Ăƚ ш 180 mg/kg, and a
minimal to moderate decrease in globulins at 750 mg/kg. Renal tubular degeneration/necrosis
was observed, with similar characteristics as those observed in the 28-day study (eg, proximal
tubules of the OSOM) associated with clinical pathology, macroscopic, and kidney weight
changes. Renal tubular degeneration/necrosis increased in both incidence and severity
(minimal to marked) compared to the renal changes in the 28-day study. The increased renal
toxicity in the 3-month rat study was attributed to the longer study duration and higher
systemic exposures to sotorasib. At the end of the recovery phase, there was partial recovery
of sotorasib-related kidney changes at all dose levels accompanied with interstitial fibrosis and
glomerulosclerosis, which would not be expected to be reversible. The STD10 for the 3-month
rat study was 180 mg/kg.
FDA Additional Comment on 3-Month Rat Toxicology Study:
Following 2 months of recovery, findings in the kidney included mild tubular
regeneration/regeneration at dose levels шϲ0 mg/kg and minimal tubular dilatation at dose
levels ш 180 mg/kg, suggesting partial recovery because degeneration/regeneration may be
considered a normal regenerative response to degeneration/necrosis. In addition to the
findings highlighted by the Applicant, one high dose recovery cohort rat was euthanized on Day
126 due to poor clinical condition associated with malignant nephroblastoma.
28-Day Dog Toxicology (Study 150429)
Sotorasib was well tolerated in the GLP 28-day dog toxicology study at 30, 100, and
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300 ŵŐͬŬŐͬĚĂǇ͖ ƚŚĞ ,E^d ǁĂƐ ш 300 mg/kg. Key sotorasib-related changes in the dog
consisted of a minimal to mild decrease in RBC mass associated with decreased reticulocytes.
FDA Additional Comment on 28-Day Dog Toxicology Study:
The HNSTD was 300 mg/kg.
3-Month Dog Toxicology (Study 150433)
In the GLP 3-month dog toxicology study, higher dose levels were evaluated (200 and
1000 mg/kg/day administered as 100 and 500 mg/kg twice daily [BID]) to achieve higher
systemic exposure; however, the exposure at both dose levels in the dog was lower than the
exposure observed in the rat toxicology studies and in human clinical studies. Sotorasib-related
changes included abnormal content in the gall bladder, minimal to mild changes in hematology
(decrease in RBC mass) and minimal to mild changes in serum chemistry parameters (increase
in total bilirubin, alkaline phosphatase, cholesterol and triglycerides). Light microscopic
changes were observed in the liver (hepatocellular hypertrophy with increased liver weight),
pituitary (hypertrophy of basophils with increased pituitary weight), and thyroid gland
(decreased colloid and hypertrophy of follicular epithelium with decreased thyroid weight).
These changes were considered to be nonseverely toxic and attributed to an adaptive or
secondary response to hepatocellular enzyme induction. No renal toxicity was identified in the
dog. The HNSTD was 1000 mg/kg/day.
The FDA’s Assessment (all data entered by FDA):
Study title/ number: AMG 510: A 3-Month Oral Toxicology Study in the Sprague Dawley Rat
with a 2-Month Recovery Period / 150432
Key Study Findings
x One high dose recovery cohort rat was euthanized on Day 126 due to poor clinical
condition associated with malignant nephroblastoma
x Sotorasib induced decreased body weight, decreased RBC parameters, increased WBCs
and platelets, and kidney toxicity (tubular degeneration/necrosis and increased weight,
urea nitrogen, creatinine, and urinary biomarkers of tubular/renal injury)
x Target organs included the kidney, spleen, and pancreas
GLP compliance: Yes
Methods
Dose and frequency of dosing:
Route of administration:

0, 60, 180, and 750 mg/kg once daily for 91 days
Oral gavage
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Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Age:
Satellite groups/ unique design:
Deviation from study protocol
affecting interpretation of results:

20% Captisol, pH 2.2 in Reverse Osmosis
Deionized Water
Rat / Sprague-Dawley
10/sex/group (main)
5/sex/group (2-month recovery period)
8 weeks old
Toxicokinetic: 5/sex/group
No

Observations and Results: changes from control
Parameters
Mortality

Clinical Signs

Major findings
There were 3 mortalities in 1 MD (#3006) and 2 HD (#4001 and #4004)
rats on Days 41-87 due to apparent complications from the oral
gavage procedure; these were not considered drug-related.
One HD recovery cohort female rat (#4512) was euthanized on Day
126 due to poor clinical condition (red urine, decreased activity, firm
internal abdominal structure) associated with a unilateral kidney mass
that correlated histologically with malignant nephroblastoma. This
preterm decedent exhibited shallow/labored breathing, red discolored
urine, firm internal abdominal structure, erected fur, hunched
posture, skin pallor, and decreased activity; tan and red discolored
lungs; red/dark red firm solid mass on left kidney with pockets of red
gelatinous material that correlated histologically with malignant
nephroblastoma including widespread necrosis and acute
hemorrhage; minimal hyaline droplet accumulation in kidney tubules
associated with epithelial cell degeneration; moderate centrilobular
necrosis in liver; mild increased hematopoiesis in red pulp of spleen;
minimal hemorrhage/decreased lymphoid cellularity in thymus.
See clinical signs in preterm decedent #4512 above. Erected fur was
seen Ăƚ ĚŽƐĞ ůĞǀĞůƐ шϲϬ ŵŐͬŬŐ͕ ďƵƚ ǁĂƐ ŶŽƚ ĚŽƐĞ ĚĞƉĞŶĚĞŶƚ ŝŶ ŵĂůĞ
rats.
60 mg/kg: Hunched posture
180 mg/kg: Salivation, vocalization
750 mg/kg: Abdominal distension, abnormal gait (n=4), decreased
activity (n=2), prominent backbone (n=8), cold to touch, suspected
dehydration (n=7), eye(s) closed (n=13), ungroomed/wet fur (n=7),
hunched posture (n=29), salivation (n=10), discolored skin (n=3), skin
pallor (n=2), thinness (n=8), vocalization (n=3)
*Finding was in one rat unless otherwise indicated; totals include
preterm decedents
Clinical signs generally showed evidence of recovery.
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Body Weights and Feed
Consumption

Ophthalmoscopy
Hematology

750 mg/kg males: ч24% decrease in body weight compared to
controls, ǁŚŝĐŚ ĐŽƌƌĞůĂƚĞĚ ǁŝƚŚ Ă чϱϬй ĚĞĐƌĞĂƐĞ ŝŶ ĨŽŽĚ ĐŽŶƐƵŵƉƚion
750 mg/kg females: ч12% decrease in body weight compared to
controls, ǁŚŝĐŚ ĐŽƌƌĞůĂƚĞĚ ǁŝƚŚ Ă чϰϳй ĚĞĐƌĞĂƐĞ ŝŶ ĨŽŽĚ ĐŽŶƐƵŵƉƚŝŽŶ
Sotorasib-induced lower body weight was generally due to decreased
body weight gain. Decreased body weight did not show evidence of
recovery in male rats and was still 18% lower than controls prior to
recovery necropsy.
There were no dose-related findings
Findings included decreased mean RBC parameters and fibrinogen and
increased mean platelets, WBCs, lymphocytes, basophils, eosinophils,
monocytes, neutrophils, large unstained cells, and mean platelet
volume.

Hematology: % Change from Concurrent Control (3-month Study; Rats)
Male
Female
Test
Day 60 mg/kg 180 mg/kg 750 mg/kg 60 mg/kg 180 mg/kg
92
2.00%
-4.24%
-17.04%
1.40%
10.94%
Fibrinogen
148
-1.95%
7.30%
0.78%
-0.86%
-8.42%
92
25.00%
-16.67%
71.88%
11.11%
400.00%
Basophils
148 -46.67%
-73.33%
-46.67%
-100.00% -100.00%
92
5.71%
17.46%
96.43%
-3.13%
153.85%
Eosinophils
148 -11.35%
-17.84%
-30.81%
13.10%
-19.05%
92
-6.11%
-11.22%
-24.79%
-7.45%
-13.64%
Red Blood Cells
148
-2.17%
-2.07%
-6.76%
-0.50%
-2.57%
92
-3.34%
-8.16%
-16.31%
-5.50%
-11.25%
Hemoglobin
148
-5.16%
-3.60%
-4.73%
-1.29%
-3.53%
92
17.86%
24.34%
181.25%
-30.56%
107.50%
Large Unstained Cells
148 -40.95%
-16.19%
-40.95%
97.37%
36.84%
92
10.48%
8.20%
66.67%
-4.37%
74.60%
White Blood Cells
148 -14.12%
-13.59%
-25.57%
19.82%
-4.67%
92
20.28%
20.96%
58.03%
-0.13%
76.23%
Lymphocytes
148
-7.92%
-11.75%
-27.37%
22.75%
-7.00%
92
2.02%
3.52%
6.66%
0.44%
1.07%
Mean Platelet Volume
148
-2.90%
-3.75%
-2.69%
-2.36%
0.21%
92
-13.99%
-14.95%
146.91%
-21.96%
73.81%
Monocytes
148 -23.90%
-24.88%
-17.07%
1.56%
-8.33%
92
-18.26%
-31.55%
73.09%
-19.99%
56.46%
Neutrophils
148 -32.54%
-17.12%
-18.81%
6.17%
3.77%
92
6.79%
16.19%
43.52%
8.29%
28.96%
Platelets
148
-4.87%
5.28%
-2.65%
-1.46%
2.50%
92
3.36%
10.65%
-2.88%
-6.79%
4.38%
Reticulocytes
148
-4.40%
-8.88%
-13.70%
-8.42%
0.60%

750 mg/kg
-18.83%
6.37%
700.00%
25.00%
112.82%
13.10%
-35.64%
-5.63%
-26.57%
-6.99%
227.50%
51.32%
131.50%
0.34%
80.87%
-5.25%
2.88%
-1.29%
410.71%
11.98%
344.98%
15.59%
66.49%
12.11%
58.25%
3.62%

% relative to controls during on Day 92; R = denotes Recovery group (ĂǇ ϭϰϴͿ͖ 'ƌĞĞŶ ĚĞŶŽƚĞƐ йј͖ ŽůĚ͗ W ч Ϭ͘Ϭϱ͖ ŽůĚ ĂŶĚ ŝƚĂůŝĐ͗ W ч Ϭ͘Ϭϭ
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Clinical Chemistry

Findings included increased mean bilirubin, cholesterol, phosphate,
and potassium and decreased mean calcium, chloride, sodium
(females only), globulin, and triglycerides. Increased creatinine and
urea nitrogen were present ŝŶ ŝŶĚŝǀŝĚƵĂů ƌĂƚƐ ĚŽƐĞĚ ǁŝƚŚ ш180 mg/kg
sotorasib that exhibited moderate or marked tubular
degeneration/necrosis in the kidney.

Clinical Chemistry: % Change from Concurrent Control (3-month Study; Rats)
Male
Female
Test
Day 60 mg/kg 180 mg/kg 750 mg/kg 60 mg/kg 180 mg/kg 750 mg/kg
92
1.60%
4.00%
10.67%
3.80%
2.40%
1.00%
Albumin
148
-2.59%
-1.55%
2.07%
2.87%
8.20%
8.09%
92
7.69%
12.43%
55.33%
0.00%
0.76%
42.21%
Albumin/Globulin
148
-1.20%
4.82%
19.28%
1.56%
9.38%
-2.34%
92
-10.00%
-12.96%
366.67%
48.44%
129.69%
375.00%
Bilirubin
148 -20.00%
-22.50%
-17.50%
34.62%
9.62%
15.38%
92
0.40%
-1.08%
-5.51%
1.31%
-0.56%
-11.51%
Calcium
148
-2.46%
-1.14%
-1.89%
0.55%
2.73%
1.36%
92
-0.29%
-0.63%
-4.40%
-0.49%
-1.77%
-9.33%
Chloride
148
1.73%
0.19%
2.50%
-1.16%
-0.39%
2.08%
92
25.30%
39.71%
31.10%
24.88%
38.86%
-6.31%
Cholesterol
148 -21.05%
-2.75%
-10.30%
12.37%
15.51%
20.81%
92
-5.38%
-6.33%
-28.25%
3.66%
1.05%
-26.70%
Globulin
148
-1.71%
-5.98%
-14.53%
1.04%
-2.08%
9.38%
92
7.35%
13.20%
39.53%
7.91%
16.89%
24.81%
Phosphate
148
-5.08%
-5.61%
-4.01%
-11.04%
-1.49%
-8.96%
92
2.22%
9.09%
7.83%
4.94%
12.10%
20.99%
Potassium
148
0.81%
-4.03%
0.40%
-0.47%
3.30%
5.54%
92
-0.21%
-0.15%
-0.76%
-0.21%
-0.85%
-4.81%
Sodium
148
0.14%
0.14%
0.56%
-0.70%
0.00%
1.27%
92
-15.87%
-10.68%
-48.91%
-17.21%
-26.52%
-62.96%
Triglycerides
148
-7.29%
-7.29%
-28.95%
55.52%
-4.22%
3.08%
% relative to controls during on Day 92; R = denotes Recovery group (ĂǇ ϭϰϴͿ͖ 'ƌĞĞŶ ĚĞŶŽƚĞƐ йј͖ ŽůĚ͗ W ч Ϭ͘Ϭϱ͖ ŽůĚ ĂŶĚ ŝƚĂůŝĐ͗ W ч Ϭ͘Ϭϭ

Urinalysis

Urinary findings included increased mean urine volume and urinary
excretion of glucose/creatinine (see Table below). In addition,
treatment with 750 mg/kg sotorasib resulted in an increase in protein
and WBCs in the urine and an increase in urinary biomarkers of
tubular/renal injury beginning on Day 8 including KIM-ϭ ;чϲϱϱйјͿ͕
KIM-ϭͬĐƌĞĂƚŝŶŝŶĞ ;чϭϲϭϰйјͿ͕ ĐůƵƐƚĞƌŝŶ ;чϱϬϯйјͿ͕ ĂŶĚ
ĐůƵƐƚĞƌŝŶͬĐƌĞĂƚŝŶŝŶĞ ;чϭϯϲϭйјͿ͘ /ŶĐƌĞĂƐĞƐ ŝŶ ƚŚĞƐĞ ďŝŽŵĂƌŬĞƌƐ
trended towards recovery.

Urinalysis: % Change from Concurrent Control (3-month Study; Rats)
Male
Female
Test
Day 60 mg/kg 180 mg/kg 750 mg/kg 60 mg/kg 180 mg/kg
Specific Gravity
8
-0.23%
-0.54%
-0.49%
-0.29%
-0.30%

750 mg/kg
-0.72%
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Test

Volume

Glucose/Creatinine

Potassium

Sodium

Day
29
57
92
120
148
8
29
57
92
120
148
8
29
57
92
120
148
8
29
57
92
120
148
8
29
57
92
120
148

60 mg/kg
-0.44%
-0.54%
-0.08%
-0.18%
-0.99%
15.26%
26.40%
59.69%
50.44%
34.88%
25.71%
-5.74%
-9.79%
-8.53%
-9.71%
8.75%
9.54%
-12.28%
-20.00%
-6.77%
2.02%
-20.46%
-18.51%
-23.87%
-34.41%
-5.94%
8.20%
27.69%
-39.81%

Male
180 mg/kg
-0.71%
-0.96%
-0.51%
-0.55%
-1.33%
56.69%
100.26%
105.30%
119.91%
107.09%
93.08%
1.94%
-6.65%
3.68%
1.11%
3.01%
10.00%
-39.62%
-30.91%
-34.68%
-22.61%
-35.16%
-41.05%
-45.04%
-53.76%
-40.31%
-53.21%
33.85%
-4.85%

750 mg/kg
-1.20%
-1.03%
-0.35%
0.94%
-0.74%
74.47%
152.94%
103.28%
60.08%
-45.59%
-21.61%
211.67%
439.58%
298.37%
2.192%
36.59%
0.62%
-51.95%
-65.90%
-51.41%
-25.25%
61.55%
-5.13%
-64.71%
-52.57%
-32.87%
-2.92%
196.92%
52.43%

60 mg/kg
-0.14%
-0.03%
0.00%
0.63%
0.47%
-0.69%
44.89%
15.54%
-25.76%
-51.74%
-18.84%
-12.21%
0.63%
-3.40%
-28.81%
-26.23%
8.86%
-43.74%
12.55%
9.49%
-1.44%
85.34%
36.73%
-41.43%
-6.67%
-11.88%
-32.14%
102.56%
71.43%

Female
180 mg/kg
-0.30%
0.13%
-0.09%
0.93%
0.32%
-23.46%
18.63%
-9.39%
-13.09%
-74.03%
-44.98%
-15.90%
3.76%
6.51%
406.98%
-32.43%
-1.09%
-35.33%
-6.33%
24.79%
-13.22%
82.13%
26.91%
-28.44%
-31.42%
-11.30%
-44.39%
32.05%
11.90%

750 mg/kg
-0.58%
-0.06%
-0.18%
1.33%
0.71%
100.38%
123.81%
37.56%
-6.80%
-68.03%
-42.38%
320.38%
177.62%
275.87%
143.76%
-32.62%
-1.74%
-59.58%
-11.56%
2.88%
-9.75%
130.93%
97.86%
-53.11%
-1.75%
5.17%
21.94%
26.92%
32.44%

% relative to controls͖ 'ƌĞĞŶ ĚĞŶŽƚĞƐ йј͖ ŽůĚ͗ W ч Ϭ͘Ϭϱ͖ ŽůĚ ĂŶĚ ŝƚĂůŝĐ͗ W ч Ϭ͘Ϭϭ

Gross Pathology

Organ Weights

Small testes at 60 and 750 mg/kg correlated histologically with severe
seminiferous tubule degeneration. Roughened surface/pale and dark
discoloration of the kidney at 750 mg/kg correlated histologically with
marked and mild, respectively, bilateral tubular
degeneration/necrosis. One HD rat had a small pancreas, which
correlated histologically with minimal secretory depletion of acinar
cells. Rats exhibited dilation of the cecum (180 and 750 mg/kg), colon,
and stomach (750 mg/kg).
The main finding was increased kidney weight in rats dosed with ш60
mg/kg sotorasib compared to controls (up to 66% in HD males). There
was also a statistically significant increase in mean liver weight
compared to controls (up to 58%) in HD females, which did not
correlate with any histologic findings.
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Histopathology
Adequate battery: Yes; all
tissues were examined from control
and HD rats. Target organs and gross
lesions were also examined from LD
and MD rats.

Toxicokinetics

Day

1

91

See Table 6. Major target organs included the kidney, spleen, and
pancreas. One HD recovery cohort rat (#4514) exhibited minimal liver
necrosis correlating with increased ALT/AST. Chronic tubular
degeneration/necrosis in the kidney was characterized by tubular
basophilia, thickened tubule basement membranes, dilated tubules,
nuclear crowding of tubule epithelium, acute tubular necrosis,
degeneration/regeneration of tubular epithelium, interstitial fibrosis,
glomerulosclerosis, interstitial mixed cell infiltrate, and hyaline casts
in the cortex and medulla.
T1/2: Not calculated
Dose proportionality: Cmax increased less than dose proportionally.
AUClast generally increased dose proportionally.
Accumulation: Yes, чϮ-fold on Day 91 compared to Day 1 except there
was evidence of 2.7-fold accumulation in AUClast in MD male rats on
Day 91 compared to Day 1
Sex differences: LD and MD females exhibited ч2.4-fold and ч2.6-fold
higher Cmax and AUClast, respectively, compared to males
Summary of Toxicokinetics (3-month Study; Rats)
AUClast
Tmax
Dose
Cmax
(μg/mL)
(μg·hr/mL)
(hr)
(mg/kg)
M
F
M
F
M
F
60
3.01
6.79
7.28
14.2
0.5
0.5
180
4.14
7.11
18.1
47.2
0.5
0.5
750
11.4
14
107
126
2.0
0.5
60
4.3
10.2
11.6
20.2
0.5
0.5
180
7.7
12.5
49.3
78.1
1.0
1.0
750
22.9
21
203
213
2.0
NA

Hr = hours; NA = Not applicable; AUClast = AUC from time zero to the time of last quantifiable concentration (up to 24 hours)
HD: High dose (750 mg/kg); MD: Mid dose (180 mg/kg); LD: Low dose (60 mg/kg)

Table 7: Selected Histopathology Findings (3-month Study; Rats) (FDA Table)
Organ/Tissue

Finding

SPLEEN

CELLULARITY, DECREASED
Increased hematopoiesis

DEGENERATION/NECROSIS
KIDNEY
DILATATION
BASOPHILIA
DEGENERATION/
REGENERATION

Result Modifier
Dose (mg/kg)
# Animals Examined
Minimal
white pulp
Mild
red pulp
Minimal
# Animals Examined
bilateral/unilateral;
Minimal
tubular,CHRONIC
Mild
bilateral;
Moderate
tubular,CHRONIC
Marked
unilateral; pelvis
Minimal
bilateral/unilateral;
tubular
bilateral; tubular

0
10,5R

10,5R

10,5R

9,5R

5

4

1

4

1R

Mild

# Animals Examined

Male
60
180
10
9

0

0
10,5R

8,5R

10,5R

4R

6
1
1
1,5R

2R

2R

1R
10,5R

750
8,5R
3

Female
60
180
10
10

10,5R

1
10,5R

750
10,4R
7
1
8
10,4R

1

1

4

2
1

6

2R

3R

1R

1R
0

8,5R

10,5R

0
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Organ/Tissue
GLAND, ADRENAL
GLAND,
PITUITARY
LIVER

Finding
Infiltration, mixed cell
Pigmented macrophage
NECROSIS
Inflammation, mixed cell
Secretory depletion,
acinar cell

PANCREAS

EPIDIDYMIS
GLAND, PROSTATE

Result Modifier
Dose (mg/kg)
bilateral; cortical
# Animals Examined
pars distalis
Mild
# Animals Examined
Multifocal
Minimal
# Animals Examined
islet of langerhans
Minimal
Mild
# Animals Examined
unilateral
Severe

Reduced sperm, lumen
Infiltration, mononuclear
cell

unilateral
unilateral;
seminiferous tubule

DEGENERATION

Male
60
180

Severe

Female
60
180

750

0
9,5R

0

0

10,5R

0

0

10,5R

10

10

0

0

0

10,4R
1R
10,4R
1
3
1
0

0

0

0

0

10,5R

0

0

10,5R

0

0

8,5R
1
8,5R

10,5R

10

9

8,5R
1

10,5R

0

0

10,5R

1

0

Minimal
# Animals Examined

TESTIS

0

1

8,5R
1R
1R
8,5R
1R

Study title/ number: AMG 510: A 3-Month BID Oral Toxicology Study in the Beagle Dog
/ 150433
Key Study Findings
x There was no mortality
x Sotorasib induced decreased RBC parameters and eosinophils and increased ALP,
bilirubin, cholesterol, and triglycerides compared to controls
x Target organs included the thyroid gland, pituitary gland, liver, gall bladder, and thymus
GLP compliance: Yes
Methods
Dose and frequency of dosing:
Route of administration:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Age:
Satellite groups/ unique design:
Deviation from study protocol
affecting interpretation of results:

0, 100, and 500 mg/kg twice daily (0, 200, and
1000 mg/kg/day) for 91 days
Oral gavage
2% Hydroxypropyl methylcellulose (HPMC) 1%
Tween 80, pH 2.4
Dog / Beagle
3/sex/group; no recovery cohort
10-15 months old
None / None
No
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750
1
10,4R

NDA/BLA Multi-disciplinary Review and Evaluation {NDA 214665}
LUMAKRAS™ (sotorasib)
Observations and Results: changes from control
Parameters
Mortality
Clinical Signs

Major findings
None
200 mg/kg/day: Eye discharge (n=4), wet fur (n=3)
1000 mg/kg/day: Increased activity, labored breathing, food partly
digested (n=3), swollen forepaw, thin, vocalization
*Finding was in one dog unless otherwise indicated

Oily fur and salivation were observed at dose levels ш200 mg/kg/day
There was a ч13% decrease in mean body weight in dogs dosed with
ш200 mg/kg/day sotorasib compared to controls which correlated
with statistically significant decreases in food consumption; however,
there were no statistically significant decreases in body weight gain
compared to controls, and changes in food consumption were not
dose-dependent.
Ophthalmoscopy
Unremarkable
ECG
Unremarkable
Hematology
Findings included decreased RBC parameters and eosinophils and
increased large unstained cells compared to controls on Days 59 and
92 (Day 92 findings shown in table below).
Hematology: % Change from Concurrent Control (3-Month Study; Dogs)
Male
Female
Test
200 mg/kg/day 1000 mg/kg/day 200 mg/kg/day 1000 mg/kg/day
Eosinophils
-56.41%
-38.46%
-78.13%
-67.71%
Red Blood Cells
-18.01%
-24.30%
-19.61%
-27.99%
Hemoglobin
-19.49%
-22.83%
-14.65%
-24.94%
Large Unstained Cells
133.33%
266.67%
60.00%
140.00%
Reticulocytes
-29.32%
-48.15%
-25.95%
103.96%
Body Weights and Feed
Consumption

% relative to controls during on Day 92; Green ĚĞŶŽƚĞƐ йј͖ ŽůĚ͗ W ч Ϭ͘Ϭϱ͖ ŽůĚ ĂŶĚ ŝƚĂůŝĐ͗ W ч Ϭ͘Ϭϭ

Clinical Chemistry

Findings included increased ALP, bilirubin, cholesterol, and
triglycerides compared to controls. Increases in creatinine and urea
nitrogen were not dose-dependent.
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NDA/BLA Multi-disciplinary Review and Evaluation {NDA 214665}
LUMAKRAS™ (sotorasib)
Clinical Chemistry: % Change from Concurrent Control (3-month Study; Dogs)
Male
Female
Test
Day 200 mg/kg/day 1000 mg/kg/day 200 mg/kg/day 1000 mg/kg/day
59
4.20%
101.40%
15.33%
24.09%
Alkaline Phosphatase (ALP)
92
15.38%
146.92%
47.69%
233.85%
59
56.00%
84.00%
300.00%
250.00%
Bilirubin
92
-6.06%
24.24%
147.83%
178.26%
59
68.62%
66.98%
49.89%
51.18%
Cholesterol
92
83.73%
139.86%
97.64%
143.50%
59
33.33%
14.29%
30.00%
20.00%
Creatinine
92
33.33%
23.81%
23.81%
9.52%
59
-0.88%
21.93%
4.42%
7.08%
Phosphate
92
3.25%
13.01%
20.00%
3.33%
59
18.18%
4.55%
33.33%
18.42%
Triglycerides
92
45.28%
68.87%
74.04%
77.88%
59
16.67%
20.83%
25.49%
23.53%
Urea Nitrogen
92
52.08%
37.50%
61.02%
11.86%
% relative to controls ĚƵƌŝŶŐ ŽŶ ĂǇƐ ϱϵͬϵϮ͖ 'ƌĞĞŶ ĚĞŶŽƚĞƐ йј͖ ŽůĚ͗ W ч Ϭ͘Ϭϱ͖ ŽůĚ ĂŶĚ ŝƚĂůŝĐ͗ W ч Ϭ.01

Urinalysis
Gross Pathology

Unremarkable
Pale discoloration of the thyroid gland correlated histologically with
marked follicular cell atrophy. Abnormal content of the gallbladder
consisting of black particulate material considered bile sludge was
seen at dose levels ш200 mg/kg/day, which did not correlate with any
histologic findings.
Gross Pathology Findings (3-month Study; Dogs)
Male
Female
Organ/Tissue
Dose (mg/kg/day) 0 200 1000 0 200 1000
GALLBLADDER
Abnormal content
1
2
PITUITARY GLAND
Cyst, clear
1
THYROID GLAND
Discoloration, pale
1
LYMPH NODE, CERVICAL, SUPERFICIAL
Enlargement
1

Organ Weights

Findings included decreased mean thyroid/parathyroid gland and
thymus weights and increased mean liver and pituitary gland weights
compared to controls.
Organ Weights: % Change from Concurrent Control Relative to Body Weight (3-month Study; Dogs)
Male
Female
Organ/Tissue
200 mg/kg/day 1000 mg/kg/day 200 mg/kg/day 1000 mg/kg/day
PITUITARY GLAND
39.26%
42.33%
46.96%
19.13%
THYROID/PARATHYROID
-25.80%
-39.45%
-18.77%
-12.45%
GLAND
LIVER/GALLBLADDER
25.88%
36.57%
58.65%
56.78%
THYMUS
-37.26%
-52.94%
-40.08%
-47.90%
% relative to controls͖ 'ƌĞĞŶ ĚĞŶŽƚĞƐ йј͖ ŽůĚ͗ W ч Ϭ͘Ϭϱ

Histopathology
Adequate battery: Yes

See Table below. Major target organs included the thyroid gland,
pituitary gland, liver, and thymus.

73
Version date: January 2020 (ALL NDA/ BLA reviews)
Disclaimer: In this document, the sections labeled as “Data” and “The Applicant’s Position” are completed by the
Applicant and do not necessarily reflect the positions of the FDA.

Reference ID: 4803204

NDA/BLA Multi-disciplinary Review and Evaluation {NDA 214665}
LUMAKRAS™ (sotorasib)
Selected Histopathology Findings (3-month Study; Dogs)
Male
Result
Dose
Finding
0 200 1000
Modifier
(mg/kg/day)
# Animals Examined 3
3
3
bilateral;
Marked
1
ATROPHY
follicular cell
Moderate
2
1
bilateral;
Depletion
colloid
Marked
1
2
Mild
2
1
bilateral;
HYPERTROPHY
follicular cell
Moderate
1
1
Minimal
1
bilateral;
ATROPHY
tubular
Mild
1
HYPOSPERMATOGENESIS
bilateral
Minimal
1
Minimal
basophil; pars
HYPERTROPHY
distalis
Mild
1
Minimal
3
2
centrilobular;
HYPERTROPHY
hepatocellular
Mild
1
ABSCESS
Moderate
CELLULARITY,
lymphoid
1
1
DECREASED
Minimal
Inflammation, mixed cell

Organ/Tissue

GLAND,
THYROID

TESTIS
GLAND,
PITUITARY
LIVER
SKIN
THYMUS
TONGUE

Female
0

200

1000

3

3

3
1

3
2
1

2
1
1
1

2
1
1
2

2
1
2
1
1

1

1
1

Electron Microscopy (only control
and HD females examined)
Toxicokinetics

Day

1
90

Liver hepatocytes from HD female dogs contained greater amounts of
glycogen than liver hepatocytes from control female dogs
T1/2: Not calculated
Dose proportionality: Cmax and AUClast increased much less than dose
proportionally
Accumulation: None
Sex differences: None except Cmax and AUClast were 2.8-fold higher in
HD males compared to HD females on Day 1
Summary of Toxicokinetics (3-Month Study; Dogs)
AUClast
Tmax
Dose
Cmax
(μg/mL)
(μg·hr/mL)
(hr)
(mg/kg/day)
M
F
M
F
M
F
200
2.98
3.17
8.23
12.8
0.5
1.0
1000
6.11
2.19
26.9
10.3
13
14
200
4.05
4.17
12.7
12.6
13
13
1000
4.63
4.62
13.9
14.4
13
14

Hr = hours; NA = Not applicable; AUClast = AUC from time zero to the time of last quantifiable concentration (up to 24 hr)
HD: High dose (1000 mg/kg); LD: Low dose (200 mg/kg)

General toxicology; additional studies
FDA generally agrees with the Applicant’s summaries of the 28-day and 3-month repeat-dose
toxicology studies in rats and dogs with the exceptions discussed in the FDA Additional
Comments inserted in the Applicant’s position descriptions. Unusually, the Applicant evaluated
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NDA/BLA Multi-disciplinary Review and Evaluation {NDA 214665}
LUMAKRAS™ (sotorasib)
higher dose levels in the 3-month studies compared to the 28-day studies and did not include
recovery cohorts in either dog study. In the 28-day rat toxicology study (#150428), treatment
with the 200 mg/kg HD of sotorasib resulted in minimal sperm granuloma in the epididymis,
which showed evidence of recovery. Twenty-eight-day and 13-week toxicology studies of
sotorasib in rats revealed similar target organs, but with increased kidney toxicity and
pancreatic findings in the 3-month study (#150432). Target organs in the 3-month dog
toxicology study (#150433) not present at any dose level including the HD of 300 mg/kg in the
28-day dog toxicology study (#150429) included the thyroid gland, pituitary gland, liver, and
thymus.
Genetic Toxicology
The Applicant’s Position:
Sotorasib was negative for genotoxicity in the GLP bacterial mutation assay (Study 150436) and
the combined in vivo mammalian erythrocyte micronucleus test and alkaline comet assay in the
rat (Study 150435).
The FDA’s Assessment:
FDA generally agrees with the Applicant’s conclusions; however, in a non-GLP in vitro
micronucleus study in human peripheral blood lymphocytes (Study #124825), incubation with
80.8 μg/mL and 96.9 μg/mL sotorasib for 24 hours in the absence of S9 induced a statistically
significant increase in the incidence of micronucleated binuclear cells compared to the negative
control that was above the historical control range. Although sotorasib was positive for the
induction of micronuclei in this exploratory in vitro assay, sotorasib was negative for
genotoxicity in the GLP in vitro Ames assay (Study #150436) and in the GLP in vivo mammalian
erythrocyte micronucleus test and alkaline comet assay in rats using two different tissues at
doses up to 2000 mg/kg/day for up to 4 days (Study #150435). Thus, the overall weight of
evidence assessment is that sotorasib is non-genotoxic.
Carcinogenicity
The Applicant’s Position:
No carcinogenicity studies have been conducted nor are any planned in accordance with
International Council for Harmonisation (ICH) S9 (ICH, 2009).
The FDA’s Assessment:
FDA agrees that carcinogenicity studies are not needed to support the use of sotorasib in the
currently proposed indication per ICH S9.
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NDA/BLA Multi-disciplinary Review and Evaluation {NDA 214665}
LUMAKRAS™ (sotorasib)
Reproductive and Developmental Toxicology
The Applicant’s Position:
In the rat and rabbit embryo-fetal development toxicology studies, sotorasib was not
teratogenic. In the rat, there were no effects on embryo-fetal development up to the high dose
(540 mg/kg) tested (Study 150434). In the rabbit, lower fetal body weights and a reduction in
the number of ossified metacarpals in fetuses were observed only at the dose level (100 mg/kg)
associated with decreased body weight gain and food consumption in dams during dosing
phase (Study 150810). Reduced ossification as evidence of growth retardation associated with
reduced fetal body weight was interpreted as a nonspecific fetal effect in the presence of
significant maternal toxicity (Nitzsche, 2017).
The FDA’s Assessment (all data presented by FDA):
Fertility and Early Embryonic Development
Fertility and early embryonic development studies were not conducted or needed to support
the use of sotorasib in the currently proposed indication per ICH S9.
Embryo-Fetal Development
FDA generally agrees with the Applicant’s assessment of the embryofetal studies in rats and
rabbits, although sotorasib induced a slight increase in fetal skeletal variations [short rib(s) and
short cervical supernumerary rib(s)] in the rat study at dose lĞǀĞůƐ шϭϴϬ ŵŐͬŬŐ ĐŽŵƉĂƌĞĚ ƚŽ
controls. FDA’s assessment of both studies is below.
Study title/ number: AMG 510: Embryo-Fetal Development Toxicology Study in the Sprague
Dawley Rat / 150434
Key Study Findings
x Treatment with 540 mg/kg sotorasib resulted in reduced maternal body weight, body
weight gain, and food consumption compared to controls, suggesting maternal toxicity
x Sotorasib did not have significant adverse developmental effects or affect embryo-fetal
survival
GLP compliance:

Yes
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NDA/BLA Multi-disciplinary Review and Evaluation {NDA 214665}
LUMAKRAS™ (sotorasib)
Methods
Dose and frequency of dosing:

Route of administration:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Satellite groups:
Study design:

Deviation from study protocol
affecting interpretation of results:

0, 60, 180, and 540 mg/kg once daily from
Gestation Day (GD) 7 to 17
*Doses were selected based on the 3-month
toxicology study in non-pregnant rats. 540
mg/kg is slightly lower than the HD in the 3month study, which caused poor clinical
condition.
Oral gavage
20% Captisol in reverse osmosis (RO) deionized
water, pH 2.15 to 2.24
Rat / Sprague-Dawley
20 females/group
Toxicokinetic: 3 females/group
Time-mated female rats (mating confirmed on
GD 0) were received on GD 1, 2, 3, or 5 and
administered sotorasib once daily on GD 7-17.
Main study rats were euthanized on GD 21.
No

Observations and Results
Parameters
Mortality
Clinical Signs
Body Weights and Food Consumption

Gravid Uterine Weights
Necropsy findings

Major findings
None
One rat dosed with 540 mg/kg sotorasib exhibited brown eye
discharge on Days 15-17.
There was a statistically significant чϲй ĚĞĐƌĞĂƐĞ ŝŶ ŵĞĂŶ ďŽĚǇ
weight on GD 10-15 in rats dosed with 540 mg/kg sotorasib
compared to controls. Lower mean body weight gains (ч53%)
were observed in rats dosed with 540 mg/kg sotorasib
compared to controls on GD 7-10, 10-12, and 12-15. Lower
mean food consumption (ч31%) was observed in rats dosed
with 540 mg/kg sotorasib compared to controls at each
tabulated interval between GD 7 and GD 18.
Unremarkable
Gross Pathology
One rat dosed with 540 mg/kg sotorasib exhibited kidney
dilatation.
Cesarean Section Data
Unremarkable
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LUMAKRAS™ (sotorasib)
Cesarean Section Findings (Embryo-fetal development Study; Rats)
Dose (mg/kg)
0
60
180
# Mated females
20
20
20
# Pregnant (%)
20 (100%)
20 (100%)
20 (100%)
# Dams with live fetuses
20 (100%)
20 (100%)
20 (100%)
Mean # corpora lutea
14.2
14.5
13.9
Mean # implantation sites
12.1
13.2
12.2
Mean % pre-implantation loss
15.13%
7.77%
11.52%
Mean % post-implantation loss
10.96%
3.2%**
9.13%
Mean # early resorptions (%)
1.1 (5.5%)
0.5* (2.5%)
1.1 (5.5%)
Mean # late resorptions
0.1 (0.5%)
0 (0%)
0 (0%)
Mean total resorptions (%)
1.2 (6%)
0.5* (2.5%)
1.1 (5.5%)
Mean # dead fetuses
0
0
0
Mean # live fetuses
10.9
12.8
11.1
Mean fetal body weight (g)
5.883
5.929
6.097
Mean fetal sex ratio (% males)
47.39
46.41
52.76

540
20
20 (100%)
20 (100%)
14.4
13.5
6.12%
10.49%
1.5 (7.5%)
0 (0%)
1.5 (7.5%)
0
12
5.928
50.06

Ύ͕ W ч 0.05 vs. controls; **͕ W ч Ϭ͘Ϭ1 vs. controls; Mean % pre- and post-implantation loss were calculated by Applicant [% pre-implantation
loss = (# of corpora lutea - # of implants) / # of corpora lutea x 100; % post-implantation loss = (# of implants - # of live fetuses) / # of
implants x 100]; Other (%) values were calculated on a litter basis

Necropsy findings
Offspring

There were no external malformations or variations.
There was a slight increase in fetal skeletal variations [short
rib(s) and short cervical supernumerary rib(s)] at sotorasib dose
levels ш180 mg/kg compared to controls. The Applicant clarified
that all findings of short ribs were observed in the 13th rib; thus,
the incidence of short ribs was within the historical control
range at the testing facility (based on % of litters for short
thoracolumbar ribs). The % of litters affected for short cervical
supernumerary ribs was outside the historical control range at
the testing facility.

Fetal Malformations and Variations (Embryo-fetal development Study; Rats)
Dose (mg/kg)
0
60
180
# Fetuses examined
217
255
222
# of Litters examined
20
20
20
Total # with malformations (% of litters)^
0 (0%)
1 (5%)
0 (0%)
Visceral malformations: # of fetuses affected (% of litters)
Heart- memb ventricular septal defect
0 (0%)
1 (5%)
0 (0%)
Total % of litters with visceral
0 (0%)
1 (5%)
0 (0%)
malformations^
Visceral variations: # of fetuses affected (% of litters)
Ureters- moderate dilatation
0 (0%)
0 (0%)
1 (5%)
Total % of litters with visceral variations^
0%
0%
5%
Skeletal variations: # of fetuses affected (% of litters)
Rib (1 or more), nodule
0 (0%)
0 (0%)
1 (5%)
Rib (1 or more), short
2 (10%)
1 (5%)
3 (15%)
Incomplete ossification of left squamosal,
0 (0%)
2 (10%)
1 (5%)
skull

540
240
20
0 (0%)
0 (0%)
0 (0%)

0 (0%)
0%
0 (0%)
4 (20%)
0 (0%)
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LUMAKRAS™ (sotorasib)
Dose (mg/kg)
0
60
180
540
Incomplete ossification of left zygomatic
2 (10%)
4 (15%)
0 (0%)
0 (0%)
arch, skull
Cervical supernumerary rib (1 or more),
2 (5%)
0 (0%)
8 (20%)
9 (25%)
short
Misshapen cervical arch (1 or more) of
0 (0%)
0 (0%)
1 (5%)
0 (0%)
vertebrae
Incomplete ossification of thoracic centrum
2 (10%)
4 (15%)
1 (5%)
0 (0%)
(1 or more) of vertebrae
Total % of litters with skeletal variations^
50%
40%
40%
40%
^ = Calculated by Reviewer; % per litter = (Total # of litters with malformation or variation / Total # of litters) x 100
T1/2: Not calculated; Tmax: 0.5-1 hours
Dose proportionality: Cmax increased less than dose
proportionally and AUClast generally increased dose
proportionally
Accumulation: Not assessed
Summary of Toxicokinetics on GD 12 (Embryo-fetal development Study; Rats)
AUClast
Tmax
Day
Dose (mg/kg)
Cmax
(μg/mL)
(hr)
(μg·hr/mL)
GD 12
60
6.08 ± 2.52
14.5 ± 6.32
0.5
180
12.7 ± 4.67
105 ± 50.6
0.5
540
17.1 ± 0.802
149 ± 48.4
1

Toxicokinetics (only assessed on GD 12)

Hr = hours; Mean ± Standard Deviation for Cmax and AUC; AUClast = area under the concentration-time curve from time zero to time of last
quantifiable concentration (up to 24 hrs)

Study title/ number: AMG 510: Embryo-Fetal Development Study in the New Zealand White
Rabbit / 150810
Key Study Findings
x Sotorasib induced maternal toxicity at the 100 mg/kg dose level including one mortality
on GD 21 due to body weight loss and reduced food intake
x Sotorasib did not have significant adverse developmental effects or affect embryo-fetal
survival
x Treatment with 100 mg/kg sotorasib resulted in lower mean gravid uterine weight,
lower mean fetal body weight, and reduced ossification of fetal metacarpals

GLP compliance:

Yes
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LUMAKRAS™ (sotorasib)
Methods
Dose and frequency of dosing:

Route of administration:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Satellite groups:
Study design:

Deviation from study protocol
affecting interpretation of results:

0, 10, 30, or 100 mg/kg once daily from
Gestation Day (GD) 7 to 19
*Doses were based on a maternal tolerability
study (#150808) in pregnant rabbits where
mortality was seen at dose levels ш300 mg/kg
Oral gavage
2% Hypromellose (HPMC), 1% Tween 80, pH 2.4
Rabbit / New Zealand White
20 females/group
None
Time-mated female rats (mating confirmed on
GD 0) were received on GD 1-4 and
administered sotorasib once daily on GD 7-19.
Main study rats were euthanized on GD 29.
N

Observations and Results
Parameters
Mortality

Major findings
One rabbit (#1068) dosed with 100 mg/kg sotorasib was
euthanized on GD 21 due to 15% body weight loss (GD 7-21) and
severely reduced food intake. This preterm decedent exhibited
ungroomed coat, fecal-stained fur around the urogenital area
and hindlimbs, abnormal feces (scant/soft/liquid), abnormal
breathing sounds, thin body condition, and rales. There were no
macroscopic findings at necropsy. This rabbit was pregnant and
its litter consisted of 9 live fetus and 3 resorptions (1 early, 2 late)
in utero.

Clinical Signs
Body Weights and Food Consumption

One rabbit (#1066) was found dead on Day 8 immediately
following drug administration. Macroscopic findings in this
animal included abnormal (spongy) consistency of the lungs and
a dark discolored trachea, suggesting an intubation error. This
death was considered accidental and not drug-related. This
rabbit was replaced with another animal in the study.
See clinical signs in preterm decedent #1068 above. There were
no dose-related clinical signs in other rabbits.
There were no dose-related effects on mean body weight. There
was a ч55% reduction in mean body weight gain in rabbits
dosed with 100 mg/kg sotorasib compared to controls, which
correlated with ч26% lower food consumption compared to
controls.
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LUMAKRAS™ (sotorasib)
Gravid Uterine Weights

Necropsy findings

Treatment with 10, 30, and 100 mg/kg sotorasib resulted in 8%,
6%, and 10% lower mean gravid uterine weight compared to
controls.
Gross Pathology
Two rabbits dosed with 100 mg/kg sotorasib exhibited abnormal
contents of the amniotic sac (i.e. watery/white or white fluid).
Cesarean Section Data
Treatment with 100 mg/kg sotorasib resulted in a 6.6% decrease
in mean fetal body weight compared to controls, which did not
reach statistical significance.

Cesarean Section Findings (Embryo-fetal development Study; Rabbits)
Dose (mg/kg)
0
10
30
# Mated females
20
20
20
# Pregnant (%)
20 (100%)
19 (95%)
19 (95%)
# Dams with live fetuses
19 (95%)
19 (100%)
19 (100%)
# Litters evaluated
19
19
19
Mean # corpora lutea
11.1
10.2
10
Mean # implantation sites
10.6
9.3
9.4
Mean % pre-implantation loss
4.74%
8.64%
6.18%
Mean % post-implantation loss
9.33%
0.38%
5.65%
Mean # early resorptions (%)
0.3 (1.5%)
0 (0%)
0.3 (1.6%)
Mean # late resorptions
0.8 (4%)
0.1 (0.5%)
0.2 (0%)
Mean total resorptions (%)
1.1 (5.5%)
0.1 (0.5%)
0.5 (1.1%)
Mean # dead fetuses
0
0
0.1
Mean # live fetuses
9.6
9.3
8.8
Mean fetal body weight (g)
38.607
39.584
40.627
Mean fetal sex ratio (% males)
48.96%
46.62%
55.8%

100
20
19 (95%)
19 (100%)
18^
10.5
10.2
3.25%
5.94%
0.4 (2.2%)
0.1 (0.6%)
0.6 (3.3%)
0
9.6
36.049
48.53%

^: Due to one mortality at 100 mg/kg, ovarian and uterine contents on GD 29 were based on 18 females in Group 4; Mean % pre- and postimplantation loss were calculated by Applicant [% pre-implantation loss = (# of corpora lutea - # of implants) / # of corpora lutea x 100; %
post-implantation loss = (# of implants - # of live fetuses) / # of implants x 100]; Other (%) values were calculated on a litter basis

Necropsy findings
Offspring

There was a statistically significant 3% decrease in mean
ossification of fetal metacarpals in rabbits dosed with 100 mg/kg
sotorasib compared to controls.
There were no sotorasib-related external or visceral
malformations or variations.
There was an increase in fused rib(s) and fused thoracic arch(s) of
vertebra in rabbits dosed with 100 mg/kg sotorasib compared to
controls; however, the incidences of these skeletal
malformations were within the historical control ranges at the
testing facility (based on % of litters), and are thus not
considered drug-related. Similarly, there was an increase in
incomplete ossification of sternebra(e) in rabbits dosed with 100
mg/kg sotorasib compared to controls, which was also within the
historical control ranges at the testing facility. Absent forepaw
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phalanges(ae) and absent metacarpal(s) were present in one
fetus from one MD dam (#1059).
Fetal Malformations and Variations (Embryo-fetal development Study; Rabbits)
Dose (mg/kg)
0
10
30
100
# Fetuses examined
191
176
168
173
# of Litters examined
19
19
19
18
Total # with malformations (% of litters)^
1 (5.3%)
2 (10.5%)
3 (10.5%)
2 (5.6%)
Skeletal malformations: # of fetuses affected (% of litters)
Forepaw phalanges(ae), absent
0 (0%)
0 (0%)
1 (5.3%)
0 (0%)
Metacarpal(s), absent
0 (0%)
0 (0%)
1 (5.3%)
0 (0%)
Rib(s), branched
0 (0%)
0 (0%)
1 (5.3%)
0 (0%)
Rib(s), fused
0 (0%)
0 (0%)
0 (0%)
1 (5.6%)
Fused thoracic arch(s) of vertebra
0 (0%)
0 (0%)
0 (0%)
1 (5.6%)
Absent thoracic centrum(s) of vertebra
0 (0%)
1 (5.3%)
0 (0%)
0 (0%)
Hole in right parietal, skull
1 (5.3%)
1 (5.3%)
0 (0%)
0 (0%)
Total % of litters with skeletal malformations^
5.3%
10.5%
10.5%
5.6%
Skeletal variations: # of fetuses affected (% of litters)
Forepaw phalanges(ae), small
0 (0%)
0 (0%)
2 (5.3%)
0 (0%)
Skull hyoid ala, both, bent
0 (0%)
0 (0%)
1 (5.3%)
0 (0%)
Skull hyoid ala, right, bent
0 (0%)
1 (5.3%)
0 (0%)
1 (5.6%)
Incomplete ossification of sternebra(e)
1 (5.3%)
1 (5.3%)
0 (0%)
7* (27.8%)
Isolated ossification site of sternebra(e)
0 (0%)
1 (5.3%)
0 (0%)
1 (5.6%)
Short cervical supernumerary rib(s)
0 (0%)
1 (5.3%)
0 (0%)
0 (0%)
Incomplete ossification of thoracic centrum(s)
0 (0%)
0 (0%)
1 (5.3%)
0 (0%)
of vertebra
Total % of litters with skeletal variations^
31.6%
21%
15.8%
33.3%
Ύ͕ W ч Ϭ͘Ϭϱ ǀƐ͘ controls; % per litter = (Total # of litters with malformation or variation / Total # of litters) x 100; ^ = Calculated by Reviewer

Toxicokinetics (only assessed on GD 11)

T1/2: Not calculated; Tmax: 0.5-1 hours
Dose proportionality: Cmax generally increased dose
proportionally and AUClast increased greater than dose
proportionally
Accumulation: Not assessed
Summary of Toxicokinetics on GD 11 (Embryo-fetal development Study; Rabbits)
AUClast
Day
Dose (mg/kg)
Cmax
Tmax
(μg/mL)
(hr)
(μg·hr/mL)
GD 11
10
1.81 ± 0.729
3.56 ± 0.288
0.5
30
8.21 ± 2.7
16.4 ± 3.96
0.5
100
24.4 ± 5.38
84.4 ± 30.6
1

Hr = hours; Mean ± Standard Deviation for Cmax and AUC; AUClast = area under the concentration-time curve from time zero to time of last
quantifiable concentration (up to 24 hrs)

Prenatal and Postnatal Development
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Prenatal and postnatal development studies were not conducted or needed to support the use
of sotorasib in the currently proposed indication (NSCLC) per ICH S9.
Other Toxicology Studies
The Applicant’s Position:
The kidney was identified as a target organ of toxicity in the rat toxicology studies (Section
5.5.1). Therefore, an exploratory mechanistic study (153127) was conducted to better
understand the mechanism of renal toxicity observed in the rat. Based on the results from this
study as well as the metabolic scheme of sotorasib, the renal toxicity was attributed to the
formation of a putative toxic reactive metabolite following metabolism of sotorasib by the
mercapturate pathway. Rat-specific renal toxicity and a low risk in the clinic are supported by
sotorasib metabolism and safety data, as well as published information.
This exploratory in vitro study (153409) was conducted as a follow-up assessment for the
observations in the dog 3-month repeat-dose study (Section 5.5.1). In this in vitro assay,
increased mRNA expressions of glucuronosyltransferases as well as some CYP isozymes were
confirmed with sotorasib compared with vehicle control. Therefore, the changes in the liver,
pituitary, and thyroid observed in the dog 3-month study were considered adaptive changes to
hepatocellular enzyme induction.
Sotorasib was not phototoxic in vitro.
Human circulating metabolites, M24, M10 and M18 raised no clinically relevant safety concerns
based on primary or secondary pharmacology screening, in vitro hERG (Section 5.3) or
mutagenicity assessment.
There are 9 specified impurities in total warranting nonclinical qualification; all of them were
qualified with bacterial reverse mutation assay (Ames test) and general 28 day repeat dose
toxicology studies in the rat or dog in line with the ICH guidance (ICH Q3A, 2006; ICH Q3B,
2006).
The FDA’s Assessment:
FDA agrees with the Applicant’s conclusions regarding phototoxicity. Sotorasib was not
phototoxic at concentrations up to 100 μg/mL in an in vitro exploratory study (#124666) using
BALB/c 3T3 mouse fibroblasts.
To explore the mechanism of the liver/pituitary/thyroid findings in the 3-month toxicology
study in dogs, the Applicant conducted an exploratory in vitro study (#153409) investigating the
effects of 2-200 μM sotorasib on the mRNA levels and activity of CYP isozymes and
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glucuronosyltransferases in cultured Beagle dog hepatocytes. Treatment with 60 μM sotorasib
for 3 days increased the mRNA expression of CYP1A1, CYP2B11, CYP3A12, UGT1A6, and
UGT2B31 in cultured dog hepatocytes compared to control. Thus, FDA generally agrees that the
histologic changes in the liver, pituitary, and thyroid gland in the 3-month dog toxicology study
may be adaptive changes to hepatocellular enzyme indication.
In exploratory Study #153127, the Applicant used matrix assisted laser desorption/ionication
(MALDI), mass spectrometry, and RNA sequencing to evaluate the relationship between renal
toxicity and the metabolic profile of sotorasib. Male Sprague-Dawley rats received 0, 60, or 750
mg/kg sotorasib orally once daily for 1, 3, or 7 days and were euthanized at 24 hours post-dose
(Phase 1-3), or single oral doses of 0 or 750 mg/kg sotorasib followed by euthanasia at 2, 4, or 8
hours post-dose (Phase 4). One rat (#3015) dosed daily with 750 mg/kg sotorasib was
euthanized on Day 3 due to poor clinical condition (decreased activity and labored breathing)
attributed to marked renal tubular degeneration/necrosis. Treatment with 750 mg/kg sotorasib
resulted in hunched posture, piloerection, soft feces, erected/stained fur, irregular respiration
rate, suspected dehydration, thinness, and coldness to touch; ч20% lower body weight
compared to controls; dark focus in the stomach which correlated histologically with mucosal
degeneration/regeneration; and histologic perivascular fibroplasia and hepatocellular
hypertrophy in the liver. Sotorasib induced kidney toxicity at the 750 mg/kg dose level
characterized by increased blood urea nitrogen (BUN), creatinine, and potassium; increased
fractional sodium excretion, fractional potassium secretion, and glucose/creatinine ratio in
urine; increased urine renal injury biomarkers (KIM-1 and clusterin); increased kidney weight;
pale discoloration of the kidney; minimal to marked degeneration/necrosis of proximal tubule
epithelium (morphological features evolved over 7 days) and minimal to mild dilatation in the
kidney. Renal tubule degeneration/necrosis was mainly restricted to the proximal tubule in the
outer stripe of the outer medulla (OSOM), which is rich in metabolizing enzymes. MALDI and
mass spectrometry demonstrated an association between renal injury and increases in
downstream metabolites of glutathione conjugate M12 (mercapturate pathway metabolites) in
renal tissue. Following single oral administration of 750 mg/kg sotorasib, M10 (cysteine
conjugate) and M20 (acetylcysteine conjugate) were the most prominent metabolites in the
kidney and were primarily restricted to the OSOM (site of degeneration/necrosis) at 2-4 hours
post-dose. Consistent with renal tubular degeneration/necrosis, RNA analysis demonstrated
that genes involved in oxidative phosphorylation, mitochondrial dysfunction, and inflammationrelated pathways were enriched at the 750 mg/kg dose level. Overall, there was a
disproportionate increase in mercapturate pathway metabolites in renal tissue at the
nephrotoxic dose (750 mg/kg) compared to the non-nephrotoxic dose based on MALDI and
mass spectrometry. Colocalization of mercapturate metabolites with tubular injury
in the OSOM suggests that the mercapturate pathway metabolites (M10 and M20) correlated
with sotorasib-induced renal tubular injury.
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Table 8: Summary of Sotorasib Toxicokinetics in Rats (7-Day Mechanistic Study; Rats)

Hr = hours; AUClast = AUC from time zero to the time of last quantifiable concentration (up to 24 hrs for Phases 1-3 and up to 8 hrs for Phase 4);
(Applicant Figure reproduced from Study # 153127)

Studies on Metabolites
FDA generally agreed with the Applicant’s conclusion that the pharmacology (see the
Pharmacology section above for FDA’s review of Studies #R20150199, #R20150198, #124804,
#124808, #153413, #153414, #153415), in vitro hERG (see the Safety Pharmacology section
above for FDA’s review of Studies #124803 and #153419), and mutagenicity screening studies
did not demonstrate any clinically relevant safety concerns for the human circulating sotorasib
metabolites M24, M10, and M18. In silico mutagenicity assessments using rules-based
(GT_EXPERT) and statistical-based prediction (GT1_BMUT) models predicted negative
mutagenicity results for M18 (Study #153305) and M10 (Study #153306). Although M24 was
not mutagenic in a non-GLP in vitro Micro Ames Assay at concentrations up to 250 μg/well
using the Salmonella typhimurium strains TA97a, TA98, TA100, and TA1535 and E. coli strain
WP2 uvrA in the presence or absence of S9 (Study #125020), M24 was positive for the induction
of micronuclei in a non-GLP in vitro micro human peripheral blood lymphocyte (HPBL)
micronucleus assay in the presence (4 hrs) and absence (4 and 24 hrs) of S9 (Study #125324).
Studies on Impurities
FDA generally agrees with the Applicant’s conclusion that the studies evaluating sotorasib
impurities (see below) did not demonstrate any specific safety concerns.
(b) (4)
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6 Clinical Pharmacology

Executive Summary
The FDA’s Assessment:
Sotorasib is a KRASG12C inhibitor that binds irreversibly to KRAS G12C mutant proteins. The
proposed indication is for the treatment of patients with KRAS G12C-mutated locally advanced
or metastatic non-small cell lung cancer (NSCLC) who have received at least one prior therapy.
The proposed sotorasib dosage is 960 mg taken orally once daily (QD) with or without food.
The evidence of efficacy of sotorasib for the proposed indication came from the pivotal Phase 2
portion of Study 20170543 (CodeBreak 100) in which an ORR of 36% (95% CI 28, 45) was
observed in 124 patients with KRAS G12C-mutated locally advanced or metastatic NSCLC who
were treated with sotorasib monotherapy at 960 mg QD. The safety of sotorasib was evaluated
in 204 patients with the same disease at the same dosage regimen in the same study. The most
ĐŽŵŵŽŶ ĂĚǀĞƌƐĞ ƌĞĂĐƚŝŽŶƐ ;ш ϮϬй ŝŶĐŝĚĞŶĐĞͿ ǁĞƌĞ ĚŝĂƌƌŚĞĂ ;ϰ2%), musculoskeletal pain (3%),
nausea (26%), fatigue (26%), hepatotoxicity (25%), and cough (20%).
The clinical pharmacology package supporting this NDA included clinical pharmacology studies
evaluating relative bioavailability between sotorasib tablet vs. sotorasib tablet pre-dispersed in
water, food-effect, mass balance, drug-drug-Interactions (DDI), and QT interval prolongation
potential. Population pharmacokinetics (PopPK), exposure-response (E-R) for efficacy and
safety, and physiological-based PK (PBPK) analyses were also performed using data from the
clinical studies.
The proposed sotorasib 960 mg QD dosing regimen has demonstrated acceptable efficacy and
safety; however, it is not considered optimal from PK and efficacy/safety perspectives.
Sotorasib exhibited saturable absorption with similar systemic exposures at steady state across
all dose levels ranging from 180 mg to 960 mg. Furthermore, clinical response was observed at
lower doses and no clear trend was found in the dose-response (D-R) relationship for efficacy
(ORR) among the studied doses. Therefore, a post-marketing requirement (PMR) will be issued
for the Applicant to conduct a dose optimization study to investigate a lower sotorasib dosage
that may provide comparable efficacy with improved safety (especially local GI tolerability) as
compared to the 960 mg dose.
Coadministration of sotorasib with strong CYP3A inducers and gastric acid-reducing agents
(proton pump inhibitors and H2 receptor antagonists) should be avoided. This recommendation
is based on the results of pertinent DDI studies showing that sotorasib exposures were
significantly decreased and the impact of decreased sotorasib exposure on its efficacy is
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unknown.
The Office of Clinical Pharmacology has reviewed the clinical pharmacology package supporting
NDA 214665. This NDA is approvable from a clinical pharmacology perspective with the
following clinical pharmacology studies to be conducted under PMRs:
x
x

Dose optimization study to investigate a lower sotorasib dosage that may provide
comparable efficacy with improved safety (especially local GI tolerability) as compared
to 960 mg dose.
Hepatic impairment study in subjects with moderate and severe hepatic impairment to
inform dosage recommendations in this specific population. Clinical DDI study with
BCRP substrates to inform the appropriate dosing strategies for the coadministration of
sotorasib with BCRP substrates.

Summary of Clinical Pharmacology Assessment
Pharmacology and Clinical Pharmacokinetics
Data:
Clinical Pharmacokinetics: In subjects with KRAS G12C-mutated advanced solid tumors,
increases in sotorasib exposure from 180 to 960 mg once daily (QD) were less than dose
proportional based on preliminary data (Table 2 of Module 2.7.2, Summary of Clinical
Pharmacology). Sotorasib does not accumulate with multiple oral dosing.
Absorption, Distribution, Metabolism, and Excretion: In the phase 1/2 study
(Study 20170543), a mean steady-state apparent clearance and steady-state apparent volume
of distribution of 32.5 L/hr and 367 L were observed, respectively, with a mean terminal halflife of 5.19 hours in subjects with advanced NSCLC. The median time to maximum
concentration was observed at 1-hour postdose. In vitro unbound fraction of sotorasib to
human plasma proteins was 0.086 to 0.15 at concentrations ŽĨ Ϭ͘Ϯϱ ƚŽ Ϯϱ ʅD ;^ĞĐƚŝŽŶ ϱ͘Ϯ͘ϯ ŽĨ
AMG 510 Investigator’s Brochure).
In the human mass-balance study (Study 20190321), the geometric mean cumulative recovery
over the collection period (0 to 312 hours) was 80.6%. The primary route of excretion was in
the feces, accounting for a geometric mean of 74.4% of the administered [14C]-sotorasib, with
urine accounting for a mean of 5.81%. On average, 1.47% (geometric mean) of the sotorasib
dose was excreted unchanged in the urine, with a geometric mean calculated renal clearance of
0.41 L/hr (Section 2.1.2 of Module 2.7.2, Summary of Clinical Pharmacology and
Study 20190321).
Metabolite Profiling: M10 and sotorasib were identified as the major components, while M24
was a minor component, comprising of 26.8%, 17.1%, and 7.8% of total radioactivity,
respectively, in diluted plasma samples from the human mass-balance study (Study 20190321).
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Fecal excretion was the primary route of elimination. Sotorasib was the predominant and only
component identified in feces, comprising 53% of the radioactive dose administered. In urine,
M10 and sotorasib were identified as 2 of the major components, and neither constituted > 5%
of the dose administered. These identified metabolites were also observed and measured in
subjects with advanced solid tumors following a single dose and multiple doses
(Study 20170543).
Extrinsic Factors
Food: Based on data from healthy subjects, sotorasib exposure (AUC) increased 1.38-fold and
the time to achieve Cmax (tmax) was delayed by 1.25 hours when 360 mg sotorasib was
administered with a high-fat meal compared with administration in the fasted state; however,
Cmax was similar in fasted and fed conditions (Study 20190316).
Drug-drug Interactions: The drug-drug interaction studies performed with sotorasib are
summarized in Table 4.
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Table 9. Summary of Drug-drug Interaction Studies
Study Number

20190315

20190317

20190318

20190319

20190320

20200199

20170543
Substudy

Evaluation

Results

Digoxin (P-gp
substrate)
DDI

Sotorasib as perpetrator: Geometric least squares mean ratio (test/reference)
of digoxin AUCinf and Cmax were 1.214 and 1.914, respectively, when comparing
digoxin coadministered with sotorasib (test) and digoxin administered alone
(reference).

Metformin
(MATE1 and
MATE2-K
substrate)
DDI

Sotorasib as perpetrator: Geometric least squares mean ratio (test/reference)
of metformin AUCinf and Cmax were 0.985 and 0.996, respectively, when
comparing metformin coadministered with sotorasib (test) and metformin
administered alone (reference).

Itraconazole
DDI
(CYP3A4 and
P-gp
Inhibitor)

Sotorasib as victim: Geometric least squares mean ratio (test/reference) of
sotorasib AUCinf and Cmax were 1.261 and 1.040, respectively, when comparing
sotorasib coadministered with itraconazole (test) and sotorasib administered
alone (reference).

Rifampin DDI
(OATP
inhibitor and
CYP3A4
inducer)

Sotorasib as victim: Geometric least squares mean ratio (test/reference) of
sotorasib AUCinf and Cmax were 0.766 and 0.840, respectively, when comparing
sotorasib coadministered with single-dose rifampin (test) and sotorasib
administered as tablets (reference). Geometric least squares mean ratio
(test/reference) of sotorasib AUCinf and Cmax were 0.487 and 0.647,
respectively, when comparing sotorasib coadministered with multiple daily
dosing of rifampin (test) and sotorasib administered alone (reference).

Omeprazole
DDI

Sotorasib as victim: Geometric least squares mean ratio (test/reference) of
sotorasib AUCinf and Cmax were 0.582 and 0.431, respectively, when comparing
sotorasib administered with omeprazole in the fasted condition (test) and
sotorasib administered alone in the fasted condition (reference).

Famotidine
or
omeprazole
in fed state
(PPI)

Sotorasib as victim: Geometric least-square mean ratios of sotorasib AUCinf and
Cmax were 0.622 and 0.654, respectively when comparing sotorasib
coadministered with famotidine (test) and sotorasib alone (reference) in fed
conditions. Geometric least-square mean ratios of sotorasib AUCinf and Cmax
were 0.430 and 0.349, respectively when comparing sotorasib coadministered
with omeprazole (test) and sotorasib alone (reference) in fed conditions.

Midazolam
DDI (CYP 3A4
substrate)

Sotorasib as inhibitor/inducer of CYP3A4: Geometric least squares mean ratio
(test/reference) of sotorasib [midazolam] AUCinf and Cmax were 0.47 and 0.52,
respectively, when comparing midazolam coadministered with sotorasib (test)
and midazolam administered alone (reference).

Sotorasib as victim: Geometric least squares mean ratio (test/reference) of
sotorasib AUCinf and Cmax were 0.910 and 0.812, respectively, when comparing
sotorasib coadministered with metformin (test) and sotorasib administered
alone (reference).
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The Applicant’s Position:
Overall, the results of the food effect studies suggest sotorasib exposure increased 25% to 38%
when sotorasib was administered with a standardized, high calorie (800 to 1000 kcal) meal.
However, maximal concentrations were similar when administered with or without a high
calorie meal. The results of these analyses show that sotorasib can be administered with or
without food.
Results from the DDI studies suggest sotorasib may be taken safely with sensitive MATE1/2K
substrates, CYP2D6 substrates, strong CYP3A4/P-gp inhibitors, and strong OATP1B1/1B3
inhibitors. However, exposures of P-gp and sensitive CYP3A4 substrates may be altered.
Coadministration of proton pump inhibitors (PPIs), histamine 2 receptor antagonists, and strong
CYP3A4 inducers may lead to decreased sotorasib exposure.
The FDA’s Assessment:
FDA generally agrees with the Applicant’s position. Regarding the absorption, the Applicant’s
statement that increases in sotorasib exposure from 180 to 960 mg QD were less than dose
proportional is not accurate. The PK data showed that sotorasib exhibited saturable absorption
over the dose range of 180 mg to 960 mg with similar systemic exposure (i.e., AUC0-24h and Cmax)
across doses at steady-state. Sotorasib also displayed time-dependent PK (i.e., auto-induction)
with a mean accumulation ratio of 0.56 (CV: 59%) after repeat doses. In addition, the USPI
recommends administration of sotorasib both as intact film-coated tablets and film-coated
tablets pre-dispersed in water, as sotorasib systemic exposures (i.e., AUC0-24h and Cmax) were
comparable when administered as intact tablets and tablets pre-dispersed in water under
fasted conditions (Study 20190500).
FDA also notes that at the dosing regimen of 960 mg QD, no large mean increase in the QTc
interval (> 20 msec) was observed.
General Dosing and Therapeutic Individualization
6.2.2.1.

General Dosing

Data:
The 960-mg once-daily dose was selected as the proposed dose for the intended previouslytreated patient population based on the totality of evidence available for sotorasib efficacy and
safety data (Section 3.1.2 of Module 2.7.2, Summary of Clinical Pharmacology). As summarized
in Section 4 and Section 5 of Module 2.5, Clinical Overview, the efficacy and safety results from
Study 20170543 support the selection of 960 mg QD as an effective and safe dose for reducing
tumor burden in subjects with NSCLC. From a clinical efficacy perspective, clinically meaningful
response rates were observed at the 960 mg dose in adult subjects with NSCLC, confirming the
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dose is efficacious. From a clinical safety perspective, 960 mg QD sotorasib monotherapy has
shown a tolerable safety profile. Fewer than 18% of subjects with NSCLC receiving 960 mg QD
sotorasib had a dose change (ie, a nonzero dose received other than the planned dose), further
supporting the 960 mg QD selection (ISS Table 20210111-5.2).
From a clinical pharmacology perspective, an exposure-response analysis (Section 3.2.4.2 of
Module 2.5, Clinical Overview, and Section 3.3.2 of Module 2.7.2, Summary of Clinical
Pharmacology) evaluating the relationship between sotorasib dose and select measures of
response was conducted in subjects with advanced NSCLC receiving sotorasib in
Study 20170543. Sotorasib 960 mg administered QD was numerically superior for ORR, best
tumor size response, PFS, and OS when compared with lower dose groups (180, 360, and
720 mg QD); however, these differences were not statistically significant. Overall, the
exposure-response analysis using sotorasib plasma concentrations as a measure of exposure
was confounded by the independent effects of baseline disease status on sotorasib
pharmacokinetics and efficacy (Section 3.2.4.2 of Module 2.5, Clinical Overview).
An exposure-response analysis was also conducted to evaluate the relationship between
sotorasib exposure measures and treatment-related adverse events in subjects with advanced
solid tumors receiving sotorasib in Study 20170543 (Section 3.2.4.3 of Module 2.5, Clinical
Overview, and Section 3.3.2 of Module 2.7.2, Summary of Clinical Pharmacology). No
significant exposure-response relationships for treatment-related adverse events of interest
were identified. A correlation between sotorasib exposure and signs of serious liver injury was
not observed.
The Applicant’s Position:
The proposed dose of 960 mg once daily is effective and generally well tolerated in subjects
with KRAS G12C-mutated locally advanced or metastatic NSCLC. The proposed dosing regimen
is supported by the observed efficacy and safety data and demonstrates a favorable benefit-risk
profile.
The FDA’s Assessment:
FDA generally agrees with the Applicant’s position that the proposed dosing regimen of 960 mg
QD is supported by the observed efficacy and safety data. However, FDA does not consider the
proposed dosage of 960 mg QD to be optimized based on the following PK and efficacy/safety
data:
1. The dosage of 960 mg QD exhibited similar systemic exposure at steady state (i.e., AUC024 and Cmax) as compared to lower dosages (i.e., 180 mg, 360 mg and 720 mg QD).
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Sotorasib Steady-State PK Parameters
tmax
Cmax
AUC0-24h
t1/2,z
Dose (mg)
N
(hr)
(μg/mL)
(hr*μg/mL)
(hr)
0.73
6.44
31.7
5.13
180
6
(0.50-1.2)
(7.63, 67%)
(40.8, 89%)
(1.99)
1.0
6.31
38.9
5.53
360
24
(0.50-4.0)
(7.33, 43%)
(43.7, 49%)
(1.84)
1.1
5.45
42.1
4.75
720
11
(0.53-4.0)
(6.76, 50%)
(48.5, 49%)
(1.16)
1.1
5.39
32.4
5.07
960
24
(0.22-6.5)
(6.82, 65%)
(42.3, 75%)
(1.08)
Data are presented as geometric mean (arithmetic mean, CV%) for all PK parameters except for tmax and
t1/2,z, which is presented as median (range) and mean (SD).
Data were summarized based on sotorasib PK parameters reported in Table 2 in Module 2.7.2 Summary of
Clinical Pharmacology Studies (Day 8, Phase 1 Part 1A (fasted))

2. No clear dose-response trend was observed for efficacy (i.e., ORR) among the tested
doses from 180 mg to 960 mg (see Table below). Despite limited sample sizes, the ORR
data suggested that lower dose levels may provide acceptable anti-tumor activity for
the proposed indication.

ORR
n (%)
95% CI

Sotorasib Monotherapy in NSCLC (Fasted)
180 mg QD
360 mg QD
720 mg QD
960 mg QD
(N=3)
(N=16)
(N=6)
(N=34)
Phase 1
Phase 1
Phase 1
Phase 1
1 (33.3)
4 (25.0)
3 (50.0)
16 (47.1)

960 mg QD
(N=123)
Phase 2
46 (37.4)

(0.8, 90.6)

(28.8, 46.6)

(7.3, 52.4)

(11.8, 88.2)

(29.8, 64.9)

3. The incidence of gastrointestinal (GI) related adverse events (e.g., 43% for diarrhea and
27% for nausea at the 960 mg dose) may be alleviated by administering a lower oral
dose.
4. Nonclinical data suggested that target saturation can be achieved at exposure levels
with lower doses. The Applicant predicted the minimal efficacious dosage for sotorasib
in humans to be between 30 mg and 240 mg QD based on in silico tumor growth
inhibition models.
5. The pill burden (i.e., 8 tablets a time) for patients with the 960 mg dose is reduced by
taking a lower dose.
Overall, considering the mechanism of action of the targeted therapy, the observed PK
characteristics, the lack of clinical dose-response relationship for ORR, the potential GI toxicity
associated with the high oral dose, and the high daily pill burden for patients, further dose
optimization to investigate a lower dosage that may provide comparable efficacy with
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improved safety as compared to 960 mg dose is warranted.
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6.2.2.2.

Therapeutic Individualization

Data:
The influence of demographic and clinical subject characteristic factors on the
pharmacokinetics of sotorasib were investigated using population pharmacokinetics
(Section 3.3 of Module 2.7.2, Summary of Clinical Pharmacology). Intrinsic covariates of age,
body weight, sex, race, country, alanine aminotransferase (ALT), aspartate aminotransferase
(AST), bilirubin, number of prior anticancer therapies, disease stage at screening, mild and
moderate renal function impairment, and mild hepatic impairment did not show clinically
meaningful effects on sotorasib pharmacokinetics, suggesting no dose adjustments were
required for these intrinsic factors.
Sotorasib pharmacokinetics were not associated with individual markers of renal function,
consistent with low radioactive recovery in urine (approximately 6%) in healthy subjects.
Sotorasib pharmacokinetics were not associated with individual markers of hepatic function or
calculated National Cancer Institute organ dysfunction working group (NCI-ODWG) index. The
pharmacokinetics of sotorasib in subjects with severe hepatic impairment was not investigated.
See also information in Section 6.3.2.
The Applicant’s Position:
No therapeutic individualization is needed in the proposed indication based on demographic
factors (body weight, age, sex, race). No dose adjustment is recommended for patients with
mild hepatic impairment. Based on population pharmacokinetic analysis, no dose adjustment is
recommended for patients with mild and moderate renal impairment. Sotorasib has not been
studied in subjects with moderate or severe hepatic impairment or severe renal impairment.
Sotorasib can be administered with or without food. Coadministration of sotorasib with a
strong CYP3A inducer (rifampin), proton pump inhibitor (omeprazole), or histamine 2 receptor
antagonist (famotidine) decreased sotorasib concentrations, the impact to efficacy is not
known. It is not recommended to coadminister strong CYP3A4 inducers, proton pump inibitors,
and histamine 2 receptor antagonists with sotorasib.
The FDA’s Assessment:
FDA concurs with the Applicant’s position that:
1. Sotorasib can be administered without regard to food. The sotorasib systemic exposure
were not significantly impacted when administered with a high-fat, high-calorie meal
(i.e., AUCinf increased by 25% in patients with a 960 mg dose and 38% in healthy subjects
with a 360 mg dose; no apparent change in Cmax). No meaningful differences were
observed in an analysis of safety data between patients taking 960 mg dose under
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fasted conditions (n=339) vs. fed conditions (n=18).
2. No dose adjustment of sotorasib is required based on demographic factors (body
weight, age, sex, race) as no clinically significant differences in the PK of sotorasib were
observed based on these intrinsic factors.
3. No dose adjustment of sotorasib is required for patients with mild and moderate renal
impairment (RI) considering 1) renal elimination is a minor elimination pathway for
sotorasib and 2) no clinically meaningful difference in the PK of sotorasib was observed
in patients with mild and moderate RI as compared to patients with normal renal
function based on population PK (PopPK) analysis. The Applicant did not propose any
dose adjustment for patients with mild RI in product labeling. FDA recommends
extending this recommendation to patients with moderate RI.
4. No dose adjustment of sotorasib is required for patients with mild hepatic impairment
(HI) based on the PopPK analysis. A PMR study in subjects with moderate and severe HI
is required to inform the recommended dosage in this specific population as sotorasib is
mainly eliminated via the fecal route and the PopPK analysis included only three
patients with moderate HI.
5. No dose adjustment of sotorasib is needed when sotorasib is co-administered with
strong CYP3Ainhibitors, P-gp inhibitors and OATA1B1/1B3 inhibitors as no clinically
significant differences in the PK of sotorasib were observed when co-administered with
itraconazole (a dual strong CYP3A/P-gp inhibitor) and single-dose rifampin (an
OATP1B1/1B3 inhibitor).
Coadministration of sotorasib with strong CYP3A4 inducers and gastric acid-reducing agents
(proton pump inhibitors and histamine 2 receptor antagonists) should be avoided as the
concomitant use of these medications leads to a decrease in sotorasib exposure. The impact of
decreased sotorasib exposure on its efficacy is currently unknown and increasing the dose to
increase drug exposure is not feasible due to its saturable absorption.
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6.2.2.3.

Outstanding Issues

Data:
Not applicable
The Applicant’s Position:
None.
The FDA’s Assessment:
The following clinical pharmacology studies are outstanding and will be conducted under PMR:
i.

ii.
iii.

A dose optimization trial to investigate a lower sotorasib dosage that may provide
comparable exposure and efficacy with improved safety (particularly for local GI
tolerability) as compared to 960 mg dosage in the indicated patient population.
A hepatic impairment study in subjects with moderate and severe hepatic impairment
to inform dose recommendations for this specific patient population.
A clinical study to assess the effect of concomitant sotorasib administration on the
systemic exposure of BCRP substrates.

Comprehensive Clinical Pharmacology Review
General Pharmacology and Pharmacokinetic Characteristics
Data:
Sotorasib exposures following oral (PO) QD administration, as assessed by Cmax and AUC0-24h,
were less than dose proportional in the dose range of 180 to 960 mg. No accumulation was
observed at the dose levels tested (180 to 960 mg). Following 960 mg sotorasib administration
to subjects in the fasted or fed state, sotorasib exposure (AUC) increased 1.38-fold and the time
to achieve Cmax (tmax) was delayed by 1.25 hours when 360 mg sotorasib was administered with
a high-fat meal compared with administration in the fasted state; however, Cmax was similar in
fasted and fed conditions.
The Applicant’s Position:
Sotorasib PO QD can be administered with or without food. No dosing adjustments are
necessary based on sex, body weight, race, or age, and no dosing adjustments are necessary for
mild renal or hepatic impairment.
The FDA’s Assessment:
Refer to section 6.2.1 Pharmacology and Clinical Pharmacokinetics for FDA’s assessment of
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sotorasib’s general pharmacology and pharmacokinetic characteristics.

Clinical Pharmacology Questions
6.3.2.1 Does the clinical pharmacology program provide supportive evidence of
effectiveness?
Data:
An exposure-response analysis (summarized in Section 3.2.4.2 of the Clinical Overview and
detailed in Study Report 152922) evaluating the relationship between sotorasib dose and select
measures of response was conducted in subjects with NSCLC receiving sotorasib in
Study 20170543. The analysis dataset for efficacy comprised 248 subjects with NSCLC from
ƉŚĂƐĞ ϭͬϮ ^ƚƵĚǇ ϮϬϭϳϬϱϰϯ ǁŚŽ ŚĂĚ ш ϭ ƉŽƐƚ ƚƌĞĂƚŵĞŶƚ ƉůĂƐŵĂ ĐŽŶĐĞŶƚƌĂƚŝŽŶ ŵĞĂƐƵƌĞŵent
and 1 evaluation of efficacy endpoints. Subjects who received sotorasib as combination
therapy or had other tumor types were excluded from the analysis.
Exposure-response analysis for efficacy was confounded by the independent effects of baseline
disease status on sotorasib pharmacokinetics and efficacy. Subjects with lower baseline disease
burden exhibited higher clearance and lower sotorasib exposure. Dose-response analysis
showed that the 960 mg QD dose was numerically superior for ORR, best tumor size response,
PFS and OS when compared with lower doses (180, 360, and 720 mg QD), however these
differences were not statistically significant (Figure 37 of Module 2.7.2, Summary of Clinical
Pharmacology).
The Applicant’s Position:
Sotorasib 960 mg administered QD was numerically superior for ORR, best tumor size response,
PFS, and OS when compared with lower dose groups (180, 360, and 720 mg QD), however,
these differences were not statistically significant. Overall, the Clinical Pharmacology program
supports 960 mg PO QD as the safe and effective dose.
The FDA’s Assessment:
FDA generally agrees with the Applicant’s position that the proposed 960 mg QD dose is a safe
and effective dose. However, FDA does not consider the 960 mg QD dosage to be optimized.
The exposure-response (E-R) analysis for efficacy is inconclusive due to the confounding factor
of baseline disease status impacting both sotorasib PK and efficacy. Although the ORR for 960
mg dose was numerically higher compared to lower dose groups combined (e.g., 39% at the
960 mg dose level vs. 33% at all lower doses combined) , the 95% confidence intervals for ORR
overlapped at all dose levels, and the sample size in the lower dose groups used to make this
determination was very small (N=24 for 180+360+720 mg QD vs. N=187 for 960 mg QD). No
clear dose-response relationship for ORR was observed across the tested doses (from 180 mg to
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960 mg). Given the comparable systemic exposure over the sotorasib dose range of 180 mg to
960 mg QD and observed clinical response in lower dose groups, a lower dose than 960 mg
could maintain the same anti-tumor activity as that observed at the 960 mg dose while
improving drug tolerability (see FDA’s assessment in section 6.2.2.1, General Dosing for details).
Therefore, a PMR for a dose optimization study that compares the efficacy and safety of a
lower dose of sotorasib to the 960 mg dose is warranted.
6.3.2.2 Is the proposed dosing regimen appropriate for the general patient
population for which the indication is being sought?
Data:
See Section 6.2.2.1, General Dosing
The Applicant’s Position:
The proposed dose of 960 mg once daily is effective and generally well tolerated in subjects
with KRAS G12C-mutated locally-advanced or metastatic NSCLC. The proposed dosing regimen
is supported by the available efficacy and safety data and demonstrates a favorable benefit-risk
profile. No significant exposure-response relationships for treatment-related adverse events of
ALT increase, AST increase, and total bilirubin increase were identified. Correlation between
exposure and signs of serious liver injury, defined as ALT/AST > 3 x upper limit of normal and/or
total bilirubin > 2 x upper limit of normal, were not observed.
The FDA’s Assessment:
FDA generally agrees with the Applicant’s position that the proposed dosing regimen is
effective and tolerable in the indicated patient population. However, a dose optimization study
that compares the safety and efficacy of a lower dose vs. the 960 mg QD dose is required as a
PMR. Refer to the FDA’s assessment in section 6.2.2.1, General Dosing]
FDA adds that the rates of Grade ш 3 treatment-emergent AEs and Grade ш 3 GI disorders are
higher in the highest exposure quartile compared to lower exposure quartiles. However, this
relationship is inconclusive due to the effect of baseline disease status on sotorasib exposure.
No significant ER relationships were found for other safety endpoints such as increase in ALT,
AST, or TBIL or Grade ш 3 treatment-related AEs.
6.3.2.3 Is an alternative dosing regimen or management strategy required for
subpopulations based on intrinsic patient factors?
Data:
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See Section 6.2.2.2, Therapeutic Individualization.
The Applicant’s Position:
Intrinsic covariates of age, body weight, sex, race, country, ALT, AST, bilirubin, number of prior
anticancer therapies, disease stage at screening, mild and moderate renal impairment, and mild
hepatic impairment did not show clinically meaningful effects on sotorasib pharmacokinetics,
suggesting no dose adjustments are required for these intrinsic factors.
Baseline disease characteristics (subjects with cancer vs healthy volunteers, tumor size, and
ECOG score) and serum albumin were estimated to affect sotorasib pharmacokinetics. This
suggests subjects with lower disease burden or higher albumin have higher clearance and lower
sotorasib exposure at any dose level. However, the effects of differences in disease status (as
reflected in effects of baseline albumin, baseline tumor burden, and ECOG status) on sotorasib
pharmacokinetics were confounded with the effects of these same covariates on drug response
(Section 3.3.2 of the Clinical Overview and Exposure-Response Study 152922) and do not
warrant dose adjustment.
The FDA’s Assessment:
FDA agrees with Applicant’s position that an alternative dosage regimen or management
strategy is not required for sub-populations based on age, sex, race, body weight, line of
therapy, ECOG performance, mild/moderate RI, and mild HI. However, a clinical study in
subjects with moderate or severe HI is required as a PMR to inform dosing recommendations in
this specific patient population. Refer to the FDA’s assessment in Section 6.2.2.2. Therapeutic
Individualization for details.
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6.3.2.4 Are there clinically relevant food-drug or drug-drug interactions, and what is
the appropriate management strategy?
Data:
See Section 6.2.1, Pharmacology and Clinical Pharmacokinetics
The Applicant’s Position:
Sotorasib can be taken with or without food. Coadministration of sotorasib with a strong
CYP3A inducer (rifampin), proton pump inhibitor (omeprazole), or histamine 2 receptor
antagonist (famotidine) decreased sotorasib concentrations, which may reduce sotorasib
efficacy. Avoid coadministration of strong CYP3A4 inducers, proton pump inhibitors, and
histamine 2 receptor antagonists with sotorasib.
The FDA’s Assessment:
FDA agrees with the Applicant’s position that sotorasib can be administered without regard to
food intake and to avoid coadministration of sotorasib with strong CYP3A inducers and gastric
acid-reducing agents. See the FDA’s assessment in section 6.2.2.2, Therapeutic
Individualization.
Regarding sotorasib’s effects on other drugs as a perpetrator, FDA agrees with the Applicant’s
proposed recommendation to avoid coadministration of sotorasib with sensitive CYP3A4
substrates for which minimal concentration changes may lead to therapeutic failures or
increase the substrate dosage in accordance with its product labeling if the coadministration
cannot be avoided. This recommendation is supported by the observed decrease in Cmax (by
48%) and AUC (by 53%) of midazolam (a sensitive CYP3A4 substrate) when coadministered with
sotorasib. In addition, coadministration of sotorasib with digoxin (a sensitive P gp substrate)
increased digoxin Cmax by 91% and AUC by 21%. FDA recommends revising the label to avoid
the coadministration of P-gp substrates for which minimal concentration changes may lead to
serious toxicities or decrease the substrate dosage as recommended in the p-gp substrate
labeling if this coadministration cannot be avoided.
Sotorasib is a BCRP inhibitor in vitro. A PMR study is required to determine the concomitant
administration of sotorasib on the systemic exposure of BCRP substrates.

X

X
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7 Sources of Clinical Data
Table of Clinical Studies
Data:
The clinical studies supporting the marketing application for the intended indication in NSCLC
are provided in Table 5. The primary study to support efficacy and safety is the pivotal
phase 1/2 Study 20170543.
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Table 10. Tabular Listing of All Clinical Studies Relevant to this New Drug Application
Study No. /
NCT No.
(Study Statusa)

Study Design

Investigational Products; Dosage Study Objectives
Regimens; Route of Administration
or Endpoints

Duration of
Treatment

No. of Subjects
Enrolled
(Actual /
Planned)
Key Entry Criteria

No. of
Centers and
Countriesb

Bioavailability Studies (Module 5.3.1.1)
20190316

phase 1,
single oral doses of 360 mg
single-center, sotorasib tablets in a fasted or fed
open-label,
state
randomized
crossover, food
effect

PK, safety,
tolerability
(effect of food)

2 days

PK, safety, and
tolerability

2 days

14/14

healthy men or
women between
18 and 60 years of
age

1 center
1 country

Comparative Bioavailability/ Bioequivalence Studies (Module 5.3.1.2)
20190500

phase 1,
single-center,
open-label,
randomized
crossover

single oral doses of 960 mg
sotorasib administered as either
tablets or a water dispersion

13/14

healthy men or
women
(nonchildbearing
potential) between
18 and 55 years of
age

1 center
1 country
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Study No. /
NCT No.
(Study Statusa)

Study Design

Investigational Products; Dosage Study Objectives
Regimens; Route of Administration
or Endpoints

Duration of
Treatment

No. of Subjects
Enrolled
(Actual /
Planned)
Key Entry Criteria

No. of
Centers and
Countriesb

Healthy Subject PK and Initial Tolerability (Module 5.3.3.1)
20190321

phase 1,
single oral dose of 720 mg
single-center, containing approximately 1 ʅŝ ŽĨ
non-randomized, 14[C]-sotorasib
open-label,
single-dose

absorption,
metabolism, and
excretion; PK,
safety, and
tolerability

1 day

8/8

healthy men

1 center
1 country

Extrinsic Factor PK (Module 5.3.3.4)
20190315

20190317

20190318

phase 1,
single-center,
non-randomized,
open-label,
fixed-sequence

single oral dose of 960 mg sotorasib
tablets

phase 1,
single-center,
non-randomized,
open-label,
fixed-sequence

single oral doses of 960 mg
sotorasib tablets

phase 1,
single-center,
non-randomized,
open-label,
fixed-sequence

single oral doses of 360 mg
sotorasib tablets

single oral doses of 0.5 mg digoxin
tablets

single oral doses of 850 mg
metformin tablets

200 mg itraconazole capsules PO
BID

PK of digoxin
1 day (sotorasib)
alone and in
2 days (digoxin)
combination with
sotorasib; safety
and tolerability

14/14

PK of metformin
and sotorasib,
safety,
tolerability,
antihyperglycemi
c PD effect

2 days
(sotorasib)
2 days
(metformin)

13/14

drug-drug
interaction effect
of itraconazole
with sotorasib;
PK, safety, and
tolerability

2 days
(sotorasib)
5 days
(itraconazole)

14/14

healthy men or
women between
18 and 60 years of
age
healthy men or
women between 18
and 60 years of age

healthy men or
women between
18 and 60 years of
age

1 center
1 country

1 center
1 country

1 center
1 country
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Study No. /
NCT No.
(Study Statusa)
20190319

20190320

20200199

Study Design

Investigational Products; Dosage Study Objectives
Regimens; Route of Administration
or Endpoints

Duration of
Treatment

No. of Subjects
Enrolled
(Actual /
Planned)
Key Entry Criteria

phase 1,
single oral doses of 960 mg
single-center, sotorasib tablets
non-randomized, 600 mg rifampin capsules PO QD
open-label,
fixed-sequence

drug-drug
interaction effect
of rifampin with
sotorasib; PK,
safety, and
tolerability

3 days
(sotorasib)
16 days
(rifampin)

14/14

phase 1,
single-center,
non-randomized,
open-label, fixed
sequence

single oral doses of 960 mg
sotorasib tablets

drug-drug
interaction effect
of omeprazole
with sotorasib;
PK, safety, and
tolerability

2 days
(sotorasib)
6 days
(omeprazole)

14/14

phase 1
open-label,
fixed-sequence,
crossover design

sotorasib 960 mg PO administered
alone and in combination with
either 40 mg famotidine or 40 mg
omeprazole, under fed conditions

PK, safety, and
tolerability of
sotorasib alone
and in
combination with
either famotidine
or omeprazole

3 days
(sotorasib)
2 days
(famotidine)
6 days
(omeprazole)

14/14

40 mg omeprazole delayed release
capsule PO QD

healthy men or
women between
18 and 60 years of
age

healthy men or
women between 18
and 60 years of age

healthy men or
women between 18
and 60 years of age

No. of
Centers and
Countriesb
1 center
1 country

1 center
1 country

1 center
1 country
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Controlled Studies (Module 5.3.5.1)
phase 3
sotorasib 960 mg PO QD
multicenter,
NCT03600883
docetaxel 75 mg/m2 IV Q3W
randomized,
(ongoing)
open-label,
active-controlled
20190009

efficacy, safety, up to 8 monthsc
tolerability, PROs,
PK

Planned:
325 sotorasib
325 docetaxel
Enrolled:
29 (blinded)

subjects with
171 centers
histologically or 18 countries
pathologically
documented,
locally-advanced
and unresectable
or metastatic
NSCLC with
KRAS G12C
mutation (and no
other known
oncogenic driver
mutation for which
there is an
approved targeted
therapy), and have
ĨĂŝůĞĚ ш 1 prior
systemic therapy
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Uncontrolled Studies (Module 5.3.5.2)
20170543
NCT03600883
(ongoing)

phase 1/2,
oral doses of sotorasib
monotherapy
and in
combination,
nonrandomized,
open-label, dose
exploration

safety,
tolerability,
efficacy, PK, PD

until disease
progressionb

phase 1
(all cohorts):
214/283
phase 2:
224/250
69/20

Part 1a

180, 360, 720, or 960 mg sotorasib
QD

Part 1b

480 mg sotorasib BID with food

13/3

Part 1c

720 or 960 mg sotorasib + 200 mg
pembrolizumab Q3W

11/20

Part 1d

960 mg sotorasib QD with food

Part 2a

960 mg sotorasib QD

60/60

Part 2b

480 mg sotorasib BID with food

13/40

Part 2c

720 or 960 mg sotorasib + 200 mg
pembrolizumab Q3W

0/15

Part 2d

960 mg sotorasib QD with food

14/9

Part 2e

960 mg sotorasib QD

30/30

Phase 1

Part 2e
Substudy

drug interaction single oral dose of 960 mg sotorasib PK of midazolam 1 day (sotorasib)
tablets
with/without
substudy
2 days
single oral doses of 2 mg midazolam
sotorasib
(midazolam)

men or women
ш 18 years of age
with previouslytreated advanced
solid tumors with
KRAS G12C
mutation

91 centers
10 countries

4/3

NSCLC, first line

7/4 to 6
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Phase 2
(pivotal)

monotherapy, 960 mg sotorasib PO QD
multicenter
nonrandomized,
open-label

safety,
tolerability,
efficacy, PK, PD,
PRO

until disease
progressionb

Primary Endpoint:
ORR
Secondary
Endpoints: DOR,
DCR, TTR, PFS,
OS; incidence and
severity of
adverse events,
PK

men or women
ш
18 years of age
126/105 NSCLC
with previously62/60 CRC
treated advanced
36/85 other
solid tumors with
tumor types
KRAS G12C
mutation that was
confirmed by
central testing prior
to enrollment
224/250 total

Other Studies (Module 5.3.5.4)
20190135
NCT04185883
(ongoing)
All
subprotocols

Master Protocol: Phase 1b study to evaluate the safety, tolerability, PK, and efficacy of multiple investigational regimens of sotorasib in subjects
with advanced solid tumors with KRAS G12C mutation as assessed by molecular testing of tumor biopsy specimens
safety,
tolerability, PK,
efficacy

phase 1b,
open-label

adult subjects
(ш 18 years) with
advanced solid
tumors with KRAS
G12C mutation

until disease
progression or
unacceptable
toxicity

Subprotocol
A

sotorasib (960 mg) PO QD +
trametinib (1 , 2, or 0.5 mg) PO QD
or sotorasib (960 mg) PO QD +
trametinib (1, 2, or 0.5 mg) PO QD +
panitumumab (3.6 mg/kg,
4.8 mg/kg, or 6 mg/kg) IV Q2W

35/130

Subprotocol
C

sotorasib (960 mg) QD + RMC-4630
(50 to 300 mg) PO twice weekly

3/90

24 centers
1 country
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Subprotocol
D

sotorasib (960 mg) QD + afatinib (20
to 40 mg) PO QD

5/60

Subprotocol
E

sotorasib (960, 720, 360, or 240 mg)
QD + atezolizumab (1200 mg) IV
Q3W

6/90

Subprotocol
H

sotorasib (960, 720, 480 mg) PO QD
+ panitumumab (6 or 3 mg/kg) IV
Q2W or panitumumab (6 or
3 mg/kg) + FOLFIRI IV Q2W

4/90

20190147
NCT04380753

phase 1,
open-label

sotorasib 720 mg (cohort 1) or
960 (cohort 2) mg PO QD

safety,
tolerability, PK,
efficacy in
Chinese subjects

until disease
progression

3/6 to 12

subjects of Chinese 4 centers
descent with
2 countries
advanced/
metastatic solid
tumors with
KRAS G12C
mutation

h ϱ с ƚĂƌŐĞƚ ĂƌĞĂ ƵŶĚĞƌ ƚŚĞ ĐŽŶĐĞŶƚƌĂƚŝŽŶ ǀĞƌƐƵƐ ƚŝŵĞ ĐƵƌǀĞ ŝŶ ŵŐͬŵ>ͻŵŝŶ͖ / twice daily; BMI body mass index; CRC colorectal cancer; DCR = disease control rate;
DLT dose-limiting toxicity; DOR = duration of response; FOLFIRI = 180 mg/m2 irinotecan and 400 mg/m2 racemic leucovorin by IV infusion over 90 minutes on day 1 and 5-FU
400 mg/m2 IV bolus on day 1, followed by 5-FU 2400 mg/m2 continuous infusion administered over days 1 and 2; KRAS Kirsten rat sarcoma viral oncogene homolog;
IV intravenous; NSCLC non-small cell lung cancer; OS = overall survival; PA = primary analysis; PD pharmacodynamics; PFS = progression-free survival;
PK pharmacokinetics; PO administered orally; PRO patient-reported outcome; QD once daily; Q2W = every 2 weeks; Q3W every 3 weeks; RECIST response evaluation
criteria in solid tumors
a Only noted if ongoing at the time of the marketing application; otherwise the study status is completed.
b Centers and countries that were initiated, not necessarily those that enrolled.
c Treatment with investigational product continues until disease progression, intolerance of treatment, initiation of another anticancer therapy, withdrawal of consent, or death.
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The Applicant’s Position:
All studies pertinent to the evaluation of efficacy and safety for the intended indication in
NSCLC are summarized above in Table 10. The primary support for the efficacy of the proposed
indication is based on the results from the subjects with previously-treated KRAS G12C-mutated
advanced NSCLC enrolled in the pivotal phase 2 portion of Study 20170543 (CodeBreaK 100), a
phase 1/2 study that is ongoing in North America, South America, Australia, Europe, and Asia.
The FDA’s Assessment:
FDA agrees with the descriptions of the clinical studies included in Table 10. Given the ORR
results observed in the primary efficacy population supporting this NDA compared with
docetaxel’s known efficacy as a second-line treatment for NSCLC, Study 20190009 was revised
during the review period to reduce its sample size from 650 patients to 330 patients, to allow
crossover from the docetaxel arm to the sotorasib arm after confirmation of disease
progression, and to incorporate an interim analysis of PFS at approximately 70% data maturity.
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8 Statistical and Clinical Evaluation
Review of Relevant Individual Trials Used to Support Efficacy
Study 20170543 (CodeBreaK 100)
The Applicant’s Description:
All the efficacy data for this marketing application was obtained from Study 20170543, which
consisted of a phase 1 portion and a pivotal phase 2 portion. The primary evidence for efficacy
for this marketing application is the evaluation of the data for subjects with previously-treated
KRAS G12C-mutated advanced NSCLC who received sotorasib monotherapy in the pivotal phase
2 portion of phase 1/2 Study 20170543 (phase 2 NSCLC group), as reflected in a clinically
meaningful and durable objective response. Therefore, the summary below will primarily focus
on efficacy results collected in the phase 2 portion of the study for subjects in the phase 2
NSCLC group.
Additional support for efficacy is provided based on data from the phase 1 portion of the study
for previously-treated and treatment-naïve subjects with KRAS G12C-mutated advanced NSCLC
who received sotorasib monotherapy (phase 1 NSCLC group and phase 1 NSCLC 1L group,
respectively). The supportive efficacy results from phase 1 are summarized in Section 3.2 of
Module 2.7.3, Summary of Clinical Efficacy, with key phase 1 data only discussed herein when
relevant for NSCLC.
Trial Design
The Applicant’s Description:
Study 20170543 is an ongoing phase 1/2, open-label, single-group study evaluating sotorasib in
the treatment of subjects with KRAS G12C-mutated solid tumors (Figure 9, Figure 9.
Study 20170543 Phase 1 Schema (Part 1 – Dose Exploration and Part 2 – Dose Expansion)Figure
10, Figure 11) The primary objectives of the phase 1 portion of the study were to evaluate the
safety and tolerability of sotorasib and to estimate the maximum tolerated dose or a
recommended phase 2 dose of sotorasib in adult subjects with KRAS G12C-mutated advanced
solid tumors. The primary objective of the phase 2 portion of the study was to evaluate the
ORR for sotorasib as monotherapy in subjects with KRAS G12C-mutated advanced solid tumors.
Secondary objectives for both portions of the study included other measures of sotorasib
efficacy (endpoints of duration of response, disease control rate, time to response, PFS, and
OS), safety, and pharmacokinetics.
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Subjects in phase 1 were treated with sotorasib monotherapy at 180, 360, 720, or 960 mg once
daily (QD). Subjects in phase 2 were treated with sotorasib monotherapy at 960 mg QD, the
recommended phase 2 dose identified in phase 1. Subjects continue sotorasib treatment until
disease progression (unless the subject is eligible for continued treatment), treatment
intolerance, withdrawal of consent, death, or other protocol-defined reasons. The primary
analysis was to occur approximately 8.5 months after 105 subjects with NSCLC or 60 with CRC
had enrolled in the phase 2 portion of the study.
ůŝŐŝďůĞ ƐƵďũĞĐƚƐ ǁĞƌĞ ŵĞŶ Žƌ ǁŽŵĞŶ ш ϭϴ ǇĞĂƌƐ ŽĨ ĂŐĞ͕ ǁŝƚŚ KRAS G12C-mutated advanced
NSCLC, colorectal cancer, or other solid tumors that were previously documented (phase 1) or
identified prospectively using local assessments and confirmed with central laboratory testing
for the mutation before enrollment in the study (phase 2). Central laboratory testing was
performed using the Qiagen therascreen® KRAS RGQ polymerase chain reaction (PCR) In Vitro
Diagnostic assay, which has CE (certification) Marking in Europe. Approved diagnostics for
testing KRAS G12C mutational status are available in other regions. In addition, subjects must
have received prior therapy (phase 1, except for the previously untreated metastatic NSCLC
cohort) or progressed after receiving prior therapy (phase 2).

114
Version date: January 2020 (ALL NDA/ BLA reviews)
Disclaimer: In this document, the sections labeled as “Data” and “The Applicant’s Position” are completed by the
Applicant and do not necessarily reflect the positions of the FDA.

Reference ID: 4803204

NDA/BLA Multi-disciplinary Review and Evaluation {NDA 214665}
LUMAKRAS™ (sotorasib)
Figure 9. Study 20170543 Phase 1 Schema (Part 1 – Dose Exploration and Part 2 – Dose
Expansion)

AMG 510 = sotorasib; BID = twice daily; DLT = dose-limiting toxicity; DLRT = Dose Level Review Team; IP = investigational
product; MTD = maximum tolerated dose; NSCLC = non-small cell lung cancer; QD = once daily; RP2D = recommended phase 2
ĚŽƐĞ͘ EŽƚĞ͗ dŚĞ >d ĞǀĂůƵĂƚŝŽŶ ƉĞƌŝŽĚ ǁĂƐ Ϯϭ ĚĂǇƐ͘ ĚĚŝƚŝŽŶĂů ƐƵďũĞĐƚƐ ĐŽƵůĚ ďĞ ĞŶƌŽůůĞĚ ш ϭ ŵonotherapy or combination
therapy dose levels or cohorts, which were deemed to be safe and tolerable, defined as backfill enrollment.
a KƉƚŝŽŶĂů ĨŽŽĚ ĞĨĨĞĐƚ ƐƵďƐƚƵĚǇ ǁĂƐ ĐŽŶĚƵĐƚĞĚ ŝŶ ш ϲ ƐƵďũĞĐƚƐ ĨƌŽŵ ŵŽŶŽƚŚĞƌĂƉǇ ĚŽƐĞ ĞǆƉůŽƌĂƚŝŽŶ Žƌ ĞǆƉĂŶƐŝŽŶ ĐŽŚŽƌƚƐ
(preferably from 960 mg cohort) in cycle 2 or later.
b Japanese subjects were enrolled in the dose exploration portion of the study and treated at the MTD or RP2D for initial safety
confirmation. Once safety was confirmed in the initial cohort from Japan, further enrollment from Japan was allowed for
other monotherapy cohorts.
c Only subjects with NSCLC were treated with combination therapy. The lowest planned combination therapy starting dose was
720 mg of sotorasib, based on cumulative sotorasib monotherapy clinical data. The planned maximum combination therapy
dose was 960 mg of sotorasib. The sotorasib 960 mg combination therapy dose was to be initiated, unless data indicated
safety intolerability at or below the 960 mg monotherapy dose. If intolerability issues existed, then a second combination
therapy dose level could be chosen based on a review of available safety, pharmacokinetic, and pharmacodynamic data from
subjects treated with monotherapy and combination therapy. The sotorasib combination therapy dose level could be deescalated to 360 mg, and pending safety and tolerability, possibly explored at additional lower doses (ie, 240 and/or 120 mg)
(up to 20 subjects).
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Figure 10. Study 20170543 Food Effect Assessment Schema (Phase 1 Part 1a [Optional] and
Part 1d and Part 2d)

AMG 510 = sotorasib; BID = twice daily; hrs = hours; PK = pharmacokinetics
a
Administration of sotorasib could continue until subject had disease progression, or discontinued from treatment
for reasons listed in Protocol 20170543 Section 8.3.1.
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Figure 11. Study 20170543 Transition From Phase 1 to Phase 2 Study Schema

DLRT = dose level review team; EOS= end of study; EOT = end of treatment; MTD = maximum tolerated dose; OS =
overall survival; RP2D = recommended phase 2 dose.
Note: DLRT was responsible for reviewing data in the dose expansion phase to confirm the RP2D and determine
the benefit/risk of proceeding to the phase 2 part of the study according to the futility and efficacy threshold
guidance described in Protocol 20170543 Section 10.4.1.

The FDA’s Assessment:
FDA agrees with the Applicant’s description of the design of Study 20170543.
Study Endpoints
The Applicant’s Description:
To avoid potential bias due to differences in subject characteristics or other aspects of
treatment between phase 1 and phase 2 of the study, the efficacy analysis was conducted
separately for data from phase 1 and phase 2. All efficacy data reported for this marketing
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application are based on cutoff dates of 06 July 2020 (phase 1 interim analysis) and
01 September 2020 (phase 2 primary analysis). Tumor response assessments were conducted
by an independent, external radiologic central laboratory (blinded independent central review
[BICR]) using RECIST 1.1 criteria (US FDA 2015; Eisenhauer et al, 2009). Complete and partial
response required confirmatory CT or MRI repeat assessment at least 4 weeks after the first
detection of response.
Phase 2 (Primary Evidence for Efficacy): The primary endpoint to support marketing approval
is the objective response rate (ORR; ORR = complete response + partial response), which is
reasonably likely to predict clinical benefit and has been used as a an endpoint in support of
marketing approval in uncontrolled, single-group studies in advanced solid tumors (Hierro et al,
2019; US FDA, 2019; US FDA, 2018a; US FDA, 2018b; US FDA, 2015; Drilon et al, 2018; Oxnard et
al, 2016; Pignatti et al, 2015). Since the clinical significance of ORR is generally assessed by both
its magnitude and duration, duration of response was evaluated as a key secondary endpoint.
Other supportive secondary efficacy endpoints include time to response, disease control rate,
progression-free survival, and overall survival.
Phase 1 (Supportive efficacy): The efficacy endpoints include ORR, DOR, DCR, PFS, duration of
stable disease, and TTR. Details of all efficacy evaluations for phase 1 data are provided in the
Study 20170543 phase 1 clinical study report located in Module 5.

The FDA’s Assessment:
FDA agrees with the Applicant’s description. Of note, the final efficacy analysis is based on
updated efficacy data with a cutoff date of September 1, 2020; and duration of response was
followed until December 1, 2020.

The Applicant’s Description:
The statistical analysis plan was amended twice during the study to reflect changes in protocol
design (see Section “Protocol Amendments”). Key changes are summarized in Table 11. In
addition, supplements to the statistical analysis plan were provided to prespecify the analyses
of ECG assessments, health-related quality-of-life endpoints, and biomarkers.
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Table 11. Summary of Changes in Statistical Methods for Study 20170543
Version

Major Changes

Statistical Analysis Plan
Original Statistical
Analysis Plan
(Version 1.0)
14 November 2018

–

Statistical Analysis Plan
Amendment 1
(Version 2.0)
16 July 2019

x

added as an exploratory endpoint analysis: progression-free
survival 2 (PFS2) measured from the date of the first dose of
sotorasib to date of objective disease progression on next-line
treatment or death (whichever occurred first)

Statistical Analysis Plan
Amendment 2
(Version 3.0)
14 August 2020

x

updated to align with protocol Amendment 6, updated
Section 5 definitions, added prespecified subgroup variables
(for phase 2), added COVID-19 analyses, updated imputation
rules in Appendix A, and added Appendices C, D, and E

Supplemental Information
Statistical Analysis Plan
Supplemental
Information
(Version 1.0)
23 July 2019

x

to prespecify the analyses of electrocardiogram data collected
in the study

Statistical Analysis Plan
Supplemental
Information
(Version 1.0)
07 February 2020

x

to prespecify the analyses of electronic clinical outcome
assessments for global health status/quality-of-life endpoints
(for phase 2 only)

The FDA’s Assessment:
FDA agrees with the description of the amendments to the statistical analysis plan. Per the final
SAP, the primary efficacy endpoint is ORR as assessed by BICR per RECIST 1.1, to be summarized
descriptively with a Clopper-Pearson exact 95% CI. The phase II part of the study planned to
enroll approximately 105 patients with NSCLC. A sample size of 105 subjects for NSCLC would
provide approximately a 90% probability that the lower limit of the ORR 95% CI exceeds the
pre-specified tumor-specific benchmark ORR of 23%. The minimal observed ORR that would
exclude the benchmark ORR from the 95% CI with this sample size is 32%. The primary efficacy
population is defined as all patients in phase II who received AMG510 and had been followed
for at least 7 weeks for response. The key secondary endpoint is duration of response (DOR),
which is summarized with descriptive statistics.
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The Applicant’s Description:
The protocol for Study 20170543 (originally dated 14 May 2018) was amended 6 times as of the
data cutoff date for this marketing application. Major changes to the protocol are summarized
in Table 12.
Table 12. Summary of Protocol Amendments for Study 20170543
Major Changes
Amendment
Original Protocol
14 May 2018
Amendment 1
12 July 2018

Phase 1 Portion
–

Phase 2 Portion
–

x

updated eligibility criteria for NSCLC,
CRC, and of the DLT definitions for
vomiting and diarrhea

x

updated requirements for alkaline
phosphatase laboratory values in the
eligibility criteria

x

simplified and defined schedule of
assessment timepoints

x

separated the hepatitis serology and
HIV assessments in the schedule of
assessments and analytes listing

–
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Major Changes
Amendment
Amendment 2
13 March 2019

Phase 1 Portion
x

incorporated changes to the study
design:


added BID cohort to evaluate
initial safety, pharmacokinetics,
and pharmacodynamics of
sotorasib



added combination therapy cohort
to evaluate safety, tolerability,
pharmacokinetics, and
pharmacodynamics of sotorasib in
combination with pembrolizumab
in subjects with KRAS G12Cmutated advanced NSCLC



modified dose-expansion cohort
(part 2a) to allow enrollment of
subjects with any tumor type into
1 cohort of up to 60 subjects



expanded backfill enrollment in
part 1a up to 40 subjects



added details for subjects in
part 1a at study centers in Japan

Phase 2 Portion
x

added the phase 2 portion to the study:
multicenter, non-randomized, open-label
design to evaluate efficacy and
safety/tolerability of sotorasib as
monotherapy in subjects with
KRAS G12C-mutated advanced solid
tumors (NSCLC, CRC, and other tumors)

x

updated the number of study centers

x

added clarification regarding RECIST
criteria

x

updated the number of study centers

x

added clarification regarding RECIST
criteria

28 March 2019

x

corrected an error in Section 4.2
(exclusion criterion 209) and in
Section 10.4.1.3.2 (Futility)

02 April 2019

x

this superseding protocol amendment
was done to create a single protocol
amendment 2 document and a single
summary of changes document

x

use of standard RECIST 1.1 criteria for
analysis of tumor response

x

use of standard RECIST 1.1 for analysis of
tumor response

x

added time to response as a secondary
endpoint to describe timing aspect of
sotorasib response profile

x

added time to response as a secondary
endpoint to describe timing aspect of
sotorasib response profile

Superseding
Amendment 2

Amendment 3
22 May 2019
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Major Changes
Amendment

Amendment 4
25 September
2019

Phase 1 Portion
x

provided sample size justification for
enrollment of up to 60 subjects in dose
expansion

x

added futility/efficacy thresholds for
monitoring antitumor activities in
phase 1 dose expansion to provide
guidance to DLRM for determining
RP2D and continuing to phase 2

x

updated part 1b dose-exploration
cohorts for BID dosing to allow 480 mg
BID sotorasib dosing in a fed state
within a single cohort

x

added new dose expansion cohort
(part 2b)

x

added new cohorts, 1d and 2d, to
remove the food restrictions (eg,
fasting) before and after sotorasib
administration in monotherapy cohorts
(960 mg sotorasib QD dosing with
food)

x

added part 2e to allow enrollment of
subjects with previously untreated
KRAS G12C-mutated metastatic NSCLC

Phase 2 Portion
x

revised eligibility criteria in terms of the
extent of prior therapies for NSCLC and
CRC; removed the inclusion criteria
requirement for alkaline phosphatase,
and updated birth control method
requirements

x

adjusted sample size for NSCLC and CRC
based on new benchmark rates:


NSCLC: revised the benchmark rate
to 23% to exclude from the lower
limit of the 95% confidence interval
for observed ORR



CRC: revised the benchmark rate to
10% to exclude from the lower limit
of the 95% confidence interval for
observed ORR

x

clarified that efficacy analysis to be
conducted using only phase 2 data;
removed interim analysis for efficacy

x

updated futility interim analysis to allow
continuous monitoring using Bayesian
predictive probability method

x

added patient-reported outcomes

x

added urine pregnancy test on day 1 of
every cycle for female subjects of childbearing potential

x

all changes were made to the phase 1
portion of the study
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Major Changes
Amendment

Amendment 5

Phase 1 Portion
x

added a new substudy in part 2e to
evaluate the effect of sotorasib on the
pharmacokinetics of midazolam

x

added the option to enroll up to an
additional 40 subjects (40 to 80 total)
as backfill enrollment into any cohort
(1a or any b, c, d, or e cohort) once
data from that cohort were considered
safe and tolerable

x

revised sotorasib dose level for
combination therapy with
pembrolizumab to allow for
de-escalation to 360 mg and possible
exploration at lower sotorasib doses
(ie, 240 mg and/or 120 mg), based on
safety and tolerability

11 February
2020

Amendment 6

Phase 2 Portion

x

increased the planned number of
subjects from 200 to 250 subjects

x

clarified minimal time interval for
determination of stable disease

x

updated text describing timing of
primary analysis and analysis sets

x

clarified dose modification guidance and
updated hepatotoxicity stopping rules
with new guidelines for liver function
tests

x

increased sample sizes for sotorasib
combination therapy with
pembrolizumab in part 1c to
approximately 20 subjects and in
part 2c to approximately 15 subjects

x

added 2 new groups to part 2b
(480 mg BID) to explore different
dosing intervals (4 hours apart versus
12 hours apart) and increased sample
size to 40 subjects combined

x

added monitoring of thyroid function,
cholesterol, and triglycerides to the
schedule of assessments

x

included liver toxicity guidelines for
management and monitoring of
subjects with increased aspartate
aminotransferase, alanine
aminotransferase, or alkaline
phosphatase levels

x

added language to allow continued
treatment with sotorasib after disease
progression for subjects who continue
to have clinical benefit in the
investigator’s opinion

x

added language to allow continued
treatment with sotorasib after disease
progression for subjects who continue to
have clinical benefit in the investigator’s
opinion

x

added language for proton pump
inhibitor interaction with sotorasib

x

added language for proton pump
inhibitor interaction with sotorasib

10 June 2020
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Major Changes
Amendment

Phase 1 Portion
x

updated frequency of tumor
assessments

Phase 2 Portion
x

updated the frequency of tumor
assessments

BID = twice daily; CRC = colorectal cancer; DLRM = dose level review meeting; DLT = dose-limiting toxicity; HIV =
human immunodeficiency virus; NSCLC = non-small cell lung cancer; KRAS G12C = KRAS gene with a mutation
resulting in a G12C amino acid substitution; ORR = objective response rate; PD 1[L1] = programmed cell death-1
[ligand 1]; QD = once daily
Source: Section 8.9 of Study 20170543 Phase 1 and Phase 2 CSRs

The FDA’s Assessment:
FDA agrees with the description of the protocol amendments.
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Study Results
Compliance with Good Clinical Practices
Data:
An audit of Study 20170543 was included as part of the independent Amgen Quality,
Compliance, and Audit program performed by Amgen. The audit certificate for this study is
provided in Section 16.1.8 of Study 20170543 Phase 1 and Phase 2 CSRs.
Amgen has been closely monitoring the evolving Coronavirus Disease 2019 (COVID 19) situation
across the globe and has, therefore, taken proactive steps to maintain the safety of study
participants and support staff, including Amgen representatives, at all Study 20170543 clinical
study centers, and to maintain study data integrity while maintaining compliance with Good
Clinical Practices (GCP). Before database lock, Amgen assessed the effect of COVID-19 on
Study 20170543, including the effect of changes implemented to ensure subject safety and
continuity of the study. The temporary changes implemented in study procedures were
documented as protocol deviations as recommended by health authorities. The assessment of
the observed deviations due to COVID-19 concluded that the effect on the characterization and
inference making on the primary and secondary efficacy endpoints (ORR and DOR) and safety
assessments was low (Section 8.9.2 of Study 20170543 Phase 1 and Section 8.9.2 of
Study 20170543 Phase 2).
The Applicant’s Position:
Study 20170543 was conducted in accordance with the Code of Federal Regulations (CFR)
governing the protection of human subjects (21 CFR part 50), Institutional Review Boards
(21 CFR part 56), and the obligations of clinical investigators (21 CFR 312.50 to 312.70) in
accordance with Good Clinical Practice as described in ICH E6 (ICH, 2016), under the principles
of the Declaration of Helsinki. The study was conducted under Investigational New Drug (IND)
139023.
The FDA’s Assessment:
FDA agrees with the description of the Applicant’s compliance with Good Clinical Practices. The
DCO for the efficacy data is September 1, 2020, with duration of responses followed through
December 1, 2020.
Financial Disclosure
Data:
See Appendix 19.2.
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The Applicant’s Position:
This was an Amgen-sponsored clinical study. Financial interests or arrangements with clinical
investigators have been disclosed (see Appendix 19.2).
The FDA’s Assessment:
FDA agrees with the Applicant’s position. Refer to Section 19.2 for additional details.
Subject Disposition
Data:
Data from the pivotal phase 2 study provided below are up to the data cutoff of
01 September 2020. The updated efficacy data for ORR and DOR from the 01 December 2020
data cutoff are provided in Section 8.1.5 Integrated Assessment of Effectiveness.
Pivotal Phase 2: A total of 126 subjects with KRAS G12C-mutated locally-advanced or
metastatic NSCLC (hereinafter referred to as NSCLC) were enrolled in the phase 2 portion of
^ƚƵĚǇ ϮϬϭϳϬϱϰϯ ĂŶĚ ŚĂĚ ƌĞĐĞŝǀĞĚ ш ϭ ĚŽƐĞ ŽĨ ƐŽtorasib 960 mg PO QD monotherapy
(Table 14b-1.1 of Study 20170543 Phase 2), with the first subject enrolled into the phase 2
portion of the study on 13 August ϮϬϭϵ͘ KĨ ƚŚĞƐĞ ϭϮϲ ƐƵďũĞĐƚƐ͕ ϭϮϯ ƐƵďũĞĐƚƐ ƌĞĐĞŝǀĞĚ ш ϭ ĚŽƐĞ
ŽĨ ƐŽƚŽƌĂƐŝď ĂŶĚ ŚĂĚ ш ϭ ŵĞĂƐƵƌĂďůĞ lesion (based on central review) at baseline and were
included in the full analysis set for response-related efficacy assessments. As of the data cutoff
date of 01 September 2020, 69 of the 126 subjects (54.8%) with NSCLC were continuing
participation in the study. Of the 57 subjects (45.2%) who discontinued the study, 47 subjects
(37.3%) died and 10 subjects (7.9%) withdrew consent. Eighty-nine subjects (70.6%) had
discontinued sotorasib treatment; the most common reasons for discontinuation were disease
progression (70 subjects [55.6%]) and adverse event (11 subjects [8.7%]). Median duration
(range) of treatment with sotorasib was 24.1 (1.0, 52.1) weeks, with 47.6% and 28.6% of
ƐƵďũĞĐƚƐ ƌĞĐĞŝǀŝŶŐ ш ϲ ĂŶĚ ш ϵ ŵŽŶƚŚƐ ŽĨ ƚƌĞĂƚŵĞŶƚ͕ ƌĞƐƉĞĐƚŝǀĞůǇ ;dĂďůĞ ϭϰď-5.1 of Study
20170543 Phase 2).
Phase 1: A summary of baseline demographics for the 124 subjects with NSCLC in phase 1 of
Study 20170543 is provided in Section 3.1.3.2 of Module 2.7.3, Summary of Clinical Efficacy. As
of the data cutoff date for phase 1 of 06 July 2020, 69 of the 124 subjects (55.6%) were
continuing participation in the study. Of the 55 subjects (44.4%) who discontinued the study,
44 subjects (35.5%) died and 11 subjects (8.9%) withdrew consent. Seventy-five subjects
(60.5%) discontinued sotorasib treatment; the most common reasons for treatment
discontinuation were disease progression (53 subjects [42.7%]) and adverse event (12 subjects
[9.7%]).
126
Version date: January 2020 (ALL NDA/ BLA reviews)
Disclaimer: In this document, the sections labeled as “Data” and “The Applicant’s Position” are completed by the
Applicant and do not necessarily reflect the positions of the FDA.

Reference ID: 4803204

NDA/BLA Multi-disciplinary Review and Evaluation {NDA 214665}
LUMAKRAS™ (sotorasib)
The Applicant’s Position:
The phase 2 full analysis set included all subjects enrolled in phase 2 who received  1 dose of
sotorasib and had ш 1 measurable lesion at baseline as assessed by BICR using RECIST 1.1. The
primary analysis for phase 2 tumor response and other response-related efficacy endpoints was
performed on this dataset (N = 123). The phase 1 full analysis set for NSCLC 960 mg QD
sotorasib monotherapy (fasted) dose cohort comprised 34 subjects and was used for analyses.
Safety analyses included subjects who received ш 1 dose of sotorasib.
The FDA’s Assessment:
FDA agrees with the Applicant’s description of patient disposition; however, based on the
updated efficacy data set that includes a total of 124 patients. Between the time of the original
application submission (12/16/2020) and the updated efficacy data submission (2/4/2021), one
(b) (6)
additional patient (Subject ID
) was identified as having measurable disease at
baseline and therefore was included in the primary efficacy population. A total of 55 of 124
patients (44%) were still on study. Of the 69 (56%) patients who discontinued the study, 57
(46%) died, 10 (8%) withdrew consent and 2 (1.6%) were lost to follow-up. Eighty-nine patients
(70.6%) had discontinued sotorasib treatment; the most common reasons for discontinuation
were disease progression (70 patients [55.6%]) and adverse event (11 patients [8.7%]). A total
of 94 (76%) patients discontinued sotorasib treatment; reasons of discontinuation include
progressive disease (74 (60%) patients), adverse event (11 (9%) patients), patients request (5
(4.0%) patients), death (2 (1.6) patients), non-compliance (1 (0.8%) patient) and requirement
for alternative therapy (1 (0.8%) patient).
Protocol Violations/Deviations
Data:
In the phase 2 portion of the study, 79 of 224 subjects (35.3%) had  1 important protocol
deviation in the phase 2 portion of the study (Section 9.2 of Study 20170543 Phase 2 CSR).
Among the 126 subjects with NSCLC, 51 subjects (40.5%) had  1 important protocol deviation
and 13 subjects (10.3%) had  1 important protocol deviation related to COVID 19.
In the phase 1 portion of the study, among subjects (124 subjects with NSCLC, 51 with CRC, and
28 with other tumor types) who had received sotorasib monotherapy in phase 1, a total of
124 subjects (61.1%) had  1 important protocol deviation (Section 9.2 of Study 20170543
Phase 1 CSR). Of these 31 subjects (15.3%) had  1 important protocol deviation related to
COVID 19.
The Applicant’s Position:
The above mentioned important protocol deviations did not affect the overall results of the
study. Outcomes for the assessments of the observed deviations due to COVID-19 had a low
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effect on the characterization and inference making on the primary and secondary efficacy
endpoints (ORR and DOR) and safety assessments (Section 8.9.2 of Study 20170543 Phase 1 and
Section 8.9.2 of Study 20170543 Phase 2).

The FDA’s Assessment:
According to the Applicant, 51 patients (41%) had ш 1important protocol deviation (IPD) with a
total of 89 IPDs overall. The most common IPDs were related to missing data, excluding data for
incorrect treatment, dose or other treatment compliance FDA agrees with the Applicant’s
position that the protocol deviations observed for Study 20170543 are unlikely to impact the
efficacy results or interpretation of the observed safety profile of sotorasib. A description of the
IPDs is provided in Table 13 below.
FDA acknowledges that 13 patients from the primary efficacy population (10%) had ш 1 IPD
related to the COVID-19 pandemic. The important deviations related to COVID-19 were missing
data (excluding missing data for incorrect treatment, dose, or other treatment compliance) (10
patients, 8%), received an incorrect, incomplete, or partial dose of sotorasib (3 patients, 2.4%),
and off-schedule procedures (1 patient, 0.8%).
Table 13. Important Protocol Deviations Amongst Patients Enrolled in the Dose Expansion
Portion of Study 20170543 (FDA table)
Protocol Deviation

Total number of missing data*‡
Missing data*
Key safety/laboratory samples
Screening assessments
End of Treatment/Safety Follow Up Procedures
Imaging
Pre-dose assessments
Key pharmacokinetic data
Total number of other deviations‡
Good Clinical Practice
Total number of entered study even though entry criteria was not satisfied‡
Entered study even though entry criteria was not satisfied
Inform consent

Number of
patients
affected
(N = 126)
n (%)
66
40 (32)
28 (22)
12 (10)
6 (4.8)
2 (1.6)
2 (1.6)
1 (0.8)
10
10 (8)
4
4 (3.2)
2 (1.6)
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Exclusion of hepatitis infection
Pathologically documented, locally advanced or metastatic malignancy with
KRAS G12C mutation and history of prior treatment
Total number of received the wrong treatment or incorrect dose
Received the wrong treatment or incorrect dose 4 (3.2)
Incorrect, incomplete or partial dose of IP 4 (3.2)
Total number of developed withdrawal criteria but was not withdrawn
Developed withdrawal criteria but was not withdrawn
Non-withdrawal after meeting criteria
Off-schedule procedures*
Pre-dose procedure(s)
Safety or laboratory samples

1 (0.8)
1 (0.8)
4
4 (3.2)
4 (3.2)
3
3 (2.4)
3 (2.4)
2 (1.6)
1 (0.8)
1 (0.8)

129
Version date: January 2020 (ALL NDA/ BLA reviews)
Disclaimer: In this document, the sections labeled as “Data” and “The Applicant’s Position” are completed by the
Applicant and do not necessarily reflect the positions of the FDA.

Reference ID: 4803204

NDA/BLA Multi-disciplinary Review and Evaluation {NDA 214665}
LUMAKRAS™ (sotorasib)
Table of Demographic Characteristics
Data:
Table 14. Study 20170543 Baseline Demographic Characteristics (Phase 2 NSCLC in Safety
Analysis Set)
Phase 2 NSCLC
960 mg QD Fasted
(N 126)
Sex - n ()
Men

63 (50.0)

Women

63 (50.0)

Ethnicity - n ()
2 (1.6)

Hispanic or Latino

116 (92.1)

Not Hispanic or Latino

8 (6.3)

Missing
Race - n ()
American Indian or Alaska Native

0 (0.0)

Asian
Black or African American
Native Hawaiian or Other Pacific Islander

19 (15.1)
2 (1.6)
0 (0.0)

White
Multiple
Other

103 (81.7)
0 (0.0)
2 (1.6)

Age (years)
N
Mean

126
62.9

SD
Median

9.3
63.5

Q1, Q3
Min, Max

56.0, 70.0
37, 80

Age group – n ()
18 to 64 years
65 to 74 years
75 to 84 years

67 (53.2)
49 (38.9)
10 (7.9)

t 85 years

0 (0.0)
Page 1 of 1
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N = Number of subjects in the analysis set; n = Number of subjects in the corresponding category; NSCLC = nonsmall cell lung cancer; Q1 = first quartile; Q3 = third quartile; QD = once daily; SD = standard deviation.
Phase 2 data cutoff date of 01 September 2020. Source: Study 20170543 Phase 2 CSR Table 14b-2.1

The baseline demographics for subjects enrolled in phase 1 are provided in Table 8 of Module
2.7.3, Summary of Clinical Efficacy; results for phase 1 summarized below in the next
subsection.
The Applicant’s Position:
Overall, the subjects with NSCLC enrolled in Study 20170543 had baseline characteristics
indicative of subjects with locally-advanced or metastatic NSCLC. Thus, the patient population
evaluated in Study 20170543 is considered representative of the overall population of patients
with KRAS G12C-mutated advanced NSCLC and supportive of the proposed indication.
The FDA’s Assessment:
The updated efficacy data set contains 124 patients and all analyses conducted by the FDA are
based on this population. A description of baseline disease characteristics is provided in Table
15.
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Other Baseline Characteristics (e.g., disease characteristics, important concomitant drugs)
Data:
Phase 2: Of the 126 enrolled subjects with NSCLC, most were white (81.7%) and 50% were men
(Table 14). The median (range) age was 63.5 (37, 80) years. Most subjects had nonsquamous
NSCLC (99.2%) and stage IV disease at screening (96.0%) (Table 14n-2.2 of Study 20170543
Phase 2). Per protocol eligibility criteria, subjects had a baseline Eastern Cooperative Oncology
Group (ECOG) performance status of 0 or 1 (38 subjects [30.2%] and 88 subjects [69.8%],
respectively). Subjects had received a median of 2 prior lines of anticancer therapy: 54 subjects
(42.9%) received 1 prior line, 44 (34.9%) received 2 prior lines, 28 (22.2%) received 3 prior lines,
and no subject received 4 or more. A total of 113 subjects (89.7%) received prior platinumbased chemotherapy and 115 subjects (91.3%) received prior anti-PD 1/PD-L1 immunotherapy
therapy. A total of 102 subjects (81.0%) had received and progressed on treatment with both
checkpoint inhibitors and platinum-based therapy. Most subjects were former smokers
(102 subjects, 81.0%) or current smokers (15 subjects, 11.9%). Overall, 7.1% had received and
progressed on targeted small molecule therapies (none were approved therapies/combinations
for actionable mutations). Based on available data reported by the study centers and
consistent with the literature and real-world evidence described in Section 1.1.3, a low number
of subjects had co-mutations (10.3% of subjects for TP53, 5.6% for STK11, 2.4% for EGFR, and
< 1.6% for all other co-mutations; no subjects had co-mutations in ALK or ROS) (Table 14n-2.2
of Study 20170543 Phase 2). The exploratory biomarker analysis using central testing for
identifying co-mutations is ongoing for phase 2; the report will be submitted separately as a
supplemental clinical study report. Overall, 96.8% of subjects had metastatic disease. Per
protocol eligibility criteria, while subjects with treated and stable brain metastases could enroll
in the study, subjects with active brain metastases were excluded. This is in keeping with the
standard of treating active brain metastases with surgery or radiation before initiating
pharmacotherapy.
Phase 1: Baseline demographic characteristics were generally similar across the
7 monotherapy dose cohorts. Most subjects were white (81.5%) and 62.9% were women;
median (range) age was 68.0 (49 to 86) years. Baseline disease characteristics and prior
treatments for these subjects are provided in Table 8 of Module 2.7.3, Summary of Clinical
Efficacy. Based on available data reported by the study centers, a low number of subjects had
co-mutations (15.3% of subjects for TP53, 12.1% for STK11, 1.6% for EGFR͕ ĂŶĚ ч ϰй Ăůů ŽƚŚĞƌ
co-mutations; no subjects had co-mutations in ROS (Table 14j-2.2 of Study 20170543 Phase 1).
Among the 35 subjects with NSCLC included in the exploratory biomarker analysis based on
central testing, there were no actionable co-mutations detected and no discernable pattern
suggesting mechanisms of resistance in this preliminary dataset (Section 11.4 of
Study 20170543 Phase 1).
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The Applicant’s Position:
Overall, the subjects with NSCLC enrolled across all cohorts in both phase 1 and phase 2 of
Study 20170543 had baseline characteristics indicative of subjects with locally-advanced or
metastatic NSCLC. Thus, the patient population evaluated in Study 20170543 is considered
representative of the overall population of patients with KRAS G12C-mutated advanced NSCLC
and supportive of the proposed indication.
The FDA’s Assessment:
FDA agrees with the Applicant’s description of the study population demographics. However,
FDA does not agree that the study population is representative of the population of patients
with KRAS G12C-mutated NSCLC in the U.S. as the incidence of KRAS G12C mutation is
approximately 10% in Black patients with NSCLC and 13% in white patients (Nassar 2021). In
contrast, only 1.6% of patients enrolled on Study 20170543 were Black while 82% of study
patients were white. A total of 15% of study patients were Asian although in general, the KRAS
G12C mutation is more prevalent in White and Black patients with NSCLC in the U.S. than in
Asian patients (Nasser 2021).
The median age of 64 in patients enrolled on Study 20170543 is similar to that reported in the
literature for patients with KRAS G12C-mutated NSCLC (Sebastian 2021) as is the high
prevalence of current or former smokers (93% of patients in Study 20170543).
The FDA’s analysis of baseline characteristics was conducted using the primary efficacy
population of 124 patients, all of whom had measurable lesions according to RECIST 1.1 at
baseline. Table 8.1 includes an efficacy population of 126 patients, but two of these patients did
not have measurable disease at baseline and were therefore excluded from the primary
efficacy population. Baseline demographics and disease characteristics of the primary efficacy
population of 124 patients are provided in Table 15.
Table 15.

Study 20170543 Baseline Demographic and Disease Characteristics (FDA table)
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Phase II NSCLC
N = 124
Sex (%)
Female
Male
Age at diagnosis, median [range]
< 65 Years
>= 65 Years
Race (%)
Asian
Black or African American
Other
White
Ethnic (%)
Hispanic or Latino
Not Hispanic or Latino
Not Reported
Region (%)
Asia
Europe
North America
Other
Baseline ECOG (%)
0
1
Histopathology at baseline (%)
Non-Squamous
Squamous
Smoking History (%)
Current
Former
Never
Not reported
Disease Stage at screening (%)
Stage III
Stage IV
Number of Prior Line of Therapy (%)
1
2

62 (50)
62 (50)
64.0 [37.0, 80.0]
65 (52)
59 (48)
18 (15)
2 (2)
2 (2)
102 (82)
2 (2)
114 (92)
8 (6)
11 (9)
29 (23)
79 (64)
5 (4)
37 (30)
87 (70)
123 (99)
1 (1)
15 (12)
100 (81)
6 (5)
3 (2)
5 (4)
119 (96)
53 (43)
43 (35)
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3
Liver Metastasis at Baseline (%)
No
Yes
Brian Metastasis at Baseline (%)
No
Yes
Bone Metastasis at Baseline (%)
No
Yes
Prior Platinum-Base Chemotherapy (%)
No
Yes
Prior PD-1 or PD-L1 (%)
No
Yes
Differentiation at Baseline (%)
Moderately Differentiated
Poorly Differentiated
Unknown
Well Differentiated

28 (23)
98 (79)
26 (21)
98 (79)
26 (21)
65 (52)
59 (48)
13 (10)
111 (90)
11 (9)
113 (91)
15 (12)
24 (19)
79 (64)
6 (5)

Treatment Compliance, Concomitant Medications, and Rescue Medication Use
Data:
Treatment Compliance
Sotorasib was dispensed to subjects at the beginning of each cycle and the subjects were
required to bring the bottle of sotorasib with them on study visit days. During study visit days,
sotorasib administration was done at the study center after all pre-dose assessments were
conducted. On non-study visit days, a diary provided to the subject was used to capture
compliance with sotorasib administration.
Concomitant Medications
Throughout the study, investigators could prescribe any concomitant medications or
treatments deemed necessary to provide adequate supportive care except for those listed in
Protocol Section 6.7 of Study 20170543 Phase 1 and 2 CSRs. All subjects with NSCLC in both
phase 1 and phase 2 used concomitant medication (Section 12.9 of Study 20170543 Phase 1
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and Phase 2 CSRs). Among the 126 subjects with NSCLC in phase 2, the most common
medications (frequency  20%) were paracetamol (44.4%), ibuprofen (23.8%),
pantoprazole (23.0%), and folic acid (22.2%). Among the 124 subjects with NSCLC in phase 1,
the most common medications (frequency  30%) were paracetamol (42.7%), ondansetron
(35.5%), and oxycodone (31.5%).
Rescue Medication
Not applicable
The Applicant’s Position:
No formal treatment compliance measurements were planned. Analyses for exposure
demonstrated that regardless of tumor type, the median average daily dose administered was
960 mg and the median relative dose intensity of sotorasib was 100% for subjects whose
planned dose was 960 mg. Concomitant medication use was consistent with protocol-specified
criteria.
The FDA’s Assessment:
FDA agrees with the Applicant’s position.
Efficacy Results – Primary Endpoint (Including Sensitivity Analyses)
Data:
The key efficacy results for tumor response in subjects with NSCLC from the phase 2 portion of
Study 20170543 (full analysis set) are provided in Table 15.
Based on BICR using RECIST 1.1, the ORR among 123 subjects with NSCLC in the full analysis set
of the phase 2 portion of Study 20170543 was 37.4% (95% CI: 28.8, 46.6) with 44 subjects
achieving a partial response (35.8%) and including 2 subjects (1.6%) achieving a complete
response (Table 15, Figure 12, and Section 3.2.1 in Module 2.7.3, Summary of Clinical Efficacy).
The lower bound of the 95% CI excluded the prespecified benchmark ORR from the REVEL study
(Ramucirumab USPI) of 23% (95% CI: 20, 26).
Among the 99 subjects who had prior treatment with both platinum-based chemotherapy and
anti-PD-1 or anti-PD-L1, ORR was 32.3% (95% CI: 23.3, 42.5) and median duration of response
was not estimable (95% CI: 6.9, not estimable).
Sensitivity analyses were conducted using the assessments reported by the investigator. The
concordance rate between investigator and blinded independent radiological central laboratory
assessments was 82.9% for ORR (Section 3.2.1 of Module 2.7.3, Summary of Clinical Efficacy).
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Table 16. Summary of Objective Response Based on Blinded Independent Central Review in
Study 20170543 (Phase 2 NSCLC – Full Analysis Set)
Phase 2 NSCLC
960 mg QD Fasted
(N = 123)
Best overall response - n (%)
Complete response (CR)
Partial response (PR)
Stable disease (SD)
Progressive disease (PD)
Not evaluable (NE)
Not done

2 (1.6)
44 (35.8)
53 (43.1)
20 (16.3)
2 (1.6)
2 (1.6)

Objective response rate (ORR)
Number of overall responders - N1 (%)
95% CIa

46 (37.4)
(28.84, 46.58)

Disease control rate (DCR) - n (%)
95% CIa

99 (80.5)
(72.37, 87.08)

Duration of objective response (DOR)b
2EVHUYHG GXUDWLRQ   PRQWKV - n (%)
2EVHUYHG GXUDWLRQ   PRQWKV - n (%)
2EVHUYHG GXUDWLRQ   PRQWKV - n (%)
Observed GXUDWLRQ   PRQWKV - n (%)
Subject status - n (%)
Events
Progressive disease
Death
Related to COVID-19
Censored
On study without disease progression
No evaluable post-baseline disease assessment
Missed more than one consecutive assessments
Related to COVID-19
Started new anti-cancer therapy
Withdrew consent
Related to COVID-19
Off study due to sponsor decision
Related to COVID-19
Lost to follow-up
Related to COVID-19

35 (76.1)
23 (50.0)
0 (0.0)
0 (0.0)

14 (30.4)
13 (28.3)
1 (2.2)
0 (0.0)
32 (69.6)
28 (60.9)
0 (0.0)
0 (0.0)
0 (0.0)
3 (6.5)
1 (2.2)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

Page 1 of 2
Footnotes provided on last page of table.
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Table 17. Summary of Objective Response Based on Blinded Independent Central Review in
Study 20170543 (Phase 2 NSCLC – Full Analysis Set)
Phase 2 NSCLC
960 mg QD Fasted
(N = 123)
Duration of response (KM) (months)
25th percentile (95% CI)
Median (95% CI)
75th percentile (95% CI)
Min, Max (+ for censored)

6.8 (3.5, 7.1)
8.4 (6.9, 8.4)
8.4 (NE, NE)
1.3+, 8.4

Kaplan-Meier estimate (95% CI)c
At 3 months
At 6 months
At 9 months
At 12 months

89.9 (75.3, 96.1)
76.2 (59.1, 86.9)
0.0 (NE, NE)
0.0 (NE, NE)

Follow-up time for DORd (KM) (months)
25th percentile (95% CI)
Median (95% CI)
75th percentile (95% CI)
Min, Max (+ for censored)
Time to objective response (months)b
Number of subjects with objective response
Mean (SD)
Median
Q1, Q3
Min, Max

5.5 (2.8, 6.7)
6.9 (5.6, 7.0)
7.1 (7.0, 8.1)
1.3, 8.4+

46
1.95 (1.23)
1.35
1.25, 2.69
1.2, 6.1

Page 2 of 2
Phase 2 data cutoff date 01SEP2020. As of the data cutoff date, 69 of 126 subjects (54.8%) were continuing in the study.
CI = confidence interval; KM = Kaplan-Meier; N = number of subjects in the analysis set; n = number of subjects with
observed data; NE = not estimable; NSCLC = non-small cell lung cancer; QD = once daily; RECIST 1.1 = response evaluation
criteria in solid tumors
Months are derived as days x (12/365.25).
Best Overall Response for a subject is the best observed disease response per RECIST1.1 based on central review.
ORR = the proportion of subjects with complete response or partial response and confirmation after at least 4 weeks;
Z с ƚŚĞ ƉƌŽƉŽƌƚŝŽŶ ŽĨ ƐƵďũĞĐƚƐ ǁŝƚŚ ĐŽŵƉůĞƚĞ ƌĞƐƉŽŶƐĞ Žƌ ƉĂƌƚŝĂů ƌĞƐƉŽŶƐĞ ĂŶĚ ĐŽŶĨŝƌŵĂƚŝŽŶ Žƌ ƐƚĂďůĞ ĚŝƐĞĂƐĞ ш ϱ
weeks; DOR = time from first evidence of complete response or partial response to disease progression or death due to
any cause, among responders; Time to response = time from the first dose of sotorasib until the first evidence of
complete response or partial response, among responders
a
Exact 95% CI was calculated using the Clopper Pearson method
b
Time to response and duration of response are calculated among confirmed responders N1.
c
95% CIs are based on estimated variance for log-log transformation of the KM survival estimate.
d
Follow-up time is measured by reversing the status indicator for censored and events.
Events marked "Related to COVID-19" were identified from available information collected on the case report form (CRF)
and protocol deviation data.
Source: Table 14n-4.1.1 of Study 20170543 CSR Phase 2
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Figure 12. Waterfall Plot of Best Tumor Shrinkage by Central Review (Phase 2 NSCLC Full Analysis Set)

BOR = best overall response; CR = complete response; PD = progressive disease; PR = partial response; NE = not evaluable; NSCLC = non-small cell lung
cancer; SD = stable disease
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Among the 46 responders in the phase 2 NSCLC group, the median time to response was
1.35 months (range: 1.2 to 6.1) (Table 16). Median duration of response (DOR) was 8.4 months
(95% CI: 6.9, 8.4) (Table 16 and Figure 13). As of the data cutoff date, median follow-up time
for DOR was 6.9 months (range: 1.3 to 8.4+). Among the 46 responders as assessed by BICR,
24 subjects (52.2%) were still on treatment with ongoing responses as of the data cutoff date
and 41 subjects (89.1%) had at least 6 months of follow-up post-onset of responses
(Listing 16n-2.6.401 of Study 20170543 Phase 2 CSR). Of the remaining 5 responders who had
less than 6 months of follow-up after response, 1 responder had 5.9 months of follow-up and 4
responders were late responders who achieved the first onset of responses at 4.2 to 6.1
months, and the follow-up time since onset of response was between 3.2 to 5.1 months (Listing
16n-2.6.401 of Study 20170543 Phase 2 CSR).
For the 32 subjects in the full analysis set who had prior treatment with both platinum-based
chemotherapy and anti-PD-1 or anti-PD-L1 and achieved a partial or complete response, the
Kaplan-Meier estimate of median DOR was not estimable (95% CI: 6.9, not estimable) months
(Table 14n-4.4.1 of Study 20170543 Phase 2 CSR).
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Figure 13. Duration of Response Based on Blinded Independent Central Review in Study
20170543 (Phase 2 NSCLC – Responders in Full Analysis Set)

PD = progressive disease; PFS = progression-free survival; OS = overall survival; NSCLC = non-small cell lung
cancer
Phase 2 data cutoff date of 01 September 2020. The grey bar represents the time to first response (complete
response or partial response) among confirmed responders; the pink bar represents the duration of response.
“PFS Discontinue” indicates PFS censor due to no post-baseline assessment, consent withdrawn, start of new
anticancer therapy, subject miƐƐĞĚ ш Ϯ ĐŽŶƐĞĐƵƚŝǀĞ ƚƵŵŽƌ ĂƐƐĞƐƐŵĞŶƚƐ͕ ƌĞŵŽǀĂů ĨƌŽŵ ƐƚƵĚǇ ĚƵĞ ƚŽ ƐƉŽŶƐŽƌ
decision, or lost to follow-up. “OS Discontinue” indicates OS censor due to consent withdrawn, completed
study, or removal from study due to sponsor decision.
Source: Figure 14n-4.1.2 of Study 20170543 Phase 2
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The Applicant’s Position:
The observed ORR, which is rapid and durable, represents a clinically meaningful benefit when
considering the intended patient population with life-threatening disease and limited available
therapies.

The FDA’s Assessment:
The key efficacy results provided by the Applicant and described above are based on a primary
efficacy population of 123 patients and a data cutoff date of 9/1/2020. At the time of that data
cutoff date, 41 of the original 46 responders (89%) had at least 6 months of follow-up post
onset of response. The next planned data cutoff was on 12/1/2020 and at that time, all
responders had at least 6 months of follow-up post response. Therefore, FDA’s assessment of
DOR is based on the later cutoff date in order to capture sufficiently durable follow-up for all
responders.
In the updated Summary of Clinical Efficacy submitted on 2/4/2021 based on the data cutoff
date of 12/1/2020, the Applicant noted that an additional patient was deemed eligible to be
included in the full analysis set (i.e., patients with at least one measurable lesion at baseline) for
response evaluation due to the identification of a measurable target lesion on the patient’s
baseline imaging that had not been previously identified. Therefore, the primary efficacy
population included in FDA’s assessment of efficacy below is based on a total of 124 patients.
One additional patient was assessed as having a partial response and was included as a
responder in the Applicant’s assessment based on the 9/1/2020 cutoff date (n=46). However, at
the time of the efficacy update, two lesions were noted to be increasing in size on follow-up
imaging performed after the September data cutoff. The patient’s tumor assessments were
reassessed from baseline and with the addition of these two additional target lesions, the
patient’s best overall response changed from PR to SD. Therefore, there are 45 responders
included in FDA’s assessment of efficacy below.
A full description of the changes to the primary efficacy population that occurred based on
imaging re-assessment is provided in Table 21.
The proposed indication for sotorasib is for the treatment of patients with KRAS G12C mutated
NSCLC who have progressed after at least one prior regimen. Patients enrolled on the dose
expansion (phase 2) portion of Study 20170543 were required to have progressed after
receiving an anti-PD-(L)1 agent (unless contraindicated), AND/OR platinum-based combination
chemotherapy AND targeted therapy if actionable oncogenic driver mutations were identified
(i.e., EGFR, ALK, and ROS1). Based on these eligibility criteria, patients who did not receive prior
therapy with an anti-PD-(L)1 agent may have been enrolled on Study 20170543. Given that
retrospective analyses have suggested that immunotherapy is an effective treatment for
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patients with NSCLC with KRAS mutations and may result in improved outcomes over
chemotherapy alone (Amanam 2020) and that immunotherapy and platinum-based
chemotherapy, administered either concurrently or sequentially, are the current standard of
care for the first-line treatment of patients with metastatic NSCLC without an actionable driver
mutation in the U.S., FDA performed an analysis of the ORR and DOR observed in the subgroup
of patients who received prior treatment with platinum-based chemotherapy and an anti-PD(L)1 agent. This subgroup will be the most representative of patients with KRAS G12C-mutated
NSCLC who will be eligible for therapy with sotorasib in the U.S.
The ORR and DOR observed in both the primary efficacy population and in the subgroup of
patients who progressed on prior chemotherapy and immunotherapy (36% [95% CI 28, 45] and
31% [95% CI 22, 41], respectively, with a median DOR of 10.0 months) are clinically meaningful
and demonstrate an improvement over currently available second-line therapies, both in the
magnitude of the ORR observed and in the durability of the responses. The follow-up time for
DOR was not sufficiently mature (median follow-up: 6.9 months) to characterize the upper limit
of the 95% confidence interval of duration of response.
Although the lower limit of the 95% confidence interval around the ORR observed in the
subgroup of patients who received prior treatment with chemotherapy and immunotherapy
overlaps with the ORR observed in patients who received docetaxel and ramucirumab in the
REVEL study (23%) (Garon 2014), the overall risk:benefit profile of sotorasib including its ease of
administration as an oral therapy and its observed toxicities is favorable compared to the REVEL
regimen.
Table 18. Summary of Overall Response and Duration of Responses per Blinded Independent
Central Review in Study 20170543 (Phase 2 NSCLC – Full Analysis Set) (FDA table)

Best Overall Response by BICR

Overall response rate, n (%)
Clopper-Pearson 95% CI
Complete Response, n (%)
Partial Response, n (%)
Duration of Response
Median, months (95% CI)
Range, months
Percent of responders with DOR
ш ϯ ŵŽŶƚŚƐ

Primary Efficacy
Population
N = 124
n (%)

Prior treatment with
Chemo & IO
N = 100
n (%)

45 (36)
(28, 45)
3 (2.5)
42 (34)

31 (31)
(22, 41)
1 (1.0)
30 (30)

10.0 (6.9, NE)
(1.3+, 11.1)

10 (6.9, NE)
(1.3+, 11.1)

37 (82%)

25 (81%)
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Percent of responders with DOR
ш ϲ ŵŽŶƚŚƐ
NE: Not estimable

26 (58%)

18 (58%)

Data Quality and Integrity
Data:
Study Monitoring
The study centers were monitored using the Amgen functional service provider outsourcing
model. Centers were visited at regular intervals and a Visit Log was maintained. Monitors were
responsible for reviewing adherence to the protocol, compliance with GCP, and the
completeness, accuracy, and consistency of the data. Direct access to subject medical and
laboratory records was permitted to verify entries on the study-specific eCRFs.
Investigator Meetings and Staff Training
Investigator staff training was provided during investigator meetings, initiation, and routine
monitoring visits. The Sponsor organized investigator and clinical monitor meetings before
study start and training updates during the study to provide information on the investigational
product, the study rationale and design, responsibilities under ICH/FDA GCP, and training on
the detailed study requirements.
Standardization of Laboratory Procedures
A central laboratory was used to analyze samples and imaging as outlined in Section 8.2.5 of
Study 20170543 CSRs. Where local laboratories were used, their participation in internal and
external quality control, quality assurance, and accreditation schemes was evaluated by the
study monitors.
Investigator Responsibilities
The investigators were responsible for all data entered in the eCRFs and documented their
review and approval of the data by signing a form verifying the validity and completeness of the
data. The investigator was responsible for appropriate retention of essential study documents.
Clinical Data Management
Case report form data were captured in electronic CRFs in an Amgen database system. Data
quality checks were applied using manual and electronic verification methods. An audit trail to
support data query resolution and any modification to the data was maintained.
Clinical Quality Assurance Audits
An audit of Study 20170543 was included as part of the independent Global Compliance
Auditing program performed by Amgen.
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The Applicant’s Position:
No data integrity concerns were reported following completion of study center inspections.
No issues that could affect the efficacy results were identified regarding data quality or integrity
from Study 20170543.
The FDA’s Assessment:
FDA agrees with the Applicant’s statement on data quality and integrity.
Efficacy Results – Secondary and other relevant endpoints
Data:
The median follow-up time for PFS was 8.3 months (range: 0.3+ to 11.5). Median PFS based on
central review was 6.7 months (95% CI: 4.9, 8.1); the Kaplan-Meier estimate for PFS at 6
months was 51.5% and 36.2% at 9 months (Figure 14; Table 10-2 and Table 10-3 of Study
20170543 Phase 2; Section 3.2.2 of Module 2.7.3, Summary of Clinical Efficacy). Median followup time for OS was 9.3 months (range: 1.1 to 12.2). Median OS was 12.0 months (95% CI: 9.5,
not estimable); the Kaplan-Meier estimate for OS at 6 months was 75.5% and 63.4% at
12 months (Figure 15). As of the data cutoff date (01 September 2020), 69 of the 126 subjects
were alive at last follow-up visit, 9 had withdrawn consent, and 48 had died.
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Figure 14. Progression-free Survival (BICR) -- Study 20170543 Phase 2 NSCLC

NSCLC = non-small cell lung cancer
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Figure 15. Overall Survival -- Study 20170543 Phase 2 NSCLC

NSCLC = non-small cell lung cancer

147
Version date: January 2020 (ALL NDA/ BLA reviews)
Disclaimer: In this document, the sections labeled as “Data” and “The Applicant’s Position” are completed by the Applicant and do not necessarily reflect the
positions of the FDA.

Reference ID: 4803204

NDA/BLA Multi-disciplinary Review and Evaluation {NDA 214665}
LUMAKRAS™ (sotorasib)
The Applicant’s Position:
The PFS and OS results in the phase 2 NSCLC group from Study 20170543 provide additional
evidence of the efficacy of sotorasib.

The FDA’s Assessment:
FDA considers the analyses of PFS and OS to be uninterpretable in this single arm study.

Dose/Dose Response
Data:
See Section 6.3.2, Clinical Pharmacology Questions
The Applicant’s Position:
The proposed dose of 960 mg once daily is effective and generally well tolerated in subjects
with KRAS G12C-mutated locally-advanced or metastatic NSCLC. The proposed dosing regimen
is supported by the observed efficacy and safety data and demonstrates a favorable benefit-risk
profile. No significant exposure-response relationships for treatment-related adverse events of
ALT increase, AST increase, and total bilirubin increase were identified. Correlation between
exposure and signs of serious liver injury, defined as ALT/AST > 3 x upper limit of normal and/or
total bilirubin > 2 x upper limit of normal, were not observed.

The FDA’s Assessment:
FDA does not agree that the proposed dosing regimen of 960 mg QD is fully supported by the
observed efficacy data given that the 95% confidence intervals around the ORRs observed in
patients enrolled at lower dose levels were wide due to the small sample sizes and included the
ORR observed in the primary efficacy population. Refer to FDA’s assessment in Section 6.2.2 for
further details on the exposure-response relationship as it relates to efficacy.
Durability of Response
Data:
See Section 8.1.2.
The Applicant’s Position:
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Sotorasib monotherapy demonstrated a clinically meaningful and durable objective response
among subjects with advanced NSCLC in Study 20170543 (ORR of 37.4%, 95% CI: 28.8, 46.6 and
median DOR of 8.4 months, 95% CI: 6.9, 8.4 [in the primary analysis for phase 2]).

The FDA’s Assessment:
The FDA’s analysis of DOR is based on a final data cutoff date of December 1, 2020 with a
median DOR of 10.0 months 95% CI (6.9, NE).
Persistence of Effect
Data:
No long-term efficacy data with the exception of those presented in the preceding sections are
available at the time of this application.
The Applicant’s Position:
Not applicable
The FDA’s Assessment:
Not applicable.
Efficacy Results – Secondary or exploratory COA (PRO) endpoints
Data:
An exploratory objective of the phase 2 portion of Study 20170543 was to investigate the
subject experience with sotorasib treatment using patient-reported outcome instruments.
Although exploratory, a trend toward improvement or stabilization was observed in the
severity of key lung cancer symptoms of cough, dyspnea, and chest pain when compared with
baseline (Section 2 of Module 2.7.3, Summary of Clinical Efficacy). Few subjects reported
bother due to treatment-related side effects associated with sotorasib. Among those who
reported symptom bother, most subjects described their symptoms as mild.
The Applicant’s Position:
Although exploratory, subjects overall showed a trend toward improvement or stabilization was
observed in the severity of key lung cancer symptoms of cough, dyspnea, and chest pain when
compared with baseline.
The FDA’s Assessment:
In single arm studies, FDA considers the analyses of PRO endpoints to be exploratory and not
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interpretable.
Additional Analyses Conducted on the Individual Trial
Data:
Not applicable
The Applicant’s Position:
Not applicable
The FDA’s Assessment:
Not applicable.
Integrated Review of Effectiveness
The FDA’s Assessment:
Study 20170543 is the only study supporting the efficacy claim for this NDA; efficacy
data for patients enrolled in the dose escalation (phase 1) and dose expansion (phase 2)
portions of Study 20170543 were evaluated separately and no integrated review of
effectiveness was performed. Results from 34 patients with NSCLC who were enrolled in
the dose escalation portion of the study and received sotorasib 960 mg QD are provided
by the Applicant below; the FDA did not independently verify these results.
Assessment of Efficacy Across Trials
Primary Endpoints
Data:
The primary evidence for efficacy for this marketing application is the evaluation of the data for
subjects with previously-treated KRAS G12C-mutated advanced NSCLC who received sotorasib
monotherapy (960 mg QD) in the pivotal phase 2 portion of phase 1/2 Study 20170543 (phase 2
NSCLC group), as reflected in a durable objective response in a large percentage of subjects and
supported by the totality of clinically significant response measures (Section8.1.2).
The supportive efficacy results for 34 subjects with previously-treated NSCLC in the ORR
analysis set of the phase 1 NSCLC 960 mg QD sotorasib monotherapy (fasted) dose cohort are
presented below.
The Applicant’s Position:
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Because the sotorasib dose used in this cohort was identical to the dose used in the phase-2
portion of the study, the efficacy data presented below for the secondary endpoints in phase 1
are supportive of the phase 2 NSCLC efficacy data package.
The FDA’s Assessment:
FDA agrees with the Applicant’s position on the primary and supportive evidence for
efficacy.

Secondary and Other Endpoints
Data:
ŵŽŶŐ ƚŚĞ ϯϰ ƐƵďũĞĐƚƐ ŝŶ ƚŚĞ KZZ ĂŶĂůǇƐŝƐ ƐĞƚ ;ŝĞ͕ ƐƵďũĞĐƚƐ ǁŚŽ ƌĞĐĞŝǀĞĚ ш ϭ ĚŽƐĞ ŽĨ ƐŽƚŽƌĂƐŝď͕
ŚĂĚ ш ϭ ŵĞĂƐƵƌĂďůĞ ůĞƐŝŽŶ Ăƚ ďĂƐĞůŝŶĞ͕ ĂŶĚ ƚŚĞ ŽƉƉŽƌƚƵŶŝƚǇ ƚŽ ďĞ ĨŽůůŽǁĞĚ ĨŽƌ ш ϳ ǁĞĞŬƐ
starting from day 1) for phase 1 NSCLC 960 mg QD sotorasib monotherapy (fasted) dose cohort,
16 subjects had confirmed partial response (based on central review using RECIST 1.1), for an
ORR of 47.1% (95% CI: 29.78, 64.87). The median follow-up time for DOR was 9.0 months;
median DOR was not reached.
The results for efficacy endpoints for other dose cohorts in the phase 1 NSCLC group are
provided in Table 16, Table 17, and Table 18 of Module 2.7.3, Summary of Clinical Efficacy and
are described in detail in Study 20170543 Phase 1 CSR.
The Applicant’s Position:
Overall, these efficacy data are consistent with the phase 2 NSCLC efficacy results, showing that
durable objective response was achieved in a large percentage of subjects with advanced
KRAS G12C-mutated NSCLC treated with 960 mg QD sotorasib monotherapy.
The FDA’s Assessment:
FDA has defined the primary efficacy population as the 124 patients with KRAS G12C mutated
NSCLC who had at least one measurable lesion and received sotorasib 960 mg treatment in the
dose expansion portion of the study. Data from the 34 patients described above was not
independently verified by the FDA.

Subpopulations
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Data:
Analyses were conducted for phase 2 in Study 20170543 to explore the consistency of sotorasib
treatment effect across subgroups (age, race, prior lines of anticancer therapy, prior
immunotherapy treatment, ECOG status, histopathology type, disease status, presence of liver
or brain metastasis, smoking history, region, best response on last prior therapy) among
subjects with NSCLC in phase 2 (Figure 7 of Module 2.5, Clinical Overview). No notable
treatment-by-subgroup effects were observed, with the exception of prior platinum-based
chemotherapy and presence of brain metastases (Figure 7 and Table 14bn-4.1.2 of
Study 20170543 Phase 2). The ORR was higher for subjects who had not received prior
platinum-based chemotherapy compared with those who had received it and with the overall
subject population (69.2% [9 of 13 subjects] vs 33.6% [37 of 110 subjects] and 37.4% [46 of
123 subjects], respectively). The ORR was higher for subjects without metastasis than those
with brain metastasis (43.3% [42 of 97 subjects] versus 15.4% [4 of 26 subjects]). However,
subgroup analysis interpretation may be limited because of the small sample size of each
subgroup. No notable treatment-by-subgroup effects were observed in subgroup analyses of
PFS (Table 14bn-4.1.2 of Study 20170543 Phase 2).
The Applicant’s Position:
Except for the subgroup of prior platinum-based chemotherapy and presence of brain
metastases, no notable treatment-by-subgroup effects were observed for any subgroups in
phase 2, showing that sotorasib treatment effect was generally consistent between the
subgroups. However, subgroup analysis interpretation may be limited because of the small
sample size of each subgroup.
The FDA’s Assessment:
The results of FDA’s analysis of overall response rate in select subgroups are provided in Table
19. The responses observed in each subgroup are consistent across the different subgroups
except for the following: patients with brain metastasis at baseline (ORR = 15% [95% CI 4.4,
35]), Asian race (ORR = 17% [95% CI 3.6, 41]), and Asian region (ORR = 9%[95% CI 0.2, 41]). Due
to the small sample sizes in many of the subgroups (race, regions, current smokers, never
smokers, patients who did not receive prior treatment with a PD-[L]1 inhibitor), the 95%
confidence intervals are wide. Additionally, neither of the two Black patients included in the
primary efficacy population had a response.
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Table 19. Summary of Overall Response in Subgroups per Blinded Independent Central
Review in Study 20170543 (Phase 2 NSCLC – Full Analysis Set) (FDA table)
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Sex
Female
Male
Age at diagnosis
< 65 Years
>= 65 Years
Race
Asian
White
Region
Asia
Europe
North America
Other
Smoking History
Current
Former
Never
Baseline ECOG
0
1
Liver Metastasis at Baseline
No
Yes
Brain Metastasis at Baseline
No
Yes
Bone Metastasis at Baseline (%)
No
Yes
Prior Platinum-Based Chemotherapy (%)
No
Yes
Prior PD-1 or PD-L1 (%)

N

ORR by BICR
% (95% CI)

62
62

31 (20, 44)
42 (30, 55)

65
59

31 (20, 43)
42 (30, 56)

18
102

17 (3.6, 41)
40 (31, 50)

11
29
79
5

9 (0.2, 41)
28 (13, 47)
43 (32, 55)
40 (0.5, 85)

15
100
6

27 (8, 55)
40 (30, 50)
17 (0.4, 64)

37
87

43 (27, 61)
33 (24, 44)

98
26

38 (28, 48)
31 (14, 52)

98
26

42 (32, 52)
15 (4.4, 35)

65
59

42 (29, 54)
31 (19, 44)

13
111

69 (39, 91)
32 (24, 42)

154
Version date: January 2020 (ALL NDA/ BLA reviews)
Disclaimer: In this document, the sections labeled as “Data” and “The Applicant’s Position” are completed by the
Applicant and do not necessarily reflect the positions of the FDA.

Reference ID: 4803204

NDA/BLA Multi-disciplinary Review and Evaluation {NDA 214665}
LUMAKRAS™ (sotorasib)
No
Yes

11
113

45 (17, 77)
35 (27, 45)

Additional Efficacy Considerations
The FDA’s Assessment:
As described in Section 6, the ORRs observed in patients enrolled at lower dose levels in the
dose escalation (phase 1) portion of Study 20170543, ranging from 180 mg to 720 mg, were
similar in magnitude to those observed at the 960 mg dose level, with responses at each lower
dose level. However, the total number of patients enrolled at all the lower dose levels
combined was 24, resulting in wide and overlapping 95% confidence intervals around the ORRs
observed across all doses. Considering the nonclinical data suggesting that target saturation can
be achieved at exposure levels with lower doses and that there was not a clear dose-response
relationship for ORR observed across the tested doses, while the 960 mg dose was effective, a
post-marketing requirement dose optimization study will be conducted to further characterize
the safety and efficacy of sotorasib at a lower dose.
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Integrated Assessment of Effectiveness
Data:
Sotorasib monotherapy administered at 960 mg QD demonstrated clinically meaningful efficacy
in subjects with previously-treated KRAS G12C-mutated advanced NSCLC, a patient population
shown to have poor prognosis when treated with current standard of care. Based on real-world
evidence, natural history studies, standard-of-care treatment in second-, third-, and fourth-line
therapies, respectively, resulted in median real-world PFS of 4.0, 3.1, and 2.6 months and
median OS of 9.5, 6.7, and 5.9 months (see Section 2.2, Analysis of Current Treatment Options).
In the pivotal phase 2 portion of Study 20170543, sotorasib monotherapy showed an ORR of
37.4% (95% CI: 28.8, 46.6) and a median DOR of 8.4 (95% CI: 6.9, 8.4) months (see
Section 4.3.6). Median PFS and OS were 6.7 (95% CI: 4.9, 8.1) months and 12.0 (95% CI: 9.5,
not estimable) months, respectively.
Efficacy Update as of 01 December 2020
The data updates described in this section include imaging re-reads for 4 subjects as described
in Section 2.1 of Module 2.7.3, Clinical Summary of Efficacy Addendum.
Subject Disposition
As of 01 December 2020, 126 subjects with NSCLC were enrolled into the phase 2 portion of
Study 20170543: 56 subjects (44.4%) were continuing study and 70 subjects (55.6%)
discontinued study (Table 2 of Module 2.7.3, Clinical Summary of Efficacy Addendum).
Primary Efficacy Endpoint: Objective Response Rate (Based on 01 September 2020 Data Cutoff)
The full analysis set comprised 124 evaluable subjects (of the 126 subjects with NSCLC enrolled
in the phase 2 study, 2 subjects lacked a measurable assessment at baseline per BICR); the
number of evaluable subjects reflects the changes made due to imaging re-reads, resulting in
an additional subject as evaluable. Forty-five subjects in the full analysis set of the phase 2
NSCLC group achieved a confirmed partial response or confirmed complete response as
assessed per RECIST 1.1 by the BICR, for an ORR of 36.3% (95% CI: 27.9, 45.4) (Figure 16). Of
the 45 responders at this 01 September 2020 data cutoff date, 2 subjects (1.6%) achieved
complete response and 43 subjects (34.7%) achieved partial response (Table 14n 4.1.401).
Additionally, 1 subject who achieved partial response at the 01 September 2020 data cutoff
date had the response improve to complete response at the 01 December 2020 data cutoff
date.
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Secondary Efficacy Endpoint- Duration of Response (Based on 01 December 2020 Data Cutoff)
The DOR (calculated only for those subjects with a confirmed complete response or partial
response per RECIST 1.1 as of the 01 September 2020 data cutoff) was defined as the time from
first objective response to disease progression as assessed by BICR per RECIST 1.1 or death due
to any cause, whichever was earlier. Responses were censored at the last assessment not
confirming disease progression.
As of the 01 December data cutoff date, the Kaplan-Meier estimate of median (95% CI)
follow-up time for DOR was 9.6 (7.8, 9.8) months. Among the 45 objective responders in the
full analysis set of the phase 2 NSCLC group, 26 subjects (57.8%) were censored (Efficacy
Update Table 14n-4.1.6); of those, 19 subjects (44.4%) were on treatment without disease
progression. The Kaplan-Meier estimate of median (95% CI) DOR for the 45 objective
responders was 10.0 months (6.9, 11.1) months (Table 19). As of the data cutoff date, the
Kaplan-Meier estimates for DOR at 6 and 9 months are 70.2% and 54.7%, respectively.
Subject-level data for DOR for the 45 responders are shown in the swimmer plot in Figure 17.
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Figure 16. Waterfall Plot of Best Tumor Shrinkage by Central Review by 01 September 2020 Data Cutoff Date
(Phase 2 NSCLC Full Analysis Set)

Phase 2 data cutoff date 01 September 2020
CR = complete response; NE = not evaluable; PD = progressive disease; PR = partial response; SD = stable disease
Percent change from baseline in sum of diameters only considers tumor assessments prior to and including the first assessment where the timepoint response is
progressive disease and prior to start of next anticancer therapy.
Three subjects without postbaseline percent changes are not shown.
One CR has reduction < 100% because target lesions are in lymph nodes
Source: Efficacy Update Figure 14n-6.401
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Table 20. Duration of Response Assessed by Central Review in Subjects Who Responded Prior
to 01 September 2020 (01 December 2020 Data Cutoff) (Phase 2 NSCLC in Full Analysis Set)
Phase 2 NSCLC
960 mg QD Fasted
(N 124)
Number of responders N1

45

Duration of objective response (DOR)a
Observed duration t 3 months - n (%)

37 (82.2)

Observed duration t 6 months - n (%)

26 (57.8)

Observed duration t 9 months - n (%)

15 (33.3)

Observed duration t 12 months - n (%)

0 (0.0)

Duration of response (KM) (months)
25th percentile (95% CI)

5.6 (3.5, 6.9)

Median (95% CI)

10.0 (6.9, 11.1)

75th percentile (95% CI)

11.1 (10.0, 11.1)
1.3+, 11.1

Min, Max ( for censored)
Kaplan-Meier estimate (95% CI)b
At 3 months

90.3 (76.2, 96.2)

At 6 months

70.2 (53.4, 81.9)

At 9 months

54.7 (37.1, 69.3)

At 12 months

0.0 (NE, NE)

Follow-up time for DORc (KM) (months)
25th percentile (95%CI)

7.0 (4.2, 9.4)

Median (95% CI)

9.6 (7.8, 9.8)

75th percentile (95% CI)

9.8 (9.7, 11.0)

Min, Max (+ for censored)

1.3, 11.1+

Phase 2 data cutoff date 01 December 2020.
DOR duration of response; KM Kaplan-Meier; N Number of subjects in the analysis set; n Number of subjects
with observed data; NE not estimable; NSCLC non-small cell lung cancer; QD once daily;
Months are derived as days x (12/365.25).
a Duration of response is calculated among confirmed responders N1.
b 95% CIs are based on estimated variance for log-log transformation of the Kaplan-Meier survival estimate.
c Follow-up time is measured by reversing the status indicator for censored and events.
Source: Efficacy Update Table 14n-4.1.6
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Figure 17. Swimmer Plot of Duration of Response (Response Assessed by Central Review)
(Phase 2 NSCLC Responders in full Analysis Set)

Phase 2 data cutoff date 01 December 2020
‘PFS Discontinue’ indicates PFS censor due to no postbaseline assessment, withdrew consent, start of new
anticancer therapy, missed 2 or more consecutive tumor assessments, off study due to sponsor decision, or lost to
follow-up.
‘OS Discontinue’ indicates OS censor due to withdrew consent, completed study, off study due to sponsor decision,
or lost to follow-up.
The gray bar represents the time to first response (complete response or partial response) among confirmed
responders; the pink bar represents the duration of response.
Source: Efficacy Update Figure 14n-4.1.4

The Applicant’s Position:
Overall, sotorasib demonstrated a clinically meaningful durable objective response and
potential survival benefits of PFS and OS. Median OS and median PFS are considered potential
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survival benefits and will be further evaluated in the ongoing phase 3 randomized,
active-controlled Study 20190009.
The updated efficacy profile (01 December 2020 data cutoff) of Study 20170543 demonstrated
sotorasib monotherapy continued to have meaningful and durable objective response among
subjects with NSCLC.
The FDA’s Assessment:
On December 23, 2020, the Applicant notified FDA that four patients had their imaging scans
re-evaluated by BICR readers. In all four patients’ cases, the BICR readers identified findings on
subsequent timepoints that they felt required changes to prior disease assessment timepoints
to ensure read accuracy and the patients’ true disease status. The ORR results provided in Table
18 include patients who had a response prior to September 1, 2020. However, one patient
(b) (6)
(Subject ID
) had an onset of response that occurred after the primary analysis
DCO of September 23, 2020 and was excluded from the number of responders included in the
updated efficacy analysis. Therefore, the final number of responders in this efficacy population
is 45, with duration of responses followed up through December 1, 2020. In addition, per FDA
calculations the upper limit of the 95% CI for the median DOR is not estimable (NE), not 11.1
months as reported by the Applicant, which was the upper limit of the range of observed DOR
for this study.
The table below describes the patients for whom scans were re-evaluated and any changes in
assessment of disease status based on the re-evaluation.
Table 21. Summary of patients with imaging re-assessments (FDA table)
Subject ID

Description

(b) (6)

Previous
Assessment
(DCO:
9/1/2020)

Current
Assessment
(DCO:
12/1/2020)

This patient had
PD
PD
progressive disease
assigned earlier
The patient had
PD
PD
progressive disease
assigned earlier
At follow-up 5, two lesions PR
SD
not recorded as either
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target or non-targets were
increasing in size. Re-read
of this patient from
baseline and adding the
two additional targets
results in the change in
best overall response from
PR to SD.
(b) (6)
The disease status
changed from progression
at follow up 1 to partial
response at follow up 6 &
7 after a new lesion at
follow up 1 was
eliminated.

Not originally PR
included in
the primary
efficacy
population as
the patient
was assessed
as not having
measurable
disease at
baseline by
investigator.
Upon
subsequent
assessment of
the patient’s
baseline
imaging, BICR
determined
that the
patient did
have
measurable
disease at
baseline. The
patient was
subsequently
added to the
primary
efficacy
population.

SD (had an
onset of
response
occurred on
9/23/ 2020,
which is
post primary
analysis DCO
of 9/1/2020)
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Review of Safety
Data:
As of the time of this marketing application, the number of subjects with KRAS G12C-mutated
ƐŽůŝĚ ƚƵŵŽƌƐ ǁŚŽ ŚĂǀĞ ďĞĞŶ ĞǆƉŽƐĞĚ ƚŽ ш ϭ ĚŽƐĞ ŽĨ ƐŽƚŽƌĂƐŝď ŝƐ ƉƌŽǀŝĚĞĚ ŝŶ Table 22. In
ĂĚĚŝƚŝŽŶ͕ ŵŽƌĞ ƚŚĂŶ ϭϬϬ ŚĞĂůƚŚǇ ƐƵďũĞĐƚƐ ƌĞĐĞŝǀĞĚ ш ϭ ĚŽƐĞ ŽĨ ƐŽƚŽƌĂƐŝď ŝŶ ĐůŝŶŝĐĂů
pharmacology/biopharmaceutic studies (Table 1 of Module 2.7.2, Summary of Clinical
Pharmacology).
Table 22. Exposure to Sotorasib
Number of Subjects
who Received Investigational Product

Study Number

Integrated Analysis
20170543 (monotherapy cohorts)a

427 sotorasib
Supportive Analysesb

20190009

21 sotorasib or docetaxelc

20190147

3 sotorasib

Sotorasib Combination Studies
20170543 (cohort with pembrolizumab)d

11

20190135
Subprotocol A (with trametinib)

35

Subprotocol C (with RMC-4630)

3

Subprotocol D (with afatinib)

5

Subprotocol E (with atezolizumab)

6

Subprotocol H (with panitumumab)

4

As of 01 September 2020.
a Total monotherapy population, ie, any dose, any tumor type, including 339 subjects treated with sotorasib dose of 960
mg QD for all tumor types; of whom, 190 subjects had KRAS G12C-mutated non-small cell lung cancer. Data cutoff
dates are 06 July 2020 (phase 1) and 01 September 2020 (phase 2).
b Supportive analyses are provided as safety reports including disposition and demographic data and safety narratives for
all studies except for Study 20170543 (cohort with pembrolizumab).
c Data from the randomized study are blinded. Subjects are randomized 1:1 to receive sotorasib or docetaxel.
d Supportive analyses are provided in Study 20170543 Phase 1 clinical study report and discussed in Module 2.7.4,
Summary of Clinical Safety, as applicable.
Sources: ISS Table 14a-5.1 and ISS Table 14b-5.1; 2019009 Safety Report; 20190147 Safety Report; Table 14p-1.1 of
Study 20170543 Phase 1; Study 20190135 Safety Reports for Subprotocols A, C, D, E, and H.
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The Applicant’s Position:
Data from these studies allow for an informed assessment of the safety profile of the sotorasib
and an evaluation of the overall benefit-risk in previously-treated subjects with
KRAS G12C-mutated advanced NSCLC who received sotorasib monotherapy. This safety
population is also considered appropriate for the detection and characterization of common
adverse events and to provide guidance on toxicity management.
The FDA’s Assessment:
FDA agrees with the Applicant’s position that the safety data permit adequate assessment of
sotorasib’s safety profile.

Safety Review Approach
Data:
Not applicable
The Applicant’s Position:
The primary support for the safety for the proposed indication is based on the integrated safety
analyses of pooled data from subjects with NSCLC who were treated with sotorasib
monotherapy at 960 mg QD (ie, the intended dose) across phase 1 and phase 2 portions of
Study 20170543 (data cutoffs of 06 July 2020 and 01 September 2020, respectively). Safety
data of sotorasib monotherapy in this population are compared with subjects who received the
intended dose for all tumor types and with the total population who received sotorasib
monotherapy (any dose/any tumor type). Safety data from subjects with CRC and other tumor
types are provided in Module 2.7.4 (Summary of Clinical Safety); however, notable results are
discussed below as needed to fully capture the safety profile of sotorasib.
Data were pooled for the phase 1 and phase 2 portions of Study 201700543 by planned dose
levels, treatment (monotherapy), tumor type (NSCLC, CRC, and other tumor types) and total
(any dose/any tumor type) (Integrated Summary of Safety in Module 5.3.5.3). The NSCLC
960-mg cohorts were pooled together regardless of fed/fasted status. Adverse events,
exposure, and any other safety assessments were summarized using the safety analysis set,
which included subjects enrolled in the sotorasib monotherapy cohorts in phase 1 and phase 2
ŽĨ ^ƚƵĚǇ ϮϬϭϳϬϱϰϯ ĂŶĚ ŚĂĚ ƌĞĐĞŝǀĞĚ ш ϭ ĚŽƐĞ ŽĨ ƐŽƚŽƌĂƐŝď͘
Studies supporting the safety of sotorasib, but not included in the integrated analyses, are
provided as safety summary reports located in Module 5.3.5.3. The clinical pharmacology and
biopharmaceutic studies are described in Module 2.7.1, Summary of Biopharmaceutic Studies
and Associated Analytical Methods, and Module 2.7.2, Summary of Clinical Pharmacology.
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Safety data from these studies are presented in full in the individual clinical study reports.
Throughout the sotorasib clinical development program, safety was evaluated by Amgen
through routine signal detection activities such as review of all serious adverse events across all
the clinical studies. Two adverse events of interest were analyzed for sotorasib: hepatotoxicity
(ie, increased liver function tests), which was based on ongoing clinical trial data, and renal
toxicity, which was based on nonclinical studies (Section 2.1.5.3 of Module 2.7.4 Summary of
Clinical Safety). Nonclinical studies showed renal toxicity with repeated dosing in the rat; no
analogous renal adverse events have been reported in Study 20170543 (Section 4.2.2 of
Module 2.4, Nonclinical Overview). Events of hepatotoxicity and renal toxicity are designated
as events of interests and are clinically monitored through protocol designated reporting of
clinical signs and symptoms, as well as scheduled assessments of laboratory tests.

The FDA’s Assessment:
FDA agrees with the Applicant’s position regarding the safety review approach.
Review of the Safety Database
Overall Exposure
Data:
In the pivotal phase 1/2 Study 20170543, subjects with NSCLC treated with 960 mg QD received
sotorasib monotherapy for a median of 19.5 weeks, with 38.7% and 22.1% of subjects receiving
ƚƌĞĂƚŵĞŶƚ ĨŽƌ ш ϲ ĂŶĚ ш ϵ ŵŽŶƚŚƐ͕ ƌĞƐƉĞĐƚŝǀĞůǇ ;Table 23). Exposure was lower for subjects
treated at 960 mg once daily for all tumor types or the total monotherapy population than for
subjects with NSCLC treated at 960 mg once daily (median duration of treatment 18.0 and
16.9 ǁĞĞŬƐ͕ ƌĞƐƉĞĐƚŝǀĞůǇ͕ ĂŶĚ Ϯϴ͘ϯй ĂŶĚ Ϯϲ͘ϵй ŽĨ ƐƵďũĞĐƚƐ ƌĞĐĞŝǀĞĚ ƚƌĞĂƚŵĞŶƚ ĨŽƌ ш 6 months,
respectively). Regardless of tumor type, for subjects whose planned dose was 960 mg QD, the
median average daily dose administered was 960 mg and the median relative dose intensity of
sotorasib was 100%.
Dose changes (ie, a nonzero dose received other than the planned dose) were reported for
17.6% of subjects with NSCLC treated with 960 mg QD sotorasib monotherapy, with a median
(range) of 0 (0, 441) dose changes (ISS Table 20210111-5.2). The most frequently reported
reason for dose change was adverse event (15.7%). The sotorasib dose was withheld for
49.0% of subjects with NSCLC treated with 960 mg QD sotorasib monotherapy, with a median
(range) of 0 (0, 193) doses withheld. Adverse event (33.3%) and ‘other’ (10.3%) were most
frequently reported reasons for the dose being withheld.
In addition to the 427 subjects who received sotorasib in phase 1/2 Study 20170543, supportive
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safety data are provided for 2 additional monotherapy studies and for combination therapy
(Table 22).
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Table 23. Summary of Sotorasib Exposure (Integrated Safety Analysis Set)
Sotorasib Monotherapy
960 mg QD (Fasted/Fed)

Any Dose

NSCLC
(N 204)

CRC
(N 91)

Other Tumor
Types
(N 62)

Any Tumor
Type
(N 357)

Total
Any Tumor
Type/Any
Dose
(N 427)

Mean

7.3

6.2

5.0

6.6

6.5

SD

4.9

4.2

3.2

4.6

4.7

Median

6.0

6.0

4.0

6.0

5.0

Q1, Q3

3.0, 12.0

4.0, 8.0

2.0, 7.0

3.0, 9.0

3.0, 9.0

1, 25

1, 20

1, 18

1, 25

1, 27

Mean

154.8

126.8

96.6

137.5

139.8

SD

104.3

85.3

68.7

96.6

99.0

Median

136.5

112.0

84.0

119.0

122.0

Q1, Q3

65.5, 251.0

75.0, 163.0

42.0, 131.0

59.0, 190.0

62.0, 197.0

7, 454

21, 406

2, 385

2, 454

1, 560

Number of cycles started

Min, Max
Number of doses per subject

Min, Max

Duration on treatment (weeks)
Mean

23.29

18.66

14.25

20.54

20.18

SD

15.15

12.46

9.79

14.10

14.44

Median

19.50

17.00

12.29

18.00

16.86

Q1, Q3

11.93, 36.07

10.86, 24.00

6.43, 20.57

9.86, 28.71

9.00, 28.00

1.0, 74.1

3.0, 58.0

0.3, 55.0

0.3, 74.1

0.1, 80.7

Min, Max

Subjects with treatment duration – n (%)
 3 months

67 (32.8)

37 (40.7)

34 (54.8)

138 (38.7)

172 (40.3)

t 3 months

137 (67.2)

54 (59.3)

28 (45.2)

219 (61.3)

255 (59.7)

t 6 months

79 (38.7)

17 (18.7)

5 (8.1)

101 (28.3)

115 (26.9)

t 9 months

45 (22.1)

6 (6.6)

1 (1.6)

52 (14.6)

58 (13.6)

t 12 months

6 (2.9)

4 (4.4)

1 (1.6)

11 (3.1)

15 (3.5)

t 18 months

0 (0.0)

0 (0.0)

0 (0%)

0 (0.0)

1 (0.2)
Page 1 of 2
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Table 23. Summary of Sotorasib Exposure (Integrated Safety Analysis Set)
Sotorasib Monotherapy
960 mg QD (Fasted/Fed)

NSCLC
(N 204)

Any Dose

CRC
(N 91)

Other Tumor
Types
(N 62)

Any Tumor Type
(N 357)

Total
Any Tumor
Type/Any
Dose
(N 427)

Average dose delivered (mg) per daya
Mean

872.42

925.15

913.76

893.04

850.37

SD

173.34

86.92

121.32

148.82

197.93

Median

960.00

960.00

960.00

960.00

960.00

Q1, Q3

906.73, 960.00

944.09, 960.00

948.43, 960.00

924.88, 960.00

828.31, 960.00

145.1, 965.3

465.7, 960.0

328.0, 974.1

145.1, 974.1

145.1, 974.1

Min, Max

Relative dose intensity (%)

b

Mean

90.88

96.37

95.18

93.03

93.24

SD

18.06

9.05

12.64

15.50

15.16

Median

100.00

100.00

100.00

100.00

100.00

Q1, Q3

94.45, 100.00

98.34, 100.00

98.80, 100.00

96.34, 100.00

96.34, 100.00

15.1, 100.5

48.5, 100.0

34.2, 101.5

15.1, 101.5

15.1, 102.1

Min, Max

Page 2 of 2
Phase 1 data cut-off date 06JUL2020. Phase 2 data cut-off date 01SEP2020.
N = Number of subjects in the analysis set. n = Number of subjects with observed data.
a Average dose delivered is the cumulative dose divided by the number of days on treatment.
b Relative dose intensity = actual dose intensity/planned dose intensity*100, where actual (planned) dose intensity is the actual
(planned) cumulative dose (mg) divided by the actual (planned) duration of IP administration.
Source: ISS Table 20210111-5.1

The Applicant’s Position:
As of the data cutoff date for this marketing application, 427 subjects in pivotal phase 1/2
Study 20170543 received sotorasib; of these, 204 were subjects with NSCLC who received
sotorasib at the intended 960 mg QD dose and overall, 357 subjects (any tumor type) had
received sotorasib at the intended 960 mg QD dose. With a safety database of 357 subjects
who received the intended dose of 960 mg QD (any tumor type), the chance of observing at
least 1 adverse event with an incidence rate of 1% is approximately 97%.
The FDA’s Assessment:
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FDA agrees with the Applicant’s position.
Relevant characteristics of the safety population:
Data:
The demographics and baseline disease characteristics of subjects in the integrated safety
analysis set are provided in Table 24.
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Table 24. Baseline Demographics (Integrated Safety Analysis Set)
Sotorasib Monotherapy
960 mg PO QD (Fasted/Fed)

Sex - n (%)
Men
Women
Ethnicity - n (%)
Hispanic or Latino
Not Hispanic or Latino
Missing
Race - n (%)
Asian
Black or African American
Native Hawaiian or Other
Pacific Islander
White
Multiple
Other
Age (years)
Mean
SD
Median
Q1, Q3
Min, Max
Age group (years) - n (%)
18 - 64
65 - 74
75 - 84
ш ϴϱ
Region - n (%)
North America
Europe
Asia
Rest of the world

Other Tumor
Types
Any Tumor Type
(N = 62)
(N = 357)

Total
Any Tumor
Type / Any
Dose
(N = 427)

NSCLC
(N = 204)

CRC
(N = 91)

92 (45.1)
112 (54.9)

44 (48.4)
47 (51.6)

38 (61.3)
24 (38.7)

174 (48.7)
183 (51.3)

200 (46.8)
227 (53.2)

3 (1.5)
190 (93.1)
11 (5.4)

6 (6.6)
83 (91.2)
2 (2.2)

1 (1.6)
57 (91.9)
4 (6.5)

10 (2.8)
330 (92.4)
17 (4.8)

13 (3.0)
392 (91.8)
22 (5.2)

30 (14.7)
5 (2.5)
0 (0.0)

23 (25.3)
1 (1.1)
1 (1.1)

12 (19.4)
3 (4.8)
0 (0.0)

65 (18.2)
9 (2.5)
1 (0.3)

67 (15.7)
12 (2.8)
1 (0.2)

164 (80.4)
0 (0.0)
5 (2.5)

63 (69.2)
0 (0.0)
3 (3.3)

45 (72.6)
0 (0.0)
2 (3.2)

272 (76.2)
0 (0.0)
10 (2.8)

332 (77.8)
2 (0.5)
13 (3.0)

64.8
9.3
66.0
57.5, 72.0
37, 86

57.1
11.4
58.0
50.0, 65.0
31, 85

61.2
10.6
61.0
56.0, 70.0
33, 82

62.2
10.6
63.0
56.0, 70.0
31, 86

62.4
10.6
63.0
56.0, 71.0
31, 86

90 (44.1)
89 (43.6)
24 (11.8)
1 (0.5)

67 (73.6)
18 (19.8)
5 (5.5)
1 (1.1)

37 (59.7)
20 (32.3)
5 (8.1)
0 (0.0)

194 (54.3)
127 (35.6)
34 (9.5)
2 (0.6)

230 (53.9)
150 (35.1)
45 (10.5)
2 (0.5)

148 (72.5)
31 (15.2)
17 (8.3)
8 (3.9)

51 (56.0)
13 (14.3)
21 (23.1)
6 (6.6)

34 (54.8)
14 (22.6)
12 (19.4)
2 (3.2)

233 (65.3)
58 (16.2)
50 (14.0)
16 (4.5)

291 (68.1)
59 (13.8)
51 (11.9)
26 (6.1)
Page 1 of 2

Footnotes are provided on last page of table.
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Table 24. Baseline Demographics (Integrated Safety Analysis Set)
Sotorasib Monotherapy
960 mg PO QD (Fasted/Fed)

ECOG status at baseline - n (%)
0
1
шϮ

NSCLC
(N = 204)

CRC
(N = 91)

Other Tumor
Types
(N = 62)

Any Tumor
Type
(N = 357)

Total
Any Tumor Type
/ Any Dose
(N = 427)

58 (28.4)
144 (70.6)
2 (1.0)

49 (53.8)
42 (46.2)
0 (0.0)

17 (27.4)
40 (64.5)
5 (8.1)

124 (34.7)
226 (63.3)
7 (2.0)

137 (32.1)
279 (65.3)
11 (2.6)

Number of prior lines of anti-cancer therapy - n (%)
0
28 (13.7)
0 (0.0)
1
73 (35.8)
5 (5.5)
2
59 (28.9)
26 (28.6)
3
35 (17.2)
28 (30.8)
шϰ
9 (4.4)
32 (35.2)
Median
2.0
3.0
a
Type of prior anti-cancer therapy - n (%)
Chemotherapy
172 (84.3)
91 (100.0)
Immunotherapy
161 (78.9)
7 (7.7)
Targeted biologics
42 (20.6)
81 (89.0)
Targeted small molecules
19 (9.3)
23 (25.3)
Other
3 (1.5)
30 (33.0)
Unknown
21 (10.3)
0 (0.0)

0 (0.0)
17 (27.4)
17 (27.4)
13 (21.0)
15 (24.2)
2.0

28 (7.8)
95 (26.6)
102 (28.6)
76 (21.3)
56 (15.7)
2.0

28 (6.6)
113 (26.5)
116 (27.2)
91 (21.3)
79 (18.5)
2.0

62 (100.0)
17 (27.4)
14 (22.6)
7 (11.3)
14 (22.6)
0 (0.0)

325 (91.0)
185 (51.8)
137 (38.4)
49 (13.7)
47 (13.2)
21 (5.9)

394 (92.3)
238 (55.7)
168 (39.3)
65 (15.2)
62 (14.5)
21 (4.9)

Metastatic - n (%)
Yes
No

198 (97.1)
6 (2.9)

91 (100.0)
0 (0.0)

61 (98.4)
1 (1.6)

350 (98.0)
7 (2.0)

419 (98.1)
8 (1.9)

Smoking history - n (%)
Never
Current
Former
Missing

13 (6.4)
20 (9.8)
168 (82.4)
3 (1.5)

51 (56.0)
7 (7.7)
30 (33.0)
3 (3.3)

32 (51.6)
7 (11.3)
22 (35.5)
1 (1.6)

96 (26.9)
34 (9.5)
220 (61.6)
7 (2.0)

111 (26.0)
41 (9.6)
268 (62.8)
7 (1.6)

Page 2 of 2
Phase 1 data cut-off date 06 July 2020. Phase 2 data cut-off date 01 September 2020.
CRC = colorectal cancer; ECOG = Eastern Cooperative Oncology Group; N = number of subjects in the analysis set, n
= number of subjects with observed data, NSCLC = non-small cell lung cancer; PO = oral administration; SD =
standard deviation, Q1 = first quartile, Q3 = third quartile; QD = once daily
a
Each subject may have multiple prior therapies. Types of prior anti-cancer therapies were adjudicated and
included therapies given in any treatment setting. Source: ISS Table 20210111-2.1 and ISS Table 20210111-2.2
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The Applicant’s Position:
Of the 427 subjects in the integrated safety analysis set, most had KRAS G12C-mutated NSCLC
(204 subjects, 47.8%) or CRC (91 subjects, 21.3%). The sex, race, and median age of subjects in
the integrated safety analysis set were similar to those in the phase 2 NSCLC safety analysis set.
The FDA’s Assessment:
FDA agrees with the Applicant’s analysis of the baseline demographics of the primary safety
population. The characteristics of the primary safety population of Study 20170543 are
consistent with the epidemiology and natural history of metastatic KRAS G12C, as evidenced by
the high prevalence of current and former smokers (92%).
Adequacy of the safety database:
Data:
A schematic for the clinical studies which contributed to safety analysis, including a description
of the reporting of the safety data for each study, is provided in Figure 1 of Module 2.7.4,
Summary of Clinical Safety. Further details are provided in Section 8.2. As of the data cutoff
dates for the pooled safety data from Study 20170543, a total of 427 subjects were treated
with sotorasib monotherapy across all doses (fed/fasted state) and tumor types (Table 24;
Section 1.5 of Module 2.7.4, Summary of Clinical Safety). This includes 357 subjects who were
treated with the intended sotorasib dose of 960 mg QD for all tumor types; of whom,
204 subjects had KRAS G12C-mutated NSCLC.
The Applicant’s Position:
The safety database is considered adequate to assess the safety of sotorasib in the intended
indication. With a safety database of 357 subjects in the integrated analysis, the chance of
observing at least 1 adverse event with an incidence rate of 1% is approximately 97%.
The FDA’s Assessment:
FDA agrees with the Applicant’s position on the adequacy of the safety database that includes
357 patients with KRAS G12C mutated solid tumors who received at least one dose of sotorasib
960mg. The primary safety population consisted of 204 patients enrolled in Study 20170543
with KRAS G12C ŵƵƚĂƚĞĚ E^> ǁŚŽ ƌĞĐĞŝǀĞĚ шϭ ĚŽƐĞ of sotorasib 960 mg in the fed or fasted
state. The safety review was completed using the safety dataset from these 204 patients; these
data were compared to safety data from patients with KRAS G12C-mutated tumors when
appropriate. While a formal safety analysis was not performed on data from patients with KRAS
G12C ŵƵƚĂƚĞĚ ƚƵŵŽƌƐ ŽƚŚĞƌ ƚŚĂŶ E^>͕ ƌĂƚĞƐ ŽĨ 'ƌĂĚĞ шϯ ƚƌĞĂƚŵĞŶƚ-emergent adverse
events, serious adverse events, and adverse events leading to sotorasib discontinuation were
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generally lower in this patient population with tumors other than NSCLC.

Adequacy of Applicant’s Clinical Safety Assessments
Issues Regarding Data Integrity and Submission Quality
Data:
The clinical study centers for all clinical studies were monitored by clinical research associates
following study-specific monitoring plans for consistency. Data were queried per study-specific
data management plans, including automated database edit checks and internal data review by
data management, clinical program management, and medical reviewers.
Due to COVID-19, a list of specific COVID-19 Important Protocol Deviation (IPD) codes were
added to capture all COVID-19-related IPDs and data were also captured in the case report
forms where appropriate (Appendix 16.1.13.2 of the Study 20170543 phase 1 and phase 2
clinical study reports). In addition, the statistical analysis plan was updated to include COVID 19
specific analyses, including analysis of any COVID-19 affected safety parameters
The Applicant’s Position:
No issues were identified regarding data integrity or submission quality that had an effect on
the safety review. As a result of continued safety laboratory assessments, along with remote
assessment of adverse events through telehealth, the COVID-19 pandemic had low effect on
subject safety and study integrity.
The FDA’s Assessment:
FDA agrees with the Applicant’s position, including the description of the COVID-19 pandemic
impact on subject and study integrity. The data submitted was organized and adequate to
perform a complete review of the safety of sotorasib. FDA issued several information requests
during the review cycle to obtain clarification and additional information regarding safety data
included in the NDA and all requests were addressed appropriately.
Categorization of Adverse Event
Data:
Not applicable, please see Applicant’s position.
The Applicant’s Position:
Standard methodologies were used to categorize adverse events. The analyses used Medical
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Dictionary for Regulatory Activities (MedDRA) version 23.0 and adverse events were graded
using the current version of National Cancer Institute – Common Terminology Criteria for
Adverse Events (NCI-CTCAE; version 5.0). Events of interest were evaluated based on
standardized MedDRA queries. The events of interest were selected based on nonclinical and
early clinical observations.
The collection of adverse events in the clinical studies was also appropriate. The protocols
defined adverse events and serious adverse events, as well as the reporting procedures.
Adverse events were collected after enrollment through the safety follow-up visit. All adverse
events considered to be related to investigational product and all serious adverse events
regardless of relationship were required to be followed until stabilization or reversibility.
Treatment-emergent adverse events were defined as any adverse event with an onset date
between the date of first dose and 30 days after the date of last dose of investigational product
or the end-of-study date, whichever was earlier.
The FDA’s Assessment:
FDA agrees with the Applicant’s categorization of adverse events (AEs) for Study 20170543. AEs
were coded using MedDRA version 23.0 and were graded according to National Cancer
Institute – Common Terminology Criteria for Adverse Events (NCI-CTCAE; version 5.0). The
safety assessment focused on the frequency and severity of all treatment-emergent AEs
(TEAEs) from Study 20170543, which were defined as AEs occurring after the first dose of study
treatment to within 30 days after the last dose of study therapy. Additional analyses included
assessment of TEAEs leading to death, serious adverse events (SAEs), and TEAEs leading to dose
reduction, interruption, or permanent discontinuation of sotorasib. The FDA review was
completed using MedDRA preferred terms (PTs) and CTCAE grade as well as custom grouped
terms (GTs) when performing independent analyses of AEs.
Routine Clinical Tests
Data:
Not applicable, please see Applicant’s position.
The Applicant’s Position:
The clinical monitoring of subject safety was considered adequate for the expected toxicities
associated with sotorasib treatment. The time points and analyses of clinical tests were
defined in the study protocols.
In Study 20170543, all protocol-required laboratory assessments, including routine hematology
and serum chemistry panels, were to be conducted in accordance with the laboratory manual
and the schedule of assessments (Study 20170543 Protocol Section 7.1 and Study 20170543
Protocol Table 7-7). Laboratory values were graded using the current version of NCI-CTCAE
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(version 5.0). Vital signs, physical measurements, and ECGs were also assessed during study
visits as outlined in the schedule of assessments. Clinically significant abnormal vital signs or
findings were to be reported as adverse events.
The FDA’s Assessment:
FDA agrees with the Applicant’s statement regarding the adequacy of clinical monitoring in
Study 20170543.
Safety Results
Deaths
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Data:
The subject incidence of fatal adverse events is provided in Table 25.
Table 25. Fatal Treatment-emergent Adverse Events by System Organ Class and Preferred
Term (Integrated Safety Analysis Set)
Sotorasib Monotherapy
960 mg QD (Fasted/Fed)

Any Dose

NSCLC
(N 204)
n ()

CRC
(N 91)
n ()

Other
Tumor
Types
(N 62)
n ()

32 (15.7)

3 (3.3)

16 (25.8)

51 (14.3)

62 (14.5)

3 (1.5)
2 (1.0)
1 (0.5)

0 (0.0)
0 (0.0)
0 (0.0)

0 (0.0)
0 (0.0)
0 (0.0)

3 (0.8)
2 (0.6)
1 (0.3)

3 (0.7)
2 (0.5)
1 (0.2)

Gastrointestinal disorders
Gastric ulcer
Large intestinal obstruction
Small intestinal obstruction

2 (1.0)
1 (0.5)
1 (0.5)
0 (0.0)

2 (2.2)
0 (0.0)
0 (0.0)
2 (2.2)

0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

4 (1.1)
1 (0.3)
1 (0.3)
2 (0.6)

4 (0.9)
1 (0.2)
1 (0.2)
2 (0.5)

General disorders and administration
site conditions
Systemic inflammatory response
syndrome

1 (0.5)

0 (0.0)

0 (0.0)

1 (0.3)

1 (0.2)

1 (0.5)

0 (0.0)

0 (0.0)

1 (0.3)

1 (0.2)

Hepatobiliary disorders
Cholangitis
Infections and infestations
Pneumonia

0 (0.0)
0 (0.0)
1 (0.5)
1 (0.5)

0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

1 (1.6)
1 (1.6)
0 (0.0)
0 (0.0)

1 (0.3)
1 (0.3)
1 (0.3)
1 (0.3)

1 (0.2)
1 (0.2)
1 (0.2)
1 (0.2)

Neoplasms benign, malignant and
unspecified (incl cysts and polyps)
Non-small cell lung cancer
Lung cancer metastatic
Lung neoplasm malignant
Adenocarcinoma
Lung adenocarcinoma
Non-small cell lung cancer
metastatic
Non-small cell lung cancer stage IV
Adenocarcinoma pancreas

19 (9.3)

1 (1.1)

14 (22.6)

34 (9.5)

44 (10.3)

9 (4.4)
4 (2.0)
2 (1.0)
1 (0.5)
1 (0.5)
1 (0.5)

0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

9 (2.5)
4 (1.1)
2 (0.6)
1 (0.3)
1 (0.3)
1 (0.3)

10 (2.3)
6 (1.4)
2 (0.5)
1 (0.2)
3 (0.7)
2 (0.5)

1 (0.5)
0 (0.0)

0 (0.0)
0 (0.0)

0 (0.0)
1 (1.6)

1 (0.3)
1 (0.3)

1 (0.2)
1 (0.2)
Page 1 of 2

System Organ Class
Preferred Term
Number of subjects reporting fatal
treatment-emergent adverse events
Cardiac disorders
Cardiac arrest
Cardiac failure

Any Tumor
Type
(N 357)
n ()

Total
Any Tumor
Type/Any Dose
(N 427)
n ()

Footnotes are provided on the last page of the table.
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Table 25. Fatal Treatment-emergent Adverse Events by System Organ Class and Preferred
Term (Integrated Safety Analysis Set)
Sotorasib Monotherapy
960 mg QD (Fasted/Fed)

Any Dose

NSCLC
(N 204)
n ()

CRC
(N 91)
n ()

Other
Tumor
Types
(N 62)
n ()

0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

0 (0.0)
1 (1.1)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

2 (3.2)
0 (0.0)
0 (0.0)
1 (1.6)
1 (1.6)
1 (1.6)

2 (0.6)
1 (0.3)
0 (0.0)
1 (0.3)
1 (0.3)
1 (0.3)

2 (0.5)
1 (0.2)
4 (0.9)
1 (0.2)
1 (0.2)
1 (0.2)

0 (0.0)
0 (0.0)

0 (0.0)
0 (0.0)

4 (6.5)
4 (6.5)

4 (1.1)
4 (1.1)

4 (0.9)
4 (0.9)

Nervous system disorders
Haemorrhage intracranial

1 (0.5)
1 (0.5)

0 (0.0)
0 (0.0)

0 (0.0)
0 (0.0)

1 (0.3)
1 (0.3)

1 (0.2)
1 (0.2)

Respiratory, thoracic and mediastinal
disorders
Respiratory failure
Aspiration
Dyspnoea

4 (2.0)

0 (0.0)

1 (1.6)

5 (1.4)

6 (1.4)

4 (2.0)
0 (0.0)
0 (0.0)

0 (0.0)
0 (0.0)
0 (0.0)

0 (0.0)
1 (1.6)
0 (0.0)

4 (1.1)
1 (0.3)
0 (0.0)

4 (0.9)
1 (0.2)
1 (0.2)

Vascular disorders
Hypovolaemic shock

1 (0.5)
1 (0.5)

0 (0.0)
0 (0.0)

0 (0.0)
0 (0.0)

1 (0.3)
1 (0.3)

1 (0.2)
1 (0.2)
Page 2 of 2

System Organ Class
Preferred Term
Neoplasms benign, malignant and
unspecified (incl cysts and polyps)
(continued)
Cholangiocarcinoma
Colon cancer
Colorectal cancer metastatic
Endometrial adenocarcinoma
Large cell lung cancer
Malignant neoplasm of unknown
primary site
Pancreatic carcinoma
Pancreatic carcinoma metastatic

Any Tumor
Type
(N 357)
n ()

Total
Any Tumor
Type/Any Dose
(N 427)
n ()

Phase 1 data cut-off date 06JUL2020. Phase 2 data cut-off date 01SEP2020.
N = Number of subjects in the analysis set, n = Number of subjects with observed data.
Adverse events coded using MedDRA version 23.0.
Rows are sorted by system organ class (alphabetically) and preferred term within system organ class (in
descending order of frequency in NSCLC Mono 960 mg QD Fasted & Fed column).
Source: Table 20210111-6.3.32

The Applicant’s Position:
Review of fatal adverse events across the sotorasib clinical development program as of the
respective data cutoff dates did not identify any meaningful findings. No treatment-related
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fatal adverse events have been reported as of the respective data cutoff dates in the integrated
analysis set nor in any study in the sotorasib clinical development program.
The FDA’s Assessment:
FDA reviewed all fatal adverse events that occurred within the primary safety population of
Study 20170543 at the data cutoff of September 1, 2020. In general, fatal AEs were rare
amongst patients with NSCLC enrolled in Study 20170543. Death due to AEs that were not
clearly related to disease progression or an alternative etiology according to patient narratives
were reported for seven patients (3.4%). The fatal AEs which for which sotorasib’s involvement
could not be ruled out included one case each of cardiac failure, cardiac arrest, gastric ulcer,
pneumonitis, and pneumonia, and two cases of respiratory failure.
Of the seven fatal AEs noted above, the case of pneumonitis was possibly attributable to
sotorasib, while the other deaths did not have a clear association with the study drug. Table 26
below describes the fatal AEs and FDA’s determination of death causality in greater detail.
FDA excluded seven fatal events as being potentially related to sotorasib because of details in
the patient narrative that reflected that progressive disease or a clear alternative etiology.
Table 26: FDA Assessment of Causality for Fatal Adverse Events Not Clearly Attributable to
Disease Progression
Patient ID

Brief Narrative
(Bolded AE is the condition to which
the investigator attributed the
patient’s death)

FDA’s Assessment of
Causality

Included in
USPI

(b) (6)

57-year-old male was diagnosed
with hypoxia and pulmonary ground
glass opacities on chest imaging
concerning for pneumonitis. The
patient had received immune
checkpoint inhibitors and radiation
to the chest previously. Sotorasib
was withheld and steroids were
administered. The patient improved
initially with steroids but developed
worsening respiratory symptoms
when steroids were tapered.
Approximately 3 weeks after
pneumonitis was diagnosed, the
patient’s general condition worsened
rapidly and the patient died the

Pneumonitis

Yes

While the patient’s narrative
noted prior treatment with
an immune checkpoint
inhibitor and radiotherapy,
FDA was unable to rule out
whether sotorasib caused or
contributed to this case of
pneumonitis. While the
investigator’s cause of death
was disease progression,
pneumonitis could not be
ruled out as the cause of
death.
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same day. Death was attributed to
non-small cell lung cancer.
(b) (6)

50-year-old male was hospitalized
for new malignant ascites (confirmed
by cytology); sotorasib was
discontinued. The patient had a
history of metastasis to the brain,
liver, bone, and lymph nodes. The
patient was subsequently treated
with best supportive care.
Approximately two weeks after
malignant ascites were identified,
the patient developed decreased
consciousness, decreased heart rate,
and hypovolemic shock. The patient
died on the same day that the
hypovolemic shock was diagnosed.

Disease progression

70-year-old male discontinued
sotorasib soon after he was found to
have progressive disease on CT scan.
The patient had bloody bowel
movements subsequently; a bleeding
source could not be identified on
endoscopy. The patient was
hospitalized and was diagnosed with
cardiac failure due to anemia. The
patient had been diagnosed with
cardiomyopathy and decreased
ejection fraction previously. The
patient developed ventricular
fibrillation. Cardiopulmonary
resuscitation was achieved; however,
the patient died the same day.

Cardiac failure

79-year-old male developed
hematemesis and was found to have
a gastric ulcer. The patient also had
increased liver enzymes leading to
dose reduction of sotorasib to

Gastric ulcer

No

Given the patient’s known
widespread metastatic
disease and the collection of
clinical signs around the time
of death (decreased
consciousness, hypoxia,
bradycardia), FDA
determined that this
patient’s death was most
likely a consequence of
disease progression. Soon
after the FDA considers this
event unlikely to be due to
sotorasib.
Yes

FDA considers this event
unlikely to be due to
sotorasib as disease
progression was identified
on recent imaging and the
patient had known
cardiomyopathy and
decreased ejection fraction,
however sotorasib’s
contribution to the patient’s
death cannot be ruled out.

Yes

FDA considers this event
unlikely to be due to
sotorasib as gastric ulcer was
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480mg daily earlier in his treatment
course. The patient had received
prednisone to treat the elevated liver
enzymes. The patient died, and
death was attributed to the gastric
ulcer.

identified on upper
endoscopy and the patient
had been receiving
prednisone, however
sotorasib’s contribution to
the patient’s death cannot
be ruled out.

71-year-old female was hospitalized
with dyspnea and found to have
H1N1 pneumonia based upon viral
testing. Chest imaging also
demonstrated progression of
pulmonary metastasis. Sotorasib was
held, and the patient was treated
with oseltamivir and antibiotics. The
patient had a history of chronic
obstructive pulmonary disease. The
patient died eight days after
diagnosis of pneumonia.

Viral pneumonia

73-year-old male was found down at
home and multiple mechanical falls
were suspected. The patient had
discontinued sotorasib due to
disease progression nine days prior
to being found down at home. The
patient was hospitalized and
diagnosed with systemic
inflammatory response syndrome
(SIRS). Work up did not identify an
alternative etiology. CT head was
negative for abnormality. The patient
transitioned to hospice care and died
after one day in hospice.

Disease progression

(b) (6)

Yes

FDA considers this event
unlikely to be due to
sotorasib as H1N1 influenza
was detected on viral
testing, however sotorasib’s
contribution to the patient’s
death cannot be ruled out.

(b) (6)

No

FDA considers this event
unlikely to be due to
sotorasib as disease
progression had been
identified prior to the
patient’s death and an
alternative etiology was not
identified.
An IR was sent requesting
additional information on
this patient’s death. In the
response to the IR, the
patient was noted to have
progressive weakness in the
weeks prior to being found
down. FDA determined that
there was insufficient

180
Version date: January 2020 (ALL NDA/ BLA reviews)
Disclaimer: In this document, the sections labeled as “Data” and “The Applicant’s Position” are completed by the
Applicant and do not necessarily reflect the positions of the FDA.
Reference ID: 4803204

NDA/BLA Multi-disciplinary Review and Evaluation {NDA 214665}
LUMAKRAS™ (sotorasib)
evidence to confirm a
diagnosis of SIRS and that
disease progression was the
likely cause of death.
(b) (6)

74-year-old male was found
unresponsive and pulseless in a
motor vehicle accident in which he
was the driver. Cardiopulmonary
resuscitation was performed
successfully. After transfer to an
emergency department, the patient
was suspected to have anoxic brain
injury and had a traumatic chest
injury. Electrocardiogram identified
evidence of acute coronary
syndrome, which was suspected to
have caused the cardiac arrest. The
patient was transitioned to comfort
care and died soon after.

Cardiac arrest

73-year-old male fell and hit his
head. He was evaluated in an
emergency department, and
medically cleared for international
flight the following day. The patient
developed leg paralysis and urinary
incontinence during flight. The
patient was transferred to an
emergency department, and CT head
revealed intracranial hemorrhage.
The patient was hospitalized but died
due to the bleed.

Intracranial hemorrhage

No

FDA considers this event
unlikely to be due to
sotorasib as the patient was
found to be in cardiac arrest
and had traumatic injuries
following a motor vehicle
accident.

No

FDA considers this event
unlikely to be due to
sotorasib as intracranial
hemorrhage was identified
following a fall.

74-year-old female discontinued
Cardiac arrest
sotorasib after she was found to
have progressive disease on imaging. FDA considers this event
Pt had cardiac arrest at home.
unlikely to be due to
sotorasib as the patient was
found to be in cardiac arrest
and had recently
documented progressive

Yes
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metastatic disease; however,
sotorasib’s contribution to
the patient’s death cannot
be ruled out.
(b) (6)

61-year-old female presented to an
emergency department with new
left-sided hemiparesis, speech
disturbance, dyspnea, and
respiratory failure. No
documentation of brain imaging was
available. The patient was
transitioned to hospice care and died
two days later. The patient had a
history of brain metastasis.

Respiratory failure

70-year-old female presented with
respiratory failure and was found to
have near total right lung
consolidation due to progressive
pulmonary metastasis

Disease progression

53-year-old female was found to
have disease progression including
increased hepatic and pleural
metastasis. The patient developed
respiratory failure during admission
attributed to disease progression
and subsequently died.

Disease progression

68-year-old female developed
respiratory failure, and was found to
have bilateral pulmonary emboli,
possible bilateral pneumonia, and
chronic collapse of the left upper

Pulmonary emboli

Yes

Based on FDA interpretation
of events, the patient likely
experienced a stroke, which
lead to respiratory failure.
FDA considers this event to
be unlikely due to sotorasib;
however, sotorasib’s
contribution to the patient’s
death cannot be ruled out.
No

FDA considers this event
unlikely to be due to
sotorasib as the patient was
found to have progressive
disease at time of
presentation with
respiratory failure.
No

FDA considers this event
unlikely to be due to
sotorasib as the patient was
found to have progressive
disease at time of
presentation with
respiratory failure.
Yes

FDA considers this event
unlikely to be due to
sotorasib as the patient was
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lobe due to obstructing tumor. The
patient also had a history of chronic
obstructive pulmonary disease. The
patient was treated with
anticoagulation, antibiotics, and
steroids, however the patient’s
respiratory status declined and the
patient died.

found to have pulmonary
emboli at time of
presentation with
respiratory failure; however,
sotorasib’s contribution to
the patient’s death cannot
be ruled out.

68-year-old male was hospitalized
with large bowel obstruction due to
disease progression. The patient also
had severe hyponatremia (Na 118
mmol/L). The patient had
discontinued sotorasib due to
disease progression identified two
weeks earlier. The patient developed
cardiac arrest and could not be
resuscitated.

Disease progression

(b) (6)

No

FDA considers this event
unlikely to be due to
sotorasib as the bowel
obstruction was attributed
to documented disease
progression.

Serious Adverse Events
Data:
The subject incidence of serious adverse events is provided in Table 27.
Table 27. Summary of Serious Adverse Events by Preferred Term (Occurring in at Least 2% of
Subjects in Any Group) (Integrated Safety Analysis Set)
Sotorasib Monotherapy

NSCLC
(N = 204)
n (%)

Preferred Term
Number of subjects reporting treatmentemergent serious adverse events
Pneumonia

960 mg QD (Fasted/Fed)
Other
Tumor
Type
CRC
(N = 91)
(N = 62)
n (%)
n (%)

Any Tumor
Type
(N = 357)
n (%)

Any Dose
Total Any
Tumor Type/
Any Dose
(N = 427)
n (%)

103 (50.5)

23 (25.3)

32 (51.6)

158 (44.3)

187 (43.8)

14 (6.9)

1 (1.1)

4 (6.5)

19 (5.3)

24 (5.6)
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Non-small cell lung cancer

10 (4.9)

0 (0.0)

0 (0.0)

10 (2.8)

11 (2.6)

Pleural effusion

9 (4.4)

2 (2.2)

2 (3.2)

13 (3.6)

15 (3.5)

Respiratory failure

7 (3.4)

0 (0.0)

0 (0.0)

7 (2.0)

7 (1.6)

Back pain

5 (2.5)

1 (1.1)

0 (0.0)

6 (1.7)

6 (1.4)

Diarrhoea

4 (2.0)

0 (0.0)

1 (1.6)

5 (1.4)

5 (1.2)

Lung cancer metastatic

4 (2.0)

0 (0.0)

0 (0.0)

4 (1.1)

7 (1.6)

Vomiting

2 (1.0)

0 (0.0)

2 (3.2)

4 (1.1)

4 (0.9)

Anaemia

1 (0.5)

0 (0.0)

0 (0.0)

1 (0.3)

2 (0.5)

Pericardial effusion

1 (0.5)

0 (0.0)

0 (0.0)

1 (0.3)

2 (0.5)

Ascites

1 (0.5)

0 (0.0)

2 (3.2)

3 (0.8)

3 (0.7)

Large intestinal obstruction

1 (0.5)

2 (2.2)

0 (0.0)

3 (0.8)

3 (0.7)

Duodenal obstruction

0 (0.0)

0 (0.0)

2 (3.2)

2 (0.6)

2 (0.5)
Page 1 of 2

Footnotes are provided on the last page of this table.

Table 27. Summary of Serious Adverse Events by Preferred Term (Occurring in at Least 2% of
Subjects in Any Group) (Integrated Safety Analysis Set)
Sotorasib Monotherapy

Preferred Term
Small intestinal obstruction

NSCLC
(N = 204)
n (%)
0 (0.0)

960 mg QD (Fasted/Fed)
Other
Tumor
CRC
Type
(N = 91)
(N = 62)
n (%)
n (%)
6 (6.6)
3 (4.8)

Any Tumor
Type
(N = 357)
n (%)
9 (2.5)

Any Dose
Total Any
Tumor Type/
Any Dose
(N = 427)
n (%)
10 (2.3)

Cholangitis

0 (0.0)

3 (3.3)

4 (6.5)

7 (2.0)

7 (1.6)

Cholangiocarcinoma

0 (0.0)

0 (0.0)

2 (3.2)

2 (0.6)

2 (0.5)

Pancreatic carcinoma

0 (0.0)

0 (0.0)

4 (6.5)

4 (1.1)

4 (0.9)

Pancreatic carcinoma metastatic

0 (0.0)

0 (0.0)

4 (6.5)

4 (1.1)

4 (0.9)

Tumour pain

0 (0.0)

0 (0.0)

2 (3.2)

2 (0.6)

3 (0.7)
Page 2 of 2

Phase 1 data cut-off date 06JUL2020. Phase 2 data cut-off date 01SEP2020.
CRC = colorectal cancer; NSCLC= non-small cell lung cancer; QD = once daily; N = number of subjects in the analysis
set, n = number of subjects with observed data.
Adverse events were coded using Medical Dictionary for Regulatory Activities version 23.0.
Rows are sorted by preferred term (in descending order of frequency in NSCLC Monotherapy 960 mg QD
Fasted/Fed column).
Source: Table 20210111-6.3.16

The Applicant’s Position:
Serious adverse events were reported for 103 of 204 subjects with NSCLC (50.5%) treated with
960 mg QD sotorasib (Table 27). The most frequently reported serious adverse events (subject
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ŝŶĐŝĚĞŶĐĞ ш ϮйͿ ĨŽƌ ƐƵďũĞĐƚƐ ǁŝƚŚ E^> ƚƌĞĂƚĞĚ ǁŝƚŚ ϵϲϬ ŵŐ Y ƐŽƚŽƌĂƐŝď ǁĞƌĞ ƉŶĞƵŵŽŶŝĂ
(6.9%), NSCLC (4.9%), pleural effusion (4.4%), respiratory failure (3.4%), back pain (2.5%),
diarrhea (2.0%) and metastatic lung cancer (2.0%). The system organ class with the highest
subject incidence of serious adverse events was respiratory, thoracic and mediastinal disorders
(29 of 204 subjects [14.2%]) (ISS Table 20210111-6.3.16).
The types of serious adverse events reported for subjects with NSCLC treated with 960 mg QD
sotorasib were generally similar to those reported for subjects treated with 960 mg QD for all
tumor types and the total monotherapy population (any dose/ any tumor type).
The FDA’s Assessment:
FDA agrees that serious adverse events occurred in 50% (n= 103) of patients treated with
LUMAKRAS. Serious adverse reactions that were not clearly due to disease progression or
metastasis occurring ŝŶ ш Ϯй ŽĨ ƉĂƚŝĞŶƚƐ ǁĞƌĞ ƉŶĞƵŵŽŶŝĂ ;ϴйͿ͕ ŚĞƉĂƚŽƚŽǆŝĐŝƚǇ ;ϯ͘4%), and
diarrhea (2%).
Review of the narratives for the serious adverse events of musculoskeletal pain (5%) as a
grouped term including events of arthralgia, back pain, bone pain, musculoskeletal chest pain,
non-cardiac chest pain, and pain in extremity revealed that the events were associated with
metastatic disease, disease progression, or another medical condition (sacral biopsy,
mechanical fall, sciatica, and influenza vaccination), and were not related to sotorasib
treatment. Similarly, all the events of pleural effusion and respiratory failure were related to
disease progression and/or metastatic disease and were therefore excluded from FDA’s
assessment of serious adverse events.
Dropouts and/or Discontinuations Due to Adverse Effects
Data:
The subject incidence of adverse events leading to discontinuation of sotorasib that occurred in
ш Ϯ ƐƵďũĞĐƚƐ ŝŶ ĂŶǇ ŐƌŽƵƉ ŝƐ ƉƌŽǀŝĚĞĚ ŝŶ Table 28.
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Table 28. Treatment-emergent Adverse Events by System Organ Class and Preferred Term
Leading to Withdrawal of Sotorasib (Integrated Safety Analysis Set)

System Organ Class
Preferred Term
Number of subjects reporting treatment-emergent
adverse events leading to withdrawal of sotorasib
Cardiac disorders
Cardiac arrest
Gastrointestinal disorders
Gastric ulcer
Vomiting
Dysphagia
Small intestinal obstruction
Hepatobiliary disorders
Drug-induced liver injury
Infections and infestations
Pneumonia
Investigations
Alanine aminotransferase increased
Aspartate aminotransferase increased
Blood alkaline phosphatase increased
Transaminases increased
Liver function test increased
Metabolism and nutrition disorders
Dehydration
Musculoskeletal and connective tissue disorders
Back pain
Neoplasms benign, malignant and unspecified (incl
cysts and polyps)
Lung cancer metastatic
Nervous system disorders
Haemorrhage intracranial
Central nervous system necrosis
Respiratory, thoracic and mediastinal disorders
Pneumonitis
Dyspnoea
Pneumothorax

Sotorasib Monotherapy
960 mg QD (Fasted/Fed)
Any Dose
Other
Any
Total Any
Tumor
Tumor Tumor Type/
NSCLC
CRC
Types
Type
Any Dose
(N = 204)
(N = 91)
(N = 62) (N = 357) (N = 427)
n (%)
n (%)
n (%)
n (%)
n (%)
19 (9.3)
1 (1.1)
3 (4.8)
23 (6.4)
27 (6.3)
1 (0.5)
1 (0.5)
2 (1.0)
1 (0.5)
1 (0.5)
0 (0.0)
0 (0.0)
3 (1.5)
3 (1.5)
1 (0.5)
1 (0.5)
7 (3.4)
4 (2.0)
4 (2.0)
2 (1.0)
2 (1.0)
1 (0.5)
1 (0.5)
1 (0.5)
0 (0.0)
0 (0.0)
1 (0.5)

0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
1 (1.1)
1 (1.1)
0 (0.0)

0 (0.0)
0 (0.0)
2 (3.2)
0 (0.0)
0 (0.0)
1 (1.6)
1 (1.6)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

1 (0.3)
1 (0.3)
4 (1.1)
1 (0.3)
1 (0.3)
1 (0.3)
1 (0.3)
3 (0.8)
3 (0.8)
1 (0.3)
1 (0.3)
7 (2.0)
4 (1.1)
4 (1.1)
2 (0.6)
2 (0.6)
1 (0.3)
1 (0.3)
1 (0.3)
1 (0.3)
1 (0.3)
1 (0.3)

1 (0.2)
1 (0.2)
4 (0.9)
1 (0.2)
1 (0.2)
1 (0.2)
1 (0.2)
3 (0.7)
3 (0.7)
2 (0.5)
2 (0.5)
10 (2.3)
6 (1.4)
6 (1.4)
3 (0.7)
2 (0.5)
1 (0.2)
1 (0.2)
1 (0.2)
1 (0.2)
1 (0.2)
1 (0.2)

1 (0.5)
1 (0.5)
1 (0.5)
0 (0.0)
3 (1.5)
2 (1.0)
1 (0.5)
1 (0.5)

0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

0 (0.0)
1 (1.6)
0 (0.0)
1 (1.6)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

1 (0.3)
2 (0.6)
1 (0.3)
1 (0.3)
3 (0.8)
2 (0.6)
1 (0.3)
1 (0.3)

1 (0.2)
2 (0.5)
1 (0.2)
1 (0.2)
3 (0.7)
2 (0.5)
1 (0.2)
1 (0.2)
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CRC = colorectal cancer; NSCLC = non-small cell lung cancer; QD = once daily; N = number of subjects in the analysis
set, n = number of subjects with observed data. Phase 1 data cut-off date 06JUL2020. Phase 2 data cut-off date
01SEP2020. Adverse events were coded using Medical Dictionary for Regulatory Activities version 23.0. Rows are
sorted by system organ class (alphabetically) and preferred term within system organ class (in descending order of
frequency in NSCLC column. Source: ISS Table 20210111-6.3.33.

The Applicant’s Position:
Nineteen of 204 subjects with NSCLC (9.3%) who were treated with 960 mg QD sotorasib had
adverse events leading to sotorasib treatment discontinuation (Table 28). The most frequently
ƌĞƉŽƌƚĞĚ ;ƐƵďũĞĐƚ ŝŶĐŝĚĞŶĐĞ ш ϭйͿ ĂĚǀĞƌƐĞ ĞǀĞŶƚƐ ůĞĂĚŝŶŐ ƚŽ ƐŽƚŽƌĂƐŝď ƚƌĞĂƚŵĞŶƚ
discontinuation for subjects with NSCLC treated with 960 mg QD sotorasib were increased ALT
(2.0%), increased AST (2.0%), drug-induced liver injury (1.5%), increased blood ALP (1.0%),
pneumonitis (1.0%), and increased transaminases (1.0%). Review of the 3 cases of
drug-induced liver injury did not meet Hy’s law criteria (ie, concurrent increase of AST/ALT and
bilirubin with normal ALP in the absence of alternative etiology). The system organ class with
the highest subject incidence of adverse events leading to sotorasib treatment discontinuation
was investigations (7 subjects [3.4%]).
Overall, the types of adverse events leading to both sotorasib treatment interruption/dose
reduction or discontinuation reported for subjects with NSCLC treated at the 960 mg QD dose
level were generally similar to those reported for subjects treated with 960 mg QD sotorasib for
all tumor types and for the total combined monotherapy population (any dose/ any tumor
type).
The FDA’s Assessment:
Using a data cutoff date of September 1, 2020, FDA identified 18 patients from the primary
safety population (9%) who had adverse events leading to sotorasib treatment discontinuation.
Adverse events leading to treatment discontinuation in ш2% of patients were due to
hepatotoxicity (4.9%) (including preferred terms alanine aminotransferase increased, aspartate
aminotransferase increased, drug-induced liver injury, liver function test increased, and
transaminases increased).
(b) (6)

Review of the narrative for one event of DILI (Subject ID
) indicated that
abnormalities in the patient’s liver function tests rose severely and precipitously following a
cardiac arrest. This case of DILI was deemed to be due to ischemic hepatopathy (“shock liver”)
resulting from the cardiac arrest and was not included in the FDA’s assessment of events of
hepatotoxicity leading to treatment discontinuation.

Dose Interruption/Reduction Due to Adverse Effects
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Data:
Seventy-one of 204 subjects with NSCLC (34.8%) who were treated with 960 mg QD sotorasib
had adverse events leading to sotorasib treatment interruption or a dose reduction
(ISS Table 20210111-ϲ͘ϯ͘ϯϰͿ͘ dŚĞ ŵŽƐƚ ĨƌĞƋƵĞŶƚůǇ ƌĞƉŽƌƚĞĚ ;ƐƵďũĞĐƚ ŝŶĐŝĚĞŶĐĞ ш ϮйͿ ĂĚǀĞƌƐĞ
events leading to dose reduction or interruption of sotorasib for subjects with NSCLC treated
with 960 mg QD sotorasib were diarrhea (8.8%), increased ALT (8.3%), increased AST (8.3%),
increased blood ALP (3.4%), nausea (2.9%), and pneumonia (2.5%). The system organ class with
the highest subject incidence ( 5%) of adverse events leading to sotorasib treatment
interruption or dose reduction were investigations (12.7%) and gastrointestinal disorders
(10.8%).
The Applicant’s Position:
Overall, the types of adverse events leading to both sotorasib treatment interruption/dose
reduction or discontinuation reported for subjects with NSCLC treated at the 960 mg QD dose
level were generally similar to those reported for subjects treated with 960 mg QD sotorasib for
all tumor types and for the total combined monotherapy population (any dose/ any tumor
type).
While adverse events leading to sotorasib treatment interruption/dose reduction and to
discontinuation were similar in type, the lower subject incidence for the adverse events leading
to permanent discontinuation of sotorasib (9.3% versus 34.8% for interruption/dose reduction)
supports the proposed prescribing information regarding dose modification guidelines and
adverse reactions with sotorasib use.
The FDA’s Assessment:
Using a data cutoff date of September 1, 2020, a total of 69 patients (34%) were identified in
FDA’s review of adverse events leading to treatment interruption or dose reduction. The
Applicant’s report of 71 patients who had adverse events leading to sotorasib treatment
interruption or a dose reduction is based upon a data cut-off date of December 1, 2020.
Adverse reactions leading to treatment interruption in ш 2% of patients in the primary safety
population included hepatotoxicity (11%), diarrhea (8%), musculoskeletal pain (3.9%), nausea
(2.9%), and pneumonia (2.5%). Musculoskeletal pain was based upon a grouped term including
back pain, bone pain, musculoskeletal pain, myalgia, and pain in extremity.
Adverse reactions leading to dose reduction occurred in 10 patients (4.9%). The most frequent
adverse events (ш2%) leading to dose reduction were increased alanine aminotransferase
(2.9%) and increased aspartate aminotransferase (2.5%). Following dose reduction, seven
patients had resolution of their adverse event.
We agree with the Applicant’s statement that while similar types of adverse events led to dose
interruption/reduction and treatment discontinuation, the majority of patients experiencing
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adverse events leading to treatment interruption or reduction were able to continue with
sotorasib therapy.
Significant Adverse Events
Data:
'ƌĂĚĞ ш ϯ ĂĚǀĞƌƐĞ ĞǀĞŶƚƐ ǁĞƌĞ ƌĞƉŽƌƚĞĚ ĨŽƌ ϭϮϬ ŽĨ ϮϬϰй ƐƵďũĞĐƚƐ ;ϱϴ͘ϴйͿ ǁŝƚŚ E^> ƚƌĞĂƚĞĚ
with 960 mg QD (ISS Table 20210111-ϲ͘ϯ͘ϯϭͿ͘ dŚĞ ŵŽƐƚ ĨƌĞƋƵĞŶƚůǇ ƌĞƉŽƌƚĞĚ ŐƌĂĚĞ ш ϯ ĂĚǀĞƌƐĞ
ĞǀĞŶƚƐ ;ƐƵďũĞĐƚ ŝŶĐŝĚĞŶĐĞ ш ϱйͿ ĨŽƌ ƐƵďũĞĐƚƐ ǁŝƚŚ E^CLC treated with 960 mg QD were
increased ALT (7.8%), increased AST (6.9%), pneumonia (6.4%), and diarrhea (5.4%). The
ƐǇƐƚĞŵ ŽƌŐĂŶ ĐůĂƐƐ ǁŝƚŚ ƚŚĞ ŚŝŐŚĞƐƚ ƐƵďũĞĐƚ ŝŶĐŝĚĞŶĐĞ ŽĨ ŐƌĂĚĞ ш ϯ ĂĚǀĞƌƐĞ ĞǀĞŶƚƐ ǁĂƐ
respiratory, thoracic and mediastinal disorders (33 of 204 subjects [16.2%])
(ISS Table 20210111-6.3.31).
The Applicant’s Position:
dŚĞ ƚǇƉĞƐ ŽĨ ŐƌĂĚĞ ш ϯ ĂĚǀĞƌƐĞ ĞǀĞŶƚƐ ƌĞƉŽƌƚĞĚ ĨŽƌ ƐƵďũĞĐƚƐ ǁŝƚŚ E^> ƚƌĞĂƚĞĚ ǁŝƚŚ ϵϲϬ ŵŐ
QD sotorasib were generally similar to those reported for subjects treated with 960 mg QD for
all tumor types and the total monotherapy population (any dose/ any tumor type).
The FDA’s Assessment:
FDA agrees that 120 patients (59%) in the primary safety population had a ш 'ƌĂĚĞ ϯ ĂĚǀĞƌƐĞ
event. According to FDA’s review, the most coŵŵŽŶ ш 'ƌĂĚĞ ϯ ĂĚǀĞƌƐĞ ĞǀĞŶƚƐ excluding
laboratory abnormalities were musculoskeletal pain (8%) (including preferred terms back pain,
bone pain, musculoskeletal chest pain, musculoskeletal discomfort, musculoskeletal pain,
musculoskeletal stiffness, myalgia, neck pain, non-cardiac chest pain, and pain in extremity),
pneumonia (7%) (including preferred terms pneumonia, pneumonia aspiration, pneumonia
bacterial, and pneumonia staphylococcal), and diarrhea (5%). FDA agrees that the types of ш
Grade 3 adverse events reported were similar across patients with KRAS G12C mutated tumor
types who were treated with sotorasib 960 mg daily (n=357).
While FDA did not perform an independent analysis of safety data from the total monotherapy
population (any dose/any tumor type), FDA agrees with the Applicant’s position that significant
AEs were similar in this population.

Treatment Emergent Adverse Events and Adverse Reactions
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Data:
A summary of treatment-emergent adverse events is provided in Table 29. In the integrated
NSCLC monotherapy 960-mg sotorasib safety dataset, adverse events were reported for 201 of
204 subjects (98.5%) with NSCLC. Of these, the most frequently reported adverse events
;ƐƵďũĞĐƚ ŝŶĐŝĚĞŶĐĞ ш ϭϱйͿ ǁĞƌĞ ĚŝĂƌƌŚĞĂ ;ϰϮ͘ϮйͿ͕ ŶĂƵƐĞĂ ;Ϯϲ͘ϬйͿ͕ ĨĂƚŝŐƵĞ ;ϮϮ͘ϱйͿ͕ ŝŶĐƌĞĂƐĞĚ
AST (20.6%), increased ALT (20.1%), back pain (17.6%), vomiting (16.7%), constipation (16.2%),
and dyspnea (15.7%) (ISS Table 20210111-6.2.1 and ISS Table 20210111-6.2.2). The system
organ class with the highest subject incidence of adverse events was gastrointestinal disorders
(142 of 204 subjects [69.6%]) (ISS Table 20210111-6.3.1).
The types of adverse events reported for subjects with NSCLC treated with 960 mg QD sotorasib
were generally similar to those reported for subjects treated with 960 mg QD for all tumor
types and the total monotherapy population (any dose/ any tumor type).
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Table 29. Summary of Treatment-emergent Adverse Events (Integrated Safety Analysis Set)
Sotorasib Monotherapy
960 mg QD (Fasted/Fed)

NSCLC
(N = 204)
n (%)

CRC
(N = 91)
n (%)

Other Tumor
Types
(N = 62)
n (%)

Any Tumor
Type
(N = 357)
n (%)

Any Dose
Total Any
Tumor
Type/ Any
Dose
(N = 427)
n (%)

All treatment-emergent adverse events
201 (98.5)
86 (94.5)
55 (88.7)
342 (95.8) 409 (95.8)
'ƌĂĚĞ ш Ϯ
174 (85.3)
58 (63.7)
46 (74.2)
278 (77.9) 336 (78.7)
'ƌĂĚĞ ш ϯ
120 (58.8)
30 (33.0)
33 (53.2)
183 (51.3) 223 (52.2)
'ƌĂĚĞ ш ϰ
40 (19.6)
4 (4.4)
16 (25.8)
60 (16.8)
75 (17.6)
Serious adverse events
103 (50.5)
23 (25.3)
32 (51.6)
158 (44.3) 187 (43.8)
Leading to discontinuation of
19 (9.3)
1 (1.1)
3 (4.8)
23 (6.4)
27 (6.3)
sotorasib
Serious
12 (5.9)
0 (0.0)
3 (4.8)
15 (4.2)
17 (4.0)
Non-serious
8 (3.9)
1 (1.1)
0 (0.0)
9 (2.5)
11 (2.6)
Fatal adverse events
32 (15.7)
3 (3.3)
16 (25.8)
51 (14.3)
62 (14.5)
Treatment-related treatment-emergent
137 (67.2)
46 (50.5)
23 (37.1)
206 (57.7) 251 (58.8)
adverse events
'ƌĂĚĞ ш Ϯ
78 (38.2)
18 (19.8)
10 (16.1)
106 (29.7) 133 (31.1)
'ƌĂĚĞ ш ϯ
42 (20.6)
7 (7.7)
3 (4.8)
52 (14.6)
64 (15.0)
'ƌĂĚĞ ш ϰ
3 (1.5)
1 (1.1)
0 (0.0)
4 (1.1)
7 (1.6)
Serious adverse events
14 (6.9)
1 (1.1)
2 (3.2)
17 (4.8)
22 (5.2)
Leading to discontinuation of
13 (6.4)
1 (1.1)
0 (0.0)
14 (3.9)
17 (4.0)
sotorasib
Serious
5 (2.5)
0 (0.0)
0 (0.0)
5 (1.4)
6 (1.4)
Non-serious
8 (3.9)
1 (1.1)
0 (0.0)
9 (2.5)
11 (2.6)
Fatal adverse events
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
Phase 1 data cut-off date 06JUL2020. Phase 2 data cut-off date 01SEP2020.
CRC colorectal cancer; NSCLC non-small cell lung cancer; QD once daily; N = number of subjects in the
analysis set, n = number of subjects with observed data
Severity was graded using Common Terminology Criteria for Adverse Events version 5.0.
Adverse events coded using MedDRA version 23.0. Severity graded using CTCAE version 5.0.
Source: Table 20210111-6.1.1.

Adverse Drug Reactions
To provide a robust dataset at the intended dose and to maximize the potential for identifying
adverse events that were related to sotorasib use, adverse drug reactions were evaluated
based on the 357 subjects with any tumor type who were treated with sotorasib monotherapy
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at 960 mg QD. Medical review was based on a broad evaluation of all adverse events (including
their severity, onset, duration, and outcome), changes in laboratory values, and vital signs.
Adverse reactions were determined to be those eveŶƚƐ ƚŚĂƚ ǁĞƌĞ ƌĞƉŽƌƚĞĚ ш 15% in subjects
with any tumor type who were treated with sotorasib monotherapy at 960 mg QD. In addition,
medical review of all adverse events reported was undertaken, with special attention to
ĐŽŵŵŽŶ ĞǀĞŶƚƐ͕ ŐƌĂĚĞ ш 3 and serious adverse events. A review of all the frequently occurring
adverse events was performed, with consideration of the events expected to occur at a
particular incidence in patients with known underlying diseases to identify an appropriate initial
threshold for identifying adverse drug reactions. Based on this review, adverse drug reactions
for sotorasib were initially selected by evaluating adverse events that occurred with a
ш 15% ŽǀĞƌĂůů ŝŶĐŝĚĞŶĐĞ ƌĂƚĞ͕ ŐƌĂĚĞ ш ϯ ĂĚǀĞƌƐĞ ĞǀĞŶƚƐ ǁŝƚŚ Ă ш Ϯй ŽǀĞƌĂůů ŝŶĐŝĚĞŶĐe rate, or
ƐĞƌŝŽƵƐ ĂĚǀĞƌƐĞ ĞǀĞŶƚƐ ǁŝƚŚ ш Ϯй ŽǀĞƌĂůů ŝŶĐŝĚĞŶĐĞ ƌĂƚĞ͘ Ŷ ĂƐƐĞƐƐŵĞŶƚ ǁĂƐ ĂůƐŽ ƉĞƌĨŽƌŵĞĚ ŽŶ
adverse events not meeting any of these thresholds that could represent potentially serious
toxicities (eg, cardiac and neurological events), or those commonly associated with drug use
(eg, rash). Additional considerations such as temporal association, biological plausibility, and
medical judgment were then applied for a probable causal drug event association to determine
the final adverse drug reactions.
dŚŝƐ ŵĞƚŚŽĚŽůŽŐǇ ŝĚĞŶƚŝĨŝĞĚ ƐĞƌŝŽƵƐ ĂĚǀĞƌƐĞ ĞǀĞŶƚƐ ĂŶĚ ŐƌĂĚĞ ш ϯ ĂĚǀĞƌƐĞ ĞǀĞŶƚƐ ŝŶĐůƵĚŝŶŐ͕ ďƵƚ
not limited to, pneumonia, pleural effusion, bowel obstruction, NSCLC (progression of disease),
cholangitis, pulmonary embolism, respiratory failure, blood ALP increased, back pain, and
anemia. A comprehensive review of these events resulted in none being selected as adverse
drug reactions for sotorasib as they represented events expected at the given rates with the
underlying patient diseases, alternative etiologies, and/or a lack of strong evidence of causality
to sotorasib.
The resulting list of adverse drug reactions for sotorasib are summarized in Table 30.
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Table 30. Adverse Drug Reactions with Sotorasib

System Organ Class

Frequency
Categorya

Overall
Subject
Incidence
(N = 357)
n (%)

Diarrhea

Very common

121 (33.9)

Nausea

Very common

83 (23.2)

Vomiting

Very common

62 (17.4)

Abdominal painb

Very common

61 (17.1)

Fatigue

Very common

69 (19.3)

Aspartate
aminotransferase
increased

Very common

56 (15.7)

Alanine
aminotransferase
increased

Very common

52 (14.6)

Adverse Reaction

Gastrointestinal disorders

General disorders and
administration site
conditions

Investigations

Monotherapy 960mg QD sotorasib for subjects with any tumor type are included. Phase 1 data cut-off date 06JUL2020. Phase
2 data cut-off date 01SEP2020.
a sĞƌǇ ĐŽŵŵŽŶ ;ш ϭϬйͿ͕ ĐŽŵŵŽŶ ;ш ϭй ƚŽ ф ϭϬйͿ͕ ƵŶĐŽŵŵŽŶ ;ш Ϭ͘ϭй ƚŽ ф ϭйͿ͕ ƌĂƌĞ ;ш Ϭ͘Ϭϭй ƚŽ ф Ϭ͘ϭйͿ ĂŶd very rare (<
0.01%).
b Abdominal pain includes abdominal pain, abdominal pain upper, abdominal pain lower.
Coded using Medical Dictionary for Regulatory Activities (MedDRA) version 23.0. Graded using Common Terminology Criteria
for Adverse Events version 5.0 criteria.
Source: ISS Table 20210111-6.2.1 and ISS Table 20210111-6.11.1

The Applicant’s Position:
While the subject incidence of adverse events was slightly higher for subjects with NSCLC
treated with 960 mg QD compared with subjects treated with 960 mg QD for all tumor types
and the total monotherapy population (any dose/any tumor type), this difference is largely
attributable to the lower incidence of adverse events for subjects with CRC treated with 960 mg
QD (Table 29).
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Adverse events that have been determined by the Sponsor to be associated with sotorasib,
based on the totality of the data, are considered to be adverse drug reactions. The identified
adverse drug reactions are diarrhea, nausea, vomiting, abdominal pain (includes abdominal
pain, abdominal pain upper, abdominal pain lower), fatigue, aspartate aminotransferase
increased, and alanine aminotransferase increased.
The FDA’s Assessment:
While FDA did not perform an independent analysis of the incidence of adverse reactions
amongst patients with NSCLC as compared to patients with other tumor types, FDA agrees that
the most common adverse reactions were generally consistent across populations of patients
with different tumor types.
Treatment emergent adverse events reported in > 10% of patients in the primary safety
population are presented in the table below.
Table 31. Adverse Reactions ( 10%) in Patients with NSCLC Who Received Sotorasib 960mg in
Study 20170543 (FDA table)

TEAE
Any TEAE

Sotorasib 960mg daily
N = 204
Grade 1-4(%)

Grade 3-4 (%)

99

43

Diarrhea (GT)

42

5

Nausea

26

1

Vomiting

17

1.5

Constipation

16

0.5

Abdominal Pain (GT)

15

1

25

12

Fatigue (GT)

26

2

Edema (GT)

15

0

Musculoskeletal Pain (GT)

35

8

Arthralgia

12

1.0

Gastrointestinal disorders

Hepatobiliary disorders
Hepatotoxicity (GT)
General disorders and administration site conditions

Musculoskeletal and connective tissue disorders

Respiratory, thoracic and mediastinal disorders
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TEAE

Sotorasib 960mg daily
N = 204
Grade 1-4(%)

Grade 3-4 (%)

Cough (GT)

20

1.5

Dyspnea (GT)

16

2.9

13

1

12

7

12

0

Metabolism and nutrition disorders
Decreased appetite
Infections and infestations
Pneumonia (GT)
Skin and subcutaneous tissue disorders
Rash (GT)

Abdominal Pain (GT) includes: Abdominal discomfort, Abdominal pain, Abdominal pain lower, and Abdominal pain
upper.
Cough (GT) includes: Cough, Productive cough, and Upper-airway cough syndrome.
Diarrhea (GT) includes: Colitis, Colitis microscopic, Diarrhea, and Frequent bowel movements.
Dyspnea (GT) includes: Dyspnea, and Dyspnea exertional.
Fatigue (GT) includes: Asthenia and Fatigue.
Hepatotoxicity (GT) includes: Alanine aminotransferase increased, Aspartate aminotransferase increased, Blood
bilirubin increased, Drug-induced liver injury, Hepatitis, Hepatotoxicity, Transaminases abnormal, Transaminases
increased
Musculoskeletal Pain (GT) includes: Back pain, Bone pain, Musculoskeletal chest pain, Musculoskeletal discomfort,
Musculoskeletal pain, Myalgia, Neck pain, Non-cardiac chest pain, and Pain in extremity.
Edema (GT) includes: Generalized edema, Localized edema, Edema, Edema peripheral, Periorbital edema, and
Testicular edema.
Pneumonia (GT) includes: Pneumonia, Pneumonia aspiration, Pneumonia bacterial, and Pneumonia staphylococcal.
Rash (GT) includes: Dermatitis, Dermatitis acneiform, Rash, Rash-maculopapular, Rash pustular

Laboratory Findings
Data:
Sotorasib treatment was associated with changes in liver enzyme levels. For other laboratory
parameters, no changes indicative of a treatment effect for sotorasib were observed
(ISS Table 20210111-7.4 and ISS Table 20210111-7.2.1 to ISS Table 20210111-7.2.21). Grade 3
and grade 4 increases from baseline among the 204 subjects with NSCLC receiving 960 mg QD
sotorasib monotherapy were reported for ALT (10.8% and 1.5% of subjects, respectively), AST
(8.8% and 1.0%), total bilirubin (1.5% and 0%), and ALP (2.5% and 0%)
(ISS Table 20210111-7.5.1). A higher incidence of grade 3 and 4 increases from baseline in ALT
and AST was observed for subjects with NSCLC treated with 960 mg QD sotorasib compared
with subjects treated with 960 mg QD sotorasib for all tumor types (N = 357) (6.7% and 0.8% for
ALT; 5.6% and 0.6% for AST, grade 3 and 4 increases, respectively) and the total combined
monotherapy population (N = 427) (5.6% and 0.9% for ALT; 4.9% and 0.7% for AST)
(ISS Table 20210111-7.5.2, ISS Table 20210111 7.2.18 [AST], and ISS Table 20210111 7.2.19
195
Version date: January 2020 (ALL NDA/ BLA reviews)
Disclaimer: In this document, the sections labeled as “Data” and “The Applicant’s Position” are completed by the
Applicant and do not necessarily reflect the positions of the FDA.
Reference ID: 4803204

NDA/BLA Multi-disciplinary Review and Evaluation {NDA 214665}
LUMAKRAS™ (sotorasib)
[ALT]).
The Applicant’s Position:
With the exception of increased liver enzyme levels, no meaningful trends were identified in
changes from baseline in any other laboratory parameter and no meaningful differences were
observed in subjects with NSCLC receiving 960 mg QD sotorasib compared with subjects
receiving 960 mg QD sotorasib for all tumor types or the total combined monotherapy
population (any dose/ any tumor type). Adverse events associated with elevated liver enzyme
levels are discussed in Section 8.2.5.
The FDA’s Assessment:
Laboratory abnormalities were analyzed with a data cutoff of September 1, 2020. Increases in
alanine aminotransferase and aspartate aminotransferase of all grades were the most common
lab abnormalities that occurred amongst the primary safety population, occurring in 39% and
38% of patients, respectively. Grade 3 to 4 abnormalities of AST and ALT occurred in 9% and
11% of patients, respectively.
During FDA’s review, a total of 23% (n=50) of patients were noted to have an activated partial
thromboplastin time (aPTT) that was increased from baseline. In response to an information
request regarding this lab abnormality, the Applicant stated that 30 of the 50 patients had an
aPPT increase from baseline noted at only one laboratory assessment during the patients’ time
on study and the patients’ aPPT values subsequently normalized without intervention.
Additionally, the Applicant reported that there is no additional clinical or laboratory evidence to
indicate that sotorasib is associated with coagulopathy.
Vital Signs
Data:
For subjects with NSCLC treated at 960 mg once daily, no meaningful trends were identified in
changes from baseline in vital sign parameters (ISS Table 20210111-8.1 and
ISS Table 20210111-8.2.1 to Table 20210111-8.2.6). Likewise, no meaningful trends were
identified for subjects treated at 960 mg once daily for all tumor types or for the total
monotherapy population.
The Applicant’s Position:
No clinically relevant changes were observed in body weight, pulse rate, blood pressure, or
body temperature. Overall, changes in vital signs were similar across tumor types and the total
monotherapy population combined.
The FDA’s Assessment:
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FDA agrees with the Applicant’s analysis of vital sign assessments.
Electrocardiograms (ECGs)
Data:
In subjects with NSCLC treated at 960 mg once daily, elevated postbaseline QTcF intervals were
reported infrequently, with maximum postbaseline QTcF intervals of > 450 msec to 480 msec
and > 480 msec to 500 msec reported for 5.9%, and 0.5%, respectively
(ISS Table 20210111-7.6). No subjects with NSCLC treated at 960 mg once daily had a
postbseline QTcF interval > 500 msec.
Likewise, few subjects with NSCLC treated at 960 mg once daily had changes from baseline in
QTcF interval > 30 msec to 60 msec (8.3%) and no subjects had changes from baseline in QTcF
interval > 60 msec (ISS Table 20210111-7.6). Results of categorical changes in QTcF interval
were generally consistent for subjects treated with sotorasib monotherapy at 960 mg once
daily for all tumor types or for the total monotherapy population. Evaluation of other
electrocardiogram parameters did not identify any meaningful results. An exposure-QTc
analysis found no clinicall relevant effect of sotorasib on QT interval (Section 4 of Module 2.7.2,
Summary of Clinical Pharmacology).
The Applicant’s Position:
No evidence of an increased risk of QT prolongation was observed with sotorasib treatment.
The FDA’s Assessment:
FDA concurs with the Applicant’s assessment of QTcF data.
QT
Data:
See above under ECGs.
The Applicant’s Position:
No dedicated QT studies were conducted. As described above, no evidence of an increased risk
of QT prolongation was observed with sotorasib treatment.
The FDA’s Assessment:
FDA acknowledges that no dedicated QT studies were conducted and agrees with the
Applicant’s assessment of QTc prolongation.
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Immunogenicity
Data:
Not applicable.
The Applicant’s Position:
Not applicable.
The FDA’s Assessment:
FDA agrees with the Applicant’s position.
Analysis of Submission-Specific Safety Issues
Two adverse events of interest were identified for sotorasib: hepatotoxicity (ie, increased liver
function tests), which was based on ongoing clinical trial data, and renal toxicity, which was
based on nonclinical studies (Section 5.4.6 of Clinical Overview). Nonclinical studies
(Section 5.2 of Module 2.4, Nonclinical Overview) showed renal toxicity with repeated dosing in
the rat; no analogous renal adverse events have been reported in Study 20170543 and renal
function was monitored clinically using standard laboratory tests.
8.2.5.1 Hepatotoxicity
Data:
Hepatotoxicity was identified as an event of interest. Sixty-one of 204 subjects with NSCLC
(29.9%) who were treated with 960 mg QD sotorasib had hepatotoxicity adverse events
(ISS Table 20210111-6.5). The most frequently reported hepatotoxicity adverse events (subject
ŝŶĐŝĚĞŶĐĞ ш ϱйͿ ŽĨ ĂŶǇ ŐƌĂĚĞ ĂŵŽŶŐ ƐƵďũĞĐƚƐ ǁŝƚŚ E^> ƚƌĞĂƚĞĚ ǁŝƚŚ ϵϲϬ ŵŐ Y ƐŽƚŽƌĂƐŝď
were increased AST (20.6%), increased ALT (20.1%), and increased blood ALP (13.7%)
(ISS Table 20210111-ϲ͘ϲ͘ϭͿ͘ 'ƌĂĚĞ ш ϯ ĞǀĞŶƚƐ ƌĞƉŽƌƚĞĚ ĨŽƌ ш Ϯй ŽĨ Ɛubjects were increased ALT
(7.8%), increased AST (6.9%), increased blood ALP (3.9%), and increased gamma glutamyl
transferase (2.5%) (ISS Table 20210111-6.6.3). Among the 9 subjects (4.4%) who had serious
ŚĞƉĂƚŽǆŝĐŝƚǇ ĂĚǀĞƌƐĞ ĞǀĞŶƚƐ͕ ĞǀĞŶƚƐ ƌĞƉŽƌƚĞĚ ĨŽƌ ш 2 subjects were increased ALT and druginduced liver injury (each in 2 subjects [1.0%]) (ISS Table 20210111-6.6.2). Events leading to
interruption or discontinuation of sotorasib were reported for 25 subjects (12.3%) and
10 subjects (4.9%), respectively (ISS Table Table 20210111-6.5). No fatal hepatotoxicity adverse
events of interest were reported.
The Applicant’s Position:
In general, the liver function test elevations were reversed upon interruption of sotorasib
treatment and subjects were able to continue treatment after restarting at the same dose or
with dose modification as noted in the proposed prescribing information. Most cases were
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nonserious, and no subject met Hy’s Law criteria, nor were there any cases of liver failure or
fatal cases (Section 5.4.6 and Section 5.4.7 of Module 2.5, Clinical Overview). Elevation of ALT
and AST are considered adverse drug reactions, with appropriate guidance provided in the
proposed prescribing information included in Module 1.
The FDA’s Assessment:
FDA agrees with the characterization of hepatotoxicity as an adverse event of special interest.
In order to comprehensively evaluate this safety signal, FDA developed a grouped term for
hepatotoxicity including the following preferred terms: alanine aminotransferase increased,
aspartate aminotransferase increased, blood bilirubin increased, drug-induced liver injury,
hepatitis, hepatotoxicity, liver function test increased, and transaminases increased. Overall, a
total of 25% of patients (n=50) in the primary safety population had an event of hepatoxicity
and a total of 12% of patients had a Grade 3 or 4 event of hepatotoxicity. The table below
provides the incidence of patients who had an event of each preferred term included in the
FDA’s grouped term for hepatotoxicity.
Table 32. Hepatotoxicity in patients with NSCLC who received sotorasib 960 mg QD
Preferred term, n (%)

Sotorasib 960 mg QD
N=204
All grades

Grades 3-4

ALT increased

20

8

AST increased

21

7

Blood bilirubin increased

3.4

1.5

Drug-induced liver injury

2.0

1.5

Hepatitis

0.5

0.5

Hepatotoxicity

0.5

0.5

Liver function test increased

1.0

0.5

Transaminases increased

1.5

0.5

Of the 50 patients who experienced an event of hepatotoxicity, 46% (n=23) required either a
dose reduction or interruption. Hepatotoxicity events resolved in 71 of 78 (91%) of the cases
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following dose reduction or interruption. The dose modification guidelines for hepatotoxicity
are provided in the product label and state that sotorasib should be withheld until recovery of
hepatotoxicity to ч 'ƌĂĚĞ ϭ Žƌ ďĂƐĞůŝŶĞ ĂŶĚ ƚŚĞŶ ƌĞƐƵŵĞĚ Ăƚ ƚŚĞ ŶĞǆƚ ůŽǁĞƐƚ ĚŽƐĞ ĨŽƌ 'ƌĂĚĞ Ϯ
ĞǀĞŶƚƐ ǁŝƚŚ ƐǇŵƉƚŽŵƐ Žƌ ĨŽƌ ш 'ƌĂĚĞ ϯ ĞǀĞŶƚs. In 18 of the 357 patients (5%) who received
sotorasib 960 mg QD, systemic corticosteroids were used to treat an event of hepatotoxicity;
however, since the steroids were administered in combination with dose modifications, the
degree to which steroids contributed to hepatotoxicity mitigation is unclear.
Laboratory abnormalities in liver function testing that worsened from baseline were also
observed in patients who received sotorasib 960 mg QD. Shifts in AST and ALT occurred in 39%
and 38% of patients in the primary safety population, respectively. A total of 9% and 11% of
patients had shifts to Grade 3 or 4 AST and ALT values, respectively. These results are reflective
of the adverse event data in which events of increased AST and ALT consist of the majority of
events that comprise the grouped terms for hepatotoxicity. FDA agrees with the Applicant’s
assessment that no events of hepatotoxicity or elevated liver enzymes met Hy’s law criteria and
that there were no cases of liver failure or fatal cases of hepatotoxicity.
8.2.5.2 Renal Toxicity
Data:
Renal toxicity was identified as an event of interest. Nonclinical toxicology results in rats,
although not in dogs, suggested the potential for renal toxicity (Module 2.4, Nonclinical
Overview). In the integrated safety analysis set for Study 20170543, renal toxicity adverse
events were reported for 35 of 204 subjects (17.2%) with NSCLC who were treated with 960 mg
QD sotorasib monotherapy (ISS Table 20210111-6.5). The most frequently reported renal
toxŝĐŝƚǇ ĂĚǀĞƌƐĞ ĞǀĞŶƚ ŽĨ ŝŶƚĞƌĞƐƚ ;ƐƵďũĞĐƚ ŝŶĐŝĚĞŶĐĞ ш ϱйͿ ǁĂƐ ŚǇƉŽŶĂƚƌĞŵŝĂ ;ϳ͘ϰйͿ
(ISS Table 20210111-6.6.1). Six subjects ;Ϯ͘ϵйͿ ŚĂĚ ŐƌĂĚĞ ш ϯ ƌĞŶĂů ƚŽǆŝĐŝƚǇ ĂĚǀĞƌƐĞ ĞǀĞŶƚƐ͖ ƚŚĞ
ŵŽƐƚ ĨƌĞƋƵĞŶƚůǇ ƌĞƉŽƌƚĞĚ ;ƐƵďũĞĐƚ ŝŶĐŝĚĞŶĐĞ ш 2%) was hyponatremia (2.0%)
(ISS Table 20210111-6.6.3). Events of hyponatremia were reported as serious adverse events
for 2 subjects (1.0%) (ISS Table 20210111-6.6.2). One subject (0.5%) had a renal toxicity event
of interest leading to interruption of sotorasib (hyponatremia); no subjects discontinued
sotorasib due to renal toxicity adverse events (ISS Table Table 20210111-6.5). No fatal renal
toxicity adverse events of interest were reported. A total of 5 subjects in the monotherapy
population had acute kidney injury, including 1 of the 204 subjects with NSCLC receiving
960 mg QD sotorasib and 4 of the 357 subjects treated with 960 mg QD sotorasib for all tumor
types (ISS Table 20210111-6.6.1). Medical review of the 5 events did not suggest causality
between sotorasib and the event of acute kidney injury.
The Applicant’s Position:
The events of renal toxicity seen in the clinical studies were generally nonserious, mild to
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moderate events that did not lead to discontinuation of sotorasib and were not consistent with
the type of renal toxicity seen in the nonclinical toxicology program. There were no trends to
suggest a causal association between renal toxicity and sotorasib use.
The FDA’s Assessment:
FDA agrees with the Applicant’s position that events of renal toxicity were mild to moderate
and did not lead to sotorasib dose reduction or discontinuation. The single case of acute kidney
injury that occurred in a patient in the primary safety population that led to sotorasib therapy
interruption occurred in the setting of significant diarrhea; both conditions resolved with
sotorasib interruption. While preclinical data was concerning for nephrotoxicity, review of
adverse event reporting, patient narratives, and laboratory data did not reveal an association
between sotorasib and nephrotoxicity.
8.2.5.3 Interstitial Lung Disease/Pneumonitis
Given that tyrosine kinase inhibitors used to treat patients with NSCLC with other targetable
mutations, such as EGFR,are known to cause pneumonitis as a class effect, FDA performed an
independent analysis of events of interstitial lung disease (ILD) and pneumonitis in the 357
patients who received sotorasib in Study 20170543. In order to identify potential cases of
ILD/pneumonitis that were not included in either preferred term, FDA reviewed cases of
pneumonia, acute respiratory failure, and respiratory failure. FDA’s review identified three
cases of ILD/pneumonitis (0.8%), all of which occurred in patients with NSCLC. All cases were
Grade 3 or 4, and 1 case was fatal; the case of fatal pneumonitis occurred in a patient whose
death was attributed to disease progression but for which pneumonitis cannot be excluded as a
causative factor. A brief narrative of this case is included below.
(b) (6)

Patient
A fatal event of “non-small cell lung cancer” occurred in a 56-year-old male with a history of
radiation to the pleura and treatment with atezolizumab, carboplatin, paclitaxel, and
bevacizumab. The last administration of atezolizumab occurred approximately one month prior
to initiation of sotorasib. On cycle day (CD) 14, the patient was found to have an oxygen
saturation of 90% on room air; he was started on supplemental oxygen and a CT chest revealed
left-sided ground glass opacities. He was diagnosed with Grade 3 pneumonitis and sotorasib
was withheld starting on CD14. Therapy with methylprednisolone 1000 mg daily was initiated
and the patient improved by CD17. Oral therapy with prednisone was initiated and was tapered
until CD25 when his respiratory status worsened, and methylprednisolone was restarted.
Corticosteroid therapy was tapered again until CD37 when his respiratory status rapidly
declined, and he died. An autopsy was not performed, and the cause of death was noted as
non-small cell lung cancer. However, given the clinical course leading up to the patient’s death,
including treatment with high dose corticosteroids with improvement and subsequent
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worsening when the corticosteroid dose was reduced, pneumonitis cannot be excluded as
having contributed to or caused the patient’s death.
ILD/pneumonitis leading to dose interruption or reduction occurred in 0.2% of patients in Study
20170543. Sotorasib was discontinued due to ILD/pneumonitis in 0.6% of patients in Study
20170543. Given that pneumonitis is a serious and potentially fatal event, dose modification
guidelines in product labeling state that sotorasib should be permanently discontinued for any
event of ILD/pneumonitis.

Clinical Outcome Assessment (COA) Analyses Informing
Safety/Tolerability
Data:
Patient-reported outcomes are discussed in Section 8.1.2.
The Applicant’s Position:
Patient-reported outcomes are discussed in Section 8.1.2.
The FDA’s Assessment:
Refer to PRO discussion in section 8.1.2.

Safety Analyses by Demographic Subgroups
Data:
A comprehensive clinical evaluation was conducted to examine the effects of various intrinsic
factors on the safety of sotorasib. Summaries of adverse events were examined by prespecified
baseline factors, including demographic and disease related characteristics. There were no
apparent differences in the adverse events reported in the subgroups examined; however,
small sample sizes in some subgroups limit the ability to draw conclusions.
Adverse events analyzed by the demographic subgroups of race, age, and sex are provided in
ISS Table 20210111-6.1.2 to ISS Table 20210111-6.1.15.
The Applicant’s Position:
Overall, subgroup analyses demonstrated a pattern of events consistent with that reported for
the overall study population.
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The FDA’s Assessment:
FDA agrees that there were generally no major differences in the type, frequency, and severity
of adverse events observed in patient subgroups including age, race, and sex when compared
with the overall study population. However, the sample size of some demographic subgroups,
particularly for race, was small, making it difficult to draw substantial conclusions about
whether the intrinsic factor had an effect on safety.
Specific Safety Studies/Clinical Trials
Data:
Not applicable as no studies were conducted to evaluate a specific safety concern.
The Applicant’s Position:
Not applicable
The FDA’s Assessment:
FDA agrees with the Applicant’s position.

Additional Safety Explorations
Human Carcinogenicity or Tumor Development
Data:
Not applicable
The Applicant’s Position:
See Pharmacology/Toxicology review.
The FDA’s Assessment:
FDA agrees with the Applicant’s position.
Human Reproduction and Pregnancy
Data:
No clinical studies of sotorasib have been conducted in pregnant or breastfeeding women. As
of the respective data cutoff dates, 1 pregnancy was reported in the partner of a male subject
receiving sotorasib; no maternal exposure cases were reported. No pregnancy-related adverse
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events have been reported to date; the birth outcome is unknown (Section 14.6.2 of
Study 20170543 Phase 1 clinical study report). No breastfeeding cases were reported with
exposure to sotorasib.
The Applicant’s Position:
There are no data available in pregnant women. Patients should be informed of the potential
hazards to the fetus is sotorasib is used during pregnancy, or if the patient becomes pregnant
while taking sotorasib.
It is not known if sotorasib or its metabolites are present in human milk. Because of the
potential risk for sotorasib to cause adverse effects in breastfed children, a decision must be
made to discontinue breast feeding or discontinue sotorasib while breast feeding.
The extent to which sotorasib is present in seminal fluid is unknown. There are no clinical
studies to evaluate the effect of sotorasib on fertility.
The FDA’s Assessment:
FDA agrees with the Applicant’s position.
Pediatrics and Assessment of Effects on Growth
Data:
Not applicable.
The Applicant’s Position:
Sotorasib was not studied in pediatric patients. In the Agreed Initial Pediatric Study Plan (iPSP),
Amgen has requested a full waiver for studies in the pediatric population as KRAS G12C
mutation is not a relevant target in pediatric cancers.
The FDA’s Assessment:
FDA agrees with the Applicant’s position. Given the rarity of KRAS G12C mutation in pediatric
malignancies, a full waiver for the conduct of pediatric studies was requested.

Overdose, Drug Abuse Potential, Withdrawal, and Rebound
Data:
Not applicable.
The Applicant’s Position:
There is no clinical experience with overdose with sotorasib.
The FDA’s Assessment:
FDA agrees with the Applicant’s position.
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Safety in the Postmarket Setting
Safety Concerns Identified Through Postmarket Experience
Data:
Not applicable
The Applicant’s Position:
Not applicable (sotorasib is not currently registered (or approved) in the United States or in any
other part of the world).
The FDA’s Assessment:
FDA agrees with the Applicant’s statement.
Expectations on Safety in the Postmarket Setting
Data:
Not applicable
The Applicant’s Position:
Toxicities are adequately represented in the sotorasib safety database for this submission.
Routine pharmacovigilance will continue to be conducted to monitor and continue to update
the safety profile of sotorasib. The ongoing and planned clinical studies will contribute
additional safety information to further elucidate the safety profile of sotorasib.
The FDA’s Assessment:
FDA’s review determined that a REMS is not required to ensure safe and effective use of
sotorasib. Sotorasib will be prescribed by oncologists who are trained on how to monitor,
diagnose, and manage serious adverse reactions caused by anti-neoplastic drugs in accordance
with FDA-approved labeling. Additionally, standard practice in oncology dictates informed
consent prior to prescribing or administering anti-neoplastic drugs.

Integrated Assessment of Safety
Data:
The key risks with sotorasib are increased liver enzymes.
Sotorasib has been associated with transient elevations of serum transaminases (ALT and AST),
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including mostly asymptomatic cases in clinical studies. These elevations improved or resolved
with interruption of treatment and did not result in cases of Hy’s Law (ie, concurrent increase of
AST/ALT and bilirubin with normal ALP in the absence of alternative etiology), liver failure, or
fatal cases. Increased AST and ALT are considered adverse drug reactions for sotorasib
(Section 5.6 of Module 2.5, Clinical Overview). Sotorasib was generally safe and well tolerated,
with a low number of adverse events leading to treatment discontinuation in pivotal
Study 20170543 (9.3% in the NSCLC 960 mg sotorasib monotherapy cohort [fasted/fed].
The Applicant’s Position:
x
x
x

x
x

Overall, sotorasib has been safe and well tolerated across all dose levels and tumor
types and data support a positive benefit-risk profile.
960 mg QD (with or without food) was generally well tolerated and safety was similar to
all other dose levels.
Elevation of liver function tests was identified as an adverse reaction and was monitored
using standard laboratory tests as specified in the protocol. In general, the elevations
were reversed upon discontinuation of sotorasib treatment.
- Evidence from sotorasib monotherapy does not suggest a clear dose-response
relationship between the administration of sotorasib and increased liver function
tests.
- The risk of increased liver enzymes is appropriately managed with periodic
testing of liver enzymes and, based on the severity of abnormality, with
temporary interruption until resolution, dose modification, and/or
discontinuation of sotorasib.
Although nonclinical toxicology testing in rats suggested the potential for sotorasib to
produce renal toxicity, clinical data have not shown this.
Routine risk minimization activities (ie, risk communications through prescribing
information or product packaging) are considered adequate to address the safety
concerns associated with the use of sotorasib.

The FDA’s Assessment:
FDA agrees with the Applicant’s position that sotorasib is generally well-tolerated with a
relatively small number of patients requiring permanent discontinuation of sotorasib due to an
adverse event (9%). FDA also agrees with the identification of hepatotoxicity as an adverse
reaction; a description of hepatotoxicity is provided in Section 5 of the proposed USPI and the
proposed dose modification guidelines are appropriate and consistent with actions taken
during the course of the trial.
Given its drug class, FDA’s review also focused on ILD/pneumonitis as a potential adverse
reaction. A total of three patients (1.5%) in the primary safety population had an event of
pneumonitis including one fatal event. Therefore, ILD/pneumonitis was included in product
labeling as a serious adverse reaction and dose modification guidelines were provided.
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FDA agrees that the current prescribing information is adequate to address the safety concerns
associated with use of sotorasib.

SUMMARY AND CONCLUSIONS
Statistical Issues
The FDA’s Assessment:
While there were no major statistical issues with this application, there are some limitations to
deriving inference from a small, non-randomized study. The estimated response rate was
considered clinically meaningful, and though the responses are durable, the study follow-up
was not sufficiently mature to characterize the upper limit of the 95% confidence interval of
duration of response. Additionally, without a comparative arm, the analyses of time-to-event
endpoints such as PFS and OS were considered to be uninterpretable in this study.

Conclusions and Recommendations
The FDA’s Assessment:
Study 20170543 is a global, multicohort, open label, non-randomized, dose escalation and dose
expansion study of 427 patients with KRAS G12C mutated solid tumors, of whom 204 had
NSCLC and were treated at the RP2D of 960 mg QD. Based on an analysis of ORR in the patients
with NSCLC who were treated in the dose expansion portion of the study, had measurable
disease per RECIST v1.1 at baseline, and had progressed after at least one prior therapy
(n=124), sotorasib demonstrated a clinically meaningful improvement in durable ORR over
currently available therapies. The ORR as assessed by BICR was 36% (95% CI: 28, 45) with a
median duration of response (DOR) of 10.0 months (range 1.3+, 11.1) and 58% of responders
ĞǆƉĞƌŝĞŶĐŝŶŐ Ă KZ шϲ ŵŽŶƚŚƐ͘
The safety profile of sotorasib is acceptable for the intended population when considered in the
context of a life-threatening disease. Serious adverse reactions of hepatotoxicity and
pneumonitis are sufficiently addressed in product labeling.
Sotorasib exhibited saturable absorption with similar systemic exposures at steady state across
all dose levels administered in Study 20170543, ranging from 180 mg to 960 mg. Furthermore,
tumor responses were observed at lower doses and no clear trend in anti-tumor activity was
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noted in the dose-response relationship across the studied doses. However, the numbers of
patients enrolled at the lower dose levels were small resulting in wide and overlapping 95%
confidence intervals around the ORR observed at each dose level. Therefore, the Applicant is
conducting a post-marketing requirement study to assess the anti-tumor activity of sotorasib
administered at a lower dose (240 mg QD) and to inform possible future labeling updates.
In addition, to confirm the clinical benefit of sotorasib in patients with KRAS G12C mutated
advanced NSCLC with progression after at least one prior therapy, the Applicant is conducting a
post-marketing requirement study comparing the efficacy of sotorasib with docetaxel with
progression free survival as a primary endpoint.
Finally, the patient population enrolled in Study 20170543 included a small proportion of
African American patients (2%). This is not reflective of the incidence of the KRAS G12C
mutation in African American patients with advanced NSCLC in the U.S. (10%); therefore, the
Applicant will provide the results of clinical trials enrolling a sufficient number of African
American patients as a post-marketing commitment in order to further characterize the safety
and efficacy of sotorasib in these patients. A total of 15% of the study population was Asian,
which is sufficiently representative of the overall population of Asian patients with NSCLC with
KRAS G12C mutations. KRAS mutations are generally more prevalent in the Western population
than in Asia, and in the U.S., the KRAS mutation is found in a higher proportion of White and
Black patients than in Asian patients (Nassar 2021). In Asian countries, the KRAS G12C mutation
has been reported as having a low incidence (approximately 4% in an analysis of 11,951 tumor
samples collected in China) (Loong 2020).
Although it is not clear that the dose level currently proposed for approval (960 mg QD) is
optimized, the overall risk:benefit profile is positive given that sotorasib is the first targeted
therapy for the treatment of patients with KRAS G12C-mutated NSCLC with a response rate that
is robust in magnitude and durability when compared with available therapies for second- and
later-line treatment that primarily include single agent chemotherapies. Sotorasib was welltolerated with a relatively small number of patients requiring permanent discontinuation due to
an adverse event, and the major adverse reactions identified (hepatotoxicity and
ILD/pneumonitis) are adequately addressed by monitoring and dose modification as described
in the prescribing information.
Therefore, based on a favorable risk: benefit profile, the FDA review teams recommend
accelerated approval of sotorasib for the following indication:
“Sotorasib is indicated for the treatment of adult patients with locally advanced or metastatic NSCLC
with KRAS G12C mutation, as determined by an FDA-approved test, following at least one prior systemic
therapy.”
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9

Advisory Committee Meeting and Other External Consultations

The FDA’s Assessment:
FDA did not refer this supplemental application to an advisory committee as no significant
efficacy or safety issues were identified during the review that required external input for the
proposed indication.

210
Version date: January 2020 (ALL NDA/ BLA reviews)
Disclaimer: In this document, the sections labeled as “Data” and “The Applicant’s Position” are completed by the
Applicant and do not necessarily reflect the positions of the FDA.
Reference ID: 4803204

NDA/BLA Multi-disciplinary Review and Evaluation {NDA 214665}
LUMAKRAS™ (sotorasib)

10 Pediatrics
The Applicant’s Position:
Sotorasib was not studied in pediatric subjects. In the Agreed Initial Pediatric Study Plan (iPSP),
Amgen has requested a full waiver for studies in the pediatric population as the KRAS G12C
mutation is not a relevant target in pediatric cancers.
The FDA’s Assessment:
FDA agrees with the Applicant’s position.
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11 Labeling Recommendations
Data:
This is an original application; please see annotated label in Module 1 for proposed labeling.
Summary of Significant Labeling Changes
Section
Applicant’s Proposed
FDA’s proposed
Labeling
Labeling
INDICATIONS AND USAGE
LUMAKRAS is indicated for
the treatment of patients
Inclusion of the word “adult”
with KRAS G12C mutated
to define the indicated
locally advanced or
population.
metastatic non-small cell
Inclusion of the statement
lung cancer (NSCLC), as
describing approval under
determined by an FDA
the accelerated approval
approved test, who have
pathway.
received at least one prior
systemic therapy.
Dosage Modifications for
Modifications for Elevated
Revised Dosage modifications
Adverse Reactions
Liver Enzymes
table to include
Hepatotoxicity and
modifications for Interstitial
Lung Disease (ILD)/
pneumonitis.
Warnings and Precautions
Elevated Liver Enzymes
Changed title to
Hepatotoxicity. Included
drug-induced liver injury and
recommendations for
monitoring schedule.
Inclusion of Interstitial Lung
Disease (ILD)/Pneumonitis.
Clinical Trials Experience
Adverse Reactions table
Inclusion of description of
pooled population described
in Warnings and Precautions
section.
Inclusion of Laboratory
Abnormalities table.
Use in Specific Populations
Sparse details on effects in
Revised language for
rats and rabbits.
consistency with current
labeling practice. Updated
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Description

Animal Toxicology and/or
Pharmacology

Statement that there is no
data on the effects of
LUMAKRAS on milk
production or the breastfed
child.
Proposed Established
Pharmacologic Class (EPC):
Sotorasib is a KRASG12C
(Kirsten rat sarcoma viral
oncogene homolog) inhibitor
Nothing proposed.

x

Patient Counseling
Information

Elevated Liver
Enzymes

exposure ratios.
Inclusion of statement to
advise not to breastfeed
during treatment with
LUMAKRAS and for 1 week
after the final dose.
EPC Revised to:
Sotorasib is an inhibitor of
the RAS GTPase family

Inclusion of details from nonclinical 3-month toxicology
studies in rats (renal toxicity)
and dogs (liver, pituitary,
thyroid findings).
x Hepatoxicity
x Interstitial Lung
Disease / Pneumonitis
x Lactation
x Missed dose
instructions

The Applicant’s Position:
The draft US prescribing information (USPI) is provided with this submission.
The FDA’s Assessment:
The proposed prescribing information has been edited in accordance with 21 Code of Federal
Regulations (CFR), final and draft labeling guidances to ensure safe and effective use of
sotorasib.
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12 Risk Evaluation and Mitigation Strategies (REMS)
The FDA’s Assessment:
The risks of sotorasib are acceptable in the indicated patient population with a serious and
life-threatening condition; the safe use of sotorsib can be adequately implemented in the postmarketing setting through product labeling. No additional risk management strategies are
recommended.
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13 Postmarketing Requirements and Commitment
The FDA’s Assessment:
The following post-marketing requirements and post-marketing commitment will be issued for
this application:
PMR 1
Conduct a multicenter, randomized clinical trial and submit the final progression-free survival
(PFS) results that verifies and describes the clinical benefit of sotorasib in patients with locally
advanced or metastatic non-small cell lung cancer with a history of prior systemic therapy for
advanced disease and whose tumors harbor Kirsten rat sarcoma (KRAS) G12C mutation.
Final Protocol Submission:
Trial Completion:
Final Report Submission:

02/2021 (completed)
03/2022
07/2022

Rationale: The accelerated approval of sotorasib was based on single-arm study information
with a primary endpoint of overall response rate. This PMR will provide progression free
survival (PFS) results from clinical trials to obtain additional efficacy data that may confirm the
clinical benefit of sotorasib in patients with NSCLC with KRAS G12C mutations.
PMR 2
Conduct a multicenter, randomized clinical trial to further characterize serious adverse events,
including gastro-intestinal toxicity and compare the safety and efficacy of sotorasib 960mg daily
versus a lower daily dose in patients with locally advanced or metastatic, KRAS G12C mutated,
non-small cell lung cancer who have received at least one prior systemic therapy.
Draft Protocol Submission:
Final Protocol Submission:
Study Completion:
Final Report Submission:

04/2021 (completed)
05/2021
10/2022
02/2023

Rationale: Sotorasib demonstrated saturable absorption with steady-state exposures (Cmax
and AUC0-24h) comparable among 180 mg to 960 mg QD dose levels. The observed dose-ORR
relationship for efficacy also suggests that a lower dose could provide acceptable effectiveness
for the proposed indication. Additionally, high incidences of gastro-intestinal (GI) adverse
reactions were observed with the 960 mg dose, which might be improved by giving a lower oral
dose. Overall, considering the mechanism of action of this targeted therapy, the observed
pharmacokinetic characteristics, the lack of clinical dose-response relationship for ORR, the
excess GI toxicity associated with the high oral dose, and the large pill burden with the 960 mg
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dose (8 tablets), a dose optimization study should be conducted as a PMR to investigate a lower
dosage that may provide comparable efficacy with improved safety as compared to 960 mg
dose.
PMR 3
Conduct a hepatic impairment clinical trial to determine a safe and appropriate dose of
sotorasib in patients with moderate and severe hepatic impairment. Design and conduct the
trial in accordance with the FDA Guidance for Industry titled “Pharmacokinetics in Patients with
Impaired Hepatic Function: Study Design, Data Analysis, and Impact on Dosing and Labeling”.
Final Protocol Submission:
Study Completion:
Final Report Submission:

02/2021 (completed)
04/2022
10/2022

Submit the datasets with the final study report.
Rationale: Sotorasib is primarily eliminated hepatically with minor excretion renally. The
population PK analysis included patients with mild hepatic impairment (n=83), while only
included three patients with moderate hepatic impairment. A dedicated clinical study to
evaluate the effect of moderate and severe hepatic impairment on the exposure of sotorasib is
required to inform necessary dosage adjustment in patients with moderate or severe hepatic
impairment.
PMR 4
Conduct a clinical drug interaction study to assess the effect of concomitant sotorasib
administration on the systemic exposure of BCRP transporter substrates. Refer to FDA Guidance
for Industry for additional details: “Clinical Drug Interaction Studies - Cytochrome P450 Enzyme
and Transporter- Mediated Drug-Drug Interactions.”
Draft Protocol Submission:
Final Protocol Submission:
Study Completion:
Final Report Submission:

06/2021
08/2021
11/2021
05/2022

Submit the datasets with final study report.
Rationale: Sotorasib is an inhibitor of BCRP transporter in vitro. Co-administering sotorasib with
BCRP substrates may increase the substrates’ exposure, which may lead to an increased risk of
adverse reactions of the substrates. A clinical drug interaction study is required to evaluate the
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effect of coadministration of sotorasib on the pharmacokinetics of BCRP substrates to inform
the appropriate dosing strategies for the coadministration of sotorasib with BCRP substrates.
PMC 1
Submit a final report containing data from clinical trials enrolling a sufficient representation of
African American patients that is reflective of the US population of patients with KRAS G12C
mutated non-small cell lung cancer to further characterize the safety and efficacy of sotorasib
in African American patients with KRAS G12C mutated non-small cell lung cancer.
Draft Analysis Plan Submission: 09/2021
Final Analysis Plan Submission: 12/2021
Final Report Submission:
08/2023
Rationale: Nassar et al reported that KRAS G12C mutation is found in 13% of African American
patients with non-small cell lung cancer (NSCLC). In the primary efficacy population of Study
20170543, only 2% of patients were African American.
Reference: Nassar AH, et al. Distribution of KRAS G12C Somatic Mutations across Race, Sex, and
Cancer Type. N Engl J Med. 2021
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14 Division Director (DHOT) (NME ONLY)

X

X
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15 Division Director (OCP)

X

X
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16 Division Director (OB)

X

X
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17 Division Director (Clinical)

X

X
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18 Office Director (or designated signatory authority)
This application was reviewed by the Oncology Center of Excellence (OCE) per the OCE
Intercenter Agreement. My signature below represents an approval recommendation for the
clinical portion of this application under the OCE.

X
Julia Beaver, MD
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Financial Disclosure
The Applicant’s Position:
The Applicant provided financial disclosure in Form 3455 for all clinical investigators involved in
Study 20170543. No concerns were raised regarding the overall integrity of the data.
The FDA’s Assessment:
FDA agrees with the Applicant’s position.
Covered Clinical Study (Name and/or Number):* Study 20170543
Was a list of clinical investigators provided:

Yes

No
(Request list from
Applicant)

Total number of investigators identified: 1228
Number of investigators who are Sponsor employees (including both full-time and part-time
employees): 0
Number of investigators with disclosable financial interests/arrangements (Form FDA 3455):
4 (1 is not reportable)
If there are investigators with disclosable financial interests/arrangements, identify the
number of investigators with interests/arrangements in each category (as defined in 21 CFR
54.2(a), (b), (c) and (f)):
Compensation to the investigator for conducting the study where the value could be
influenced by the outcome of the study:
Significant payments of other sorts: 3
Proprietary interest in the product tested held by investigator:
Significant equity interest held by investigator in study:
Sponsor of covered study:
Is an attachment provided with details
of the disclosable financial
interests/arrangements:

Yes

No
(Request details from
Applicant)

Is a description of the steps taken to
minimize potential bias provided:

Yes

No
(Request information
from Applicant)

Number of investigators with certification of due diligence (Form FDA 3454, box 3) N/A
Is an attachment provided with the
reason:

Yes

No
(Request explanation
from Applicant)
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*The table above should be filled by the applicant, and confirmed/edited by the FDA.

Nonclinical Pharmacology/Toxicology
Data:
All data presented in Section 5, Nonclinical Pharmacology/Toxicology.
The Applicant’s Position:
Not applicable
The FDA’s Assessment:
FDA agrees that there is no additional information to add here. See Section 5 for the FDA
Nonclinical review.

OCP Appendices (Technical documents supporting OCP
recommendations)
The FDA’s Assessment:
Population Pharmacokinetic Analyses
The goal of population PK analysis (popPK) was to characterize the PK of sotorasib in healthy
subjects and advanced solid tumor patients with a specific KRAS mutation and quantify sources
of PK variability.
The popPK model included 500 healthy subjects and advanced solid tumor patients with a
specific KRAS mutation from 6 clinical trials. In these studies, sotorasib was administered orally
at doses of 120 mg, 180 mg, 360 mg, 720 mg and 960 mg once-daily (QD) or 480 mg twice-daily
(BID) in patients, and 360 mg and 960 mg in healthy subjects. A summary of the demographics
and selected baseline lab assessments included in the popPK analysis was provided in Table X.
The popPK analysis was conducted by the applicant and evaluated by the reviewer. The PK of
sotorasib was characterized by a two-compartment disposition PK model with 3 transit
compartments and first order elimination. To describe the observed non-linear dose-exposure
relationship and the enzyme induction effect following multiple dosing, the model was
parameterized with different relative bioavailability values (F1) by doses using 960 mg dose as
reference. Changes in exposure due to the enzyme induction effect were modeled using an
exponential function with a first order rate coefficient parameter (KIND_F). The residual error
model was described by a combined additive and proportional error model.
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Potential intrinsic and extrinsic covariates that are predictive of PK variability of sotorasib were
tested using a stepwise approach including both forward selection and backward elimination
(Table 34). The covariates included in the final model are described in Figure 18. The parameter
estimates of the final covariate model are described in Table 35. Enzyme induction after
multiple dosing was estimated to reach state-steady in 2-3 weeks and associated with 35%
decrease in relative bioavailability and 91% increase in clearance.
No signs of model misspecification were identified in the goodness-of-fit plots, except for some
samples predicted to show extremely low drug exposures (Figure 19). Prediction-corrected
visual predictive check showed that the final model adequately described the observed PK
profile of sotorasib across different tumor types and dose levels (Figure 20 and Figure 21).
Sotorasib had complex, non-linear PK with similar drug exposure across the range of doses from
180 mg to 960 mg. The prediction-corrected sotorasib based on the final model also suggested
the drug exposure is similar from 180 mg to 960 mg. The AUC and Cmax following 960 mg QD
dosing of sotorasib on Day 1 and Day 8 were predicted based on final model, and the predicted
AUC and Cmax are comparable to the observed values (difference within 20%) (Figure 22).
The effects of all evaluated covariates on the sotorasib exposure at steady state are illustrated
in the forest plot (Figure 23 and Figure 24). The effect of most covariates on the individual
estimations of exposure at steady state (Cmax, and AUC) was <25%. The effect of high-fat meal
and low albumin on the sotorasib exposure was >30%. A high fat meal was estimated to
increase sotorasib bioavailability and absorption resulting in increased exposure (+13% in
Cmax,ss and +33% in AUCtau,ss). Subjects with low albumin (<34 g/L, median albumin 30 g/L)
were estimated to have higher sotorasib exposure (+7.5% in Cmax,ss and +41% in AUCtau,ss)
compared to subjects with normal albumin (>= 34 g/L, median albumin 40 g/L). However,
considering sotorasib is in general well tolerated in patients and no conclusive exposure-safety
relationship was identified, the exposure difference is likely not clinically meaningful.
The individual clearance estimates are comparable between patients with normal hepatic
function (N=413) and patients with mild hepatic impairment (N=83) (Figure 25). The individual
estimated CL also appears to be similar across patients with normal renal function (N=199),
patients with mild (N=255) or moderate (N=37) renal impairment. The geometric mean of
individual estimated CL in patients with moderate renal impairment is about 20% lower
compared to that in patients with normal renal function. Due to renal elimination being the
minor elimination pathway for sotorasib (only 6% recovered in urine) and comparable observed
PK and individual estimated CL between patients with normal renal function and patients with
moderate renal impairment, FD recommends no dose adjustment for sotorasib in patients with
moderate renal impairment be included in the sotorasib labeling.
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Overall, popPK model reasonably well characterized the observed sotorasib PK profiles in
patients with KRAS mutation. The effect of evaluated covariates (age (20 to 86 yrs), sex, race
(376 White, 40 Black, 67 Asian), body weight (36.8 to 157.9 kg), line of therapy, ECOG PS (0,1),
mild or moderate ƌĞŶĂů ŝŵƉĂŝƌŵĞŶƚ ;>Đƌ͗ ш 30 mL/min), or mild hepatic impairment (AST or
ALT < 2.5 × ULN or total bilirubin < 1.5 × ULN)) on the sotorasib exposure is considered not
clinically meaningful and no dose adjustment based on these factors is required.
Table 33. Descriptive Statistics of Baseline Demographic Characteristics, Laboratory, and
Disease Status Variables of the Patients included in the Analysis Dataset
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Source: Applicant’s PopPK report, Table 5, Page 41

Table 34. Subject-specific Baseline Covariates Examined in the Population PK Analysis

Source: Applicant’s PopPK report, Table 4, Page 36
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Table 35. Parameter Estimates of the Base and Final PopPK Model
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Source: Applicant’s PopPK report, Table 1, Page 4

Figure 18. Covariates Selected in the Final Model

Source: Applicant’s PopPK report, Figure 5, Page 44
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Figure 19. Goodness of Fit Plots of the Final Model

Source: Reviewer’s Analysis based on dataset “ppkf.xpt”
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Figure 20. Visual Predictive Checks of Sotorasib Concentration-Time Data Stratified by Tumor
Types.

Source: Reviewer’s Analysis based on dataset “ppkf.xpt”
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Figure 21. Visual Predictive Checks of Sotorasib Concentration-Time Data Stratified by Dose
Levels.

Source: Reviewer’s Analysis based on dataset “ppkf.xpt”
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Figure 22. Model predicted vs. Observed AUC and Cmax on Day 1 and Day 8 Following 960 mg
QD Dosing of Sotorasib

Source: Applicant’s PopPK report, Figure 18, Page 57
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Figure 23. Covariate Effects on Sotorasib Exposure (Cmax,ss) at Steady State

* The impacts of covariate on Cmax,ss were shown as % (model-predicted Cmax,ss) relative to the model-predicted
Cmax,ss in the typical subject. The solid horizontal lines represent 90%CI of the covariate effect. Dashed blue and
red vertical lines represent the reference Cmax,ss and 80%/125% of the reference Cmax,ss, respectively.
* For a typical patient receiving 960 mg QD with the following covariates: ALB: normal range (>34g/L,
median=40g/L); ECOG: restricted (1); RACE: Caucasian; SEX: Male; Tumor size: 2 (>70mm); HIGHFAT: 0; PPI: 0.
Source: Applicant’s PopPK report, Figure 3, Page 8
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Figure 24. Covariate Effects on Sotorasib Exposure (AUCtau,ss) at Steady State

* The impacts of covariate on AUCtau,ss were shown as % (model-predicted AUCtau,ss) relative to the modelpredicted AUCtau,ss in the typical subject. The solid horizontal lines represent 90%CI of the covariate effect. Dashed
blue and red vertical lines represent the reference AUCtau,ss and 80%/125% of the reference AUCtau,ss,
respectively.
* For a typical patient receiving 960 mg QD with the following covariates: ALB: normal range (>34g/L,
median=40g/L); ECOG: restricted (1); RACE: Caucasian; SEX: Male; Tumor size: 2 (>70mm); HIGHFAT: 0; PPI: 0.
Source: Applicant’s PopPK report, Figure 3, Page 8
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Figure 25. Comparison of Individual Estimated CL across Renal or Hepatic Function.

Source: Reviewer’s Analysis based on dataset “ppkf.xpt”
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Exposure-Response Analyses
1) Methods and Data
Exposure-response analyses were conducted by the applicant to explore the relationship
between exposure of sotorasib and efficacy and safety in adult patients with KRAS
G12C-mutated locally advanced or metastatic NSCLC treated with sotorasib.
The E-R analysis of efficacy included data from 248 NSCLC patients with at least one
post-treatment plasma concentration and at least one evaluation of efficacy endpoints
from Study 20170543.
The ER analysis for safety consisted of all 421 patients with solid tumors, including
248 NSCLC patients, 113 CRC patients and 60 patients with other types of solid tumors with
evaluable sotorasib plasma concentrations.
The endpoint of interest in the ER analysis was overall survival (OS), progression free survival
(PFS), and objective response rate (ORR) for efficacy and Gr3+ treatment-related adverse
events (AEs), Gr3+ treatment-emergent AEs, Gr3+ gastrointestinal disorders, increase in ALT,
AST, or TBIL for safety.
The primary exposure metrics for evaluation are average and trough exposure at steady state
for exposure-efficacy analysis and average and maximum exposure at steady state for
exposure-safety assessment. Sotorasib PK exposure metrics were derived from the population
PK analysis for sotorasib based on the model-predicted concentration-time profiles depending
on the respective subjects’ planned sotorasib dose, regimen and PK
covariates. Graphical quartile analyses and Kaplan Meier curves were used to investigate the
exposure-efficacy and exposure-AE relationships.
1) Exposure-efficacy Relationships
In the exposure-efficacy analyses across 248 NSCLC patients with KRAS mutation, there
appeared to be an inverse ER relationship for ORR, OS, and PFS (Figure 26, Figure 27, and Figure
28). Patients with higher sotorasib exposure appeared to have worse efficacy compared to
patients with lower exposure. This inverse ER relationship for efficacy was likely to be
confounded by the effect of baseline disease burden on both PK and efficacy outcomes.
Patients with higher disease burden at baseline exhibited lower clearance and higher sotorasib
exposure (steady state AUCtau, Cmax, and Ctrough). Patients with higher disease burden at
baseline also tended to have worse efficacy outcomes. Given the confounding effect of baseline
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disease status on PK and efficacy, results of the ER analyses for efficacy were inconclusive and
uninformative.
Figure 26. Relationship between Sotorasib Exposure and ORR in NSCLC Patients with KRAS
mutation.

Source: Reviewer’s Analysis based on “erdata.xpt”

Figure 27. Relationship between Sotorasib Exposure and OS in NSCLC Patients with KRAS
Mutation.
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Source: Reviewer’s Analysis based on “erdata.xpt”

Figure 28. Relationship between Sotorasib Exposure and PFS in NSCLC Patients with KRAS
Mutation.

Source: Reviewer’s Analysis based on “erdata.xpt”

2) Exposure-safety Relationships
For the ER relationship for safety, the rate of Grade 3+ treatment-emergent AEs and Grade 3+
GI disorders appeared to be higher in the highest exposure quartile compared to lower
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exposure quartiles (Figure 29). However, this apparent trend could also be confounded by the
effect of patients’ tumor burden on sotorasib exposure.
Relationships between probability of Grade 3+ treatment-related AEs and the individual TRAEs
of interest (Grade 3+ ALT increase, AST increase and TBIL increase) and sotorasib exposure
were also evaluated. No significant ER relationships for these AE endpoints were identified
(Figure 30).
Overall, no conclusive relationships were found between sotorasib exposure and efficacy and
safety in NSCLC patients with KRAS mutation treated with sotorasib.
Figure 29. Relationship between Sotorasib Exposure and Grade 3+ ALT, AST and TBIL Increase
in NSCLC Patients with KRAS Mutation.

Source: Applicant’s Response to 05 February 2021 Information Request, Figure 1, Page 5
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Figure 30. Relationship between Sotorasib Exposure and Grade 3+ ALT, AST and TBIL Increase
in NSCLC Patients with KRAS Mutation.

Source: Reviewer’s Analysis based on “erdata.xpt”

Physiologically based Pharmacokinetic Modeling Review
Executive Summary
The aim of this review is to evaluate the adequacy of the Applicant’s physiologically based
pharmacokinetic (PBPK) analyses to predict
x the drug-drug interaction (DDI) potential of sotorasib as a CYP2D6 inhibitor
x the DDI potential of sotorasib as a CYP2C8, CYP2C9 and CYP2B6 inducer
The Division of Pharmacometrics reviewed the PBPK analyses report (153468), response to
FDA’s information request (submitted on February 9th, March 1st, March 14th, and April 6th,
2021), and supporting modeling files to conclude the following:
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There is low potential for a clinically relevant interaction between sotorasib and a
sensitive CYP2D6 substrate such as desipramine.
The PBPK analysis was considered inadequate to evaluate the DDI effects of sotorasib
on CYP2C8, CYP2C9 and CYP2B6. The DDI risk of sotorasib coadministration with
substrates of these enzymes cannot be ruled out.

Background
Sotorasib is provided as film-coated tablets for oral administration of 960 mg once daily (QD).
Sotorasib metabolites identified in human plasma were M10, M18, and M24. Following
multiple-dose administration of sotorasib, M10 exposure was the highest, followed by M24 and
M18. Peak plasma concentrations for metabolites were around 2 to 5-fold lower than sotorasib
(960 mg QD, day 8). The mean exposure to sotorasib increased in a less than dose-proportional
manner following multiple-dosing (180-960 mg QD) and sotorasib showed a time-dependent PK
[Study 20170543]. Food did not show a clinically meaningful effect on sotorasib PK [Studies
20190316 and 20170543]. Refer to the Clinical Pharmacology section for detailed information
on sotorasib ADME properties, in vitro and clinical studies.
The potential for sotorasib and its metabolites M10, M18, and M24 to cause CYP-mediated
interactions was evaluated in several in vitro studies [150535, 153423, 150536, and 153424].
These studies identified that sotorasib and its metabolites had the potential for CYP3Amediated DDI due to reversible inhibition, time-dependent inhibition, and induction in vitro. A
subsequent clinical DDI study with the sensitive CYP3A substrate midazolam showed that
sotorasib treatment caused an induction of CYP3A (midazolam AUC decreased by 53%) [Study
20170543].
Sotorasib and metabolite M24 showed inhibitory potential towards CYP2D6 [Studies 150535
and 150530]. Metabolites M10 and M18 were not reversible inhibitors of CYP2D6 over the
concentration range tested in vitro [Study 153423]. Neither sotorasib nor its metabolites
showed evidence for time-plus NADPH-dependent inhibition of CYP2D6 activity [Study 153423].
The basic static model indicated no potential for interaction with CYP2D6 for the metabolite
M24 (R1 value <1.02). Thus, the DDI potential of M24 was not investigated within the PBPK
model of sotorasib.
Sotorasib and its metabolites were determined to be inducers of CYP2C8, CYP2C9 and CYP2B6
in vitro [Studies153424 and 150536]. The potential for in vivo CYP induction by sotorasib was
estimated using the basic and mechanistic static models. The risk of induction based DDI could
not be ruled out (R3 value<0.8 and MSM AUCR<0.8) [Response to IR dated March 1st, 2021].
In vitro, sotorasib was a substrate of the efflux transporter P-gp [Study 150540]. Clinically, the
role of P-gp and OATP1B in the disposition of sotorasib appeared to be minor based on DDI
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effect of itraconazole and single-dose rifampin: up to 26% change on sotorasib exposure
[Studies 20190318 and 20190319].
Methods
The PBPK analyses were performed using the PBPK software Simcyp® (V17 and V19, Simcyp
Ltd., a Certara Company, Sheffield, United Kingdom). Predictions of plasma concentration-time
profiles and drug-drug interactions were conducted using the software’s default virtual
population model for healthy volunteers.
The PBPK model of sotorasib was developed based on physicochemical properties, preclinical,
in vitro, and clinical PK data. Key model parameters are described as follows. The absorption of
sotorasib following oral tablet was described using a first-order absorption model. The model
used the in vitro permeability data of sotorasib in MDCK cell line (Papp=11.2 x10-6 cm/s)
calibrated against the in vitro permeability of the control atenolol [Study 150563]. The fraction
absorbed (fa) was assumed to be 1. The first order absorption rate constant (Ka=0.65 1/h) was
estimated by the method of residuals from observed PK data. The unbound fraction in
enterocytes (fugut) was assumed to be 1. The unbound fraction of sotorasib in plasma (fup) was
0.093 [Study 150530] using albumin as the main binding protein. The blood-plasma partitioning
ratio of sotorasib was 0.69 in vitro [Study 150532].
A minimal PBPK model with single adjusting compartment was used to simulate the sotorasib
PK. The steady state distribution volume (Vss) of sotorasib in humans was estimated from Vss
determined in preclinical species accounting for differences in plasma protein binding. The
volume of distribution of the peripheral compartment (Vsac) and the distribution rate constants
into (k12) and out (k21) of the peripheral compartment were parameterized from clinical PK of
960 mg dosing [Study 20190319, control group, day 1].
The mean apparent clearance value of 37.5 L/h, obtained from clinical data following singledose in healthy subjects [Study 20190319], was used as input for sotorasib clearance (original
model).The Applicant also proposed a modified model for sotorasib to account for sotorasib
exposure following multiple doses in the patient population. In the modified model, sotorasib’ s
apparent clearance was reduced by 60% (CL/F=15 L/h) (refer to comments below).
The reversible inhibition constant (Ki) value for CYP2D6, used in sotorasib PBPK model, was 18.1
μM, as determined in vitro [Study 150535]. The unbound fraction in in vitro incubations (fumic)
was determined to be 0.897. The extent of nonspecific binding of sotorasib in human liver
microsomes was determined in vitro [Study 154075]. Simulations were also conducted using Ki
values at least 10-fold lower than those determined in vitro to account for uncertainty
associated with in vitro estimates.
The reviewer noted limitations in the perpetrator model for sotorasib, as follows:
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The model assumed a complete absorption of sotorasib (fa=1) to recover the sotorasib
exposure. There is an intrinsic uncertainty on the fa value, especially in the absence of
intravenous PK data. Based on ADME data, unchanged sotorasib represented 53% of
administered dose in feces following single dose. This could represent unabsorbed drug
and/or direct excretion via biliary route. Thus, the fraction absorbed of sotorasib could range
from 1 to 0.47. Reviewer noted that PBPK predictions using different fa values (1 or 0.47)
would not impact the characterization of the DDI risk of sotorasib as a perpetrator.
A non-mechanistic model was developed for sotorasib as a perpetrator for CYP-based
interaction. The model did not consider the mechanism of nonlinear PK and apparent PK
differences between healthy volunteers and patient populations. The original model used
the apparent clearance observed in healthy subjects to describe sotorasib PK following single
and multiple doses. This model underpredicted the exposure of sotorasib at steady state in
patient population in a phase 2 study (Study 20170543, prediction error (PE) = -65% to 10%,
Table 36). The Reviewer requested the Applicant to reevaluate model performance for
sotorasib PK following multiple doses.
The Applicant stated the mechanism of lower exposure at steady state in the patient
population is currently unknown. The Applicant proposed a modified model with lower
clearance value (the apparent clearance was reduced by 60%) to recover sotorasib exposure
following multiple doses. This modified model overpredicted sotorasib exposure (PE=-16% to
100%, Table 36). Nonetheless, this model of sotorasib would represent a more sensitive
model for evaluation of the DDI risk of sotorasib compared to the original one.

Results
Q1. Can PBPK analysis provide a description of the PK of sotorasib?
Yes. There was a reasonable agreement between predicted and observed PK profile of
sotorasib following 960 mg single-dose administration in healthy fasted subjects [Studies
20190317 and 20190320] and 960 mg QD multiple dose administration in patient population
[Study 20170543] (Figure 31 and Table 36).
Figure 31. PBPK predicted and observed PK profiles of sotorasib
A

B
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D
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Plasma concentration time-profiles of sotorasib. Mean PBPK predicted (black lines), observed (circles, meandata)
and 5th-95th percentiles (dashed lines). (A) sotorasib 960 mg SD, n=14 (Study 20190320). (B) sotorasib 960 mg SD,
n=13 (Study 20190317) . (C) sotorasib 960 mg QD in patient population (Study 20170543), simulations using the
base model. (D) sotorasib 960 mg QD (Day 1) in patient population (Study 20170543), simualtions using the
alternative model.

Table 36. Comparison between PBPK predictions and observed PK of sotorasib
Sotorasib
dose
regimen

Clinical
Study

Observed
Cmax
(ng/mL)

AUC
(ng.h/mL)

Tmax
(h)
0.9
(0.5-3)
0.75
(0.5-1.5)

PBPK
Model

Predicted
Cmax
(ng/mL)

AUC
(ng.h/mL)

Tmax
(h)
1.3
Original
20190317
6690
28700
7286
28999a
(0.3-3.2)
Model
960 mg SD
Original
1.3
20190320
7880
31500
7143
28873 a
Model
(0.3-3.2)
1.2
Original
7854
28520 b
(0.4-1.2)
Model
960 mg QD
1.0
8320
81500
Day 1
(0.2-6)
1.6
Modified
14020
68567 b
(0.4-4.2)
Model
20170543
(Patients)
1.2
Original
7855
28521 c
(0.4-1.2)
Model
960 mg QD
1.0
7180
43900
Day 8
(0.25-10)
1.6
Modified
14020
68567 c
(0.4-4.2)
Model
PK data are mean values, except median (range) values are listed for Tmax. aAUCinf, bAUC0-24h, and cAUCtau,ss.
(Source: Predicted values obtained from Simulation Output files).

Q2. Can PBPK analysis be used to estimate the effects of sotorasib on a CYP2D6 substrate?
Yes. PBPK analysis was considered adequate to predict the effect of repeated doses of sotorasib
(using the modified model) on a sensitive CYP2D6 substrate such as desipramine. The DDI
simulations comprised 10 virtual trials of 10 individuals each, the proportion of females 0.5 and
age range 18-65 years upon dosing of sotorasib to steady state (960 mg QD for 15 days) and
administration of 50 mg desipramine (default model, software’s library model) on day 10,
under fasting conditions.
Sotorasib interaction effect on desipramine in terms of predicted geometric mean ratios [5th95th percentiles] for Cmax and AUC were 1.06 [1.03-1.12] and 1.07 [1.04-1.12], respectively in
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normal CYP2D6 metabolizers. The ratios for Cmax and AUC were 1.10 [1.04-1.17] and 1.10
[1.05-1.17], respectively, in ultra-rapid CYP2D6 metabolizers (UMs), population that exhibits the
highest sensitivity to CYP2D6 inhibition.
Sensitivity analysis of CYP2D6 Ki value suggested minor risk of underprediction of a clinically
relevant interaction between sotorasib and desipramine. The Cmax and AUC ratios of
desipramine were below the threshold of 2-fold with up to a 10-fold lower Ki value than that
reported in vitro (Figure 32).

1.6

1.7

1.5

1.6

AUC Ratio (Desipramine)

Cmax Ratio (Desipramine)

Figure 32. Sensitivity analysis of CYP2D6 Ki value on desipramine exposure
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AUC and Cmax ratios of desipramine in the presence of multiple doses of sotorasib. Sensitivity analysis of CYP2D6 Ki (range 18.2
- 1.82 μM), using the modified sotorasib model and default desipramine model in CYP2D6 UM population. Source: Reviewer’s
Analysis.

The Applicant also evaluated the potential of sotorasib inhibition towards CYP2D6 using a
modified model for desipramine. The Vmax values were optimized to recover the exposure of
desipramine in CYP2D6 UM, normal and PM subjects as observed in the literature 1. DDI
simulations performed using this modified model of desipramine showed no interaction
potential between sotorasib and desipramine, in different phenotypic populations for CYP2D6.
In summary, PBPK analyses suggested a clinically relevant DDI (assumed as higher than 2-fold
AUC or Cmax) between sotorasib and a sensitive substrate for CYP2D6 such as desipramine is
unlikely.
The Reviewer noted the above conclusions can only be applied for a sensitive CYP2D6
substrates, such as desipramine. The DDI risk cannot be directly extrapolated to dual CYP2D6
and CYP3A4 substrates such as metoprolol and imipramine. Sotorasib was determined to be an
inducer of CYP3A4 in vivo, while this DDI analysis did not consider the CYP3A4 interaction
parameters (inhibition/induction) of sotorasib and its metabolites.

1

Brøsen K, Gram LF. Clin Pharmacol Ther. First-pass metabolism of imipramine and desipramine: impact of the sparteine
oxidation phenotype. 1988; 43: 400-406.
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Q3. Can PBPK analyses predict the effects of sotorasib on the PK of CYP2C8 and CYP2C9
substrates?
No, the PBPK analyses are inadequate to evaluate the induction effects of sotorasib and its
metabolites M10 and M24 on the PK of substrates of CYP2C8 and CYP2C9 due to uncertainties
about in vitro to in vivo extrapolation, as follows:
(b) (4)
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(b) (4)

Q4. Can PBPK analysis predict the effects of sotorasib on the PK of a CYP2B6 substrate?
No, PBPK analysis is inadequate to evaluate the induction effects of sotorasib on a CYP2B6
substrate due to limitations in the CYP2B6 substrate model- default bupropion library model
(V19). Bupropion is metabolized by several clearance pathways (CYP2B6, CYP2C19, CYP3A and
dehydrogenases) and has a stereoselective metabolism. These factors led to difficulties in the
characterization of contribution of CYP2B6 to bupropion clearance. Given the uncertainty in the
fmCYP2B6 value in the bupropion PBPK model, any PBPK predictions evaluating the DDI risk
using this CYP2B6 substrate are inconclusive and cannot be accepted.
Conclusions
PBPK analysis predicted that there is a low potential for a clinically relevant interaction
between sotorasib (960 mg QD) and a sensitive CYP2D6 substrate such as desipramine.
The interaction effects of sotorasib and its metabolites on CYP2C8, CYP2C9 and CYP2B6 cannot
be confidently predicted using PBPK analysis. The DDI risk with substrates of these enzymes
cannot be ruled out based on in vitro data.
Bioanalytical Review
FDA considers the bioanalytical methods used in the current submission are acceptable to
support the clinical pharmacology program of sotorasib.
2
Machavaram K et al. Evaluation of In Vitro-In Vivo Extrapolation (IVIVE) of the induction potential for known CYP2C9
inducers. 14th European ISSX Meeting, GürzenichKöln, Cologne, Germany. 2017. Available at:
https://www.certara.com/app/uploads/2017/10/Machavaram_2017_ISSX_CYP2C9.pdf
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Three bioanalytical methods were developed and validated for the measurement of sotorasib
(AMG 510) concentration in K2EDTA human plasma using LC-MS/MS following protein
precipitation. Methods MET-406636 (calibration range of 0.5-2500 ng/mL) and MET-406633
(calibration range of 10-10,000 ng/mL) were validated by the Applicant and used for analyzing
samples from phase 1/2 study 20170543. Of note, method MET-406636 was revised to adjust
the calibration range to better match sotorasib concentrations observed in clinical study.
(b) (4)
Method LCMSC 965 (calibration range of 10-10,000 ng/mL) was validated by
and used for analyzing plasma samples from clinical pharmacology studies of sotorasib (study
20190315, 20190316, 20190317, 20190318, 20190319, 20190320, 20190500 and 20200199).
All methods were fully validated and adequate. All samples were analyzed within the
demonstrated stability window. A summary of the validation data supporting the bioanalytical
methods used for the determination of sotorasib plasma concentrations are provided in the
following tables.
Validation Summary of Methods MET-406636 and MET-406633
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Validation Summary of Method LCMSC 965
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(b) (4)
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Additional Safety Analyses Conducted by FDA
The FDA’s Assessment:
Not applicable.
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Date: 2021.05.26 15:34:44 -04'00'

ZͬKd^ͬs

^ĞĐƚŝŽŶƐ͗ ϴ

ǆ ƉƉƌŽǀĞĚ

Pallavi S. Mishra-kalyani -S

ĂƌďĂƌĂ ^ĐĞƉƵƌĂ

Digitally signed by Pallavi S. Mishra-kalyani -S
DN: c=US, o=U.S. Government, ou=HHS, ou=FDA, ou=People,
0.9.2342.19200300.100.1.1=2001675542, cn=Pallavi S. Mishra-kalyani S
Date: 2021.05.25 13:29:40 -04'00'

ZͬKK
^ĞĐƚŝŽŶƐ͗ ϭϭ

Barbara A. Scepura -S

EŝĐŽůĞ ƌĞǌŶĞƌ͕ D

ǆ

^ĞůĞĐƚ ŽŶĞ͗
ƵƚŚŽƌĞĚ

ǆ

ƉƉƌŽǀĞĚ

ZͬKKͬKϮ
^ĞĐƚŝŽŶƐ͗ ůů

^ŝŐŶĂƚƵƌĞ͗

Nicole L. Drezner -S
,ĂƌƉƌĞĞƚ ^ŝŶŐŚ͕ D

ǆ
ǆ

^ĞůĞĐƚ ŽŶĞ͗
ƵƚŚŽƌĞĚ
ƉƉƌŽǀĞĚ

Digitally signed by Barbara A. Scepura -S
DN: c=US, o=U.S. Government, ou=HHS, ou=FDA, ou=People,
0.9.2342.19200300.100.1.1=0010093094, cn=Barbara A. Scepura -S
Date: 2021.05.25 15:57:19 -04'00'

ƌŽƐƐͲŝƐĐŝƉůŝŶĂƌǇ
dĞĂŵ >ĞĂĚĞƌ ;d>Ϳ
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^ĞůĞĐƚ ŽŶĞ͗
ƵƚŚŽƌĞĚ

zƵĂŶͲ>ŝ ^ŚĞŶ͕ WŚ

^ŝŐŶĂƚƵƌĞ͗

ŝǀŝƐŝŽŶ ŝƌĞĐƚŽƌ
;ůŝŶŝĐĂůͿ

^ĞůĞĐƚ ŽŶĞ͗
ǆ ƵƚŚŽƌĞĚ
ǆ ƉƉƌŽǀĞĚ

^ŝŐŶĂƚƵƌĞ͗
ƐƐŽĐŝĂƚĞ ŝƌĞĐƚŽƌ
ĨŽƌ >ĂďĞůŝŶŐ ;>Ϳ

Digitally signed by Xiaoxue Li -S
DN: c=US, o=U.S. Government, ou=HHS, ou=FDA, ou=People,
cn=Xiaoxue Li -S, 0.9.2342.19200300.100.1.1=2002606440
Date: 2021.05.25 14:58:30 -04'00'

Xiaoxue Li -S

WĂůůĂǀŝ DŝƐŚƌĂͲ<ĂůǇĂŶŝ͕
WŚ

^ŝŐŶĂƚƵƌĞ͗

ŝǀŝƐŝŽŶ
ŝƌĞĐƚŽƌ ;KͬsͿ

^ĞĐƚŝŽŶƐ͗ ϴ

ƉƉƌŽǀĞĚ
^ŝŐŶĂƚƵƌĞ͗

^ƚĂƚŝƐƚŝĐĂů dĞĂŵ
>ĞĂĚĞƌ

^ĞůĞĐƚ ŽŶĞ͗
ǆ ƵƚŚŽƌĞĚ

yŝĂŽǆƵĞ >ŝ͕ WŚ

Digitally signed by Nicole L. Drezner -S
DN: c=US, o=U.S. Government, ou=HHS, ou=FDA, ou=People,
0.9.2342.19200300.100.1.1=2002001723, cn=Nicole L. Drezner
-S
Date: 2021.05.25 13:35:16 -04'00'

ZͬKKͬKϮ

^ĞůĞĐƚ ŽŶĞ͗
ǆ ƵƚŚŽƌĞĚ

^ĞĐƚŝŽŶƐ͗ ůů
ǆ

ƉƉƌŽǀĞĚ

E Ϯϭϰϲϲϱ

^ŝŐŶĂƚƵƌĞ͗

Reference ID: 4803204

6HH HOHFWURQLF VLJQDWXUH EHORZ
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-------------------------------------------------------------------------------------------This is a representation of an electronic record that was signed
electronically. Following this are manifestations of any and all
electronic signatures for this electronic record.
-------------------------------------------------------------------------------------------/s/
-----------------------------------------------------------IDARA UDOH
05/28/2021 10:52:33 AM
B HARPREET SINGH
05/28/2021 10:56:45 AM
JULIA A BEAVER
05/28/2021 10:57:16 AM

Reference ID: 4803204

