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G12C-mutated colorectal cancer: a phase 1b trial
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Abstract

The current third-line and beyond treatment options for RAS mutant metastatic colorectal
cancer (MCRC) have yielded limited efficacy. At the time of study start, the combination of
sotorasib, a KRAS G12C inhibitor, and panitumumab, an epidermal growth factor receptor
inhibitor, was hypothesized to overcome treatment-induced resistance. This phase 1b substudy
of the CodeBreaK 101 master protocol evaluated sotorasib plus panitumumab in patients with
chemotherapy-refractory KRAS G12C-mutated mCRC. Here, we report the results of the
dose-exploration cohort and a dose expansion cohort. Patients received sotorasib (960 mg,

QD) plus panitumumab (6 mg/kg, Q2W). The primary endpoints were safety and tolerability.
Secondary endpoints included efficacy and pharmacokinetics. Exploratory biomarkers at baseline
were assessed. Forty-eight patients (dose exploration, n=8; dose expansion, n=40) were treated.
Treatment-related adverse events of any grade and grade =3 occurred in 45 (94%) and 13 (27%)
patients, respectively. In the dose-expansion cohort, the confirmed objective response rate was

Travel, Accommodations, Expenses - AACR; ASCO; Bayer Schering Pharma; Genmab; Society for Immunotherapy of Cancer;
Telperian

ClinicalTrials.gov identifier: NCT04185883
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30.0% (95% ClI: 16.6, 46.5). Median progression-free survival (PFS) was 5.7 months (95% ClI:
4.2, 7.7). Median overall survival was 15.2 months (95% CI: 12.5, not estimable). Prevalent
genomic co-alterations included APC (84%), TP53 (74%), SMAD4 (33%), PIK3CA (28%), and
EGFR (26%). Sotorasib-panitumumab demonstrated acceptable safety with promising efficacy in
chemotherapy-refractory KRAS G12C-mutated metastatic CRC.

Results

Colorectal cancer is the third most common type of cancer, with 153,020 new cases

and 52,550 deaths in the United States annually.}-2 First- and second-line treatment of
metastatic colorectal cancer with RAS mutation includes combinations of chemotherapy,
immunotherapy in the case of microsatellite instability—high disease, and antiangiogenic
agents.2 The standard of care for third-line treatment for these patients is either regorafenib
or trifluridine-tipiracil, with objective response rates <2%, median progression-free survival
<2 months, and overall survival of 6.4 and 7.1 months, respectively.#® In a recent study of
trifluridine-tipiracil combined with bevacizumab, the median progression-free survival was
5.6 months, and the median overall survival was 10.8 months.® These outcomes emphasize
the need for novel treatment options and combinations.

The KRAS G12C mutation is found in about 3%-4% of colorectal cancers.’ Real-world
studies of treatment outcomes in KRAS G12C-mutated metastatic colorectal cancer

have reported mixed results; some describe a negative association with prognosis, while
others report no difference.8-13 Sotorasib, a first-in-class small molecule, selectively

and irreversibly inhibits KRAS G12C.14 Sotorasib monotherapy in patients with KRAS
G12C-mutated metastatic colorectal cancer resulted in a modest objective response rate
(9.7%).1% We hypothesized that treatment-induced resistance may be occurring via feedback
reactivation of the RAS-MAPK pathway and epidermal growth factor receptor (EGFR)
reactivation.16.17

The combination of adagrasib, a KRAS G12C inhibitor, and cetuximab, an anti-EGFR
monoclonal antibody, demonstrated clinical activity and acceptable safety in KRAS G12C-
mutated metastatic colorectal cancer.18 In this phase 1b substudy of the CodeBreaK 101
master protocol (subprotocol H, Part 1 Cohort A and Part 2 Cohort A), we evaluated

the safety, pharmacokinetics, and efficacy of sotorasib plus panitumumab in patients with
chemotherapy--refractory KRAS G12C-mutated metastatic colorectal cancer. We also report
co-occurring genomic alterations at baseline and their association with the outcomes.

Study population

Forty-eight patients enrolled in the United States and Japan with previously treated KRAS
G12C-mutated metastatic colorectal cancer who had received at least 1 dose of sotorasib and
panitumumab were included (Figure 1 and Supplementary Table S1). Of these, 8 patients
were enrolled in the dose-exploration cohort and 40 in the dose-expansion cohort between
June 24, 2020, and December 21, 2021 (Figure 2). The data cutoff for both cohorts was
January 4, 2023.

Nat Med. Author manuscript; available in PMC 2024 July 04.
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Table 1 summarizes the baseline characteristics of the 48 patients enrolled in the dose-
exploration and dose-expansion cohorts. Of the 8 patients in the dose-exploration cohort, the
median age was 61 years (range: 31-79) and 63% were female. Patients received a median
of 4 prior lines of systemic therapy for metastatic disease (including adjuvant therapy if
there was progression within 6 months following treatment). All 5 patients who received

a prior KRAS G12C inhibitor had been treated with sotorasib as either monotherapy or in
combination with trametinib.

Of the 40 patients in the dose-expansion cohort, the median age was 58 years (range: 30-78)
and 75% were female. Primary tumor location was left-sided in 27 (68%) patients and
right-sided in 13 (33%) patients. Patients received a median of 2 prior lines of systemic
therapy for metastatic disease. Prior lines of treatment included oxaliplatin, irinotecan,
fluoropyrimidine, and antiangiogenic therapy in 40 (100%) patients. Regorafenib and
trifluridine-tipiracil were a prior line of therapy in 7 (18%) patients each; 13 (33%) had
received prior regorafenib and/or trifluridine-tipiracil.

Seven patients in the dose-exploration cohort were evaluable for DLTs; no DLTs were
observed (one unevaluable due to panitumumab dose interruption for non-DLT grade 3 rash
acneiform). Therefore, dose level 1 was determined to be the recommended phase 2 dose.

Among 48 patients, treatment-related adverse events of any grade and grade =3 were
observed in 45 (94%) and 13 (27%) patients, respectively; 30 (63%) and 45 (94%)
experienced treatment-related adverse events related to sotorasib and panitumumab,
respectively (Table 2). Additional details are provided in Supplementary Tables S2—

S6. Grade 3 treatment-related adverse events occurred in 13 (27%) patients; the most
common were rash (6%) and acneiform dermatitis and hypomagnesemia (4% each). No
patients experienced grade 4 or 5 treatment-related adverse events. Sotorasib-related and
panitumumab-related adverse events led to dose interruption or reduction in 7 (15%) and 14
(29%) patients, respectively. No treatment-related adverse events led to discontinuation of
either drug.

Pharmacokinetics

Efficacy

For the overall population, the geometric mean maximum plasma concentration was 8,760
ng/mL and 7,470 ng/mL on days 1 and 8, respectively, with a median time to maximum
plasma concentration of 1.0 hour (range: 1.0-6.0) for both days (Supplementary Table

S7). The geometric mean area under the concentration-time curve from time 0 to 24-hour
postdose was 80,000 h*ng/mL and 53,500 h*ng/mL on days 1 and 8, respectively. Sotorasib
exposure was similar with overlapping distributions in patients enrolled at sites in Japan and
the United States (Extended Data Figures 1 and 2).

Among the 8 patients in the dose-exploration cohort, 1 KRAS G12C inhibitor—naive patient
(12.5%; 95% CI: 0.3, 52.7) had a confirmed partial response (Table 3). The disease control
rate was 75.0% (95% CI: 34.9, 96.8), with a median duration of treatment of 4.4 months

Nat Med. Author manuscript; available in PMC 2024 July 04.
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(range: 1.4-21.8); no patients remained on treatment at data cutoff. Among the 5 patients
with prior sotorasib treatment, 80.0% achieved stable disease during treatment. Target lesion
shrinkage of any magnitude was observed in 6 of 7 patients (Figure 3B). Due to clinical
progression, the eighth patient ended treatment before tumor assessment. Maximal tumor
shrinkage in target lesions ranged from 15% to 30% in 4 of the 5 patients who received prior
sotorasib and was 19% and 100% in the 2 patients, respectively, who were KRAS G12C
inhibitor—naive.

Among the 40 patients in the dose-expansion cohort, 12 (30.0%; 95% ClI: 16.6, 46.5) had a
confirmed partial response (Table 3, Figure 3A). The disease control rate was 92.5% (95%
Cl: 79.6, 98.4), the median duration of response was 5.3 months (95% CI: 2.8, 7.4), and
target lesion shrinkage of any magnitude was observed in 35 of 40 patients (Figure 3B). The
median time to response was 1.5 months (range: 1.3-4.1; Table 3). The median duration of
treatment was 6.0 months (range: 0.5-18.9). Three patients remained on treatment at data
cutoff and had received the combination for 15.6-19.2 months. At a median follow-up of
16.7 months, the median progression-free survival was 5.7 months (95% ClI: 4.2, 7.7; Figure
3C). At a median follow-up of 10.6 months, the median overall survival was 15.2 months
(95% CI: 12.5, not evaluable; Figure 3D).

In a subgroup analyses, confirmed response rates were observed among four of nine patients
enrolled in Japan (RR% =44.4%) and among eight of 31 (25.8%) enrolled in the United
States; response rates in patients with left-sided (n=27) vs right-sided (n=13) primary tumors
were 29.6% and 30.8% respectively. The median progression-free survival in patients with
left-sided and right-sided primary tumors were 5.8 vs 5.7 months (Extended Data Figure
3A). The median overall survival in patients with left-sided and right-sided primary tumors
was not estimable and 12.5 months, respectively (Extended Data Figure 3B).

Exploratory biomarkers at baseline

Centrally measured baseline cfDNA genomic data were available for 3 (37.5%) and 40
(100%) patients in the dose-exploration and dose-expansion cohorts, respectively. Patients
treated with prior KRAS G12C inhibitor in the dose-exploration cohort (n=5) were excluded
from this analysis. All patients had cfDNA detected at baseline; 41 patients had KRAS
G12C detected, with KRAS G12C variant allelic frequency ranging from 0.0009 to 0.5810.
The most prevalent (=20%) gene alterations included APC (84%), TP53 (74%), SMAD4
(33%), PIK3CA (28%), and EGFR (26%; Table S8). Among patients with concurrent BRAF
alterations (19%), 6 of 8 (75%) had copy number amplifications and 3 of 8 (38%) had
missense mutations (one patient had both). None had a BRAFV600E mutation. AR/DI1A
mutations were observed in 14% of patients with single-nucleotide variants. Concurrent
EGFRalteration in 11 patients included amplifications (82%) and missense variants (18%).
The median progression-free survival (95% CI) was reported in patients with and without
baseline BRAF alterations (2.9 months [2.4, not evaluable] vs 7.4 months [5.5, 8.3]) and in
patients with and without AR/D1A mutations (4.4 months [2.8, not evaluable] vs 7.4 months
[4.4, 8.2]; Extended Data Figure 4).

Nat Med. Author manuscript; available in PMC 2024 July 04.
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Discussion

In this phase 1b clinical trial, we evaluated the safety and efficacy of sotorasib plus
panitumumab in heavily pretreated patients with KRAS G12C-mutated metastatic colorectal
cancer. The combination was well-tolerated and mainly associated with low-grade adverse
events. Overall, grade 3 treatment-related adverse events, mostly dermatologic, occurred

in 27% of patients and were related to sotorasib in 7 (15%) and panitumumab in 11

(23%) of patients. No treatment-related adverse events were grade 4 or 5 or led to
treatment discontinuation of either agent. No patients experienced DLTSs. There were no
discernible differences in sotorasib pharmacokinetics for monotherapy vs the combination,
suggesting that there are no clinically meaningful pharmacokinetic drug-drug interactions
between sotorasib and panitumumab.1® These efficacy and safety findings with sotorasib
plus panitumumab are further strengthened and confirmed by recent phase 3 data from

the CodeBreaK 300 trial that demonstrated significant improvements in progression-free
survival with sotorasib plus panitumumab compared with the current standard of care
during the study’s conduct in patients with chemotherapy-refractory KRAS G12C-mutated
metastatic colorectal cancer.19 Further, the objective response rate of 26.4% and median
progression-free survival of 5.6 months reported for the sotorasib 960 mg daily plus
panitumumab 6 mg/kg Q2W arm of CodeBreaK 300 is similar to the response rate of 30%
and median progression-free survival of 5.7 months demonstrated in this phase 1b trial.1?

The confirmed objective response rate in the dose-expansion cohort was more than twice
that in the dose-exploration cohort, likely reflecting that 63% of patients in the dose-
exploration cohort had received prior treatment with a KRAS G12C inhibitor. In the
dose-expansion cohort, disease control was observed in 93% of patients, tumor shrinkage
in 88% of patients, and a median progression-free survival of 5.7 months and a median
overall survival of 15.2 months. These findings are analogous to the outcomes observed
when a BRAF inhibitor was combined with an anti-EGFR antibody to treat BRAF
V600E-mutated metastatic colorectal cancer, implying that inhibition of an overactive
RAS-BRAF-MAPK pathway requires concurrent EGFR inhibition.2% These data reflect a
marked improvement over those observed for either panitumumab or sotorasib monotherapy
in KRAS G12C-mutated metastatic colorectal cancer. These findings that a combination
approach is more effective than either agent alone is generally consistent with that of the
recent phase 2 nonrandomized KRYSTAL-1 trial that tested the combination of the KRAS
G12C inhibitor adagrasib with cetuximab in KRAS G12C mutated colorectal cancer.18 The
most common treatment-related adverse events with sotorasib plus panitumumab (rash,
acneiform dermatitis, hypomagnesemia) are also in accordance with that shown with
adagrasib-cetuximab and anti-EGFR therapies for the treatment of metastatic colorectal
cancer in general.1821 Direct comparisons of the current data with KRYSTAL-1 are
challenging to perform because of the inherent differences in study design, prior lines of
therapy, patient populations, sample size (KRYSTAL-1 had relatively fewer patients than
this study) and regions of enroliment (KRYSTAL-1 enrolled at sites in the US alone while
the current study included sites in Japan as well; in the dose expansion portion of the
current study, 22.5% of the patients were enrolled in Japan). In this KRAS G12C-mutated
population where patients were not expected to respond to panitumumab, these results
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provide a proof of principle that sotorasib and an anti-EGFR antibody work synergistically
as observed in preclinical studies.16:17

Our observation that the combination of sotorasib plus panitumumab showed similar
efficacy regardless of primary tumor location is consistent with data for BRAF and EGFR
inhibitor combination in BRAFV600E metastatic colorectal cancer??, although owing to the
small sample sizes and overlapping Cls in this subgroup analysis, these results must be
interpreted with caution. Future research with larger patient populations may yield more
definitive results.

Our observation that BRAF or ARID1A co-alterations are associated with shorter
progression-free survival is mechanistically plausible and consistent with studies implicating
these genes in EGFR inhibitor resistance.23-27 While BRAF amplification has been
observed following treatment with EGFR inhibitors, its association with outcome is
unclear.28 Of note, none of the patients with baseline BRAF alterations have had prior
BRAF-targeted therapy and only 1 had prior anti-EGFR (cetuximab) therapy. Thus, this
alteration does not seem to be a direct reflection of acquired resistance to prior BRAF/
EGFR targeted treatments. The high rate of BRAF copy number variants we detected

may be related to our methodology for sequencing blood samples vs tumor tissue, as

the former may better capture the intertumoral and intratumoral clonal heterogeneity.

Higher rates of BRAF copy number variants have been observed in other colorectal cancer
studies employing blood-based sequencing.2930 Loss of AR/D1A function is thought to
destabilize the SWIltch/Sucrose NonFermentable (SWI/SNF) chromatin remodeling complex
and facilitate tumor growth, in part by modulating EGFR downstream effectors.3! This role
was highlighted in a recent phase 3 study linking dysfunctional AR/D1A to poor outcome
following cetuximab (vs bevacizumab) treatment.26

This study has a few limitations. First, this was a single-arm study. Second, the efficacy
endpoints were based on investigator assessment rather than blinded independent central
review. Finally, the exploratory analysis of genomic co-alterations was not statistically
powered.

Concurrent to this study, the phase 3 CodeBreaK 300 trial comparing sotorasib at two doses
(960 mg or 240 mg) plus panitumumab with investigator’s choice of trifluridine/tipiracil

or regorafenib in patients with chemotherapy-refractory KRAS G12C-mutated metastatic
colorectal cancer was ongoing, and has shown improved progression-free survival with this
combination strategy at both the doses tested.1® Additionally, as part of the master protocol,
other studies of solid tumors are ongoing to evaluate the safety and efficacy of sotorasib in
combination with other targeted or nontargeted therapies, including inhibition of vertical and
horizontal signaling pathways and combination with chemotherapies.

In conclusion, this phase 1b substudy of the CodeBreaK 101 master protocol showed
acceptable safety and promising efficacy for sotorasib plus panitumumab in patients

with chemotherapy-refractory (on or after treatment with fluoropyrimidine, oxaliplatin,
irinotecan, and an antiangiogenic agent) KRAS- G12C mutated metastatic colorectal cancer.
This substudy is the first report of clinical benefit shown with the combination of a KRAS
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G12C inhibitor and an anti-EGFR antibody in a Japanese patient subset. The potential
association between baseline non-V600E BRAF or ARID1A co-alterations with shorter
progression-free survival is of interest and clinical importance. Future studies may evaluate
the clinical significance of these exploratory biomarker trends. Collectively, our data add to
a growing body of evidence demonstrating continued EGFR-MAPK pathway activation in
colorectal tumors and may have broader implications for the treatment of colorectal cancers
with other RAS mutations.

Study design

Patients

This phase 1b, multicenter, open-label study of sotorasib plus panitumumab in adult patients
with KRAS G12C-mutated advanced colorectal cancer included a dose-exploration cohort
and a dose -expansion cohort, with a maximum of 15 and 40 patients planned for each,
respectively (Figure 1). The dose-exploration phase was designed to assess the safety of
sotorasib in combination with panitumumab. From previously reported monotherapy studies
of sotorasib and panitumumab, the recommended phase 2 dose (RP2D) were sotorasib
960mg (oral, once daily) and panitumumab 6mg/kg (intravenous, every 2 week). Because no
drug-drug interactions or significant synergistic adverse events were anticipated, we elected
a dose de-escalation scheme starting at full RP2D for each drug with plans to de-escalate

if needed for toxicity. Patients in the dose-exploration cohort started with sotorasib 960

mg daily and panitumumab 6 mg/kg every 2 weeks, with lower doses (sotorasib 720mg

or 480mg daily, panitumumab 6mg/kg or 3mg/kg every 2 weeks) to be explored if needed
(Figure 1).

The recommended phase 2 dose of the combination, identified as sotorasib 960 mg (oral,
once daily) and panitumumab 6 mg/kg (intravenous, every 2 weeks), was administered in the
dose-expansion cohort. Treatment continued until disease progression, intolerance to study
medication, withdrawal of consent, or end of study. Details regarding toxicity-related dose
modification guidelines are included in the protocol.

Data on sex (male, female) were collected and summarized as part of baseline
characteristics. This summary was based on investigator-reported data collected in the case
report form (to question “Sex” and available response options “Male”, “Female™). Subgroup
analysis based on sex was not conducted given the overall small sample size.

Key eligibility criteria for patients in both cohorts included age =18 years; metastatic
colorectal cancer with the KRAS G12C mutation confirmed by local molecular testing;
and an Eastern Cooperative Oncology Group performance status of 0-2. Prior treatment
with a KRAS G12C inhibitor was permitted only in the dose-exploration cohort. Patients in
the dose-expansion cohort were required to have disease progression on or after treatment
with fluoropyrimidine, oxaliplatin, irinotecan, and an antiangiogenic agent. For patients
with locally advanced and unresectable disease, only the following counted as a line of
therapy: adjuvant therapy (if progression on or within 6 months of administration) and
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chemoradiation or chemoradiation followed by planned systemic therapy or vice versa
without documented intervening progression (if progression within 6 months of end of
treatment). For patients with metastatic disease, any line of therapy administered before
documented metastatic disease was not counted as a line of therapy except for adjuvant
therapy for patients who experienced disease progression on or within 6 months of end of
adjuvant therapy. For all patients, maintenance therapy or chemotherapy adjustments were
not considered a new line of therapy.

Patients whose tumors were microsatellite instability—high must have received a checkpoint
inhibitor if approved in their geographic region. Complete eligibility criteria are available in
the protocol.

Study endpoints and assessments

Primary endpoints for both cohorts were safety and tolerability as assessed by the incidence
of dose-limiting toxicities (DLTs) within the first 28 days and adverse events. Adverse
events were graded according to the Common Terminology Criteria for Adverse Events
version 5.0 and coded using the Medical Dictionary for Regulatory Activities version 25.1.

Secondary endpoints included objective response rate, disease control rate, duration of
response, time to response, progression-free survival, and overall survival per RECIST
version 1.1 and per investigator assessment. Imaging by computed tomography or magnetic
resonance imaging occurred at screening and then every 6 weeks (£1 week) for the first

four follow-up assessments and every 12 weeks (1 week) thereafter. Pharmacokinetic
parameters were additional secondary endpoints. Exploratory endpoints included assessment
of genomic alterations at baseline based on analysis of cell-free DNA (cfDNA) in plasma
using the 74-gene Guardant360 circulating tumor DNA test (Guardant Health, Palo Alto,
CA). Additional details are provided in the protocol and Supplementary Information.
Qualified researchers may request data from Amgen clinical studies. Complete details

are available here: https://www.amgen.com/science/clinical-trials/clinical-data-transparency-
practices/clinical-trial-data-sharing-request.

Trial oversight and ethical approval

This study was conducted in accordance with principles of the Declaration of Helsinki

and the International Council for Harmonisation guidelines for Good Clinical Practice. The
protocol was approved by an Institutional Review Board/Independent Ethics Committee at
each participating site. (Supplementary Table S1). All patients provided written informed
consent. The trial was designed by the sponsor (Amgen). A sponsor-funded medical

writer assisted with the first draft of the manuscript and provided editorial assistance with
subsequent drafts. All authors contributed toward the interpretation of data and reviewed the
manuscript drafts. The authors vouch for the completeness and accuracy of the data and for
the fidelity of the trial to the protocol.

Statistical analysis

Statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary,
NC, USA) and R version 4.1.1 software. During dose exploration, a modified Toxicity
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Probability Interval-2 model with a target toxicity level of 30% (equivalence toxicity
interval: 25%, 33%) was used to guide dose exploration.32 The sample size of up to 15
patients in the dose exploration part is consistent with conventional phase 1 oncology studies
with the objective to estimate the RP2D from exploring potentially 3 dose levels. The
sample size of 40 patients in dose expansion part was also based on practical consideration
to evaluate the safety and efficacy of the selected dose. No statistical hypothesis was
powered to be tested. Statistical summaries were tabulated for the dose-escalation and
dose-expansion cohorts separately. Additional pooled analyses were provided for safety
summaries. All patients were included in the safety and efficacy summaries. Statistical
analysis of pharmacokinetics included all patients who received at least 1 dose of sotorasib
and panitumumab and had at least 1 pharmacokinetic sample collected.

Descriptive statistics were used for select demographic, safety, efficacy, pharmacokinetics,
and biomarker data by dose, dose schedule, and time, as appropriate. For the efficacy
analysis, objective response and disease control rate were summarized as proportions

with 95% Clopper-Pearson exact confidence intervals (Cls).33 For time-to-event endpoints
(duration of response, progression-free survival, and overall survival), Kaplan-Meier
methods were used. Time to response and duration of response were summarized among
confirmed responders. Additional details are provided in the Supplementary Information.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

We thank the patients and their families for participating in this trial. We thank Timothy Harrison, PharmD,

of Amgen Inc. and Jennifer Martucci, BFA, of Amgen Inc. for operational planning assistance; Keren Price,

Ph.D. (all while employed by Amgen Inc.) and Advait Joshi, PhD, of Cactus Life Sciences (part of Cactus
Communications) for medical writing support; Shubha Dastidar, PhD, CMPP, of Cactus Life Sciences (part of
Cactus Communications) for editorial assistance; and Robert Dawson of Cactus Life Sciences (part of Cactus
Communications) for graphics assistance. This study was sponsored and funded by Amgen Inc. This study received
support from the following grants to DSH: MD Anderson Cancer Center Support grant (NIH/NCI P30 CA016672),
Clinical Translational Science Award 1UL1 TR003167, Cancer Prevention Research Institute of Texas (CPRIT)
Precision Oncology Decision Support Core (RP150535), and Sheikh Khalifa Bin Zayed Al Nahyan Institute for
Personalized Cancer Therapy.

Funding
This study was funded by Amgen Inc.

Data availability

Qualified researchers may request data from Amgen clinical studies. Complete details
are available here: https://www.amgen.com/science/clinical-trials/clinical-data-transparency-
practices/clinical-trial-data-sharing-request

References

1. Sung H, et al. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality
Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin 71, 209-249 (2021). [PubMed:
33538338]

Nat Med. Author manuscript; available in PMC 2024 July 04.


https://www.amgen.com/science/clinical-trials/clinical-data-transparency-practices/clinical-trial-data-sharing-request
https://www.amgen.com/science/clinical-trials/clinical-data-transparency-practices/clinical-trial-data-sharing-request

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kuboki et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Page 12

. Siegel RL, Miller KD, Wagle NS & Jemal A Cancer statistics, 2023. 73, 17-48 (2023).
3. Benson AB, et al. Colon Cancer, Version 2.2021, NCCN Clinical Practice Guidelines in Oncology. J

Natl Compr Canc Netw 19, 329-359 (2021). [PubMed: 33724754]

. Grothey A, et al. Regorafenib monotherapy for previously treated metastatic colorectal cancer

(CORRECT): an international, multicentre, randomised, placebo-controlled, phase 3 trial. Lancet
381, 303-312 (2013). [PubMed: 23177514]

. Mayer RJ, et al. Randomized trial of TAS-102 for refractory metastatic colorectal cancer. N Engl J

Med 372, 1909-1919 (2015). [PubMed: 25970050]

. Prager GW, et al. Trifluridine-Tipiracil and Bevacizumab in Refractory Metastatic Colorectal

Cancer. N Engl J Med 388, 1657-1667 (2023). [PubMed: 37133585]

.JiJ, Wang C & Fakih M Targeting KRAS (G12C)-Mutated Advanced Colorectal Cancer: Research

and Clinical Developments. OncoTargets and therapy 15, 747-756 (2022). [PubMed: 35837349]

. Schirripa M, et al. KRAS G12C Metastatic Colorectal Cancer: Specific Features of a New Emerging

Target Population. Clin Colorectal Cancer 19, 219-225 (2020). [PubMed: 32605718]

. Lee JK, et al. Comprehensive pan-cancer genomic landscape of KRAS altered cancers and real-

world outcomes in solid tumors. NPJ Precis Oncol 6, 91 (2022). [PubMed: 36494601]

Henry J, et al. Comprehensive clinical and molecular characterization of KRASG12C-mutant
colorectal cancer. JCO Precis Oncol 5, 613-621 (2021).

Fakih M, et al. Real-World Study of Characteristics and Treatment Outcomes Among Patients with
KRAS p.G12C-Mutated or Other KRAS Mutated Metastatic Colorectal Cancer. Oncologist 27,
663-674 (2022). [PubMed: 35472176]

Alawawdeh A, et al. Prognostic Differences of RAS Mutations: Results from the South Australian
Metastatic Colorectal Registry. Target Oncol 17, 35-41 (2022). [PubMed: 34822070]

Osterlund E, et al. KRAS-G12C Mutation in One Real-Life and Three Population-Based Nordic
Cohorts of Metastatic Colorectal Cancer. Front Oncol 12, 826073 (2022). [PubMed: 35251991]
Canon J, et al. The clinical KRAS(G12C) inhibitor AMG 510 drives anti-tumour immunity. Nature
575, 217-223 (2019). [PubMed: 31666701]

Fakih MG, et al. Sotorasib for previously treated colorectal cancers with KRAS(G12C) mutation
(CodeBreaK100): a prespecified analysis of a single-arm, phase 2 trial. Lancet Oncol 23, 115-124
(2022). [PubMed: 34919824]

Ryan MB, et al. KRAS(G12C)-independent feedback activation of wild-type RAS constrains
KRAS(G12C) inhibitor efficacy. Cell Rep 39, 110993 (2022). [PubMed: 35732135]

Amodio V, et al. EGFR Blockade Reverts Resistance to KRAS(G12C) Inhibition in Colorectal
Cancer. Cancer Discov 10, 1129-1139 (2020). [PubMed: 32430388]

Yaeger R, et al. Adagrasib with or without Cetuximab in Colorectal Cancer with Mutated KRAS
G12C. N Engl J Med 388, 44-54 (2023). [PubMed: 36546659]

Fakih MG, et al. Sotorasib plus Panitumumab in Refractory Colorectal Cancer with Mutated
KRAS G12C. New England Journal of Medicine (2023).

Tabernero J, et al. Encorafenib Plus Cetuximab as a New Standard of Care for Previously Treated
BRAF V600E-Mutant Metastatic Colorectal Cancer: Updated Survival Results and Subgroup
Analyses from the BEACON Study. 39, 273-284 (2021).

Fakih M & Vincent M Adverse events associated with anti-EGFR therapies for the treatment of
metastatic colorectal cancer. Curr Oncol 17 Suppl 1, S18-30 (2010).

Tabernero J, et al. Trifluridine/tipiracil plus bevacizumab for third-line treatment of refractory
metastatic colorectal cancer: The phase 3 randomized SUNLIGHT study. 41, 4-4 (2023).
Ahronian LG, et al. Clinical Acquired Resistance to RAF Inhibitor Combinations in BRAF-Mutant
Colorectal Cancer through MAPK Pathway Alterations. Cancer Discov 5, 358-367 (2015).
[PubMed: 25673644]

Corcoran RB, et al. BRAF gene amplification can promote acquired resistance to MEK inhibitors
in cancer cells harboring the BRAF V600E mutation. Sci Signal 3, ra84 (2010). [PubMed:
21098728]

Nat Med. Author manuscript; available in PMC 2024 July 04.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Kuboki et al.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Page 13

De Roock W, et al. Effects of KRAS, BRAF, NRAS, and PIK3CA mutations on the efficacy

of cetuximab plus chemotherapy in chemotherapy-refractory metastatic colorectal cancer: a
retrospective consortium analysis. Lancet Oncol 11, 753-762 (2010). [PubMed: 20619739]
Johnson RM, et al. ARID1A mutations confer intrinsic and acquired resistance to cetuximab
treatment in colorectal cancer. Nat Commun 13, 5478 (2022). [PubMed: 36117191]

Oddo D, et al. Molecular Landscape of Acquired Resistance to Targeted Therapy Combinations in
BRAF-Mutant Colorectal Cancer. Cancer Res 76, 4504—-4515 (2016). [PubMed: 27312529]
Topham JT, et al. Circulating Tumor DNA Identifies Diverse Landscape of Acquired Resistance
to Anti-Epidermal Growth Factor Receptor Therapy in Metastatic Colorectal Cancer. 41, 485-496
(2023).

Kato S, et al. Genomic Assessment of Blood-Derived Circulating Tumor DNA in Patients With
Colorectal Cancers: Correlation With Tissue Sequencing, Therapeutic Response, and Survival.
JCO Precis Oncol 3(2019).

Gupta R, et al. Guardant360 Circulating Tumor DNA Assay Is Concordant with FoundationOne
Next-Generation Sequencing in Detecting Actionable Driver Mutations in Anti-EGFR Naive
Metastatic Colorectal Cancer. Oncologist 25, 235-243 (2020). [PubMed: 32162812]

Liao S, et al. A genetic interaction analysis identifies cancer drivers that modify EGFR
dependency. Genes Dev 31, 184-196 (2017). [PubMed: 28167502]

Guo W, Wang SJ, Yang S, Lynn H & Ji Y A Bayesian interval dose-finding design
addressingOckham’s razor: mTPI-2. Contemp Clin Trials 58, 23-33 (2017). [PubMed: 28458054]
<Clopper 1934 The Use of Confidence or Fiducial Limits Illustrated in the Case of the
Binomial.pdf>.

Nat Med. Author manuscript; available in PMC 2024 July 04.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Kuboki et al. Page 14

DOSE EXPLORATION*
KRAS G12C CRC
Part 1A:n=Upto 15

DOSE EXPANSION
Dose Level 1 Sotorasib + Panitumumab

Sotorasib 960 mg Combination RP2D
Panitumumab 6 mg/kg Q2W

Dose Level -1 Part 2A: KRAS G12C inhibitor naive
Sotorasib 720 mg RP2D Identified | =P KRAS G12C mCRC refractory to
Panitumumab 6 mg/kg Q2W chemotherapy

(n = up to 40)

Dose Level -2
Sotorasib 480 mg
Panitumumab 6 mg/kg Q2W

| SCREENING ADVANCED CRC |

Figure 1. Study schema
Additional cohorts that are not the subject of this manuscript are not shown.

* If dose level 1 was deemed not tolerable from toxicity primarily from panitumumab, a
dose level using panitumumab at 3 mg/kg Q2W could be explored with or without dose
reduction of sotorasib.

CRC, colorectal cancer; RP2D, recommended phase 2 dose; Q2W, once every 2 weeks.
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Total patients enrolled
(N=48)

Dose-exploration cohort
(N=8)
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Dose-expansion cohort
(N=40)

Received sotorasib
(n=8)

Received panitumumab
(n=8)

Received sotorasib
(n=40)

Received panitumumab
(n=40)

Discontinued sotorasib (n=8)
+ Disease progression (n=8)

Discontinued panitumumab (n=7)
+ Disease progression (n=5)

Discontinued sotorasib (n=37)
« Disease progression (n=35)

Discontinued panitumumab (n=37)
+» Disease progression (n=35)

» Adverse event (n=1)
+ Patient request (n=1)

* Death (n=1)

« Adverse event (n=1)

» Death (n=1)

» Adverse event (n=1)

Continuing study (n [%]=2 [25])

Discontinued study (n [%]=6 [75])
+ Death (n=6)

Figure 2. Patient disposition

Continuing study (n [%]=25 [63])

Discontinued study (n [%]=15 [38])
* Death (n=12)

* Lost to follow-up (n=2)

» Consent withdrawal (n=1)

N, number of patients in the analysis set; n, number of patients with observed data.
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Figure 3. Activity of sotorasib therapy in the dose-expansion cohort
(A) Swimmer plot of duration of treatment and response as of data cutoff. (B) Best

percentage change from baseline in sum of diameters (C) Kaplan-Meier curve of
progression-free survival; Vertical lines indicate censoring. (D) Kaplan-Meier curve of
overall survival; Vertical lines indicate censoring.
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Part 1A denotes the dose-exploration cohort and Part 2A denotes the dose-expansion cohort.
BOR, best objective response; CRC, colorectal cancer; PD, progressive disease; PR, partial
response; SD, stable disease.
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Characteristics of the patients at baseline

Table 1.
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Dose-exploration cohort (n=8) | Dose-expansion cohort (n=40) | Total (n=48)
Median age, years (range) 61 (31-79) 58 (30-78) 58 (30-79)
Sex
Male 3(38) 10 (25) 13 (27)
Female 5 (63) 30 (75) 35 (73)
Race
American Indian or Alaska Native 0 (0) 1(3) 1(2)
Asian 0 (0) 13 (33) 13 (27)
Black or African American 1(13) 2(5) 3(6)
White 7(88) 22 (55) 29 (60)
Other 0 (0) 2(5) 2(4)
ECOG performance status score *
0 3(38) 13 (33) 16 (33)
1 4 (50) 26 (65) 30 (63)
2 1(13) 1(3) 2 (4)
Primary tumor location t
Left-sided 6 (75) 27 (68) 33 (69)
Right-sided 2(25) 13 (33) 15 (31)
Number of prior lines of anticancer systemic therapy
1 1(13) 2(5) 3(6)
2 1(13) 20 (50) 21 (44)
3 1(13) 8 (20) 9 (19)
24 5 (63) 10 (25) 15 (31)
Median (range) 4 (1-10) 2(1-7) 3(1-10)
Type of prior systemic anticancer therapyi
Oxaliplatin 8 (100) 40 (100) 48 (100)
Irinotecan 7(88) 40 (100) 46 (96)
Fluoropyrimidine 8 (100) 40 (100) 48 (100)
Trifluridine-tipiracil 4 (50) 7(18) 11 (23)
Regorafenib 3(38) 7 (18) 10 (21)
Trifluridine-tipiracil and/or regorafenib 4 (50) 13 (33) 17 (35)
EGFR antibody 1(13) 0(0) 1(2)
Antiangiogenic biologic 8 (100) 40 (100) 48 (100)
Bevacizumab 8 (100) 39 (98) 45 (94)
Aflibercept 0(0) 1(3) 1(2)
Ramucirumab 0 (0) 3(8) 3(6)
Anti-PD-1 or anti-PD-L15 2(25) 38) 5(10)
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Dose-exploration cohort (n=8) | Dose-expansion cohort (n=40) | Total (n=48)

KRAS G12C inhibitor 5 (63) 0(0) 5 (10)

Type of cancer

Colon cancer 5 (63) 29 (73) 34 (71)

Rectal cancer 3(38) 11 (28) 14 (29)

Data are presented as n (%) unless indicated otherwise.
*
Baseline ECOG is measured at predose on cycle 1, day 1.

fLeft-sided tumors include those in the rectum, sigmoid colon, descending colon, or transverse colon (with sidedness specified as “left” on the
case-report form). Right-sided tumors include those in the cecum, ascending colon, and transverse colon (with sidedness specified as “right” or
“unknown” on the case-report form).

iEach patient might have received several prior therapies; types of prior anticancer therapies were adjudicated and included therapies given in any

treatment setting.

§No patients were known to be microsatellite instability—high.

ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth factor receptor; PD-1, programmed cell death protein-1; PD-L1,
programmed death-ligand 1.
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Table 2.

Treatment-related adverse events

Dose-exploration cohort (n=8) | Dose-expansion cohort (n=40) | Total (n=48)
Any grade 8 (100) 37 (93) 45 (94)
Attributed to sotorasib 4 (50) 26 (65) 30 (63)
Attributed to panitumumab 8 (100) 37 (93) 45 (94)
Grade 3 3(38) 10 (25) 13 (27)
Grade 4 0(0) 0(0) 0(0)
Fatal 0(0) 0 (0) 0 (0)
Grade 23 3(37.5) 10 (25.0) 13 (27.1)
Leading to dose reduction
Attributed to sotorasib 1(13) 1(3) 2(4)
Attributed to panitumumab 1(13) 6 (15) 7 (15)
Leading to dose interruption
Attributed to sotorasib 1(13) 5(13) 6 (13)
Attributed to panitumumab 3(38) 8 (20) 11 (23)
Leading to treatment discontinuation 0 (0) 0 (0) 0 (0)

Data are presented as n (%).
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Table 3.

Tumor response to treatment with sotorasib plus panitumumab

Dose-exploration cohort (n=8)

Dose-expansion cohort (n=40)

Objective response, n (%) (95% CI) *

1(12.5) (0.3,52.7)

12 (30.0) (16.6, 46.5)

Disease control rate, n (%) (95% CI) 7

6 (75.0) (34.9, 96.8)

37 (92.5) (79.6, 98.4)

Best response, n (%)

Confirmed complete response 0 (0) 0 (0)

Confirmed partial response 1(12.5) 12 (30.0)

Stable disease 5 (62.5) 25 (62.5)

Progressive disease 1(12.5) 3(7.5)

Not evaluable 0 0

No assessment? 1(125) 0
Median time to response, months (range)§ 14(14-14) 15(13-4.1)
Median duration of response (KM), months (95% CI)§ - 53(28,7.4)
Median progression-free survival (KM), months (95% ClI) - 5.7(4.2,7.7)

Median overall survival (KM), months (95% CI)

15.2 (12.5, NE)

*
Objective response was defined as complete or partial response.

r.. ) . .
Disease control was defined as complete response, partial response, or stable disease.

fOne patient ended treatment before tumor assessment.

8. . )
Time to response and duration of response were calculated among confirmed responders.

KM estimates were not provided if the analysis set had <10 patients.

ClI, confidence interval; KM, Kaplan-Meier; NE, not estimable.
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