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Abstract

Background: The KRAS p.G12C mutation has recently become an actionable drug target. To further understand KRAS p.G12C disease, we
describe clinicopathologic characteristics, treatment patterns, overall survival (OS), and real-world progression-free survival (rwPFS) in pa-
tients with metastatic colorectal cancer (NCRC), KRAS p.G12C mutations (KRAS G12C), and other KRAS mutations (KRAS non-G12C) using a
de-identified database.

Patients and Methods: Clinical and tumor characteristics, including treatments received, genomic profile, and clinical outcomes were as-
sessed for patients from a US clinical genomic database with mCRC diagnosed between January 1, 2011, and March 31, 2020, with genomic
sequencing data available.

Results: Of 6477 patients with mCRC (mCRC cohort), 238 (3.7%) had KRAS G12C and 2947 (45.5%) had KRAS non-G12C mutations. Treatment
patterns were generally comparable across lines of therapy (LOT) in KRAS G12C versus KRAS non-G12C cohorts. Median (95% CI) OS after
the first LOT was 16.1 (13.0-19.0) months for the KRAS G12C cohort versus 18.3 (17.2-19.3) months for the KRAS non-G12C cohort, and 19.2
(18.5-19.8) months for the mCRC overall cohort; median (95% CI) rwPFS was 7.4 (6.3-9.5), 9.0 (8.2-9.7), and 9.2 (8.6-9.7) months, respectively.
The different KRAS non-G12C mutations examined did not affect clinical outcomes. Median OS and rwPFS for all cohorts declined with each
subsequent LOT.

Conclusions: Patients with KRAS p.G12C-mutant mCRC have poor treatment outcomes, and outcomes appear numerically worse than
for those without this mutation, indicating potential prognostic implications for KRAS p.G12C mutations and an unmet medical need in this
population.
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Implications for Practice

Using data from a real-world clinical database in patients with metastatic colorectal cancer (NnCRC), treatment patterns were generally
comparable in those with or without the KRAS p.G12C mutation. Numerically shorter median OS and rwPFS were observed for the KRAS
G12C cohort compared with KRAS non-G12C (including subgroups) and mCRC cohorts after the first line of therapy; OS and rwPFS further
decreased in all cohorts after second, third, and fourth lines of therapy. Clinical outcomes suggest KRAS p.G12C may have prognostic
implications and suggest an unmet medical need in KRAS p.G12C-mutant mCRC.

Introduction It is recommended that all patients with metastatic CRC
(mCRC) have their primary or metastatic tumor tissues
genotyped for RAS and BRAF mutations at a certified clin-
ical laboratory, either through individual testing or as part
of a next-generation sequencing (NGS) panel?® to guide treat-
ment decisions. For instance, treatment with an epidermal

Colorectal cancer (CRC) is the fourth most commonly diag-
nosed cancer and a leading cause of cancer death in the US,
with approximately 149,500 new cases and 52,980 deaths in
2021. Approximately 22% of new cases are metastatic, with
a 5-year survival rate of 14.7%.!
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growth factor receptor (EGFR) inhibitor such as cetuximab
or panitumumab is contraindicated in patients with RAS mu-
tations, even in combination regimens, highlighting a greater
unmet need in patients with RAS mutations.

KRAS is mutated in approximately 37% of mCRC; the
KRAS p.G12C mutation occurs in approximately 3% of
mCRC cases.>’ The prognostic significance of KRAS mutations
overall in CRC is not clear, although some KRAS mutations
do appear to be associated with inferior outcomes compared
with nonmutated tumors. In particular, the KRAS p.G12C
mutation is associated with poorer prognosis in terms of
progression-free survival (PFS) and overall survival (OS)
compared to other KRAS mutations as well as KRAS wild-
type tumors.*” However, as KRAS p.G12C mutant mCRC is
now recognized as a discrete potentially druggable subset of
mCRC, there is a need to understand the difference in out-
comes for KRAS p.G12C compared to other KRAS mutations
and wild-type tumors.’

To help build a greater understanding of KRAS p.G12C
mutated mCRC, this study describes clinicopathologic char-
acteristics and treatment patterns in patients with mCRC,
including cohorts of patients with KRAS p.G12C and KRAS
non-p.G12C mutations, and estimates OS and real-world
progression-free survival (rwPFS) after different lines of
therapy (LOT) in the metastatic setting using data from a US
clinical-genomic database. The study aims to provide a base-
line against which to compare the real-world outcomes after
treatment with KRAS%"?C-gpecific therapy.

Methods

Study Design and Patients

This retrospective study of adults (218 years at diagnosis)
with mCRC diagnosed between January 1, 2011, and March
31, 2020 using real-world data, was performed to charac-
terize clinicopathologic characteristics, treatment patterns,
and outcomes using descriptive analysis. Patients from the
US-based nationwide de-identified Flatiron Health (FH)-
Foundation Medicine (FMI) clinical-genomic database® were
followed through September 2020 to ensure the opportunity
of >6 months of follow-up after diagnosis of mCRC.

The database contains de-identified real-world clinical
and genomic data from ~280 US cancer clinics (~800 sites
of care). Retrospective longitudinal clinical data were derived
from electronic health records (EHRs), comprising patient-
level structured and unstructured data. Structured data (eg,
laboratory test results, medications) were collected across
sites and aligned to standard ontologies. Unstructured data
(eg, physician notes on disease progression), required a level
of manual abstraction by trained abstractors, which was
found to be reliable with minimal interabstractor variability.’
Data abstracted from EHRs curated via technology were
linked to genomic data derived from FMI comprehensive
genomic profiling tests and signature results in the FH-FMI
clinical-genomic database by de-identified, deterministic
matching.!®!!

Genomic alterations present in tumor tissues were identified
via comprehensive genomic profiling of >300 cancer-related
genes on FMI’s NGS-based FoundationOne (Foundation
Medicine, Cambridge, MA, USA) panel.’> This NGS testing
is used to detect short-variant mutations, rearrangements,
and copy number alterations from tumor tissues. This testing
platform has 95%-99% sensitivity compared with accepted
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assays, with a positive predictive value of over 99%.1* To
date, >400,000 samples from patients have been sequenced.
For this study, all available FMI testing was used to assess for
the presence of KRAS mutations and assign patients to the
appropriate cohorts; if multiple FMI test results were avail-
able, the test with the report date closest to that of the meta-
static diagnosis date was used to define the presence of other
genomic variables.

Patients were defined into cohorts by mutation status (see
Statistical Analyses Section). Patients with KRAS mutant
were further defined as either having a KRAS p.G12C mu-
tation (KRAS G12C mutant) or not having a KRAS p.G12C
mutation (KRAS non-G12C).

Outcomes

Treatment patterns for metastatic disease, including infor-
mation on chemotherapies, targeted therapies, immunother-
apies, and other therapies, were collected from EHRs using a
combination of structured (ie, medication orders, medication
administration) and unstructured data (ie, abstracted oral
medications), and anchored around the date of the mCRC
diagnosis. Information on start and end dates for each LOT
was collected, as were specific details of each drug regimen.
The first LOT was defined from the start of the first systemic
drug(s) in the metastatic setting to the last administration of
any drug of that LOT; the LOT could not include clinical
study drugs or adjuvant treatments and had to be initiated
on or before March 31, 2020 to allow the opportunity for
a minimum of 6 months of follow-up. All subsequent LOTs
were defined similarly.

Primary effectiveness endpoints included OS and rwPFS
and were calculated for each LOT: OS was time from treat-
ment start to death; rwPFS was time from treatment start
to progression or death. Assessment of OS from real-world
data has been shown to provide survival results comparable
to those derived from the National Death Index across a
range of cancer types including mCRC, with a high sensitivity
(84%-92%) and specificity (94%->99%), and a positive pre-
dictive value of 96%-98%.13 Progression was determined
from unstructured data records in EHRs based on physician
evaluation during visits and abstracted from the EHR using
trained abstractors reviewing the records retrospectively. This
approach is conceptually different from prospective analysis
of progression within a clinical trial environment (ie, outcomes
assessed using Response Evaluation Criteria In Solid Tumors)
and is likely based on less frequent and less systematic assess-
ments than those undertaken in clinical trials. Nonetheless,
this approach to the assessment of rwPFS provides consistent
results, and has been shown to correlate well with OS.°

Statistical Analyses

All analyses were descriptive, with no formal hypothesis testing
undertaken, and presented using frequencies for categorical
variables and mean (SD) or median (range) for continuous
variables; no missing data were imputed. Treatment patterns
were based on observed distribution of treatments adminis-
tered and were described using frequencies. Nonparametric
methods were used to estimate OS and rwPFS; corresponding
95% ClIs were calculated using Kaplan-Meier estimates;
survival probabilities (95% CI) for OS and rwPFS at 6 and
12 months were estimated. Immortal time bias, which could
occur when the NGS test was done after the start of treat-
ment, was addressed using delayed-entry statistics. For OS
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Table 1. Demographics, clinical characteristics, and outcomes in different cohorts
KRAS G12C KRAS non-G12C RAS/BRAFWT mCRC
mutation (n = 238) mutation (7 = 2947) (n =2249) (N =6477)
Age at metastatic diagnosis, 59 (30-84) 60 (20-85) 58 (22-85) 60 (18-85)
median (range), y
Female, 72 (%) 103 (43.3) 1443 (49.0) 892 (39.7) 2986 (46.1)
Race, 7 (%)
White 151 (63.4) 1987 (67.4) 1464 (65.1) 4318 (66.7)
Black 1(8.8) 278 (9.4) 152 (6.8 ) 503 (7.8)
Other 8 (20.2) 455 (15.4) 473 (21. 1173 (18.1)
NA 8 (7. ) 227 (7.7) 160 (7. 1) 483 (7. )
Community setting 213 (89. 2603 (88.3) 2037 (90. 5770 (89.
Diagnosed with metastatic 127 (53. ) 1513 (51.3) 1132 (50. ) 3333 (51. )
disease in 2017 or later
Metastatic disease at initial 135 (56.7) 1710 (58.0) 1290 (57.4) 3739 (57.7)
diagnosis
Site of disease
Colon 163 (68.5) 2171 (73.7) 1610 (71.6) 4743 (73.2)
Rectum 71 (29.8) 727 (24.7) 588 (26.1) 1606 (24.8)
Colorectal, NOS 4(1.7) 49 (1.7) 51(2.3) 128 (2.0)
Tumor sidedness®
Left 131 (55.0) 1410 (47.8) 1428 (63.5) 3384 (52.2)
Right 65 (27.3) 880 (29.9) 336 (14.9) 1635 (25.2)
Other/unknown 42 (17.6) 657 (22.3) 485 (21.6) 1458 (22.5)
Mutation rates, n/N° (%)
APC 197/233 (84.5) 2458/2895 (84.9) 1795/2198 (81.7) 4967/6341 (78.3)
TP353 178/238 (74.8) 1984/2947 (67.3) 1933/2249 (85.9) 4851/6477 (74.9)
PIK3CA 40/238 (16.8) 701/2947 (23.8) 252/2249 (11.2) 1156/6477 (17.8)
SMAD4 31/233 (13.3) 413/2895 (14.3) 167/2198 (7.6) 734/6341 (11.6)
EBXW7 29/233 (12.4) 331/2895 (11.4) 151/2198 (6.9) 608/6341 (9.6)
ATM 10/233 (4.3) 144/2895 (5.0) 100/2198 (4.5) 309/6341 (4.9)
HER2 1/238 (0.4) 52/2947 (1.8) 70/2249 (3.1) 144/6477 (2.2)
PTEN 14/238 (5.9) 151/2947 (5.1) 53/2249 (2.4) 283/6477 (4.4)
BRAF 4/238 (1.7) 40/2947 (1.4) 0/2249 (0) 596/6477 (9.2)
BRAF V600E 3/238 (1.3) 4/2947 (0.1) 0/2249 (0) 443/6477 (6.8)
NRAS 3/238 (1.3) 26/2947 (0.9) 0/2249 (0) 289/6477 (4.5)
MET 0/238 4/2947 (0.1) 25/2249 (1.1) 716477 (0.1)
NTRK 0/233 3/2895 (0.1) 9/2198 (0.4) 14/6341 (0.2)
dMMR/MSI-H status, n/N¢ (%)
dMMR/MSI-H 3/191 (1.6) 70/2422 (2.9) 62/1875 (3.3) 236/5295 (4.5)

Not dMMR/MSI-H

Tumor mutational burden, n/N¢ (%)

<10 mutations/Mb

>10 mutations/Mb
PD-L1 expression, n/N¢ (%)

<1%

1%-49%

>50%

188/191 (98.4)

210/223 (94.2)
13/223 (5.8)

38/40 (95.0)
2/40 (5.0)
0/40

2352/2422 (97.1)

2643/2796 (94.5)

153/2796 (5.5)

501/555 (90.3)
50/555 (9.0)
4/555 (0.7)

1813/1875 (96.7)

1934/2056 (94.1)

122/2056 (5.9)

420/445 (94.3)
22/445 (5.0)
3/445 (0.7)

5059/5295 (95.5)

5638/6070 (92.9)

432/6070 (7.1)

1121/1237 (90.6)

102/1237 (8.2)
14/1237 (1.1)

“Left includes splenic flexure, descending colon, sigmoid, rectosigmoid junction, rectum; right includes cecum, ascending colon, hepatic flexure, transverse

colon.

"Data not available for all patients.

‘Includes subset of patients for whom data were available/testing was completed.
Abbreviations: APC, adenomatous polyposis coli; ATM, ATM serine/threonine kinase; BRAF, B-Raf proto-oncogene; CRC, colorectal cancer; FBXW7,
F-box and WD repeat domain containing 7; HER2, human epidermal growth factor receptor 2; KRAS, Kirsten rat sarcoma viral oncogene homolog; Mb,
megabase; MET, mesenchymal-epithelial transition; AMMR/MSI-H, deficient mismatch repair/microsatellite-high; NOS, not otherwise specified; NRAS,
neuroblastoma RAS viral oncogene homolog; NTRK, neurotrophic tyrosine kinase gene; PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic
subunit alpha; PD-1/L1, programmed cell death-1/programmed death ligand-1; PTEN, phosphatase and tensin homolog deleted on chromosome 10; RAS,
viral oncogene homolog; RAS/BRAF WT, RAS/BRAF WT mCRC cohort; SMAD4, Mothers Against Decapentaplegic homolog 4; TP53, tumor protein p53

gene; WT, wild-type.
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and rwPFS, patients were censored at the time they were lost
to follow-up or when the study ended. For patients who re-
ceived treatment, OS and rwPFS analyses were conducted by
LOT; other subgroup analyses were undertaken based on age,
treatment types, biomarker status, and other important prog-
nostic factors.

Study outcomes (clinical pathological characteristics, treat-
ment patterns, OS, and rwPFS) were analyzed for all patients
with mCRC and by mutation status, including KRAS p.G12C
mutation (KRAS G12C cohort), KRAS mutation other than
p.G12C (KRAS non-G12C cohort), and RAS/BRAF wild-
type (RAS/BRAF WT cohort). In addition, OS and rwPFS
were analyzed for the subgroup of the mCRC population
with BRAF V600E mutation (BRAF V600E subgroup), and
by the most common KRAS non-p.G12C mutations (KRAS
p.G12D [KRAS G12D subgroup], KRAS p.G12V [KRAS
G12V subgroup], and KRAS p.G13D [KRAS G13D sub-
group]). Patients with FMI test results with no reported date
were included in the overall cohorts and subgroups, but
were not included in the analysis of OS and rwPFS. All ana-
lyses were undertaken using SAS version 9.4 or higher (SAS
Institute, Cary, NC, USA).

A. First-Line Treatment
100+

90+

Percentage

KRAS G12C KRAS non-G12C RAS/BRAFWT mCRC
(n=174) (n=2090) (n=1063) (n=4589)
C. Third-Line Treatment
1004
904
80
7.7
70
60.9

[}
g 54.8 s
g 50- .
& 40-

KRAS G12C
(n=62)

RAS/BRAF WT
(n=615)

mCRC
(n=1694)

KRAS non-G12C
(n=752)

Em  Oxaliplatin and fluoropyrimidine +/- antiangiogenic?
9 Irinotecan and fluoropyrimidine +/- antiangiogenic?
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Results

Overall, 6477 patients with mCRC were included; 238 (3.7%)
had KRAS p.G12C (KRAS G12C cohort) and 2947 (45.5%)
had KRAS mutations other than p.G12C (KRAS non-G12C
cohort) mutations. Baseline demographic and clinical char-
acteristics were generally similar across the KRAS G12C
and KRAS non-G12C cohorts (Table 1). Most patients had
metastatic disease at initial diagnosis (KRAS G12C, 56.7%;
KRAS non-G12C, 58.0%; RAS/BRAF WT, 57.4%; mCRC,
57.7%); disease was predominantly in the colon (68.5%,
73.7%, 71.6%, and 73.2%, respectively) and was typically
left-sided. Of the 4565 patients with mCRC assessed for OS
after the first LOT, 308 (6.7%) had BRAF V600E mutations
(BRAF V600E subgroup). Of the 2078 patients in the KRAS
non-G12C cohort assessed for OS after the first LOT, 726
(34.9%) had KRAS p.G12D mutations (KRAS G12D sub-
group), 458 (22.0%) had KRAS p.G12V mutations (KRAS
G12V subgroup), and 367 (17.7%) had KRAS p.G13D mu-
tations (KRAS G13D subgroup).

Co-mutation rates were generally comparable across co-
horts, with more than 65% of patients having APC and TP53

B. Second-Line Treatment
1004

604 565
50.9 49.4

Percentage

32.4
23.8

19.6 185 19.

KRAS G12C KRAS non-G12C RAS/BRAF WT mCRC
(n=92) (n=1292) (n=1010) (n=2881)
D. Fourth-Line Treatment
1004
904
80 75.7

Percentage

RAS/BRAF WT
(n=358)

mCRC
(n=897)

KRAS G12C
(n=35)

KRAS non-G12C
(n=374)

5-FU or capecitabine monotherapy +/- antiangiogenic®
== Other®

Figure 1. Treatment Patterns During (A) First, (B) Second, (C) Third, and (D) Fourth Lines of Therapy. BRAF, B-Raf proto oncogene; FU, fluorouracil;
KRAS, Kirsten rat sarcoma viral oncogene homolog; KRAS G12C, KRAS p.G12C-mutant mCRC cohort; KRAS non-G12C, mCRC cohort including KRAS
mutants other than KRAS p.G12C; mCRC, metastatic colorectal cancer; RAS, rat sarcoma viral oncogene homolog; WT, wild-type. 2Antiangiogenic
agents described here are either bevacizumab, ramucirumab, and/or ziv-aflibercept. ®“Other"” includes oxaliplatin and fluoropyrimidine and (cetuximab
or panitumumab); irinotecan and fluoropyrimidine and (cetuximab or panitumumab); irinotecan and oxaliplatin +/- antiangiogenic agent; irinotecan
monotherapy +/— antiangiogenic agent; irinotecan monotherapy and (cetuximab or panitumumab); oxaliplatin and irinotecan and fluoropyrimidine +/-
antiangiogenic agent; trifluridine and tipiracil; regorafenib monotherapy; immune checkpoint inhibitor(s).
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mutations and more than 6% of patients having PIK3CA,
SMAD4, and FBXW7 mutations (Table 1). BRAF and NRAS
mutations were lower in the KRAS G12C (1.7% and 1.3%,
respectively) and KRAS non-G12C cohorts (1.4% and 0.9%)
compared with the overall mCRC cohort (9.2% and 4.5%).

The percentage of deficient mismatch repair/microsatellite-
high (IMMR/MSI-H) status was low and comparable among
groups (KRAS G12C, 1.6%; KRAS non-G12C, 2.9%; RAS/
BRAF WT, 3.3%; mCRC, 4.5%). Similar results were ob-
served for high tumor mutational burden (TMB; >10 muta-
tions/megabase: 5.8%, 5.5%, 5.9%, and 7.1%, respectively),
and high PD-L1 expression levels (250%: 0%, 0.7%, 0.7%,
and 1.1%).

Treatment patterns were generally comparable across
LOTs for mCRC cohorts, with the exception that more pa-
tients received a range of “Other” regimens for second LOT
in the overall mCRC cohort and in the RAS/BRAF WT co-
hort compared with the other cohorts (Fig. 1). The “Other”
regimens included oxaliplatin and fluoropyrimidine and
cetuximab or panitumumab; irinotecan and fluoropyrimidine
and cetuximab or panitumumab;j irinotecan and oxaliplatin
with or without an antiangiogenic agent; irinotecan mono-
therapy with or without an antiangiogenic agent; irinotecan
monotherapy and cetuximab or panitumumab; oxaliplatin
and irinotecan and fluoropyrimidine with or without an
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antiangiogenic agent; trifluridine and tipiracil; regorafenib
monotherapy; immune checkpoint inhibitor(s) only.
Oxaliplatin/irinotecan-based regimens were common first and
second LOTs, as were antiangiogenic agents (Supplementary
Fig. S1). “Other” regimens were more common for third and
fourth LOTs.

In the KRAS G12C cohort, median (95% CI) OS was 16.1
(13.0-19.0), 9.7 (8.3-11.3), 7.2 (4.8-8.6), and 5.2 (3.5-6.5)
months after first, second, third, and fourth LOT, respectively
(Fig. 2A; Supplementary Fig. 2A). Numerically shorter me-
dian OS was observed for the KRAS G12C cohort compared
with the other cohorts across the first LOT (KRAS G12C:
16.1 [13.0-19.0] months; KRAS non-G12C: 18.3 [17.2-19.3]
months; RAS/BRAF WT: 23.4 [21.9-24.9] months; mCRC:
19.2 [18.5-19.8] months) and all other LOTs (Figs. 2A, 3).
In contrast, the median OS for the KRAS G12C cohort was
similar to that for the BRAF V60OE subgroup across all LOTs.
Among the most common KRAS non-p.G12C mutations,
median OS after the first LOT was similar across subgroups:
KRAS G12D: 18.5 (17.2-20.0) months; KRAS G12V: 17.7
(16.1-19.3) months; KRAS G13D: 19.1 (17.3-21.1) months,
and all were numerically longer than the OS observed for the
KRAS G12C cohort after the first LOT. This difference was
replicated across all lines of treatment. The only KRAS non-
G12C subgroup with a numerically shorter OS than KRAS

A. Median OS
mm KRAS G12C KRAS non-G12C mCRC
259 z4 KRAS non-G12C subgroups BRAF subgroups
wm KRAS G12D @i RAS/BRAF WT
0 2z KRAS G12V 27 BRAF V600E
n 191 g KRAS G13D
20 185 (17.3-21.1) (185-19
g
2 154
n
.
[}
=
5 10
=
54
Patients on
treatment, n 8 308
0
First line Second line
B. Median rwPFS
mm KRAS G12C KRAS non-G12C mCRC
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95 % KRAS G12V w7 BRAF V600E
10 ‘ 95 gy
90  (8.3-10.5) (8.1-10.8) i KRAS G13D
(8.2-9.7) y >
g
2
ES 57 56
(4.7-6.7) X
E . i a7 43;855 “ ( ) (52-58)
é 655 (4253 (0S8 0

Patients on
treatment, n

2255

First line

Second line

Figure 2. Median (A) OS and (B) rwPFS among patients in the KRAS G12C, KRAS non-G12C (including major subgroups), and overall mCRC (including
the RAS/BRAFWT and BRAFVE00E mutant subgroups) cohorts in first-line and second-line settings. BRAF, B-Raf proto oncogene,; KRAS, Kirsten rat
sarcoma viral oncogene homolog; KRAS G12C, KRAS p.G12C-mutant mCRC cohort; KRAS G12D, KRAS p.G12D-mutant mCRC subgroup; KRAS G12V,
KRAS p.G12V-mutant mCRC subgroup; KRAS G13C, KRAS p.G13C-mutant mCRC subgroup; KRAS non-G12C, mCRC cohort including KRAS mutants
other than KRAS p.G12C; mCRC, metastatic colorectal cancer; OS, overall survival; RAS, rat sarcoma viral oncogene homolog; rwPFS, real-world

progression-free survival; WT, wild-type.
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G12C had KRAS p.G12R mutation (OS after first LOT: 8.0
[5.2-11.8], but the sample size was small with only 20 patients.

The median (95% CI) rwPFS in the KRAS G12C cohort
was 7.4 (6.3-9.5), 4.6 (2.6-5.5), 2.1 (1.7-4.1), and 3.0 (1.9-
4.3) months after the first, second, third, and fourth LOT,
respectively (Fig. 2B, Supplementary Fig. 2B). Numerically
shorter median rwPFS was observed for the KRAS G12C co-
hort for the first LOT than for the other cohorts (KRAS G12C:
7.4 [6.3-9.5] months; KRAS non-G12C: 9.0 [8.2-9.7] months;

A. OS in First-Line Treatment Setting
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RAS/BRAFWT: 10.6 [9.8-11.6] months; mCRC: 9.2 [8.6-9.7]
months), which tended to be replicated across second and
third LOTs (Fig. 2B; Supplementary Fig. 2B). In contrast, the
median rwPFS for the KRAS G12C cohort was similar to that
for the BRAF V600E subgroup across all LOTs. Among the
most common KRAS non-p.G12C mutations, median rwPFS
after the first LOT was similar across cohorts: KRAS G12D:
9.5 (8.3-10.5) months; KRAS G12V: 8.3 (7.5-9.7) months;
KRAS G13D: 9.5 (8.1-10.8) months, and all numerically
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Figure 3. Overall survival (OS?) and real-world progression-free survival (rwPFS) in first-line and second-line settings. ?OS is measured from the

start of the line of therapy to death or censored at last activity date in the FH/FMI networks. 95% Cls are based on estimated variance for log-log
transformation of the Kaplan-Meier survival estimate. BRAF, B-Raf proto oncogene; FH, Flatiron Health; FMI, Foundation Medicine; KRAS, Kirsten rat
sarcoma viral oncogene homolog; KRAS G12C, KRAS p.G12C-mutant mCRC cohort; KRAS non-G12C, mCRC cohort including KRAS mutants other than
KRAS p.G12C; mCRC, metastatic colorectal cancer; OS, overall survival, RAS, rat sarcoma viral oncogene homolog; rwPFS, real-world progression-free

survival; WT, wild-type.
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longer than the rwPFS observed for the KRAS G12C cohort
after the first LOT.

When analyses were undertaken across subgroups taking
into account potential prognostic factors, outcomes were gener-
ally consistent across subgroups after first LOTs, although APC

A. KRAS G12C Cohort

669

wild-type was associated with shorter OS (Figs. 4-7). In the
KRAS G12C cohort, left tumor sidedness was associated with
a slightly longer median OS than right tumor sidedness after
the first LOT (17.9 [13.5-20.3] months vs. 16.1 [13.0-19.0]
months); this finding was replicated across the other cohorts.

Subgroup n Overall median OS: 16.1 months 0OS (95% ClI)
Tumor site
Colon 126 —_— 16.1 (12.9, 19.0)
Rectum 44 » : 16.3 (12.2, 20.3)
Tumor sidedness
Left 87 — 17.9 (13.5, 20.3)
Right 55 } | 16.1 (12.2, 19.7)
Stage at Initial Dx
Non-metastatic 68 = { 17.0 (13.0, 20.2)
Metastatic 104 = | 15.2 (11.8, 18.9)
1L Regimen?
Oxali & Fluoro +/- angio 104 = 17.0 (13.3, 19.6)
Irino & Fluoro +/- angio 34 - { 16.7 (12.2, 20.3)
1L Antiangiogenic Use
Yes 112 —_— 16.1 (12.6, 19.0)
No 61 I - ! 16.3 (12.6, 20.2)
APC Mutation Status
Mutated 142 s 17.0 (13.5, 19.6)
Wild-type 27 = ! 13.0 (9.3, 18.7)
PIK3CA Mutation Status
Mutated 31 } = ! 18.7 (12.9, 22.9)
Wild-type 142 —e 15.2 (12.6, 18.9)
TP53 Mutation Status
Mutated 127 —. 15.2 (12.2, 18.7)
Wild-type 46 } = ! 18.7 (13.0, 22.1)
SMAD4 Mutation Status
Mutated 25 | 16.1(11.2, 20.5)
Wild-type 144 —_— 16.1 (13.0, 19.4)
FXBW?7 Mutation Status
Mutated 19 ' = : 22.1(15.2, 35.5)
Wild-type 150 — 15.2 (12.6, 18.7)
T T T T T T T 1
0 5 10 15 20 25 30 35
Months
B. KRAS non-G12C Cohort
Subgroup n Overall median OS: 18.3 months 0S (95% CI)
Tumor site
Colon 1530 e 18.4 (17.3,19.4)
Rectum 519 | 18.0 (16.5, 19.4)
Tumor sidedness
Left 1025 H—— 19.4 (18.1, 20.8)
Right 672 [ — 18.9 (17.5, 20.3)
Stage at Initial Dx
Non-metastatic 801 - 19.4 (18.0, 20.9)
Metastatic 1243 —— 17.5 (16.5, 18.8)
1L Regimen?
Oxali & Fluoro +/- angio 1230 [ —— 18.5(17.4,19.7)
Irino & Fluoro +/- angio 441 — 18.4 (16.8, 20.0)
1L Antiangiogenic Use
Yes 1276 . 18.2(17.1,19.3)
No 802 . 18.4 (17.1, 19.6)
APC Mutation Status
Mutated 1741 —— 18.8 (17.5, 19.6)
Wild-type 302 i 17.2 (15.0, 18.9)
PIK3CA Mutation Status
Mutated 514 O 19.2 (17.6, 21.1)
Wild-type 1564 . 18.0 (16.8, 19.1)
TP53 Mutation Status
Mutated 1395 — 17.4 (16.3, 18.5)
Wild-type 683 e 20.1(18.5,21.8)
SMAD4 Mutation Status
Mutated 300 & 17.3(15.2,19.2)
Wild-type 1743 - 18.7 (17.5, 19.6)
FXBW?7 Mutation Status
Mutated 235 e 18.8 (16.6, 21.1)
Wild-type 1808 —a— 18.4 (17.3,19.4)
T T T T T T T |
0 5 10 15 20 25 30 35
Months
Figure 4. Median OS after first-line treatment among subgroups in the (A) KRAS G12C, (B) KRAS Non-G12C Cohorts. - - - - Indicates overall median

OS for first line of treatment. #1L regimen only includes the listed chemotherapy doublets; other regimens (eg, chemotherapy triples or chemotherapy
doubles with anti-EGFR) are not included. 1L, first line of treatment; BRAF, B-Raf proto oncogene; Dx, diagnosis; KRAS, Kirsten rat sarcoma viral
oncogene homolog; KRAS G12C, KRAS p.G12C-mutant mCRC cohort; KRAS non-G12C, mCRC cohort including KRAS mutants other than KRAS
p.G12C; mCRC, metastatic colorectal cancer; OS, overall survival; RAS, rat sarcoma viral oncogene homolog; RAS/BRAFWT, RAS/BRAFWT mCRC

cohort; WT, wild-type.
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A. RAS/BRAF WT Cohort
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Subgroup n Overall median OS: 23.4 months 0S (95% CI)
Tumor site
Colon 1124 - 24.6 (22.5, 26.2)
Rectum 439 —— 21.4(19.1,23.4)
Tumor sidedness
Left 1042 —— 24.4 (22.3,25.9)
Right 250 N s e 22.3(19.4, 25.3)
Stage at Initial Dx
Non-metastatic 617 e 24.4 (22.0, 26.3)
Metastatic 940 - 23.2(21.5,24.9)
1L Regimen?
Oxali & Fluoro +/- angio 866 P 24.4 (22.2, 26.0)
Irino & Fluoro +/- angio 240 - e S 22.3 (19.5,25.4)
1L Antiangiogenic Use
Yes 922 - 22.6 (21.3, 24.6)
No 673 — 24.6 (22.3, 27.0)
APC Mutation Status
Mutated 1256 [P — 24.8 (23.2, 27.0)
Wild-type 302 P 17.9 (15.8, 20.0)
PIK3CA Mutation Status
Mutated 187 - 19.8 (17.0, 22.9)
Wild-type 1408 e 24.4 (22.3,25.9)
TP53 Mutation Status
Mutated 1361 e 23.8 (22.0, 25.3)
Wild-type 234 L I B 22.4 (19.5, 25.6)
SMAD4 Mutation Status
Mutated 117 = 1 21.7 (18.2, 25.8)
Wild-type 1441 — 23.7 (21.9,25.1)
FXBW?7 Mutation Status
Mutated 103 ! = | 19.2 (15.5, 23.2)
Wild-type 1455 - 23.9 (22.0, 25.4)
T T T T T T T |
0 5 10 15 20 25 30 35
Months
B. Overall mCRC Cohort
Subgroup n Overall median OS: 19.2 months 0S (95% CI)
Tumor site
Colon 3329 ] 19.4 (18.7, 20.2)
Rectum 1156 - 18.7 (17.5, 19.6)
Tumor sidedness
Left 2446 o 20.5(19.5, 21.6)
Right 1242 - 18.9 (17.7, 19.8)
Stage at Initial Dx
Non-metastatic 1755 —a— 20.2(19.3,21.4)
Metastatic 2718 - 18.5(17.6, 19.3)
1L Regimen?
Oxali & Fluoro +/- angio 2589 A 19.3 (18.5, 20.2)
Irino & Fluoro +/- angio 816 - 18.9 (17.5, 20.0)
1L Antiangiogenic Use
Yes 2734 - 18.9 (18.1, 19.6)
No 1831 —— 19.5 (18.7, 20.6)
APC Mutation Status
Mutated 3503 - 19.9 (19.2, 20.9)
Wild-type 967 P 16.8 (15.5, 18.0)
PIK3CA Mutation Status
Mutated 843 - 18.7 (17.4, 19.8)
Wild-type 3722 A 19.3 (18.5, 20.0)
TP53 Mutation Status
Mutated 3396 - 19.1 (18.3, 19.8)
Wild-type 1169 [ 19.4 (18.4, 20.6)
SMAD4 Mutation Status
Mutated 524 A 17.2 (15.5, 18.7)
Wild-type 3946 = 19.5(18.8, 20.2)
FXBW7 Mutation Status
Mutated 425 e 18.5 (16.7, 20.0)
Wild-type 4045 . 19.3 (18.6, 20.0)
T T T T T T T |
0 5 10 15 20 25 30 35
Months
Figure 5. Median OS after first-line treatment among subgroups in the (A) RAS/BRAFWT and (B) Overall mCRC Cohorts. - - - - Indicates overall median

OS for first line of treatment. 1L regimen only includes the listed chemotherapy doublets; other regimens (eg, chemotherapy triples or chemotherapy
doubles with anti-EGFR) are not included. 1L, first line of treatment; BRAF, B-Raf proto oncogene; Dx, diagnosis; KRAS, Kirsten rat sarcoma viral
oncogene homolog; KRAS G12C, KRAS p.G12C-mutant mCRC cohort; KRAS non-G12C, mCRC cohort including KRAS mutants other than KRAS
p.G12C; mCRC, metastatic colorectal cancer; OS, overall survival; RAS, rat sarcoma viral oncogene homolog; RAS/BRAFWT, RAS/BRAFWT mCRC

cohort; WT, wild-type.

Discussion

This is the largest retrospective study to date to provide real-
world evidence comprehensively characterizing and context-
ualizing the natural disease history of mCRC patients with
KRAS p.G12C mutations and other KRAS mutations. The
data are representative of mCRC disease treatment in the US

community oncology setting. The proportion of patients with
KRAS mutations, and the KRAS p.G12C mutation specific-
ally, were similar to previous US reports (~37% and ~3%,
respectively). As previously described, KRAS p.G12C muta-
tions infrequently co-occurred with other targetable muta-
tions (eg, 1.7% had co-occurring BRAF mutations).'*'> APC
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A. KRAS G12C Cohort

Subgroup n Overall median rwPFS: 7.4 months rwPFS (95% CI)
Tumor site
Colon 69 . 8.4 (7.0, 10.8)
Rectum 22 [ | 59(4.2,7.3)
Tumor sidedness
Left 47 — 7.4(6.2,10.3)
Right 33 : = | 8.3 (6.4, 11.6)
Stage at Initial Dx
Non-metastatic 37 —.— 7.4(6.1,10.4)
Metastatic 57 — 7.3(6.1,9.6)
1L Regimen?®
Oxali & Fluoro +/- angio 59 I — 7.6 (6.4, 10.0)
Irino & Fluoro +/- angio 18 ' o | 9.6 (7.0, 17.2)
1L Antiangiogenic Use
Yes 63 [ ] 7.4 (6.2, 10.0)
No 31 | = | 7.3(5.4,10.4)
APC Mutation Status
Mutated 76 ——— 7.6 (6.3, 10.0)
Wild-type 16 ' = i 7.0 (4.7,10.4)
PIK3CA Mutation Status
Mutated 20 | . | 10.8 (7.1, 19.1)
Wild-type 74 — e 7.0 (5.4, 8.4)
TP53 Mutation Status
Mutated 68 I 7.0(5.3,8.3)
Wild-type 26 ' = i 10.5(7.1,19.1)
SMAD4 Mutation Status
Mutated 17 | = | 7.0 (4.4, 10.0)
Wild-type 75 — . 7.6 (6.4, 10.0)
FXBW?7 Mutation Status
Mutated 16 f - | 7.3(4.7,11.6)
Wild-type 76 - 7.4 (6.3, 9.6)
T T T T T 1
0 5 10 15 20 25
Months
B. KRAS non-G12C Cohort
Subgroup n Overall median rwPFS: 9.0 months rwPFS (95% CI)
Tumor site
Colon 743 —-— 9.2 (8.3, 10.0)
Rectum 235 —a— 8.8 (7.9, 10.0)
Tumor sidedness
Left 464 e 9.7 (8.6, 10.6)
Right 359 — . 9.0 (8.0, 10.0)
Stage at Initial Dx
Non-metastatic 400 i 9.3(8.2,10.3)
Metastatic 578 - 8.8(8.0,9.7)
1L Regimen®
Oxali & Fluoro +/- angio 587 [ — 9.8 (8.9, 10.6)
Irino & Fluoro +/- angio 236 I 8.3(7.6,9.6)
1L Antiangiogenic Use
Yes 632 [ | 9.2 (8.3, 10.0)
No 362 e 8.6 (7.8,9.7)
APC Mutation Status
- Mutated 832 . 9.1(8.2,9.8)
Wild-type 155 [H — 8.4 (7.4, 10.0)
PIK3CA Mutation Status
Mutated 249 L 8.9(7.9,10.2)
Wild-type 745 . 9.0 (8.2,9.8)
TP53 Mutation Status
Mutated 657 — . 8.9 (8.1,9.7)
Wild-type 337 i 9.2 (8.1,10.3)
SMAD4 Mutation Status
Mutated 150 —. 8.9(7.7,10.4)
Wild-type 837 [ ] 9.0 (8.2,9.8)
FXBW?7 Mutation Status
Mutated 124 . 9.2(7.8,10.8)
Wild-type 863 R A 8.9 (8.1,9.7)
T T T T T 1
0 5 10 15 20 25
Months
Figure 6. Median rwPFS after first-line treatment among subgroups in the (A) KRAS G12C, (B) KRAS Non-G12C cohorts. - - - - Indicates overall

median rwPFS for first line of treatment. 1L regimen only includes the listed chemotherapy doublets; other regimens (eg, chemotherapy triples or
chemotherapy doubles with anti-EGFR) are not included. 1L, first line of treatment; BRAF, B-Raf proto oncogene; Dx, diagnosis; KRAS, Kirsten rat
sarcoma viral oncogene homolog; KRAS G12C, KRAS p.G12C-mutant mCRC cohort; KRAS non-G12C, mCRC cohort including KRAS mutants other than
KRAS p.G12C; mCRC, metastatic colorectal cancer; RAS, rat sarcoma viral oncogene homolog; RAS/BRAFWT, RAS/BRAFWT mCRC cohort; rwPFS,
real-world progression-free survival;, WT, wild-type.

and TP353 mutations were high in all cohorts; co-mutations In CRC, KRAS mutations have previously been associated
with KRAS p.G12C in this study were similar to those re-  with poorer outcomes compared with nonmutated tumors;
ported previously with APC (~85% vs. ~54%-80%., respect- the KRAS p.G12C mutation, in particular, is associated with
ively) and higher than those reported for TP53 (~75% vs.  poorer prognosis than other KRAS mutations.*” A pooled
~40%-58%).'%1® The proportion of patients with dAMMR/  analysis of five randomized trials in patients with mCRC re-
MSI-H in our population was low and comparable to another ceiving first-line therapy found that PFS and OS were signifi-
study.” cantly shorter in patients with KRAS mutations than in those
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A. RAS/BRAF WT Cohort
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Subgroup n Overall median rwPFS: 10.6 months rwPFS (95% CI)
Tumor site

Colon 552 I S — 11.4 (10.2, 12.7)

Rectum 228 I — 9.7 (8.3, 10.8)
Tumor sidedness

Left 527 - 10.9 (9.9, 12.1)

Right 126 — 9.8 (8.3, 11.6)
Stage at Initial Dx

Non-metastatic 329 —a—— 10.2 (9.3, 11.5)

Metastatic 452 — .- 11.0 (9.9, 12.5)
1L Regimen?®

Oxali & Fluoro +/- angio 428 — 11.2 (10.0, 12.6)

Irino & Fluoro +/- angio 118 —_—— 10.6 (9.0, 12.9)
1L Antiangiogenic Use

Yes 466 - 10.3 (9.5, 11.5)

No 331 — 11.2 (9.8, 12.7)
APC Mutation Status

Mutated 605 - 11.4 (10.3,12.7)

Wild-type 175 I 8.4(7.5,9.8)
PIK3CA Mutation Status

Mutated 97 e 9.8 (8.1, 11.7)

Wild-type 700 o 10.8 (9.9, 11.8)
TP53 Mutation Status

Mutated 665 ] 10.7 (9.8, 11.7)

Wild-type 132 R 10.3 (8.6, 12.5)
SMAD4 Mutation Status

Mutated 53 - 11.3 (8.5, 14.8)

Wild-type 727 [ 10.6 (9.8, 11.6)
FXBW7 Mutation Status

Mutated 51 - 9.7 (7.4,12.7)

Wild-type 729 e 10.8 (9.9, 11.8)

T T T T T 1
0 5 10 15 20 25
Months

B. Overall mCRC Cohort

Subgroup n Overall median rwPFS: 9.2 months rwPFS (95% CI)
Tumor site
Colon 1652 o 9.5(8.9, 10.0)
Rectum 558 | 8.6 (8.0,9.5)
Tumor sidedness
Left 1187 o 9.8(9.2,10.4)
Right 671 -y 8.6 (8.0,9.4)
Stage at Initial Dx
Non-metastatic 921 [ 9.3(8.6,9.9)
Metastatic 1293 - 9.1(8.5,9.7)
1L Regimen?
Oxali & Fluoro +/- angio 1256 - 9.7 (9.0, 10.2)
Irino & Fluoro +/- angio 436 L 8.8 (8.0,9.7)
1L Antiangiogenic Use
Yes 1388 . 9.2 (8.6,9.7)
No 867 [ 9.2 (8.4,9.8)
APC Mutation Status
Mutated 1687 e 9.6 (8.9, 10.0)
Wild-type 534 I 8.1 (7.6, 8.8)
PIK3CA Mutation Status
Mutated 425 | 8.8 (8.0,9.7)
Wild-type 1830 —m— 9.3(8.7,9.7
TP53 Mutation Status
Mutated 1653 om 9.2 (8.6,9.7)
Wild-type 602 e 9.2(8.3,10.0)
SMAD4 Mutation Status
Mutated 260 — e 8.8(7.9,9.9)
Wild-type 1961 - 9.3(8.6,9.7)
FXBW7 Mutation Status
Mutated 235 P 8.9(7.9,10.1)
Wild-type 1986 - 9.2 (8.6,9.7)
T T T T T |
0 5 10 15 20 25
Months
Figure 7. Median rwPFS after first-line treatment among subgroups in the (A) RAS/BRAFWT, and (B) overall mCRC cohorts. - - - - Indicates overall

median rwPFS for first line of treatment. #1L regimen only includes the listed chemotherapy doublets; other regimens (eg, chemotherapy triples or
chemotherapy doubles with anti-EGFR) are not included. 1L, first line of treatment; BRAF, B-Raf proto oncogene; Dx, diagnosis; KRAS, Kirsten rat

sarcoma viral oncogene homolog; KRAS G12C, KRAS p.G12C-mutant mCRC

cohort; KRAS non-G12C, mCRC cohort including KRAS mutants other than

KRAS p.G12C; mCRC, metastatic colorectal cancer; RAS, rat sarcoma viral oncogene homolog; RAS/BRAFWT, RAS/BRAFWT mCRC cohort; rwPFS,

real-world progression-free survival; WT, wild-type.

with wild-type disease (PFS, 9.5 [8.9-10.1] months for KRAS
mutation vs. 10.3 [9.7-10.8] months for wild-type disease;
OS, 21.0 [18.5-23.5] months vs. 26.9 [25.2-28.5] months,
respectively). In this pooled analysis among the different
KRAS mutations, KRAS p.G12C and KRAS p.G13D muta-
tions were associated with the worst OS (16.8 [15.6-18.0]

months and 17.6 [13.3-21.9] months, respectively).* In US
patients with mCRC, excluding those who had undergone
metastasectomy, OS was significantly shorter for the 65 pa-
tients with KRAS p.G12C mutant mCRC than for those 720
patients with KRAS non-p.G12C mutations (21.2 months vs.
31.6 months; P = .003).° Results were similar from an Italian
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cohort of 839 patients (KRAS p.G12C mutant [# = 145],
28.9 months vs. KRAS non-p.G12C [n = 694], 36.7 months,
P =.009)” and a Japanese cohort of 45 patients with KRAS
p.G12C and 651 patients with KRAS non-p.G12C mutant
mCRC (median OS: 21.1 vs. 27.3 months; P = .015)."” These
findings were supported by the results of our real-world
analysis, with the KRAS p.G12C mutation showing nu-
merically shorter OS and rwPFS for all LOTs than tumors
without KRAS non-p.G12C mutations, and showing poorer
outcomes than the most common KRAS non-p.G12C mu-
tations including KRAS p.G12D, KRAS p.G12V, and KRAS
p-G13D mutations; as expected, OS and rwPFS worsened for
all cohorts after each LOT. Our findings could be explained
by the metabolic differences observed among patients with
different KRAS mutations, including KRAS p.G12C; it has
been suggested that these metabolic factors may be the bio-
logical basis for patients with different KRAS mutations
having differing responses to anticancer treatment.'® In add-
ition, the KRAS p.G12C mutation is associated with the
development of treatment resistance.!” RAS/BRAF WT pa-
tients had better outcomes, as might be expected for patients
eligible for EGFR-antibody therapy; while patients with
BRAF V600E mutations had similar outcomes to patients
with KRAS p.G12C mutations across all LOTs. A lower OS
was observed in patients with wild-type APC across all co-
horts; similar results demonstrating the poorer outcomes
in patients with wild-type APC have been reported previ-
ously.?® Given the poor outcomes observed in this study, and
that treatment of mCRC is typically palliative rather than
curative, additional treatment options are urgently required
for patients progressing on standard treatments. This need
is more pressing in patients with KRAS p.G12C-mutated
mCRC because they appear to have worse prognoses than
those without this mutation, they are ineligible for EGFR-
antibody therapy,®! and few are eligible for immunotherapy,
which is only indicated for AIMMR/MSI-H tumors (ie, 1.6%
in KRAS p.G12C-mutated mCRC).

Limitations

The median age of our population (60 years for the overall
mCRC cohort) is slightly younger than that reported by
others (~65 years),%' possibly reflective of ~90% of pa-
tients coming from community settings and the increasing
incidence of CRC in younger adults and declining incidence
in older adults.?? The percentage of Black patients identi-
fied in the FH-FMI clinical-genomic database is also slightly
lower than would be expected based on the underlying risk
of CRC in the US population.?? This may reflect underlying
disparities in diagnosis and treatment of mCRC in the Black
population,** possibly reflecting the known differences in
access to care in the Black versus the non-Black population.
Furthermore, the database does not include information
such as the proportion of patients who had metastasectomy.
Nonetheless, the large sample size enables trends to be iden-
tified and reported. Finally, results may not be generalizable
to all patients with mCRC, specifically those outside the
US and treated at academic centers, or those who did not
undergo genomic sequencing or were sequenced by different
methodologies. However, the results are reflective of a siz-
able real-world population.'' Because rwPFS differs from
PFS captured in clinical trials, outcomes from this study may
not be comparable to those from clinical trials.
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Conclusion

This study characterized and contextualized the natural
disease history of patients with mCRC in a real-world setting
to improve the understanding of KRAS p.G12C mutation-
positive mCRC. These patients appear to have poor treatment
outcomes that are worse than those in patients without this
mutation or in patients with KRAS non-p.G12C mutations,
suggesting prognostic implications and an unmet medical
need in this population.
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