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ABSTRACT

Introduction: The predictive and prognostic implications of
different KRAS mutation (KRASm) subtypes in metastatic
NSCLC have not been clearly defined. We used a nationwide
observational database to investigate whether KRASm sub-
types differ in their association with survival in metastatic
NSCLC treated with immune checkpoint inhibitor (ICI)-
based therapy, across programmed death-ligand 1 (PD-L1)
levels.

Methods: Patients with advanced nonsquamous NSCLC
who initiated first-line ICI-based therapy from 2016 to 2021
and had known PD-L1 expression and comprehensive
genomic profiling including KRAS, STK11, KEAP1, and TP53
were included. Within PD-L1 expression subgroups (<1%,
1%-49%, >50%), Cox multivariable regression was used to
evaluate the association between KRASm subtypes (G12C,
G12V, G12D, other KRASm) and overall survival, estimated
using Kaplan-Meier methodology.

Results: Among the 1539 patients, 819 patients were KRAS
wild type (KRASwt) and 720 were KRASm (296 KRAS G12C,
143 KRAS G12V, 97 KRAS G12D, 184 other KRASm). In the
50% or higher PD-L1 subgroup, patients with KRAS G12V
had worse survival (median overall survival [mOS] = 8.2 mo)
compared with KRASwt (mOS = 13.3 mo) and other KRAS
subgroups (mOS ranging from 13.4 to 19.9 mo). On adjusted
Cox multivariable regression in the 50% or higher PD-L1
subgroup, the hazard ratio for death for KRAS G12V ranged
from 1.53 to 1.78 compared with KRASwt and other KRASm
subtypes (all p < 0.05).

Conclusions: Although patients with 50% or higher PD-L1
with KRAS G12C, G12D, and other subtypes exhibited
similar survival to KRASwt, KRAS G12V was associated with
significantly worse survival than KRASwt and other KRASm
subtypes. All KRASm should not be regarded as uniform

predictors of ICI responsiveness, even with high PD-L1
expression; KRAS G12V tumors may have worse outcomes
with [CI-based therapy and benefit from treatment
intensification.

© 2024 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
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Introduction

KRAS mutation (KRASm) is the most common alter-
ation in metastatic NSCLC (mNSCLC), occurring in 20% to
40% of lung adenocarcinomas, and is associated with
smoking history, high mutational and neoantigen burden,
and responsiveness to immune checkpoint inhibitors
(ICIs). We previously reported that KRASm is associated
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with favorable survival with ICI monotherapy in pro-
grammed death-ligand 1 (PD-L1) high tumors,’ and
conversely that KRASm is associated with poor survival in
PD-L1 negative tumors, driven by enrichment in STK11
and KEAP1 commutations.” Although the targeted thera-
pies involving sotorasib and adagrasib are approved in
the second line setting for KRAS G12C mNSCLC, other
distinct KRASm subtypes (e.g., G12V, G12D) currently lack
Food and Drug Administration-approved targeted thera-
pies, though clinical trials investigating KRAS subtype-
specific and pan-KRAS inhibitors are underway.

Predictive and prognostic implications of KRASm sub-
types in different disease and treatment settings have not
been clearly defined. Several studies have shown that
different KRAS subtypes may impart variable therapeutic
responsiveness’ and survival.” In the BATTLE trial which
randomized patients to various targeted therapies, KRAS
G12C and G12V were associated with shorter progression-
free survival compared with other KRAS subtypes or wild-
type KRAS.” KRAS codon 13 mutations have been shown
to confer worse prognosis after adjuvant platinum
chemotherapy® and possibly in the metastatic setting,
though this result was not replicated in an independent
validation cohort.” KRAS G12D has also emerged as a
distinct subtype characterized by lower pack-year smoking
history, lower PD-L1 expression, lower tumor mutational
burden, and worse outcomes with PD-L1 inhibitor mono-
therapy.” Other studies have failed to find significant sur-
vival differences by KRASm subtypes.”'’ Ultimately,
conclusions drawn from this body of work are limited by
small sample sizes and heterogeneity in cancer stage and
treatment type (chemotherapy versus immunotherapy
versus targeted therapy), and incomplete PD-L1 biomarker
data. Thus, an important relevant contemporary ques-
tion—whether KRASm subtype impacts survival outcomes
in patients with mNSCLC treated with immunotherapy-
based frontline therapy, across PD-L1 strata— remains
incompletely understood.

To address this knowledge gap, we used a large real-
world database to investigate whether KRASm subtypes
differ in their association with survival in mNSCLC
treated with ICI-based therapy, across PD-L1 levels.

Materials and Methods

This retrospective study used the nationwide de-
identified Flatiron Health/Foundation Medicine clin-
icogenomic database and included patients from
approximately 265 to 280 U.S. cancer clinics with
advanced nonsquamous NSCLC who initiated first-line
ICI-based therapy with or without chemotherapy be-
tween 2016 and 2021. Longitudinal clinical data were
derived from electronic health record data, comprising
patient-level structured and unstructured data, curated
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by means of technology-enabled abstraction, and linked
to genomic data derived from Foundation Medicine Inc.
(FMI) comprehensive genomic profiling tests in the
Flatiron Health/Foundation Medicine clinicogenomic
database by de-identified, deterministic matching.'’
Genomic alterations were identified by means of
comprehensive genomic profiling of more than 300
cancer-related genes on FMI's next-generation
sequencing test (FMI sequencing platform(s), that is,
FoundationOne CDx, FoundationOne or FoundationOne
Liquid, FoundationOneLiquid CDx dependent on the
baitsets that were used for the study). The data were de-
identified and subject to obligations to prevent re-
identification and protect patient confidentiality.

Eligible patients had known PD-L1 expression levels
and underwent genotyping that included KRAS, STK11,
KEAP1, and TP53 within 3 months of starting therapy.
Patients with EGFR mutations, anaplastic lymphoma
kinase, or ROSI1 translocations were excluded.
Chi-square/analysis of variance and t test were used to
compare baseline characteristics between patients with
KRAS wild type (KRASwt) and KRASm tumors, and
among G12C, G12V, G12D, and other KRASm subgroups.

Real-world overall survival (0S) was estimated using
the Kaplan-Meier methodology, with the left truncation
method to adjust for situations in which molecular
profiling may occur after the start of first-line
treatment.'” Within PD-L1 expression subgroups
(<1%, 1%-49%, >50%), Cox multivariable regression
was used to evaluate the association between KRASm
subtype and survival, adjusting for potential con-
founders (age, sex, race, year, histologic type, smoking
history, performance status, treatment, and practice
type, and STK11/KEAP1/TP53 commutations). Pairwise
comparisons between KRASwt and KRASm subtype
groups were calculated by means of linear combinations.

All statistical tests were conducted using R version 4.2.
The p values of 0.05 or less were considered statistically
significant. This study was granted a waiver of informed
consent by the institutional review board of the University
of Pennsylvania.

Results

Of 2,593 patients who initiated immunotherapy-
based treatment for NSCLC from 2016 to 2021 and
had a Foundation Medicine sequencing assay with no
mutations in EGFR, anaplastic lymphoma kinase, or
ROS1, we excluded 1054 patients who either had squa-
mous histologic type, missing PD-L1 or mutational sta-
tus. Thus, our analytical cohort consisted of 1539
patients, of whom 819 were KRASwt and 720 were
KRASm (296 KRAS G12C, 143 KRAS G12V, 97 KRAS
G12D, 184 other KRASm). Baseline demographics



Table 1. Baseline Characteristics

KRASwt All KRASm KRAS G12C KRAS G12vV KRAS G12D Other KRASmP
Characteristic (n= 819) (n = 720) p Value® (n = 296) (n = 143) (n = 97) (n = 184) p Value®
Mean age at diagnosis (SD) 68.8 (9.5) 69.2 (9.7) 0.415 69.5 (9.8) 68.9 (10.1) 691 (9.6) 68.8 (9.3) 0.851
Female 364 (44.4) 416 (57.8) <0.001 172 (58.1) 91 (63.6) 48 (49.5) 105 (57.1) <0.001
Race 0.881 0.868
Black or African American 64 (7.8) 52 (7.2) 19 (6.4) 10 (7.0) 5 (5.2) 18 (9.8)
Other/unknown 201 (24.5) 174 (24.2) 77 (26.0) 34 (23.8) 21 (21.6) 42 (22.8)
White 554 (67.6) 494 (68.6) 200 (67.6) 99 (69.2) 71 (73.2) 124 (67.4)
ECOG performance status 0.882 0.039
0/1 561 (68.5) 495 (68.8) 200 (67.6) 105 (73.4) 59 (60.8) 131 (71.2)
2+ 125 (15.3) 104 (14.4) 51 (17.2) 15 (10.5) 10 (10.3) 28 (15.2)
Missing 133 (16.2) 121 (16.8) 45 (15.2) 23 (16.1) 28 (28.9) 25 (13.6)
History of smoking 720 (87.9) 686 (95.3) <0.001 293 (99.0) 131 (91.6) 84 (86.6) 178 (96.7) <0.001
Practice type 0.689 0.569
Academic 67 (8.2) 63 (8.8) 21 (7.1) 13 (9.1) 12 (12.4) 17 (9.2)
Community 752 (91.8) 657 (91.2) 275 (92.9) 130 (90.9) 85 (87.6) 167 (90.8)
Histologic type 0.187 0.526
Adenocarcinoma 769 (93.9) 687 (95.4) 286 (96.6) 135 (94.4) 92 (94.8) 174 (94.6)
Non-squamous, NOS 50 (6.1) 33 (4.6) 10 (3.4) 8 (5.6) 5(5.2) 10 (5.4)
PD-L1 expression 0.001 0.033
0% 291 (35.5) 197 (27.4) 78 (26.4) 44 (30.8) 28 (28.9) 47 (25.5)
1%-49% 239 (29.2) 218 (30.3) 95 (32.1) 40 (28.0) 32 (33.0) 51 (27.7)
>50% 289 (35.3) 305 (42.4) 123 (41.6) 59 (41.3) 37 (38.1) 86 (46.7)
Treatment Category 0.546 0.306
Anti-PD-L1 monotherapy 268 (32.7) 253 (35.1) 113 (38.2) 51 (35.7) 27 (27.8) 62 (33.7)
Anti-PD-L1 + anti-CTLA-4 15 (1.8) 15 (2.1) 7 (2.4) 2 (1.4) 0 (0.0) 6 (3.3)
Chemoimmunotherapy 536 (65.4) 452 (62.8) 176 (59.5) 90 (62.9) 70 (72.2) 116 (63.0)
STK11 mutation 152 (18.6) 205 (28.5) < 0.001 84 (28.4) 41 (28.7) 22 (22.7) 58 (31.5) < 0.001
KEAP1 mutation 197 (24.1) 165 (22.9) 0.600 64 (21.6) 31 (21.7) 15 (15.5) 55 (29.9) 0.071
TP53 mutation 582 (71.1) 349 (48.5) < 0.001 159 (53.7) 61 (42.7) 44 (45.4) 85 (46.2) < 0.001

Note: All values are n (%) unless otherwise specified.

9Comparison between all KRASm subtypes and KRASwt (t test for continuous variables, chi-square for categorical).
bother KRASm consist of G12A (57), Q61H (31), G13C (21), G13D (21), G125 (10), G12R 9), G12F (8), Q61L (4), Q22K (3), A146V (2), Q61K (2), A146P (1), A146T (1), AS9E (1), A59T (1), D173H (1), G10_A11insG (1), G12E

(1), G12Y (1), G13F (1), G13V (1), K184T (1), L19F (1), L79F (1), Q61R (1), R164Q (1), V14L (1).

“Comparison between KRAS subtypes (t test for continuous variables, ANOVA for categorical).
ANOVA, analysis of variance; ECOG, Eastern Cooperative Oncology Group; KRASm, KRAS mutation; KRASwt, KRAS wild type; NOS, not otherwise specified; PD-L1, programmed death-ligand 1.
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Figure 1. Overall survival by KRASm and subtype, (A) PD-L1 50% or higher, (B) PD-L1 1% to 49%, (C) PD-L1 less than 1%.
KRASm, KRAS mutation; PD-L1, programmed death-ligand 1.

including age, race, performance status, histologic type, the PDL1 >50% cohort (Supplemental Table 1). Female
and ICI treatment type, were similar across KRASwt and sex was more common in KRASm (57.8%) than KRASwt
mutation subtypes, both in the total cohort (Table 1) and (44.4%, p < 0.001). Smoking history was more common

Table 2. Median Overall Survival, Months (95% Cl) by PD-L1 and KRAS Status

PD-L1 Level KRAS Wild Type KRAS G12C KRAS G12V KRAS G12D KRAS Other Mutant
PD-L1 < 1% 12.4 (10.1-14.9) 9.4 (6.8-11.1) 8.8 (5.6-12.8) 12.0 (5.5-25.7) 7.5 (5.2-12.8)

PD-L1 1%-49% 15.8 (12.2-21.5) 12.2 (7.9-16.9) 10.5 (4.1-NE) 19.8 (6.8-NE) 11.2 (9.2-24.7)
PD-L1 > 50% 13.3 (10.7-25.6) 19.9 (9.3-35.2) 8.2 (6.4-16.7) 13.6 (9.5-NE) 13.4 (6.8-29.6)

Cl, confidence interval; NE, not estimable; PD-L1, programmed death-ligand 1.
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Table 3. Adjusted Multivariable HRs (Pairwise Comparisons

With KRAS G12V), PD-L1 50% and Higher Subgroup

Adjusted Pairwise Comparison® HR for OS p Value
KRAS G12V vs. KRASwt 1.63 0.008
KRAS G12V vs. G12C 1.78 0.004
KRAS G12V vs. G12D 1.78 0.046
KRAS G12V vs. other KRASm 1.53 0.045

“Adjusted for age, sex, race, year of diagnosis, histologic type, smoking
history, ECOG PS, academic versus community treatment center, treatment
type, and commutations (STK11, KEAP1, TP53).

ECOG PS, Eastern Cooperative Oncology Group performance status; HR,
hazard ratio; KRASm, KRAS mutation; KRASwt, KRAS wild type; OS, overall
survival; PD-L1, programmed death-ligand 1.

in KRASm (95.3%) than KRASwt (87.9%, p < 0.001), and
as previously reported, KRAS G12D had a lower smoking
rate (86.6%)."® PDL1 of 50% or higher was more com-
mon in KRASm than KRASwt (42.4% versus 35.3%, p =
0.001). Serine/threonine kinase 11 mutations were more
common in KRASm (28.5%) than KRASwt (18.6%, p <
0.001), whereas TP53 mutations were more common in
KRASwt (71.1%) than KRASm (48.5%, p < 0.001).

In the PD-L1 50% and higher subgroup, patients with
KRAS G12V had worse survival (median OS [mOS] = 8.2
mo) compared with KRASwt (mOS = 13.3 mo) and other
KRAS subgroups (G12C mOS = 19.9 mo, G12D mOS = 13.6
mo, other KRASm mOS = 13.4 mo) (Fig. 14 and Table 2).

Survival Differences by KRAS Mutations 5

This finding was also significant on adjusted Cox multi-
variable regression, with hazard ratio [HR] for death for
KRAS G12V ranging from 1.53-1.78 compared with KRASwt
and other KRASm subtypes (all p < 0.05; Table 3). Full
adjusted multivariable regression results for the PD-L1
50% and higher subgroup are shown in Table 4; in addi-
tion to KRAS G12V, which was associated with HR for
death of 1.63 (95% confidence interval: 1.14-2.33)
compared with KRASwt, other factors associated with
worse survival included male sex (HR = 1.29), Eastern
Cooperative Oncology Group performance status of 2 or
higher (HR = 1.82), and STK11 commutation (HR = 1.46).
In the PD-L1 1% to 49% subgroup, KRASwt and all
KRASm subtypes had similar survival (Fig. 1B and Table 2).
Among patients with PD-L1 less than 1%, all KRASm
subtypes had numerically worse survival than KRASwt
(Fig. 1C and Table 2), as reported in our prior study.”
Notably, fewer than 10 patients in the KRAS G12C
subset received a KRAS G12C targeted agent (sotorasib
or adagrasib) in any line of therapy, and were deemed
unlikely to bias results; sensitivity analyses excluding
these patients yielded virtually unchanged results.

Discussion
In this U.S. clinicogenomic database study of one of
the largest cohorts to date of patients with KRASm

Table 4. Cox Multivariable Regression for Overall Survival, PD-L1 Higher Than 50% Subgroup (N = 594)

95% ClI 95% ClI

Characteristic HR for Death (Lower) (Upper) p Value
KRAS status (ref: wild type)

G12Cm 0.91 0.68 1.23 0.553

G12Dm 0.92 0.56 1.51 0.73

G12Vm 1.63 1.14 2.33 0.008

Other KRASm 1.06 0.77 1.46 0.717
Age at diagnosis 1.01 1 1.02 0.052
Male (ref: female) 1.29 1.03 1.62 0.025
Race (ref: White)

Black/African American 0.88 0.56 1.39 0.595

Other/unknown 1.33 1.02 1.73 0.036
Year of diagnosis (ref: 2016-2017)

2018-2019 1.52 1.18 1.97 0.001

2020-2021 1.78 1.23 2.56 0.002
Non-adenocarcinoma (NSCLC NOS, ref: adenocarcinoma) 1.54 1.03 2.3 0.036
No history of smoking (ref: former or current smoker) 1.01 0.65 1.56 0.959
ECOG performance status (ref: 0-1)

>2 1.82 1.36 2.42 <0.001

Missing/unknown 0.97 0.7 1.35 0.857
Treatment type (ref: anti-PD-L1 monotherapy)

Anti-PD-L1+ anti-CTLA-4 2.58 0.93 7.14 0.067

Chemoimmunotherapy 0.93 0.74 1.17 0.538
Community practice (ref: academic) 0.69 0.46 1.03 0.068
STK11 commutation 1.46 1.05 2.02 0.024
KEAP1 commutation 1.08 0.8 1.45 0.614
TP53 commutation 1.17 0.92 1.49 0.188

Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; KRASm, KRAS mutation; NOS, not otherwise specified; PD-L1,

programmed death-ligand 1; ref, reference.
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mNSCLC treated with ICI-based therapy, the association
between KRASm and survival differed by KRASm sub-
type. Although patients with PD-L1 of 50% or higher
with KRAS G12C, G12D, and other KRASm subtypes
exhibited similar survival to those with KRASwt tumors,
KRAS G12V was associated with significantly worse
survival than KRASwt and other KRASm subtypes, on
both unadjusted and adjusted analysis accounting for
key prognostic baseline covariates. Importantly, this as-
sociation was not driven by co-alterations in STK11,
KEAP1, or TP53, which were seen at similar or lower
prevalences in KRAS G12V compared with other sub-
types, or by higher use of ICI monotherapy in patients
with KRAS G12V. This effect by the KRASm subtype was
unique to the PD-L1 high population and was not seen in
PD-L1 low and negative subgroups.

KRAS G12V has been implicated as a negative prog-
nostic and predictive biomarker in colorectal cancer,®
possibly related to differential regulation of down-
stream apoptosis inhibition pathways seen in codon 12
alterations.™* In lung cancer, the transversion mutations
KRAS G12C and G12V (defined by exchange between a
purine and pyrimidine base) are more strongly associ-
ated with smoking history compared with the transition
mutation KRAS G12D (interchange of one purine or
pyrimidine for another),”'® and may be expected to have
better outcomes with immunotherapy. In contrast to a
recent clinicogenomic study that found worse outcomes
with PD-L1 blockade with KRAS G12D compared with
other KRASm lung cancers,” the KRAS G12D subgroup in
our study did not exhibit worse survival with ICI therapy
compared with KRASwt or other KRASm subtypes, in any
PD-L1 subgroup. KRAS G12V has previously been shown
to correlate with inferior survival outcomes in patients
with mNSCLC treated with platinum-based chemo-
therapy,'® but this is the first study to report a differ-
ential KRAS G12V association in a contemporary ICI-
treated cohort. The exact mechanistic reasons for this
effect, and its specificity to the PD-L1 high cohort, are
unknown.

This retrospective study has several limitations.
Despite the utilization of a large nationwide clin-
icogenomic database, the number of patients in each
subgroup was limited after stratification by PD-L1 and
KRAS subtype. As a result, we were not able to sepa-
rately analyze smaller subgroups of interest including
KRAS G12A, and G13 subtypes, and also were not able
to assess differences with treatment with PD-L1 inhi-
bition alone versus chemoimmunotherapy. Given our
focus on a PD-L1-stratified analysis, only patients
with known PD-L1 expression were included in our
cohort. Residual confounding by exclusion of PD-L1
unknown patients, or other unmeasured factors,
cannot be excluded. Finally, mutational subtypes

JTO Clinical and Research Reports Vol. 6 No. 1

were defined using different solid- and liquid-based
Foundation next-generation sequencing profiling test
types, which may have resulted in nonuniform capture
of mutations leading to misclassification.

Despite these limitations, our results suggest a note
of caution in clinical practice: all KRASm should not be
regarded as uniform predictors of responsiveness to ICI-
based therapy. Even in the PD-L1 high population, KRAS
G12V in particular may portend worse outcomes with
ICI-based therapy, and these patients may benefit from
treatment intensification approaches. Further study is
needed to validate these findings in larger prospective
cohorts and to delineate the mechanistic underpinnings
of survival heterogeneity by KRASm subtypes.
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