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KRAS G12C Mutant Non—Small Cell Lung
Cancer Linked to Female Sex and High Risk of
CNS Metastasis: Population-based Demographics
and Survival Data From the National Swedish
Lung Cancer Registry
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Abstract

In a nation-wide cohort of NSCLC patients, reflex tested for driver mutations by NGS, we present detailed
results on demographics, clinical baseline characteristics and survival associated with KRAS mutation status.
We demonstrate significant differences between patients with KRAS G12C and other KRAS mutations related to
male-female sex distribution, metastatic patterns associated with CNS disease, and impact on overall survival.
Background: Real-world data on demographics related to KRAS mutation subtypes are crucial as targeted drugs
against the p.G12C variant have been approved. Method: We identified 6183 NSCLC patients with reported NGS-
based KRAS status in the Swedish national lung cancer registry between 2016 and 2019. Following exclusion of other
targetable drivers, three cohorts were studied: KRAS-G12C (n = 848), KRAS-other (n = 1161), and driver negative
KRAS-wild-type (wt) (n = 3349). Results: The prevalence of KRAS mutations and the p.G12C variant respectively
was 38%/16% in adenocarcinoma, 28%/13% in NSCLC-NOS and 6%/2% in squamous cell carcinoma. Women were
enriched in the KRAS-G12C (65%) and KRAS-other (59%) cohorts versus KRAS-wt (48%). A high proportion of KRAS-
G12C patients in stage IV (28%) presented with CNS metastasis (vs. KRAS-other [19%] and KRAS-wt [18%]). No
difference in survival between the mutation cohorts was seen in stage I-llIA. In stage |V, median overall survival (mOS)
from date of diagnosis was shorter for KRAS-G12C and KRAS-other (5.8 months/5.2 months) vs. KRAS wt (6.4 months).
Women had better outcome in the stage IV cohorts, except in KRAS-G12C subgroup where mOS was similar between
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men and women. Notably, CNS metastasis did not impact survival in stage IV KRAS-G12C, but was associated with
poorer survival, as expected, in KRAS-other and KRAS-wt. Conclusion: The KRAS p.G12C variant is a prevalent
targetable driver in Sweden and significantly associated with female sex and presence of CNS metastasis. We show
novel survival effects linked to KRAS p.G12C mutations in these subgroups with implications for clinical practice.
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Introduction

The treatment landscape in non—small cell lung cancer (NSCLC)
is rapidly evolving with increasing focus on biomarkers for treatment
decisions for the individual patient. At advanced stages, instead
of administering chemotherapy, current best practice includes use
of immunotherapy, in the form of checkpoint inhibitors, with or
without concurrent chemotherapy, as well as targeted therapies

! Current

based on the presence of oncogenic driver mutations.
diagnostic guidelines include treatment-predictive molecular testing
for several genetic oncogenic driver aberrations for targeted therapy,
as well as PD-L1 immunohistochemistry for immunotherapy.?

The two largest histologic subgroups of NSCLC, adenocar-
cinoma and squamous cell carcinoma, are genetically different
with regard to patterns of acquired oncogenic mutations. Notably,
targetable driver mutations are far more common in adenocarci-
noma.”* Lung cancer is strongly linked to smoking and this associ-
ation is stronger in squamous cell carcinoma than in adenocarci-
noma.’ This link is strengthened further by the high prevalence of
smoking associated mutations in squamous cell carcinoma, ie, in the
tumor suppressor genes 7P53 and KEAPI.* In contrast, adenocar-
cinomas show a greater genetic heterogeneity related to ethnicity,
gender and smoking status.®’

The RAS superfamily of intracellular proteins mediate cellular
signal transduction and in turn regulate proteins involved in cell
growth, differentiation and survival. Activating mutations in RAS-
proteins are common in many solid human cancers, particularly in
adenocarcinoma of the lung where up to 40% of patients, depend-
ing on demographic factors, harbor KRAS driver mutations.®'!

KRAS mutations are strongly associated with tobacco smoking,
especially with regard to the most common KRAS variant in
NSCLC: KRAS p.GlZC.”’” Furthermore, co-mutations are of
particular interest in KRAS-mutated tumors as some common
co-mutations are linked to prognosis, distinct immune response
patterns and response to treatment.'®!°

The first KRAS p.G12C targeted therapy has been approved for
patients with disease progression after first line systemic treatment.
Also, combination therapy strategies with other drugs are under
investigation in clinical trials.'®'” Given the high prevalence of
KRAS G12C mutations, this development has the potential to trans-
form daily clinical practice and might improve survival prospects for
a substantial part of the NSCLC patient population.

Sweden has a tax-financed health care system providing a
uniform system for lung cancer diagnostics and treatment across
geographic areas, socio-economic strata, and age groups.'® The
Swedish National Lung Cancer Registry (NLCR) contains data on
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demographics and diagnostic procedures, and linkage to the Swedish
Cause of Death Registry allows comprehensive analysis of survival.
Thus, access to a national registry with near complete inclusion rate
in a setting with public uniform health care allows for analysis of
truly population-based data.

KRAS-mutated NSCLC represents a large and markedly
heterogenous group of tumors. Given the variability in mutation
prevalence in different patient populations linked to ethnicity and
smoking patterns and lack of knowledge on the specific biological
properties of different KRAS-mutation variants, real-life data based
on large population-based NSCLC cohorts are highly warranted.
To this end, we aimed to explore the demographics and clinical
outcomes in patients with KRAS-mutated tumors, with a focus on
the p.G12C variant, using a large nationwide cohort of NSCLC

patients.

Material and Methods
Patient Cobort and the National Lung Cancer Registry

The study was performed according to the guidelines of the decla-
ration of Helsinki. The study was approved by The Swedish Ethical
Review Authority (reference 2021-03039).

The Swedish National Lung Cancer Registry includes infor-
mation on diagnostic procedures and parameters such as date
of diagnosis, histopathologic diagnosis, stage, location of primary
tumor, performance status (PS) as well as metastatic pattern at
diagnosis. The coverage of the registry is 97% of pathologically
confirmed cases.'” There has been a coordinated national imple-
mentation of tumor genetic testing for diagnostics, treatment,
and follow-up of lung cancer patients in routine clinical practice,
as targeted treatments have become available. Genetic testing is
conducted on tissue biopsy and cytology samples at molecular
pathology laboratories in Sweden. Between 2015 and 2018, reflex
NGS panel analysis (including KRAS status) for all NSCLC was
gradually introduced across the regions in Sweden using clinically
validated commercial platforms or in-house designed panels with
relevant coverage of aberrations in oncogenic driver genes (see
below). Mutation status retrieved from the respective laboratory
information systems have been reported to the NLCR molecular
pathology module since 2015 at varying coverage levels between

regional centers.

Data Extraction

A total of 13,671 unique patients with a NSCLC diagnosis
between 2016 and 2019 were identified from the NLCR, and 7680
patients had a corresponding record in the molecular pathology


http://creativecommons.org/licenses/by/4.0/

Figure 1
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Patient source cohort in NLCR with data extraction of the NGS Cohort and sorting into mutational subgroups.
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module (Figure 1). Data was extracted in August 2021. Patients
without any molecular record (n = 5591) were included in the
“Control Group.” Patients with a molecular test other than NGS
(n = 1366, ie, mainly PCR-based analyses of hot-spot mutations)
or with NGS failure (n = 127) were excluded. The resulting
NGS Cohort includes 6183 patients with conclusive NGS analy-
sis. Following exclusion of patients with reported established driver
aberrations (hotspot mutations in EGFR, BRAF or NRAS, and
rearrangements in ALK or ROSI; n = 825), three cohorts were
selected for further study: a cohort with no known driver mutation
(“KRAS-wild-type [wt]”; n = 3349), a KRAS p.G12C cohort
(“KRAS-G12C” n = 848) and a cohort with all other non-G12C
KRAS mutation variants (“‘KRAS-other” n = 1161). For subgroup
analysis based on histology, the cohorts were further divided
into three groups, adenocarcinoma, squamous cell carcinoma, and
NSCLC NOS (all other histologies, mainly adenosquamous carci-
noma, and variants of large cell carcinoma). Demographic data for
all cohorts and all histologic subtypes are shown in Table 1.

Statistics

Descriptive statistics for all subjects and analysis of associations
between tumor mutation status and clinicopathological parameters
were performed using Pearson’s X? test or Fisher’s exact test. Overall
survival (OS) was defined from date of diagnosis to death of any
causes, or end of study follow-up (June 30, 2021). The registry
defines date of diagnosis as the date of the first histopathological
or cytological test that confirms the NSCLC diagnosis. Survival
analysis by Kaplan—Meier analysis was conducted for all subjects, by

sex, stage at diagnosis, presence CNS metastasis, and within specific
histological subgroups (adenocarcinoma, squamous cell carcinoma,
and NSCLC NOS). In a subsequent step, mortality was evalu-
ated in Cox regression models expressed as hazard ratios (HR) with
95% confidence intervals (CI) for individuals with adenocarcinoma
and stage IV disease-for all subjects, and within the KRAS-G12C,
KRAS-other, and KRAS-wt subgroups. All tests were two-sided, and
a 5% level was considered statistically significant. Statistical analyses
were performed using R version 4.1.2.

Results
NGS Cobort and Control Group

The NGS cohort, derived from the NLCR, represents 6183
NSCLC patients with reported conclusive molecular test results
based on NGS (Table 1). In accordance with national guidelines,
most patients in the Control Group were actually tested for driver
mutations as well but lack a report of molecular status to the molec-
ular pathology module in the registry. In addition, there are regional
variations in testing practices regarding patients not eligible for
systemic treatment (ie, low stage, poor PS) or in histologic subtypes
where testing for driver mutations is not mandatory (ie, squamous
cell carcinoma). To illustrate such bias, a comparison was made
between the NGS Cohort and the Control Group.

Indeed, the prevalence of squamous cell carcinoma was higher
in the Control Group compared to the NGS cohort (32.4% vs.
14.2%). Also, fewer patients in the Control Group presented with
favorable PS 0 to 1 (60% vs. 68.3%) and more patients presented
with PS 3 to 4 (16.6% vs. 11.4%). In the NGS Cohort, 54.3%
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Table 1  Source Cohort of NSCLC Patients and the Mutational Subgroups

KRAS-G12C | KRAS-Other

All subjects (%) 848 (100) 1161 (100)

Female (%) 551 (65.0) 682 (58.7)
Age at diagnosis, median [IQR] | 71.0[66.0, 75.0] | 71.0(66.0, 76.0]
Smoking status (%)

Smoker 346 (40.9) 435 (37.5)

Former smoker 480 (56.7) 641(55.3)

Never smoker 21(2.5) 84(7.2)
ECOG performance status (%)

PSO 233 (27.5) 332 (28.6)

PS 1 361 (42.6) 453 (39.0)

PS2 148 (17.5) 179 (15.4)

PS3 62 (7.3) 126 (10.9)

PS4 21(2.5) 35(3.0)

Missing 23(2.7) 36 (3.1)
Stage at diagnosis (%)

| 215 (25.4) 264 (22.7)

Il 65(7.7) 90 (7.8)

1A 69 (8.1) 101 (8.7)

11BC 64 (7.5) 84(7.2)

% 435 (51.3) 622 (53.6)
Histology (%)

Adenocarcinoma 759 (89.5) 1045 (90.0)

Squamous cell carcinoma 18 (2.1) 34(2.9)
NSCLC NOS 71(8.4) 82 (7.1)
Mutation prevalence (%) KRAS-G12C | KRAS-other

All subjects 848 (13.7) 1161 (18.8)

Adenocarcinoma 759 (15.9) 1045 (21.9)

Squamous cell carcinoma 18 (2.1) 34(3.9)

NSCLC NOS 71(13.2) 82 (15.2)

KRAS-wt Other Drivers | NGS Cohort | Control Group
3349 (100) 825 (100) 6183 (100) 5991 (100)
1590 (47.5) 536 (65.0) 3359 (54.3) 3017 (50.4)
72.0[67.0,77.0] | 70.0(63.0,76.0] | 72.0(66.0,77.0] | 73.0([67.0,78.0]
1240 (37.1) 138 (16.7) 2159 (35.0) 2228 (37.3)
1693 (50.6) 349 (42.4) 3163 (51.2) 3019 (50.6)
413 (12.3) 337 (40.9) 855 (13.8) 723 (12.1)
922 (27.5) 302 (36.6) 1789 (28.9) 1696 (28.3)
1311(39.1) 310 (37.6) 2435 (39.4) 1898 (31.7)
642 (19.2) 120 (14.5) 1089 (17.6) 1017 (17.0)
311(9.3) 67 (8.1) 566 (9.2) 748 (12.5)
66 (2.0) 12 (15) 134 (2.2) 247 (4.1)
97 (2.9) 14(1.7) 170 (2.7) 385 (6.4)
730 (21.8) 203 (24.6) 1412 (22.8) 1437 (24.0)
298 (8.9) 37 (4.5) 490(7.9) 451(7.5)
380 (11.3) 48 (5.8) 598 (9.7) 563 (9.4)
364 (10.9) 55 (6.7) 567 (9.2) 551(9.2)
1577 (47.1) 482 (58.4) 3116 (50.4) 2989 (49.9)
2177 (65.0) 789 (95.6) 4770(77.1) 3365 (56.2)
808 (24.1) 15(1.8) 875(14.2) 1940 (32.4)
364 (10.9) 21(2.5) 538(8.7) 686 (11.5)
KRAS-wt Other drivers | NGS Cohort
3349 (54.2) 825(13.3) 6183 (100)
2177 (45.6) 789 (16.5) 4770 (100)
808 (92.3) 15(1.7) 875 (100)
364 (67.7) 21(3.9) 538 (100)

of patients were female compared to 50.4% in the Control Group.
Smoking status, age and stage at diagnosis were largely similar.
In summary, we consider the NGS Cohort representative for the
general population of patients eligible for systemic treatment, with
some expected bias resulting from different regional practices with
regard to molecular testing of squamous cell carcinoma and testing

strategies in patients with poor PS.

Demographics Linked to KRAS status

Patients in the NGS cohort were subdivided by mutational status
into three molecular groups, KRAS-G12C, KRAS-other and KRAS-
wt, and compared to each other (Table 1).

As expected, prevalence varied by histology with KRAS mutations
being most common in adenocarcinoma. The prevalence of KRAS
mutations were 32% in the overall NGS Cohort, 38% in adeno-
carcinoma, 28% in NSCLC NOS and 6% in squamous cell carci-
noma. The fraction of KRAS G12C mutations amounted to 13.7%
in the total NSCLC NGS cohort. The prevalence of KRAS G12C
was 15.9% in adenocarcinoma, 13.2% in NSCLC NOS and 2.1%
in squamous cell carcinoma, respectively. These results indicate that
a significant number of KRAS mutations, including targetable KRAS

Clinical Lung Cancer  September 2023

G12C, will be missed unless NSCLC NOS and squamous cell carci-
noma are routinely tested.

The fraction of female patients was high in the two KRAS groups,
65.0% in KRAS-G12C and 58.7% of KRAS-other, compared to
47.5% in KRAS-wt subgroup. Patients with a self-reported history
of smoking were 86.2% in the total NGS cohort (35.0% current
smokers and 51.2% former smokers) with similar numbers (87.7%)
in the KRAS-wt group (37.1% current smokers and 50.6% former
smokers). Higher numbers were found in the KRAS-G12C where
reported incidence of smoking was 97.6% (40.9% current smokers
and 56.7% former smokers). Advanced stage disease at time of
diagnosis was largely similar between the mutation subgroups.
Presentation in PS 0—1 was somewhat more common in KRAS-
G12C (70.1%) compared to KRAS-other (67.6%) or KRAS wt
(66.6%).

Survival Analysis By Stage

For survival analysis, we chose to focus on adenocarcinoma
patients to avoid bias in regard to testing guidelines based on
histologic subtypes. Also, the treatment options, based on national
guidelines, for adenocarcinoma patients have been uniform across
Sweden as opposed to more divergent practices for patients with
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Figure 2 = Kaplan-Meier curves for survival in adenocarcinoma by stage (I, Il, IIA, 11IB-C and V) stratified by molecular subgroup.
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squamous cell carcinoma. Figure 2 shows results from the Kaplan-
Meier analysis of adenocarcinoma patients in stage I to IV compar-
ing the KRAS-G12C, KRAS-other and KRAS-wt cohorts. The
overall survival from date of diagnosis is based on all patients in
the respective stage groups, across all PS strata and age groups,
and includes treated and non-treated patients. Demographic data
by stage can be found in Supplementary Tables 5A-E.

OS in stage I was similar between the mutation cohorts with 12-
month survival above 90% in all groups. No statistically significant
differences in survival could be detected. Median OS (mOS) was
not reached in either group.

In stage II disease there was a trend towards improved survival in
KRAS-G12C but it was not statistically significant (P = .071). In
KRAS-G12C, mOS was not reached. In KRAS-other the mOS was
50.6 months and in KRAS-wt 43.0 months.

In stage IIIA no survival differences were detected between the
three groups. The mOS ranged between 27.1 and 29.2 months. A
similar pattern was seen in stage IIIBC with no difference in survival
and mOS between 17.8 and 21.2 months.

In stage IV there was a small but statistically significant survival
benefit for the KRAS-wt group (P = .006) at mOS of 6.9 months.
The mOS for KRAS-G12C was 6.2 months and 5.5 months in
KRAS-other.

Thus, in contrast to other published studies, we did not detect
any significant survival differences linked to KRAS status in early-

20,21

stage disease, nor in locally advanced disease. There was a

small but statistically significant difference in metastatic disease
with poorer outcomes in KRAS mutated patients, but this was less

pronounced in the KRAS-G12C group.

Men Versus Women

As the female-male ratios were different in the mutation
subgroups, with a predominance of women in KRAS-G12C group,
we next compared men and women in the adenocarcinoma
subgroup. Demographic data is shown in Table 2 (data per stage is
found in Supplementary Table 6A-E). Women with KRAS p.G12C
were slightly younger than men (median 71 years vs. 72 years).
Smoking history was almost identical. The fraction of patients with
KRAS p.G12C in advanced stage at time of diagnosis was largely
similar between the sexes, but PS was slightly more favorable in
women (73.3% in ECOG PS 0-1, 69.4% in men). At stage 4
(Supplementary Table GE), the metastatic pattern differed slightly
between women and men; bone metastasis (38.0% vs. 43.1%) and
adrenal gland metastasis (15.2% vs. 21.2%) were less common in
women compared to men. Conversely, CNS metastasis were more
common in women (28.7% vs. 25.5%).

Overall survival data from diagnosis in stage IV adenocarcinoma
stratified by sex and KRAS mutation status is shown in Figure 3A.
There was no statistical difference in mOS between women and
men in the KRAS p.G12C cohort (6.1 months vs. 6.6 months).
However, in the other two subgroups, survival differed in line with

the established survival benefit linked to female sex. In the KRAS-
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Table2  Demographics of NGS Cohort Stratified by Sex (Adenocarcinoma)

100ue)) SunT [P [[PWS-UON IWEINN DZID SV

KRAS-G12C KRAS-other KRAS-wt
Male Female P-value Male Female P-value Male Female P-value

All subjects 265 494 426 619 1055 1122
Age at diagnosis, median [IQR] 72.0[67.0, 76.0] 71.0[65.3, 75.0] 034 72.0[67.0, 77.0] 71.0[65.0, 75.0] .002 72.0[67.0, 77.0] 71.0[65.0, 77.0] .009
Smoking status (%) 979 0.059 <0.001

Smoker 109 (41.1) 200 (40.6) 149 (35.1) 239 (38.6) 343 (32.6) 379 (33.8)

Former smoker 149 (56.2) 279 (56.6) 252 (59.3) 327 (52.8) 587 (55.7) 519 (46.3)

Never smoker 7(2.6) 14(2.8) 24 (5.6) 53 (8.6) 123 (11.7) 224 (20.0)
ECOG performance status (%) .090 .335 441

PSO 61(23.0) 157 (31.8) 116 (27.2) 199 (32.1) 294 (27.9) 351 (31.3)

PS1 123 (46.4) 205 (41.5) 174 (40.8) 229 (37.0) 419 (39.7) 444 (39.6)

PS2 46 (17.4) 79(16.0) 62 (14.6) 95 (15.3) 195 (18.5) 180 (16.0)

PS3 22 (8.3) 33(6.7) 43(10.1) 63(10.2) 98 (9.3) 93(8.3)

PS4 9(3.4) 8(1.6) 18 (4.2) 15(2.4) 17 (1.6) 17 (1.5)

Missing 4(1.5) 12 (2.4) 13(3.1) 18(2.9) 32(3.0) 37(3.3)
Stage at diagnosis (%) 562 681 .001

| 69 (26.0) 141 (28.5) 104 (24.4) 155 (25.0) 218 (20.7) 294 (26.2)

Il 19(7.2) 41(8.3) 29 (6.8) 53 (8.6) 106 (10.0) 69 (6.1)

1A 25(9.4) 37(7.5) 34(8.0) 56 (9.0) 87(8.2) 94 (8.4)

I11BC 15(5.7) 38(7.7) 27 (6.3) 43(6.9) 81(7.7) 91(8.1)

v 137 (51.7) 237 (48.0) 232 (54.5) 312 (50.4) 563 (53.4) 574 (51.2)
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Figure 3 Kaplan-Meier curves for survival in stage IV adenocarcinoma stratified by (A) sex and (B) presence of CNS-metastasis

at diagnosis in the different molecular subgroups.
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Wormen 237 79 3 1 Women 311 104 56 2 Women 568 216 122 63
B KRAS-G12C KRAS-other KRAS-wt
== CNS no == CNS yes == CNS no == CNS yes == CNS no == CNS yes
1.00 Median _C195% 12 months C195% 1.00 Median _CI95% 12 months Cl95% 1.00 Median _C195% 12 months C195%
CNS no 62 5376 32.8% 27.7-38.9 CNS no 6.0 4971 306% 26.6-35.2 CNS no 73 6584 37.7% 34.7-409
CNS yes 6.1 3993 330% 25.1-435 CNS yes 43 3058 216% 14.9-312 CNS yes 52 4569 244% 192-310
075 = 0.75 % 0.75
Z 2 2
2 2 2
5 E 5
2050 2050 2050
© © ©
° © °
3 0.25 3 0.25 6 0.25
B - h p = 0.0045
0.00 0.00 0.00
0 12 24 36 0 12 24 36 0 12 24 36
Follow-up time (months) Follow-up time (months) Follow-up time (months)
Number at risk Number at risk Number at risk
CNSno 271 89 43 17 CNSno 441 135 74 31 CNS no 920 348 190 89
CNSyes 103 34 12 5 CNSyes 102 22 8 2 CNSyes 209 51 29 13

other cohort mOS for women was 6.4 months versus 4.5 months for
men, and in KRAS wt mOS for women was 8.0 months versus 6.0
months for men. Although not statistically significant, the trend in
multi-variable analysis supports a discordant survival impact related
to female sex (Table 4) in the KRAS-G12C group after adjust-
ment for age, PS and presence of CNS metastasis. The hazard ratios
for death in women (vs. men as reference) were HR 1.21 in the
KRAS-G12C group compared to HR 0.65 and HR 0.89 in KRAS-
other and KRAS-wt groups, respectively. Thus, so far, we cannot
explain this sex-related survival pattern by known baseline clinical
confounders.

Metastatic Patterns

The metastatic patterns in stage IV adenocarcinoma were signifi-
cantly different between the KRAS-G12C, KRAS-other and KRAS
wt groups (Supplementary Table SE). CNS metastasis was more
common in KRAS-G12C (27.5%) compared to both KRAS-
other (18.8%) and KRAS-wt (18.5%). Bone metastasis was more
common in KRAS-mutated tumors, KRAS-G12C (39.8%) and
KRAS-other (40.6%), compared to KRAS wt (35.0%). Similar
patterns between the groups were seen in metastasis to the liver and
adrenal glands. Metastasis to other sites, recorded as free text in the
registry (not available for this study), were less common in KRAS-
G12C (44.1%) compared to KRAS-other (55.1%) and KRAS-wt
(50.3%).

CNS Metastasis and Concurrent Metastasis in Patients
With KRAS p.G12C Mutations

As patients with CNS metastasis in stage IV adenocarcinoma were
enriched in the KRAS-G12C subgroup, in comparison to KRAS-
other and KRAS-wt, we next sought to study the mutation cohorts
further with regard to the rate of metastasis at other anatomical
sites in relation to reported presence of CNS metastasis at diagnosis
(Table 3).

In the larger group of patients without CNS metastasis, bone
metastasis was more common in patients with KRAS-mutations,
ie, in the KRAS-G12C and KRAS-other subgroups, as described
above. No significant differences between the mutation cohorts were
detected for other metastatic sites. Notably, the metastatic rates at
different sites were relatively similar between patients with KRAS
p-G12C and other KRAS mutations.

In the group of patients with CNS metastasis, another pattern
emerged. The rate of additional metastasis at other sites (bone, liver,
adrenal gland, and other) was consistently lower for patients in
the KRAS-G12C group in comparison to patients in the KRAS-
other and KRAS-wt subgroups. This was especially striking for
liver metastasis, 4.9% in KRAS-G12C versus 15.7% in KRAS-other
and 14.8% in KRAS-wt. Also, the rate of concurrent metastasis in
bone was lower in KRAS-G12C (19.4%) compared to KRAS-other
(34.3%).
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Table 3 ~ KRAS Mutation Status and CNS Metastasis (Adenocarcinoma, Stage 1V)

:
)
.
N
@)
=
s
With CNS Metastasis Without CNS Metastasis Er
KRAS-G12C KRAS-0ther KRAS-wt P-value KRAS-G12C KRAS-Other KRAS-wt P-value Z
All subjects 103 102 210 271 442 927 g
Female (%) 68 (66.0) 56 (54.9) 117 (85.7) 168 169 (62.4) 256 (57.9) 457 (49.3) <.001 ‘m
Age at diagnosis, median [IQR] 70.0 [65.0, 74.0] 70.0 [64.0, 74.0] 70.0 [65.0, 75.0] 623 71.0[66.0, 76.0] 71.0[65.3, 76.0] 72.0[66.0, 77.0] 268 E
Smoking status (%) 062 <001 =
Smoker 46 (44.7) 46 (45.1) 91 (43.3) 98 (36.3) 157 (35.6) 285 (30.8) e
Former smoker 56 (54.4) 49 (48.0) 98 (46.7) 161 (59.6) 251 (56.9) 466 (50.4) o
Never smoker 1(1.0) 7(6.9) 21(10.0) 11(4.1) 33(7.5) 174 (18.8) -
ECOG performance status (%) 217 065 g
PSO 9(8.7) 14 (13.7) 32(15.2) 42 (15.5) 63 (14.3) 156 (16.8) U%
PS1 43 (41.7) 41(40.2) 79(37.6) 115 (42.4) 161 (36.4) 347 (37.4) A
PS2 30(29.1) 17 (16.7) 54 (25.7) 60 (22.1) 94 (21.3) 211 (22.8) )
PS3 12 (11.7) 20 (19.6) 30 (14.3) 30(11.1) 75 (17.0) 138 (14.9) (:3
PS4 6(5.8) 3(2.9) 6(2.9) 1(4.1) 27 (6.1) 24 (2.6) 9;
Missing 3(29) 7(6.9) 9(4.3) 13(4.8) 22 (5.0) 51 (5.5)
Location of metastasis (%)
Bone 20 (19.4) 35(34.3) 47 (22.4) 027 129 (47.6) 186 (42.1) 351(37.9) 012
Liver 5(4.9) 16 (15.7) 31(14.8) 024 43 (15.9) 59 (13.3) 129 (13.9) 628
Adrenal gland 14 (13.6) 21(20.6) 36 (17.1) A3 51(18.8) 78 (17.6) 159 (17.2) 816
Other 16 (15.5) 25 (24.5) 37 (17.6) 213 149 (55.0) 275 (62.2) 535 (57.7) 127
CNS only? 66 (64.1) 41(40.2) 111 (52.9) .003 - - - -

3 Subjects with bone, liver, adrenal gland, or other location of metastasis were excluded.
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Table 4  Multivariable Analyses for Survival in Stage IV Adenocarcinoma (HR for Mortality)

KRAS-G12C KRAS-0ther KRAS-wt
HR Cl 95% HR Cl 95% HR Cl 95% HR Cl 95%

KRAS mutation

KRAS WT 1.00 reference - - - - - -

KRAS other 114 1.02-1.28 - - - - - -

KRAS G12C 113 0.99-1.29 - - - - - -
Age at diagnosis 1.01 1.01-1.02 1.02 1.01-1.04 0.99 0.98-1.01 1.02 1.01-1.02
Sex

Male 1.00 reference 1.00 reference 1.00 reference 1.00 reference

Female 0.87 0.79-0.95 1.21 0.96-1.53 0.65 0.54-0.79 0.89 0.78-1.01
ECOG performance status (PS)

PS0-1 1.00 reference 1.00 reference 1.00 reference 1.00 reference

PS2 2.1 1.87-2.37 1.84 1.40-2.42 216 1.71-2.74 2.20 1.88-2.56

PS 3+ 6.03 5.29-6.88 6.14 4.44-8.49 5.98 4.72-757 6.44 5.36-7.76
Location of metastasis

CNS no 1.00 reference 1.00 reference 1.00 reference 1.00 reference

CNS yes 120 1.07-1.35 1.08 0.84-1.39 119 0.94-1.51 1.28 1.09-1.52
We hypothesize that the common occurrence of CNS metastasis Discussion

detected at diagnosis in KRAS p.G12C patients could reflect an early
metastatic event linked to a higher probability of oligometastatic
CNS disease in stage IV adenocarcinoma patients. Indeed, CNS
metastasis reported as the sole metastatic event was more common in
the KRAS-G12C subgroup (64.1%) in comparison to KRAS-other
(40.2%) and KRAS-wt (52.9%).

CNS Metastasis and Survival

CNS-metastasis is a known negative factor for survival and
morbidity in all solid tumors as well as in NSCLC. Figure 3B illus-
trates the survival outcome in the three mutation cohorts in relation
to presence or absence of CNS metastasis. A significant difference
in survival was seen in the KRAS-other subgroup - mOS with CNS
metastasis 4.3 months and without 6.0 months. Similarly, in KRAS-
wt the mOS was 5.2 months with CNS metastasis and 7.3 months
without. In contrast, survival in the KRAS-G12C group was similar
in the patients with or without CNS metastasis - the mOS with
CNS metastasis was 6.1 months and without CNS metastasis 6.2
months.

In multi-variable analysis (Table 4), a significant negative survival
impact was noted for presence of CNS metastasis in the total adeno-
carcinoma stage IV subgroup at HR 1.20 (CI 1.07-1.35). Likewise,
an independent significant impact of CNS metastasis remained in
the KRAS-wt cohort at HR 1.28 (CI 1.09-1.52). A similar trend,
but non-significant was seen in the KRAS-other subgroup at HR
1.19 (CI 0.94-1.51). In concordance with the Kaplan-Meier analy-
sis, the trend for survival impact related to CNS metastasis was less
pronounced in the KRAS-G12C subgroup, at HR 1.08 (CI 0.84-
1.39).

Thus, we were not able to find any obvious clinical baseline
confounders that could explain the survival pattern associated with
CNS metastasis in KRAS p.G12C mutated patients, except for the
described pattern of concurrent metastasis at other anatomic sites.

We here describe a population-based Swedish registry cohort of
6183 NSCLC patients with annotated driver mutations status based
on NGS analysis in routine health care. To illustrate the impact of
KRAS mutations on demographics, clinical baseline characteristics
and overall survival, patient cohorts with KRAS p.G12C mutations,
other KRAS mutations and a driver negative reference cohort were
analyzed and compared.

KRAS mutation are common in NSCLC in western popula-
tions. Indeed, in the Swedish patient population the prevalence of
KRAS mutations was high, 38% in adenocarcinoma and 28% in
the NSCLC NOS cases. Similar frequencies have been reported for
the non-squamous subgroups in other European populations.” !
The p.G12C variant was seen at 15.9% and 13.2% in adeno-
carcinoma and NOS patients, respectively. Thus, KRAS p.G12C
mutations represent the most common targetable driver aberration
in the Swedish lung cancer population.

Given the approval of specific therapeutic inhibitors, the presence
of a significant number of p.G12C mutations in squamous cell carci-
noma indicate that current guidelines for molecular testing need
to be revised.”” KRAS p.G12C mutations at 2.1% in squamous
cell carcinoma represents a larger targetable fraction than aberra-
tions such as BRAE ROSI, RET or MET exon 14 skipping in the
adenocarcinoma subgroup. Adding reported “other drivers” at 1.7%
(Table 1) would indicate that 3.8% of the squamous cell carcinoma
patients, if tested, could be candidates for targeted therapy. The
presence of driver mutations in true squamous NSCLC has been
questioned given the difficulty to assess histologic subtypes in small
cytology and biopsy specimens. However, the registry data shows
that Swedish pathologists, that applied the guideline algorithms
from 2011, annotate a significant fraction of cases with driver
mutations as squamous cell carcinomas. In addition, it should be
noted that suggested “rescue” procedures to focus molecular testing
on young patients and never smokers with squamous cell carcinoma
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would not be effective for the KRAS p.G12C population, as shown
here.

The survival outcome data in this study showed no significant
impact of KRAS status in stage I to IIIB disease. This contrasts
with a recent study by the ETOP group on surgical NSCLC cases
where KRAS p.G12C cases exhibited worse survival outcome than
cases with other KRAS mutations, and better survival was seen in
KRAS-negative patients. However, in the ETOP study, the KRAS

0
20 in contrast

negative group also included other driver mutations,
to our study set-up.

In stage IV disease, KRAS-wt had a small but statistically
significant better survival outcome. In comparison, other studies
have failed to show significant differences in survival comparing
KRAS mutant and non-mutated cases, or between patients with
KRAS p.G12C and other KRAS mutations.”>”> In the context of
immunotherapy, some studies have shown more favorable outcomes
in KRAS-mutated cases, while other studies have not.?*?” Although
low at 5.5 to 6.9 months, the mOS is comparable to historic data
in a treatment environment with chemotherapy as the primary
option,28 as well as to real-world data, from the same time period
as this study, where chemotherapy was the most common first line
treatment.”” The three mutation cohorts all had the same treatment
options available for the duration of the study, primarily guided by
ECOG PS. The survival analyses included all patients, including
patients with poor ECOG PS which negatively affects the observed
median overall survival. It is important to consider that a substan-
tial number of patients likely received no treatment at all due to
ECOG PS or by their own choice. Thus, our findings to a large
extent reflect prognostic effects of the particular mutation subtypes
rather than treatment-predictive impact.

Results on the sex distribution in KRAS mutated and KRAS
p-G12C patients are conflicting. Other European studies show fairly
equal distribution between men and women.”>** Notably, in our
study, 65.0% of KRAS-G12C, and 58.7% of KRAS-other were
women. This finding is in agreement with a US study (61.1%
women in KRAS p.G12C group), findings in a retrospective Norwe-
gian cohort (KRAS mutated, not separated for KRAS p.G12C
with 56.9% women) and data from the Lung Cancer Consortium
(57.9% women).2*3:32 In contrast, a Chinese study has showed
a large majority of men (85.2%) in the KRAS p.G12C patient
group.” We believe that the sex distribution can be explained by
differences in ethnicity as well as male and female smoking habits.
In addition, a high rate of smoking related mutations (ie, KRAS
p-G12C) have been described in women, at comparable or lower
tobacco consumption.**¥
Treatment outcomes in NSCLC are generally better in

Women.ﬁ(),fﬁ

regardless of stage and treatment modality, including
immunotherapy.*® Our finding that men and women in the KRAS-
G12C subgroup have the same survival outcome in stage IV adeno-
carcinoma is intriguing. We can only speculate on the causes under-
pinning this result. We could not find any obvious confounding
registry parameter that could explain the lack of survival impact
related to female sex in the KRAS-G12C group. Further studies on
the distribution of prognostic co-mutations and treatment response
after chemotherapy and immunotherapy in men versus women are

warranted to better understand this finding.'*3%-4
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KRAS mutations have been shown to be linked to an increased
risk of brain metastases in other solid tumors.*’**> Our study shows
a high prevalence of CNS metastasis at diagnosis in the stage IV
KRAS-G12C group (26.7%). This fraction is slightly larger than in
the study by Spira et al.’" which describe CNS metastases in 23.4%
of patients with KRAS p.G12C mutations. Notably, in our cohort,
the frequencies of CNS metastases were similar in the KRAS-other
and KRAS-wt groups (19.1% and 18.5%). This result indicates
that the enrichment of CNS metastasis linked to KRAS mutations
in NSCLC is driven mainly by the p.G12C mutation. In general
terms, the results related to KRAS mutations mirror findings in other
oncogenic driver subsets of NSCLC that also present with a high
rate of CNS metastasis.*’

Brain metastases are one of the leading causes of morbidity
and mortality in NSCLC.** Under current Swedish and European
guidelines,43 patients with confirmed metastatic disease on CT
scans of thorax/abdomen are not required to undergo CT/MRT of
the brain. Thus, asymptomatic brain metastases are likely under-
reported in our registry study. Still, the high fraction of reported
CNS metastasis raise the question whether KRAS p.G12C mutated
patients should be screened for CNS metastasis during the diagnos-
tic work-up. Targeted therapies directed at other driver mutations
have been shown to be superior compared to chemotherapy, and
current treatment standards recommend initial treatment with
tyrosine kinase inhibitors and evaluation rather than radiotherapy
in EGFR/ALK positive NSCLC with brain metastases.’**® New
targeted therapies against KRAS p.G12C might be an additional
first-line treatment modality for this patient category.

Interestingly, we could not demonstrate any impact on mOS
related to the presence of CNS metastasis in KRAS-G12C group
of stage IV adenocarcinoma. Given the known link between CNS
metastasis and poor outcome, worse survival was expected. Indeed,
a negative survival impact of CNS metastasis was seen in the KRAS-
other and KRAS-wt groups. We can only speculate on the mecha-
nisms behind this finding. One possible explanation is that KRAS
mutated patients with brain metastasis, as described, responds well
to immunotherapy.”*>° Another possible explanation is that intrin-
sic biological properties of KRAS p.G12C mutations are linked,
not only to a high frequency of CNS metastasis, but also to early
metastatic dissemination to the CNS. This hypothesis is supported
by a higher proportion of patients presenting with CNS metasta-
sis as the only metastatic site. If confirmed in other studies, patients
with the combination of a CNS metastasis and KRAS p.G12C could
represent a specific oligometastatic subgroup in lung adenocarci-
noma with a comparatively favorable survival outcome.

The strengths of this study lie in the size and the high degree
of patient coverage in a population with equal access to health care
and advanced diagnostics rather than being based on cohorts from
clinical studies or selected specialist centers. The main weakness,
as discussed, is the lack of follow-up data after systemic treat-
ments, in relation to the survival results in stage IV adenocarci-
noma subgroups. Ongoing retrospective registration of treatment
and follow-up data in the NLCR will allow future detailed studies
on the predictive impact of KRAS mutation subtypes in relation
to chemotherapy and checkpoint inhibitor regimens. Also, as co-
mutations beyond driver mutations such as 7P53, KEAPI and



STKI1 were not reported to the registry, we were not able to assess
the impact of these in the respective mutation sub-cohorts.

In conclusion, real-world data from the national lung cancer
registry indicate that KRAS p.G12C is the most common targetable
aberration in the Swedish NSCLC population, and significantly
linked to baseline parameters such as smoking, female sex, and
presence of brain metastasis. We believe that the distribution of
KRAS p.G12C across all histologic subtypes warrants molecular
testing of all NSCLC patients. Reflex radiologic brain scans at
diagnosis in patients with KRAS p.G12C mutations should be
discussed based on the high frequency of CNS metastasis and
hypothesis generating data indicating the brain as a vulnerable
compartment for early metastatic dissemination.

Clinical Practice Points

This large, population-based, study illustrates key demographic
findings related to the KRAS G12C mutation subtype. It is the most
common targetable oncogenic driver in NSCLC in a typical western
population, has a strong correlation to smoking and is predomi-
nantly seen in women.

* A significant prevalence of KRAS G12C in NSCLC-NOS
(13.2%) and squamous cell carcinoma (2.1%) highlights the need
for NGS testing in all histologic NSCLC subtypes, in addition to
lung adenocarcinoma.

¢ The link between KRAS mutations and CNS metastasis is strongly
attributed to the KRAS G12C variant. In addition, as opposed
to patients with other KRAS mutations, the majority of stage
IV patients with KRAS G12C presented with CNS metastasis as
the sole metastatic compartment. Thus, we suggest that CT/MRI
brain scans should be considered in KRAS G12C patients to
discover isolated asymptomatic CNS disease for potential treat-
ment.

* Lack of overall survival differences in stage IV disease between
men and women, and between patients with and without CNS

metastasis, are unique findings which warrant further research

into the distinct biology of KRAS G12C mutated NSCLC.
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