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Abstract

Background: KRAS mutation‐positive (KRAS‐positive), advanced nonsmall‐cell lung

cancer (NSCLC) is characterized by a poor prognosis. KRAS mutations are extremely

heterogeneous from a biologic point of view, and real‐world data by mutation

subtype in the era of immunotherapy are still incomplete.

Methods: The objective of this study was to retrospectively analyze all consecutive

patients with advanced/metastatic, KRAS‐positive NSCLC who were diagnosed at a

single academic institution since the advent of immunotherapy. The authors report

on the natural history of the disease as well as the efficacy of first‐line treatments in

the entire cohort and by KRAS mutation subtypes as well as the presence/absence

of co‐mutations.

Results: From March 2016 to December 2021, the authors identified 199 consec-

utive patients who had KRAS‐positive, advanced or metastatic NSCLC. The median

overall survival (OS) was 10.7 months (95% confidence interval [CI], 8.5–12.9

months), and there were no differences by mutation subtype. Among 134 patients

who received first‐line treatment, the median OS was 12.2 months (95% CI, 8.3–

16.1 months), and the median progression‐free survival was 5.6 months (95% CI,

4.5–6.6 months). At multivariate analysis, only an Eastern Cooperative Oncology

Group performance status of 2 was associated with significantly shorter

progression‐free survival and OS.

Conclusions: KRAS‐positive, advanced NSCLC is characterized by a poor prognosis

despite the introduction of immunotherapy. Survival was not associated with KRAS

mutation subtype.

This is an open access article under the terms of the Creative Commons Attribution‐NonCommercial License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited and is not used for commercial purposes.

© 2023 The Authors. Cancer published by Wiley Periodicals LLC on behalf of American Cancer Society.
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Plain Language Summary

This study evaluated the efficacy of systemic therapies for advanced/metastatic

nonsmall cell lung cancer harboring KRAS mutations, along with the potential

predictive and prognostic role of mutation subtypes.

� The authors found that advanced/metastatic, KRAS‐positive nonsmall cell lung

cancer is characterized by a poor prognosis and that first‐line treatment efficacy

is not related to different KRAS mutations, although a numerically shorter median

progression‐free survival was observed in patients who had p.G12D and p.G12A

mutations.

� These results underline the need for novel treatment options in this population,

such as next‐generation KRAS inhibitors, which are in clinical and preclinical

development.

K E YWORD S

chemotherapy, immunotherapy, KRAS, nonsmall cell lung cancer, real‐world study

INTRODUCTION

Worldwide, lung cancer is one of the leading causes of cancer‐
related death, with an estimated 1.8 million deaths in 2020.1

Approximately 30% of patients with nonsmall cell lung cancer

(NSCLC), mostly adenocarcinoma, harbor activating gene mutations

of the Kirsten rat sarcoma oncogene homologue (KRAS).2 Most

patients with KRAS‐positive NSCLC are current or former smokers,

whereas some specific mutations (e.g., KRAS p.G12D) are prevalent

in never‐smokers.3 Despite conflicting data from retrospective

studies, a recent meta‐analysis suggests a negative prognostic role

of KRAS mutations in advanced and metastatic NSCLC.4 However,

until recently, no targeted treatment has proven to be active in this

population. KRAS‐activating mutations are extremely heteroge-

neous, and it has been demonstrated that isoforms differ func-

tionally in terms of both downstream oncogenic signals and

oncogenic networks.5–8 Recent data on an isogenic system,

including the most common NSCLC KRAS‐activating mutations,

have shed new light on growth patterns as well as sensitivity to

targeted agents of specific isoforms.9

This is noteworthy because one of the direct KRAS G12C in-

hibitors, sotorasib, was granted accelerated approval and break-

through therapy designation by the US Food and Drug Administration

and the European Medicines Agency for patients with previously

treated, advanced NSCLC, showing an overall response rate (ORR) of

37.1%with amedian progression‐free survival (mPFS) of 6.8months in

a phase 2 trial.10 Otherwise, adagrasib, another KRAS G12C inhibitor,

has been approved by the US Food and Drug Administration but is still

waiting European Medicines Agency approval, although it has

demonstrated results similar to those reported for sotorasib.10,11

Indeed, currently, the standard first‐line approach in patients with

advanced, KRAS mutation‐positive NSCLC is based on immune

checkpoint inhibitors (ICIs), with or without platinum‐based

chemotherapy.12,13 Subgroup analysis of trials exploring ICIs did not

showdifferences in survival outcomesbyKRASmutational status.14–16

However, retrospective as well as computational data suggest that

specific concurrent genomic alterations, such as those occurring in the

TP53, STK11/LKB1, and KEAP1 genes, may predict ICI efficacy.17–21

Indeed, whereas co‐occurring TP53 mutations are associated with in-

flammatory tumor microenvironment (TME) as well as higher levels of

neoantigens and programmed death ligand 1 (PD‐L1) expression,

STK11/LKB1 and KEAP1mutations correlate with immunosuppressive

TME and shorter survival. Preliminary data suggest an association of

the latter alterations with specific KRAS isoforms, such as G13X.9 In

this retrospective, real‐world study, we report the natural history of all

consecutive patients with KRAS mutation‐positive, advanced non-

squamous NSCLC at our institution since the introduction of ICIs in

clinical practice, according to KRAS isoforms and concurrent genomic

alterations evaluated by routine next‐generation sequencing (NGS).

MATERIALS AND METHODS

Overall study design

This study is a retrospective collection of clinical and molecular data

retrieved from electronic medical records of patients with advanced,

KRAS‐positive NSCLC who were treated at San Luigi University

Hospital from March 2016 (when the first ICI was approved in Italy

for patients who had chemotherapy‐treated, advanced NSCLC) to

December 2021.

Main inclusion criteria were aged 18 years or older at the time of

diagnosis; a diagnosis ofKRAS‐positive, advancedNSCLC at the time of

enrolment; and availability of clinical data. Main exclusion criteria

included unavailability of follow‐up data and absence of KRAS

mutation.

2 - REAL‐WORLD DATA OF KRAS‐MUTANT NSCLC
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The primary objective was to evaluate the efficacy of therapeutic

regimens administered for advanced or metastatic, KRAS‐positive
NSCLC and to characterize outcomes in the presence or absence of

different variants. The activity and efficacy of systemic treatments

were measured by investigators in terms of the ORR, the disease

control rate, PFS (for regimens followed on study), and overall sur-

vival (OS). Reasons for discontinuation of each regimen were

collected. Response assessment was done according to the RECIST

(Response Evaluation Criteria in Solid Tumors, version 1.1) by the

investigators. The secondary objective was the description of co‐
occurring mutations.

Molecular and immunohistochemical analyses

Tumor DNA and RNA were extracted from FFPE samples by using

semiautomated purification kits Maxwell (Promega). From 2016 to

2019, NGS analysis was performed by using Oncomine Solid Tumor

DNA and RNA kit assay to investigate deletions, insertions, and single

or multiple nucleotide variations occurring within 22 cancer‐related
genes and to detect transcript rearrangements in four genes

(Thermo Fisher Scientific, Inc.; www.thermofisher.com). From 2020

to 2021 we adopted Oncomine Dx Target test DNA and RNA kit

assay allowing to implement the selected DNA targets region and

transcript rearrangements across 46 driver gene variants (Thermo

Fisher Scientific, Inc.). A full list of genes analyzed by each assay is

provided in Supporting Information material (see Table S1). The li-

brary preparation was manually performed according to the manu-

facturer's instructions (MAN0011016, revision A.0, and

MAN0006735, revision F.0, respectively). Prepared libraries were

loaded in the Ion Chef System, and MAN0016854 (revision F.0) was

loaded onto Ion 520‐530 chips sequenced in the Ion GeneStudio S5

Prime System. The molecular data were mapped to the human

genome assembly 19, and the analyses were provided by the Ion

Reporter Software, version 5.14 (Thermo Fisher Scientific, Inc.).

Quality assessment of sequenced reactions was performed by

studying the coverage analysis, average depth, and percentage of

alignment uniformity over the target regions. Finally, visual in-

spections of BAM file (.bam) were performed with graphic alignment

programs, such as Thermo Fisher Scientific’s Ion Reporter Genomics

Viewer. Only pathogenic or likely pathogenic variants were included

in the analyses based on the current literature.

Immunohistochemical evaluation of tumor PD‐L1 expression was

performed using the anti‐PD‐L1 antibody (clone 22C3 pharmDx kit)

and the Dako Omnis platform (both from Agilent Technologies, Inc.)

according to the manufacturer’s recommendations. The percentage

of tumor cells with PD‐L1 expression (positive membrane staining)

was obtained by counting at least 100 viable cells, called the tumor

proportion score. The evaluation of PD‐L1 expression followed the

specific requests of the treating clinician in terms of selection of the

tested cohort and timing (diagnostic biopsy or re‐biopsy, according to

routine clinical practice).

Statistical analysis

Quantitative data are summarized by arithmetic mean, standard

deviation, median, minimum, and maximum values. Associations be-

tween the response to treatment in different KRAS mutation variants

were analyzed using the Fisher exact test, χ2 test, or logistic

regression. Differences in continuous variables were assessed with

the Student t‐test or general linear models. A two‐sided p < .05 was

considered to indicate a statistically significant difference without

adjustment for multiple comparisons. Survival curves were estimated

using the Kaplan–Meier method and were compared using the log‐
rank test. The Cox proportional hazard model was used for esti-

mating hazard ratios after adjusting for relevant variables. An

exploratory analysis of associations between response to treatment

according to co‐occurring emergent genomic alterations identified

during NGS analysis was conducted. All analyses were conducted

using SPSS software (IBM Corporation).

Ethical aspects

This study was conducted in accordance with the Declaration of

Helsinki and Good Clinical Practice guidelines. The prospective part

of this study was approved by the local independent Ethics Com-

mittee on February 2021 (PRE‐V‐LUNG study; code 34/2021/U;

registry number 2867). Retrospective data were retrieved from

electronic medical records upon patient informed consent. Molecular

analyses were performed according to clinical practice or under the

aforementioned protocol.

RESULTS

Overall survival in the entire cohort

From March 2016 to December 2021, 199 consecutive patients with

KRAS‐positive, advanced or metastatic NSCLC were identified

(Figure 1). The median patient age at diagnosis was 69 years (range,

38–90 years), 135 were men (67.8%), and 197 (99.0%) had clinical

stage IV disease (Table 1). Eastern Cooperative Oncology Group

performance status (ECOG PS) was 0 in 108 patients (54.3%), and

184 patients (92.5%) were current or former smokers. Liver and

brain metastases were present at diagnosis in 7% and 17.1% of pa-

tients, respectively. In the latter group, 47% of patients received

locoregional therapy (radiation therapy and/or surgical resection) at

diagnosis of stage IV disease. PD‐L1 expression levels were high,

intermediate, and negative in 44 (22.1%), 58 (29.1%), 88 (44.2%)

patients, respectively, whereas data were not available for nine pa-

tients (4.5%). Most patients were diagnosed with lung adenocarci-

noma (n = 170; 85.4%). First‐line treatment for advanced disease was

administered to 134 patients (67.3%), whereas 38 patients (19.1%)

received an indication for best supportive care at the time of
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diagnosis. Twenty‐seven patients (13.6%) who were previously

treated with chemoradiation therapy or surgery were not further

evaluated in our study at the progression disease because of the high

heterogeneity of this subgroup (see Table S2).

KRAS mutations were evaluated either on metastatic tissue (n =
39; 19.6%) or on primary tumor, depending on the diagnostic spec-

imen obtained at the time of diagnosis. The most prevalent KRAS

mutation subtypes were p.G12C (n = 78; 39.2%), followed by p.G12V

(n = 34; 17.1%), and p.G12D (n = 29; 14.6%; Table 1). Two patients

harbored double KRAS mutations, one with p.G12C plus p.G13C and

the other with p.G12C and p.A146T. Co‐mutations other than KRAS

occurred in 49 patients (24.6%; see Table S3). There were no asso-

ciations between the type of KRAS mutation (dichotomized as G12C

vs. others) and sex, performance status, or the number or site of

metastasis. Indeed, a significant association with positive smoking

history and p.G12C mutation was observed (p = .043).

After a median follow‐up of 28.2 months, with 129 deaths

recorded, the median OS (mOS) in the entire patient data set was

10.7 months (95% confidence interval [CI], 8.5–12.9 months;

Figure 2A). In a comparison of different mutation subtypes, no sig-

nificant differences were observed in terms of OS (p = .33;

Figure 2B). However, a numerically lower mOS was observed in pa-

tients harboring p.G12D and p.G12A (7.1 and 5.2 months,

respectively).

OS and PFS in patients who underwent first‐line
treatment

In total, 134 patients received first‐line systemic treatment (67.3%),

most for stage IV disease (n = 132; 98.5%). In this subgroup, the

median age was 69 years (range, 41–85 years), 93 patients were men

(69.4%), and 116 were diagnosed with lung adenocarcinoma (86.6%).

ECOG PS was 0 in 70 patients (52.6%), and 129 patients (94.0%)

were current or former smokers. PD‐L1 expression levels were high,

intermediate, or negative in 32 (23.9%), 41 (30.6%), and 60 (44.8%)

patients, respectively, and were not available for one patient (0.7%).

According to the mutation subtype, p.G12C mutation was identified

in 52 patients (38.8%), whereas p.G12D, p.G12V, and p.G12A were

identified in 24 (17.9%), 15 (11.2%), and 14 (10.4%) patients,

respectively. Twenty‐nine patients harbored co‐mutations (21.6%).

The type of first‐line treatment included platinum‐based chemo-

therapy (n = 42; 31.3%), single‐agent anti–PD‐(L)1 immunotherapy (n

= 35; 26.1%), chemoimmunotherapy (n = 27; 20.2%), single‐agent
chemotherapy (n = 22; 16.4%), and experimental treatments in

clinical trials (n = 8; 6%; Table 1). Second‐line therapy was adminis-

tered to 44 patients (56.8% received single‐agent immunotherapy;

41.6% received chemotherapy with or without antiangiogenics, and

9.0% received experimental treatments). Notably, eight patients

received a KRAS p.G12C inhibitor during their disease course.

Figure S1 illustrates the percentage of patients who received

immunotherapy with or without chemotherapy according to the line

of treatment and KRAS mutation.

After a median follow‐up of 25.1 months and 84 deaths, five

patients (3.7%) were still receiving first‐line treatment, whereas the

others had discontinued treatment, mainly for disease progression

(76.1%). The mOS was 12.2 months (95% CI, 8.3–16.1 months;

Figure 3A). No differences in terms of OS were observed according to

KRAS mutation subtypes (p = .39; Figure 3B).

PFS was documented in 102 patients, and the mPFS for first‐line
treatment was 5.6 months (95% CI, 4.5–6.6 months; Figure 4A). The

ORR to first‐line therapy was 32.0%, whereas the disease control

rate was 61.1%. No differences in terms of mPFS were observed

according KRAS mutation subtypes (Figure 4B). However, a numer-

ically shorter mPFS was observed in patients with KRAS p.G12D

(4.1 months; 95% CI, 2.5–5.6 months) and p.G12A (1.9 months; 95%

CI, 0.7–3.1 months) mutations. No differences in terms of OS or PFS

were observed by first‐line treatment type, although both chemo-

therapy and experimental therapies in clinical trials were character-

ized by shorter mPFS (5.1 and 2.8 months, respectively). Because one

4

F I GUR E 1 Patients evaluated and included in the study.

4 - REAL‐WORLD DATA OF KRAS‐MUTANT NSCLC
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TAB L E 1 Characteristics of patients included in the study.

Patients with
stage IV disease, No. (%)

Patients treated for
advanced disease, No. (%)

No indication for
active treatment, No. (%)

No. of patients 199 134 38

Sex

Men 135 (67.8) 93 (69.4) 26 (68.4)

Women 64 (32.2) 41 (30.6) 12 (31.6)

Age at diagnosis [range], years 69 [38–90] 69 [41–85] 72 [48–90]

Smoking habit

Yes, NOS 3 (1.5) 3 (2.2) 0 (0.0)

Current 60 (30.2) 44 (32.8) 8 (21.1)

Former 124 (62.3) 82 (61.2) 26 (68.4)

Never 7 (3.5) 4 (3.0) 2 (5.3)

Unknown 5 (2.5) 1 (0.7) 2 (5.3)

ECOG performance status at diagnosis

0 108 (54.3) 81 (60.4) 11 (28.9)

1 72 (36.2) 48 (35.8) 14 (36.8)

2 17 (8.5) 5 (3.8) 11 (28.9)

3 1 (0.5) 0 (0.0) 1 (2.6)

Unknown 1 (0.5) 0 (0.0) 1 (2.6)

ECOG performance status at stage IV

0 87 (43.7) 70 (52.3) 8 (21.1)

1 72 (36.2) 50 (37.3) 14 (36.8)

2 19 (9.5) 7 (5.2) 11 (28.9)

3 2 (1.0) 0 (0.0) 2 (5.3)

Unknown 19 (9.5) 7 (5.2) 3 (7.9)

No. of metastatic sites

Unknown 20 (10.1) 8 (6.0) 2 (5.3)

1 39 (19.6) 21 (15.7) 6 (15.8)

2 72 (36.2) 54 (40.3) 14 (36.8)

3 41 (20.6) 32 (23.9) 8 (21.1)

4 17 (8.5) 12 (9.0) 5 (13.2)

5 9 (4.5) 6 (4.5) 3 (7.9)

6 1 (0.5) 1 (0.7) 0 (0.0)

Of which

Brain 34 (17.1) 26 (19.4) 6 (15.8)

Liver 14 (7.0) 9 (6.71) 3 (7.9)

Histology

Adenocarcinoma 170 (85.4) 116 (86.6) 30 (78.9)

Large cell carcinoma 1 (0.5) 1 (0.7) 0 (0.0)

NSCLC NOS 26 (13.1) 15 (11.2) 8 (21.1)

Squamous cell carcinoma 2 (1.0) 2 (1.5) 0 (0.0)

(Continues)
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T A B L E 1 (Continued)

Patients with

stage IV disease, No. (%)

Patients treated for

advanced disease, No. (%)

No indication for

active treatment, No. (%)

Mutation type

p.G12C 78 (39.2) 52 (38.8) 15 (39.5)

p.G12V 34 (17.1) 15 (11.2) 11 (28.9)

p.G12D 29 (14.6) 24 (17.9) 4 (10.5)

p.G12A 19 (9.5) 14 (10.4) 3 (7.9)

Other 39 (19.6) 29 (21.6) 5 (13.2)

Co‐mutation rate

Yes 49 (24.6) 29 (21.6) 11 (28.9)

No 149 (74.9) 104 (77.6) 27 (71.1)

Unknown 1 (0.5) 1 (0.7) 0 (0.0)

PD‐L1 expression

Negative 88 (44.2) 60 (44.8) 19 (50.0)

1%–49% 58 (29.1) 41 (30.6) 9 (23.7)

≥50% 44 (22.1) 32 (23.9) 6 (15.8)

Incomplete data 9 (4.5) 1 (0.7) 4 (10.5)

First‐line treatment

Anti–PD‐1/PD‐L1 35 (26.1)

Chemotherapy and anti–PD‐1/PD‐L1 27 (20.1)

Chemotherapy 64 (47.8)

Clinical trial 8 (6.0)

Chemotherapy: Single agent versus doublet

Single agent 22 (16.4)

Doublet 42 (31.3)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; NOS, not otherwise specified; PD‐1, programed death 1; PD‐L1, programmed death

ligand 1.

F I GUR E 2 OS (A) in all patients and (B) by KRAS mutation status. CI indicates confidence interval; OS, overall survival.

6 - REAL‐WORLD DATA OF KRAS‐MUTANT NSCLC
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third of patients who underwent chemotherapy received single‐agent
treatment only, we compared PFS and OS according to the type of

chemotherapy (platinum doublet vs. single agent). Although no sta-

tistically significant difference was observed for PFS (p = .32), there

was a significant difference in terms of OS (mOS, 13.8 vs. 5.3 months;

p = .02). More patients who underwent platinum‐based chemo-

therapy received second‐line treatment compared with those who

underwent single‐agent chemotherapy (54.8% vs. 27.3%). PFS and

OS did not significantly differ by PD‐L1 expression, although mPFS

was numerically higher in patients who had high PD‐L1 expression

(11.0 vs. 5.0 months; see Figure S2). At multivariate analysis, only an

ECOG PS of 2 was associated with significantly shorter PFS and OS,

whereas no association was observed for the other variables.

PFS was also evaluated according to KRAS mutation and type of

first‐line systemic treatment (chemotherapy. immunotherapy, or

chemoimmunotherapy). No differences in terms of mPFS were

observed in patients with different KRAS mutations in any treatment

group (see Figure S3).

OS in patients who did not receive first‐line systemic
therapy

Thirty‐eight patients (19.1%) in our cohort received an indication for

best supportive care at the time of diagnosis. In this subgroup, the

mOS was 1.84 months (95% CI, 1.55–2.13 months), with 34 deaths

recorded. Eleven patients (28.9%) received palliative radiation

treatment, including eight at the bone level for antalgic purposes,

whereas three patients underwent mediastinal radiotherapy.

Patients who received second‐line systemic therapy

In total, 48 patients received second‐line therapy. Twenty‐three pa-

tients (47.92%) received anti–PD‐1/PD‐L1 single‐agent therapy,

whereas the others received chemotherapy or were enrolled in

clinical trials (including two patients receiving sotorasib). Notably, in

this subgroup, non–p.G12C KRAS mutations were less frequent

F I GUR E 3 OS (A) in patients who underwent first‐line therapy and (B) by KRAS mutation status. CI indicates confidence interval; OS,
overall survival.

F I GUR E 4 (A) PFS in patients who underwent first‐line therapy and (B) by KRAS mutation status. CI indicates confidence interval; PFS,
progression‐free survival.
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(20.8% and 8.3% of patients with p.G12D and p.G12A, respectively,

vs.45.8% of those with p.G12C).

DISCUSSION

This retrospective series of KRAS‐positive, advanced or metastatic

NSCLC confirms the overall bad prognosis for this subgroupof patients

despite the introduction of ICIs in the therapeutic landscape. Indeed, in

entire cohort, the mOS was 10.7 months, and it was 12.2 months in

patients who received first‐line treatment, with no statistically signif-

icant difference by type of first‐line treatment. Retrospective data as

well as subgroup analyses of clinical trials of ICIs did not show a

consistent predictive role of KRAS mutations in advanced NSCLC. In

our series, the prevalence of KRAS mutation variants was similar to

that reported in the literature, even when the small sample size was

taken into account.22 Moreover, there was no difference in terms of

survival according to each KRAS mutation, although the numerically

shorter mPFS in patients with G12D and G12A mutations warrants

further investigation. This latter finding is in accordance with Lee and

colleagues, who reported a shorter median duration of first‐line
treatment in patients with non–G12C KRAS mutations.23 Until

recently,KRAS‐positive NSCLC has been clinically considered a unique

entity, with a dismal prognosis comparedwith oncogene‐addicted lung

tumours.24 The development of specific inhibitors against p.G12C

KRAS mutation has renewed the interest of both scientists and clini-

cians in KRAS‐mutant NSCLC.10,11 In this regard, a recent article

reviewed the effectiveness of chemotherapy, antiangiogenic therapy,

targeted therapy, or immunotherapy among patients with lung cancer

who had different KRAS mutant subtypes and demonstrated that the

results were far from satisfactory.24 Although some studies suggested

that these patients may derive greater benefit from ICIs alone or in

combination with chemotherapy,16,25 others did not.14,17,26,27 More-

over, a recentmeta‐analysis of randomized clinical trials of anti–PD‐(L)
1 with or without chemotherapy in advanced NSCLC pointed out a

greaterOS benefit inKRAS‐positive patients comparedwith thosewho

had wild‐type KRAS,28 whereas another retrospective analysis of

randomized trials submitted to the US Food and Drug Administration

formarketing approval showed that, among 1430 patients with known

KRAS mutational status who underwent first‐line therapy, both

response rate and survival were similar between KRAS‐positive
patients and those with KRAS wild‐type, although the mOS was

numerically higher in KRAS‐positive patients who received chemo-

immunotherapy.29 The extent to which different KRAS mutation sub-

typesmaypredict the efficacy ICIs is still unclear. A retrospective study

suggested that tumors harboring G12D, G12V, and G13C mutations

had significantly higher PD‐L1 expression compared with tumors

harboring KRAS G12C and G12A mutations, and the latter were less

sensitive to ICIs.30 It has been demonstrated that PD‐L1 expression

levels are both prognostic and predictive of immunotherapy efficacy in

NSCLC.31 However, the predictive value of PD‐L1 is far from optimal.

Our analysis in this regarddidnot identify any associationbetweenPD‐
L1 expression levels and survival. However, administered treatments

were heterogeneous, based on PD‐L1 expression, and related to na-

tional regulatory issues. Indeed, first‐line, single‐agent immunotherapy

was reimbursed in Italy for patients who had high PD‐L1 expression

(≥50%) in May 2017, whereas the combination of chemotherapy and

pembrolizumab was reimbursed for patients who had PD‐L1 tumor

proportion scores <50% in December 2019.

A critical consideration is related to the high degree of hetero-

geneity among the different subtypes of KRAS mutations leading to

differences in metabolic profiles and the TME. More specifically, in

KRAS tumors the TME, ranges from T‐cell–depleted (cold) to T‐cell–
inflamed (hot).32,33 Co‐occurring genetic events are observed in

approximately 30% of KRAS‐mutant tumors, some associated with a

hot TME (like TP53mutations) and others associated with a cold TME

(such as STK11/LKB1 and KEAP1 mutations). Therefore, such profiles

may define clinically relevant subtypes, as suggested by retrospective

evidence of different sensitivity to ICIs depending on co‐mutational

status.19,34,35 Only 21.6% of patients in our series harbored co‐
mutations, mainly involving TP53. The lower prevalence of co‐
mutations may be caused in part by the limited gene panel that

was used, not including, for example, KEAP1 mutations (which are

reported to be present in 8.4% of cases)20 and TP53 mutations in

cases analyzed from 2020 to 2021. However, the adoption of clini-

cally available NGS panels reflects real‐word practice.

Others obvious limitations in the current study are related to its

retrospective nature, although we included all patients registered in

our clinical database who had with complete clinical and pathologic

information. Because of the number of included patients, data on the

impact of different therapeutic approaches in relation to specific

mutation isoforms should be taken with caution. The reduced mOS of

patients who received only best supportive care seems to be mainly

determined by their poor performance status, thus providing only

limited information about the natural course of the disease in unfit

and untreated patients.

In conclusion, we reported the clinical history of KRAS‐positive,
advanced NSCLC in a large cohort of consecutive patients who were

treated mainly with immunotherapy. Overall, KRAS‐positive,
advanced and metastatic NSCLC is characterized by a poor prog-

nosis; and the efficacy of first‐line ICIs, both alone and in combination

with chemotherapy, did not differ between patients who had

different isoforms of KRAS mutations, even when analyzed by the

type of first‐line treatment, although a shorter mPFS, which did not

reach statistical significance, was observed in patients with p.G12D

and p.G12A mutations.

Because of the rising translational and clinical interest around

the next generation of KRAS inhibitors, it will be critical to contin-

uously collect prospective data about the clinical implications of the

different isoforms, the role of co‐mutations, and the role of intrinsic

and acquired resistance to specific KRAS inhibitors.
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