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Grégoire Justeau a,b,*, Eric Huchot c, Yannick Simonneau d, Magali Roa e, Jacques Le Treut f, 
Gwenaelle Le Garff g, Olivier Bylicki h, Roland Schott i, Anne-Sophie Bravard j, Marie Tiercin k, 
Régine Lamy l, Gonzague De Chabot m, Adina Marty n, Diane Moreau c, Chrystèle Locher o, 
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A B S T R A C T   

Objectives: Few data are available on the impact of KRAS mutation in patients with advanced non-squamous non- 
small cell lung cancer (aNSCLC) treated with immunotherapy. This analysis assessed the impact of KRAS mu-
tation on the efficiency of first-line pembrolizumab immunotherapy in aNSCLC patients with PD-L1 ≥ 50 %. 
Methods: This was a secondary analysis of the ESCKEYP study, a retrospective, national, multicenter study which 
included consecutively all metastatic NSCLC patients who initiated first-line treatment with pembrolizumab 
monotherapy from May 2017 (date of pembrolizumab availability in this indication in France) to November 22, 
2019 (pembrolizumab-chemotherapy combination approval). Progression-free survival (PFS) and overall sur-
vival (OS) were calculated from the start of pembrolizumab treatment by the Kaplan-Meier method. Tumor 
response and PFS were assessed locally. 
Results: Among the 681 non-squamous aNSCLC PD-L1 ≥ 50 % patients treated with pembrolizumab in the first 
line, 227 (33.0 %) had a KRAS mutation (KRAS G12C, 12.5 %; KRAS non-G12C, 20.5 %). Except among non- 
smokers (KRAS G12C, 0 %; KRAS non-G12C, 2.9 %; no KRAS mutation, 9.2 %), patients presented no differ-
ences in terms of sex, age, number and sites of metastatic disease at diagnosis, use of corticosteroids, use of 
antibiotics, and for biological factors between wild-type KRAS, KRAS G12C and non-KRAS G12C groups. Median 
(95 % CI) PFS in months were 7.0 (3.7–14) for KRAS G12C, 4.8 (3.4–6.7) for KRAS non-G12C and 8.5 (7.3–10.6) 
for wild-type KRAS genotypes (p = 0.23). Median OS were 18.4 (12.6-NR), 20.6 (11.4-NR) and 27.1 (18.7–34.2) 
months, respectively (p = 0.57). 
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Conclusion: No difference in efficacy was observed in non-squamous aNSCLC patients treated with first-line 
pembrolizumab immunotherapy whether they presented a KRAS G12C, non KRAS G12C or wild-type KRAS 
genotype.   

1. Introduction 

Treatment with pembrolizumab monotherapy is now a validated 
first-line option for the treatment of advanced non-small cell lung cancer 
(aNSCLC) characterized by a PD-L1 tumor proportion score ≥ 50 % in 
the absence of EGFR mutation or ALK rearrangement [1]. Mutations of 
the Kirsten rat sarcoma viral oncogene (KRAS) have been reported in 
about 30 % of patients [2]. The most prevalent mutation of this onco-
gene is KRAS G12C, present in about 15 % of aNSCLC, most frequently in 
adenocarcinoma and rarely in squamous carcinoma [3]. KRAS mutation 
has been associated with expression of PD-L1 [4]. Until now, there is no 
available targeted first-line therapy for aNSCLC patients with KRAS 
mutation and patients are frequently treated with immune check-point 
inhibitors (ICIs) as standard-of-care treatment based on PD-L1 expres-
sion. However, the prognostic impact of KRAS mutation remains un-
clear. Indeed, few data are available on the impact of KRAS mutation in 
patients with aNSCLC treated with first-line ICIs. 

The ESCKEYP study was a large multicenter cohort study performed 
in 845 patients initiating pembrolizumab therapy for aNSCLC (in press). 
The efficiency outcomes obtained in real-life setting were slightly less 
favorable compared to the results of the pivotal KEYNOTE-024 trial, but 
patients were less selected [1]. Indeed, the real-life ESCKEYP cohort did 
not exclude patients with treated or untreated brain metastases, corti-
costeroid treatment or performance status ≥ 2. In the present analysis, 
we assessed the characteristics of patients and the impact of KRAS 
mutation, including KRAS G12C, on efficiency outcomes. 

2. Patients and methods 

2.1. Type of study and patients 

The ESCKEYP study (GFPC 05–2018) was a national retrospective 
multicentric trial that included consecutive patients with PD-L1 ≥ 50 % 
aNSCLC initiating first-line single-agent pembrolizumab. The main 
study results have been recently published (in press). In this article, we 
analyzed efficacy outcomes according to KRAS mutation status. 

The ESCKEYP study included adult patients if they were treatment- 
naïve, had histologically or cytologically confirmed aNSCLC, PD-L1 ≥
50 % and negative for EGFR and ALK mutations. Brain metastases at 
inclusion were allowed. At least one measurable lesion was required. 
Patients with autoimmune disease contraindicating immunotherapy or 
active infection (hepatitis B, C, HIV) and patients with organ or bone 
marrow transplant were excluded. 

Pembrolizumab was administered intravenously at a dose of 200 mg 
every 3 weeks, according to the first French registration in 2015. The 
drug was discontinued in the event of progressive disease or unaccept-
able toxicity, as assessed by the investigator. 

The study conformed to the principles of the Declaration of Helsinki 
and Good Clinical Practice Guidelines. It was approved by a national 
independent Ethics Committee (2019-A02073-54, on December, 11, 
2019). Patients received written and oral information on the study and 
gave their consent to participate in the study and for the use of their 
medical data for research purposes. 

2.2. Data collected 

The main data collected for the present analysis were sociodemo-
graphic data, disease history, ECOG performance status, smoking status, 
NSCLC characteristics (histology, stage, metastatic sites at diagnosis), 
PD-L1 expression, mutations or rearrangements including KRAS 

mutation (G12C and others), progression (new sites or existing sites), 
administration of corticosteroids (more than 10 mg/day, for more than 
10 days), previous course of antibiotics (more than 10 days), biological 
parameters (albumin, C-reactive protein) and leucocytes and lympho-
cytes counts. Tumor response was assessed locally according to RECIST 
1.1. Testing for mutations was not centralized and each center could use 
the method of its choice including both small panel NGS and multiplex 
PCR. 

2.3. Statistical analysis 

The characteristics of patients at initiation of first-line pem-
brolizumab were compared using the chi-square test or Fisher’s exact 
test for discrete variables. PFS and OS were estimated according to KRAS 
status by using the Kaplan-Meier method. OS was defined as the time 
from the start date of the start of pembrolizumab treatment to the date of 
death from any cause measured at the last contact date or the cut-off 
date (January 18, 2021). PFS was defined as the time from the start of 
pembrolizumab treatment to the date of first disease progression or 
death from any cause. The log-rank test was used to compare survival 
distributions according to KRAS status. 

Statistical analyses were performed using SAS version 9.4 (SAS 
Institute, Inc., Cary, North Carolina, USA). 

3. Results 

3.1. Patient disposition and characteristics 

In the ESCKEYP study, 681 non-squamous aNSCLC patients with PD- 
L1 ≥ 50 % treated in first line with pembrolizumab were included 
consecutively in 33 centers from May 2017 (date of availability of 
pembrolizumab in this indication in France) to November 22, 2019 
(approval of the pembrolizumab-chemotherapy combination). KRAS 
status of these patients was KRAS G12C mutation (n = 86; 12.6 %), 
KRAS non-G12C mutation (n = 141; 20.7 %) and wild-type KRAS ge-
notype (n = 454; 66.7 %). 

Table 1 presents patient characteristics according to KRAS status. 
There were no differences in terms of sex, age, number and site of 
metastatic disease at diagnosis, use of corticosteroids, use of antibiotics, 
and biological factors between patients with KRAS G12C mutation, 
KRAS non-G12C mutation or wild-type KRAS genotype. Patients with 
wild-type KRAS genotype were more frequently non-smokers (9.2 %) 
compared to patients with KRAS mutation (0 % for G12C KRAS; 2.9 % 
for non-G12C KRAS) (p = 0.0012). 

3.2. Efficiency outcomes 

For the 681 evaluable patients, the overall response rate (ORR) was 
47 % (95 % CI, 36–58) for KRAS G12C mutation, 40 % (95 % CI, 32–49) 
for KRAS non-G12C mutation and 45 % (95 % CI, 41–50) for wild-type 
KRAS genotype (Table 2). 

Median PFS according to KRAS status were comparable in the three 
subgroups: 7 (95 % CI, 3.7–14) months for KRAS G12C mutation, 4.8 
(95 % CI, 3.4–6.7) months for KRAS non-G12C mutation and 8.5 (95 % 
CI, 7.3–10.6) months for wild-type KRAS genotype (p = 0.2284) (Fig. 1). 
Median OS according to KRAS status were comparable in the three 
subgroups: 18.4 (95 % CI, 12.6–NR) months for KRAS G12C mutation, 
20.6 (95 % CI, 11.4–NR) for KRAS non-G12C mutation and 27.1 (95 % 
CI, 18.7–34.2) months for wild-type KRAS genotype (p = 0.5664) 
(Fig. 2) (Table 3). 
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Finally median PFS in patients with PD-L1 tumor score ≥ 90 % and <
90 % was of 9,2 (95 %CI 5,8–17,3) versus 8,3 (95 %CI, 7–10,2) months 
respectively, (p = 0,55). Median OS was of 30 (95 %CI 15,8-NR) versus 
20,9 (95 % CI, 17,5–26) months respectively, (p = 0,5). 

4. Discussion 

In this real-life cohort of patients with aNSCLC treated with first-line 
pembrolizumab, no significant impact was found on clinical outcomes 
according to the patient’s KRAS status. PFS was 7 (95 % CI, 3.7–14) 
months for patients with G12C KRAS mutation, 4.8 (3.4–6.7) months 
with non-G12C mutation and 8.5 (7.3–10.6) months for wild-type KRAS 
genotype. OS were also comparable: 18.4 (12.6–NR) months, 20.6 
(11.4–NR) months and 27.1 (18.7–34.2) months, respectively. Despite 
higher numerical values of survival in patients without KRAS mutation, 
statistical significance was not achieved. ORR were comparable in the 

three subgroups (47 %, 40 % and 45 %, respectively). 
The impact of KRAS mutation in aNSCLC patients treated with ICI 

has been mainly studied in second line therapy or more. In this setting, 
data suggested that KRAS mutated aNSCLC patients could have a better 
OS in comparison with wild-type KRAS patients. Thus, in the study of 
Borghaei et al, nivolumab compared to docetaxel in KRAS-mutated non- 
squamous aNSCLC patients who had progressed after chemotherapy 
appears to have a better OS (HR 0.52, 95 % CI 0.29–0.95) compared to 
no KRAS patients [5]. In the phase III trial comparing atezolizumab and 
docetaxel in previously treated aNSCLC patients, OS were 17.2 and 10.5 
months in patients with and without KRAS mutation, respectively; 
however, the statistical significance was not achieved (HR 0.71, 95 % CI 
0.38–1.35) [6]. In the real-world study of Cui et al, patients with non- 
squamous aNSCLC, available KRAS status, and without EGFR/ALK/ 
ROS1 gene aberrations were prospectively enrolled from 2012 to 2019 
[7]. Among the 346 patients analyzed, 42 % had KRAS mutation (45 % 
of KRAS mutations were G12C). OS were similar in patients with KRAS 
G12C mutation, other KRAS mutation and KRAS wild-type mutation. 
Therefore, it was difficult to conclude whether the outcome was better in 
NSCLC patients with KRAS mutation since these previous studies were 
generally biased by previous chemotherapy regimens. 

Besides our cohort, few studies have assessed the impact of KRAS 
mutation on outcome of patients treated with first-line ICI. The real- 
world retrospective study of Noordhof et al included 595 patients with 
stage IV lung adenocarcinoma with PD-L1 ≥ 50 % treated with first-line 
pembrolizumab (patients with EGFR mutations, ALK translocations or 
ROS1 rearrangements were excluded). A KRAS mutation was reported in 
57 % of patients. Median OS was comparable in patients with or without 
KRAS mutation (19.2 and 16.8 months, respectively; p = 0.86). In 
multivariate analysis, performance status, number of metastatic organs 
and PD-L1 percentage were independent prognostic factors, but KRAS 
mutation status had no prognostic influence (hazard ratio, 1.03, 95 % CI 
0.83–1.29). Data were obtained from registry and no data were reported 
for PFS or tumor response to pembrolizumab. The retrospective mono-
centric study of Cefali et al selected 44 patients with advanced/meta-
static NSCLC with PD-L1 ≥ 50 % [8]. The 11 patients with the KRAS 
G12C mutation had a longer PFS in univariate and multivariate analysis, 
but the small sample size and study design precluded any firm conclu-
sion [8]. Lauko et al have retrospectively reviewed 800 NSCLC patients 
with brain metastasis diagnosed from 2010 to 2019 in a single center 
[9]. In the absence of KRAS mutation, OS was comparable in patients 
treated with ICI within 90 days of diagnosis versus patients not treated 
with ICI: one-year survival was 60.2 % and 54.8 %, respectively (p =
0.84). In contrast, in the presence of a KRAS mutation, one-year survival 
was 60.4 % and 34.1 %, respectively (p = 0.004). Therefore, aNSCLC 
patients with brain metastases who received ICI within 90 days of 
diagnosis had improved OS compared to patients not treated with ICI 
and this benefit was driven mainly by patients with KRAS mutation. 

The main strengths of our study are the multicentric design and the 

Table 1 
Characteristics of patients at initiation of first-line pembrolizumab according to 
KRAS status.   

KRAS  

G12C 
mutation (n 
¼ 86) 

KRAS  

non-G12C 
mutation 
(n ¼ 141) 

Wild-type 
KRAS 
genotype (n ¼
454) 

P- 
value 

Female gender, n (%) 52 (60.5) 85 (60.3) 305 (67.2)  0.21 
Age ≥ 70 y, n (%) 29 (33.7) 37 (26.2) 138 (30.4)  0.46 
Smoking status, n (%) N = 84 N = 138 N = 436  

Current/former 
smoker 

84 (100) 134 (97.1) 396 (90.8)  0.001 

No smoker 0 4 (2.9) 40 (9.2)  
Weight loss, n (%) N = 81 N = 126 N = 377  
<5 % 59 (72.8) 81 (64.3) 238 (63.1)  0.25 
≥5 % 22 (27.2) 45 (35.7) 139 (36.9)  

BMI kg/m, n (%) N = 84 N = 134 N = 435  
<18 4 (4.8) 18 (13.4) 20 (4.6)  0.007 
18–30 73 (86.9) 106 (79.1) 384 (88.3)  
≥30 7 (8.3) 10 (7.5) 31 (7.1)  

ECOG performance 
status, n (%) 

N = 82 N = 130 N = 417  

0–1 69 (84.1) 109 (83.8) 317 (76.0)  0.07 
2–4 13 (15.9) 21 (16.2) 100 (24.0)  

Corticosteroid 
treatment,a n (%) 

N = 85 N = 140 N = 452  

Yes 7 (8.2) 117 (83.6) 47 (10.4)  0.09 
Antibiotic 

treatment,b n (%) 
N = 84 N = 137 N = 447  

Yes 9 (10.7) 23 (16.8) 79 (17.7)  0.29 
Histology, n (%) N = 83 N = 133 N = 450  

Adenocarcinoma 75 (90.4) 133 (94.3) 375 (83.3)  0.021 
Other 8 (9.6) 8 (5.7) 75 (16.7)  

Metastases, n (%) N = 86 N = 141 N = 454  
Brain 14 (16.3) 41 (29.1) 107 (23.6)  0.08 
Bone 31 (36.0) 44 (31.2) 179 (39.4)  0.20 
Liver 11 (12.8) 19 (13.5) 53 (11.7)  0.83 

PD-L1-positive 
tumor, n (%) 

N = 86 N = 141 N = 454  

TPS > 75 % 44 (51.2) 78 (55.3) 224 (49.3)  0.46 
Genetics, n (%) N = 86 N = 141 N = 454  

BRAF 0 8 (5.7) 21 (4.6)  0.09 
Biological 

parameters, n (%)     
Albumin N = 59 N = 74 N = 228  
≤30 g/L 11 (18.6) 12 (16.2) 62 (27.2)  0.09 
C-reactive protein N = 36 N = 57 N = 194  
>5 mg/L 31 (86.1) 47 (82.5) 163 (84.0)  0.89 
White blood cells N = 77 N = 113 N = 360  
>10,000/mm3 39 (50.6) 55 (48.7) 149 (41.4)  0.19 
Neutrophil-to- 
lymphocyte ratio 

N = 74 N = 105 N = 343  

≥4 50 (67.6) 65 (61.9) 201 (58.6)  0.34 

TPS, tumor proportion score. 
a 10 mg/day or more, for more than 10 days. 
b Within 3 months before pembrolizumab. 

Table 2 
Response rates of patients to first-line single-agent pembrolizumab according to 
KRAS status.   

KRAS  

G12C mutation 
(n ¼ 86) 

KRAS  

non-G12C 
mutation 
(n ¼ 141) 

Wild-type  

KRAS genotype 
(n ¼ 454) 

Best response, n (%) N = 83 N = 141 N = 437 
Complete response 3 (3.6) 8 (5.7) 18 (4.1) 
Partial response 36 (43.4) 49 (34.8) 180 (41.2) 
Stable disease 15 (18.1) 34 (24.1) 102 (23.3) 
Progressive disease 29 (34.9) 50 (35.5) 137 (31.4) 

Overall response rate 
(ORR), n (%) 

39 (47) 57 (40) 198 (45) 

95 % CI 36–58 32–49 41–50 
Not evaluable 3 0 17  
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large number of patients included consecutively; nevertheless, this study 
has the limitations of a retrospective study. In addition, tumor mea-
surement was performed locally and there was no centralized evalua-
tion. Our study presents several limits including the fact that the 
mutation detection method was not centralized and could vary from one 

center to another but also that we did not obtain systematic data con-
cerning co-mutations such as STK11, KEAP1 or TP53. 

In conclusion, no difference of efficiency was found for first-line 
pembrolizumab immunotherapy in non-squamous aNSCLC patients 
with KRAS mutation, in particular KRAS G12C versus wild-type KRAS 

Fig. 1. PFS from initiation of first-line single-agent pembrolizumab according to KRAS status.  

Fig. 2. OS from initiation of first-line single-agent pembrolizumab according to KRAS status.  

Table 3 
Median PFS and OS from initiation of first-line single-agent pembrolizumab according to KRAS status.    

PFS OS 
KRAS status N Median 95 % CI P-value Median 95 % CI P-value 

KRAS G12C mutation 86 7 3.7–14  0.2284  18.4 12.6–NR  0.5664 
KRAS non-G12C mutation 141 4.8 3.4–6.7   20.6 11.4–NR  
Wild-type KRAS genotype 454 8.5 7.3–10.6   27.1 18.7–34.2  

NR, not reached. 

G. Justeau et al.                                                                                                                                                                                                                                 



Lung Cancer 174 (2022) 45–49

49

genotype patients. This finding could be relevant as anti-KRAS G12C 
therapies enter the therapeutic landscape of NSCLC. 
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