
Abstract. Background/Aim: The role of anti-PD1/PD-L1
therapy (IO) in NSCLC harboring driver mutations is
questionable. This study aimed to examine the efficacy of IO
in patients with non-small cell lung cancer (NSCLC) with a
KRAS mutation (KRAS+). Patients and Methods: We
retrospectively identified NSCLC patients harboring KRAS
mutation treated with IO in our Institution. We analyzed the
results in comparison to non-KRAS patients. Results: Among
328 consecutive KRAS+ NSCLC patients, 43 (13.1%)
received IO in our Institution. In parallel 117 non-KRAS
NSCLC patients treated with IO were selected for
comparison. The baseline characteristics were similar
between the two groups. No significant difference was
observed between KRAS+ and non-KRAS patients in terms of
mPFS (4.6 vs. 3.3 months, p=0.58) or OS (8.1 vs. 13.0
months, p=0.38). Conclusion: KRAS mutations seem to be
irrelevant for selecting patients for IO that could be therefore
considered an effective therapy for NSCLC patients,
independently of KRAS status.

The identification of oncogenic drivers has dramatically
changed the therapeutic landscape of non-small cell lung
cancer (NSCLC). KRAS, with a prevalence of 22-30% (1-3)
represents the most frequent oncogene mutation in NSCLC,
but it still fails to be druggable. To date, chemotherapy with
platinum-based regimen remains the treatment backbone for
KRAS+ NSCLC patients (4). Most recently, the introduction
of immunotherapy represented a paradigm shift in the
treatment of NSCLC without any clinically actionable

mutations (5). Of note, not all patients benefit from
immunotherapy, but neither PD-L1 nor TMB proved to be
an optimal predictor of IO efficacy (6-8). For this reason, the
identification of other potential biomarkers that could predict
clinical response or resistance to immunotherapy is crucial.
The role of IO in the presence of known driver mutation is
now under investigation, but no definitive data are available.
Some preliminary results based on subgroup or retrospective
analyses suggest the ineffectiveness of IO in disease with
predictive biomarkers, such as EGFR, ALK, ROS1 or MET
(9). In this regard, KRAS-mutant tumors have been
considered an attractive target for immunotherapy,
considering the association with smoke, the elevated level of
PDL1 expression, the high tumor mutational burden, and the
proven abundance of T-cell infiltrating lymphocytes. Despite
the fact that, in the Checkmate 057 study (10), a potential
advantage in mutated KRAS compared to other populations
has been suggested, in other studies with IO (11-13) this
benefit was not statistically significant. In the context in
which there is no evidence originating from prospective
trials, data derived from real-life experience can provide
useful information for clinical practice. Our retrospective
study was designed to compare clinical outcomes in KRAS+
vs. non-KRAS patients, treated routinely with IO.

Patients and Methods

Patient selection. Patients with stage IV NSCLC harboring KRAS
mutation (KRAS+) treated with IO in our Institution between 2016
and 2018 were retrospectively identified by electronic medical
record review. In parallel, patients treated with IO in the same
period for stage IV NSCLC without KRAS mutation (non-KRAS)
were selected for comparison. All patients provided written
informed consent for the collection of demographic, clinical,
radiological and molecular data. The study was conducted in
accordance with the principles of good clinical practice, and
Institutional review board and Ethics committee approval was
obtained before the study initiation. 
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Study design. In this retrospective cohort study, baseline demographic,
clinical, and pathological characteristics were collected. In both
KRAS+ and non-KRAS groups, tumor response, OS and progression-
free survival (PFS) were assessed and compared. OS was calculated
from the date of IO initiation until death from any cause; the outcome
was censored if a patient was still alive at the time of last follow-up.
PFS was calculated from the date of IO initiation until disease
progression as defined by Response Evaluation Criteria In Solid
Tumors, version 1.1 (RECIST 1.1) or death whichever comes first;
the outcome was censored if a patient was still alive without known
progression of disease at the time of last follow-up. 

Molecular analysis and PD-L1 expression. Representative formalin-
fixed paraffin-embedded (FFPE) tissue blocks were used for the
analyses of KRAS mutational status and PD-L1 immunohistochemical
expression, as previously reported (14-16). Depending on the time of
request, mutational analysis of KRAS was assessed either by Sanger
Sequencing (14) or by Next-Generation Sequencing (NGS) (15). In
detail, 19 cases were screened by Sanger Sequencing using BigDye
Terminator chemistry and evaluated on 3500D x Genetic Analyzer
(Applied Biosystems, Foster City, CA, USA). Twenty-four cases were
subjected to targeted NGS analysis using the CE-IVD Oncomine
Solid Tumour DNA kit (ThermoFisher, Waltham, MA, USA) that
allowed the simultaneous evaluation of the mutational status of 22
genes, including KRAS. Sequencing was performed on Ion S5
System (ThermoFisher, Waltham, MA, USA) and the data were
analyzed using the Ion Reporter Analysis software. All the patients
enrolled in the present study were EGFR- and ALK-negative (wild
type). PD-L1 expression was assessed on tumor cells using the
immuno-histochemistry assay CE-IVD PD-L1 IHC 22C3 pharmDx
with the Agilent-Dako 22C3 clone developed on the Dako Autostainer
Link 48 (Agilent Technologies, Santa Clara, CA, USA) as previously
described (16). 

Statistical analysis. The patient’s characteristics were summarized and
tabulated against the KRAS mutation status either by count and percent
for categorical variables or count, mean and Interquartile Range (IQR)
for continuous variables. The median follow-up was estimated by the
inverted Kaplan-Meier method. Univariate hazard ratios (HR) for the
OS and PFS were estimated using the Cox regression model, estimates
were tabulated alongside the 95% confidence interval (95% CI). A
multivariable Cox regression model was run in order to adjust the
KRAS OS HR estimate by the Eastern Cooperative Oncology Group
Performance Status (ECOG-PS). A multivariable competing risk Cox
regression model including the KRAS status and the ECOG-PS was also
run in order to estimate the HR for the progressive disease, death entered
the model as a competing event, progressive disease was the event of
interest. Between group (KRAS+ vs. non-KRAS) categorical variables
comparison were done using the Fisher’s exact test, the unpaired t-test
or two-sample Wilcoxon test were used for continuous variables as
appropriate. All tests were two-tailed and considered significant at the
5% level. All analyses were performed using SAS 9.4 (Cary, NC, USA).

Results
Demographics and clinical patient characteristics. Between
2016 and 2018 a total of 328 consecutive patients with KRAS+
NSCLC were identified, of them 43 (13.1%) received IO for
stage IV NSCLC. In 25 cases (58.1%) NGS was available.
Furthermore, 117 patients without KRAS mutation treated with

IO for the same indication were selected. Table I depicts the
main patient characteristics. The baseline characteristics were
similar between the two groups, however, the percentage of
former/current smokers was significantly higher in the KRAS+
patients (93% vs. 77.8%, p=0.04), as well as the percentage of
patients with brain metastasis (30.2% vs. 15.4%, p=0.04).
Furthermore, KRAS+ patients have two or more co-morbidities
in a higher percentage of cases, in comparison with non-KRAS
patients (20.9% vs. 8.5%, p=0.001). Fourteen KRAS+ patients
were treated with IO in first-line (32.6%). Similarly, 30 non-
KRAS patients (25.6%) received IO as first-line. Between the
10 subtypes of KRAS mutation identified in our cohort, G12C
was the commonest (17, 46.0%). Between KRAS+ patients, 10
(23.3%) had co-occurring gene mutations. 

Tumor response. Concerning tumor response, 41 and 88
patients were assessed for response in KRAS+ and non-
KRAS groups, respectively. No significant difference has
been observed between KRAS+ and non-KRAS patients in
terms of ORR (19.5 vs. 36.4%, p=0.07) and DCR (53.7 vs.
55.7%, p=0.85), as illustrated in Table II.

Patient survival. The median follow-up time since IO initiation
was 16.8 months for all patients, 18.5 months for KRAS+ and
15.4 months for non-KRAS patients (p=0.53). At the time of
survival analysis, as illustrated in Figure 1A, the mPFS was 4.6
months (95% CI=2.7-6.3) and 3.3 months (95% CI=2.7-4.7) in
the KRAS+ and non-KRAS subgroups, respectively (p=0.58).
No significant difference in terms of OS was observed between
the two subgroups. The mOS was 13.0 months (5.4-not
estimable) and 8.1 months (6.1-15.3) in the KRAS+ and non-
KRAS subgroup respectively (p=0.38), Figure 1B. At
univariate analysis, no statistically significant differences were
found in terms of PFS (p=0.39) or OS (p=0.78) between
patients treated in first-line setting and those treated in the
following lines (Table III). All risk factors found to have a
p<0.05 at univariate analysis for OS were included as co-
variates in the multivariable model. At the multivariable
analysis, ECOG PS 2 remained significantly associated with a
higher risk of death (HR=3.14, 95% CI=1.42-6.92; p=0.005).
At univariate analysis, ECOG P2 2 was the only factor
significantly associated with an increased risk for progressive
disease (HR=2.43, 95% CI=1.22-4.84; p=0.01), confirmed at
multivariable (HR=2.40, 95% CI=1.22-4.73; p=0.01).
Regarding efficacy of IO with respect to PD-L1 expression in
KRAS mutated population, PFS and OS were not significantly
different in negative patients (PD-L1 TPS <1%) versus positive
(PD-L1 ≥1%). The same results were obtained by splitting the
population into three groups: PD-L1 TPS<1%, between 1%
and 49% and ≥50%. No statistically significant difference was
observed in terms of OS (HR=1.11, 95%CI=0.57-2.15; p=0.76)
or PFS (HR 1.03, 95%CI 0.59-1.81; p=0.91) when patents with
G12C were compared to other mutation subtypes. 
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Discussion

This is a mono-Institutional retrospective analysis of KRAS+
NSCLC patients treated with IO. We compared the results with
a non-matched KRAS negative patient population. We did not

record any difference according to PFS and OS. At univariate
and multivariate analyses, ECOG PS 2 was the solely negative
predictive factor associated with worse outcomes. To date,
despite the novel small molecule AMG 510 has shown
promising results in KRAS G12C mutant NSCLC (17), no
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Table I. Patient characteristics and demographics. 

Characteristic                                             Levels                                                Non-KRAS (N=117)                    KRAS+ (N=43)                     p-Value

Median f.u. time, months                                                                                                  15.4                                           18.5                                0.81
Age, years                                                  At diagnosis                                               64 (56-71)                                 61 (54-68)                           0.12
                                                                   At IO start                                                  65 (59-72)                                 62 (55-68)                           0.06
Gender                                                        Female                                                         39 (33.3)                                   21 (48.8)                               
                                                                   Male                                                            78 (66.7)                                   22 (51.2)                            0.10
Type of metastases                                    Bone                                                            42 (35.9)                                   17 (39.5)                            0.71
                                                                   Brain                                                           18 (15.4)                                   13 (30.2)                            0.04
                                                                   Liver                                                            13 (11.1)                                    7 (16.3)                             0.42
                                                                   Visceral                                                       18 (15.4)                                   15 (34.9)                            0.014
                                                                   Other sites                                                   89 (76.1)                                   37 (86.1)                            0.20
No. of metastases sites per patient           1                                                                   58 (49.5)                                    9 (20.9)                                
                                                                   2                                                                   43 (36.8)                                   19 (44.2)                               
                                                                   [3-5]                                                            16 (13.7)                                   15 (34.9)                          <0.001
No. of comorbidities                                  0                                                                         0                                            3 (7.0)                                 
                                                                   1                                                                 107 (91.5)                                  31 (72.1)                               
                                                                   [2-3]                                                             10 (8.5)                                     9 (20.9)                             0.001
Comorbidities                                             No comorbidities                                              0                                            3 (7.0)                                 
                                                                   CPDO                                                            7 (6.0)                                      5 (11.6)                              0.31
                                                                   Auto-immune disorders                               2 (1.7)                                       3 (7.0)                               0.25
                                                                   Lung interstitial disease                                    0                                            1 (2.3)                               0.47
                                                                   HCV/HBV                                                    1 (0.9)                                       2 (4.7)                               0.18
                                                                   Other                                                           117 (100)                                   40 (93.0)                            0.018
ECOG PS                                                   0-1                                                              112 (95.7)                                  38 (88.4)                               
                                                                   2                                                                     5 (4.3)                                      5 (11.6)                              0.13
Smoking habitus                                        Former/Current                                           91 (77.8)                                   40 (93.0)                               
                                                                   Never                                                           26 (22.2)                                     3 (7.0)                               0.04
Stage at diagnosis                                      IA                                                                  3 (2.6)                                       1 (2.3)                                 
                                                                   IIB-IIIA-IIIB                                              31 (26.5)                                   13 (30.2)                               
                                                                   IB                                                                  5 (4.3)                                            0                                     
                                                                   IV                                                                78 (66.7)                                   29 (67.4)                            0.80
PD-L1 statusa                                             Positive                                                       59 (50.4)                                   30 (69.8)                               
                                                                   Negative                                                        5 (4.3)                                      7 (16.3)                                
                                                                   Missing                                                       53 (45.3)                                    6 (14.0)                           <0.001
                                                                   <1%                                                               5 (4.3)                                      7 (16.3)                                
                                                                   [1-49%]                                                       19 (16.2)                                   19 (23.3)                               
                                                                   ≥50%                                                           40 (34.2)                                   20 (46.5)                               
                                                                   Missing                                                       53 (45.3)                                    6 (14.0)                           <0.001
Setting                                                        I                                                                   30 (25.6)                                   14 (32.6)                               
                                                                   II                                                                  56 (47.9)                                   14 (32.6)                               
                                                                   III                                                                23 (19.7)                                   12 (27.9)                               
                                                                   IV                                                                  6 (5.1)                                       2 (4.7)                                 
                                                                   V                                                                    1 (0.9)                                       1 (2.3)                                 
                                                                   VII                                                                 1 (0.9)                                            0                                   0.43
                                                                   I                                                                   30 (25.6)                                   14 (32.6)                               
                                                                   II-VII                                                           87 (74.4)                                   29 (67.4)                            0.43
Co-mutation                                                                                                                           -                                          10 (23.3)                               

ECOG PS: Eastern Cooperative Oncology Group Performance Status. aFisher’s exact test p-value on valid cases only: p=0.07; Statistics are: Mean
(IQR) for age, N (column %) for all other variables except follow-up time (median); Median follow-up time for all patients is 16.8 months; minimum
age at IO therapy start is 43 years (1 mutated subject) and maximum 84 years (1 non-mutated subject); all patients had at least one metastatic site
involvement; all patients were HIV-negative.



approved therapy targets KRAS. The recent introduction of
immunotherapy represents a paradigm shift in the treatment of
NSCLC, but is unclear whether the presence of an actionable
mutation could affect the clinical outcome of IO. Data from
meta-analyses have shown that patients with EGFR or ALK-
positive NSCLC do not benefit from IO, at least when
administered alone (18-20). Data about other driver genes are
more questionable. To date, two meta-analyses demonstrated
that KRAS mutation status did not affect negatively survival
outcome of IO in patients with advanced NSCLC (18, 21).
Retrospective data suggested that KRAS status did not
influence IO efficacy (22-24). Furthermore, Mazieres et al. (9)
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Table II. Best response rate assessment by KRAS status.

Best response             Non-KRAS               KRAS+                  p-Value§
                                       (N=88)                   (N=41)

CR                                  3 (3.4)                      0                                 -
PR                                29 (33.0)                   8 (19.5)                       -
SD                                17 (19.3)                 14 (34.1)                       -
PD                                39 (44.3)                 19 (46.3)                       -
ORR                             32 (36.4)                   8 (19.5)                    0.07
DCR                             49 (55.7)                 22 (53.7)                    0.85
ORR: Objective response rate (CR+PR); DCR: disease control rate
(CR+PR+SD). Statistics are: N (column %) of best response assessable
patients; §two-sample test of proportion.

Figure 1. Kaplan-Meier curves for progression-free survival (A) and overall survival (B) according to KRAS status.



retrospectively collected data of 271 KRAS+ NSCLC patients
receiving IO and confirmed that KRAS did not negatively
affect the outcome of IO. Trying to understand the biology
background, Skoulidis et al. identified an “immune cold” group
(KRAS+/SKT11/LKB1+) with a worse outcome when treated
with IO, characterized by lower expression levels of immune
markers, including PD-L1, inactivate T cell infiltration and
high levels of myeloid-recruiting chemokines (25). We
analyzed 43 KRAS+ NSCLC patients, of them 10 had co-
mutation and most patients had G12C. Due to the low sample
number of patients, we failed to demonstrate any correlation
among co-mutation or subtype KRAS mutation and clinical
outcome. Regarding the efficacy of IO in KRAS+ patients
with respect to PD-L1 expression, PFS and OS were not
significantly different in negative cases (PD-L1 TPS<1%) vs.
positive (PDL1≥1%) nor in patients with PD-L1 TPS<1% vs.
1-49% vs. ≥50%. These results could be related to the fact that
KRAS mutation induces PD-L1 overexpression through
activation of its downstream pathways: MAPK signaling could

represent the dominant downstream signal responsible for
ectopic PD-L1 expression and KRAS-mediated up-regulation
of PD-L1 could induce the apoptosis of CD3+ T cells and
mediate immune escape (26-27). In our study, ECOG PS 2
emerges as the sole factor associated with a higher risk of
death and with an increased risk for progressive disease at
multivariable analysis. This suggests that also in KRAS+
patients, the use of immunotherapy in ECOG PS2 patients
should be carefully considered. In fact, taking into account the
heterogeneity of ECOG PS2 population and the lack of robust
data derived from the exclusion of PS 2 patients from the
majority of IO trials (28), the decision of treating with IO
KRAS+ fragile patients, should be discussed case by case.
Despite the retrospective nature of our study, which implies
other limitation like reporting bias (e.g., single institution,
putative selection of good prognosis patient, high prevalence
of strong expression of PD-L1, non-matched control group),
our data could be of interest. Our retrospective study
conducted on 160 NSCLC patients treated with IO, showed
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Table III. Progression-free survival (PFS) and overall survival (OS) univariate analyses.

                                                                                                                                     PFS                                                                        OS

Characteristic                                                                                  HR (95% CI)a                  p-Valueb                     HR (95% CI)a                     p-Valueb

KRAS                                           Non-KRAS                                       1.00                                                                      1.00                                   
                                                      KRAS+                                    0.89 (0.59-1.34)                    0.58                        0.81 (0.50-1.31)                       0.38
Gender                                          Male                                                  1.00                                                                      1.00                                    
                                                      Female                                     1.07 (0.74-1.54)                    0.71                        0.99 (0.65-1.52)                       0.98
Type of metastases                       Brain  
                                                      No                                                   1.00                                                                      1.00                                    
                                                      Yes                                         1.46 (0.94-2.28)                    0.09                        1.39 (0.83-2.34)                       0.21
                                                      Visceral 
                                                      No                                                   1.00                                                                      1.00                                    
                                                      Yes                                         1.07 (0.69-1.66)                    0.76                        1.07 (0.63-1.79)                       0.81
No. of metastases sites                1                                                         1.00                                                                      1.00                                    
per patient                                    2                                               1.03 (0.69-1.54)                    0.88                        0.98 (0.61-1.56)                       0.93
                                                      [3-5]                                         1.27 (0.77-2.10)                    0.34                        1.28 (0.71-2.31)                       0.41
No. of comorbidities                    0                                                         1.00                                                                      1.00                                    
                                                      1                                               1.24 (0.39-3.93)                    0.71                        1.21 (0.42-21.9)                       0.27
                                                      [2-3]                                         1.30 (0.37-4.53)                    0.68                        1.24 (0.41-24.8)                       0.27
ECOG PS                                      0-1                                                     1.00                                                                      1.00                                    
                                                      2                                               1.87 (0.91-3.87)                    0.09                        3.00 (1.37-6.61)                      0.006
Smoking habitus                           Never                                                 1.00                                                                      1.00                                    
                                                      Former/Current                       1.39 (0.90-2.17)                    0.14                        1.22 (0.73-2.02)                       0.45
PDL1 Status                                 Positive                                             1.00                                                                      1.00                                    
                                                      Negative                                  1.01 (0.52-1.97)                    0.98                        1.02 (0.48-2.17)                       0.97
                                                      Missing                                    0.98 (0.67-1.45)                    0.94                        1.19 (0.76-1.87)                       0.44
Setting                                           I                                                         1.00                                                                      1.00                                    
                                                      II-VII                                       0.94 (0.63-1.43)                    0.78                        1.26 (0.75-2.12)                       0.39
Prednisolone§                               Yes                                                     1.00                                                                      1.00                                    
                                                      No                                            0.73 (0.51-1.05)                    0.09                        0.71 (0.47-1.08)                       0.11
Age at IO start, years                                                                  1.00c (0.98-1.01)                   0.58                       1.00c (0.98-1.02)                      0.98

ECOG PS: Eastern Cooperative Oncology Group Performance Status. a,bHazard ratio with 95% CI and p-values obtained from Cox regression model;
cby 1-year increase; §Concomitant <10 mg/d prednisolone eq />10 mg.



that the efficacy of immunotherapy in terms of response rate
and survival outcomes was comparable in patients with or
without KRAS. Therefore, in clinical practice, IO should be
considered as an effective therapy for NSCLC patients,
regardless of KRAS status.
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