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Abstract. Background/Aim: KRAS mutation is the most
frequent molecular alteration found in advanced non-small cell
lung cancer (NSCLC). It is associated with a poor prognosis
without available targeted therapy. Treatment options for
NSCLC have been recently enriched by the development of
immune checkpoint inhibitors (ICIs), and data about their
efficacy in patients with KRAS-mutant NSCLC are discordant.
This study assessed the routine efficacy of ICIs in advanced
KRAS-mutant NSCLC. Patients and Methods: All stage IV
NSCLC patients treated in our institution from January 2016 to
December 2017 with immunotherapy were included in our
analysis. We collected the status of KRAS and other mutations,
as well as the type of ICI administered. We assessed four
clinical outcomes: i) disease control rate (DCR), ii) partial
response (PR), iii) progression-free survival (PFS) and iv)
overall survival (OS). Results: A total of 45 patients were
initially identified but 7 were excluded due to insufficient
clinical data, so 38 were included in the end. In the KRAS wild-
type cohort, the DCR was 59% with 49% PR, while the PFS
was 84 months and OS 16.8 months. Among KRAS mutated
patients, results were more favourable, the DCR was 81%, with
62% PR. PFS was 13.6 months and OS was 18.5 months. The
median follow-up was 24 months (17 to 34 months) and 7
patients were still on treatment at the time of analysis.
Conclusion: Our data suggest that KRAS mutation is predictive
of a superior response to immunotherapy. Furthermore, the lack
of response of STK11 and KRAS co-mutated NSCLC patients to
IClIs, is indeed negated by an additional TP53 mutation.
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Representing 11.6% of all cancers, lung cancer is the most
commonly diagnosed malignancy, as well as the leading cause
of cancer-related mortality worldwide. It is responsible for
18.4% of all cancer-related deaths (1). It is divided into two
main categories: i) small cell lung cancer and ii) non-small
cell lung cancer (NSCLC). Accounting for 85% of all lung
cancers, NSCLC encompasses two main histotypes: 1)
adenocarcinoma (ADC) (60%) and ii) squamous cell
carcinoma (SqCC) (35%) (2), each with separate mutational
profiles. Historically, lung cancer was known to be a smoker’s
disease, but today, 15% of NSCLC cases in men and 53% in
women occur in people that have never smoked (3).

In the last decade, the treatment landscape has evolved
thanks to the introduction of immune checkpoint inhibitors
(ICIs), mainly targeting: i) programmed death-1 (PD-1), ii)
programmed death ligand-1 (PD-L1) and iii) cytotoxic T-
lymphocyte-associated antigen-4 (CTLA-4). ICIs have
changed the treatment algorithm for metastatic NSCLC
patients, and have improved their prognosis. PD-L1, an
immune checkpoint protein found in tumour cells or tumour-
infiltrating immune cells, binds PD-1 receptors on activated
T-cells, inducing tumour immune escape by down-regulating
anti-tumoral T-cell function. By inhibiting this pathway,
T-cell activity is restored, inducing immune responses
towards cancer cells (4-6). Currently, PD-1 blockade shows
a substantial improvement in the overall survival (OS) of
NSCLC patients and a subset of them shows long lasting
responses. However, response rates still remain low, with the
majority of patients not obtaining any benefit from ICI, and
5-year survival rates between 15-29% (7-9).

Therapeutic options for ADC have also increased in recent
years thanks to the identification and treatment of oncogenic
mutations, known as driver mutations. These are more
frequent among non-smokers and younger patients (10). In
spite of this progress, the Kirsten Rat Sarcoma (KRAS)
mutation, the most commonly detected oncogenic driver, has
yet to be successfully targeted. These mutations are found
mainly in ADC and are strongly correlated to smoking (11).
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Table 1. Patient and tumour characteristics.

Patient Age Gender Histology PY KRAS mutation Other mutations ICI/line
1 68 Male ADC 60 GI2V STK11 Nivo/2
TP53
2 51 Female ADC 5 No EGFR exon 20 Nivo/2
3 62 Male ADC 60 Gl12C No Pem/2
4 71 Female ADC 0 No TP53 Nivo/2
5 60 Male SqCC 70 No TP53 Nivo/2
6 69 Male ADC 60 G13C No Pem/2
7 60 Male ADC 40 No TP53 Nivo/2
8 58 Female ADC 40 No PIK3CA Pem/2
TP53
9 61 Female ADC 0 No EGFR exon 20 Ate/3
10 70 Female ADC 10 No EGFR exon 21 Ate/5
TP53
11 55 Female ADC 30 GI2V No Nivo/2
12 68 Male ADC 40 G12A No Pem/2
13 47 Female ADC 0 G61H EGFR exon 19 Pem/2
14 69 Male ADC 60 G13C No Nivo/2
15 51 Male ADC 25 G12C No Nivo/2
16 64 Female ADC 60 G12V No Nivo/2
17 74 Male ADC 25 Gl12C TP53 Nivo/2
18 61 Male ADC 60 G61H No Pem/2
19 47 Male ADC 40 No TP53 Nivo/2
20 68 Female ADC 25 No CDKN2A Pem/2
21 71 Male ADC 30 No No Nivo/2
22 67 Male ADC 42 No TP53 Nivo/2
23 62 Female ADC 0 GI12D PTEN Nivo/2
TP53
24 73 Female ADC 20 No No Nivo/2
25 71 Male ADC 75 No BRAF V600E
TP53 Nivo/2
HRAS
26 83 Female ADC 40 Gl12C No Nivo/2
27 44 Female ADC 30 G12A No Nivo/2
28 53 Male ADC 16 No EGFR exon 20 Pem/2
29 56 Male ADC 50 Gl12C No Nivo/2
30 78 Male ADC 120 G12C No Nivo/2
31 73 Female ADC 50 G12V No Nivo/2
32 54 Female ADC 35 No TP53, STK11, APC, CDKN2A Nivo/2
33 72 Male ADC 50 G12C No Pem/2
34 43 Female SqCC 60 No CDKN2A Nivo/2
TP53
35 44 Male ADC 45 G12vV No Nivo/2
36 59 Male SqCC 70 No TP53 Nivo/2
37 77 Female ADC 60 Gl12C TP53 Nivo/2
38 70 Female ADC 20 G12C No Nivo/2

ADC: Adenocarcinoma; SqCC: squamous cell carcinoma; PY: pack years; ICI: immune-checkpoint inhibitor; Nivo: nivolumab; Pem: pembrolizumab;

Ate: atezolizumab.

KRAS has been mainly identified as predictive of poor
response to chemotherapy and is generally considered an
adverse prognostic factor in advanced NSCLC (12-14).
Interestingly, in the rare cases of concomitant epidermal
growth factor receptor (EGFR) or anaplastic lymphoma
kinase (ALK) mutations, KRAS mutation is not necessarily
predictive of poor response to targeted therapy (15).
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An exception has been observed in KRAS mutated
patients undergoing PD-1 blockade for advanced NSCLC.
An unplanned subgroup analysis in “Checkmate 057 (16),
has found a possible advantage of ICI in KRAS mutated
NSCLC patients. In a recent meta-analysis by Kim et al.,
ICIs were compared to docetaxel in pre-treated NSCLC
patients, with results stratified depending on the KRAS
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Figure 1. Immune check-point inhibitor activity. A. Disease control rate
in KRAS-mutated and wild-type patients. B. Progression-free survival
among KRAS mutated patients, wild-type patients, and KRAS patients
with concurrent mutations. C. Overall survival among KRAS mutated
and wild-type patients.

status. Again, KRAS mutated patients derived significant
survival benefit from ICIs versus chemotherapy, while the
same was not found in wild-type patients (17). Nevertheless,
data are lacking to strongly support the predictive value of
KRAS mutations. Recent large retrospective analyses did not
confirm these findings (18).

There is a biological rationale behind a potential
interaction between KRAS mutations and sensitivity to ICI.
KRAS mutated in NSCLC represents a heterogeneous group
of diseases with distinct molecular patterns. Generally, this
group exhibits an increased tumour mutation burden,
potentially leading to increased sensitivity to ICI (19). In
case of concomitant alterations, such as mutations of tumour
suppressors TP53 or STK11, KRAS mutated tumours can be
differentiated into distinct phenotypes. For instance,
concomitant KRAS with TP53 mutations are associated with
enhanced tumour cell proliferation and inflammation (20).
In contrast, STK11 mutations may potentiate KRAS-induced
signalling and gene-expression without increased
proliferation. However, STK11 mutations decrease immune
surveillance, possibly by impacting on the NF-kB pathway.
STK11 mutations are also associated with decreased tumour
infiltrating lymphocytes (TILs), which significantly
contribute to the suppression of the immune surveillance
response (20, 21). The resulting immune-inactive tumour
microenvironment could be predictive of poor response to
ICI. Thus, KRAS mutations could, depending on concurrent
mutations, be predictive of response or resistance to ICI.
Herein, given this biological rationale, we will evaluate the
predictive role of KRAS and concurrent mutations in ICI in
advanced NSCLC. The clinical outcomes analysed are
disease control rate (DCR), partial response (PR),
progression free survival (PFS) and OS.

Patients and Methods

We analysed all stage IV lung cancer patients treated in our
institution from January 2016 to December 2017 and included
patients treated with immunotherapy as first or subsequent lines of
treatment, independent of other prior treatments, such as
chemotherapy. Patients who never received ICI and SCLC patients
were excluded.

For these patients, we collected mutation data from medical and
pathology records, such as KRAS or other mutations, including
EGFR, ALK, BRAF, phosphatidylinositol-4,5-bisphosphate 3-
kinase, catalytic subunit alpha (PIK3CA), cyclin-dependent kinase
inhibitor 2A (CDKN2A), TP53, STK11. We specified the type of
KRAS mutation, for an exploratory analysis on the impact of
specific mutations on the outcomes we assessed. Data on the type
of ICIs administered (pembrolizumab, nivolumab or atezolizumab),
duration and line of treatment were collected. Using this dataset, we
assessed four clinical outcomes and compared them in patients
harbouring KRAS mutations, those with concurrent mutations and
wild-type patients: i) disease control rate (DCR), ii) partial response
(PR), iii) progression free survival (PFS) and iv) overall survival
(0S). We defined our clinical outcomes as follows: i) DCR
represents stable disease or response to ICI according to the
radiological RECIST 1.1 criteria (22); ii) PR corresponds to a
decrease of at least 30% in the sum of diameters of measurable
lesions; iii) PFS is defined as the absence of clinical or radiological
progression in patients alive and on ICI treatment; iv) OS represents
the time from start of treatment to death.
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Results

From January 2016 to December 2017, 45 patients were
identified but 7 were excluded due to insufficient clinical
data. 27 (71%) of the total 38 patients were treated with
nivolumab, 9 patients (24%) with pembrolizumab and 2
patients (5%) with atezolizumab. Twenty-two patients (58%)
were male and 16 (42%) female. The median age was 63.
Twenty-one patients (55%) presented KRAS mutations, of
which 4 (19%) had concurrent p53 mutations (one with an
additional STK11 mutation, and one more with an EGFR
mutation). All KRAS mutated patients had ADC.

Seventeen patients (45%) were KRAS wild-type, of which
4 (24%) had EGFR mutations, 1 (6%) a BRAF V600E
mutation, and 1 (6%) an STK11 mutation. In the KRAS
mutated subgroup 57% were male and 43% were female, the
median age was 61 years and all patients had PS 0-1. All
patients received second line immunotherapy except for 2,
one in the third line, one in the fifth line. Fourteen KRAS
wild-type patients had ADC, while 3 had SqCC (Table I).

In the entire cohort the disease control rate (DCR) was 71%
with 55% PR, while PFS was 11.3 months and OS 17.7 months.
In the KRAS wild-type subgroup, DCR was 59% with 49% PR,
while the PFS was 8.4 months and the OS was 16.8 months. In
the KRAS mutated subgroup, DCR was 81%, with 62% PR.
PFS was 13.6 months and OS was 18.5 months (Figure 1).

Among KRAS patients, 9 had G12C mutations, 5 had
G12V, 2 had G13C, 1 had G12D, 2 had G12A, and 2 had
G61H mutations.

An exploratory analysis based on KRAS mutation types or
co-mutations was performed. The average PFS for G12C,
G13C, G12V, G61H and other mutations was 19.1, 7.8, 9.4,
2.2, and 13.9 months, respectively. PES for TP53 co-mutated
KRAS NSCLC was 23.5 months. The patient with concurrent
STK11, KRAS, TP53 mutations had a PFS of 24.6 months
and was still on treatment, while the STK11 non-KRAS co-
mutated patient had a PFS of 6.2 months. At the time of
analysis 7 patients were still receiving immunotherapy. The
median follow-up was 24 months (17 to 34 months).

Discussion

The prognostic and predictive value of KRAS mutations in
NSCLC remains unclear (23). Recently, a trial found that the
double mutation TP53/KRAS manifested an expression of
PD-L1 and high TILs, and it was associated with a
remarkable clinical benefit when PD-1 inhibitors were used
compared to patients without these mutations (19). This is
compatible with the biological characteristics of our
subgroup of KRAS mutated patients, who exhibit a highly
active immune microenvironment. On the other hand,
concurrent STK11 mutations, present in roughly 20% of
KRAS mutated NSCLC, are associated with a resistance to
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ICIs, consistent with the poor immune microenvironment
associated with this mutation (24-26).

Moreover, several other trials have shown an association
between KRAS mutation and better response to ICI, even
independently of PD-L1 expression and TP53 mutations (27).
Our findings are in line with these results and show favourable
outcomes for these NSCLC, with an improved ORR, PFS and
OS in KRAS mutant patients. However, we noted a
significantly improved PFS among the TP53/KRAS double
mutant patients, which is encouraging as a predictive marker
for ICI. The multi-centric retrospective ImmunoTarget trial (28)
was designed to determine the sensitivity of NSCLC patients
with oncogenic driver mutations to ICIs. Preliminary results
have shown inconsistent efficacy among patients with driver
mutations, but demonstrated superior results in patients with
KRAS, BRAF and MET mutations compared to EGFR, ALK
and RET alterations (29). KRAS data from this trial is still
awaited. Meanwhile, a recent retrospective trial has evaluated
the impact of immunotherapy in 282 NSCLC patients of which
162 were KRAS-mutated. The authors concluded that there
was no difference in ORR, PFS or OR among the KRAS
mutated or wild-type patients, and that the type of KRAS
mutation did not impact survival (18). Nonetheless, given the
larger cohort of 252 KRAS patients in the Immunotarget trial,
a confirmatory analysis of the type of the impact of the KRAS
mutation on the response to immunotherapy would be
welcome.

KRAS encompasses a complex and heterogeneous set of
mutations. The presence of KRAS mutations in NSCLC
patients could be a predictive factor for their response to
immunotherapy. Current data suggest concurrent mutations
may be most significant in predicting response or resistance
to therapy.

In our study, KRAS mutations in NSCLC were predictive
of superior response to ICI compared to wild-type patients.
Currently, the data is conflicting and larger clinical trials,
such as the final results and analyses of the ImmunoTarget
trial (28), are needed to clarify this hypothesis and ascertain
whether and how KRAS should be part of the treatment
algorithm for the selection of ICI patients. Today, the clearest
results are a lack of response to ICI in STK11 and KRAS co-
mutant NSCLC patients, though this effect is cancelled by the
presence of an additional TP53 mutation. It is worth noting
that KRAS mutations may also allow for alternative treatment
choices. Recent early clinical data for small molecules
targeting KRAS G12C, which is present in 13% of NSCLC,
showed promising activity and will likely significantly alter
the treatment landscape for these patients (30).

Furthermore, there must be caution so as to distinguish
KRAS-dependent from KRAS-independent tumours, as
grouping all together could dilute results as well as the
predictive value of these mutations in NSCLC to ICIs. This
needs to be analysed in larger cohorts.
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Our study supports the predictive role of KRAS mutations
in NSCLC treated by ICIs. Currently, the data are not robust
enough to impact therapeutic choices. However, KRAS
status and concurrent mutations could be integrated into a
greater predictive model to determine which patients are
most likely to benefit from, or fail to respond to, ICIs.
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