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Abstract

Immune checkpoint inhibitors open a new door for tumor immunotherapy, but it should not be ignored that some tumor
patients are still insensitive to this kind of therapy. The purpose of this study is to analyze the prognostic value of STK11
mutations in metastatic cancer patients treated with ICIs. Information regarding somatic gene mutations of STK11 and
patients’ survival time in advanced cancer patients receiving ICIs treatment was downloaded from the cbioportal
database. The prognostic value of STK11 gene mutation was analyzed by Log-rank test and multivariate Cox proportional
hazards regression analysis. The somatic mutation frequencies of STK11 among all patients were 6.14%, and STK11 gene
mutations were mainly distributed in patients with non-small cell lung cancer. The results showed STK11 gene mutation
status was associated with shorter survival time, the hazard ratio is1.746 (P <0.0001). The somatic mutations of STK11
were also associated with shorter overall survival in NSCLC patients (P = 0.017). Multivariate Cox proportional hazards
regression analysis showed STK11 gene mutation was significantly associated with overall survival (HR= 1.567, 95%ClI:
1.209-2.029, P= 0.001). The results of this study suggested that STK11 gene mutation could be used as a negative
prognostic marker in metastatic cancer patients receiving IClIs treatment.
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INTRODUCTION which may lead to ineffectiveness of
Tumor mutational burden is an emerging immunocheckpoint inhibitor therapy[9].

biomarker to predict therapeutic response in advanced

cancer patients receiving immune checkpoint inhibitor

(ICI) therapies, including antibodies that target CTLA-4

To further explore the predictive value of
STK11 mutation in ICls therapy, we downloaded 1661

or PD-1/PD-L1[1-4]. MSK-IMPACT panel and some
other panels, based on targeted sequencing technology,
have been approved by FDA to evaluate TMB. The
theoretical basis of TMB as a predictive marker of ICI
therapy is that the higher the TMB, the more new
antigens are produced, which could trigger anti-tumor
immunity [5, 6].

The inactivated STK11 gene mutation is one
of the most common tumor-suppressor gene mutations,
especially in non-small cell lung cancer. Recent studies
have shown that STK11/ LKB1 inactivated mutation
may be a negative predictor of immunocheckpoint
inhibitor therapy [7, 8]. Shohei Koyama reported that
tumors with STK11/LKB1 inactivating mutations were
associated with reduced expression of PD -L1 and the
decreased number of tumor-infiltrating lymphocytes,

tumor patients' information from cBioPortal data base,
including STK11 mutation status, patient survival time,
IClI type, tumor type, TMB status and other
clinicopathological characteristics. We analyzed the
prognostic value of somatic gene mutation of STK11 in
1661 advanced cancer patients treated with ICls, as well
as the associations between somatic mutation of STK11
gene and TMB and other genes.

MATERIALS AND METHODS
Gene databases

Somatic mutation of STK11 gene and patients’
survival time in advanced cancer patients treated with
ICIs was downloaded from the cBioPortal database, an
open access database that is publicly available at
http://www.cbioportal.org [10, 11].We chose MSK-
IMPACT Clinical Sequencing Cohort (MSKCC, Nat
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Genet 2019)as our data source, which contained only
advanced cancer patients treated with ICIs[2]. The total
number of samples was 1661. Only data including
mutations was obtained. The queried genes contain one
gene: STK11 gene. Information regarding STK11 gene
mutation and survival data from 1661 patients among
various cancer types sequenced by the MSK-IMPACT
assay was downloaded from the cbioportal website after
submitting the query “STK11” in the input box. We
downloaded 1661 pieces of STK11 gene mutation data
and 1661 pieces of survival data. Each piece of data
contained the somatic mutation status of STK11 gene,
the survival time and the status of patient (decreased or
censored), then we analyzed 1661 pieces of data from
1661 advanced cancer patients.

No statements of approval or informed consent
were required for our study as we obtained data from an
open access database.

STATISTICAL METHODS

We compared the survival curves using
Kaplan-Meier method and log-rank tests. Data of
overall survival (OS) was obtained from the cbioportal
database directly. The overall survival was defined as
the time between the day of first ICls treatment and the
date of death or last follow-up visit [2]. The prognostic
significance of somatic mutation of STK11 gene after
adjustment by other prognostic factors was assessed by
Cox proportional hazards regression.  Statistical
analyses were performed using SPSS (version 17.0,
SPSS Inc. Chicago, IL) and GraphPad Prism 7.
Statistical significance (a-value) was set at 0.05, and all
P values are two-sided.

RESULTS
Somatic mutation analysis of STK11 gene

We queried STK11 gene in 1661 patients, and
patients with any of somatic mutation of STK11 gene
would be assigned to the STK11 gene mutation group.

STK11 gene is altered in 102 of 1661 queried patients.
The total somatic mutation frequency of STK11 gene
among all patients was 6.14%. Somatic gene mutation
of STK11 was mainly distributed in patients with non-
small cell lung cancer, which possessed more than 20%
of STK11 somatic mutation.

Prognostic value of somatic mutation of STK1I gene
in metastatic cancer patients treated with ICls

We analyzed the prognostic value of somatic
gene mutation of STK11 by mutation or not. Kaplan-
Meier survival curve indicated that STK11 gene
mutation was a negative prognostic factor for overall
survival time. The median survival time for mutated
STK11 gene and wild type STK11 gene was 7.0 months
and 19.0 months, respectively, (P < 0.0001) (Fig. 1 A),
HR increased to 1.746(95%CI:1.251-2.438).

We further analyzed the prognostic value of
somatic mutation of STK11 gene in different types of
tumors. As showed in figure 1, the STK1l gene
mutation was significantly associated with shorter
survival in NSCLC (P = 0.017) (Fig. 1 B). In cancer of
unknown primary, the association was adjacent to
statistically significance (P = 0.061) (Fig. 1 C), but the
HR increased to 2.184 (95%CIl: 0.6723 -7.098).
Stratified by TMB, STK11 mutation were associated
with shorter survival time in both high TMB group
(median OS, 47 versus 13 months, P<0.0001) and low
TMB group ( median OS, 16 versus 6 months,
P<0.0001) .

To confirm the prognostic value of somatic
mutation of STK11 gene in patients treated with ICls,
we performed the Cox proportional hazards regression
analysis. The results showed the somatic mutation of
STK11 gene was negatively associated with overall
survival, with adjustment for age, gender, drug types of
ICls, tumor types and TMB levels (Table 1).
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Fig-1: Kaplan-Meier survival curve showed the somatic mutation of STK11 gene was significantly associated with shorter survival in the entire
cohort (A) and in patients with NSCLC (B), and adjacent to significance in patients with cancer of unknown primary(C)
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Table-1: Hazard ratios for overall survival

HR 95%ClI P value
Status of STK11 gene 0.033
Wild type(reference) 1
Mutation 1.353 | 1.025-1.786
Drug type <0.0001
CTLA-4 (reference) 1
PD-1/PDL-1 1.405 | 1.025-1.786 | 0.022
Combo 0.782 | 0.557-1.100 | 0.158
Tumor type 0.002
Non-small lung cancer (reference) 1
Other types of cancer 0.768 | 0.648-0.911 | 0.002
Cancer of unkown primary 1.121 | 0.785-1.599 | 0.530
TMB <0.0001
Other scores of TMB(reference) 1
Top 20%TMB 0.458 | 0.365-0.575

The correlation between somatic mutation status of
STK11 gene and TMB score

To confirm that somatic mutation of STK11
gene may affect tumor mutation load, we performed the
correlation analysis between somatic mutation status of
STK11 gene and TMB score. Among all 1661 patients,
there was no significant difference in TMB score
between STK11 mutant group and wild-type group.
Stratified by different types of cancer, the association
remained no significance in none-small cell lung cancer
and cancer of unknown primary, suggesting that STK11
mutation may affect the efficacy of ICls through other
mechanisms.

The correlation between somatic mutation status of
STK11 gene and other genes with highest frequency

To clarify why somatic mutation of STK11
gene is associated with OS in cancer patients receiving
ICIs treatment, we screened high frequency gene
profiles which may correlated with STK11 gene by co-
mutations or mutual exclusivity.

Compared with the STK11 gene unaltered
group, 3 gene mutation frequencies in the STK11 gene
altered group were significantly increased(Table 2), and
2 gene mutation frequencies in the STK11 gene altered
group were significantly decreased(Table 2). These
results suggest that STK11 mutations may affect the
efficacy of ICls by interacting with these significantly
related genes.

Table-2: The top five genes with highest frequency between the STK11 gene altered group and the STK11 gene
unaltered group

Gene name Mutation frequency (%) P_value
STK11 gene altered | STK11 gene unaltered

KEAP1 47.06 3.21 1.00e-36

KRAS 46.08 11.48 2.3%-14

SMARCA4 21.57 7.06 8.25e-4

TERT 12.75 32.46 8.25e-4

PTEN 00.00 8.53 1.68e-13

DISCUSSION

Recently, immune checkpoint inhibitors (ICls)
have made remarkable progress in solid tumor therapy,
especially in lung cancer and melanoma. Primary
resistance is one of the main reasons why most patients
do not benefit from ICls treatment. Finding appropriate
biomarkers to distinguish patients who are sensitive to
ICls from those who are not is one of the hot topics in
tumor research. Recent studies have reported that high
level of TMB may be related to survival benefit of ICls
treatment, and somatic mutation of STK11 gene may be

one of the important markers of primary ICIs resistance.
A retrospective clinical trial from Memorial sloan-
kettering Cancer Center showed that metastatic cancer
patients with high TMB score were more likely to
benefit from ICls therapy[2]. In order to clarify whether
STK11 gene mutation could be used as a prognostic
marker for cancer patients receiving ICls therapy, we
downloaded relevant clinical data and somatic gene
mutations of STK11 from the same cohort of cancer
patients receiving ICIs therapy by cBioportal database.
We analyzed the relationship between somatic gene
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mutations of STK11 and overall survival. The results
showed somatic gene mutations of STK11l was
significantly associated with shorter overall survival in
all patients and in patients with NSCLC (Figure 1), and
somatic gene mutations of STK11 is an independent
negative prognostic factor for cancer patients treated
with ICls (Table 1).

Serine/threonine kinase 11 (STK11), also
known as liver kinase B1 (LKB1), encoding a serine
threonine kinase with an important role in the
regulation of cellular metabolism, energy homeostasis
and growth, is a major tumor suppressor gene[12]. The
inactivated STK11 gene mutation may affect ICls
efficacy by inhibiting the expression of PD-L1,
releasing large amounts of inflammatory factors and
inhibiting the accumulation of tumour infiltrating
lymphocytes  (TILs) in tumor regions[8, 13-
15].STK11/LKB1 alterations may be a major driver of
primary resistance to PD-1 blockade in LUACIS8, 14,
16].0ur study showed somatic gene mutations of
STK11 was a negative prognostic factor for overall
survival time among all patients and in patients with
NSCLC (P < 0.0001 and P = 0.017) (Fig. 1 A and 1B).
In cancer of unknown primary, the association was
adjacent to statistically significance (P = 0.061) (Fig. 1
C), but the HR increased to 2.184 (95%CI: 0.6723 -
7.098).The negative prognostic effect of STK11 gene
mutation on the efficacy of ICIs was not affected by
TMB levels. Even in high TMB group, STK11 mutation
also was associated with shorter survival time. After
adjustment for age, gender, drug types of ICls, tumor
types and TMB levels, Cox proportional hazards
regression analysis showed the somatic mutation of
STK11 gene was is an independent negative prognostic
factor for overall survival in metastatic cancer patients
treated with ICls (Table 1).

Somatic mutation of STK11 gene has organ
selectivity, which mainly occurs in non-small cell lung
cancer. In our study, the total somatic mutation
frequency of STK11l gene among all patients was
6.14%, and more than 20% in patients with non-small
cell lung cancer, which may explain why somatic
mutation of STK11 gene also could be a negative
prognostic factor for overall survival in patients with
NSCLC.

The inactivated somatic mutation of STK11
gene may affect efficacy of ICls by interfering with the
immune microenvironment through mutation of co-
occurrence or mutual exclusivity with other oncogenes
and tumor suppressor genes[15]. In our analysis, 3 gene
mutation frequencies in the STK11 gene altered group
were significantly increased (Table 2), and 2 gene
mutation frequencies were significantly decreased
(Table 2). These results suggest that STK11 mutations
may affect the efficacy of ICIs by interacting with these
significantly related genes. STK11 may be a new target

for tumor therapy [12, 17]. The mechanism of STK11
gene mutation participating in the therapeutic effect of
ICIs is not very clear, which needs further clinical and
basic research.

CONCLUSIONS

Somatic gene mutation of STK11l is an
independent negative prognostic factor for cancer
patients treated with ICIs. The inactivated STK11 gene
mutation may affect efficacy of ICIs by interfering with
the immune microenvironment through mutation of co-
occurrence or mutual exclusivity with other oncogenes
and tumor suppressor genes.
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