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Effect of the STK11 mutation on therapeutic
efficacy and prognosis in patients with non-
small cell lung cancer: a comprehensive study
based on meta-analyses and bioinformatics
analyses

Ke Xu'?", Weinan Lu'3", Airu Yu', Hongwei Wu' and Jie He'#"

Abstract

Background This study aimed to systematically analyze the effect of a serine/threonine kinase (STK11) mutation
(STK11™UY on therapeutic efficacy and prognosis in patients with non-small cell lung cancer (NSCLC).

Methods Candidate articles were identified through a search of relevant literature published on or before April 1,
2023, in PubMed, Embase, Cochrane Library, CNKI and Wanfang databases. The extracted and analyzed data included
the hazard ratios (HRs) of PFS and OS, the objective response rate (ORR) of immune checkpoint inhibitors (ICls), and
the positive rates of PD-L1 expression. The HR of PFS and OS and the merged ratios were calculated using a meta-
analysis. The correlation between STK11™" and clinical characteristics was further analyzed in NSCLC datasets from
public databases.

Results Fourteen retrospective studies including 4317 patients with NSCLC of whom 605 had STK11™" were
included. The meta-analysis revealed that the ORR of ICls in patients with STK1 1M was 10.19% (95%CI 0.9-25.2), and
the positive rate of PD-L1 expression was 41.1% (95%C| 25.3-57.0). STK11™" was associated with poor PFS (HR=1.49,
95%Cl 1.28-1.74) and poor OS (HR=1.44, 95%Cl 1.24-1.67). In the bioinformatics analysis, PFS and OS in patients with
STK11 alterations were worse than those in patients without alterations (p <0.001, p=0.002). Nutlin-3a, 5-fluorouracil,
and vinorelbine may have better sensitivity in patients with STK11™ than in those with STK11%!,

Conclusions Patients with STK11-mutant NSCLC had low PD-L1 expression and ORR to ICls, and their PFS and OS
were worse than patients with STK11"! after comprehensive treatment. In the future, more reasonable systematic
treatments should be explored for this subgroup of patients with STK11-mutant NSCLC.
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Background

Approximately 1.8 million people die from lung cancer
worldwide every year, and 85% of those cases are non-
small cell lung cancer (NSCLC) [1, 2]. As a disease of
public health importance, rapid advances in early diag-
nosis method for this disease, as well as the development
of drugs for immunotherapy and targeted therapy, have
improved patients’ prognosis in recent years [3]. How-
ever, further improvement of the overall survival (OS)
of patients with NSCLC and a reduction in mortality
are required because it is one of the top three causes of
malignant tumor-related deaths.

Currently, the exploration of precise and individualized
medicine is the core direction of clinical cancer research.
In the field of NSCLC, identifying the characteristic sub-
groups of patients will be the main focus of future work.
Therefore, it is essential to explore novel and useful bio-
markers and establish reclassifications based on clini-
cal characteristics. On the one hand, this can improve
the predictive effect of diagnosis and treatment for
NSCLC; on the other hand, it will explore the outcomes
of patients who receive newly developed targeted therapy
and immunotherapy.

Targeted therapy has been shown to have a con-
spicuous curative effect. The development of targeted
therapies has benefited from breakthroughs in genetic
mutation research. Tumor progression resulting from
driver gene mutations, such as EGFR and ALK muta-
tions can be prevented by specific targeted drugs [4, 5].
Additionally, some genetic mutations, such as KRAS and
KEAP1 mutations, have also been found to be signifi-
cantly associated with clinical features, therapeutic effi-
cacy, and prognosis [6, 7]. The serine/threonine kinase
(STK11) gene, which is located at position 19p13.3,
contains 12 exons. The protein encoded by STK11 is a
serine/threonine kinase distributed in the nucleus, cyto-
plasm, and mitochondria. It is also closely associated
with the regulation of cell polarity and energy metabo-
lism [8]. Previous studies have shown that it enables
the activation of adenosine monophosphate-activated
protein kinase (AMPK), which leads to the inhibition of
the downstream mTOR signaling pathway [9]. In recent
years, it has been found that STK11 has a high rate of
mutation in NSCLC, occurring in approximately 15-35%
of cases [10]. Researchers initially demonstrated a cor-
relation between STK11 mutations (STK11™%) and the
prognosis of patients with NSCLC [11]. Subsequently, a
significant relationship between STK11™" and immu-
notherapy efficacy was reported [12, 13]. Over the last
three years, some studies have attempted to analyze and
interpret the questions arising from the attractive issues
highlighted above through retrospective analyses. How-
ever, these researchers have not yet reached a consensus.
Therefore, this meta-analysis was performed to address
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these questions, and aims to provide theoretical clues for
clinical decision-making.

Method

Search strategy

This study involved a comprehensive and systematic
search of the PubMed, Embase, Cochrane Library,
Wanfang, and CNKI databases. Literature on STK11/
LKB1 mutations in patients with NSCLC published on
or before April 1, 2023, was searched. Furthermore, the
bibliographies of related papers were analyzed to iden-
tify papers that did not appear in the database searches.
Data were retrieved using a combination of subject head-
ings and free words, including non-small cell lung can-
cer, non-small cell lung carcinoma, non-small cell lung
tumor, lung adenocarcinoma, lung squamous cell carci-
noma, STK11 mutation, LKB1 mutation, PJS mutation,
and hLKB1 mutation.

Inclusion and exclusion criteria

Inclusion criteria

The following inclusion criteria that guided the study
based on the research purpose and design:

(1) All patients in the study were diagnosed with NSCLC
based on pathological or cytological findings. The
extracted clinical characteristics included histology,
stage, and PD-L1 status, which was defined by TPS
the Tumor cell proportion score (TPS) method
(considered positive if > 1%).

(2) The types of studies included were observational
studies, such as case-control studies, prospective
cohort studies or retrospective cohort studies.

(3) The included studies were those that reported the
STK11 status of the patients. The samples were
tested by the next generation sequencing (NGS). The
studies should describe and analyze the prognosis or
report the response to immune checkpoint inhibitors
(ICIs) or PD-L1 expression of the patients.

Exclusion criteria

During the screening process, studies that met the fol-
lowing criteria were excluded: (1) studies that did not
report on STK11™"; (2) studies that did not provide rel-
evant data in the text and those in which the correspond-
ing data could not be obtained by tracing file attachments
or contacting the original author; (3) unrelated or repeti-
tive studies; and (4) case reports, conference presenta-
tions, abstracts or letters.

Study screening and quality evaluation
The screening process followed The Preferred Report-
ing Items for Systematic reviews and Meta-Analyses
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(PRISMA) statement. For the included cohort and case-
control studies, the Newcastle-Ottawa Scale (NOS) scale
was used for quality evaluation. This scale evaluates the
study using multiple items based on three aspects: selec-
tion of subjects, exposure/outcome, and comparability.
On this scale, studies are scored on a scale of 0—9 points.
When the score is greater than 6 points, the study is con-
sidered high-quality.

Data extraction and processing

All the researchers performed independent literature
screening and data extraction. After obviously irrelevant
literature was excluded, the full text of the remaining
papers was read to determine whether they should be
included in the study. The data extracted included the
following: (1) basic information included in the research,
such as corresponding author, publication year, ethnic-
ity, tumor stage, treatment, the total number of patients,
and the number of patients with the STK11 mutation;
(2) the primary outcome measure was the hazard ratio
(HR) of the OS in multivariate analyses, and the second-
ary outcome indicators included the HR of progression-
free survival (PFS) in multivariate analyses, the objective
response rate (ORR) to ICIs, and the positive rate of
PD-L1 expression.

Bioinformatic analysis

Multiple datasets of NSCLC, lung adenocarcinoma
(LUAD), and lung squamous cell carcinoma (LUSC) were
analyzed using the cBioPortal database, and STK11™"
patient information was analyzed to compare therapeutic
efficacy and prognosis between patients with STK11™"
and those with STK11"'. Furthermore, the Genomics of
Drug Sensitivity in Cancer (GDSC) database was used
to analyze the differences in drug sensitivity between
patients with STK11™"* and those with STK11"",

Statistical analysis

STATA11.0 statistical software (http://www.stata.com),
was used for data pooling. The HRs and its 95% ClIs from
each study were used to calculate the pooled HR and 95%
CI. A meta-analysis was also conducted on the response
rate to immunotherapy and the positive rate of PD-L1
expression. Statistical significance was set at p<0.05.
Heterogeneity among the results of the included stud-
ies was tested (a=0.1). I? represented the magnitude of
the heterogeneity. If there was no heterogeneity between
the results of various studies (p>0.1 or I*<50%), a fixed
effects model was used for the meta-analysis. If there was
significant heterogeneity between the research results
(»<0.1 or I>>50%), the source of heterogeneity was
first identified. A subgroup analysis was performed for
patients with significant heterogeneity in clinical char-
acteristics. For those without significant heterogeneity in
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clinical characteristics, a random effects model was used
for the meta-analysis. The Egger’s bias test and Begg’s
funnel plot were used to evaluate publication bias.

Result

Literature inclusion and quality assessment

A total of 479 papers were retrieved using the search
terms. After excluding irrelevant studies, duplicates, pure
basic experimental studies, and other unqualified stud-
ies, 12 pieces of literature were included, including 14
retrospective studies, among which two papers of Asci-
erto ML and Shire NJ contained two studies respectively
[14-21, 12, 22-26]. A flow chart of the study inclusion
is shown in Fig. 1. Subsequently, a quality assessment of
the remaining records was conducted using the NOS.
The final NOS scores of the 14 studies were as follows:
9 points for 6 studies, 8 points for 6 studies, and 7 points
for 2 studies. Further details are presented in Table S1.

Data extraction

The 14 studies included 4317 patients, including 605
patients with STK11™*, All 14 included studies were
retrospective studies. Nine studies were conducted in
Caucasian regions and five in non-Caucasian regions.
Ten studies included patients who received ICIs. Four
studies were studies that included patients who did
not receive ICIs or those in which ICI therapy was not
explicitly mentioned. Six studies presented the PEFS,
seven presented the OS, six provided the ORR to ICIs,
five provided data on PD-L1 expression in patients with
the STK11 mutation, and four provided data on PD-L1
expression in patients with STK11"". Detailed informa-
tion is provided in Table 1.

The relationship between STK11™"* and PD-L1 expression,

ORR to ICls, PFS, and OS

For PD-L1 expression, the positivity rates and differ-
ences in levels of positivity were investigated. The over-
all positive rate of PD-L1 expression was 41.1% (95% CI
25.3-57.0) and 55.0% (95% CI 46.3—63.8) in patients with
STK11™"* and those with STK11"", respectively (Fig. 2A).
The strong positive rate (PD-L1>50%) was 12.8% (95%
CI 7.7-18.0) and 27.9% (95% CI 10.9-45.0) in patients
with STK11™" and those with STK11Y', respectively
(Fig. 2B). The proportion of patients with PD-L1<50%
and PD-L12>1% was 32.7% (95% CI 25.4—40.0), and 30.4%
(95% CI 19.8-41.0) in patients with STK11™* and those
with STK11", respectively (Fig. 2C). Another interest-
ing result in the comparison was that the proportion
of patients with KRAS mutation was 46.1% (95% CI
36.9-55.4) and 28.9% (95% CI 23.9-34.0) in the patients
with STK11™" and those with STK11Y', respectively
(Fig. 2D). For patients who received ICIs, the ORR was
10.1% (95% CI 0.9-25.2) and 25.8% (95% CI 14.5-38.9)
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Fow chart of study inclusion

479 papers published between March 31, 2003 and April 1. 2023 were
identified through search (312 from PubMed, 92 from Embase, 50 from
Cochrane library, 22 from Wanfang, and 3 from CNKI)

!

v

88 papers removed because of duplicates

136 papers screened by title and abstract

255 papers removed becase of irrelevant

59 papers were pure basic medicine research

!

v

27 papers were review

further detailed evalution

27 papers full-text downloaded and read for

23 papers were without reference to the topic

4 papers were case report

!

v

2 papers were conference articles

12 articles included for meta analysis

9 papers were without related data

Fig. 1 Detailed process of literature identification and screening

in patients with the STK11 mutation and those with
wild type STK11, respectively (Fig. 2E). Upon integrat-
ing the results of studies that provided the HR of PFS
or OS, STK11™* was found to be an independent and
significant prognostic factor for PFS and OS in patients
with NSCLC. STK11™"* was associated with poor PFS
(HR=1.49, 95% CI 1.28-1.74) and poor OS (HR=1.44,
95% CI 1.24-1.67) (Fig. 2F-G).

Subgroup analysis, sensitivity analysis, and publication
bias analysis

In this study, there was no statistical heterogeneity in the
HR of PES and OS. However, we rigorously conducted a
subgroup analysis according to ethnicity and treatment
with IClIs. Firstly, we found STK11™" was associated with
a poor PFS in both Caucasian and non-Caucasian sub-
groups (HR=1.81, 95% CI 1.39-2.37 and HR=1.35, 95%
CI 1.11-1.63, respectively) (Fig. 3A). During the com-
parison, the I* decreased significantly, and heterogeneity
was further reduced. Similarly, subgroup analysis indi-
cated that the OS of patients with STK11 mutations from
both regions was significantly shortened (HR=1.81, 95%
CI 1.25-2.62 and HR=1.40, 95% CI 1.07-1.83, respec-
tively) (Fig. 3B). Based on the HR values, the effect of
STK11™" on PFS and OS may be higher in Caucasians.

Secondly, for patients who were not treated with ICls,
STK11™* was associated with a statistically worse PFS
(HR=1.69, 95% CI 1.16-2.45) and OS (HR=1.50, 95% CI
1.01-2.24). For patients who received IClIs, the PFS and
OS were also shorter among patients with the STK11
mutation (HR=1.45, 95% CI 1.22-1.72 and HR=1.58,
95% CI 1.23-2.04, respectively). The effect of STK11™"
on the PFS and OS of patients was not significantly differ-
ent between the group that received ICIs and the group
that did not receive ICIs (Fig. 3C-D). Regarding the sen-
sitivity analysis, no study was observed to be the source
of heterogeneity; therefore, none were excluded from
analyses (Fig. 4A-F). Publication bias was assessed using
Egger’s bias test. The p-values for the positive rate of
PD-L1 expression in patients with STK11™", the positive
rate of PD-L1 expression in patients with STK11*", the
ORR to ICIs in patients with STK11™", the ORR to ICIs
in patients with STK11"*", the HR of the PFS, and the OS
were 0.561, 0.971, 0.255, 0.159, 0.089, and 0.661, respec-
tively. Based on the above results, no publication bias was
found in the included studies (Fig. 5A-F).
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Table 1 (continued)
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NA, Not Available; HR, Hazard Ratio; CR, Complete Response; PR, Partial Response; PFS, Progression-Free Survival; OS, Overall Survival; ICls, Immune Checkpoint Inhibitors; NOS, Newcastle-Ottawa Scale; RA, Retrospective Analysis; S, Surgery; CT,

Chemotherapy; RT, Radiation Therapy

(a)* Data from Study 1108 and ATLANTIC; (b)* Data from Study 006; (c)* Data from Flatiron Clinico-Genomic database, and ICls was used in the 1st line treatment; (d)* Data from Flatiron Clinico-Genomic database, and ICls was used in the 2nd line

treatment
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The association between STK11™* and patient clinical
characteristics and prognosis in the public data sets

STK11 was further analyzed in multiple NSCLC data-
sets using the cBioPortal database. STK11 alterations
were found in 1.85-23.33% of the patients, among which
the most common type was a mutation. STK11-mutant
patients had a higher rate of concurrent KEAP1 muta-
tion; however, STK11/EGFR mutations were signifi-
cantly less common (p<0.001, p=0.009) (Fig. 6A-B). In
the survival analysis of the above patients, PFS and OS in
patients with STK11 alterations were worse than those in
patients without STK11 alterations, which is consistent
with the results of the meta-analysis (Fig. 6C). Finally, the
GDSC database was used to predict drug sensitivity in
patients with NSCLC and STK11™, Nutlin-3a, 5-Fluo-
rouracil, and vinorelbine had better sensitivity in patients
with STK11™" than in those with STK11"t (p<0.001,
p=0.025, p=0.014) (Fig. 6D).

Discussion

STK11™* is the second most common mutation in
NSCLC, and it often occurs concurrently with the KRAS
and KEAP1 mutations [15, 25, 26]. Previous research
revealed that STK11 alteration was associated with tumor
differentiation, invasion, early lymph node metastasis
and TNM stage [27]. Therefore, patients with STK11™"
were once considered a special subgroup of patients with
NSCLC. Interestingly, it was proved that STK11™* may
be closely associated with the efficacy of PD-1/PD-L1
immunological therapy. Researchers initially investi-
gated the relationship between STK11 expression and
the tumor immune microenvironment and found that the
loss of STK11 expression may result in a reduction in the
infiltration of the tumor microenvironment by cytotoxic
CD8* T-cells, a decreasing in the expression of STING,
and a decline in immune activity. Moreover, it induces
high-density neutrophil enrichment by secreting the IL-8
family of cytokines and recruits several myeloid-derived
suppressor cells by producing chemokines, such as IL-6,
eventually causing the formation of a cold tumor immune
microenvironment [18, 26, 28]. The above findings partly
explain the poor efficacy of PD-1/PD-L1 drugs in patients
with STK11™*, Moreover, some clinical researchers
demonstrated a significant correlation between STK11
expression and PD-L1 expression in tumor tissues, often
showing a lower expression of PD-L1 in patients with
STK11™*, providing further evidence that STK11™ may
indicate poor immunotherapeutic outcomes [22]. Never-
theless, a contradictory conclusion has also been reached.
In a retrospective analysis of KEYNOTE-042, researchers
discovered that STK11-mutant patients had a superior
response to ICIs, which was contrary to the preceding
consensus. Some researchers considered that this inverse
result may be attributable to the small sample size of the
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Fig. 2 Comparison of PD-L1 expression, efficacy and prognosis between STK11™t and STK11"* patients with NSCLC. (A) Overall positive rate of PD-L1
expression. (B) Percentage of patients with PD-L1 expression > 50%. (C) Percentage of patients with PD-L1 expression > 1% and < 50%. (D) Rate of patients
with KRAS mutation. (E) ORR of patients who received ICls. (F) HR of progressive disease. (G) HR of death

study, which included only 16 patients with STK11™"
[29]. To analyze and explain this controversy, we cal-
culated the ORR to ICIs in 179 patients with STK11™"
and obtained a result of 10.1% (95%CI 0.9-25.2), while
that in 1176 patients with STK11"" was 25.8% (95%CI
14.5.0-38.9). The positive rate of PD-L1 expression was
38.5% (95%CI 18.4-58.6) in 145 STK11-mutant patients,
and 51.4% (95%CI 45.4-57.4) in 583 STK11"" patients.
These results suggested that patients with STK11™"* have
a lower positive rate of PD-L1 expression and a limited
response to ICIs. Considering that co-mutation of STK11
and KRAS is common, the rate of KRAS mutations was
calculated in patients with STK11™"* and STK11"". After
the pooled effect size was evaluated, the proportion of
patients with KRAS mutation was 46.1% (95%CI 36.9—
55.4) in the STK11™" patients, and 28.9% (95%CI 23.9—
34.0) in the STK11"" patients, respectively. There seemed
to be a high rate of KRAS mutation in patients with

STK11 mutations. This was consistent with the results of
previous studies.

The prediction of the prognosis could influence the
design of treatment strategies, therapy options, and fol-
low-up methods after treatment. Relying solely on tra-
ditional TNM staging can no longer meet the demands
of current precision medicine. Immunohistochemistry,
fluorescence in situ hybridization, and gene sequencing
technologies have been widely used to recognize the bio-
logical characteristics of tumors and are regarded as aux-
iliary measures for a more accurate prognostic judgment
of the disease by clinicians. Presently, with the wide-
spread use of numerous new drugs and the wide appli-
cation of comprehensive treatment strategies, the overall
patient prognosis has significantly improved, and analy-
ses of prognosis and relevant factors have become more
complicated. From the perspective of genetic mutation,
many studies have proven the significant relationship
between genetic mutations and prognosis. For instance,



Xu et al. BMC Cancer

(2024) 24:491

Study
D ES(95%CI) Weight
Caucasian |

Facchinetti F (2017) ——t— 133(083,2.12) 1094
Abu Hejleh T (2021) ————————————— 225(1.03,438) 397

Heymach JV (2021) S 253(1.38,4.66) 646
Girodet PO (2022) —_— 1.87(1.21,2.89) 12,69
Subtotal (I-squared = 4.4%, p = 0.371) O 1.81(1.39,237) 34.06
Non-Caucasian !

Cardona AF (2022) —_— 131(112,1.88) 3585
Wang H (2021) —_— 1.39.(1.05,1.385) 30.09
Subtotal (I-squared = 0.0%, p = 0.760) <> 135 (L11,1.63) 65.94
Heterogeneity between groups: p = 0.074 !

Overall (I-squared = 22.1%, p = 0.267) @ 1.49.(1.28,1.74) 100.00

T T
205 1 488

Study

D ES(95%CI) Weight
Treatment not including ICIs

Facchinetti F (2017) —_—— 133 (0:83,2.12) 10.94
Heymach JV (2021) e 253(138,4.66) 646
Subtotal (I-squared = 62.7%, p = 0.101) O 169 (1.16,2.45) 17.40
Treatment including ICIs '

Abu Hejleh T (2021) 225(1.03,4.8) 397
Cardona AF (2022) —— 131(112,1.88) 3585
Wang H (2021) —_— 1.39.(1.05,1.85) 30.09
Girodet PO (2022) —_— 187(1.21,2.89) 12,69
Subtotal (I-squared = 6.6%, p = 0.360) <> 145(1.22,1.72) 82.60
Heterogeneity between groups: p = 0.468 |

Overall (I-squared = 22.1%, p = 0.267) @ 149 (1.28, 1.74) 100.00

T T
205 1 488

Page 8 of 12
Study
D ES(95%CI) Weight
Caucasian
Facchinetti F (2017) —_— 131(0.80,2.14) 12,50
Heymach JV (2021) —_— e 220(1.10,441) 7.84
Girodet PO (2022) ——— 226(135,379) 179
Subtotal (I-squared = 25.0%, p = 0.264) <> 1.81(125,262) 3213
Non-Caucasian '
XuM (2021) —_— 1,05 (070, 1.26) 2027
Cardona AF (2022) — 133(113,221) 18.36
Wang H (2021) B — 1.57(1.16,2.12) 19.93
Hong YC (2022) —_——————— 231(125,429) 931
Subtotal (I-squared = 55.7%, p = 0.080) 0 140 (1.07, 1.83) 67.87
Overall (I-squared = 49.2%, p = 0.066) <> 152(122,191) 100.00
T T
27 1 441
Study
) ES(95%CI) Weight
Treatment not including ICIs :
Facchinetti F (2017) —_— 1.31(0.80,2.14) 12,50
XuM (2021) —_— 1.05 (070, 1.26) 2027
Heymach JV (2021) —_———— 220(110,441) 784
Hong YC (2022) —_——— 231025,429) 931
Subtotal (I-squared = 60.7%, p = 0.054) <> 150 (1.01,224) 4992
Treatment including ICIs '
Cardona AF (2022) —_—— 133 (113,221) 18.36
Wang H (2021) —_— 1.57(1.16,2.12) 19.93
Girodet PO (2022) —_——— 226(135,379) 179
Subtotal (I-squared = 29.9%, p = 0.240) <> 1.58 (1.23,2.04) 50.08
Overall (I-squared = 49.2%, p = 0.066) <> 1.44(1.24, 1.67) 100.00
T T
27 1 441

Fig. 3 Subgroup analysis for HR of progressive disease and death in STK11™ patients with NSCLC. (A) Subgroups were grouped by ethnicity to compare
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the most common KRAS mutation may indicate a poor
prognosis. However, in terms of whether STK11 is related
to prognosis, not all existing studies have obtained defini-
tive results. This study demonstrated a shorter OS of
STK11-mutant patients compared with the patients
with STK11"" based on a meta-analysis of 1999 patients
with NSCLC. The PFS after comprehensive therapy also
seemed shorter in patients with STK11™*, The afore-
mentioned results reached the consistent conclusion that
STK11™" was associated with worse outcome after treat-
ment. However, it should be noted that for patients who
received ICIs, PD-L1, an indicator of immunotherapy
response, was not included in the univariate and multi-
variate analyses in all studies, which raises the question
of whether the inclusion of both factors (STK11 muta-
tion or wild-type STK1land PD-L1 expression level) in
the univariate and multivariate analyses would affect the
overall results. Unfortunately, because all the included
studies only provided data on STK11 mutations and
efficacy, it was not possible to extract complete data to
answer this question. In the future, determining whether

STK11 mutations and PD-L1 expression have a synergis-
tic effect on the prognosis of this subgroup of patients
will be necessary. In the context of unsatisfactory out-
comes, whether further subclassification is required and
whether the combined application of targeted drugs is
needed are novel problems worth further exploration in
the future.

Regarding the treatment of patients with STK11 muta-
tions, no specific targeted drug s are available for the
treatment of patients with STK11 mutations. Recently,
treatment exploration for this population has gradually
been launched. Preclinical studies have found that STK11
deficient cell lines are more sensitive to metformin [30].
A Phase II clinical study using metformin, pemetrexed,
and carboplatin for the treatment of STK11l-mutated
NSCLC did not demonstrate the expected efficacy
(CTRI/2019/02/0017815) [31]. Recently, another clinical
trial used talazoparib plus avelumab to treat stage IV or
recurrent non-squamous NSCLC with STK11 mutations.
The inclusion criterion was that patients had received
at least one line of anti-PD-1/PD-L1 therapy. Finally, 42



Xu et al. BMC Cancer (2024) 24:491

Meta-analysis estimates, given named study is omitted

Lower CI Limit Estimate Upper CI Limit Lower CI Limit

Meta-analysis estimates, given named study is omitted

Page 9 of 12

Meta-analysis estimates, given named study is omitted

Estimate Upper CI Limit

Lower CI Limit pper CI Limit
Yonk @ Yoh K 2021} Abu Hejleh T 2021)
Ascierto ML) (2021) Ascierto ML(a) (2021)
Albacker LA (2018)
Ascierto ML(b) (2021) Ascierto ML(b) (2021)
Shire NJ(e) 2020) Shire Ni(e) (2020)
Wang H 2021)
Shire NJ(@) 2020) Shire NI(@) (2020)
Albacker LA (2018) Albacker LA (2018) croder0 02
R 02 LR 1832 ~1370 Lis 1606 28 039 046 0ss 06 on
Mela-analysis estimates, given named study is omitied Meta-analysis stimates, given named study is omited Meta-analysis estimates,given named study is omitied
Lower CI Limit Estimate pper C1 Limit Lower CI Limit Estimate Upper i Limit Lower CI Limit Estimate Upper CI Limit
YohK (2021) Facchinett F (2017) FacchinetiF (2017)
XuM@o21)
AbuHejleh T 2021)
Abu Hejleh T (2021)
Cardona AF (2022)
Candona AF (2022)
Albacker LA 2018) Heymach IV 2021)
Heymach 1V (2021)
Wang H (2021)
Wang H (2021)
Wang 1202 Hong YC 2022)
Girodet PO (2022) Girodet PO (2022) Girodet PO (202)
020 o025 041 057 o4 020 024 040 055 066 016 021 036 051 o6

Fig. 4 Sensitivity analysis of various observation indicators. (A) ORR of STK1

1™ patients received ICls. (B) ORR of STK11mut patients received ICls. (C) Posi-

tive rate of PD-L1 expression in STK11"! patients. (D) Positive rate of PD-L1 expression in STK11™ patients. (E) HR of progressive disease. (F) HR of death

A Bege’s funnel plot with pseudo 95% confidence limits B Begg’s funnel plot with pseudo 95% confidence limits C Begg’s funnel plot with pseudo 95% confidence limits
5 1 8
°
4 7
s °
° o - o
L3 - ° L6
° °
° 0 ° o o
2 o 5 o
°
1
4
o =5
0 02 06 0 1 2 3
se.of:r se.of: T 0 50'_0‘,5“ !
Begg’s funnel plot with pscudo 95% confidence limits Begg’s funnel plot with pseudo 95% confidence limits Begg's funnel plot with pseudo 95% confidence limits
8 15
1
o ° o
6 o 1 °
o °
5
°
°
- 4 s ° 2 s £ o o
o ° °
°
0
2 ° 0
0 -5 -5
0 1 2 0 2 4 0 2 4
selofir s.e.of: Inor s.e.of: Inor
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of death

eligible patients were enrolled, and the ORR was 4.76%,
PFS was 2.7 months (95%CI 1.6-3.9), and OS was 7.6
months (95%CI 6.3-12.2) (NCT04173507) [32]. Clinical
trials are currently underway. Crystal et al. planned to
treat STK11 mutant solid tumors by combining TNG260
with anti-PD1 therapy. The basis of the design was mainly
to reverse PD1 resistance driven by STKI11 deletion

patients. (E) HR of progressive disease. (F) HR

through TNG260, a CoREST inhibitor (NCT05887492)
[33]. Another notable study is using daratumumab to
treat patients with STK1l-mutant NSCLC who have
failed in the standard therapy; this study is still recruit-
ing patients (NCT05807048) [34]. Overall, future stud-
ies should focus on overcoming the resistance of STK11
mutation to PD1/PD-L1 immunotherapy. However, the
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exploration of targeted therapy for signaling pathways to
STK11 should also be an important breakthrough direc-
tion. In this study, chemotherapeutic drugs that are more
sensitive in patients with STK11™* were explored using
bioinformatics. Nutlin-3a, 5-fluorouracil, and vinorelbine
were found to have better sensitivity. Because Nutlin-3a
and 5-fluorouracil are not recommended for the systemic
treatment of NSCLC, further investigation is needed to
determine whether vinorelbine has better efficacy for in
patients with STK11™" in the real world.

In this respect, some specific and in-depth questions
are worth discussing. In early-stage NSCLC, the effect
of genetic mutations on patient outcomes is a complex
and controversial topic. It is currently impossible to con-
duct an analysis on this topic because related research
is still lacking. Additionally, it is difficult to investigate
the correlation between STK11™" and the efficacy of
specific therapies, mainly because of the wide applica-
tion of comprehensive treatments for NSCLC. With
regard to the response to immunotherapy, this study
only analyzed the relationship between STK11™"* and the
response to PD-1/PD-L1 drugs; however, the relationship

between STK11™"* and CTLA4, TIGHT, and others is
unclear. Additionally, most of the included studies were
not grouped to introduce clinical features according to
STK11 status, and the baseline characteristics of patients
could not be compared, which may have affected the HR
analysis of PFS and OS.

Conclusion

Patients with STK11-mutant NSCLC had low levels of
PD-L1 expression and ORR to ICIs, and their PFS and
OS were worse than those of patients with STK11%" after
comprehensive treatment. In the future, more reasonable
systematic treatments should be explored for this sub-
group of patients with STK11-mutant NSCLC.
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