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Abstract
Background: Preclinical data have shown the immunomodulatory effects of
metformin and dipeptidyl peptidase 4 (DPP4) inhibitors in patients with diabetes.
However, its clinical impact remains unclear in lung cancer.
Methods: Between 2017 and 2021, 466 patients received ICI monotherapy. Patients
were categorized into concurrent (MET; metformin or combination of metformin and
DPP4 inhibitor) and without concomitant (NMET; nonmetformin/DPP4 inhibitors)
administration of metformin and DPP4 inhibitors groups at least 8 weeks before and
during ICI therapy. The primary objectives were the objective response rate (ORR)
and progression-free survival (PFS). The second objective was to evaluate the overall
survival (OS) and the occurrence of immune-related adverse events (irAEs).
Results: Among 466 patients, 89 (19.0%) and 377 (81%) were categorized into the
MET and NMET groups, respectively. MET group had a significantly higher ORR
(MET group: 24.7% vs. NMET group: 14.8%, p = 0.025) and longer PFS than those in
the NMET group (MET group 5.1 month vs. NMET group 2.8 months, p = 0.018).
After patients were stratified based on the prior line of therapy and PD L1 expression
status, the PFS of the second-line therapy and PD L1 ≥50 was significantly higher in
the MET than in the NMET group. The proportion of patients experiencing all-grade
irAEs was numerically higher in the MET group (19.1%) than in the NMET group
(14.3%), without statistical significance (p = 0.382).
Conclusions: Concurrent use of metformin and DPP4 inhibitors with ICIs signifi-
cantly improved the clinical outcomes without increasing the incidence of irAEs in
NSCLC.
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INTRODUCTION

Immune checkpoint inhibitors (ICIs) have become the stan-
dard treatment options for non-small cell lung cancer
(NSCLC) because they have significantly improved survival

by enhancing the immune response against tumors. Recent
global guidelines have recommended treatment with ICIs
alone or combined with chemotherapy for lung cancer
patients without targetable genetic alterations.1 The
results of early clinical trials involving agents targeting the
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programmed cell-death protein 1 (PD-1) or programmed
cell-death ligand 1 (PD-L1) axis indicate the possibility for a
long-term, durable clinical benefit in 15%–20% of metastatic
NSCLC patients.2 Nonetheless, the median overall survival
(OS) for patients with metastatic or recurrent NSCLC unre-
sponsive to ICIs remains to be <3 years.3 Therefore, select-
ing appropriate patients for current ICI therapy and
enhancing ICI response pose a challenge.

In addition to recognized predictive factors such as
PD-L1 expression, tumor mutational burden and host
immune status can affect the response to ICI therapy.4 Simi-
larly, in addition to the PD-L1/PD-1 axis, a patient’s immune
profile can be influenced by many factors, including age, sex,
ethnicity, comorbidity, intake of immune-modifying drugs,
and gut microbiota. Previous studies have highlighted the
effects of other factors such as obesity-related immune sup-
pression and promotion of antitumor immune signaling by
antidiabetic drugs, especially metformin, in cancer patients.5–7

7 Therefore, aside from predictive biomarkers, it is crucial to
indicate the correlation between host factors, such as con-
comitant medications, and the efficacy of ICIs.

Metformin is a widely used therapeutic agent for type
2 diabetes mellitus and has recently been demonstrated as an
immunomodulatory agent in preclinical studies.8 It induces
an anticancer immune response via an immunomodulatory
pathway by activating AMP-activated protein kinase (AMPK)
signaling and promoting anti-tumor immune activity through
T cells and endoplasmic reticulum-associated degradation of
PD-L1.9,10

Dipeptidyl peptidase 4 (DPP4) inhibitors are used as an
add-on therapy to other classes of drugs for type 2 diabetes,

such as metformin.11,12 Furthermore, the cluster of differen-
tiation 26/dipeptidyl peptidase 4 (CD26/DPP4) is a surface
glycoprotein that affects glucose metabolism and immuno-
modulation within the tumor microenvironment (TME).13

A preclinical study reported that DPP4 inhibition increases
checkpoint blockade and lymphocyte trafficking via C-X-C
motif chemokine ligand 10 (CXCL10) cleavage, conse-
quently enhancing tumor immunotherapy.14 However, the
clinical effect of the concurrent use of metformin and DPP4
inhibitors on ICIs in NSCLC remains controversial.

The present study evaluated the clinical effects and
immune-related adverse events (irAEs) of combining met-
formin and DPP4 inhibitors with ICI monotherapy in
patients with metastatic or recurrent NSCLC.

METHODS

Study design, study population, and methods

We retrospectively analyzed the clinical data of 466 patients
with metastatic or recurrent NSCLC treated with ICI mono-
therapy between January 2017 and January 2021 at the Seoul
National University Bundang Hospital. The eligible patients
were aged 20 years or older and had histologically confirmed
NSCLC, metastatic or recurrent disease, and ≥1 measurable
lesion according to the Response Evaluation Criteria in Solid
Tumors (RECIST) version 1.1, with or without concurrent
metformin and DPP4 inhibitors (administered separately or
in combination) from at least 8 weeks before starting ICI and
during ICI therapy (Figure 1). Patients with any systemic

F I G U R E 1 Consolidated standards of reporting trials (CONSORT) diagram. DPP4 i, DPP4 inhibitor; ICI, immune checkpoint inhibitor; LCNEC, large
cell neuroendocrine carcinoma; NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer.
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disease or malignancy that could influence the survival analy-
sis and those taking oral hypoglycemic agents or insulin were
excluded to eliminate the confounding effect. Data on base-
line demographics, molecular profiles, and prior treatments
were collected from electronic medical records.

All patients were treated with ICI monotherapy, includ-
ing administration of anti PD-1 (pembrolizumab or nivolu-
mab) or anti-PD L1 (atezolizumab) antibodies. Patients with
concomitant administration of metformin and DPP4 (sepa-
rately or in combination), and those without concurrent use
of the same were categorized into the metformin/DDP-4
inhibitors (MET) and nonmetformin/DPP4 inhibitors
(NMET) groups, respectively. First, all patients were treated
with ICI monotherapy until disease progression or cessation
due to drug toxicity. Subsequently, PD-L1 expression in the
tumor samples was evaluated using the PD-L1 IHC 22C3
pharmDx kit on the Dako Link 48 platform (Dako) or
SP263 on the Ventana Benchmark Ultra platform (Ventana
Medical Systems). Experienced pathologists manually esti-
mated the percentage of tumor cells with membranous
PD-L1 staining of any intensity. Next, imaging with com-
puted tomography was performed at baseline and every
8–12 weeks to assess the response during treatment until
progression. In addition, laboratory tests (complete blood
cell count, liver function chemistry, and renal function) were
performed at baseline and before each cycle. Furthermore, a
response assessment was performed using the RECIST cri-
teria version 1.1. IrAEs were defined as adverse events with
an immunological basis that required frequent follow-up
and potential intervention.15 Lastly, irAEs were evaluated by
clinicians before ICI administration and in case of new
symptoms.

Notably, progression-free survival (PFS) was defined as
the time from the date of first ICI treatment to the date of
disease progression or death. OS was defined as the time
from the start date of ICI therapy until the date of death,
irrespective of the cause. The overall response rate (ORR)
was defined as the percentage of patients with complete
response (CR) or partial response (PR). In contrast, disease
control rate (DCR) was defined as the proportion of patients
who experienced CR, PR, or stable disease (SD).

T A B L E 1 Baseline characteristics of patients

Variables

MET
group
(n = 89)

NMET
group
(n = 377) p-value

Median age at ICI treatment 67.3 � 10.1 65.3 � 11.0 0.179

Sex

Male 72 (80.9%) 275 (72.9%) 0.122

Female 17 (19.1%) 102 (27.1%)

Smoking history

Smoker (current
or ex-smoker)

69 (77.5%) 254 (67.4%) 0.110

Never smoker 20 (22.5%) 116 (30.8%)

NA 0 (0%) 7 (1.8%)

ECOG PS

0–1 50 (56.2%) 201 (53.3%) 0.498

≥2 34 (38.2%) 140 (37.1%)

NA 5 (5.6%) 36 (9.5%)

Previous treatment

Chemotherapy

Yes 82 (92.1%) 350 (92.8%) 0.818

No 7 (7.9%) 27 (7.2%)

TKI

Yes 17 (19.1%) 96 (25.5%) 0.208

No 72 (80.9%) 281 (74.5%)

PD-L1 status

<1% 24 (27.0%) 114 (30.2%) 0.334

1–49% 25 (28.1%) 89 (23.6%)

≥50 35 (39.3%) 132 (35.0%)

NA 5 (5.6%) 42 (11.2%)

ICIs

PD-1 Ab 58 (65.2%) 249 (66.0%) 0.901

PD-L1 Ab 31 (34.8%) 128 (34.0%)

ICI line

First-line 6 (6.7%) 41 (10.9%) 0.473

Second-line 51 (57.3%) 199 (52.8%)

Third�/later-line 32 (36.0%) 137 (36.3%)

Median cycles of ICI 8.9 � 10.1 8.9 � 10.8 0.654

Driver mutation

(EGFR or ALK)

Yes 17 (19.1%) 97 (25.7%) 0.191

No 72 (80.9%) 280 (74.3%)

Mean number of metastatic
sites before starting
therapy

1.7 � 1.1 1.69 � 0.9 0.468

Brain metastasis

Yes 19 (21.3%) 92 (24.4%) 0.543

Bo 70 (78.7%) 285 (75.6%)

Abbreviations: Ab, antibody; ALK, anaplastic lymphoma kinase; ECOG PS,
Eastern Cooperative Oncology Group performance status; EGFR, epidermal
growth factor receptor; ICI, immune checkpoint inhibitor; MET group,
concomitant administration of metformin and DPP4 inhibitor (metformin or
combination of metformin and DPP4 inhibitor); NA, not available; NMET
group, without concomitant administration of metformin and DPP4 inhibitor;
PD-1, programmed cell death protein 1; PD-L1, programmed death-ligand 1;
TKI, tyrosine kinase inhibitor.

TAB L E 2 Overall best response

MET group (n = 89) NMET group (n = 377) p-value

Best response

CR 1 (1.1%) 1 (0.2%) 0.27

PR 21 (23.6%) 55 (14.6%) 0.039

SD 36 (40.5%) 136 (36.1%) 0.44

PD 31 (34.8%) 185 (49.1%) 0.015

ORR 22 (24.7%) 56 (14.8%) 0.025

DCR 58 (65.2%) 192 (50.9%) 0.015

Abbreviations: CR, complete response; DCR, disease control rate; MET group,
concomitant administration of metformin and DPP4 inhibitor (metformin or
combination of metformin and DPP4 inhibitor); NMET group, without concomitant
administration of metformin and DPP4 inhibitor; ORR, objective response rate; PD,
progressive disease; PR, partial response; SD, stable disease.
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This study was conducted in accordance with the princi-
ples of the Declaration of Helsinki and was approved by the
institutional review board of the Seoul National University
(IRB number B-2110-717-101). The requirement for con-
sent for participation was waived by the ethics board.

Statistical analysis

Continuous and categorical variables across groups were
compared using the t-test and the chi-squared or Fisher’s
exact test, respectively. PFS and OS were estimated by
Kaplan–Meier analysis and compared using the log-rank
test. Univariate and multivariate Cox proportional hazard
regression analyses were performed to examine the relation-
ship between the concomitant medication (MET) and

survival, summarizing the hazard ratio (HR) and 95% confi-
dence interval (CI) for each group. All p-values were
two-sided, and p-values of <0.05 were considered statisti-
cally significant. All statistical analyses were performed
using SPSS software version 25.0 (IBM Corporation).

RESULTS

Patient characteristics

A total of 466 patients with metastatic or recurrent NSCLC
treated with ICI monotherapy were included in this study.
Of these patients, 89 (19%) and 377 (81%) comprised the
MET group (metformin, n = 28; metformin+DPP4 inhibi-
tor, n = 61) and NMET group, respectively. Additionally,

F I G U R E 2 Kaplan–Meier curve for progression-free survival (PFS). (a) PFS according to the group. Red line; MET group, blue line; NMET group,
hazard ratio (HR): 0.72; 95% confidence interval (CI): 0.55–0.95, p = 0.018. (b) PFS according to the MET subgroup. Red line; metformin, blue line;
metformin and DPP4 inhibitor, HR: 0.84; 95% CI: 0.50–1.42, p = 0.513. (c) PFS with second-line therapy. Red line, MET group; blue line, NMET group; HR:
0.70; 95% CI: 0.49–0.99, p = 0.044. (d) PFS according to PD L1 expression. Red line: MET group and PD L1 ≥ 50, blue line; NMET group and PD L1 ≥ 50,
HR: 0.57; 95% CI: 0.45–0.71, p < 0.001, red dotted line; MET group and PD L1 < 50, blue dotted line; NMET group and PD L1 < 50, HR: 0.94; 95% CI:
0.66–1.32, p = 0.708.
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419 patients were evaluated for PD-L1 expression, with
252 and 167 patients showing PD-L1 expressions <50%
and ≥ 50%, respectively. All adult patients received ICI
monotherapy, with 53.6% and 36.3% of patients receiving
second- and third-line therapies, respectively. The median
age at treatment was higher in the MET group without being
statistically significant (67.3 � 10.1 vs. 65.3 � 11.0, p =
0.179). In both groups, similar proportions of patients previ-
ously received chemotherapy (92.1% in the MET group
vs. 92.8% in the NMET group, p = 0.818). Overall, 21 and
24.4% of patients in the MET and NMET groups, respec-
tively, had brain metastasis (p = 0.543). Notably, no major

differences in clinicopathological features were observed
between the MET and NMET groups. Table 1 summarizes
the baseline patient characteristics.

Clinical outcomes

Efficacy of metformin and DPP4 inhibitors in ICI
monotherapy

First, we evaluated the efficacy of metformin and DPP4
inhibitors (separately and in combination) during ICI

T A B L E 3 Univariate and multivariable analyses of the clinical features for progression-free survival

Univariate analysis Hazard ratio (95% CI) p-value Multivariate analysis Hazard ratio (95% CI) p-value

Sex

Female 1 1

Male 0.79 (0.62–1.01) 0.059 0.97 (0.68–1.38) 0.864

Age, years

<65 1 1

≥65 0.81 (0.65–1.00) 0.051 0.80 (0.63–1.01) 0.057

Smoking

Never smoker 1 1

Ever-smoker 0.74 (0.58–0.93) 0.010 0.84 (0.60–1.18) 0.312

ECOG PS

0–1 1 1

≥2 1.62 (1.29–2.03) <0.0001 1.84 (1.45–2.33) <0.0001

Previous chemotherapy

No 1 1

Yes 1.73 (1.10–2.72) 0.018 1.18 (0.67–2.10) 0.574

Previous TKI

No 1 1

Yes 1.23 (0.97–1.57) 0.089 1.10 (0.83–1.46) 0.491

PD-L1 expression

<50 1 1 <0.0001

≥50 0.57 (0.45–0.71) <0.0001 0.62 (0.49–0.78)

ICI line

First-line 1 1 0.071

Second�/later-line 1.77 (1.17–2.66) 0.006 1.62 (0.96–2.72)

Driver mutation

No 1 1

Yes 1.12 (0.89–1.42) 0.334 1.10 (0.83–1.47) 0.523

Brain metastasis

No 1 1

Yes 1.11 (0.86–1.43) 0.442 1.15 (0.87–1.52) 0.333

Treatment

NMET group 1 1

MET group 0.72 (0.55–0.95) 0.018 0.69 (0.52–0.93) 0.013

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; ICI, immune checkpoint inhibitor; MET, with concomitant administration of metformin and
DDP4 inhibitor; NMET, without concomitant administration of metformin and DPP4 inhibitors (metformin or combination of metformin and DPP4 inhibitor); PD-L1,
programmed death-ligand 1; TKI, tyrosine kinase inhibitor. Note: Statistically significant p values of multivariate analysis are in bold type.
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treatment. The median follow-up time was 11.6 (0.1–77.6)
months. We found that the concomitant administration of
the inhibitor was associated with improved ORR and PFS. A
statistically significant higher ORR was observed in the
MET group (24.7%) than in the NMET group (14.8%)
(p = 0.025). Table 2 presents the detailed overall response
data. Notably, patients in the MET group also experienced a
longer PFS than those in the NMET group. As shown in
Figure 2a, the median PFS in the MET and NMET groups
was 5.1 and 2.8 months, respectively (HR: 0.72, 95% CI:
0.55–0.95, p = 0.018). Adding DPP4 inhibitors to metfor-
min did not improve PFS, as compared with metformin
alone with ICI treatment (PFS: 7.1 months with metformin
alone vs. 4.9 months with metformin and DPP4 inhibitor;
HR: 0.84, 95% CI: 0.50–1.42, p = 0.513) (Figure 2b).
Second-line ICI therapy was associated with longer PFS in

the MET group than in the NMET group (HR: 0.74, 95%
CI: 0.57–0.97, p = 0.028) (Figure 2c). In patients with
PD-L1 expression ≥50%, PFS was 9.4 and 4.1 months in the
MET and NMET groups, respectively (HR: 0.57, 95% CI:
0.45–0.71, p < 0.001) (Figure 2d). However, no significant
difference in OS was observed between the two groups (HR:
0.96, 95% CI: 0.62–1.49, p = 0.865) (Figure S1).

Univariate and multivariate analyses for PFS
and OS

Univariate and multivariate analyses were conducted to
identify the prognostic factors. The MET group had signifi-
cantly longer PFS than the NMET group (HR: 0.72, 95% CI:
0.55–0.95, p = 0.018) in the former. PD-L1 expression

T A B L E 4 Univariate and multivariable analyses of the clinical features for overall survival

Univariate analysis Hazard ratio (95% CI) p-value Multivariate analysis Hazard ratio (95% CI) p-value

Sex

Female 1 1

Male 0.56 (0.34–0.91) 0.018 0.41 (0.22–0.78) 0.007

Age, years

<65 1 1

≥65 0.98 (0.69–1.41) 0.925 0.89 (0.62–1.30) 0.551

Smoking

Never smoker 1 1

Ever-smoker 0.84 (0.56–1.26) 0.388 0.76 (0.44–1.33) 0.335

ECOG PS

0–1 1 1

≥2 2.76 (1.91–3.97) <0.0001 2.94 (2.02–4.27) <0.0001

Previous chemotherapy

No 1 1

Yes 2.09 (0.91–4.78) 0.083 1.44 (0.51–4.03) 0.490

Previous TKI

No 1 1

Yes 1.14 (0.75–1.74) 0.546 1.02 (0.63–1.65) 0.943

ICI line

First-line 1 1

Second�/later-line 1.52 (0.76–3.03) 0.234 1.45 (0.60–3.51) 0.410

Driver mutation

No 1 1

Yes 1.19 (0.78–1.83) 0.416 1.13 (0.70–1.83) 0.608

Brain metastasis

No 1 1

Yes 1.20 (0.77–1.86) 0.424 1.22 (0.77–1.94) 0.398

Treatment

NMET group 1 1

MET group 0.96 (0.62–1.49) 0.865 0.79 (0.50–1.23) 0.296

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; ICI, immune checkpoint inhibitor; MET group, with concomitant administration of
metformin and DDP4 inhibitor; NMET group, without concomitant administration of metformin and DPP4 inhibitors (metformin or combination of metformin and DPP4
inhibitor); PD-L1, programmed death-ligand 1; TKI, tyrosine kinase inhibitor.
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score ≥ 50 was associated with longer PFS (5% cut-off, HR:
0.57, 95% CI: 0.45–0.71, p < 0.0001). However, Eastern
Cooperative Oncology Group performance status (ECOG
PS) ≥2 (p < 0.0001) and previous chemotherapy history
(p = 0.018) were associated with shorter PFS.

Significantly, concomitant inhibitor use remained an
independent prognostic factor for PFS (HR: 0.69, 95% CI:
0.52–0.93, p = 0.013) after adjusting for other confounding
factors (Table 3). However, concomitant inhibitors were not
associated with OS in the univariate and multivariate ana-
lyses (Table 4).

Immune-related adverse events

The irAEs are summarized in Table 5. The most common
irAE was pneumonitis, which occurred in 12.4% and 8.2%
of patients in the MET and NMET groups, respectively
(p = 0.220), followed by thyroiditis (4.5% of patients in both
MET and NMET groups, p = 1.000). The rates of all-grade
and grade 3–5 irAEs were slightly higher in the MET group
than in the NMET group; however, irAE development
showed no significant difference between the two groups
(MET group: 19.1% vs. NMET group: 14.3%, p = 0.382).

DISCUSSION

To the best of our knowledge, this is the largest retrospective
study to evaluate the association between ICI monotherapy
and antidiabetic agents, including metformin and DPP4
inhibitors, in advanced NSCLC. Although evidence suggest-
ing that antidiabetic agents such as metformin act as immu-
nomodulating agents in ICI therapy for lung cancer; the
data for the same are limited. A recent study by Afzal et al.
reported that metformin improved the clinical outcomes of
ICI in NSCLC, although the difference was not statistically
significant.16 However, Jacobi et al. reported no significant
correlation with PFS or OS in NSCLC patients with diabetes
treated with a combination of metformin and ICI in a

small-sized study (nonmetformin, 20 patients; metformin,
37 patients).17 A meta-analysis (14 studies) by Luo et al.
reported that metformin extended OS in various stages of
lung cancer patients who received chemotherapy, epidermal
growth factor receptor (EGFR)-tyrosine kinase inhibitor
(TKI) administration, and ICI.18 This study supported the
evidence that the concomitant use of metformin and DPP4
inhibitors improved the clinical outcomes of ICI compared
with ICI alone. Therefore, this finding proposes that metfor-
min and DPP4 inhibitors are associated with improved ORR
and PFS without an increased occurrence of irAEs in
patients treated with ICI monotherapy. The MET group
did not extend OS in this study. However, the complications
of diabetes mellitus, such as renal impairment and
coronary artery occlusive disease, may have affected the
OS rate. Moreover, the follow-up duration was relatively
short. Therefore, the difference did not reach statistical
significance.

The increasing rate of immunotherapies for advanced
NSCLC necessitates the establishment of factors associated
with antitumor immune responses, including predictive
biomarkers and clinical characteristics. Several clinical
characteristics, including sex and body mass index (BMI),
have been evaluated to identify their association with anti-
tumor immune response.19,20 In addition, a previous study
reported that high BMI is independently associated with
improved survival with atezolizumab in advanced
NSCLC.21

In addition to sex, age, and BMI, concomitant medica-
tion is associated with an antitumor immune response.22

For example, metformin, which is commonly administered
to treat type 2 diabetes, exerts anticancer effects through
several mechanisms. In the TME, metformin decreases the
infiltration of FOXP3+ T regulatory cells, increases the
number of CD8+ tumor-infiltrating lymphocytes, and pro-
tects them from apoptosis and exhaustion by decreasing
interleukin 2, tumor necrosis factor-alpha, and interferon-
gamma.23 Notably, metformin also remodels the TME by
inhibiting the oxygen intake of tumors and blocking the
accumulation of myeloid-derived suppressor cells.24,25

T A B L E 5 Immune-related adverse events

Type of irAE

MET group (n = 89) NMET group (n = 377)

p-valueAny grade Grades 3–5 Any grade Grades 3–5

Pneumonitis 11 (12.4%) 3 (3.4%) 31 (8.2%) 10 (2.7%) 0.220

Hepatitis 2 (2.2%) 2 (2.2%) 3 (0.8%) 2 (0.5%) 0.244

Enterocolitis 0 (0%) 0 1 (0.3%) 1 (0.3%) 1.000

Hypothyroidism 4 (4.5%) 0 17 (4.5%) 0 1.000

Hematological toxicitya 0 (0%) 0 1 (0.3%) 1 (0.3%) 1.000

Polyarthritis 0 (0%) 0 1 (0.3%) 0 1.000

Total 17 (19.1%) 5 (5.6%) 54 (14.3%) 14 (3.7%) 0.382

Abbreviations: irAE, immune-related adverse event; MET group, concomitant administration of metformin and DPP4 inhibitor (metformin or combination of metformin and
DPP4 inhibitor); NMET group, without concomitant administration of metformin and DPP4 inhibitor.
aneutropenia.
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Furthermore, the DPP4 inhibitor, which was the main
potential candidate for immune enhancement in this study,
showed no additional clinical benefit, as compared
with metformin alone. In a previous study conducted by da
Silva et al., a DPP4 inhibitor enhanced the antitumor
response to ICIs in an in vivo model by regulating the
CXCL10-mediated lymphocyte trafficking.14 The study also
proposed that induced or expressed DPP4 in tumors can
prohibit lymphocyte trafficking into the tumor site and
that DPP4 inhibition restores and enhances CXCL10
chemokine-mediated lymphocyte infiltration into the tumor
parenchyma.26 Therefore, they suggested that combining
DPP4 inhibitors and immunotherapy will potentiate the
anticancer response. Although lymphocyte infiltration is
necessary, it is insufficient to induce an antitumor immune
response in lung cancer, a more frequently inflamed tumor
type than other malignancies.

The association between antidiabetic drugs and irAEs
related to ICI has been scarcely reported. However, this study
could not determine if the inhibitors significantly increased
the incidence of all-grade irAEs compared with the NMET
group. One of the major pathophysiologies of irAEs is the
uncontrolled active T cells, which can trigger an inflamma-
tory response in normal tissues.27 Metformin could reduce
the inflammatory response by activating AMPK-dependent
and -independent pathways, which reduces nuclear factor-kB
(NF-kB) signaling associated with inflammation.28 However,
DPP4 inhibitors promote the CXCL12-CXCR4-mTOR path-
way, which reduces the production of proinflammatory cyto-
kines by blocking NF-kB activity.29 In this study, metformin
and DPP4 inhibitor addition to ICI did not significantly
reduce irAEs.

This study had certain limitations. First, we used retro-
spective data that were deficient in comorbidities. Metfor-
min is a medication that has different requirements
depending on the patient’s blood glucose level. Therefore, it
was difficult to stratify the metformin dosage. Additionally,
it was difficult to clearly determine the effectiveness of
DPP4 inhibitor monotherapy because DPP4 inhibitors are
usually administered as an add-on therapy to glucose con-
trol. Second, this study could not evaluate the efficacy of
metformin and DPP4 inhibitors in patients without diabetes.
Third, this study could not analyze the effect of DPP-4
inhibitors alone. Administration of DPP-4 inhibitors is gen-
erally not used as initial therapy in cases of type 2 diabetes
mellitus, unlike metformin. Especially, administration of
DPP-4 inhibitors is considered as monotherapy in cases
where metformin cannot be provided to the patients
(i.e., renal impairment and increased risk of hypoglyce-
mia).30 Fourth, a previous trial showed a clinical benefit of
ICI monotherapy in previously treated advanced or meta-
static NSCLC cases compared to cytotoxic chemotherapy,
regardless of PD-L1 expression. Therefore, we included
patients with PD-L1 expression <1%.31,32

Despite the aforementioned limitations, this study dem-
onstrated the clinical benefits of metformin and DPP4
inhibitors with ICIs in NSCLC patients without causing

irAEs. Therefore, these results provide an effective and valu-
able approach for treating NSCLC patients, considering that
these drugs are widely used. However, further prospective
studies conducted on patients with and without diabetes are
needed to validate the efficacy of combining metformin and
DPP4 inhibitors in ICI therapy for patients with advanced
NSCLC.
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