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Purpose: We aimed to investigate the clinicopathological characteristics and survival risk factors in small cell lung cancer (SCLC)
patients with preexisting type 2 diabetes mellitus (preDM).
Patients and Methods: All patients with SCLC admitted to our hospital between January 2013 and August 2018 were followed up
until August 2020 and retrospectively analyzed. Clinical characteristics of SCLC patients with and without preDM were extracted.
Cox proportional hazards models were conducted to identify potential independent prognostic factors.
Results: Of 628 eligible individuals, 88 individuals had preDM. preDM was independently significantly associated with distant
metastasis in all SCLC patients (p =0.016, OR=1.80, 95% CI 1.11–2.91), while preDM did not affect the outcome of SCLC patients
(p=0.803, HR=1.04, 95% CI 0.79–1.36) by multivariate analysis. In the preDM group, the median overall survival (OS) was shorter in
the insulin group than in the non insulin group (13.93 months versus 21.77 months, p=0.024). Multivariate analysis identified that
insulin treatment was an independent unfavorable factor associated with OS (p =0.009, HR=2.10, 95% CI 1.19–3.64). In addition,
poorer performance status (PS) and liver metastasis were also independent unfavorable prognostic factors (all p<0.01), while thoracic
therapy significantly improved OS and decreased mortality risk in diabetic patients with SCLC (p<0.05).
Conclusion: preDM may promote distant metastasis of SCLC while it is insulin therapy and not preDM which adversely affects the
prognosis of SCLC patients. These findings indicate that enhancing blood glucose control and reducing insulin analog use may be
essential to the improvement of the long-term survival of the diabetic population with SCLC.
Keywords: type 2 diabetes mellitus, small cell lung cancer, distant metastasis, insulin, overall survival

Introduction
Both cancer and diabetes mellitus are multimechanism and systemic diseases that affect human health worldwide. Type 2
diabetes mellitus (T2DM), which is one of the most common endocrine diseases, has risen surprisingly in the past decade and
has been an expanding global health problem. T2DM is characterized by hyperglycemia, insulin resistance and relative
impairment in insulin secretion.1 Lung cancer is the leading cause of cancer-related deaths worldwide.2 Small-cell lung cancer
(SCLC), which accounts for approximately 15% of all lung cancers, is a high-grade neuroendocrine neoplasm.3 SCLC has an
exceptionally high proliferative rate, with completely different pathological, clinical, and molecular features from non-small-
cell lung cancer (NSCLC). Although it is sensitive to chemotherapy, SCLC still has a poor prognosis due to early metastasis
and frequent relapse.4 In recent years, immune checkpoint inhibitors have been an important breakthrough for SCLC
treatment,5–7 however, the improvement in survival has been limited.

Cancer Management and Research 2022:14 1313–1322 1313
© 2022 Ding et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Cancer Management and Research Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 14 October 2021
Accepted: 10 March 2022
Published: 30 March 2022

https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
https://www.dovepress.com


Accumulating epidemiologic evidence suggests innumerable links between diabetes mellitus, related medication and
cancer,8–10 while reports that T2DM is connected to the risk or mortality of lung cancer had inconsistent conclusions. It has
been reported that diabetes increases the risk of lung cancer11 and adversely affects lung cancer outcome,12 while other
reports have shown that diabetes is not related to13 or even prolongs the survival of lung cancer patients.14 Therefore, it is
necessary to provide more evidence about the association of T2DM and lung cancer. In addition, there are few data that have
examined the significance of T2DM and its medication on the prevalence, progression and prognosis of SCLC.

To explore whether features of diabetes or diabetes medication would have an impact on different clinicopathological
characteristics at first diagnosis and affect the prognosis of SCLC patients, we retrospectively investigated the clinico-
pathological characteristics and survival risk factors in SCLC patients with preexisting T2DM (preDM).

Materials and Methods
Study Population
All patients with SCLC admitted to Sichuan Cancer Hospital & Institution, Sichuan Cancer Center, University of
Electronic Science and Technology of China between January 2013 and August 2018 were followed up until
August 2020 and retrospectively analyzed. The inclusion criteria were as follows: (a) pathological confirmation of
SCLC; (b) preDM before the diagnosis of SCLC or without T2DM who should have their morning fasting plasma
glucose (FPG) lower than 7.0 mmol/L. The following patients were excluded: (a) those who had other concurrent
malignancies or SCLC mixed with NSCLC; (b) those who had impaired FPG or diabetes diagnosed after SCLC; and (c)
those who lacked basic clinical data or accurate TNM staging. T2DM was diagnosed due to a history of diabetes, current
or previous use of antidiabetic drugs, an elevated FPG level >7.0 mmol/L, or elevated random plasma glucose >11.0
mmol/L, or glycated hemoglobin (HbA1c) ≥6.5%. This retrospective study was conducted with approval of the
appropriate institutional review board.

Data Collection
Baseline characteristics of SCLC patients were extracted from hospital records, including age, sex, smoking status, BMI,
history of hypertension, history of coronary heart disease, ECOG PS, TNM stage, and metastasis sites. In the population of
SCLC patients with diabetes, data on blood glucose level, diabetes duration at cancer diagnosis, diabetes medication (insulin
analogs, metformin, and others), liver function index and kidney function index were also analyzed. OS was calculated from
the date of pathological confirmation of SCLC to the date of death from any cause or censoring at the last follow-up.

Statistical Analysis
Pearson’s chi-square test and Fisher’s test were used to examine differences between dichotomous variables. A t-test was
employed to compare measurement data, such as age and BMI, between the two groups. Logistic regression was carried
out to explore the association between clinical characteristics and distant metastasis, such as age, sex, smoking status,
BMI, hypertension, coronary heart disease (CHD), and preDM. OS for the two groups was compared using the Kaplan–
Meier method and the unstratified Log rank test. Both univariate and multivariate Cox proportional hazards models were
conducted to identify potential independent prognostic factors. A p-value was less than 0.05 was considered statistically
significant. Statistical analysis was performed using SPSS 25.0.

Result
Patients Features
A total of 740 patients who had pathological confirmation of SCLC in Sichuan Cancer Hospital were analyzed. A total of
655 SCLC patients met the inclusion criteria, including 97 patients with preDM, which showed that the rate of preDM
occurrence was 14.81% (97/655) of the SCLC population. Among them, 9 patients with preDM and 18 patients without
preDM were excluded for the following reasons: (a) pTNM stage could not be judged exactly; (b) those without diabetes
whose morning fasting blood glucose was higher than 7 mmol/L. The final population analyzed was limited to 628
patients, which included 88 with preDM and 540 without preDM (Figure 1).
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General Clinical Characteristics of SCLC Patients with and without preDM
We compared the differences in clinical characteristics between SCLC patients with and without preDM. Compared to
the NDM group, patients in the DM group were significantly older on average (58.98±9.74 vs 62.85±8.93, p=0.000).
Patients with preDM had higher BMI values and more cardiovascular comorbidities, such as hypertension and CAD,
which were statistically significant (p<0.050). Patients with preDM had poorer PS than those without DM(p=0.000).
A total of 60.2% of patients had distant metastasis in the DM group, which was significantly different from that in the
NDM group (45.6%, p=0.011). More patients had pleural metastasis in the DM group than in the NDM group (13.6% vs
6.3%, p=0.014). No difference was found in sex, smoking status, occurrence of liver metastasis, brain metastasis or bone
metastasis between the two groups (Table 1).

Distant Metastasis
To explore the risk factors for distant metastasis in SCLC patients, we carried out further analysis of the association
between clinical characteristics and distant metastasis in SCLC patients using logistic regression, and found that age,
smoking history, BMI value and preDM were significantly associated with distant metastasis in SCLC patients (p=0.016,
OR=1.50, 95% CI 1.08–2.10) (p=0.000, OR=1.96, 95% CI 1.38–2.80) (p=0.004, OR=0.60, 95% CI 0.42–0.85) (p=0.016,
OR=1.80, 95% CI 1.11–2.91) (Table 2). This result suggested that preDM may increase the risk of distant metastasis in
SCLC patients.

Survival of SCLC Patients
The median follow-up for all patients was 50.17 months (range: 0.03–87.73 months), and the median OS was 18.70
months, with a 1-year OS rate of 62.74%, a 2-year OS rate of 33.76%, and a 3-year OS rate of 14.33%. The Kaplan–
Meier curve for OS did not display a statistically significant association with survival and preDM with a median OS of
19.17 months versus 16.10 months in patients with and without preDM, respectively (log-rank χ2 1.510, p=0.219). The
1-, 2-, and 3-year OS rates for patients with and without preDM were 61.36% versus 62.96%, 29.55% versus 34.44%,

Figure 1 This chart illustrates the data profile of the eligible patients in this study.
Abbreviations: SCLC, small cell lung cancer; preDM, pre-existing type 2 diabetes mellitus.
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and 12.50% versus 14.63%, respectively. According to the multivariate Cox proportional hazards model, age, distant
metastasis and liver metastasis were unfavorable prognostic factors in all SCLC patients (p=0.025, HR=1.24, 95% CI
1.03–1.49; p=0.013, HR=1.34, 95% CI 1.06–1.69; p=0.000, HR=1.62, 95% CI 1.24–2.11, respectively). Additionally,
poorer PS, brain metastasis and pleural metastasis tended to be unfavorable prognostic factors, but there was no

Table 1 The Comparison of Clinical Characteristics Between SCLC Patients with and without preDM

Characteristics SCLC Without DM
(n=540)

SCLC with DM
(n=88)

P value

Gender Male 416(77.0%) 72(81.8%) 0.318

Age (years) Mean±SD 58.98±9.74 62.85±8.93 0.000

>60 212(39.3%) 52(59.1%) 0.001
Smoking status Former/ Current 355(66.4%) 65(73.9%) 0.164

BMI (kg/m2) Mean±SD 22.74±3.13 24.02±2.81 0.000

≥24 170(31.5%) 44(50.0%) 0.001
ECOG PS <2 389(72.0%) 38(43.2%) 0.000

Hypertension Present 68(12.6%) 34(38.6%) 0.000
CHD Present 13(2.4%) 6(6.8%) 0.025

T stage (8th edition TNM) T1 36(7.2%) 8(9.1%) 0.006

T2 140(27.9%) 14(15.9%)
T3 111(22.1%) 11(12.5%)

T4 214(42.6%) 55(62.5%)

N stage (8th edition TNM) N0 87(16.1%) 4(4.5%) 0.021
N1 19(3.5%) 4(4.5%)

N2 263(48.7%) 54(61.4%)

N3 171(31.7%) 26(29.5%)
M stage (8th edition TNM) M1 246(45.6%) 53(60.2%) 0.011

TNM stage (8th edition TNM) I 14(2.6%) 0(0.0%) 0.067

II 30(5.6%) 2(2.3%)
III 251(46.5%) 35(39.8%)

IV 245(45.4%) 51(58.0%)

Pleura metastasis Yes 34(6.3%) 12(13.6%) 0.014
Liver metastasis Yes 87(16.1%) 16(18.2%) 0.627

Brain metastasis Yes 63(11.7%) 12(13.6%) 0.597

Bone metastasis Yes 92(17.0%) 17(19.3%) 0.600
Distant lymph node metastasis Yes 85(15.7%) 12(13.6%) 0.612

Chemotherapy Yes 477(89.2%) 80(90.9%) 0.621

Thoracic radiotherapy Yes 216(40.0%) 40(45.5%) 0.334

Note: P<0.05, statistically significant.
Abbreviations: SCLC, small-cell lung cancer; PreDM, pre-existing type 2 diabetes mellitus; BMI, Body mass index; ECOG PS, Eastern Cooperative Oncology Group
performance status; CHD, coronary heart disease.

Table 2 Correlation of Clinicopathological Factors and Distant Metastasis in SCLC Patients

Variable Distant Metastasis (Yes vs No)

OR 95% CI P value

Age (years) >60 vs ≤60 1.50 1.08–2.10 0.016
Smoking status Former/ Current vs Never 1.96 1.38–2.80 0.000

BMI (kg/m2) ≥24 vs <24 0.60 0.42–0.85 0.004

Diabetes Present vs Absent 1.80 1.11–2.91 0.016

Note: P<0.05, statistically significant.
Abbreviations: SCLC, small cell lung cancer; PreDM, pre-existing type 2 diabetes mellitus; BMI, Body mass index.
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significant difference. Multivariate analysis revealed that preDM was not an independent factor associated with OS in
SCLC patients (p=0.803, HR=1.04, 95% CI 0.79–1.36) (Table 3), which indicated that it was not preDM that directly
affected the prognosis of SCLC patients.

Insulin Treatment and Overall Survival of Diabetic Patients
The clinical factors were compared in patients with and without insulin treatment. More patients had FPG higher than 7
mmol/L and accepted chemotherapy in the group treated with insulin analogs (P=0.040, P=0.032, respectively). No
difference was found in age, sex, smoking status, ECOG PS, hypertension history, CHD history, occurrence and lesion of
distant metastasis, or thoracic radiotherapy between the two groups (Table 4). The Kaplan–Meier curve for OS displayed
a statistically significant association between survival and insulin treatment, with a median OS of 13.93 months versus
21.77 months in patients treated with and without insulin analogs, respectively (log-rank χ2 1.51, p=0.024) (Figure 2).
The 1-, 2-, and 3-year OS rates for patients treated with insulin analogs were 56.45%, 20.97%, and 9.68%, respectively,
and were significantly lower than those treated without insulin treatment (1-, 2-, and 3-year OS: 73.08%, 50.00%,
19.23%). This result implied that insulin treatment may increase the mortality risk in diabetic patients with SCLC.

Table 3 Multivariable Proportional Hazard Regression Model on Overall Survival in SCLC Patients

Variable Multivariate Analysis for OS

HR 95% CI P value

Age (years) >60 vs ≤60 1.24 1.03–1.49 0.025

Gender Male vs Female 0.90 0.67–1.22 0.513
Smoking status Former/ Current vs Never 1.04 0.85–1.28 0.686

BMI ≥24 vs <24 0.89 0.72–1.11 0.298

PS score ≥2 vs <2 1.20 0.99–1.46 0.064
Hypertension Present vs absent 0.94 0.73–1.20 0.603

CHD Present vs absent 1.40 0.82–2.41 0.221

T stage
T2 T2 vs T1 1.00 0.69–1.45 0.994

T3 T3 vs T1 0.82 0.55–1.21 0.309
T4 T4 vs T1 0.95 0.66–1.36 0.786

N stage

N1 N1 vs N0 1.09 0.63–1.88 0.756
N2 N2 vs N0 0.90 0.65–1.26 0.540

N3 N3 vs N0 0.85 0.60–1.20 0.348

M stage M1 vs M0 1.34 1.06–1.69 0.013
TNM stage

II II vs I 0.78 0.36–1.69 0.531

III III vs I 1.15 0.60–2.17 0.677
IV IV vs I 0.91 0.31–2.63 0.854

Liver metastasis Present vs Absent 1.62 1.24–2.11 0.000

Brain metastasis Present vs Absent 1.31 0.98–1.74 0.067
Bone metastasis Present vs Absent 1.09 0.85–1.41 0.495

Distant lymph node

metastasis

Present vs Absent 0.99 0.76–1.28 0.908

Pleural metastasis Present vs Absent 1.39 0.98–1.98 0.067

PreDM Present vs Absent 1.04 0.79–1.36 0.803

Note: P<0.05, statistically significant.
Abbreviations: SCLC, small cell lung cancer; PreDM, pre-existing diabetes mellitus; BMI, Body mass index; ECOG PS, Eastern Cooperative Oncology Group
performance status; CHD, coronary heart disease.
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Univariate and Multivariate Survival Analysis of Diabetic Patients
We conducted univariate and multivariate analyses with a Cox proportional hazards model to identify factors associated
with survival in SCLC patients with preDM. Univariate analysis showed the following factors associated with OS: poorer
PS, distant metastasis, liver metastasis, insulin treatment, AST value over the normal range (>40.00 U/L), creatinine
value over the normal range (>106.00 µmol/L), uric acid value over the normal range (>440. 00 µmol/L), chemotherapy
and thoracic therapy, p<0.05. Further multivariate analysis identified that insulin treatment was an independent unfavor-
able factor associated with OS (p=0.009, HR=2.10, 95% CI 1.19–3.64). In addition, poorer PS and liver metastasis were
also independent unfavorable prognostic factors (p=0.005, HR=2.05, 95% CI 1.24–3.39; p=0.008, HR=2.32, 95% CI
1.25–4.31, respectively), while thoracic therapy significantly improved OS and decreased mortality risk in diabetic
patients with SCLC (p=0.017, HR=0.53, 95% CI 0.31–0.89) (Table 5).

Discussion
In the current study, we provided new evidence on the association of diabetes and SCLC. We found that preDM was an
independent impact factor associated with distant metastasis of SCLC, however, preDM was not a prognostic factor for
SCLC patients. Hence, we performed further multivariate survival analysis in the subgroup with preDM, interestingly we
found that insulin treatment decreased the OS of SCLC patients with preDM, with a median survival time of 13.93
months (versus 21.77 months in patients without insulin treatment), illuminating that insulin analogs may adversely
affect the progression and outcome of SCLC.

Epidemiological data show that T2DM is a risk factor for the occurrence, development and prognosis of various
tumors, and it has a significant impact on the prognosis of breast cancer, colorectal cancer and gastric cancer.15,16 The
mechanisms are complex, possibly including excessive ROS-formation, oxidative stress, destruction of several types of
essential molecules, chronic inflammation, impaired healing phenomena, and multiple abnormalities in the levels of
DNA, RNA, metabolites, and proteins, jointly resulting in carcinogenesis under diabetic conditions.9 However, there is
a paucity of data on the relationship between SCLC and diabetes. Given the poor prognosis of SCLC, there is an
imperative need to explore new biomarkers to optimize the treatment strategy of SCLC. Our study showed that preDM
may promote the occurrence of distant metastasis of SCLC at first diagnosis. Similarly, Overbeek’s study reported that
women with diabetes had a higher risk of developing breast cancer with more advanced tumor stages.17 Takasumi’ team
showed that diabetes intensified liver metastasis of colon cancer associated with angiotensin activation.18 Although the

Table 4 The Comparison of Clinical Characteristics Between Diabetic Patients with and without Insulin Treatment

Characteristics Insulin Users (n=62) Non-Insulin Users (n=26) P value

Gender Male 50(80.6%) 22(84.6%) 0.660
Age (years) Mean±SD 62.90±8.57 62.73±9.91 0.675

>60 36(58.1%) 16(61.5%) 0.762

Smoking status Former/ Current 45(72.6%) 20 (76.9%) 0.672
ECOG PS <2 36(58.1%) 14(53.8%) 0.715

Hypertension Present 25(40.3%) 9(34.6%) 0.616

CHD Present 3(11.5%) 3(4.8%) 0.255
Fasting plasma glucose >7 mmol/L 43(69.4%) 12(46.2%) 0.040

M stage (8th edition TNM) M1 39(62.9%) 14(53.8%) 0.428
Pleura metastasis Yes 11(17.7%) 1 (3.8%) 0.083

Liver metastasis Yes 9(14.5%) 7(26.9%) 0.169

Brain metastasis Yes 9(14.5%) 3(11.5%) 0.710
Bone metastasis Yes 11(17.7%) 6(23.1%) 0.563

Distant lymph node metastasis Yes 9(14.5%) 3(11.5%) 0.710

Chemotherapy Yes 59(95.2%) 21(80.8%) 0.032
Thoracic radiotherapy Yes 27(43.5%) 13(50.0%) 0.579

Note: P<0.05, statistically significant.
Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; CHD, coronary heart disease.
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mechanism of the interaction between diabetes and cancer is not explicit, it is believed that diabetes-related hyperinsu-
linemia, hyperglycemia, and chronic inflammation may play crucial roles in the initiation and progression of neoplastic
lesions which may involve several pathways, such as phosphorylation of TET2 at serine 99 by AMP-activated kinase,
leading to the destabilization of TET2 and dysregulation of the tumor suppressive function of TET2,19 and upregulating
Glut1/MMP2/MMP9 axis expression.20 However, reports on the relationship between preDM and lung cancer survival
have mixed conclusions. For example, a prospective study showed that among women with lung cancer, preDM
predicted poor prognosis.21 Another review reported that preDM prolonged the survival of patients with lung cancer
while the level of blood glucose decreased progression-free survival.14 In our study, it was not preDM, but rather insulin
therapy that had an adverse impact on SCLC survival.

Preclinical evidence has demonstrated that cancer cells remain insulin-sensitive, resulting in substantially
increased signaling downstream of receptors substantially and promoting neoplastic growth.22 The insulin-like growth
factor/insulin receptor (IGF/IR) signaling pathway plays a vital role in tumor development. Insulin activates down-
stream signals not only through insulin receptors, but also through insulin-like growth factor receptor (IGFR).

Figure 2 Kaplan–Meier analysis of OS in diabetic SCLC patients according to insulin treatment during the follow-up. Patients with insulin treatment had significantly shorter
median OS compared with patients without insulin treatment.
Abbreviations: SCLC, small cell lung cancer; OS, overall survival.
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Activation of IGFR1 stimulates multiple intracellular downstream signal cascades, resulting in a variety of biological
effects in tissues and cells. Moreover, activation of IGFR1 is essential for the growth of cancers.23 We have
previously found that the IGF/IR signaling pathway plays an important role in the development of colorectal,24 non-
small-cell lung cancer25 and breast cancers26 in diabetic conditions. The use of insulin analogs in SCLC patients with
T2DM partly increases the exposure to high levels of circulating insulin. There is evidence that insulin therapy for
cancer patients with T2DM may worsen the cancer prognosis and increase the cancer mortality rates.27

A retrospective cohort study also showed that breast cancer patients with preDM given insulin analogs had higher
mortality rates than those taking other oral hypoglycemic drugs.28 Furthermore, it is plausible that synthetic insulin
by subcutaneous injection may lead to altered pharmacokinetic profiles and different affinities for receptor-binding,
such as insulin receptors, IGFR1 and hybrid receptors, bringing about a stronger cancer-promoting effect than
endogenous insulin.29–31 In addition, in our study, those who had received insulin treatment usually had higher
fasting glucose levels, suggesting that they had poor glycemic control. It has been reported that high glucose levels
have a negative effect on the clinical outcome of cancer patients.32,33 After anticancer treatment, blood glucose levels
worsen, while poor glycemic control may affect the progression and recurrence of the tumor, and thus affect the
overall survival of patients.34 Therefore, enhancing blood glucose control and reducing insulin analogs use may be
essential to the improvement of the long-term survival of the diabetic population with SCLC. In addition, it is worth
to mentioning that our study found that radiotherapy to chest lesions improved overall survival for any stage of SCLC
patients with preDM, indicating that diabetic patients might be more suitable for chest radiotherapy and this result
needs to be further explored.

Table 5 Univariate and Multivariate Analysis for Overall Survival in SCLC Patients with preDM

Variables Univariate Analysis for OS Multivariate Analysis for OS

HR 95% CI P HR 95% CI P

Age (years) >60 vs ≤60 1.25 0.77–2.02 0.361

ECOG PS ≥2 vs <2 2.13 1.31–3.46 0.002 2.05 1.24–3.39 0.005
M stage M1 vs M0 2.29 1.36–3.85 0.002

Liver metastasis Yes vs No 3.02 1.68–5.42 0.000 2.32 1.25–4.31 0.008

Bone metastasis Yes vs No 1.01 0.56–1.82 0.969
Brain metastasis Yes vs No 1.20 0.61–2.37 0.591

Pleural metastasis Yes vs No 1.61 0.84–3.08 0.149

Diabetes duration ≥10y vs <10y 1.16 0.67–2.01 0.600
Blood glucose (mmol/L) ≥7.00 vs <7.00 0.94 0.58–1.51 0.779

Diabetic drugs

Insulin Yes vs No 1.85 1.08–3.19 0.026 2.10 1.19–3.64 0.009
Metformin Yes vs No 0.81 0.51–1.30 0.388

Other drugs Yes vs No 1.13 0.70–1.82 0.622

Liver function index
ALT (U/L) >50.00 vs ≤50.00 1.72 0.97–3.06 0.066

AST (U/L) >40.00 vs ≤40.00 3.50 1.79–6.84 0.000

Kidney function index
Creatinine (µmol/L) >106.00 vs ≤106.00 2.70 1.27–5.76 0.010

Creatinine clear rate (mL/min/1.73m2) <66.00 vs ≥66.00 1.74 0.96–3.13 0.067

Uric acid (µmol/L) >440.00 vs ≤440.00 1.85 1.02–3.36 0.042
Urea (mmol/L) >8.20 vs ≤8.20 1.77 0.84–3.72 0.130

Chemotherapy Yes vs No 2.47 1.12–5.45 0.025

Thoracic radiotherapy Yes vs No 0.72 0.53–0.97 0.031 0.53 0.31–0.89 0.017

Note: P<0.05, statistically significant.
Abbreviations: SCLC, small cell lung cancer; PreDM, pre-existing type 2 diabetes mellitus; ECOG PS, Eastern Cooperative Oncology Group performance status; ALT,
Alanine aminotransferase; AST, Aspartate aminotransferase.
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Compared to previous reports, our research provides a preliminary exploration of diabetes in the progression and
survival of SCLC patients, and we reveal the first discovery of insulin therapy predicting poor prognosis in SCLC.
However, this study also has some limitations. The retrospective nature and its small clinical sample size were drawbacks
of this study, thus we were unable to obtain detailed data on glycemic control during treatment. Large prospective
observational studies will be needed to further explore the results, and the mechanisms associated with insulin influen-
cing the development of SCLC need to be further elucidated.

Conclusions
Our study performed a detailed analysis of the clinical characteristics and survival of SCLC patients with preDM, and
found that diabetic patients are prone to develop distant metastasis at first diagnosis, while further prospective studies are
needed to confirm the prognostic role of diabetes. In particular, insulin treatment was significantly correlated with
a higher risk of mortality in SCLC patients with preDM, and the related mechanism needs to be clarified.
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