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Abstract
Background. The prognosis for small-cell lung cancer (SCLC) is very poor, so a new therapeutic strategy 
and new drugs are imperative.

Objectives. The aim of this study was to examine the effect of metformin on the prognosis of patients with 
SCLC combined with diabetes mellitus (DM).

Material and methods. From 2005 to 2013, 32 patients (4 female and 28 male) with SCLC combined with 
DM were included in this retrospective study at the Zhejiang Cancer Hospital, Hangzhou, China. All patients 
were diagnosed with SCLC by pathological analysis and had received more than 4 cycles of chemotherapy. 
Metformin was used in 12 patients. Seventeen patients had limited-stage disease (LD) and 15 patients had 
extensive-stage disease (ED). Patients with LD SCLC were administered thoracic radiotherapy. The follow-up 
deadline was January 27, 2016. At that point, 4 patients were alive, 21 patients had died, and 7 patients did 
not participate in follow-up examinations.

Results. In patients with SCLC combined with DM using metformin, a complete response (CR) was observed 
in 4 patients, a partial response (PR) in 6 patients, a stable disease (SD) in 1 patient, and a progressive disease 
(PD) in 1 patient, whereas in patients who did not use metformin, CR was observed in 2 patients, PR in 15 pa-
tients,  SD in 2 patients, and PD in 1 patient (p = 0.384). There was no difference in the median survival time 
(MST) between patients using metformin and those who did not (12 vs 13 months; p = 0.784). There was 
a trend toward prolonged MST in patients with LD SCLC using metformin compared with those who did not 
use metformin (58 vs 29 months; p = 0.084). There was no difference due to the use of metformin observed 
in MST of patients with ED SCLC (12 vs 13 months; p = 0.396).

Conclusions. Metformin use may have a prognostic benefit in patients with SCLC combined with DM. This 
combination is promising and further clinical trials are required.
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Lung cancer is the leading cause of cancer-related mor-
tality and the most common malignancy in the world.1 
The  data from the National Central Cancer Registry 
of China indicated that an estimated 4,292,000 new pa-
tients with cancer and 2,814,000 cancer-related deaths 
would occur in China in 2015, and that lung cancer is the 
leading cause of cancer death.2 Lung cancer includes small-
cell lung cancer (SCLC) and non-small cell lung cancer 
(NSCLC). The proportion of SCLC among all histological 
types of lung cancer decreased from 17.26 in 1986 to 12.95 
in 2002.3 The prognosis of SCLC is very poor, and a new 
therapeutic strategy and new drugs are imperative.

Metformin is the preferred drug for starting treatment 
of diabetes mellitus (DM), and it has been reported to have 
a potential anticancer effect on some solid tumors, such as 
lung, hepatocellular, and melanoma.4–6 Metformin might 
be used in combination with tyrosine kinase inhibitors 
(TKIs) in  patients with NSCLC, harboring mutations 
in epidermal growth factor receptor to overcome resis-
tance to TKI and to prolong the survival time of patients.7 
Metformin and gefitinib are synergistic in LKB1 wild-type 
NSCLC cells,8 and metformin has the ability to partially 
block the M2-like polarization of macrophages through 
the adenosine monophosphate-activated protein kinase 
α1 pathway, which plays an important role in metformin-
inhibited metastasis of Lewis lung cancer.9 Metformin as 
a monotherapy reduces the metabolic viability of SCLC 
in the NCI-H460 cell line. Combining metformin with 
cisplatin or etoposide produced a synergistic effect and 
is more effective than the use of cisplatin or etoposide as 
a monotherapy in the NCI-H460 cell line.10 At the time 
of diagnosis of SCLC, DM did not have prognostic impor-
tance for the survival of patients.11 Metformin use may 
be associated with a good prognosis in patients with lung 
cancer combined with DM, but the effect was modest. 
However, it could achieve benefits in a selective sub-group 
of patients with lung cancer, especially in patients with 
SCLC from Asia.12

This study aimed to further elucidate the effect of met-
formin treatment in  combination with chemotherapy 
in patients with SCLC combined with DM. A total of 32 pa-
tients with SCLC combined with DM were included in this 
study. The clinical parameters and survival data were col-
lected and analyzed.

Material and methods

Patient characteristics

From 2005 to 2013, 32 patients (4 female and 28 male) 
with SCLC combined with DM were included in this retro-
spective study at the Zhejiang Cancer Hospital, China. All 
patients were diagnosed with SCLC by pathological analy-
sis based on the standard criteria defined by the World 
Health Organization classification and they had received 

more than 4 cycles of chemotherapy. The stages of the 
Veterans Administration Lung Study Group (VALSG) 
included limited-stage disease (LD) in 17 patients and ex-
tensive-stage disease (ED) in 15 patients. Fifteen patients 
with LD SCLC received thoracic radiotherapy. The mean 
age of patients was 62 years (range: 48–75 years). Five 
patients were non-smokers, 2 patients were light smokers, 
25 patients were heavy smokers, and there were 0 moder-
ate smokers. The median value for smoking history was 
40 pack-years. Metformin was used in 12 patients. There 
were no significant differences in age, smoking history, 
or disease stage between the patients with SCLC using 
metformin and those not using metformin (p > 0.05), 
whereas there was a difference in sex (p = 0.015) (Table 1). 
There were no significant differences in age, sex, smoking 
history, or disease stage between the patients using met-
formin and those not using metformin in either subgroup 
of patients − with LD and ED SCLC (p > 0.05) (Tables 2, 3).

Table 1. Clinical features of patients with SCLC using metformin or not

Characteristics Metformin Without 
metformin p-value

Number of patients (n = 32) 12 20 −

Age (median) 60 (48−73) 62.5 (51−75) 0.29

Sex (female/male) 0/12 4/16 0.015

Smoking history
(median pack-years)

35 (4−120) 40 (0−120) 0.27

Stage (LD/ED) 6/6 11/9 0.784

SCLC − small-cell lung cancer; LD − limited-stage disease; ED − extensive-
stage disease.

Table 2. Clinical features of patients with LD SCLC using metformin or not

Characteristics Metformin Without 
metformin p-value

Number of patients (n = 17) 6 11 –

Age (median) 60 (54−65) 60.5 (48−73) 0.79

Sex (female/male) 0/6 3/8 0.159

Smoking history
(median pack-years)

45 (4−60) 40 (0–70) 0.37

LD SCLC − limited-stage disease small-cell lung cancer.

Table 3. Clinical features of patients with ED SCLC using metformin or not

Characteristics Metformin Without 
metformin p-value

Number of patients (n = 15) 6 9 –

Age (median) 62.5 (48−73) 68 (52−75) 0.22

Sex (female/male) 0/6 1/8 0.398

Smoking history
(median pack-years)

45 (20−120) 40 (0−120) 0.52

ED SCLC − extensive-stage disease small-cell lung cancer.
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Follow-up

The follow-up deadline was January 27, 2016. At that 
point, 4 patients were alive, 21 patients had died, and 
7 patients did not participate in follow-up examinations. 
The survival time was calculated from the date of patho-
logical diagnosis.

Statistical analysis

The  data was analyzed using the statistical package 
for the social sciences software v. 15.0. Overall data was 
screened using the χ2 test, and survival time was calculated 
using Kaplan–Meier software with a statistical significance 
of p < 0.05.

Results

In patients with SCLC combined with DM using metfor-
min, a complete response (CR) was observed in 4 patients, 
a partial response (PR) in 6 patients, a stable disease (SD) 
in 1 patient, and a progressive disease (PD) in 1 patient, 
whereas in patients not using metformin, CR was observed 
in 2 patients, PR in 15 patients, SD in 2 patients, and PD 
in 1 patient (p = 0.384). There was no significant differ-
ence in the median survival time (MST) between patients 
using metformin and those not using metformin (12 vs 
13 months; p = 0.784) (Fig. 1). In patients with LD SCLC 
combined with DM using metformin, CR was observed 
in 4 patients, PR in 2 patients, SD in 0 patients, and PD 

in 0 patients, whereas in patients not using metformin, CR 
was observed in 2 patients, a PR in 8 patients, SD in 1 pa-
tient, and PD in 0 patients (p = 0.125). There was a trend 
toward prolonged MST in patients with LD SCLC using 
metformin compared to those not using metformin (58 vs 
29 months; p = 0.084) (Fig. 2). In patients with ED SCLC 

Fig. 1. The survival time of patients with SCLC combined with DM using 
metformin or not (n = 32)

SCLC − small-cell lung cancer; DM − diabetes mellitus.

Fig. 2. The survival time of patients with LD SCLC combined with DM 
using metformin or not (n = 17)

LD SCLC − limited-stage disease small-cell lung cancer; DM − diabetes 
mellitus.

Fig. 3. The survival time of patients with ED SCLC combined with DM 
using metformin or not (n = 15)

ED SCLC − extensive-stage disease small-cell lung cancer; DM − diabetes 
mellitus.
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combined with DM using metformin, CR was observed 
in 0 patients, PR in 4 patients, SD in 1 patient, and PD 
in 1 patient, whereas in patients not using metformin, CR 
was observed in 0 patients, PR in 7 patients, SD in 2 pa-
tients, and PD in 1 patient (p = 0.446). There was no differ-
ence in MST between patients with ED SCLC using met-
formin and those not using metformin (12 vs 13 months; 
p = 0.396) (Fig. 3).

Discussion

Patients with SCLC are commonly classified as LD or 
ED by the VALSG staging system. Chemotherapy is the 
cornerstone of the treatment; however, 4 to 6 cycles of che-
motherapy are needed for patients with ED or LD SCLC. 
The standard clinical practice in LD SCLC is to combine 
chemotherapy and thoracic radiotherapy (TRT). In this 
study, all patients had received more than 4 cycles of che-
motherapy, and patients with LD SCLC additionally re-
ceived TRT. A response to combination chemotherapy 
can be achieved by 80–90% of patients with LD SCLC 
and their MST is 15–20 months, with or without TRT.13–14  
Of all the patients with ED SCLC, 60–80% respond to che-
motherapy and their MST is 8–12 months.15–17 The most 
commonly used initial combination chemotherapy regi-
mens are etoposide combined with cisplatin (EP) and eto-
poside combined with carboplatin (EC). Several studies 
have shown a similar effect with chemotherapy regimens 
of  irinotecan combined with cisplatin and irinotecan 
combined with carboplatin in ED SCLC compared to EP 
or EC.15–17 Despite trends toward a modest improvement 
in survival of SCLC, the prognosis is extremely poor. Cer-
tain newly-targeted agents offer a promise of improved 
outcomes, but no targeted drugs have been recommended 
by the National Comprehensive Cancer Network guide-
line for SCLC.18 It is imperative to seek new drugs to im-
prove the survival time of patients. The use of metformin 
improved the long-term outcome of patients with SCLC 
combined with DM, which might be considered a potential 
useful prognostic indicator and anticancer drug.19 There 
are few studies about the effect of metformin use in pa-
tients with SCLC combined with DM, and it needs to be 
further evaluated and confirmed, especially in China.

Disease stage and sex were identified as important prog-
nostic factors, but not DM.11,20 There is a significant dif-
ference in sex between the patients who used metformin 
and those who did not, whereas there was no significant 
difference between the patients with LD SCLC or ED SCLC 
who used metformin and those who did not. There were 
no significant differences in age, disease stage, or smok-
ing history between patients using metformin and those 
not using it. Wheatley-Price et al. reported that data from 
over 1,700 patients with SCLC in randomized chemother-
apy trials confirmed that women survive slightly longer 
than men.20 The results have shown that there was no 

significant difference in MST between all patients with 
SCLC, using metformin and not. Due to the higher num-
ber of female patients with SCLC not using metformin, 
there may be no difference in MST between the groups. 
There was a trend toward prolonged MST in patients with  
LD SCLC using metformin compared to those not using 
it, and there was no significant difference in sex. Met-
formin use may have a prognosis benefit in patients with 
SCLC combined with DM based on the results of this study 
and that of Kong et al.19 Considering the limited number 
of patients in this study, however, the results need to be 
validated on a larger sample of patients, probably in a mul-
ticenter prospective study. More studies need to be carried 
out in order to clarify the mechanism of the synergistic ef-
fect of metformin and chemotherapy/radiotherapy, though 
this combination is promising.
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