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The Impact of Diabetes Mellitus and Metformin Treatment on
Survival of Patients with Advanced Pancreatic Cancer Undergoing
Chemotherapy
Purpose
A causal relationship between diabetes mellitus (DM) and pancreatic cancer is well established. However, in patients with advanced pancreatic cancer (APC) who receive palliative
chemotherapy, the impact of DM on the prognosis of APC is unclear.
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Materials and Methods
We retrospectively enrolled APC patients who received palliative chemotherapy between
2003 and 2010. The patients were stratified according to the status of DM, in accordance
with 2010 DM criteria (American Heart Association/American Diabetes Association). DM
at least 2 years’ duration prior to diagnosis of APC was defined as remote-onset DM (vs.
recent-onset).
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Results
Of the 349 APC patients, 183 (52.4%) had DM. Among the patients with DM, 160 patients
had DM at the time of diagnosis of APC (remote-onset, 87; recent-onset, 73) and the
remaining 23 patients developed DM during treatment of APC. Ultimately, 73.2% of patients
(134/183) with DM received antidiabetic medication, including metformin (56 patients,
41.8%), sulfonylurea (62, 45.5%), and insulin (43, 32.1%). In multivariate analysis, cancer
extent (hazard ratio [HR], 1.792; 95% confidence interval [CI], 1.313 to 2.445; p < 0.001)
showed association with decreased overall survival (OS), whereas a diagnosis of DM (HR,
0.788; 95% CI, 0.615 to 1.009; p=0.059) conferred positive tendency on the OS. Metformin
treatment itself conferred better OS in comparison within DM patients (HR 0.693; 95% CI,
0.492 to 0.977; p=0.036) and even in all APC patients (adjusted HR, 0.697; 95% CI, 0.491
to 1.990; p=0.044).
Conclusion
For APC patients receiving palliative chemotherapy, metformin treatment is associated with
longer OS. Patients with DM tend to survive longer than those without DM.

Introduction
Pancreatic cancer (PC) is the fourth common cause of
cancer death in both Asian and western countries [1]. At the
time of diagnosis, only 10%-20% of patients are eligible for
curative surgery. PC is an aggressive malignancy with a
5-year survival rate < 5% [2].
Diabetes mellitus (DM) is linked as a risk factor in a num│ http://www.e-crt.org │
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ber of cancers [3]. Although the mechanisms of increased
incidence of cancer with DM are not fully understood,
insulin resistance, leading to hyperinsulinemia, causes
up-regulation of insulin-like growth factor-I (IGF-I) signaling
pathway to increase proliferation and invasion of cancer cells
and decrease apoptosis [4,5].
Previous studies have shown that recent-onset DM has
increased the risk of PC [6,7]. Some studies have even
suggested that recent-onset DM could be used as a bioCopyright ⓒ 2016 by the Korean Cancer Association
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marker of asymptomatic early PC [8]. Although there is some
controversy regarding whether DM predisposes to PC or is
simply a consequence thereof, there is increasing evidence
for recent-onset DM as an early manifestation of PC and for
the long standing DM as a risk factor of PC with twice the
incidence [9].
The utility of DM as a prognostic index in PC is a matter
of debate. In two previous studies where patients with
resectable and unresectable PC were grouped together, the
survival was shortened for those with DM [10,11]. A retrospective review, limited to resectable PC, also showed that
survival in patients with DM (especially recent-onset DM)
was shortened [12]. Another retrospective study with 540
patients with any stage of PC reported that patients with DM
alone without other constitutional symptoms such as pain,
jaundice, and appetite loss had better survival than symptomatic patients [13]. However, for patients with unresectable
PC receiving palliative chemotherapy, the prognostic value
of DM has rarely been addressed despite the fact that this
population constitutes the majority (approximately 80%) of
patients with PC.
Recently, metformin, a widely used antidiabetic drug, has
received attention for its anti-neoplastic role. Recent epidemiologic evidence is in favor of its protective role against PC
[14] and of its beneficial roll in non-metastatic disease [15].
Therefore, we investigated whether DM and metformin
have any association with survival of advanced PC (APC)
patients undergoing palliative chemotherapy.

Materials and Methods
Consecutive patients with APC, confirmed by histology
and all recipients of palliative chemotherapy from January
2003 to June 2010, were enrolled in this study.

For our purposes, we subdivided DM by onset and duration, designating diagnosis within 2 years prior to confirmed
APC as “recent-onset DM,” and diagnosis > 2 years prior to
confirmed APC as “remote-onset DM.” In addition, “preexisting DM” indicated diagnosis of DM before or at the time
APC was confirmed (i.e., both “recent-onset” and “remoteonset” DM subsets) and “subsequent DM” corresponded
with DM diagnosed after confirmation of APC. “Concurrent
DM” incorporated both “preexisting” and “subsequent” subsets of DM.
Body weight and BMI at the time of initiation of palliative
chemotherapy were cited as “initial weight” and “initial
BMI.” “Initial weight loss” was the weight change experienced at the time of APC diagnosis, using a prior healthy
state as reference. BMI was calculated individually as body
weight divided by square of height (kg/m2). Patients were
then stratified by BMI (< 22.5, 22.5-24.9, and ! 25.0), given
the known association of BMI with mortality in Asians [16].
2. Statistical analysis
The study endpoint is overall survival (OS) defined as the
period from diagnosis of APC to death from any cause. We
calculated median OS using the Kaplan-Meier method.
Between-group differences in demographic and clinical data
were evaluated using Fisher exact test for categorical variables. For the effect of multiple factors on survival, the hazard ratio (HR) and its 95% confidence interval (CI) were
evaluated using Cox proportional hazards model. The survival of the two groups was compared using the log-rank
test. All tests were 2-sided, and p-values of " 0.05 were considered statistically significant. We performed statistical
analyses using SPSS ver. 19.0 (IBM Co., Armonk, NY).
This study was reviewed and approved by the Institutional Review Board of Seoul National University Hospital
(IRB No. H-1102-023-350). All studies were conducted
according to guidelines (Declaration of Helsinki) for biomedical research.

1. Data collection and categorization
Precisely defined DM disease status was a requirement,
stipulated as follows: (1) self-reported diabetic history;
(2) ongoing treatment with antidiabetic medication(s); or
(3) qualification as DM during the follow-up period, based
on 2010 American Heart Association/American Diabetes
Association (AHA/ADA) joint criteria.
Each patient’s medical records were reviewed retrospectively. Date of diagnosis was the date that locally advanced
PC (LAPC) or metastatic/recurrent PC (MPC) was confirmed. Patient age, performance status, DM status, antidiabetic treatments, body weight, body mass index (BMI),
smoking history, and initial laboratory data were assessed.
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Results
1. Patient characteristics
A total of 349 patients were enrolled. By definition, 183
patients (52.4%) had concurrent DM, whether preexisting
(160 patients) or subsequent (23 patients). Of those with
preexisting DM, 87 qualified as remote-onset and 73 as
recent-onset. The majority of patients with concurrent DM
(134/183, 73.2%) were taking antidiabetic medication,

Younak Choi, Impact of Metformin on Survival of PC

Table 1. Status of DM and antidiabetic medication
Characteristic

Range

DM status (n=349)

No. of patients (%)

Concurrent DM
Preexisting DM
Remote-onset DM (! 2 yr)
Recent-onset DM (< 2 yr)
Subsequent DM
Non-DM
Yes
No

Antidiabetic medication (n=183)

183 (52.4)
160 (45.8)
87 (24.9)
73 (20.9)
23 (6.6)
166 (47.6)
134 (73.2)
49 (26.8)

DM, diabetes mellitus.

Table 2. Clinical characteristics by DM status in advanced pancreatic cancer
Characteristic
Sex
Age (yr)
ECOG PS
Cancer extent
Initial BMI (kg/m2)

Weight loss, initial by BMI ! 1 kg/m2
Weight loss, during first-line,
by BMI ! 1 kg/m2
CA19-9
Albumin
Response
Courses of chemotherapy

Total (n=349)
Male
Female
! 60
< 60
0-1
!2
LAPC
MPC
< 22.5
22.5-24.9
! 25.0
Yes
No
Yes
No
Elevated
Normal
Decreased
Normal
Controlled
Uncontrolled
1
!2

224 (64.2)
125 (35.8)
172 (49.3)
177 (50.7)
281 (80.5)
68 (19.5)
66 (18.9)
283 (81.1)
214 (62.0)
89 (25.8)
42 (12.2)
193 (55.3)
156 (44.7)
96 (33.1)
194 (66.9)
282 (80.8)
67 (19.2)
82 (23.5)
267 (76.5)
197 (56.4)
152 (43.6)
185 (53.0)
164 (47.0)

DM vs. Non-DM
DM (n=183)

Non-DM (n=166)

114 (62.3)
69 (37.7)
109 (59.6)
74 (40.4)
36 (19.7)
147 (80.3)
37 (20.2)
146 (79.8)
111 (61.0)
44 (24.2)
27 (14.8)
110 (60.1)
73 (39.9)
51 (33.1)
103 (66.9)
149 (81.4)
34 (18.6)
46 (25.1)
137 (74.9)
108 (59.0)
75 (41.0)
90 (49.2)
93 (50.8)

110 (66.3)
56 (33.7)
63 (38.0)
103 (62.0)
32 (19.3)
134 (80.7)
29 (17.5)
137 (82.5)
103 (63.2)
45 (27.6)
15 (9.2)
83 (50.0)
83 (50.0)
45 (33.1)
91 (66.9)
133 (80.1)
33 (19.9)
36 (21.7)
130 (78.3)
89 (53.6)
77 (46.4)
95 (57.2)
71 (42.8)

p-valuea)
0.503
< 0.001
0.926
0.585
0.26

0.067
0.996
0.787
0.452
0.332
0.132

Values are presented as number (%). DM, diabetes mellitus; ECOG PS, Eastern Cooperative Oncology Group performance
status; LAPC, locally advanced pancreatic cancer; MPC, metastatic pancreatic cancer; BMI, body mass index; CA 19-9, cancer
antigen 19-9. a)Fisher exact test.

including metformin (56/134, 41.8%), sulfonylurea (62/134,
45.5%), and insulin (43/134, 32.1%) (Table 1). Median age of
patients was 59.6 years and 64.2% were male. Sixty-six
patients (18.9%) were diagnosed as LAPC and 283 patients
(81.1%) as MPC. Four of every five subjects had good Eastern

Cooperative Oncology Group performance status (0-1).
Distribution of BMI was initially biased towards low (< 22.5
kg/m2, 62.0%; 22.5-24.9 kg/m2, 25.8%; ! 25.0 kg/m2, 12.2%)
and one of every three patients (33.1%) suffered weight loss
during the first-line chemotherapy. As a first-line chemother-
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Table 3. Factors impacting overall survival (all patients)
Clinical factor
Sex
Age (yr)
ECOG PS
Cancer extent
DM
Initial BMI (kg/m2)

Weight loss, initial
by BMI ! 1 kg/m2
Weight loss,
during first-line,
by BMI ! 1 kg/m2

mOS (95% CI, mo)
Male
Female
! 60
< 60
!2
0-1
MPC
LAPC
Yes
No
< 22.5
22.5-24.9
! 25.0
Yes
No
Yes
No

7.2 (6.1-8.3)
9.1 (7.5-10.7)
7.2 (6.3-8.1)
9.1 (7.7-10.5)
6.6 (5.4-7.8)
8.8 (7.6-10.0)
7.2 (6.5-7.9)
12.8 (10.5-15.0)
8.4 (6.8-10.0)
7.5 (6.3-8.7)
7.3 (6.2-8.4)
9.8 (8.6-11.0)
6.7 (3.5-9.9)
7.9 (6.6-9.1)
8.0 (6.5-9.5)
8.2 (5.7-10.6)
9.3 (8.1-10.6)

Univariate analysis

Multivariate analysis
a)

p-valueb)

HR

95% CI

p-value

HR

95% CI

1.044
1
1.137
1
1.411
1
1.809
1
0.793
1
1.289
1
1.119
1.097
1
1.347
1

0.826-1.319

0.719

-

-

0.912-1.417

0.255

-

-

1.075-1.852

0.013

1.352-2.420

< 0.001

0.635-0.990

0.041

0.989-1.679
0.758-1.651
0.877-1.372

0.06
Reference
0.572
0.417

1.036-1.752

0.026

1.230
1
1.792
1
0.788
1
1.270
1

0.894-1.692

0.203

1.313-2.445

< 0.001

0.615-1.009

0.059

-

-

0.970-1.661

0.082

mOS, median overall survival; CI, confidence interval; HR, hazard ratio; ECOG PS, Eastern Cooperative Oncology Group
performance status; MPC, metastatic pancreatic cancer; LAPC, locally advanced pancreatic cancer; DM, diabetes mellitus;
BMI, body mass index. a)Cox proportional hazard model, b)Cox proportional hazard model adjusted with performance status,
DM status, cancer extent, and weight loss during first-line therapy.

2. Determinants of prognosis for all patients
In univariate analysis, Eastern Cooperative Oncology
Group performance status (ECOG PS) (p=0.013), cancer
extent (p < 0.001), concurrent DM (p=0.041), and weight loss
during chemotherapy (p=0.026) significantly impacted OS
(Table 3). In multivariate analysis, cancer extent/metastasis
(HR, 1.792; 95% CI, 1.313 to 2.445; p < 0.001) conferred a
higher risk of death, whereas concurrent DM (HR, 0.788; 95%
CI, 0.615 to 1.009; p=0.059) showed the tendency of lowering
risk.
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1.0
Probability of OS

apy, 324 patients (92.8%) received gemcitabine containing
regimens and 53 patients (15.2%) were treated with gemcitabine or fluorouracil based concurrent chemoradiotherapy.
Overall, 197 patients (56.4%) achieved favorable responses
(complete response, partial response, and stable disease) to
first-line palliative chemotherapy (Table 2).
Median duration of follow-up for all patients was 10.2
months (95% CI, 9.3 to 11.1 months), and median OS was 7.9
months (95% CI, 7.0 to 8.8 months). One-year and 2-year
survival rates were 31% and 8%, respectively.

DM: mOS 8.4 mo
Non-DM: mOS 7.5 mo

0.8

p=0.041

0.6
0.4
0.2
0.0

0

2

4

6

8 10 12 14 16 18 20 22 24
Time to death (mo)

Fig. 1. Overall survival (OS) of all patients by diabetes
mellitus (DM) status. Kaplan-Meier estimates, demonstrating positive association between DM and OS (hazard
ratio, 0.793; 95% confidence interval, 0.635 to 0.990;
p=0.041, log-rank test). mOS, median OS.
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Table 4. Patient survival by DM subsets
Clinical factor
Recent-onset DM
Antidiabetic medication
Metformin
Sulfonylurea
Insulin

No. (n=183)

mOS (95% CI, mo)

HR (95% CI)

p-valuea)

73
110
134
49
56
127
62
121
43
140

9.8 (7.1-12.5)
7.9 (6.2-9.5)
9.1 (7.0-11.2)
8.4 (6.6-10.2)
11.0 (7.3-14.8)
7.9 (6.0-9.7)
9.9 (6.6-13.1)
7.9 (6.2-9.5)
7.4 (3.8-8.3)
8.8 (7.3-10.4)

0.789 (0.574-1.083)
1(
0.674 (0.472-0.962)
1(
0.693 (0.492-0.977)
1(
0.894 (0.643-1.244)
1(
0.782 (0.542-1.127)
1(

0.142

Yes
No
Yes
No
Yes
No
Yes
No
Yes
No

0.203
0.036
0.507
0.187

DM, diabetes mellitus; mOS, median overall survival; CI, confidence interval; HR, hazard ratio. a)Cox proportional hazard
model.

A

B
1.0

Recent-onset DM:
mOS 9.8 mo
Remote-onset/sebsequent DM:
mOS 7.9 mo

0.8
0.6

p=0.142

0.4
0.2
0.0

0

2

4

6

8 10 12 14 16 18 20 22 24
Time to death (mo)

Probability of OS

Probability of OS

1.0

DM with metformin:
mOS 11.0 mo
DM without metformin:
mOS 7.9 mo

0.8
0.6

p=0.036

0.4
0.2
0.0

0

2

4

6

8 10 12 14 16 18 20 22 24
Time to death (mo)

Fig. 2. Overall survival of diabetes mellitus (DM) patients. (A) Recent-onset DM, not having significantly prolonged overall survival
(OS) (vs. other DM subsets, including remote-onset DM and subsequent DM; hazard ratio [HR], 0.789; 95% confidence interval [CI],
0.574 to 1.083; p=0.142). (B) OS prolongation in metformin recipients vs non-recipients (HR, 0.693; 95% CI, 0.492 to 0.977; p=0.036).
mOS, median OS.

3. Patient comparisons (DM vs. non-DM)
The OS of the DM group was 8.4 months (95% CI, 6.8 to
10.0 months), compared with 7.5 months (95% CI, 6.3 to 8.7
months) for the non-DM group (p=0.041, log-rank test)
(Fig. 1). The clinical characteristics of patients with APC were
also compared in order to determine other factors causing
the difference of OS between DM and non-DM subsets (Table
2). In the DM group, more patients were past the age of 60
years than in the non-DM group (59.6% vs. 38.0%, p < 0.001).
ECOG PS, cancer extent, cancer antigen 19-9 level, and
response to chemotherapy, etc. did not differ significantly
between groups, although patients with DM showed a

tendency for greater weight loss at diagnosis (change in BMI
! 1, p=0.067).
4. Analysis of OS in DM group
More than half of our cohort had DM. When stratified as
remote- or recent-onset DM, the clinical characteristics by
subset were similar, except for more liberal use of antidiabetic medication in patients with remote-onset DM (p=0.002)
(Supplementary Table 1). Metformin usage did not differ for
remote-onset DM (32.2%) and recent-onset DM (34.2%), but
insulin was more often used for remote-onset DM (34.5% vs.
17.8%, p=0.001).
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Table 5. Factors impacting overall survival (all patients)
Clinical factor

Multivariate analysis

mOS (95% CI, mo)

ECOG PS
Cancer extent
Metformin
Weight loss, during first-line,
by BMI ! 1 kg/m2

!2
0-1
MPC
LAPC
Yes
No
Yes
No

6.6 (5.4-7.8)
8.8 (7.6-10.0)
7.2 (6.5-7.9)
12.8 (10.5-15.0)
11.0 (7.3-14.8)
7.8 (6.8-8.8)
8.2 (5.7-10.6)
9.3 (8.1-10.6)

HR (95% CI)

p-valuea)

1.224 (0.890- 1.683)
1(
1.703 (1.249-2.322)
1(
0.697 (0.491-1.990)
1(
1.257 (0.961- 1.644)
1(

0.215
0.001
0.044
0.095

mOS, median overall survival; CI, confidence interval; HR, hazard ratio; ECOG PS, Eastern Cooperative Oncology Group
performance status; MPC, metastatic pancreatic cancer; LAPC, locally advanced pancreatic cancer; BMI, body mass index.
a)
Cox proportional hazard model adjusted with performance status, cancer extent, metformin use, and weight loss during
first-line therapy.

A
0.8

With metformin:
mOS 11.0 mo
Without metformin:
mOS 7.8 mo

0.6

p=0.044

0.4
0.2
0.0

0

2

4

6

8 10 12 14 16 18 20 22 24
Time to death (mo)

B
1.0
Probability of OS

Probability of OS

1.0

DM with metformin:
mOS 11.0 mo
DM without metformin:
mOS 7.9 mo
Non-DM:
mOS 7.5 mo

0.8
0.6

p=0.029

0.4
0.2
0.0

0

2

4

6

8 10 12 14 16 18 20 22 24
Time to death (mo)

Fig. 3. Overall survival (OS) of all patients by metformin. (A) OS (all patients) by metformin. Prolonged OS in metformin
recipients versus non-recipients (hazard ratio [HR], 0.695; 95% confidence interval [CI], 0.509 to 0.948; p=0.022) (adjusted
HR with performance, cancer extent, and weight loss [change in body mass index ! 1] during first-line therapy, 0.697; 95%
CI, 0.491 to 0.990; p=0.044). (B) OS of diabetes mellitus (DM) treated with metformin surpassed that of other groups (nonDM or DM without metformin; p=0.029).

Recent-onset DM did not have significantly prolonged OS,
compared with remote-onset/subsequent DM (7.9 months
vs. 9.8 months; HR, 0.789; 95% CI, 0.574 to 1.083; p=0.142)
(Table 4, Fig. 2A). Neither antidiabetic medication in general
nor sulfonylurea or insulin specifically affected OS in DM
patients. However, recipients of metformin survived longer
than non-recipients (HR, 0.693; 95% CI, 0.492 to 0.977;
p=0.036) (Table 4, Fig. 2B). However, recipients and nonrecipients of metformin had similar clinical characteristics
(Supplementary Table 2).
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5. Analysis of OS in all patients, relative to metformin use
Focusing on metformin treatment, we reanalyzed prognostic indices of APC for the entire cohort, including non-DM
patients (Table 5). The OS of metformin-treated patients was
significantly longer than that of all other groups. Relative to
the APC cohort overall, metformin treatment conferred better survival as well (11.0 months vs. 7.8 months; adjusted HR,
0.697; 95% CI, 0.491 to 1.990; p=0.044), given similar baseline
clinical characteristics (Fig. 3A, Supplementary Table 3). OS
of metformin-treated DM patients was also significantly
longer than that of all other groups, respectively (non-DM or

Younak Choi, Impact of Metformin on Survival of PC

DM without metformin, p=0.029) (Fig. 3B).

Discussion
In this study, we confirmed the possibility of metformin as
an independent prognostic factor for APC patients undergoing palliative chemotherapy. Although we could not prove
the association of DM with survival, we were able to show
that APC patients with DM tend to survive longer than those
without DM.
Metformin is an oral biguanide widely used as a single and
combination therapy for DM. Many clinical data have
proven the biological mechanisms of metformin as a glucoselowering agent and an anticancer drug at a cellular level.
Growth inhibition through metabolic pathways of metformin
is associated with activation of AMP-activated protein kinase
(AMPK) via the serine-threonine liver kinase B1 (LKB1),
which in turn decreases the phosphorylation of mammalian
target of rapamycin (mTOR) and S6 kinase and then results
in reducing mRNA translation and protein synthesis [17].
More recent studies have reported on the persisting effects
of metformin with several AMPK-independent mechanisms,
such as inhibition of IGF-1 receptor signaling through downstream pathways that include extracellular signal-regulated
kinase and mTOR, reduction of cAMP level that suppresses
protein kinase A activity, or induction of p53-dependent
REDD1 expression that leads to mTOR inhibition and cellcycle arrest in combination with decrease in cyclin D1 expression and pRb phosphorylation and increase in p27
expression. In addition to signaling mechanisms, metformin
can also directly scavenge reactive oxygen species (ROS) and
block endogenous ROS production [18].
In one case-controlled study, the risk of developing PC
among DM patients was reduced with metformin use (odds
ratio, 0.38; 95% CI, 0.22 to 0.69; p=0.001), whereas exogenous
insulin or an insulin secretagogue actually increased the risk
of PC [14]. Another retrospective study of patients with PC
(all stages) and DM showed that use of metformin served as
a better prognostic index for OS (HR, 0.64; p=0.003). However, the benefit of metformin was not apparent in metastatic
PC patients (OS, 8.8 months vs. 7.3 months; p=0.482) [15]. In
a recently released study, exposure to metformin had no
influence on the prognosis of APC [19].
In our study, 134 patients (73.2% of DM patients) with DM
received antidiabetic medication (metformin, 41.8%; sulfonylurea, 45.5%; insulin, 32.1%; other agents, 23.1%). The use of
antidiabetic agents as a whole or each of sulfonylurea and
insulin showed no association with the prognosis of
APC. However, the use of metformin conferred a prognostic

benefit on APC patients. The superiority in survival of
patients taking metformin was translated to all APC patients
as well as within the DM patients (OS, 11.0 months vs. 7.8
months; adjusted HR, 0.697; 95% CI, 0.491 to 1.990; p=0.044)
(Fig. 3A), without differences in baseline clinical characteristics (Supplementary Table 3). The metformin-treated DM
group had significantly longer survival than the non-DM
group or DM without metformin group (p=0.029) (Fig. 3B).
Therefore, we concluded that the use of metformin was
favorable for prognosis in APC.
Given the difference of primary cancer site, especially the
characteristic of pancreas as an organ of insulin secretion, our
results have some similarities with those of the recently
released analysis of gastric cancer patients who underwent
gastrectomy in terms of the decreased mortality rates
coupled with increased cumulative use of metformin. In
particular, the survival of metformin-treated diabetic
patients was not inferior to the survival of non-DM patients
in the study [20].
We thought that the recent prospective randomized trials
to find the synergism between metformin and chemotherapeutic agents (NCT01210911, NCT01971034, NCT01167738,
NCT01666730) could provide us with answers regarding
the role of metformin. However, two of them reported that
metformin was not beneficial as an add-on therapy to paclitaxel monotherapy or gemcitabine and erlotinib combination
therapy. Nevertheless, considering the previous experimental data on the success of metformin with xenograft models,
it is still worth waiting for the results of other ongoing trials
on metformin in combination with other agents [18].
The prognostic value of duration of DM has rarely been
addressed. According to two retrospective studies including
resectable PC, one showed shorter OS in recent-onset DM
[21], and the other reported increased mortality in longstanding DM (> 5 years) [22]. Recently released meta-analysis from two prospective cohort studies showed decreased
survival in long-standing DM (> 4 years) but no difference
of survival in recent-onset DM (" 4 years), compared with
non-DM [23]. In our study, patients with DM tended to
survive longer than non-DM patients (HR, 0.788; p=0.059),
despite more advanced age (! 60 years, p < 0.001). Because
there was no difference in survival between the non-DM
group and DM without metformin group, we could not
exclude the possibility that this advantage of DM patients
came from metformin treatment. However, our results
showed matched results between the lower HR and
extended OS compared to a prior retrospective study which
enrolled more LAPC patients than MPC patients and only
6.5% were biguanide users [24]. Some recent studies
attempted to interpret PC-related DM with type 3 DM [21],
the exogeneous pancreatic failure due to PC, or paraneoplastic syndrome [25] so as to explain better prognosis in DM
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patients. Due to several limitations in previous studies,
including small sample size and small tumor burden,
debates regarding the influence of DM on clinical outcomes
of APC still remained.
The major limitations of our study originated from the
retrospective design. We could not evaluate the duration of
antidiabetic medication but we could check whether the
patients were taking diabetic medicine during the chemotherapy session. Another drawback is the heterogeneity of
antidiabetic medications used. Dual or triple antidiabetic
agents, including thiazolidinedione, alpha-glucosidase
inhibitor, dipeptidyl peptidase-4 inhibitor, etc., were used
simultaneously by more than half the patients. However,
the homogeneity of the patient population with advanced
disease and good performance status enough for chemotherapy enhances the benefits of our study.
Considering the dearth of research directed at DM and
metformin as prognostic factors in APC, we believe that this
work represents a significant step forward providing some
leverage for patients in addition to palliative chemotherapy.

Conclusion
In conclusion, we have shown that metformin use is a
favorable prognostic factor in APC patients receiving palliative chemotherapy. We also showed the tendency that
patients with DM survived longer than those without DM.
Further studies are warranted to validate the prognostic
value of this study, including onset/duration of DM.
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