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Association between metformin use and clinical outcomes following pancreaticoduodenectomy 

in patients with type 2 diabetes and pancreatic ductal adenocarcinoma

Abstract

Background: Retrospective studies on the association between metformin and clinical outcomes may 

be affected by time-related bias. Recent studies used time-varying analysis to avoid time-related bias, 

but only considered the start date of metformin and not the stop date. We first aimed to confirm the 

effect of metformin on pancreatic cancer cells in cellular level and tried to determine the clinical 

benefits of metformin in patients with type 2 diabetes and pancreatic ductal adenocarcinoma

following pancreaticoduodenectomy.

Methods: In laboratory study, MTT assay was performed to confirm the decrease in viability by 

Metformin. Also western blotting and quantitative real-time polymerase chain reaction were done to 

check the effect on mTOR. Data from patients who underwent pancreaticoduodenectomy due to 

pancreatic ductal adenocarcinoma at a single high-volume center between May 2007 and July 2016 

were retrospectively reviewed. Analysis using a Cox model with time-varying covariates was 

performed to compare recurrence-free survival and overall survival between the metformin group and 

the non-metformin group while considering both the start and stop dates of metformin use. Also, 

meta-analyses with previous studies were performed to compare the results.

Results: MTT assay in AsPC-1 cells revealed a concentration-dependent decrease in cell survival. And

the protein level and RNA expression of mTOR were significantly decreased upon the treatment with 

30 or 50 mmol/ml of metformin. In the meta-analysis, the metformin group had significantly better 

overall survival in studies which have done the conventional Cox analysis (HR = 0.85, 95% CI: 0.78 –

0.92). On the other hand, metformin did not show any beneficial effect on clinical outcomes in the 

meta-analysis of studies performed analysis by Cox models with time-varying covariates only 
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reflecting the start date of metformin use (HR = 0.99, 95% CI: 0.93 – 1.05). However, in our 

retrospective study, a total of 283 patients were included and used Cox models with time-varying 

covariates reflecting both the start and stop dates of metformin use as a first time. The result showed a 

significant difference in overall survival between the two groups (HR, 0.747; 95% CI, 0.562–0.993; P

= 0.045).

Conclusion: Metformin may be useful as a postoperative therapy for improving overall survival 

following pancreaticoduodenectomy in patients with type 2 diabetes and pancreatic ductal 

adenocarcinoma.

Keywords: Metformin, Pancreaticoduodenectomy, Type 2 diabetes, Pancreatic cancer
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Introduction

Metformin use is associated with improvement of clinical outcomes in various types of 

cancers [1-7], and several randomized controlled studies [8-10] as well as systematic reviews and 

meta-analysis [11-17] showed beneficial effects of metformin use on the clinical outcomes of 

pancreatic cancer patients. However, the results of those studies were somewhat inconsistent and there 

are issues on time-related bias in retrospective studies on metformin use [18]. Chaiteerakij et al. 

claimed that analysis by Cox models with time-varying covariates may be able to solve this problem, 

but they only considered the start date of metformin use and not the stop date [19].

Metformin is an oral hypoglycemic drug widely used in patients with type 2 diabetic because 

it is relatively inexpensive and effective. As metformin had been used for a long time, physicians have 

extensive experience and data on its efficacy and side effects. If metformin is proven to have positive 

effects on oncologic outcomes, it may be readily used in clinical practice. Metformin has been found 

to prevent pancreatic tumor growth by inhibiting fibrosis and inflammation [20]. Moreover, 

metformin inhibits fibrosis by reducing TGF-β signaling in pancreatic stem cells and reduces 

inflammation by enhancing the AMPK pathway and inhibiting the mTOR pathway [20, 21].

We first aimed to confirm the effect of metformin on pancreatic cancer cells in cellular level 

and determine the effect of metformin on the clinical outcomes of patients with type 2 diabetes who 

underwent pancreaticoduodenectomy (PD) due to pancreatic ductal adenocarcinoma (PDAC), and 

tried to avoid time-related bias in the analysis by considering both the start and stop dates of 

metformin use.
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Methods

Cell culture and reagents

The cytotoxic effects of metformin were evaluated using human pancreatic cancer cell lines 

(AsPC-1) purchased from the American Type Culture Collection (ATCC; Manassas, VA, USA). Cell 

lines were maintained in Roswell Park Memorial Institute medium (RPMI; HyClone Laboratories, 

Logan, UT, USA) supplemented with 10% fetal bovine serum (FBS; Corning Life Sciences, 

Tewksbury, Massachusetts, USA) and 100 units/ml penicillin, and 100 μg/ml streptomycin (HyClone 

Laboratories) at 37 ºC in a humidified atmosphere containing 5% CO2. Pharmacological reagents and 

metformin were purchased from Sigma-Aldrich (St. Louis, Missouri, USA) and stored as 

recommended by the manufacturer.

Cell viability analysis

In vitro concentration of metformin was set at 30–50 mmol/ml after repeated titration from 

0.0005 to 50 mmol/ml. To assess cell viability, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide (MTT) assay was performed in 96-well plates. MTT was purchased from Duchefa (Haarlem, 

the Netherlands). Optical density was assessed at 540 nm using the Sunrise absorbance microplate 

reader (Tecan, Switzerland). Cell survival was expressed as the percentage of the absorbance of 

metformin-treated cells relative to that of untreated cells 12 hours after treatment.

Western blot analysis

The total cellular and tissues proteins were prepared using RIPA lysis buffer and quantified 

using Pierce BCA Protein Assay kit (Thermo Fisher Scientific, Waltham, MA, USA) according to the 
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manufacturer's instructions. Then, standardized Western blot analyses were performed. The 

mammalian target of rapamycin, mTOR, was analyzed to evaluate the effect of the metformin on the 

pancreatic cancer cell lines because mTOR is a downstream effector of the phosphatidylinositol 3-

kinase (PI3K)/AKT pathway, which has a critical role in the prognosis of pancreatic cancer [21-25]. 

Anti-mTOR antibodies were purchased from Abcam (Cambridge, United Kingdom). Protein 

expression was visualized using the SuperSignal West Femto Maximum Sensitivity Substrate 

(Thermo Fisher Scientific) with LAS4000 (GE Healthcare Life Science, Marlborough, MA, USA). β-

actin was used as the internal control.

Quantitative real-time polymerase chain reaction (PCR)

Total RNA was prepared using QIAzol lysis reagent (Qiagen, Hilden, Germany) and RNeasy 

Plus Mini kit (Qiagen, Hilden, Germany) and then reverse-transcribed into cDNA using the ReverTra 

Ace qPCR RT Master Mix (Toyobo, Osaka, Japan) according to the manufacturer's instructions. Real-

time PCR was carried out using the CFX Connect TM Real-Time PCR Detection System (Bio-Rad, 

Hercules, California, USA) using the 5´ Hot FIREPol EvaGreen qPCR Supermix (Solis BioDyne, 

Tartu, Estonia). The primer sequences for mTOR were 5’-CGC TGT CAT CCC TTT ATC G-3’ (sense) 

and 5’-ATG CTC AAA CAC CTC CAC C-3’ (antisense). Glyceraldehyde 3-phosphate dehydrogenase 

(GAPDH) was used as the normalized control for each gene. The primer sequences for GAPDH were 

5’-GAG TCA ACG GAT TTG GTC GT-3’ (sense) and 5’-TTG ATT TTG GAG GGA TCT CG-3’ 

(antisense).

Patient database

We retrospectively reviewed the data of all preoperatively diagnosed type 2 diabetic patients 

who underwent PD due to PDAC between May 2007 and July 2016 at Asan Medical Center (Seoul, 
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Korea). Demographics, surgical variables, postoperative outcomes, and postoperative follow-up data 

were collected. Specifically, the following clinical, pathologic, and surgical data were collected: sex, 

age at operation, body mass index (BMI), American Society of Anesthesiologists (ASA) classification

for comorbidities [26], preoperative laboratory data (carbohydrate antigen 19-9 [CA 19-9],

carcinoembryonic antigen [CEA], albumin), neoadjuvant and adjuvant chemotherapy, operation type, 

length of hospital stay, tumor size, number of harvested lymph nodes, tumor, node, and metastasis 

(TNM) stages (American Joint Committee on Cancer, 8th edition) [27], tumor differentiation, 

lymphovascular invasion, perineural invasion, resection margin status, recurrence, and overall 

survival. As for the postoperative follow-up data, the duration of survival after surgery was measured 

from the time of surgery until death or the last visit to the outpatient department. The study was 

approved by the Institutional Review Board of Asan Medical Center (approval number: 2018-0901).

Statistical analysis

Demographic and perioperative data of the metformin group and the non-metformin group 

were compared. Continuous variables were analyzed using the Student’s t-test and are presented as 

mean ± standard deviation. Categorical variables were analyzed using the χ2 test and are presented as 

percentages. Differences with P values ≤ 0.05 were considered statistically significant.

In the first model, we defined the metformin group as patients who took metformin in the 

postoperative period, and did not consider the start and stop dates. We drew the Kaplan-Meier curves 

of recurrence-free survival and overall survival for these patients. 

In the second model, we took into account the start date of metformin use and not the stop 

date. Metformin group patients were switched to the non-metformin group once they stopped using 

metformin. We performed sensitivity analysis using the Cox proportional hazards model and extended 

the Cox model with time-varying covariates to compare recurrence-free survival and overall survival 

according to metformin treatment. Some patients were initially classified as using metformin and 
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others were classified as not using it. Patients who used metformin during follow-up were switched to 

the metformin group at that time and remained as such until recurrence or death. 

In the third model, we took into account both the start date and stop date of metformin use. 

Metformin group patients were switched to the non-metformin group once they stopped using 

metformin. In the metformin group, the mean dose was calculated by considering the duration of the 

dose and standardized by weight. Cox proportional hazards model was used to demonstrate the 

association of this dose with clinical outcomes.

Univariable and multivariable analyses were performed, and covariates were included in the 

multivariable analysis by using the backward elimination method. Adjusted analysis by Cox models 

with time-varying covariates are presented. In multivariable analysis, the interaction effects of 

metformin and stage were added as covariates and evaluated. All statistical analyses were carried out 

in IBM SPSS version 24.0 (IBM Corp., Armonk, NY, USA) and SAS version 9.4 (SAS Institute, Cary, 

NC, USA).

Meta-analysis

Electronic databases including PubMed, Embase, and Cochrane were comprehensively 

searched to retrieve relevant studies on the metformin treatment in patients with PDAC up to August 

16, 2019 with no language restriction. We developed a search strategy using the following search

terms: “metformin or dimethylbiguanide or glucophage or dimethylguanylguanide” and “pancreatic 

cancer or pancreatic neoplasm or pancreatic ductal carcinoma or PDAC” to achieve eligible studies. 

Inclusion criteria were as follows: (1) study design: randomized controlled trials, observational studies, 

cohort studies, or case control studies (2) original articles report� ing time to event data such as hazard 

ratios with 95% confidence interval. In case of duplication, only the study with the most complete 

dataset or reported recently was included. Retrieved data including first author, year of publication, 
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country, study design, age, diabetes type, cancer type, resectability, median follow up duration, hazard 

ratio with confidence interval, recurrence free survival, overall survival, and analysis by Cox models 

with time-varying covariates were independently extracted for all studies into a predesigned table.

Data were pooled together in a meta-analysis with Stata version 11.0 (Stata Corp., College 

station, TX, USA). Original data were reported as hazard ratio (HR). The original studies typically 

reported adjusted results (adjusted HR) and therefore we extracted the adjusted effect sizes for meta-

analysis. Heterogeneity was evaluated with I squared (I2) statistic: I2 = 0 – 60% (not important to 

moderate), I2 more than 60% (substantial statistical heterogeneity). As there was no evidence of 

heterogeneity we proceeded with fixed-effects models. The presence of publication bias was 

evaluated with the Duval and Tweedie’s trim-and-fill funnel plot.
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Results

Cell viability analysis

MTT assay in AsPC-1 cells revealed a concentration-dependent decrease in cell survival 

after 12-hour treatment with metformin (Figure 1). Specifically, 30 and 50 mmol/ml metformin 

showed statistically significant differences compared with control (Figure 1). Based on this result, 

subsequent Western blot analysis and quantitative real-time PCR were carried out using 30 and 50 

mmol/ml metformin.

Western blot analysis

The protein levels of mTOR in AsPC-1 cells were determined by Western blot analysis. 

Upon treatment with 30 or 50 mmol/ml of metformin, the protein level of mTOR was significantly 

decreased compared with β-actin (Figure 2).

Quantitative real-time PCR

The results of quantitative real-time PCR assay showed that upon treatment with 30 or 50 

mmol/ml of metformin, mTOR expression in AsPC-1 cells was significantly downregulated compared 

with GAPDH (Figure 3).

Patient demographics

A total of 2996 consecutive patients underwent PD during the study period, among whom

283 patients had both type 2 diabetes and PDAC. Of the 283 patients, 157 (55.5%) patients had a 
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history of postoperative metformin use and 126 (44.5%) did not take metformin postoperatively. Table 

1 shows the baseline demographic and preoperative data of the metformin group and the non-

metformin group. Except for ASA grade (P = 0.047), the two groups did not show significant 

differences in terms of sex, age at operation, BMI, preoperative CA 19-9, CEA, albumin, and 

neoadjuvant chemotherapy.

Table 2 shows the postoperative data of the two groups. There were no significant 

differences in terms of operation type, postoperative hospital stays, tumor size, total harvested lymph 

node, TNM stage, differentiation, lymphovascular invasion, perineural invasion, and adjuvant 

chemotherapy. However, the R1 resection rate was significantly higher in the metformin group than in 

the non-metformin group (31.2% vs. 20.6%, P = 0.045).

First model - Crude comparison of clinical outcomes between the metformin group and the non-

metformin group (Ever versus never)

Initially, we compared the Kaplan-Meier curves of recurrence-free survival and overall 

survival between the two groups (Supplementary figure 1), which showed significant differences in 

the clinical outcomes. However, because the medication duration was not reflected in these curves, we 

performed further analyses using Cox proportional hazards model and extended Cox model with time-

varying covariates to adequately compare recurrence-free survival and overall survival between the 

two groups.

2nd model - Analysis by Cox models with time-varying covariates only reflecting the start date of 

metformin use

Unadjusted analysis by Cox models with time-varying covariates only reflecting the start 

date of postoperative metformin use showed no significant differences in recurrence-free survival 
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(hazard ratio [HR], 0.903; 95% confidence interval [CI], 0.688–1.185; P = 0.463) (Table 3) or overall 

survival (HR, 0.862; 95% CI, 0.659–1.128; P = 0.280) between the two groups (Table 3).

Univariable and multivariable analyses on recurrence-free survival and overall survival were

performed for stratification (Supplementary Tables 1 to 4). Adjusted analysis by Cox models with 

time-varying covariates only reflecting the start date of postoperative metformin use also showed no 

significant difference in recurrence-free survival (HR, 0.923; 95% CI, 0.691–1.234; P = 0.590) and 

overall survival (HR, 0.83; 95% CI, 0.627–1.098; P = 0.192) between the two groups (Table 4).

Interaction among TNM stage 1, 2, 3, 4 and metformin effect on clinical outcomes was 

calculated to evaluate if there is any difference of metformin’s effect in each stage. But there was no 

statistically significant interaction in them (P = 0.103 in recurrence-free survival, P = 0.170 in overall 

survival). Also the trend of interaction effect was evaluated and no significant interaction was 

observed (P = 0.208 in recurrence-free survival, P = 0.262 in overall survival).

3rd model - Analysis by Cox models with time-varying covariates reflecting both the start date and 

stop date of metformin use

Unadjusted analysis by Cox models with time-varying covariates reflecting both the start 

date and stop date of postoperative metformin use showed no significant difference in recurrence-free

survival (HR, 0.955; 95% CI, 0.731–1.249; P = 0.737) between the two groups (Table 5). However, 

the same analysis on overall survival showed a significant difference between the two groups (HR, 

0.712; 95% CI, 0.543–0.933; P = 0.014) (Table 5).

After univariable and multivariable analyses, adjusted analysis by Cox models with time-

varying covariates reflecting both the start date and stop date of postoperative metformin use was 

performed. The results showed no significant difference in recurrence-free survival (HR, 1.047; 95% 
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CI, 0.783–1.4; P = 0.754) but significant difference in overall survival (HR, 0.747; 95% CI, 0.562–

0.993; P = 0.045) between the two groups (Table 6).

Interaction among TNM stages effect of metformin was calculated and there was no 

statistically significance (P = 0. 593 in recurrence-free survival, P = 0.060 in overall survival). 

Also the trend of interaction was evaluated and no significance was observed (P = 0.299 in 

recurrence-free survival, P = 0.273 in overall survival).

Meta-analysis

The selection process for the literature search is summarized in Figure 6. Initially, a total of 

974 studies were identified form the search of the 3 databases. After reviewing titles and abstracts for

relevance, 96 studies were evaluated further for eligibility. Among 96 studies, 81 were excluded: 46 

were in vivo or in vitro studies, 23 were meta-analyses or reviews, 8 were about the association 

between metformin and the risk of pancreatic cancer (not the clinical outcomes), 4 were about the 

combination effect with other medications, 4 studies assessed the combination effect with other 

medications, 1 had no suitable clinical outcomes, 3 had no proper hazard ratio or confidence interval.

The characteristics of 16 studies including our study are shown in Table 7. Two randomized 

clinical trials, seven nationwide cohort studies, and seven single center retrospective studies were in 

the final meta-analysis. The studies were conducted in five countries: the USA, Italy, Netherlands, 

New Zealand, and South Korea. In total, 23475 participants were included in the meta-analysis. The 

hazard ratio and confidence interval on overall survival data are shown in Table 8.

The metformin group had significantly better overall survival in the meta-analysis of studies 

which have done the analysis like “Model 1 (Ever vs Never)” (Figure 6). Because there was 

significant heterogeneity between the studies in the fixed-effects model (I2 = 62.0%, P = 0.001), the 
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random-effects model (D+L) was selected as a final result (HR = 0.85, 95% CI: 0.78 – 0.92) (Figure 6

and Supplementary figure 2). Among them, the sensitivity analysis only including studies assessing 

the resectable PDAC also showed that the metformin group had significantly better overall survival 

compared with the non-metformin group (HR = 0.75, 95% CI: 0.67 – 0.84) (Figure 7 and 

Supplementary figure 3).

However, metformin did not show any beneficial effect on clinical outcomes in the meta-

analysis of studies performed like “Model 2 (Analysis by Cox models with time-varying covariates

only reflecting the start date of metformin use)” (HR = 0.99, 95% CI: 0.93 – 1.05) (Figure 8 and 

Supplementary figure 4).
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Discussion

We performed a series of in vitro experiments on the human pancreatic cancer cell line 

AsPC-1 to evaluate the cytotoxic effects of metformin. As a result, we observed that metformin exerts 

a concentration-dependent cytotoxicity in AsPC-1 cells, while significantly downregulating the gene 

and protein expression of mTOR, an important downstream effector of the PI3K/Akt pathway, which 

is a critical pathway in the prognosis of pancreatic cancer [21-25].

After Evans et al. reported that metformin use results in a significant reduction in the 

incidence of cancer [28], many retrospective studies, meta-analyses, and reviews have been carried 

out to show beneficial effects of metformin on the prevention and treatment of pancreatic cancer [4-7, 

11-17]. However, three randomized control studies on the combination therapy of metformin with 

chemotherapeutic agents in advanced pancreatic cancer patients failed to show significant beneficial 

effects on clinical outcomes [8, 10, 29]. In addition, Suissa et al. warned that time-related bias can 

undermine the results of observational studies on metformin [18]. Moreover, Chaiteerakij et al. also 

reported the problem of dichotomous categorization (ever/never) of metformin use in conventional 

Cox proportional hazards regression model and claimed that there was no significant survival benefit 

of metformin in patients with pancreatic cancer [19].

Nevertheless, many in vivo and in vitro studies have demonstrated the cytotoxic effect of 

metformin on pancreatic cancer cells [20, 21, 30-33]. Also, the randomized control studies that failed 

to show a beneficial effect of metformin were conducted only as a combination therapy with other 

chemotherapeutic agents and only in patients with advanced pancreatic cancer [8, 10, 29]. 

Chaiteerakij et al. pointed out an important aspect of retrospective studies on metformin, but they only 

reflected the starting date of metformin administration and not the stop date [19]. In clinical situations, 

even if two given patients are started on metformin on the same day, they should be dealt with 

differently if their stop dates of metformin administration are significantly different. In this situation, a 
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randomized controlled study which enrolls operable pancreatic cancer patient is needed to identify the 

actual effect of metformin as a postoperative therapy following pancreatic resection in pancreatic 

cancer patients. Thus, as a preliminary study for a future randomized controlled study, we conducted 

retrospective cohort study using time-dependent analysis.

If all patients are like A and B in Figure 4, the dichotomous categorization of ever/never

regarding metformin use may be appropriate. However, in clinical situations, patients like C and D

exist, which calls the need for analysis by Cox models with time-varying covariates as previously 

suggested [18, 19]. With this method, tee-time bias may be overcome by considering metformin 

administration as a time-dependent covariate [34]. However, if we only reflect the start date of 

metformin administration, we cannot differentiate patients like C and D in Figure 4. To solve this 

problem, we searched both the start and stop dates of metformin administration and defined a new 

time-varying covariate that incorporates both dates. Thus, all intervals [ (a), (b), (c), (d), and (e) ] in 

Figure 4 were dealt with individual entities in the final analysis.

Similar to the result of Chaiteerakij et al.’s study, adjusted analysis by Cox models with 

time-varying covariates only reflecting the start date of postoperative metformin use showed no 

significant difference in recurrence-free survival and overall survival between metformin group and 

the non-metformin group (Table 3). However, analysis reflecting both the start date and stop date 

showed a significant difference in overall survival (P = 0.045) between the two groups (Table 6). This 

shows that metformin can be effective as a postoperative therapy following PD in type 2 diabetic 

patients with PDAC. However, as we did not observe significant benefits in recurrence-free survival, 

it remains unclear whether postoperative metformin use is effective for PDAC. Metformin may be not 

effective enough to reduce the recurrence after PD, but consequentially effective to lengthen the 

overall survival by reducing tumor burden. A randomized controlled study for operable pancreatic 

cancer is needed to provide a more concrete conclusion.
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The result of meta-analysis showed different result depending on the statistical analysis 

method used in each study. Specifically, the metformin group had significantly better overall survival 

in the meta-analysis of studies which have done the analysis like “Ever vs Never metformin”. On the 

other hand, metformin did not show any beneficial effect on overall survival in the meta-analysis of 

studies using analysis by Cox models with time-varying covariates only reflecting the start date of 

metformin use. Although there is a high possibility of bias in the analysis of “Ever vs Never 

metformin”, it is very difficult to say that a certain statistical method is better than the other, because 

they all have pros and cons. After the thorough reviews of articles associated metformin and PDAC, 

we found that our study is the first study which used analysis by Cox models with time-varying 

covariates reflecting both the start date and stop date of metformin use. However, to confirm the real-

world effect of metformin following PD in type 2 diabetic patients with PDAC, well designed 

randomized clinical trial is needed in the future.

This study has several limitations. Even though we used time-varying covariates analysis, 

this study still has limitations inherent to its retrospective design based on a cohort from a single 

center. To overcome this limitation as much as possible, we conducted thorough research on the 

administration period of metformin by reviewing the electronic medical record and conducting 

telephone inquiry and enrolled only type 2 diabetic patients to reduce the selection bias due to 

preexistence of diabetes and antidiabetic treatment before PD. Also, we tried to reflect the exact 

period of metformin use in order to prevent very short-term uses of metformin from affecting clinical 

outcome measurements. Second, the effect of preoperative metformin administration on postoperative 

clinical outcomes could not be excluded. Nevertheless, when we conducted a univariable analysis 

including preoperative metformin as a variable, we did not observe any significant effects on 

recurrence-free survival and overall survival (Supplementary table 1 and 3). Thirdly, regarding our

analysis by Cox models with time-varying covariates reflecting both the start and stop dates of 

metformin, there may be a question on whether intervals (a) and (c) in Figure 4 can be independent. 
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Because patients take metformin during interval (b), the patient’s clinical outcome during interval (c) 

may be affected by it. However, the effect of remaining metformin would be insignificant as the half-

life of metformin is 3 – 5.7 hours [35-37] and metformin is usually not present in the plasma 24 hours 

after oral administration [35].
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Conclusion

In conclusion, our results suggest that metformin may be useful as a postoperative therapy 

for improving overall survival following PD in patients with type 2 diabetes and PDAC. To confirm 

the beneficial effect of metformin following PD in type 2 diabetic patients with PDAC, well designed 

randomized clinical trial for operable pancreatic cancer is needed in the future.
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Table 1. Demographic and preoperative data of the metformin group and the non-metformin group

Characteristics
Metformin group

(N=157)

Non-metformin 

group

(N=126)

P value

Sex, n (%) 0.272

Female 61 (38.9) 41 (32.5)

Male 96 (61.1) 86 (67.5)

Age, years ± SD 64.6 ± 8.3 63.9 ± 9.2 0.510

BMI, kg/m2 ± SD 22.4 ± 3.0 22.8 ± 2.9 0.242

ASA, n (%) 0.047

Grade I 0 (0) 0 (0)

Grade II 145 (92.4) 107 (84.9)

Grade ≥ III 12 (7.6) 19 (15.1)

Preoperative CA19-9, U/ml 566.7 ± 1481.1 1016.5 ± 2943.5 0.123

Preoperative CEA, ng/ml 10.6 ± 71.9 4.4 ± 3.7 0.358

Preoperative Albumin, g/dl 3.4 ± 0.5 3.3 ± 0.5 0.101

Neoadjuvant chemotherapy, n (%) 0.462

(+) 9 (5.7) 10 (7.9)

(-) 148 (94.3) 116 (92.1)

SD, standard deviation
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Table 2. Postoperative data of the metformin group and the non-metformin group

Characteristics
Metformin group

(N=157)

Non-metformin 

group

(N=126)

P value

Operation type, n (%) 0.496

Laparoscopy 3 (1.9) 4 (3.2)

Open 154 (98.1) 122 (96.8)

Hospital stay, n ± SD 22.4 ± 10.5 23.6 ± 12.1 0.350

Tumor size, cm ± SD 3.2 ± 1.0 3.3 ± 1.1 0.822

Total harvested lymph nodes, n ± SD 21.3 ± 10.0 20.6 ± 10.6 0.586

TNM stage, n (%) 0.924

IA 10 (6.4) 5 (4.0)

IB 43 (27.4) 33 (26.2)

IIA 7 (4.5) 4 (3.2)

IIB 66 (42.0) 56 (44.4)

III 31 (19.1) 27 (21.4)

IV 1 (0.6) 1 (0.8)

Differentiation, n (%) 0.734

Well 17 (11.4) 14 (11.6)

Moderate 112 (75.2) 88 (72.7)

Poor 19 (12.8) 19 (15.7)

  Undifferentiated 1 (0.7) 0 (0)

Lymphovascular invasion, n (%) 0.258

(+) 94 (59.9) 67 (53.2)

(-) 63 (40.1) 59 (46.8)

Perineural invasion, n (%) 0.640

(+) 133 (84.7) 109 (86.5)

(-) 24 (15.3) 17 (13.5)

Resection margin status, n (%) 0.045

(+) 49 (31.2) 26 (20.6)

(-) 108 (68.8) 100 (79.4)

Adjuvant chemotherapy, n (%) 0.464

(+) 105 (66.9) 79 (62.7)

(-) 52 (33.1) 46 (37.3)

Chemotherapy before recurrence, n (%) 0.253

  (+) 83 (52.9) 58 (46.0)
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  (-) 74 (47.1) 68 (54.0)

SD, standard deviation
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Table 3. Unadjusted analysis by Cox models with time-varying covariates only reflecting the start date 

of metformin use

Outcome Metformin use Hazard ratio (95% confidence interval) P value

Recurrence-
free survival 

(+) 0.903 (0.688–1.185) 0.463

(-) 1

Overall 
survival 

(+) 0.862 (0.659–1.128) 0.280

(-) 1

Table 4. Adjusted analysis by Cox models with time-varying covariates only reflecting the start date

of metformin use

Outcome Metformin use Hazard ratio (95% confidence interval) P value

Recurrence-
free survival 

(+) 0.923 (0.691–1.234) 0.590

(-) 1

Overall 
survival 

(+) 0.83 (0.627–1.098) 0.192

(-) 1
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Table 5. Unadjusted analysis by Cox models with time varying covariates reflecting both the start date 

and stop date of metformin use

Outcome Metformin use Hazard ratio (95% confidence interval) P value

Recurrence-
free survival 

(+) 0.955 (0.731–1.249) 0.737

(-) 1

Overall 
survival 

(+) 0.712 (0.543–0.933) 0.014

(-) 1

Table 6. Adjusted analysis by Cox models with time-varying covariates reflecting both the start date 

and stop date of metformin use

Outcome Metformin use Hazard ratio (95% confidence interval) P value

Recurrence-
free survival 

(+) 1.047 (0.783–1.4) 0.754

(-) 1

Overall 
survival 

(+) 0.747 (0.562–0.993) 0.045

(-) 1
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Table 7. Characteristics of studies included in meta-analysis 

Author Year Country Study design
Patient 
number

Age DM type Cancer type Resectability Median follow up

Ambe[6] 2016 USA
Single center 
retrospective

cohort
44

Median 68 
(40-88)

DM PDAC Resectable 19m (2-129m)

Amin[38] 2016 USA Nationwide cohort 1916 NR Type 2 DM PDAC NR NR

Cerullo[7] 2016 USA Nationwide cohort 3393
Mean 54.2 
(SD 9.1)

Both DM 
and non-DM

Pancreatic ca Resectable 16.5m

Chaiteerakij
[19]

2016 USA
Single center 
retrospective

cohort
980

Median 68 
(60 - 75), 

Mean 67.4
(SD 10.4)

DM PDAC

Resectable, 
Locally 

advanced, 
Metastatic

NR

Choi[39] 2016 Korea
Retrospective

cohort
183 Median 59.6 DM PDAC

Locally 
advanced, 
Metastatic

10.2m (95% CI 9.3 - 11.1)

Frouws[40] 2017 Netherland Nationwide cohort 907
Mean 69 (SD 

11)
Both DM 

and non-DM
Pancreatic ca

Resectable, 
Locally 

advanced, 
Metastatic

NR

Hwang[41] 2013 USA Nationwide cohort 516
Mean 72.5 

(SD 10)
Type 2 DM PDAC

Locally 
advanced, 
Metastatic

NR

Jang[5] 2017 Korea Nationwide cohort 764
Median 65 
(57 - 70)

Type 2 DM Pancreatic ca Resectable NR

Kordes[29] 2015 Netherland RCT 121 NR
Both DM

and non-DM
PDAC

Locally 
advanced, 
Metastatic

28.1m (IQR 20.4 - 47.6)

Lee[42] 2016 Korea
Single center 
retrospective

cohort
237

Median 66 
(34 - 85)

Type 2 DM PDAC

Resectable, 
Locally 

advanced, 
Metastatic

10.3m

Reni[8] 2015 Italy RCT 60
Median 63.5 

(42 - 75)
Both DM 

and non-DM
PDAC Metastatic NR
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Sadeghi[43] 2012 USA
Single center 
retrospective

cohort
302

Mean 64.0 
(SD 8.7) 

Both DM 
and non-DM

PDAC

Resectable, 
Locally 

advanced, 
Metastatic

11.4m

Cho[44] 2019
New 

Zealand
Nationwide cohort 1026

Mean 70.0 
(SD 11.4)

Type 2 DM Pancreatic ca NR 8.6m (IQR 2.5 - 23.1)

Jian-Yu[17] 2017 USA Nationwide cohort 12572 Median 76
Both DM 

and non-DM
PDAC

Resectable, 
Locally 

advanced, 
Metastatic

3.8m (IQR 1.4 - 10.1)

Kozak[4] 2016 USA
Single center 

retrospective cohort
171

Median 67 
(37 - 86)

Both DM 
and non-DM

PDAC Resectable 11.23m (Range 0.2 - 105.0)

Yoo 2019 Korea
Single center 

retrospective cohort
283

Median 65 
(38 - 85), 

Mean 64.3 
(SD 8.7)

Type 2 DM PDAC Resectable NR

DM, Diabetes mellitus; PDAC, Pancreatic ductal adenocarcinoma; NR, Not reported; SD, Standard deviaton; CI, Confidence interval; IQR, 

Interquartile range.
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Table 8. Hazard ratio and confidence intervals on the overall survival included in meta-analysis 

Author
Conventional Cox model Time-varying model

Hazard ratio Confidence interval Hazard ratio Confidence interval

Ambe[6] 0.65 (Adjusted) 0.33 - 1.27

Amin[38] 0.88 (Propensity score Adjusted) 0.81 - 0.96

Cerullo[7] 0.79 (Adjusted) 0.67 - 0.93

Chaiteerakij[19] 0.88 (Adjusted) 0.77 - 1.01 0.92 (Adjusted) 0.78 - 1.08

Choi[39] 0.693 (Adjusted) 0.492 - 0.977

Frouws[40] NR NR 0.86 (Adjusted) 0.66 - 1.12

Hwang[41] 1.11 (Adjusted) 0.89 - 1.38

Jang[5] 0.727 (Adjusted) 0.611 - 0.868

Kordes[29] 1.06 (Adjusted) 0.73 - 1.56

Lee[42] 0.61 (Adjusted) 0.46 - 0.81

Reni[8] 1.56 (Adjusted) 0.82 - 2.8

Sadeghi[43] 0.64 (Adjusted) 0.48 - 0.86

Cho[44] 1.17 (Indirectly calculated) 0.91 – 1.51 1.05 (Adjusted) 0.91 - 1.22

Jian-Yu[17] 0.91 (Adjusted) 0.85 - 0.95 1.01 (Adjusted) 0.94 - 1.09

Kozak[4] 0.60 (Adjusted) 0.211 - 1.675

Yoo 0.733 (Adjusted) 0.553 – 0.972 0.83 (Adjusted) 0.627 - 1.098

NR, Not reported.
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Supplementary table 1. Univariable analysis on recurrence-free survival 

Variables
Hazard ratio 

(95% confidence interval)
P value

Metformin use
(+) 0.799 (0.605–1.057) 0.116
(-) 1

Sex
Female 1.077 (0.81–1.432) 0.611
Male 1

Age 0.995 (0.978–1.012) 0.573
BMI 0.992 (0.945–1.041) 0.739

ASA
Grade II 1

Grade ≥III 0.714 (0.457–1.115) 0.139

Preoperative CA19-9
1 0.069

Per 10 unit 1.000 (1.000–1.001)
Per 100 unit 1.004 (1.000–1.009)

Preoperative 
Albumin

0.904 (0.689–1.188) 0.470

Neoadjuvant 
chemotherapy

(+) 0.974 (0.555–1.709) 0.927
(-) 1

Preoperative 
metformin use

(+) 0.852 (0.646–1.124) 0.257
(-) 1

Operation type
Laparoscopy 0.638 (0.252–1.550) 0.321

Open 1
Hospital stay 1.008 (0.996–1.021) 0.202
Tumor size 1.289 (1.136–1.462) < 0.0001
Total harvested 
lymph nodes

1.007 (0.994–1.021) 0.299

TNM stage

I 1 < 0.0001
II 1.984 (1.422–2.766) < 0.0001
III 3.192 (2.120–4.806) < 0.0001
IV 2.673 (0.649–11.001) < 0.173

Differentiation

Well 1 < 0.0001
Moderate 1.404 (0.895–2.204) 0.140

Poor 3.103 (1.798–5.355) < 0.0001
Undifferentiated NA

Lymphovascular 
invasion

(+) 1.449 (1.094–1.919) 0.010
(-) 1

Perineural invasion
(+) 2.097 (1.333–3.299) 0.010
(-) 1

Resection margin 
status

(+) 1.414 (1.039–1.925) 0.028
(-) 1

NA, not applicable
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Supplementary table 2. Multivariable analysis on recurrence-free survival with covariates selected by 

backward elimination method

Variables
Hazard ratio 

(95% confidence interval)
P value

Metformin use
(+) 0.865 (0.642–1.167) 0.343
(-) 1

Sex
Female
Male

Age
BMI

ASA
Grade II

Grade ≥III

Preoperative CA19-9 Per 10 unit
Per 100 unit

Preoperative 
Albumin
Neoadjuvant 
chemotherapy

(+)
(-)

Preoperative 
metformin use

(+)
(-)

Operation type
Laparoscopy

Open
Hospital stay
Tumor size 1.284 (1.103–1.494) 0.001
Total harvested 
lymph nodes

TNM stage

I 1 < 0.0001
II 1.683 (1.179–2.403) 0.004
III 2.915 (1.91–4.447) < 0.0001
IV 4.656 (1.046–20.724) 0.044

Differentiation

Well 1 < 0.0001
Moderate 1.383 (0.872–2.193) 0.168

Poor 3.542 (2.028–6.188) < 0.0001
Undifferentiated NA

Lymphovascular 
invasion

(+)
(-)

Perineural invasion
(+) 1.875 (1.116–3.149) 0.018
(-) 1

Resection margin 
status

(+)
(-)

NA, not applicable
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Supplementary table 3. Univariable analysis on overall survival 

Variables
Hazard ratio 

(95% confidence interval)
P value

Metformin use
(+) 0.712 (0.543–0.933) 0.014
(-) 1

Sex
Female 1.077 (0.818–1.419) 0.597
Male 1

Age 1.011 (0.994–1.029) 0.193
BMI 0.995 (0.949–1.044) 0.842

ASA
Grade II 1

Grade ≥ III 0.645 (0.427–0.975) 0.038

Preoperative CA19-9
1 0.309

Per 10 unit 1.000 (1.000–1.001)
Per 100 unit 1.003 (0.998–1.008)

Preoperative 
Albumin

0.691 (0.527–0.905) 0.007

Neoadjuvant 
chemotherapy

(+) 1.127 (0.667–1.906) 0.654
(-) 1

Preoperative 
metformin use

(+) 0.854 (0.653–1.116) 0.247
(-) 1

Operation type
Laparoscopy 0.526 (0.195–1.417) 0.204

Open 1
Hospital stay 1.014 (1.001–1.026) 0.030
Tumor size 1.306 (1.167–1.460) < 0.0001
Total harvested 
lymph node

1.007 (0.994–1.020) 0.290

TNM stage

I 1 < 0.0001
II 1.717 (1.241–2.375) 0.001
III 3.339 (2.281–4.888) < 0.0001
IV 0.96 (0.133–6.944) 0.968

Differentiation

Well 1 < 0.0001
Moderate 1.358 (0.868–2.126) 0.180

Poor 2.566 (1.497–4.398) 0.001
Undifferentiated NA

Lymphovascular 
invasion

(+) 1.123 (0.858–1.47) 0.397
(-) 1

Perineural invasion
(+) 1.481 (0.983–2.234) 0.061
(-) 1

Resection margin 
status

(+) 1.535 (1.146–2.057) 0.004
(-) 1

NA, not applicable
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Supplementary table 4. Multivariable analysis on overall survival with covariates selected by 

backward elimination method

Variables
Hazard ratio 

(95% confidence interval)
P value

Metformin use
(+) 0.747 (0.562–0.993) 0.045
(-) 1

Sex
Female
Male

Age 1.038 (1.018–1.058) 0.001
BMI

ASA
Grade II

Grade ≥ III

Preoperative CA19-9 Per 10 unit
Per 100 unit

Preoperative 
Albumin

0.745 (0.549–1.011) 0.058

Neoadjuvant 
chemotherapy

(+) 1.748 (1.019–3.000) 0.043
(-) 1

Preoperative 
metformin use

(+)
(-)

Operation type
Laparoscopy

Open
Hospital stay
Tumor size 1.33 (1.165–1.518) < 0.0001
Total harvested 
lymph nodes

TNM stage

I 1 < 0.0001
II 1.529 (1.071–2.184) < 0.0001
III 3.877 (2.527–5.947) 0.874
IV 0.852 (0.117–6.203) 0.024

Differentiation

Well 1 < 0.0001
Moderate 1.685 (1.070–2.653) 0.024

Poor 3.539 (2.022–6.194) < 0.0001
Undifferentiated NA

Lymphovascular 
invasion

(+)
(-)

Perineural invasion
(+)
(-)

Resection margin 
status

(+)
(-)

NA, not applicable
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Figure 1. Results of the MTT assay for viability of AsPC-1 cells after treatment with metformin
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Figure 2. Western blot analysis results on the protein level of mTOR in AsPC-1 cells after treatment 

with 30 or 50 mmol/ml metformin.

Figure 3. Quantitative real-time polymerase chain reaction assay results on the gene expression level 

of mTOR in AsPC-1 cells after treatment with 30 or 50 mmol/ml metformin.
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Figure 4. Illustration of the diversity of metformin administration periods.
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Figure 5. Flow diagram summarizing the study identification and selection
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Figure 6. Forest plot of the association between metformin and overall survival in patients with type 2 

diabetes and PDAC (Ever versus Never)
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Figure 7. Forest plot of the association between metformin and overall survival in patients with type 2 

diabetes and resectable PDAC (Ever versus Never)
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Figure 8. Forest plot of the association between metformin and overall survival in patients with type 2 

diabetes and PDAC (Analysis by Cox models with time-varying covariates only reflecting the start 

date of metformin use)
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Supplementary figure 1. (A) Kaplan-Meier curves of recurrence-free survival after surgery in the 

metformin group and the non-metformin group. (B) Kaplan-Meier curves of overall survival after 

surgery in the metformin group and the non-metformin group

(A)

(B)
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Supplementary figure 2. Funnel plot of the included studies in Figure 6 for publication bias test
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Supplementary figure 3. Funnel plot of the included studies in Figure 7 for publication bias test
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Supplementary figure 4. Funnel plot of the included studies in Figure 8 for publication bias test
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국문초록

서론: Metformin의 복용과 임상경과와의 연관성에 대한 후향적 연구는 시간과 관련된

편향에 영향을 받을 가능성이 높다. 최근 연구들은 그러한 편향을 막기 위해 Time-

varying 분석을 사용하기는 하였으나, Metformin의 복용 시작시점만 고려하고 중단시점은

고려하지 않았다. 우리는 췌장선암에 대한 세포 수준에서의 Metformin의 효과를

확인하고, 2형 당뇨가 있는 환자의 췌장선암에 대한 Metformin의 임상경과에 있어서의

효능을 검증하고자 하였다.

연구방법: 기초 실험 단계에서는 Metformin이 세포 사멸에 영향을 미치는지 확인하기

위해 MTT 분석을 시행하였다. 또한 Metformin의 mTOR에 대한 영향을 확인하기 위해

Western blot과 qRT-PCR을 시행하였다. 임상 연구 단계에서는 2003년 3월부터 2016년

7월까지 본원에서 췌장선암으로 췌두부십이지장절제술을 받은 환자를 대상으로 후향적

고찰을 하였다. Metformin군과 Non-metformin군 사이의 무재발생존 및 전체생존을

비교하기 위해 Time-varying covariates을 이용한 Cox 모델 분석을 시행하는 동시에

Metformin의 복용 시작시점과 중단시점을 모두 고려하였다. 또한 이러한 결과들을

비교하기 위하여, 이전에 행해진 연구들을 취합하여 메타분석을 시행하였다.

연구결과: AsPC-1 세포에서의 MTT 분석은 Metformin의 용량에 따른 세포 사멸의 증가를

보여주었다. 그리고 단백질 및 RNA 수준에서의 mTOR의 발현은 30 및 50 mmol/ml에서

유의하게 감소하였다. 메타 분석에서는 Conventional Cox 모델 분석을 이용한 연구들을

종합하였을 때 Metformin 군에서 유의하게 더 나은 전체 생존이 확인되었다 (HR = 0.85, 

95% CI: 0.78 – 0.92). 반면에 Time-varying covariates를 이용한 Cox 모델 분석(Metformin의

복용 시작시점만 고려하고 중단시점은 고려하지 않은 연구)을 이용한 연구들을
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종합하였을 때는 생존기간의 연장이 보이지 않았다 (HR = 0.99, 95% CI: 0.93 – 1.05).

그러나 총 283명이 포함된 우리의 후향적 연구에서는 최초로 Metformin의 복용 시작시점

및 중단시점을 모두 고려하였으며, 두 군 간의 유의한 차이가 확인되었다 (HR, 0.747; 95% 

CI, 0.562–0.993; P = 0.045).

결론: Metformin은 2형 당뇨 환자에서 발생한 췌장선암의 수술 후 보조치료로써 유용할

수 있다. 향후 Metformin의 실질적인 효과를 확인하기 위해서는, 잘 설계된 추가적인

무작위 임상 시험이 필요할 것으로 생각된다.

중심단어: Metformin, 췌두부십이지장절제술, 췌장선암, Time-varying covariates, Cox 모델

분석
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