
Table S1. Search strategies for each database 
PubMed ((("Cholangiocarcinoma"[Mesh] OR Cholangiocarcinomas OR Cholangiocellular Carcinoma OR Carcinoma, Cholangiocellular 

OR Carcinomas, Cholangiocellular OR Cholangiocellular Carcinomas OR Extrahepatic Cholangiocarcinoma OR 
Cholangiocarcinoma, Extrahepatic OR Cholangiocarcinomas, Extrahepatic OR Extrahepatic Cholangiocarcinomas OR Intrahepatic 
Cholangiocarcinoma OR Cholangiocarcinoma, Intrahepatic OR Cholangiocarcinomas, Intrahepatic OR Intrahepatic 
Cholangiocarcinomas) OR (ampulla of Vater cancer OR Vater cancer OR Ampullary Carcinoma OR ampulla of Vater OR Ampulla 
Vater cancer)  OR ("Biliary Tract Neoplasms"[Mesh] OR Biliary Tract Neoplasm OR Neoplasm, Biliary Tract OR Neoplasms, 
Biliary Tract OR Biliary Tract Cancer OR Biliary Tract Cancers OR Cancer, Biliary Tract OR Cancers, Biliary Tract OR Cancer 
of the Biliary Tract OR Cancer of Biliary Tract OR bile duct carcinoma OR biliary duct carcinoma) OR ("Gallbladder 
Neoplasms"[Mesh] OR Gallbladder Neoplasm OR Neoplasm, Gallbladder OR Neoplasms, Gallbladder OR Cancer of Gallbladder 
OR Gallbladder Cancers OR Gallbladder Cancer OR Cancer, Gallbladder OR Cancers, Gallbladder OR Gall Bladder Cancer OR 
Bladder Cancer, Gall OR Bladder Cancers, Gall OR Cancer, Gall Bladder OR Cancers, Gall Bladder OR Gall Bladder Cancers OR 
Cancer of the Gallbladder)) AND ("Metformin"[Mesh] or Dimethylbiguanidine or Dimethylguanylguanidine or Glucophage or 
Metformin Hydrochloride or Hydrochloride, Metformin or Metformin HCl or HCl, Metformin)) 

Embase Query('biliary tract tumor'/exp OR 'biliary tract neoplasms':ab,ti OR 'biliary tract tumour':ab,ti OR 'neoplasm, biliary tract':ab,ti OR 
'neoplasms, biliary tract':ab,ti OR 'biliary tract cancer':ab,ti OR 'biliary tract cancers':ab,ti OR 'cancer, biliary tract':ab,ti OR 'cancers, 
biliary tract':ab,ti OR 'cancer of the biliary tract':ab,ti OR 'cancer of biliary tractt':ab,ti OR 'bile duct carcinoma'/exp OR 'bile tract 
carcinoma':ab,ti OR 'biliary carcinoma':ab,ti OR 'biliary duct carcinoma':ab,ti OR 'biliary tract carcinoma':ab,ti OR 'carcinoma, 
intrahepatic bile duct':ab,ti OR 'cholangiocarcinoma':ab,ti OR 'cholangiocellular carcinoma':ab,ti OR 'cholangiolar carcinoma':ab,ti 
OR 'extrahepatic bile duct carcinoma':ab,ti OR 'extrahepatic biliary duct carcinoma':ab,ti OR 'extrahepatic 
cholangiocarcinoma':ab,ti OR 'gall duct carcinoma':ab,ti OR 'hilar cholangiocarcinoma':ab,ti OR 'intrahepatic bile duct 
carcinoma':ab,ti OR 'intrahepatic biliary duct carcinoma':ab,ti OR 'intrahepatic cholangiocarcinoma':ab,ti OR 'malignant 
cholangioma':ab,ti OR 'perihilar bile duct carcinoma':ab,ti OR 'perihilar biliary duct carcinoma':ab,ti OR 'perihilar 
cholangiocarcinomat':ab,ti OR 'vater papilla carcinoma'/exp OR 'ampulla of vater carcinoma':ab,ti OR 'ampulla vateri 
carcinoma':ab,ti OR 'ampullary carcinoma':ab,ti OR 'ampullovateric carcinoma':ab,ti OR 'cancer, papilla vateri':ab,ti OR 'carcinoma 
alcholedochoduodenal junction':ab,ti OR 'carcinoma, papilla vateri':ab,ti OR 'carcinoma, vater papilla':ab,ti OR 



'choledochoduodenal junction cancer':ab,ti OR 'papilla of vater carcinoma':ab,ti OR 'vater ampulla carcinomat':ab,ti OR 'gallbladder 
tumor'/exp OR 'gallbladder neoplasms':ab,ti OR 'gallbladder tumour':ab,ti OR 'tumor, gallbladder':ab,ti OR 'tumour, 
gallbladdert':ab,ti) AND ('metformin'/exp OR 'apophage':ab,ti OR 'aron':ab,ti OR 'benofomin':ab,ti OR 'dabex':ab,ti OR 
'denkaform':ab,ti OR 'deson':ab,ti OR 'dextin':ab,ti OR 'diabetase':ab,ti OR 'diabetase s':ab,ti OR 'diabetformin':ab,ti OR 
'diabetmin':ab,ti OR 'diabetmin retard':ab,ti OR 'diabetosan':ab,ti OR 'diabex':ab,ti OR 'diafat':ab,ti OR 'diaformin':ab,ti OR 
'diaformina':ab,ti OR 'diaformina lp':ab,ti OR 'diametin':ab,ti OR 'diamin':ab,ti OR 'dianben':ab,ti OR 'diformin':ab,ti OR 'diformin 
retard':ab,ti OR 'dimefor':ab,ti OR 'dimethylbiguanide':ab,ti OR 'dimethyldiguanide':ab,ti OR 'dmgg':ab,ti OR 'dybis':ab,ti OR 
'eraphage':ab,ti OR 'espa-formin':ab,ti OR 'euform retard':ab,ti OR 'fluamine':ab,ti OR 'flumamine':ab,ti OR 'fornidd':ab,ti OR 
'fortamet':ab,ti OR 'glafornil':ab,ti OR 'glibudon':ab,ti OR 'glifage':ab,ti OR 'gliguanid':ab,ti OR 'glucaminol':ab,ti OR 
'glucofage':ab,ti OR 'glucofago':ab,ti OR 'glucoform':ab,ti OR 'glucoformin':ab,ti OR 'glucohexal':ab,ti OR 'glucoless':ab,ti OR 
'glucomet':ab,ti OR 'glucomin':ab,ti OR 'glucomine':ab,ti OR 'gluconil':ab,ti OR 'glucophage':ab,ti OR 'glucophage forte':ab,ti OR 
'glucophage retard':ab,ti OR 'glucophage sr':ab,ti OR 'glucophage xr':ab,ti OR 'glucophage xr extended release':ab,ti OR 
'glucophage-mite':ab,ti OR 'glucostop':ab,ti OR 'glucotika':ab,ti OR 'gludepatic':ab,ti OR 'glufor':ab,ti OR 'gluformin':ab,ti OR 
'glukophage':ab,ti OR 'glumeformin':ab,ti OR 'glumet':ab,ti OR 'glumetza':ab,ti OR 'glupa':ab,ti OR 'glustress':ab,ti OR 
'glyciphage':ab,ti OR 'glycomet':ab,ti OR 'glycon':ab,ti OR 'glycoran or glyformin':ab,ti OR 'glymet':ab,ti OR 'haurymellin':ab,ti OR 
'hipoglucin':ab,ti OR 'i-max':ab,ti OR 'islotin':ab,ti OR 'jesacrin':ab,ti OR 'juformin':ab,ti OR 'la 6023':ab,ti OR 'la6023':ab,ti OR 
'lyomet (drug)':ab,ti OR 'maformin':ab,ti OR 'meglucon':ab,ti OR 'meguan':ab,ti OR 'melbin':ab,ti OR 'melformin':ab,ti OR 
'mellittin':ab,ti OR 'merckformin':ab,ti OR 'mescorit':ab,ti OR 'metaformin':ab,ti OR 'metfogamma':ab,ti OR 'metfoliquid 
geriasan':ab,ti OR 'metforal or metformax or metformin hydrochloride or metformina':ab,ti OR 'metformine':ab,ti OR 'metformine 
hcl':ab,ti OR 'methformin':ab,ti OR 'metiguanide':ab,ti OR 'metomin':ab,ti OR 'metphormin':ab,ti OR 'miformin':ab,ti OR 'n 
dimethylguanylguanide':ab,ti OR 'n dimethylguanylguanidine':ab,ti OR 'n, n dimethyl biguanidine':ab,ti OR 'n, n 
dimethylbiguanide':ab,ti OR 'n, n dimethylbiguanide retard':ab,ti OR 'n, n dimethylbiguanidine':ab,ti OR 'n, n 
dimethyldiguanide':ab,ti OR 'n, n dimethylguanylguanidine':ab,ti OR 'neoform':ab,ti OR 'nndg':ab,ti OR 'reglus-500':ab,ti OR 
'riomet':ab,ti OR 'riomet er':ab,ti OR 'risidon':ab,ti OR 'siamformet':ab,ti OR 'siofor':ab,ti OR 'thiabet':ab,ti OR 'vimetrol':ab,ti OR 
'walaphage':ab,ti) 



Web of 
science 

TS=(((Cholangiocarcinoma OR Cholangiocarcinomas OR Cholangiocellular Carcinoma OR Carcinoma, Cholangiocellular OR 
Carcinomas, Cholangiocellular OR Cholangiocellular Carcinomas OR Extrahepatic Cholangiocarcinoma OR Cholangiocarcinoma, 
Extrahepatic OR Cholangiocarcinomas, Extrahepatic OR Extrahepatic Cholangiocarcinomas OR Intrahepatic Cholangiocarcinoma 
OR Cholangiocarcinoma, Intrahepatic OR Cholangiocarcinomas, Intrahepatic OR Intrahepatic Cholangiocarcinomas) OR (ampulla 
of Vater cancer OR Vater cancer OR Ampullary Carcinoma OR ampulla of Vater OR Ampulla Vater cancer)  OR (Biliary Tract 
Neoplasms OR Biliary Tract Neoplasm OR Neoplasm, Biliary Tract OR Neoplasms, Biliary Tract OR Biliary Tract Cancer OR 
Biliary Tract Cancers OR Cancer, Biliary Tract OR Cancers, Biliary Tract OR Cancer of the Biliary Tract OR Cancer of Biliary 
Tract OR bile duct carcinoma OR biliary duct carcinoma) OR (Gallbladder Neoplasms OR Gallbladder Neoplasm OR Neoplasm, 
Gallbladder OR Neoplasms, Gallbladder OR Cancer of Gallbladder OR Gallbladder Cancers OR Gallbladder Cancer OR Cancer, 
Gallbladder OR Cancers, Gallbladder OR Gall Bladder Cancer OR Bladder Cancer, Gall OR Bladder Cancers, Gall OR Cancer, 
Gall Bladder OR Cancers, Gall Bladder OR Gall Bladder Cancers OR Cancer of the Gallbladder)) AND (Metformin or 
Dimethylbiguanidine or Dimethylguanylguanidine or Glucophage or Metformin Hydrochloride or Hydrochloride, Metformin or 
Metformin HCl or HCl, Metformin)) 

Cochrane 
library 

#1 MeSH descriptor: [Biliary Tract Neoplasms] explode all trees 
#2 Neoplasm, Biliary Tract or Neoplasms, Biliary Tract or Biliary Tract Neoplasm or Cancer of Biliary Tract or Cancers, Biliary 
Tract or Cancer, Biliary Tract or Biliary Tract Cancers or Cancer of the Biliary Tract orBiliary Tract Cancer 
#3 MeSH descriptor: [Cholangiocarcinoma] explode all trees 
#4 Cholangiocarcinomas or Extrahepatic or Cholangiocarcinoma, Extrahepatic or Extrahepatic Cholangiocarcinomas or 
Extrahepatic Cholangiocarcinoma or Cholangiocellular Carcinoma or Carcinoma, Cholangiocellular or Carcinomas, 
Cholangiocellular or Cholangiocellular Carcinomas or Cholangiocarcinomas or Cholangiocarcinomas, Intrahepatic or 
Cholangiocarcinoma, Intrahepatic or Intrahepatic Cholangiocarcinoma or Intrahepatic Cholangiocarcinomas 
#5 MeSH descriptor: [Gallbladder Neoplasms] explode all trees 
#6 Cancer of the Gallbladder or Bladder Cancer, Gall or Cancer of Gallbladder or Gall Bladder Cancer or Gall Bladder Cancers or 
Bladder Cancers, Gall or Cancer, Gall Bladder or Cancers, Gall Bladder or Neoplasm, Gallbladder or Neoplasms, Gallbladder or 
Gallbladder Neoplasm or Gallbladder Cancer or Gallbladder Cancers or Cancer, Gallbladder or Cancers, Gallbladder 
#7 Ampullary carcinoma 



#8 MeSH descriptor: [Metformin] explode all trees 
#9 Dimethylbiguanidine or Dimethylguanylguanidine or Glucophage or Metformin HCl or Metformin Hydrochloride or HCl, 
Metformin or Hydrochloride, Metformin 
#10 (#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7) AND (#8 OR #9) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Table S2. Studies included in each meta-analysis 

Meta-analysis group Tseng et 
al. [1] 

Wu et 
al. [2] 

Yang et 
al. [3] 

Gardini 
et al. [4] 

Oh et 
al. [5] 

Jong et 
al. [6] 

Valent 
et al. [7] 

Bonilla 
et al. [8] 

McNamara 
et al. [9] 

Sookaromd
ee et al. [10] 

Chaiteerak
ij et al. [11] 

Risk of biliary tract cancer √    √ √ √ √  √ √ 

Su
bg

ro
up

s 

Diabetics √    √ √ √    √ 

General population          √  

<65 years √    √ √     √ 

≥65 years            

Cholangiocarcinoma          √ √ 

Gallbladder cancer       √     

Asia √    √     √  

Non-Asia      √ √    √ 

N<100,000     √ √     √ 

N≥100,000 √      √   √  

Overall survival √ √ √ √     √   

Su
bg

ro
up

s 

Diabetics √  √         

General population    √     √   

<65 years √           

≥65 years   √      √   

Cholangiocarcinoma   √         

Asia √           

non-Asia   √ √     √   

<300   √ √        

≥300 √   √     √   



Disease-free survival    √     √   
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