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Search strategies used in PubMed  
(((((((((((((Opium[Title/Abstract]) OR (Papaveretum[Title/Abstract])) OR (Omnopon[Title/Abstract])) OR (Pantopon[Title/Abstract])) OR (Papaver[Title/Abstract])) OR (Poppy[Title/Abstract])) OR (Teriak[Title/Abstract])) OR (Shireh[Title/Abstract])) OR (Sukhteh[Title/Abstract])) OR (Afioon[Title/Abstract])) OR (Khashkhaash[Title/Abstract])) OR (opium[MeSH Terms])) AND ((((((((Cancer[Title/Abstract]) OR (Neoplasm[Title/Abstract])) OR (Neoplasia[Title/Abstract])) OR (Tumor[Title/Abstract])) OR (Carcinoma[Title/Abstract])) OR (Malignancy[Title/Abstract])) OR (Malignancies[Title/Abstract])) OR (Neoplasms[MeSH Terms]))) AND ((((((((((((((((((((((((((((((((GI[Title/Abstract]) OR (Gastrointestinal[Title/Abstract])) OR (Alimentary[Title/Abstract])) OR (Mouth[Title/Abstract])) OR (Oral[Title/Abstract])) OR (Esophagus[Title/Abstract])) OR (Esophageal[Title/Abstract])) OR (Gastric[Title/Abstract])) OR (Cardia[Title/Abstract])) OR (Stomach[Title/Abstract])) OR (Intestine[Title/Abstract])) OR (Intestinal[Title/Abstract])) OR (Bowel[Title/Abstract])) OR (Duodenum[Title/Abstract])) OR (Duodenal[Title/Abstract])) OR (Jejunum[Title/Abstract])) OR (Jejunal[Title/Abstract])) OR (Ileum[Title/Abstract])) OR (Ileal[Title/Abstract])) OR (Colon[Title/Abstract])) OR (Rectum[Title/Abstract])) OR (Rectal[Title/Abstract])) OR (Anus[Title/Abstract])) OR (Anal[Title/Abstract])) OR (Colorectal[Title/Abstract])) OR (Pancreas[Title/Abstract])) OR (Pancreatic[Title/Abstract])) OR (Liver[Title/Abstract])) OR (Hepatic[Title/Abstract])) OR (Hepatocellular[Title/Abstract])) OR (Cholangiocarcinoma[Title/Abstract])) OR (Gallbladder[Title/Abstract]))
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	Supplementary Table 1. Opium use among individuals with and without GI cancer in the included studies and their corresponding crude and adjusted ORs 

	First author 
	Opium use definition
	Cases with exposure 
	Cases without exposure
	Controls with exposure
	Controls without exposure
	Type of GI cancer
	Crude OR
	Adjusted OR
	Newcastle-Ottawa Scale

	Marzban et al. 2022 [1]
	Ever use of opium
	47
	70
	23
	211
	Primary liver cancer 
	7.98 (3.96–16.06)
	6.5 (2.87–13.44)
	7

	
	High daily dose of opium
	34
	70
	11
	211
	
	13.33 (5.34–33.24) 
	10.70 (3.99–28.72)
	

	
	Long duration of opium use
	39
	70
	10
	211
	
	14.41 (5.89–35.25) 
	11.65 (4.43–30.67)
	

	
	High cumulative use of opium
	31
	70
	11
	211
	
	13.96 (5.2–37.46) 
	11.00 (3.83–31.58)
	

	
	Ingestion of opium
	11
	70
	1
	211
	
	32.77 (3.96–270.63) 
	30.57 (3.45–270.37)
	

	
	Smoking of opium
	36
	70
	22
	211
	
	7.84 (3.5–17.55) 
	5.94 (2.47–14.25)
	

	
	Teriak consumption
	37
	70
	23
	211
	
	6.36 (3.10–13.06) 
	4.67 (2.07–10.0)
	

	Collatuzzo et al. 2022 [2]
	Ever use of opium
	127
	738
	566
	2639
	Colorectal cancer 
	0.80 (0.65- 0.99)
	-
	8

	
	
	61
	373
	566
	2639
	Colon cancer 
	0.76 (0.57- 1.01)
	
	

	
	
	61
	343
	566
	2639
	Rectal cancer
	0.83 (0.62- 1.10)
	
	

	Momayez Sanat et al. 2021 [3]
	Ever use of opium
	75
	395
	59
	467
	Pancreatic cancer 
	1.50 (1.04- 2.17)
	1.58 (1.06-2.35)
	7

	Naghibzadeh Tahami et al. 2021 [4]
	Ever use of opium
	77
	99
	33
	319
	Pancreatic cancer 
	8.56 (4.89− 14.98)
	4.33 (2.09– 8.95)
	7

	
	High daily dose of opium
	46
	99
	13
	319
	
	12.33 (5.82–26.08) 
	5.10 (2.10− 12.35)
	

	
	Long duration of opium use
	58
	99
	17
	319
	
	12.59 (6.25− 25.37) 
	6.98 (3.01–16.18)
	

	
	High cumulative use of opium
	51
	99
	17
	319
	
	10.45 (5.28− 20.69) 
	5.20 (2.22–12.17)
	

	
	Ingestion of opium
	13
	99
	1
	319
	
	58.19 (7.17− 472.12) 
	35.21 (3.02–410.39)
	

	
	Smoking of opium
	64
	99
	32
	319
	
	2.35 (1.04− 5.27) 
	2.35 (1.04− 5.27)
	

	
	Teriak consumption
	60
	99
	28
	319
	
	7.54 (4.20–13.54) 
	4.61 (2.28–9.29)
	

	
	Shireh consumption
	9
	99
	3
	319
	
	8.87 (2.16–36.32) 
	6.25 (1.13–34.51)
	

	
	Both shireh and teriak consumption 
	8
	99
	2
	319
	
	17.02 (3.26− 88.75) 
	8.59 (1.10–67.05)   
	

	Mohebbi et al. 2020 [5]
	Ever use of opium
	33
	221
	401
	2664
	Oral cavity
	0.99 (0.68- 1.45)
	1.53 (0.97- 2.41)
	8

	
	Long duration of opium use
	14
	221
	131
	2664
	
	1.30 (0.73- 2.27)
	2.09 (0.75- 5.80)
	

	
	High cumulative use of opium
	13
	221
	133
	2664
	
	1.18 (0.66- 2.12)
	1.24 (0.44-3.43)
	

	
	High daily dose of opium
	11
	221
	133
	2664
	
	1.00 (0.53- 1.87)
	1.12 (0.39-3.19)
	

	
	Ingestion of opium
	6
	221
	28
	2664
	
	2.58 (1.06- 6.30)
	4.25 (1.45-11.69)
	

	
	Smoking of opium 
	20
	221
	337
	2664
	
	0.71 (0.44- 1.15)
	1.09 (0.64-1.86)
	

	
	Teriak consumption
	28
	221
	360
	2664
	
	0.94 (0.62- 1.41)
	1.41 (0.87-2.27)
	

	
	Shireh consumption
	5
	221
	41
	2664
	
	1.47 (0.57- 3.76)
	2.90 (1.05-7.97)
	

	
	Consumption of opium by both routes of ingestion and smoking 
	7
	221
	36
	2664
	
	2.34 (1.03- 5.32)
	5.10 (2.41-12.89)
	

	
	Ever use of opium
	17
	37
	401
	2664
	Pharynx
	3.05 (1.70- 5.47)
	2.90 (1.40- 6.02)
	

	
	Long duration of opium use
	7
	37
	131
	2664
	
	3.85 (1.68- 8.79)
	1.9 (0.4- 8.6)
	

	
	High cumulative use of opium
	7
	37
	133
	2664
	
	3.79 (1.66- 8.66)
	1.07 (0.22-5.08)
	

	
	High daily dose of opium
	4
	37
	133
	2664
	
	2.16 (0.76- 6.16)
	0.41 (0.07-2.26)
	

	
	Ingestion of opium
	1
	37
	28
	2664
	
	2.57 (0.34- 19.40)
	2.67 (0.33-21.57)
	

	
	Smoking of opium 
	15
	37
	337
	2664
	
	3.20 (1.74- 5.90)
	3.04 (1.43-6.47)
	

	
	Teriak consumption
	15
	37
	360
	2664
	
	3.0 (1.63- 5.52)
	2.81 (1.32-5.97)
	

	
	Shireh consumption
	2
	37
	41
	2664
	
	3.51 (0.82- 15.06)
	3.77 (0.80-17.68)
	

	
	Consumption of opium by both routes of ingestion and smoking 
	1
	37
	36
	2664
	
	2.00 (0.27- 14.98)
	1.74 (0.21-14.26)
	

	Sheikh et al. 2020 [6]
	Ever use of opium
	242
	672
	8244
	40876
	GI cancer 
	1.79 (1.54- 2.07)
	HR: 1.32 (1.10 – 1.57)
	9

	
	
	9
	22
	8477
	41526
	Oropharyngeal cancers
	2.00 (0.92- 4.35)
	HR: 1.58 (0.65 – 3.81)
	

	
	
	93
	249
	8393
	41299
	Esophageal cancer 
	1.84 (1.45- 2.33)
	HR: 1.36 (1.02 – 1.81)
	

	
	
	90
	218
	8396
	41330
	Gastric cancer 
	2.03 (1.59- 2.60)
	HR: 1.38 (1.02 – 1.85)
	

	
	
	15
	80
	8471
	41466
	Colon cancer 
	0.92 (0.53- 1.59)
	HR: 1.03 (0.55 – 1.94)
	

	
	
	5
	18
	8481
	41530
	Rectal cancer 
	1.36 (0.50- 3.66)
	HR: 0.94 (0.32 – 2.74)
	

	
	
	20
	53
	8466
	41495
	Liver cancer
	1.85 (1.10- 3.09)
	HR: 1.21 (0.64 – 2.26)
	

	
	
	22
	56
	8464
	41492
	Pancreatic cancer 
	1.93 (1.17- 3.15)
	HR: 1.49 (0.81 – 2.72)
	

	
	Ingestion of opium
	-
	-
	-
	-
	GI cancer 
	-
	HR: 1.33 (1.04–1.70)
	

	
	Smoking of opium 
	-
	-
	-
	-
	GI cancer 
	-
	HR; 1.28 (1.05–1.56)
	

	
	Teriak consumption
	218
	672
	7088
	40876
	GI cancer 
	-
	HR: 1.37 (1.15 – 1.62)
	

	
	Shireh consumption
	15
	672
	767
	40876
	GI cancer 
	-
	HR: 0.96 (0.57 – 1.62)
	

	
	Both shireh and teriak consumption 
	9
	672
	379
	40876
	GI cancer 
	-
	HR: 1.00 (0.51 – 1.95)
	

	
	Long duration of opium use
	-
	-
	-
	-
	GI cancer
	-
	HR: 1.46 (1.09- 1.95)
	

	Vazirnejad et al. 2020 [7]
	Current opium use who initiated opium use more than one year before the diagnosis
	25
	70
	12
	178
	GI cancer
	5.30 (2.52-11.12)
	5.95 (2.4–14.9)
	8

	Pournaghi et al. 2019 [8]
	Ever use of opium
	54
	42
	76
	111
	Esophageal squamous cell carcinoma
	1.88 (1.14- 3.09)
	-
	6

	
	Current use of opium
	51
	45
	63
	124
	
	2.23 (1.35– 3.69)
	-
	

	
	High daily dose of opium
	12
	45
	13
	119
	
	2.44 (1.04- 5.75)
	-
	

	
	Long duration of opium use
	24
	45
	39
	117
	
	1.6 (0.87- 2.96)
	-
	

	
	Ingestion of opium
	12
	42
	25
	113
	
	1.29 (0.59- 2.80)
	-
	

	
	Smoking of opium
	42
	42
	49
	113
	
	2.31 (1.34- 3.98)
	-
	

	Lankarani et al. 2017 [9] 
	Ever use of opium
	32
	128
	16
	304
	Colorectal cancer 
	4.37 (2.33-8.22) 
	4.48 (2.27-8.82)
	7

	
	High daily dose of opium
	10
	128
	3
	304
	
	7.24 (1.98-26.62) 
	6.53(1.75-24.41)
	

	
	Long duration of opium use
	17
	128
	6
	304
	
	5.87 (2.30-14.95) 
	5.83 (2.23-15.21)
	

	
	High cumulative use of opium
	16
	128
	6
	304
	
	5.33 (2.08-13.62) 
	4.63 (1.78-12.05)
	

	
	Ever use of opium
	18
	75
	9
	177
	Colon cancer 
	4.94 (11.88-2.06) 
	5.4 (2.19-13.55)
	

	
	High daily dose of opium
	9
	75
	4
	177
	
	4.86 (1.48-15.97) 
	7.11 (1.78-28.39)
	

	
	Long duration of opium use
	11
	75
	4
	177
	
	4.86 (1.78-14.87) 
	7.2 (1.87-28.26)
	

	
	High cumulative use of opium
	7
	75
	2
	177
	
	7.02 (1.45-33.69) 
	7.71 (1.54-38.64)
	

	Bakhshaee et al. 2017 [10]
	Ever use of opium
	95 
	28
	Esophageal squamous cell carcinoma
	1.44 (0.57-3.62)
	-
	6

	[bookmark: _Hlk124183590]Shakeri et al. 2016 [11]
	Ever use of opium
	55
	302
	21
	307
	Pancreatic ductal adenocarcinoma
	2.66 (1.57- 4.51)
	1.82 (1.01–3.29)
	7

	
	High daily dose of opium
	11
	305
	6
	307
	
	1.84 (0.67–5.05) 
	1.19 (0.41–3.51)
	

	
	Long duration of opium use
	30
	305
	10
	307
	
	3.01 (1.45–6.28) 
	1.79 (0.81–3.97)
	

	
	High cumulative use of opium
	26
	305
	10
	307
	
	2.61 (1.24–5.51) 
	1.52 (0.67–3.43)
	

	Naghibzadeh Tahami et al. 2016 [12]
	Ever use of opium
	45
	130
	28
	322
	Colorectal cancer 
	3.8 (2.2- 6.6) 
	4.5 (2.4- 8.7)
	7

	
	High daily dose of opium
	24
	130
	9
	322
	
	7.1 (3.0-16.7)
	8.0 (2.8-22.2)
	

	
	Long duration of opium use
	15
	130
	7
	322
	
	3.8 (2.6-10.6)
	8.1 (2.6-14.6)
	

	
	High cumulative use of opium
	24
	130
	10
	322
	
	6.5 (2.8-14.9)
	8.0 (2.9-21.7)
	

	
	Ever use of opium
	39
	103
	26
	258
	Colon cancer 
	3.7 (2.1- 6.6) 
	5.7 (2.7- 11.9)
	

	
	High daily dose of opium
	21
	103
	8
	258
	
	7.3 (2.9- 18.4)
	9.2 (3.1- 27.4)
	

	
	Long duration of opium use
	13
	103
	7
	258
	
	4.6 (1.7- 11.8)
	9.0 (3.0- 27.2)
	

	
	High cumulative use of opium
	21
	103
	8
	252
	
	6.6 (2.7-16.0) 
	9.4 (3.3-27.0)
	

	Razmpa et al. 2014 [13] 
	Opium dependency for at least 5 years
	12
	68
	3
	77
	Squamous cell carcinoma of oral cavity
	4.53 (1.23- 16.73)
	4 (1.2- 13.6)
	6

	Hakami et al. 2014 [14]
	Ever use of opium
	13
	27
	9
	71
	Esophageal squamous cell carcinoma
	3.80 (1.46- 9.90)
	-
	6

	Naghibzadeh Tahami et al. 2014 [15]
	Ever use of opium
	54
	88
	24
	260
	Upper GI cancers 

	4.9 (2.9–8.4)
	4.0 (2.2–7.0)
	7

	
	High daily dose of opium
	42
	88
	12
	259
	
	22.2 (7.9–62.1)
	14.0 (4.7–47.5)
	

	
	Long duration of opium use
	25
	88
	11
	259
	
	18.5 (6.0–56.9)
	12.0 (3.2–44.1)
	

	
	High cumulative use of opium
	42
	88
	11
	260
	
	23.6 (8.2–68.5) 
	18.7 (5.5–63.3)
	

	
	Ever use of opium
	34
	55
	17
	161
	Gastric cancer 
	3.9 (2.9–6.8)
	3.0 (1.6–5.6)
	

	
	High daily dose of opium
	28
	55
	10
	161
	
	15.2(4.9–47.3)
	13.0 (4.2–41.9)
	

	
	Long duration of opium use
	13
	55
	7
	161
	
	15.4 (4.3–54.7)
	10.5 (2.4–46.1)
	

	
	High cumulative use of opium
	26
	55
	9
	161
	
	15.2 (4.8–47.8) 
	9.2 (2.5–33.7)
	

	
	High daily dose of opium
	20
	33
	7
	99
	Upper GI cancer excluding 
gastric ones 
	8.6 (3.3- 22.08)
	9.3 (1.6–53.9)
	

	
	Long duration of opium use
	14
	33
	2
	98
	
	20.8 (4.49- 96.31)
	-
	

	
	High cumulative use of opium
	12
	33
	4
	98
	
	8.91 (2.69- 29.53)
	-
	

	
	High daily dose of opium
	16
	33
	2
	99
	
	24.0 (5.24- 109.94)
	-
	

	Sadjadi et al. 2014 [16]
	Ever use of opium
	4
	32
	14
	878
	Gastric cancer 
	7.8 (2.4- 25.2)
	HR: 3.24 (1.37, 7.66)
	7

	Shakeri et al. 2013 [17]
	Ever use of opium
	109
	200
	131
	482
	Gastric adenocarcinoma
	2.3 (1.6–3.2)
	3.1 (1.9–5.2)
	7

	
	High cumulative use of opium 
	49
	200
	22
	482
	
	2.6 (1.7–4.0)
	4.5 (2.3–8.5)
	

	Shokri-Shirvani et al. 2013 [18]
	Opium use for more than 1 year and ≥3 times a week either smoking or ingestion
	18
	263
	25
	655
	Gastric cancer 
	1.79 (0.96- 3.34)
	-
	7

	Shakeri et al. 2012 [19] and Nasrollahzadeh et al. 2008 [20]
	Ever use of opium
	45
	85
	73
	187
	Esophageal squamous cell carcinoma
	1.37 (0.85–2.21)
	1.09 (0.63–1.87)
	Both 6

	
	Long duration of opium use
	18
	85
	37
	187
	
	1.05 (0.54–2.03) 
	0.73 (0.35–1.51)
	

	
	Ever use of opium
	90
	210
	106
	465
	
	1.95 (1.36–2.78) 
	2.00 (1.39–2.88)
	

	
	Long duration of opium use 
	56
	210
	53
	465
	
	2.37 (1.54–3.65) 
	2.47 (1.59–3.84)
	

	
	High cumulative use of opium 
	49
	210
	53
	465
	
	2.19 (1.38–3.47) 
	2.34 (1.45–3.78)
	

	
	High daily dose of opium 
	48
	210
	53
	465
	
	2.19 (1.37–3.51) 
	2.38 (1.47–3.85)
	

	
	Ingestion of opium
	30
	210
	38
	465
	
	1.86 (1.07–3.21) 
	1.90 (1.09–3.32)
	

	
	Smoking of opium 
	45
	210
	62
	465
	
	1.67 (1.06–2.59) 
	1.67 (1.06–2.63)
	

	
	Teriak consumption
	66
	210
	95
	465
	
	1.56 (1.06–2.31) 
	1.62 (1.09–2.40)
	

	
	Shireh consumption
	14
	210
	8
	465
	
	3.84 (1.57–9.42) 
	3.41 (1.35–8.60)
	

	
	Consumption of opium by both routes of ingestion and smoking 
	15
	210
	6
	465
	
	5.41 (2.05–14.2) 
	6.61 (2.42–18.0)
	

	
	Both shireh and teriak consumption 
	10
	210
	3
	465
	
	7.36 (1.99–27.2) 
	8.80 (2.28–33.9)
	

	Islami et al. 2004 [21]
	Opium use more than 1 year before the diagnosis

	39
	105
	56
	204
	Esophageal squamous cell carcinoma
	1.35 (0.84- 2.17)
	-

	6

	
	
	4
	8
	56
	204
	Esophageal adenocarcinoma
	1.82 (0.53- 6.27)
	
	

	
	
	43
	113
	56
	204
	Esophageal cancer 
	1.39 (0.88- 2.19)
	
	

	
	
	25
	57
	56
	204
	Gastric cancer 
	1.60 (0.92- 2.88)
	
	

	Fahmy et al. 1983 [22]
	Having opium addiction
	37
	344
	21
	979
	Oral cavity cancer 
	5.01 (2.89- 8.69)
	-
	5


Abbreviations: GI, gastrointestinal; OD, odds ratio; HR, hazard ratio
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Supplementary Figure 1. Sensitivity analysis results for the association of (a) opium use and GI cancer based on crude effect sizes (b) opium use and GI cancer based on adjusted effect sizes (c) high daily dose of opium use compared to never use and GI cancer (d) long duration of opium use compared to never use and GI cancer (e) high cumulative opium use compared to never use and GI cancer 
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Supplementary Figure 2. Funnel plots of the quantitative analyses for the association of (a) opium use and GI cancer based on crude effect sizes (b) opium use and GI cancer based on adjusted effect sizes (c) high daily dose of opium use compared to never use and GI cancer (d) long duration of opium use compared to never use and GI cancer (e) high cumulative opium use compared to never use and GI cancer 
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