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Abstract

Background—We examined the association between opium consumption and pancreatic cancer
incidence in a large-scale prospective cohort of the general population in Northeast of Iran.

Methods—A total of 50,045 adults were systematically followed-up (median of 7.4 years) and
incident cases of pancreatic cancer were identified. Self-reported data on opium consumption was
collected at baseline. Cumulative use (-year) was defined as number of nokhods (a local unit,
approximately 0.2 g) of opium consumed per day multiplied by number of years consuming.
Adjusted hazard ratios (HRs) and 95% confidence intervals (Cls) for the association between
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opium consumption and pancreatic cancer were calculated using Cox proportional hazards
regression models.

Results—Overall, 54 confirmed cases of pancreatic cancer were identified. Opium use of more
than 81 nokhod-years (high cumulative use), compared to never use, was strongly associated with
pancreatic cancer even after adjustments for multiple potential confounding factors [HR=3.01;
95% CI 1.25-7.26]. High cumulative consumption of opium was significantly associated with risk
of pancreatic cancer after adjusting for cumulative dose of cigarette smoking [HR=3.56; 95% ClI
1.49-8.50]. In a sensitivity analysis, we excluded participants (including 2 pancreatic cancer cases)
who were recruited within the first 5 years of starting opium consumption; high cumulative use of
opium was still associated with pancreatic cancer risk [HR=2.75; 95% CI 1.14-6.64].

Conclusion—Our results showed a positive association between opium consumption and
pancreatic cancer.

Impact—This is the first prospective large-scale study to show the association of opium
consumption with pancreatic cancer as a risk factor.
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Introduction

Pancreatic cancer is the seventh cause of cancer mortality in men and women worldwide (1)
and the seventh most common cancer diagnosed in the Golestan Cohort Study (GCS) in
Northeast of Iran (2). Several potentially modifiable risk factors have been proposed for
pancreatic cancer (3), including high body mass index (BMI) (4, 5) and diabetes mellitus
(DM) (6), while smoking is the strongest identified environmental risk factor of pancreatic
cancer (3). Smokeless and other non-tobacco cigarettes also pose a risk to pancreatic cancer
(7). Little is known about the role of opium consumption in pancreatic cancer development.

Opium is a commonly used substance for recreational and medical purposes in some parts of
the world. Opium is the most commonly abused drug in Iran with an estimated 20% of the
adult population consuming (8). It is either smoked or ingested. There is great interest in
identifying the role of opium consumption as a risk factor of diseases including
gastrointestinal cancers (9). Opium use was associated with increased mortality of all causes
and gastrointestinal cancer deaths in a prospective cohort study in Northern Iran (10, 11).
Several other studies have also shown a positive association between opium consumption
and higher risk of cancers of the esophagus (12), stomach (13, 14), bladder (15), larynx (16),
and lung (17). Previous reports have identified several mutagenic compounds in opium and
its pyrolysed derivatives (18-20). It is not known if opium causes cancer directly through
mutagenic compounds that are generated during pyrolysis of opium, or indirectly through
the effect of its alkaloids (e.g. morphine) on the peristalsis of the intestinal tract (21, 22). We
recently observed a higher risk of pancreatic cancer for opium ever users in a case-control
study (23). Therefore, our objective was to further investigate our preliminary results on the
association of opium consumption as a risk factor with pancreatic cancer incidence in a
population-based prospective cohort.
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Materials and Methods

Study population

A total of 50,045 adults [21,241 (42.4%) men] were recruited in the GCS from urban and
rural areas of Golestan Province, Northeast of Iran between January 2004 and June 2008 (2).
The main objective of GCS was to identify risk factors of oesophageal cancer, which has a
high incidence rate in Golestan. Baseline collected data included but were not limited to
ethnicity, occupational history, past medical history, family history of cancer, cigarette
smoking, and opium and alcohol consumption. DM at baseline was either self-reported or
determined by the trained staff based on the use of antigyclemic medications.
Anthropometric indices were measured by trained staff. Cigarette smoking ever or current
use and the number used per day were self-reported. The Institutional Review Board of the
Digestive Disease Research institute, the US National Cancer Institute, and the International
Agency for Research on Cancer approved the study. Written informed consent was obtained
from all participants at enrollment.

Opium consumption data

Opium consumption was self-reported in 17% of the cohort participants. High level of
accuracy of self-reported opium consumption had been previously verified in a subgroup of
cohort participants by means of measuring opioid metabolites in the urine samples (24).
Data were collected on the amount of use in local unit (nokhod, approximately 0.2 g);
duration and frequency of consumption; and routes of administration (10). Data were
collected separately in case of consumption of different opium types or intermittent
consumption. Cumulative use (nokhod-year) was defined as number of nokhods of opium
consumed per day multiplied by number of years consuming. The cumulative use was
employed to test the dose-response relationships as previously described (11).

Pancreatic cancer ascertainment

The GCS participants were systematically followed-up and incidents of hospitalisation and
major diseases including pancreatic cancer were registered in central databases of Golestan
Cancer Registry. Upon reporting of endoscopy, cancer, or death, the case was further
investigated to collect all available clinical, laboratory, and pathology reports. In addition, a
validated verbal autopsy questionnaire was administered to the closest relative of the
deceased participants (2). Two internists separately reviewed the documents to ascertain the
cause of death. Any discordance was resolved by a third senior internist (10, 25). Designated
pancreatic cancer cases were re-ascertained by a senior gastroenterologist (MM) based on
reported clinical signs and symptoms, imaging findings, histopathology report, and clinical
follow up. The success rate for follow-up was 99%.

Statistical analysis

Continuous and categorical variables were compared by Oneway ANOVA and Chi Square,
respectively. Adjusted hazard ratios (HRs) and 95% confidence intervals (Cls) for the

association between opium consumption and pancreatic cancer were calculated using Cox
proportional hazards regression models controlling for other pancreatic cancer risk factors
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/.e. age (continuous), sex, BMI (continuous), DM, and cigarette smoking. The effect of
cigarette smoking was controlled for ever vs. never use, former vs. current use, and the
cumulative dose (total pack/year) in separate models. The proportional hazard assumption
was verified using Schoenfeld residuals. Duration of follow up until loss to follow-up, death,
or 1 June 2015 (whichever came first) was considered as the timescale. Multiplicative
interactions between cigarette smoking (ever use) and opium consumption (ever use and
cumulative dose) were assessed using likelihood ratio test. Sensitivity analysis was
conducted after excluding participants who were recruited within the first 5 years of starting
opium consumption. A P value of less than 0.05 was considered significant. Statistical
analyses were performed using STATA (version 12; StataCorp, College Station, TX, USA).

Results

During a median follow-up of 7.4 years (353,920 person-years), 54 cases of pancreatic
cancer were identified in GCS. The mean age (standard deviation) of cohort participants and
pancreatic cancer patients at enrolment was 52.1 (8.9) and 58.5 (9.0) years, respectively. At
baseline, eventual pancreatic cancer cases were older (p<0.001) and more likely to be a
cigarette smoker (p=0.002) and have a lower BMI (p=0.022) than others. Ever opium use
was reported by 8483 cohort participants (17.0%) and 17 pancreatic cancer patients (31.5%)
(p for difference=0.005) (Table S1). In total, 1727 (3.5%) of the participants consumed =81
nokhod-year (= 5 quintile) opium. Participants with high cumulative opium consumption
were predominantly male (p<0.001) and reported significantly higher cigarette smoking and
alcohol consumption (Table 1). High cumulative opium consumption was detected in 8
(14.8%) of pancreatic cancer patients and 1719 (3.4%) of the rest of the cohort.
Characteristics of participants based on opium consumption are summarized in Table 1.

Routes of administration of opium included inhalation (9, 53%), ingestion (6, 35%), and
both (2, 12%) in pancreatic cancer patients. We did not detect a significant difference
between different routes of opium administration and the risk of pancreatic cancer.
Nevertheless, we detected a larger effect of opium ingestion on the risk of pancreatic cancer
[HR=2.38; 95% CI 1.00-5.69, p=0.05] than inhalation [HR=1.88; 95% CI 0.91-3.89,
p=0.090] in univariate analysis.

Opium ever use was not significantly associated with increased pancreatic cancer risk when
adjusted for confounding factors including age, sex, cigarette smoking (never, Former, or
current use), alcohol consumption, BMI, and DM (HR=1.47; 95% CI 0.75-2.88). However,
opium cumulative use of more than 81 nokhod-year was significantly associated with
increased risk of pancreatic cancer in multivariate analysis [HR=2.92; 95% CI 1.20-7.12]
(Table 2). In a sensitivity analysis, we excluded participants who were recruited within the
first 5 years of starting opium consumption (n=2053 including 2 cases of pancreatic cancer).
High dose of opium consumption was still significantly associated with pancreatic cancer
risk compared to never use [HR=2.93; 95% ClI 1.21-7.07, p=0.017]. Moreover, high dose
opium consumption was significantly associated with pancreatic cancer risk when adjusted
for other aspects of cigarette smoking including current use [HR=3.44; 95% (1.47-8.07)] and
cumulative dose [HR=3.56; 95% 1.49-8.50] (Table S2).
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Cigarette smoking is a known risk factor of pancreatic cancer (26). We also observed a
significantly higher number of cigarette smokers in pancreatic cancer patients in comparison
to the rest of the cohort (33.3% vs. 17.3%, p=0.002). There is a positive association between
ever cigarette smoking and cumulative dose with higher risk of pancreatic cancer in
multivariate analysis adjusted for age, sex, alcohol consumption, BMI and DM [HR=2.25;
95% CI 1.11-4.57] and [HR=1.01; 95% CI 1.00-1.01], respectively. However, after
controlling for the dose of opium consumption, the relationship between cigarette smoking
and the risk of pancreatic cancer was not statistically significant [HR=1.85; 95%CI
0.87-3.97] for ever use and [HR=1.01; 95% CI 0.99-1.02] for cumulative dose. The
interactions between cigarette smoking (ever use) and opium consumption (ever use or
cumulative dose) were not statistically significant (p=0.544 and 0.886, respectively). Of the
participants who reported low and high dose opium consumption, 3,298 (48.7%) and 1,188
(68.8%) reported ever cigarette smoking, respectively (Table 1). Next, we aimed to examine
the modifying effect of cigarette smoking on opium consumption as a risk factor of
pancreatic cancer. Overall, 74.7% and 57.4% of cohort participants and participants who
later developed pancreatic cancer did not consume opium and did not smoke cigarette,
respectively. We modeled joint categories of opium consumption (never, < 81, and = 81) by
smoking (never and ever) in two models of multivariate analyses where one was adjusted for
age, sex, alcohol consumption, DM, and BMI and the other was further adjusted for cigarette
smoking cumulative dose. Cigarette smoking in the absence of opium consumption is
associated with increased risk of pancreatic cancer, albeit not significantly [HR=1.69; 95%
Cl 0.64-4.51]. In contrast, low dose opium consumption in the absence of cigarette smoking
was insufficient to confer a significantly higher risk of pancreatic cancer [HR=0.92; 95% CI
0.28-3.04]. High dose opium use in non-smokers or low dose opium use in smokers were
associated with increased risk of pancreatic cancer but did not reach statistical significance.
However, concomitant cigarette smoking and high dose opium consumption resulted in
increased risk of pancreatic cancer in our population [HR=5.38; 95% CI 1.96-14.75].
Similar observation was made after further adjustment for cigarette smoking cumulative
dose [HR=5.78; 95% CI 1.85-18.05] (Table 3).

Discussion

This is the first prospective cohort study observing that opium consumption is associated
with an increased risk of pancreatic cancer in a dose dependent manner. Unlike cigarette
smoking, opium consumption has been less studied as a potentially cancer-predisposing risk
factor. We detected that a significantly higher proportion of patients with pancreatic cancer
reported ever use of opium. Those who used higher cumulative doses of opium (=5t
quintile) demonstrated a 4 times higher risk of pancreatic cancer. This still existed after
adjustments for multiple potentially confounding factors, including age, sex, cigarette
smoking, alcohol consumption, BMI, and DM. Based on results of this study and several
other studies of opium use and cancer, opium is now suggested to be an emerging cancer
risk factor (9).

In 353,920 person-years of follow-up, we identified 54 pancreatic cancer mortalities,
yielding a crude mortality rate of about 13.5 in 100,000 person-years (equivalent to 19.3 in
100,000 person-years age-standardized mortality rate according to WHO world population
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in 2015). According to Golestan Cancer Registry, the mortality rates of pancreatic cancer in
the general population are 0.8 and 0.3 in 100,000 person-year in men and women,
respectively (personal communication). It should be noted that the ages of the GCS
participants were 45 years and older and thus, higher rates of cancers (including pancreatic
cancer) is not surprising. Indeed, it is in line with the available country-specific statistics on
death due to pancreatic cancer at the Institute for Health Metrics and Evaluation (http://
vizhub.healthdata.org/cod/ access date: 1 May 2016).

Opium and its derivatives may be used to alleviate pain from cancer (27). To address the
reverse causality between opium consumption and pancreatic cancer; we performed a
sensitivity analysis excluding participants who consumed opium less than 5 years at the time
of recruitment. High cumulative opium consumption was still significantly associated with
pancreatic cancer implying that the effect is not due to the reverse causality.

Opium is considered as a genotoxic substance (28). Previous reports have identified several
mutagenic compounds in opium and its pyrolysed derivatives (18-20). Opioid mutagenic
compounds can reach the pancreas (3) and may initiate a tumourigenesis process. In addition
to the mutagenic property of opium derivatives, it is shown that opium can have biologic
effects on various aspects of tumourigenesis process, including proliferation, apoptosis, and
angiogenesis. For example, it has been shown that opium can induce angiogenesis and
increase breast cancer growth rate in mouse models (29). In fact, opium antagonists have
been tested for their anti-tumour capacity (30). Recent evidence suggests that opiates have a
possible direct effect on lung cancer growth, progression, and epithelial-mesenchymal
transition via p opioid receptor (31-33). Similar effect was also observed in hepatocellular
carcinoma (34). In accordance, p-opioid receptor gene (OPRM1) polymorphism has been
associated with breast cancer (35) and breast cancer survival (36). Opioid receptors are also
present in human pancreas (37); therefore, it is conceivable that activation of pancreas opioid
receptor could affect the proliferation capacity of the tumourigenic cells and as such
facilitate tumor promotion.

For the first time, we observed that opium consumption might modify the association of
cigarette smoking with pancreatic cancer, although multiplicative interaction was not
detected. Although, cigarette smoking is associated with higher risk of pancreatic cancer in
our population; further controlling for opium consumption, we found that cigarette smoking
or opium consumption alone were not statistically significantly associated with higher risk
of pancreatic cancer which is in accordance with our previous case-control study (23).
However, high dose opium use was associated with pancreatic cancer when we tightly
controlled for cigarette smoking. Indeed, examining the effect of concomitant cigarette
smoking and opium consumption revealed that the combined cigarette smoking and high
dose opium use has a high HR of 5.4 for pancreatic cancer which is nearly 1.7 times the HR
of high dose opium use in nonsmokers and 1.5 times the HR of ever opium users. Former
smokers’ risk of pancreatic cancer is negatively associated with the duration since the last
use, reaching the level of non-smokers after five years of quitting (38, 39). However, the
time of quitting is not available in our cohort and thus we were unable to assess the impact
of the duration of not smoking in former smokers in relation to the effect of opium
consumption on pancreatic cancer. In our study, opium consumption is not associated with
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an increased risk of pancreatic cancer in non-smokers. Likewise, it is plausible that opium
consumption would not be associated with altered risk of pancreatic cancer in former
smokers who quit more than five years. Moreover, although, we observed an interaction
between cigarette smoking and opium consumption in pancreatic cancer, small number of
cases and unavailability of data on the duration of quitting in former smokers are limiting
factors in comparing the strength of association of cigarette smoking and opium
consumption in the risk of pancreatic cancer.

Inorganic Lead is considered a probable carcinogen to humans (40) and is associated with
increased risk of many cancer types including pancreatic cancer (41, 42). It is argued that
opium in Iran could be contaminated with lead and hence, its carcinogenic effect may be
over-estimated (43). Indeed, opium consumers had higher blood lead levels in a separate
study conducted in Iran (44). Although, we have not assessed the lead contamination of the
opium used in the Golestan region, it is highly unlikely that chronic lead toxicity remains
asymptomatic. Although, high BMI (4, 5) and DM (6) are known risk factors of pancreatic
cancer, we observed that our pancreatic cancer patients had a slightly lower BMI and lower
prevalence of DM compared to the rest of the cohort. This could potentially be explained by
reverse causation given the short period between start of the follow-up and diagnosis of
pancreatic cancer. In addition, we cannot exclude the possibility of residual confounding by
DM as well as cigarette smoking mainly due to reliance on self-reporting specifically for
DM. The overall small number of pancreatic cancer cases limits the power of our study.
Nevertheless, this study’s strengths are its population-based, prospective design and
collection of data using a validated questionnaire.

In conclusion, our results showed a positive association between opium consumption and
risk of pancreatic cancer. This association was dose-dependent and contingent on the
cigarette smoking, although multiplicative interaction could not be detected. Nonetheless,
caution is warranted due to the small number of cases in our study. Moreover,
epidemiological studies should be followed by molecular investigations to elucidate the
potential mechanism(s) of action.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Baseline characteristics of Golestan Cohort Study participants according to opium consumption.

Table 1

Opium consumption

Variable

None <81 nokhod-year =81 nokhod-year P value
Number of participants, n (%) 41,545 (83.0) 6,773 (13.5) 1,727 (3.5) -
Age at baseline (year), mean+SD 51.81+8.83 52.87+9.09 54.86+9.37 <0.001
Follow up (year), mean+SD 8.06+1.65 7.60+2.02 7.26+2.13 <0.001
Sex (female), n (%) 26,458 (63.7) 2,099 (31.0) 254 (14.7) <0.001
Ethnicity (Turkmen), n (%) 30,693 (73.9) 5,115 (75.5) 1445 (83.7) <0.001
Residence (rural), n (%) 32,516 (78.3) 5,903 (87.2) 1592 (92.2) <0.001
BMI (Kg/m?), mean + SD 27.25%5.36 23.98+5.02 23.15+4.70 <0.001
Ever smoking, n (%) 4,171 (10.0) 3,298 (48.7) 1,188 (68.8) <0.001
Current smoking, n (%) 3,022 (7.3) 2,845 (42.0) 1,072 (62.1) <0.001
Smoking (Pack-year), mean + SD 1.50+7.09 8.10+14.78 17.56+22.44 <0.001
Alcohol consumption, n (%) 802 (1.9) 629 (9.3) 298 (17.3) <0.001
Diabetes mellitus, n (%) 2,902 (7.0) 486 (7.2) 56 (3.2) <0.001

BMI, body mass index
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