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Abstract

Opium use has been associated with higher risk of cancers of the esophagus, bladder, larynx, and
lung; however, no previous study has examined its association with gastric cancer. There is also
little information on the associations between hookah (water pipe) smoking or the chewing of
tobacco products and the risk of gastric cancer. In a case-control study in Golestan Province of
Iran, we enrolled 309 cases of gastric adenocarcinoma (118 noncardia, 161 cardia, and 30 mixed-
location adenocarcinomas) and 613 matched controls. Detailed information on long-term use of
opium, tobacco products, and other covariates were collected using structured and validated
lifestyle and food frequency questionnaires. Odds ratios (ORs) and 95% confidence intervals (95%
Cls) were obtained using conditional logistic regression models. Opium use was associated with
an increased risk of gastric adenocarcinoma, with an adjusted OR (95% CI) of 3.1 (1.9 - 5.1), and
this increased risk was apparent for both anatomic subsites (cardia and noncardia). There was a
dose-response effect, and individuals with the highest cumulative opium use had the strongest
association (OR: 4.5; 95%Cl: 2.3-8.5). We did not find a statistically significant association
between the use of any of the tobacco products and risk of gastric adenocarcinoma, overall or by
anatomic subsite. We showed, for the first time, an association between opium use and gastric
adenocarcinoma. Given that opium use is a traditional practice in many parts of the world, these
results are of public health significance.
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Introduction

Methods

Gastric cancer is the 2nd most common cancer in men and the 41 most common cancer in
women in developing countries 1. The striking geographical variation in gastric cancer
incidence and mortality, as well as the significant changes in rates over time and among
migrants, suggest a strong role for environmental and life style factors in its pathogenesis 2.
Previous studies have identified Helicobacter pylori infection and cigarette smoking as risk
factors associated with higher risk of gastric cancer while higher intake of fruits and
vege;[agbles and the use of refrigerators have shown an inverse association with gastric cancer
risk <.

Regular use of opium has been reported to be associated with increased risk of several
cancers, including esophageal cancer 211, laryngeal cancer 12, bladder cancer 13-15 and lung
cancer 16, but to our knowledge no epidemiologic studies of opium use and gastric cancer
have been published. About 0.3-0.5% of the world’s population in the 15-64 year old age
group, between 12 and 21 million people, used opiates at least once in 2009 7. Opium is
traditionally used in many South-Central Asian countries, especially Iran, Pakistan,
Afghanistan and India, as well as in some areas of South-East Asia. These are also areas
with some of the highest rates of gastric cancer incidence and mortality in the world. In
many of these areas, hookah (water-pipe) use is also a widely practiced social habit 18, and it
is estimated that 100 million people across the world smoke hookah 19. Although numerous
studies have examined the association between cigarette smoking and gastric cancer 20-22,
much less is known about the associations of other types of tobacco use, such as smoking
hookah or chewing tobacco, and this malignancy. These products have been shown to
increase the risk of lung 22 and esophageal cancer 1924 and a World Health Organization
Study Group has recommended more research on them 18, since the amount of evidence on
their health effects is still modest 23,

In Iran, gastric cancer has the highest incidence among all cancers, excluding skin

cancers 2, but it shows geographical variation in incidence across the country, with
northwestern and northeastern Iran having the highest rates 3. In the northeast of Iran,
approximately 17% of individuals above the age of 40 have experienced opium use, and
about 7.6% have ever smoked chewed nass (a chewing product containing tobacco, ash, and
lime)26. We recently collected detailed data on the use of opium and several types of
tobacco (cigarettes, hookah, and nass) in a case-control study of gastric cancer in Golestan
Province in northeastern Iran. The purpose of the current analysis is to examine the
association between these exposures and gastric cancer.

Case and control selection

Cases were enrolled from December 2004 to December 2011, in Atrak Clinic, a
gastroenterology specialty clinic in Gonbad City, the largest city in Golestan Province. Case
selection methods were similar to those in a previous case-control study of esophageal
cancer in this area 19, In brief, local physicians referred patients suspected of having upper
gastrointestinal (GI) tract diseases to Atrak Clinic, where they underwent upper Gl
endoscopy. Biopsy samples of any mass or lesions were taken and reviewed by expert
pathologists at the Digestive Disease Research Center, Tehran University of Medical
Sciences. Patients with pathology reports of adenocarcinoma of the stomach were asked to
participate in this study.

For each case, we tried to select two age, sex and neighborhood-matched controls from
50,045 healthy subjects, aged 40-75 years, who were enrolled in the Golestan Cohort Study
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between January 2004 and June 2008 25, Cohort participants completed general and food
frequency questionnaires similar to those for cases (see below), and gave blood, hair and
nail samples. We have previously shown that controls from this cohort correctly reflect

opium use in the neighborhoods of cancer cases, and compared to hospital controls, they
provide more accurate estimates of cancer risks due to opium or tobacco consumption 11,

The study protocol was reviewed and approved by the Institutional Review Boards of the
Digestive Disease Research Center of Tehran University of Medical Sciences, the US
National Cancer Institute (NCI), and International Agency for Research on Cancer (IARC).
A written informed consent was obtained from each study participants.

Questionnaires and physical examination

We administered two structured questionnaires, a general questionnaire and a food
frequency questionnaire. The general questionnaire included detailed information on age,
sex, ethnicity, place of residence, education, ownership of appliances and property (as
indicators of socioeconomic status), and other potential confounders of interest. The food
frequency questionnaire was previously validated in the Golestan population?’, and was
used in this study to extract data for fruit and vegetable consumption.

Our general questionnaire included extensive and detailed questions about the exposures of
interest in this study, i.e., opium, cigarettes, hookah, and nass. Our previous studies have
shown that the responses of individuals in this population to questions regarding opium and
tobacco use are reliable and valid28. Lifelong history of use was asked, including all starting
and stopping ages, and the average amount of use in each period. Thus the questionnaires
allowed for multiple rounds of using and stopping and different amounts of use in each
period. Ever users of opium or tobacco products were defined as those reporting consuming
the product at least once a week for a minimum of 6 months. Opium consumption was
recorded using the local unit of nokhod per day, each nokhod being equal to 0.2 grams, and
lifetime use was calculated as nokhod-years (nokhod used per day x duration of use in
years). For cigarette smoking, pack-years were calculated, and for hookah and nass a similar
measure was calculated using frequency of use per day x duration of use in years.

Biological sample collection

Each case provided 10 ml of venous blood: 5 ml in EDTA anticoagulant was stored as
whole blood at —80 °C, and 5 ml without anticoagulant was centrifuged and the serum was
stored at —80 °C. Controls provided a 10 ml sample of venous blood which was centrifuged
and aliquoted into 500 ml straws (eight straws of plasma, four straws of buffy coat and two
straws of red blood cells) and stored at —80 degree centigrade. Serum samples of cases and
plasma samples of controls were used to determine seropositivity against CagA antigens of
H. pylori. CagA analysis was performed in the German Cancer Research, Center,
Heidelberg, Germany, using previously published method2°.

Statistical Analysis

The primary pre-specified null hypothesis was that opium use was not associated with odds
of gastric cancer. The large majority of the cases 276 (83.4%) had two controls, but we were
not able to match two controls to each case, because the cohort study participants, from
whom controls were selected, were limited to individuals 40 — 75 years of age at cohort
enrollment and to certain parts of the catchment area of the cases. As a result, 22 cases
(6.6%) had only one control, and a few (n = 11) had more than two controls, because some
of the selected controls did not have an adequate plasma sample, so we had to select
additional controls for them. We used conditional logistic regression models (conditioned on
sex and place of residence) to calculate unadjusted and adjusted odds ratios (ORs) and 95%
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confidence Intervals (Cls). Because the cases and controls were not perfectly matched on
age, we entered age as a covariate in the models. All models were further adjusted for
ethnicity, education, wealth score, total daily fruit intake, and total daily intake of
vegetables. Education and the wealth score were used as indicators of socioeconomic status.
The wealth score is a composite score, created using multiple correspondence analysis of
individuals’ living conditions and ownership of different household assets; the methods for
creating this score have been explained in a previous publication 30. Furthermore, each of
the main exposures of the study (e.g., opium) was adjusted for the other main exposures
(e.g., hookah, nass, and cigarettes). Further adjustment for antibodies to H. pylori CagA
antigen, which was strongly associated with risk of noncardia cancer, did not change the
results, so it was not included in our final models.

For each exposure of interest, duration of use was calculated by summing the years of use.
Cumulative use was calculated by multiplying duration of use by the amount. If the study
participant used the exposure of interest intermittently during several periods of life,
cumulative use was obtained by summing cumulative use during each period of use, or

Cum;=X;",G;; D;;; where G and D denote the amount and duration of use (in days), and j
and i denote the study participant and the period of use, respectively. For each variable, the
median cumulative use among controls was used for classification.

Patients may use opium to alleviate pain; hence associations may be due to reverse causality.
Thus, we did a separate analysis, excluding those who had started opium within one year
prior to the diagnosis.

Analyses were conducted for all gastric adenocarcinomas, as well as for the two main
anatomic subtypes of gastric adenocarcinoma, i.e., noncardia and cardia gastric
adenocarcinomas. This subgroup analysis was done because previous studies have shown
that noncardia and cardia cancers may have different risk factors 31-33,

All statistical analyses were done using STATA statistical software, versionll (STATA
Corp, College Station, Tx). P-values of less than 0.05 were considered as statistically
significant.

Our study sample consisted of 309 cases of gastric adenocarcinoma (118 noncardia, 161
cardia, and 30 mixed or unspecified site) and 613 matched controls. Table 1 shows the
baseline characteristics of the cases and controls. Controls were perfectly matched to cases
for gender (27% females in each group), but the mean age of cases was 1.6 years older than
that of controls (65.2 versus 63.6 years). Controls were also closely, but not perfectly,
matched to cases for urban/rural residence. The large majority of both cases (82.2%) and
controls (73.3%) had no formal education.

Table 2 shows the results of opium use and different types of tobacco use in relation to
noncardia, cardia, and all gastric adenocarcinomas. Ever opium use was associated with
increased risk of noncardia, cardia, and all gastric adenocarcinomas, with adjusted ORs
(95% Cls) of 3.9 (1.6-9.4), 2.8 (1.4-5.7), and 3.1 (1.9 — 5.2), respectively. Patients may start
opium use to alleviate pain; hence associations may be due to reverse causality. However,
when we limited our analyses to those who had started opium use at least one year prior to
diagnosis, opium still showed a strong increased risk, with adjusted ORs (95% CIs) of 2.9
(1.1-7.5), 2.8 (1.4-5.6), and 2.9 (1.7-4.8) for noncardia, cardia, and all gastric
adenocarcinomas, respectively. Current users had stronger increases in risk than former
users, and there was a dose-response association with cumulative use of opium. In stratified
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analyses, opium strongly and significantly increased the risk of cardia and noncardia
adenocarcinoma in individuals who had never smoked cigarettes (data not shown).

Approximately 27% of both cases and control were ever cigarette smokers and all odds
ratios were close to one (Table 2). About 5% of cases and 2% of controls reported ever
smoking hookah. In unadjusted analyses, ever hookah use was associated with a
significantly increased risk of noncardia adenocarcinoma, a non-significantly increased risk
of cardia adenocarcinoma, and a significantly increased risk of all gastric adenocarcinomas.
However, after adjustment, all odds ratios were near one, and no statistically significant
difference in risk was found between cases and controls. About 13% of both cases and
controls reported using nass, and nass use was not associated with risk of noncardia, cardia
or all gastric adenocarcinomas.

Discussion

Our study is the first report demonstrating that opium use is associated with increased risk of
gastric adenocarcinoma and its anatomic subtypes (noncardia and cardia). We also studied
the association between gastric adenocarcinoma and different types of tobacco use, but did
not find statistically significant associations.

There are several reasons to believe that the association between opium use and gastric
cancer is causal. The associations were relatively strong, over 3-fold for noncardia cancer
and over 2-fold for cardia cancer, and they showed a dose-response relationship with
cumulative use of opium. Adjustments for important potential confounders, including age,
ethnicity, indicators of socioeconomic status, and total fruit and vegetable intake
strengthened the associations. Cases were less educated than the controls. In all, 17.6% of
the cases and 26.7% of the controls had some education. However, adjusting for education
and other variables related to socioeconomic status did not materially changed the results.
Other reports have shown that opium can increase the risk of cancers of the esophagus 911,
larynx 12, bladder 13-15, lung 16, and also total mortality from cancer 3. For most
participants, opium use started long before any symptoms developed, and when we excluded
cases that started using opium in the year prior to their diagnosis and their matched controls,
the results still showed a nearly 3-fold increased risk of all gastric adenocarcinomas among
users.

Several mechanisms have been proposed for the association between opium use and cancer.
Smoking opium and its alkaloid components (mainly morphine) may produce mutagens 3°.
In vitro studies have shown that pyrolysed opium dross shows mutagenic activity in
Salmonella typhimurium strains TA98 and TA100 36, Pyrolysates and alkaloids of opium
have also induced sister-chromatid exchanges in mammalian cells after metabolic
activation 37. These pyrolysates also transform Syrian hamster embryo cells in culture and
have carcinogenic effects in mice and hamsters following topical, subcutaneous,
intratracheal or intragastric administration3®. Nevertheless, the mechanisms for the
carcinogenicity of opium are not yet well understood, and with increasing evidence showing
the association between opium use and cancer, more studies are needed to elucidate the
mechanisms.

Although opium use in Golestan Province appears to have declined in the past four
decades 39, its prevalence in the region is still high 2; approximately 17% of the adults
participating in the Golestan Cohort reported ever using opium 1. Therefore, if the
association is causal, it may account for an important percentage of gastric cancer cases in
Golestan Province. Opium and its derivatives are also used by an estimated 15 million
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people across the world 17; therefore such products may also have an important role in the
causation of gastric cancer worldwide.

The association between cigarette smoking and gastric cancer has been investigated in many
case-control and cohort studies. Meta-analyses summarizing these studies have shown an
overall 1.5- to 2-fold increased risk of gastric cancer in cigarette smokers but there has been
considerable variation among studies 2022, The results of our study did not show an
association between cigarette smoking and gastric cancer risk. Interestingly, previous studies
conducted in this area have shown only a weak association between cigarette smoking and
risk of esophageal squamous cell carcinomal®, whereas cigarettes are a very strong risk
factor for this cancer elsewhere49-42, We are not sure why we see lower risks of both
esophageal and gastric cancers associated with cigarette smoking in this area, but this may
be due to low intensity or cumulative use of cigarette smoking in this area or the type of
tobacco used. For example, only 14.2% and 11.1 % of our gastric adenocarcinoma cases and
controls, respectively, reported over 20 pack-years of cumulative cigarette smoking, while
more than 51% of gastric cancer cases and 28% of controls in Netherlands Cohort Study on
Diet and Cancer (NLCS) had smoked this amount 43,

To our knowledge, there is no previous investigation of hookah or nass use in relation to
gastric cancer. Hookah smoking showed apparent associations with both noncardia and
cardia cancers in unadjusted models, but the adjusted results showed no significant
associations. Cumulative use of hookah has previously been shown to be associated with
risk of esophageal squamous cell carcinoma in this population 19. It is possible that hookah
use in fact does not cause an increased risk of gastric cancer, or that the small number of
people who use hookah in this population requires a larger sample to study its effect.
Therefore, our results can only be considered a first attempt at exploring this association,
and they need to be combined with results from future studies. Similarly, we did not find a
significant association with nass use, another form of tobacco use previously shown to be
(weakly) associated with the risk of esophageal squamous cell carcinoma 1. Oral tobacco
use was not shown to increase gastric cancer risk in India 44, and it is more likely to cause
more proximal cancers in the gastrointestinal tract, most notably in the oral cavity “°.

This study has several strengths, including histologic diagnosis of all cases, classification of
most cases to noncardia or cardia subsites, use of population-based controls previously
shown to be appropriate controls for cases referred to our clinic 11, and use of reliable and
validated questionnaires. Like other case-control studies, this study is potentially prone to
recall bias, and interviewer bias arising from data collection after the diagnosis. However,
given that neither the study interviewers nor study participants had any preconceived
hypothesis that opium could cause cancer of the stomach, significant interviewer or recall
bias are not likely. Furthermore, the absence of any association with cigarette smoking,
which is a better-known risk factor for gastric cancer, reduces the possibility of such biases.
Another potential limitation of the study is the modest sample size in gastric cancer
subcategories.

In conclusion, this first test of the hypothesis showed a direct association between opium use
and gastric adenocarcinoma, including both of its anatomic subtypes. This association was
strong, independent of known causes of gastric cancer, and similar to previous reports at
other cancer sites, so this association may be causal. However, further human studies,
animal studies, and other mechanistic studies are needed to confirm or refute this
association.
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While several, mostly recent, studies have shown associations between opium use and
higher risk of cancers of the esophagus, bladder, larynx, and lung, no previous study has
yet studied the association between opium use and gastric adenocarcinoma. Therefore,
our study is the first to examine and show such an association. Given that opium use is a
traditional practice in many parts of the world, these results are of public health
significance.
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