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Abstract
In September 2020, the International Agency for Research on Cancer (IARC) announced that opium consumption causes cancer 
in humans – a conclusion drawn after reviewing data from five decades of research. Given the widespread use of opium and 
its derivatives by millions of people across the world, the classification of opium consumption as a “Group 1” carcinogen has 
important public health ramifications. In this mini-review, we offer a short history of opium use in humans and briefly review the 
body of research that led to the classification of opium consumption as carcinogenic. We also discuss possible mechanisms of 
opium’s carcinogenicity and potential avenues for future research. 
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Introduction
In September 2020, a Working Group of international 
experts convened by the International Agency for 
Research on Cancer (IARC) concluded that opium 
consumption is carcinogenic to humans. A summary of 
the findings is published in the Lancet Oncology,1 and the 
full results will be published in the volume 126 of IARC 
Monographs. With this conclusion, opium consumption 
joins the rank of tobacco smoking, alcohol consumption, 
aflatoxin exposure, and other agents classified as Group 1 
Carcinogens. 

The Working Group’s conclusion was based on five 
decades of research. While it may seem quite long, 50 years 
is only a short span compared to the long history of opium 
use in human populations. Over thousands of years, it has 
been used for recreational and medicinal purposes. It has 
brought people together in ceremonies, and against each 
other in wars. It has made some rich and others poor. 
It has been used to pacify children and to kill powerful 
people. Here, we offer a short history of opium use and 
will succinctly review the body of research that convinced 
the IARC Working Group of opium’s carcinogenicity. We 
also discuss possible mechanisms of carcinogenicity and 
potential lines for future research. 

Opium Use through the History
Opium is the air-dried latex obtained from the unripe 

seedpod of the poppy plant (Papaver somniferum), and 
has addictive and narcotic features. It has been used in 
traditional medicine for various purposes – to alleviate 
pain, prevent cough, and treat diarrhea, among others – 
via oral, topical, rectal, and intranasal routes. The analgesic 
properties of opium were noted by Hippocrates around 
460 BCE, and Galen around 200 CE.2 Opium’s other 
medicinal and adverse effects were described by Avicenna 
in “The Canon of Medicine” around 1025 CE.3 
Opium poppy was cultivated in Mesopotamia (3400 
BCE), Egypt (1500 BCE), and Greece (1100 BCE).4,5 It 
was spread to Persia and India following the conquests of 
Alexander the Great (330 BCE), and later to China by 
Arab traders.6 During the 11th to 17th centuries, opium 
use spread to the rest of the world including Europe and 
the New World, and a large number of people across the 
world became addicted to opium use.7 In the 19th century, 
following the banning of opium trade by the Qing dynasty 
of China, two major opium wars were carried out by the 
British and French empires against the Qing dynasty.8 
These wars ended with more than twenty thousand 
casualties by defeat of the Chinese forces and compelling 
the Chinese government to grant favorable tariffs, trade 
concessions, and territory to the Western empires.8 Having 
observed destruction, abuse, and dependency related to 
opium use, the governments of 56 countries took action 
in 1925 by signing the International Opium Convention, 
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agreeing to prohibit the cultivation or manufacture, 
import, sales, distribution, export, and use of narcotic 
drugs, except for medical and scientific purposes.9 Despite 
this agreement, the use of opium and its derivatives 
(opiates) is still widespread, as in 2018 an estimated 30 
million people had illicitly used opiates worldwide.10 The 
widespread use of opium is concerning not only for its 
short-term addictive effects or long-term productivity loss, 
but also for its potential to cause cardiovascular diseases11 
or cancers.12

Fifty years of Investigations on Opium Use and Cancer 
Risk
Some of the first clues on the possible link between 
opium use and cancer came from clinical observations 
in the late 1960s and the early 1970s. Lyons and Yazdi 
published a paper in 1969 implicating opium smoking as 
a potential cause of cancer of the tongue.13 Dowlatshahi 
and colleagues conducted clinical studies of esophageal 
cancer patients in northeast of Iran, where esophageal 
cancer was very common, while the known risk factors 
such as tobacco use and alcohol consumption were 
uncommon.14 They found a high prevalence of opium 
use among esophageal cancer patients and observed burnt 
opium residues in their esophagus during their endoscopic 
examinations, leading to the hypothesis that it may be 
opium that plays the carcinogenic role of tobacco smoking 
in northeastern Iran.14 Shortly after that, an ecologic study 
in northern parts of Iran found a substantially higher 
prevalence of urinary opium metabolites among residents 
of the high-risk areas, compared to low-risk areas, related 
to esophageal cancer.15 In the late 1970s and early 1980s, 
several case-control and cross-sectional studies were 
published from Iran, Hong Kong, and Singapore showing 
associations between opium use and higher risk of cancers 
of the larynx,16 bladder,17,18 lung,19 and esophagus.20 
Simultaneously, experimental studies showed the presence 
of several mutagens in opium dross and opium pyrolysates 
and documented the genotoxic effects related to these 
ingested types of opium.21-23 Following the sociopolitical 
changes of 1980s in Iran, scientific studies on opium and 
cancer came to a halt for over 20 years.

Studies of opium use and cancer resumed in the 
early 2000s, almost exclusively in Iran, where opium 
consumption was common and an infrastructure was being 
developed to conduct high-quality epidemiologic studies. 
An early example was the 2003 study of Mousavi and 
colleagues that showed a strong positive association between 
opium use and laryngeal cancer.24 In 2002, an important 
case-control study named GEMINI (Gastroesophageal 
and Esophageal Malignancies in Northern Iran) was 
planned to investigate the risk factors of esophageal and 
gastric cancers in the Golestan Province, northern Iran.25 
This was a follow-up to the unfinished studies conducted 
before the Iranian revolution. Detailed questionnaires 

were developed to assess opium use, as opium was one of 
the culprits for the high rates of esophageal cancer in the 
area.25 A very influential study, the Golestan Cohort Study 
(GCS), was launched by the same group of investigators, 
and hence, GCS essentially used the same questionnaires 
as GEMINI.26 However, for several reasons, GCS was a 
pivotal study and took studies of opium use and cancer 
to a higher level. First, GCS validated the opium use 
questionnaire against urinary opium metabolites, and 
showed very good validity and reliability for reporting 
opium use.27 As such, that same questionnaire was used 
in at least 12 subsequent epidemiologic studies to assess 
opium use and cancer risk.28-39 Second, GCS was the first 
study to prospectively follow a large number of opium users 
for more than a decade with a negligible loss to follow-
up, allowing robust investigation of the risk of different 
cancer outcomes among these individuals.12 Altogether, 
since 2003, at least 25 independent case-control,24,28-38,40-52 
and 2 cohort studies12,39 have been conducted on this 
subject and nearly all have shown increased risk of cancers 
of different sites among opium users . Reviewing the 
results of all studies conducted over the past 50 years, 
the IARC Working Group found “sufficient evidence” 
for the carcinogenicity of opium consumption in relation 
to cancers of the larynx, lung, and bladder, and “limited 
evidence” for the carcinogenicity of opium for cancers of 
the esophagus, stomach, pharynx, and pancreas.1

Proposed Mechanisms for the Carcinogenicity of 
Opium Use
The carcinogenic mechanisms of opium consumption are 
not clear. Opium is a complex mixture, with alkaloid (e.g., 
morphine and thebaine) and non-alkaloid (e.g., water and 
sugar) components, and it is often contaminated and/or 
adulterated with lead, chromium, and other chemicals. 
Opium may be smoked or ingested, and comes in various 
forms (e.g., raw [teriak], minimally refined [shireh], and 
dross [sukhteh]).53,54 This complexity makes assessment of 
the mechanisms difficult. However, several mechanisms 
have been suggested for this causal relationship: (1) 
Opium pyrolysates have shown genotoxic/mutagenic 
effects.21-23 The IARC Working Group found “strong 
evidence” of genotoxicity by opium1; (2) Opium use 
may promote tumorigenesis by inducing angiogenesis,55 
immunosuppression,56 and facilitating cancer cell 
proliferation and migration55; 3) Opium may change 
the tone of the lower esophageal sphincter and the 
bladder sphincter, allowing prolonged exposure of these 
organs to cancer.54 Extended exposure may also happen 
by opium’s effect on modifying the pharmacokinetics 
and bioavailability of various carcinogens57; and (4) The 
impurities and adulterations of opium by compounds like 
lead and arsenic,58,59 which are unfortunately inextricably 
linked to use, may also play a role.
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Future Research Directions
The classification of opium consumption as a “Group 1” 
carcinogen by the IARC is clearly an important milestone. 
Yet, there is much more research to be done. The effect 
of opium use on several cancers such as cancers of the 
esophagus, stomach, pharynx, and pancreas should be 
investigated further in well-conducted studies. Research 
on the carcinogenic mechanisms of opium use has barely 
scratched the surface, and there is a huge potential for 
research in this area. The results reached by the IARC apply 
only to minimally processed opium, which is a complex 
mixture; it is unclear whether pure forms of naturally 
occurring opiates (e.g., morphine) or semi-synthetic or 
synthetic opioids (e.g., fentanyl and tramadol) also cause 
cancer. Given the widespread use of these opioids all 
across the world, conducting careful studies are of utmost 
importance. We invite all scientists with relevant research 
interests to contribute to this field. The 2020 IARC 
Working Group meeting was the culmination of 50 years 
of research, yet the beginning of another era of research on 
opium use and cancer. .
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