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The most recent prominent use of 
sulfur mustard (SM) occurred dur-
ing the Iraq-Iran war with more 

than 100 000 victims left behind suffering 
various complications for years.1 Expo-
sure to SM causes serious problems most 
importantly ophthalmic, respiratory and 
skin diseases.2 It also increases the inci-
dence of various malignancies.3 Different 
mechanisms such as alkylation of macro-
molecules like DNA, induction of excessive 
DNA repair, oxidative stress, and disrupt-
ed cell signaling have been proposed as the 
underlying causes of the observed signs 
and symptoms after SM exposure.4 A study 
of the long-term effects of exposure to SM 
gas on workers in SM manufacturing fac-
tories show that the risk of cancer and 
mortality due to SM exposure is almost 
five times higher among these workers.5 
The International Agency for Research on 
Cancer (IARC) classifies SM as a carcino-
gen and a risk factor for lung cancer.5

Alpha fetoprotein (AFP) and beta-hu-
man chorionic gonadotropin (β-hCG) are 
two important tumor markers for the di-
agnosis and monitoring various malignan-
cies. We conducted this study to determine 

the concentrations of AFP and β-hCG in 
SM-exposed veterans.

One-hundred and fifty people exposed 
to SM during the Iraq-Iran war and 150 
non-exposed healthy sex-matched sub-
jects as the comparison group, were stud-
ied. None of the participants was smoker, 
had a history of radiotherapy or chemo-
therapy, or were afflicted by cancer. The 
tumor markers were measured by ELISA 
(Monobind ELISA kit, USA).

The mean age of SM-exposed veterans 
and the comparison group was 49.1 (SD 
3.8) and 47.7 (SD 5.5) years, respectively. 
The elapsed time from the exposure in the 
victims was 30 years on average. Based on 
spirometry data, the exposure intensity 
was mild in 66%, moderate in 27%, and se-
vere in 7% of SM-exposed group. The me-
dian AFP level was 5.29 (IQR 3.78) ng/mL 
in SM-exposed group and 3.65 (IQR 3.00) 
ng/mL in the comparison group (p<0.01). 
The corresponding values for β-hCG lev-
els were 0.42 (IQR 0.43) and 0.32 (IQR 
0.22) mIU/mL, respectively (p=0.794). 
No correlation was observed between age 
and tumor marker levels and between the 
concentrations of the two tumor markers 
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studied.
Exposure to SM generates reactive oxy-

gen species (ROS) with consequent oxi-
dative damage to cell structures.6 Liver is 
very susceptible to such oxidative stress 
and this might explain the significant rise 
of AFP in the SM-exposed people. It could 
be noted that a long period is required for 
SM to exert its carcinogenic effects through 
its impact on DNA, proteins, and produc-
tion of oxidants. Nishimoto, et al, showed 
an increased risk of cancer-related death 
in SM factory employees after 35–50 years 
of exposure.7 We examined the exposed 
group after an average of 30 years. A close 
follow up of these SM-exposed people 
seems mandatory for early diagnosis of 
any possible malignancies.
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