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Abstract

Objectives The aim of this study was to explore the
impact of Agent Orange exposure for prostate cancer with
a comparison of the prostate specific antigen (PSA) levels
between a hotspot and a non-sprayed area.

Methods The study was conducted in Phu Cat district
(hotspot) and Kim Bang district (non-sprayed), with a total
of 101 men in the hotspot and 97 men in the non-sprayed
area older than 50 years of age. About 5 mL of whole
blood and a health status questionnaire were collected from
each subject in August 2009-2011.

Results The mean age of the subjects in the hotspot
(68.0 years old) was significantly higher than that of
those in the non-sprayed area (65.0 years old). No signif-
icant difference was found between the hotspot area
(0.93 ng/mL) and the non-sprayed area (0.95 ng/mL) in
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terms of PSA levels. Likewise, this was not statistically
significant after adjusting for age. The prevalence of high
PSA levels (>3 ng/mL) did not differ significantly between
the hotspot (14 men; 13.9 %) and non-sprayed area (9 men;
9.3 %). No significant difference was found between the
hotspot area and the non-sprayed area in terms of occu-
pation (farmer and others). In control subjects, no signifi-
cant difference was found between the PSA levels in
subjects exposed to Agent Orange and non-exposed
subjects. Likewise, no significant difference was found
between the PSA levels of combatants and civilians.

Conclusion The PSA levels were not significantly dif-
ferent between the hotspot and the non-sprayed area.

Keywords Agent Orange - PSA (prostate specific
antigen) - Prostate cancer - Hotspot - Vietnam
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Introduction

Between 1962 and 1971, the United States Air Force
sprayed approximately 107 million pounds of herbicides in
South Vietnam for the purpose of defoliation and crop
destruction in a program code-named Operation Ranch
Hand [1]. During the course of this operation, hundreds of
thousands of United States service personnel and millions
of Vietnamese were exposed to the chemicals in the air,
water, and soil and through food raised on contaminated
farms [2].

The herbicides sprayed during the Vietnam era contained
mixtures of 2,4-dichlorophenoxyacetic acid (2,4-D), 2.4,5-
trichlorophenoxyacetic acid (2,4,5-T), picloram, and caco-
dylic acid. The most extensively used defoliant, a 50:50
combination of 2,4-D and 2,4,5-T, has since been found to
have been contaminated with between <0.05 and almost 50
parts per million of 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD), which came to be known as “Agent Orange” [3].

In 1998, the National Academy of Science concluded
that “limited/suggestive evidence” existed of an associa-
tion between Agent Orange and prostate cancer [4]. Pre-
vious studies involving Vietnam veterans had accumulated
evidence regarding Agent Orange exposure and the sub-
sequent development of prostate cancer [5-8]. Concerns
over the potential health effects of Agent Orange in United
States and Australian veterans exposed to herbicides during
the Vietnam War led to a number of studies concerning
cancer mortality, including prostate cancer [7-9]. The
largest study to analyze the link between Agent Orange and
prostate cancer examined the medical records of more than
13 000 Vietnam War veterans. Among those men who
reported exposure, Agent Orange was found to greatly
increase the risk of prostate cancer, particularly the risk of
suffering the most aggressive form of this disease, com-
pared to those who were not exposed [10].

In previous phases of the Air Force Health Study of
Agent Orange exposure and incidence of prostate cancer in
Air Force veterans involved in Operation Ranch Hand,
PSA screening was used to detect prostate cancer in
Vietnam veterans over the period 1999-2003 [10]. Pros-
tate-specific antigen (PSA) is a protein that is produced by
the cells of the prostate gland and enters the bloodstream.
Although the highest amounts of PSA are found in semen,
some PSA escapes the prostate and can be found in the
serum. This serum component has been used to track the
response to therapy in men with prostate cancer. Since the
late 1980s, PSA has been studied clinically and is currently
used to detect, stage, and monitor prostate cancer [11].
Recent studies of the relationship between Agent Orange
and prostate cancer focused on American Vietnam War
veterans, whereas there are few studies concerning the
relationship between Agent Orange and PSA in

Vietnamese men. The aim of this study was therefore to
explore the impact of Agent Orange exposure for prostate
cancer with a comparison of the PSA levels between a
hotspot area and a non-sprayed area.

Methods and materials
Subjects

The subjects were stratified as either living in Phu Cat or Kim
Bang district. Phu Cat airbase (Binh Dinh province) is one of
three main dioxin hotspots in southern Vietnam, and the study
subjects were known to have been living in and around the
airbase prior to the war. Kim Bang district (Ha Nam province)
is located in northern Vietnam and did not experience her-
bicide operations during the war, which is why it was selected
as the non-sprayed area. Nhu et al. [12] reported that dioxin
levels in the breast milk of Vietnamese primiparas in the
hotspot area were significantly higher than those in the non-
sprayed area. In light of this, we hypothesized that PSA levels
may also differ between the hotspot area and the non-sprayed
area. Therefore our study subjects consisted of 101 men from
the hotspot area and 97 men from the non-sprayed area, all of
whom were selected randomly from men aged 50 years or
older in these areas.

Methods

In August 2009, 2010, and 2011, 198 Vietnamese (101
Vietnamese from Phu Cat and 97 Vietnamese from Kim
Bang) participated in this cross-sectional study. All sub-
jects provided a 5-mL sample of whole blood. In 2010, a
digital rectal examination and serum PSA determination
were conducted by a urologist on six men who showed
high PSA levels (>3 ng/mL) in 2009 in the hotspot area.
Consenting subjects were required to complete a health
status questionnaire to gain individual information,
including age, BMI, residence history, family history of
prostate cancer, occupation, smoking history, alcohol
consumption, and history of chemical exposure.

Statistical analysis

Prostate specific antigen levels were subsequently expres-
sed on a log scale. Appropriate statistical methods,
including a chi square test, Welch test, student 7 test, and
analysis of covariance (ANCOVA), were performed to
compare PSA levels between the two areas after adjusting
for the effect of age. Statistical analyses were performed
using the JMP statistical software package, version 9.0
(SAS Institute Japan). Statistical significance was set at
p < 0.05.
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Ethical considerations

Prior to beginning the study, approval was obtained from
the Medical Ethics Committee of Kanazawa University
[approvals no.: 89 (2007) and no.: 326 (2011)], and
informed consent was obtained from all the participants in
written form.

Results

The personal and demographic characteristics of the partici-
pants can be found in Table 1. The mean age of subjects in the
hotspot area (68.0 years) was significantly higher than those
in the non-sprayed area (65.0 years). There were no signifi-
cant differences between the hotspot and non-sprayed areas in
terms of alcohol habit or smoking habit. In addition, no
significant difference was found in the PSA levels between
the hotspot area (0.93 ng/mL) and the non-sprayed area
(0.95 ng/mL). Likewise, after adjusting for age, the PSA
levels did not differ significantly between the two areas
(Table 2). Nine of the subjects from the non-sprayed area and
14 of those from the hotspot area had high PSA levels (>3
ng/mL). However, the prevalence of high PSA levels (>3
ng/mL) did not differ significantly between the two areas.
The PSA levels of six subjects who showed high PSA
levels (>3 ng/mL) in 2009 were found to be higher after

follow-up in 2010, except for one subject in the hotspot
area (Table 3). A digital rectal examination was done by a
Japanese urologist to help the detection of prostate cancer
in these subjects, suggesting prostate abnormalities in three
of them (No. 2, 4, 6), thus the possibility of prostate cancer.
Depending on occupation (farmer and others), two ques-
tions in the multiple-choice questionnaire were excluded
from the final analysis. No significant differences were
found between the hotspot and non-sprayed areas on
comparison of farmers’ PSA levels (Table 4). Likewise, no
significant differences in PSA levels were found between
the hotspot and non-sprayed areas for other occupations
(Table 5). Of the subjects in the control group, 71 stated
that they were combatants during the Vietnam War and 26
that they were civilians. A comparison of the PSA levels
between these two groups showed no significant differ-
ences (Table 6). A total of 47 subjects reported exposure to
Agent Orange during the Vietnam War and a further 47
reported no exposure. Three subjects who answered
“unknown” were excluded from the final analysis.
A comparison of the PSA levels between exposed and non-
exposed subjects found no significant differences
(Table 7). In our study, residence history information was
not available for many of our samples, and thus was not
included in this study. A positive family history is an
important risk factor for prostate cancer and therefore
increases PSA levels [13]. However, in both areas no one

Table 1 Demographic characteristics of participants in the hotspot and non-sprayed areas

Characteristics Hot spot area Non-sprayed area p value
N Mean + SD % N Mean + SD %
Number Number

Age (years) 101 68.0 & 6.1 (54-81) 97 65.0 & 4.8 (56-79) 0.046"
PSA (ng/mL) 101 1.38 & 1.43 97 1.35 &£ 1.41 0.872?
PSA (GM GSD) (ng/mL) 101 0.93 + 243 97 0.95 +2.21 0.8067
PSA >3 (ng/mL) 101 14 139 97 9 9.3 0.314°
Height (cm) 101 1569 £ 5.5 97 159.3 £ 49 0.0017
Weight (kg) 101 492 £ 7.6 97 525+£78 0.003*
BMI (kg/m?) 101 200 £+ 2.5 97 20.7 &+ 2.7 0.039*
Alcohol habit (yes) 101 46 45.5 97 49 50.5 0.484°
Smoking habit (yes) 101 62 61.4 97 56 5717 0.600°
Present job (yes) 101 69 68.3 97 52 53.6 0.034°
Kind of present job

Multiple choice (yes) 69 2 2.9 52 0 0

Farmer (yes) 67 52 77.6 52 31 59.6

Worker (yes) 67 0 0 52 1 1.9

Fisher (yes) 67 0 0 52 1 1.9

Teacher (yes) 67 0 0 52 0 0

Other job (yes) 67 15 224 52 18 34.6

SD standard deviation, GM geometric mean, GSD geometric standard deviation, BMI body mass index

' Welch test, > Student’s 7 test, > chi squared test
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Table 2 Covariance analysis for age and PSA between the hotspot
and non-sprayed area

Table 5 Comparison of PSA levels for other occupations between
the hotspot and non-sprayed areas

Term Estimate Std error t Ratio Prob > I1l
Intercept —1.060456 0.31217 -3.40 0.0008
Area —0.018832 0.02573 —-0.73 0.4652
Age 0.015443 0.00464 3.33 0.0011
Area*Age —0.004661 0.00464 —1.00 0.3166

Interaction: Area*Age

Table 3 Serum PSA levels in 2009, 2010 and their variance rate in
the hotspot area

Number Age Serum PSA (ng/mL) Variance rate (%)

2009 2010
1 73 7.48 8.65 15.7
2 64 3.84 7.88 105.4
3 80 3.15 3.00 —4.8
4 75 3.37 5.09 51.0
5 74 6.06 8.02 325
6 60 4.49 6.42 43.1

Table 4 Comparison of PSA levels in farmers between the hotspot
and non-sprayed areas

Characteristics Hotspot area Non-sprayed  p value*
(n =52) area (n = 31)

Age (mean + SD) (years) 69 + 5.4 65.1 £ 5.5 0.002

PSA (GM, GSD) (ng/mL) 0.95, 2.66 1.00, 2.26 0.811

Two people who gave multiple answers were excluded

SD standard deviation, GM geometric mean, GSD geometric standard
deviation

* Student’s ¢ test (PSA values have been log-transformed)

answered that their families had suffered from prostate
cancer.

Discussion

We found no significant difference between the PSA levels
of subjects in the hotspot and non-sprayed areas in our
study. The mean age of the subjects in the hotspot area
(68.0 years) was significantly higher than those in the non-
sprayed area (65.0 years), and it is known that PSA levels
can increase naturally with age [13]. In our study on
Vietnamese, we found that the prevalence of high PSA
levels (>3 ng/mL) did not differ significantly between the
hotspot and non-sprayed areas, although it tended to be
higher in the hotspot area (14 of 101 men, 13.9 %) than in
the non-sprayed area (9 of 97 men, 9.3 %). A recent cohort
study of United States Vietnam War veterans found a

Characteristics Hotspot area Non-sprayed  p value*
(n =15) area (n = 18)

Age (mean £ SD) (years) 64545 669 55 0.181

PSA (GM, GSD) (ng/mL) 0.93, 2.07 0.94, 2.31 0.986

Two people who gave multiple answers were excluded

SD standard deviation, GM geometric mean, GSD geometric standard
deviation

* Student’s ¢ test (PSA values have been log-transformed)

Table 6 Comparison of PSA levels between combatants and civil-
ians in non-sprayed area

Characteristics Combatant Civilian p value
n="171) (n = 26)

Age (mean £ SD) (years) 65.8 + 4.7 66.9 £+ 6.0 0.118!

PSA (GM, GSD) (ng/mL) 0.98, 2.23 0.88, 2.19 0.540?

PSA values have been log-transformed

SD standard deviation, GM geometric mean, GSD geometric standard
deviation

' Welch test, > Student’s # test

Table 7 Comparison of PSA levels between exposed and non-
exposed subjects in non-sprayed area

Characteristics Exposed Non-exposed  p value
(n = 47) (n = 47)

Age (mean £ SD; years) 660 £43 669 £ 5.7 0.393"

PSA (GM, GSD; ng/mL)  0.93, 2.10 0.96, 2.25 0.833?

PSA values have been log-transformed
Three people who answered “unknown” were excluded

SD standard deviation, GM geometric mean, GSD geometric standard
deviation

! Welch test, 2 Student’s ¢ test

higher incidence of abnormal PSA levels (PSA >4 ng/mL)
in the cohort exposed to Agent Orange than in the unex-
posed cohort [10]. In contrast, The follow-up of six men in
2010 showed that PSA levels increased in all cases except
one. A digital rectal examination of these six men detected
prostate gland abnormalities in three of them. The United
States Food and Drug Administration has approved the
PSA test along with a digital rectal exam to help detect
prostate cancer in men aged 50 and older [14]. Three of
these six men were found to have PSA levels of between 4
and 10 ng/mL in 2010. According to the American Cancer
Society, a PSA level of between 4 and 10 indicates a 25 %
chance of prostate cancer; therefore they were advised to
have a PSA blood test, a prostate biopsy, or a transrectal
ultrasound in hospital.
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Several studies have specifically focused on the possible
links between prostate cancer and Agent Orange, including
an evaluation of occupational exposure. The association
between Agent Orange exposure and prostate cancer has
primarily been studied in the setting of the farming and
forestry industries [15-18]. Numerous studies have
described farming to be a potential occupational exposure
that may increase the incidence of prostate cancer and
therefore increase PSA levels [13]. We compared PSA
levels with occupational categories (farmer and others) but
found no significant differences in PSA levels between the
hotspot and non-sprayed areas.

A total of 47 subjects in the control group reported
exposure to Agent Orange during the Vietnam War, with a
further 47 reporting no exposure. However, there was no
significant difference between these two sub-groups in
terms of PSA levels. Moreover, 71 were combatants and 26
were civilians during the Vietnam War. We compared the
PSA levels of these two groups as combatants were more
likely to have been exposed during the Vietnam War, but
found no significant differences. Other studies have also
found no statistically significant difference between Viet-
nam veterans exposed or not to Agent Orange in terms of
PSA levels [10, 19].

Although this is first study of the relationship between
Agent Orange and PSA in Vietnam, it has several limita-
tions. The first such limitation concerns the small number of
subjects. The second limitation is that the mean age of the
subjects differed significantly between the hotspot and non-
sprayed areas and it is known that PSA levels can increase
naturally with age [13]. An additional limitation of our study
is that we did not quantify the levels of dioxin, therefore
future studies should include a higher number of subjects
from the two areas and quantify the levels of dioxin in serum.
Consequently, the present study found the following:

1. This is first study concerning the relationship between
Agent Orange and PSA in Vietnam.

2. The PSA levels were similar between the hotspot area
and the non-sprayed area, although the prevalence of
high PSA levels tended to be higher in the former than
in the latter.

3. Some subjects from the hotspot area who showed high
PSA levels in 2009 had similarly high levels in 2010,
thus suggesting the possibility of prostate cancer.
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