Three Primary Cancers in a Veteran With
Agent Orange and Agent Blue Exposures
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A Vietnam War veteran’s exposures likely contributed to his cancer diagnoses, but these associations are
confounded by his substance use, particularly cigarette smoking.
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nown as the “6 rainbow herbicides,”
Kbased on their identifying color on stor-

age containers, the United States widely
deployed the herbicides agents orange, green,
pink, purple, white, and blue during the Viet-
nam War to deny the enemy cover and destroy
crops.! Unfortunately, all these herbicides were
found to have contained some form of carcino-
gen. Agent Blue’s active ingredient consisted of
sodium cacodylate trihydrate (C,HAsNaO,), a
compound that is metabolized into the organic
form of the carcinogen arsenic before eventu-
ally converting into its relatively less toxic inor-
ganic form.2 Agent Orange’s defoliating agent
is 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD).
All rainbow herbicides except Agent Blue were
unintentionally contaminated with carcinogenic
dioxins. Agent Blue contained the carcinogen
cacodylic acid, an organoarsenic acid. Today,
herbicides no longer contain polychlorinated
dibenzo-p-dioxins such as TCDD or arsenic
due to strict manufacturing restrictions.?? In the
treatment of veteran populations, knowledge of
the 6 rainbow herbicides’ carcinogenic poten-
tial is important.

Between 1962 and 1971, the United States
sprayed more than 45 million liters of Agent Or-
ange on Vietnam and at least 366 kg of TCDD
on South Vietnam."* However, because Agent
Orange was not a known carcinogen during the
Vietnam War, records of exposure are poor. Addi-
tionally, individuals in Vietnam during this period
were not the only ones exposed to this car-
cinogen as Agent Orange also was sprayed in
Thailand and Korea.® Even today there are still lo-
cations in Vietnam where Agent Orange concen-
trations exceed internationally acceptable levels.
The Da Nang, Bien Hoa, and Phu Cat airports
in Vietnam have been found to have dioxin lev-
els exceeding 1000 ppt (parts of dioxin per tril-
lion parts of lipid) toxicity equivalence in the soil.
Although the Vietnam government is working to-
ward decontaminating these and many other di-
oxin hotspots, residents in these locations are
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exposed to higher than internationally accept-
able levels of dioxin.®

Despite receiving less media attention, Viet-
nam War veterans and Vietnamese soldiers and
civilians were exposed to significant amounts
of arsenic-based Agent Blue. Arsenic is a com-
pound which has no environmental half-life and
is carcinogenic humans if inhaled or ingested.?
Between 1962 and 1971, the United States dis-
tributed 7.8 million liters of Agent Blue containing
1,232,400 kg of arsenic across 300,000 hectares
of rice paddies, 100,000 hectares of forest, and
perimeters of all military bases during the Viet-
nam War.2® According to a review by Saha and
colleagues, lower levels of arsenic exposure are
associated with acute and chronic diseases, in-
cluding cancers, of all organ systems.”

The following case presentation involves a
Vietnam War veteran aged 70 years who was ex-
posed to Agent Orange and developed 3 primary
cancers, including cutaneous large B-cell non-
Hodgkin lymphoma (NHL), high-grade urothelial
carcinoma, and anal carcinoma in situ. Epide-
miologically, this is an uncommon occurrence as
only 8% of cancer survivors in the United States
have been diagnosed with > 1 cancer.®

With no family history of cancer, the devel-
opment of multiple malignancies raises concern
for a history of toxin exposure. This report of a
Vietnam War veteran with multiple conditions
found to be associated with Agent Orange ex-
posure provides an opportunity to discuss the
role this exposure may have on the development
of a comprehensive list of medical conditions as
described by the literature. Additionally, the po-
tential contributions of other confounding toxin
exposures such as cigarette smoking, excessive
alcohol use, and potential Agent Blue exposure
on our patients’ health will be discussed.

CASE PRESENTATION

A male aged 70 years with Stage IV primary cu-
taneous large B-cell NHL, incompletely resected
high-grade urothelial cancer, carcinoma in situ



of the anal canal, and peripheral arterial disease
(PAD) presented to the primary care clinic at the
Washington DC Veterans Affairs Medical Center
(DCVAMC) with concern for left leg ischemia. He
also reported 2 large telangiectasias on his back
for 6 months accompanied by lymphadenopathy
and intermittent night sweats.

He was last seen at the DCVAMC 15 months
prior after his twelfth dose of rituximab treatment
for NHL. However, the patient failed to return
for completion of his treatment due to frustra-
tion with the lengthy chemotherapy and follow-
up process. Additionally, the patient's history
included 3 failed arterial stents with complete
nonadherence to the prescribed clopidogrel, re-
sulting in the failure of 3 more subsequent graft
placements. On presentation, the patient contin-
ued to report nonadherence with the clopidogrel.

The patient’s medical history included coro-
nary artery disease (CAD) status after 2 stents
in the left anterior descending artery and 1 stent
in the proximal circumflex artery placed 4 years
prior. He also had a history of hypertension, type
2 diabetes mellitus (T2DM), amyloid light-chain
(AL) amyloidosis, aortic aneurysm, cataracts,
obesity, treated hepatitis B and C, and posttrau-
matic stress disorder. He had no family history
of cancer or AL amyloidosis; however, he noted
that he was estranged from his family.

His social history was notable for active ciga-
rette smoking up to 3 packs per day for 40 years
and consuming large quantities of alcohol—at
one point as many as 20 beers per day over a
period of 4.5 years. He had a distant history of
cocaine use but no current use, which was sup-
ported with negative urinary toxicology screens
for illicit drugs over the past year.

Our patient also reported a history of Agent
Orange exposure. As an artilleryman in the
US Army Il Corps, he was deployed for about
1 year in the most heavily sprayed regions of
Vietnam, including Bien Hua, Long Binh, Xuan
Loc, and Camp Zion for about 2 to 4 months at
each location.

Hospital Course

The patient was treated on an inpatient basis
for expedited workup and treatment for his uro-
thelial carcinoma, NHL, and ischemic limb. His
urothelial carcinoma was successfully resected,
and the telangiectasias on his back were biop-
sied and found to be consistent with his known
cutaneous large B-cell NHL, for which plans to
resume outpatient chemotherapy were made.

FIGURE Most Heavily Sprayed Regions of Vietnam?+2

Area, Area Sprayed Dioxin Deposited
No. Province sqgkm (total area, %) on Province, kg
1 Dong Nai 5905 40.9 53.1
Binh Phuéc/
2 Binh Duong 9578 24.2 51.0
3 Thua Thién Hué 5065 24.6 27.4
4 Kon Tum 9691 11.4 24.3
5 Tay Ninh 4036 23.1 20.6
THAILAND

Most heavily sprayed regions: red, 1 and 2; orange, 3, 4, and 5. Service

members’ deployment locations: A, Xuan Loc; B, Bien Hua and Long Binh.

aMap adapted from d-maps.com.

The patient’s 3 arterial grafts in his left leg were
confirmed to have failed, and the patient was
counseled that he would soon likely require an
amputation of his ischemic leg.

DISCUSSION

We must rely on our patient’s historical recall as
there are no widely available laboratory tests or
physical examination findings to confirm and/
or determine the magnitude of TCDD or arsenic
exposure.®

Exposures

The patient was stationed in Bien Hoa, the
second highest dioxin-contaminated air base
in Vietnam (Figure).® Dioxin also is known to
be a particularly persistent environmental pol-
lutant, such that in January 2018, Bien Hoa
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TABLE 1 Qualities of Evidence, for Associations of Agent
Orange Exposure With Disease for Veterans®

Levels of Evidence

Description

Sufficient

Epidemiologic evidence sufficient to conclude positive
association with reasonable confidence that chance, bias,
and confounding variables may be ruled out.

Limited or suggestive

Epidemiologic evidence suggestive of association without
ability to rule out chance, bias, and confounding variables
with confidence.

Inadequate or
insufficient

The available epidemiologic studies are inconclusive due
to lack of quality, consistency, statistical power.

Limited or suggestive
of no association

Based on several adequate studies, there is limited or
suggestive evidence of no association between exposure
to the herbicide components of interest and health
outcome.

was found to still have dioxin levels higher than
what is considered internationally acceptable.
In fact, these levels were deemed significant
enough to lead the United States and Vietnam-
ese government to sign a memorandum of intent
to begin cleanup of this airport.6 TCDD is known
to have a half-life of about 7.6 years, and its long
half-life is mainly attributed to its slow elimination
process from its stores within the liver and fat,
consisting of passive excretion through the gut
wall and slow metabolism by the liver.'>'® Thus,
as an artilleryman mainly operating 105 how-
itzers within the foliage of Vietham, our patient
was exposed not only to high levels of this per-
sistent environmental pollutant on a daily basis,
but this toxin likely remained within his system
for many years after his return from Vietnam.

Our patient also had a convincing history
for potential Agent Blue exposure through
both inhalation and ingestion of contami-
nated food and water. Additionally, his de-
scription of deforestations occurring within
a matter of days increased the level of sus-
picion for Agent Blue exposure. This is be-
cause Agent Blue was the herbicide of
choice for missions requiring rapid deforesta-
tion, achieving defoliation as quickly as 1 to
2 days.'* Additionally, our patient was stationed
within cities in southern Vietnam near Agent
Blue hot spots, such as Da Nang and Saigon,
and Agent Blue was sprayed along the perime-
ter of all military bases.?

Levels of Evidence
Using the Veterans and Agent Orange Update
in 2018 as our guide, we reviewed the quality
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of evidence suggesting an association between
many of our patient’s comorbidities to Agent
Orange exposure.® This publication categorizes
the level of evidence for association between
health conditions and Agent Orange exposure
in 4 main categories (Table 1).

In the Veterans and Agent Orange Update,
NHL notably has a sufficient level of evidence
of association with Agent Orange exposure.5
Although our patient’s extensive history of poly-
substance use confounds the effect Agent Or-
ange may have had on his health, cutaneous
large B-cell NHL is an interesting exception as
literature does not support even a correlative
link between smoking and excessive alcohol
use with primary cutaneous large B-cell NHL.
Several case-control studies have found little
to no association with cigarette smoking and
the large B-cell subtype of NHL.'>'® Moreover,
several studies have found that moderate- to-
heavy alcohol use, especially beer, may have
a protective effect against the development of
NHL."” Of note, our patient’s alcoholic bever-
age of choice was beer. Regarding our patient’s
distant history of cocaine use, it has been re-
ported that cocaine use, in the absence of an
HIV infection, has not been found to increase
the risk of developing NHL.'® Similarly, arsenic
exposure has not been associated with NHL in
the literature.®20

The 2018 update also upgraded bladder car-
cinoma from having inadequate or insufficient
to a limited or suggestive level of evidence for
association.’ However, our patient’s most sig-
nificant risk factor for bladder cancer was smok-
ing, with a meta-analysis of 430,000 patients
reporting a risk ratio (RR) of 3.14 for current
cigarette smokers.?! The patient’s arsenic ex-
posure from Agent Blue also increased his
risk of developing bladder cancer. Several
studies suggest a strong association be-
tween environmental arsenic exposure and
bladder cancer.2226 A 30-year meta-analysis of
40 studies by Saint-Jacques and colleagues
reported that the incidence of bladder cancer
was found to increase in a dose-dependent
manner, with higher concentrations of arsenic
contaminated wate, with incidence rising from
2.7 to 5.8 times as the amount of arsenic
contamination water increased from 10 to
150 mg/L.

Our patient’s history is concerning for higher
than average Agent Blue exposure compared
with that of most Viethnam War veterans. Given
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TABLE 2 Conditions Veterans With Exposure to Agent Orange May Be Entitled Compensation for
as of May 2019, and Level of Evidence for Association®23

Investigated Conditions

Associated Levels of Evidence

Compensation Eligibility

Patient Case

Chronic B-cell leukemias Sufficient Yes

Chloracne Sufficient Yes

Hodgkin disease Sufficient Yes

Non-Hodgkin lymphoma Sufficient Yes Yes
Soft tissue sarcomas (other than osteosarcoma, Sufficient Yes

chondrosarcoma, Kaposi sarcoma, or mesothelioma)

Monoclonal gammopathy of undetermined significance Sufficient No

Hypertension Sufficient No Yes
Type 2 diabetes mellitus No consensus Yes Yes

(sufficient vs limited)

Bladder cancer Limited or suggestive No Yes
Multiple myeloma Limited or suggestive Yes

Prostate cancer Limited or suggestive Yes

Respiratory cancers (lung, larynx, trachea, bronchus) Limited or suggestive Yes

Amyloid light-chain amyloidosis Limited or suggestive Yes Yes
Hypothyroidism Limited or suggestive No

Ischemic heart disease Limited or suggestive Yes Yes
Parkinson disease Limited or suggestive Yes

Peripheral neuropathy, early onset Limited or suggestive Yes

Porphyria cutanea tarda Limited or suggestive Yes

the dose-dependent effect of arsenic on blad-
der cancer risk, both our patient’s history
of smoking and Agent Blue exposure are risk
factors in the development of his bladder can-
cer.??2 These likely played a more significant role
in his development of bladder cancer than did
his Agent Orange exposure.

Finally, smoking is the most significant risk
factor in our patient’s development of anal car-
cinoma in situ. The 2018 Agent Orange update
does report limited/suggested evidence of no as-
sociation between Agent Orange and anal car-
cinoma.® It also is unknown whether Agent Blue
exposure is a contributing cause to his develop-
ment of anal carcinoma in situ.?” However, cur-
rent smokers are at significant risk of developing
anal cancer independent of age.?%% Given our
patient’s extensive smoking history, this is the
most likely contributing factor.

Our patient also had several noncancer-
related comorbidities with correlative associ-
ations with Agent Orange exposure of vary-
ing degrees (Table 2). Somewhat surprising,
the development of our patient’s hypertension

and T2DM may be associated in some way
with his history of Agent Orange exposure. Hy-
pertension had been recategorized from hav-
ing limited or suggestive evidence to sufficient
evidence in this committee’s most recent pub-
lication, and the committee is undecided on
whether T2DM has a sufficient vs limited level
of evidence for association with Agent Orange
exposure.® On the other hand, the committee
continues to classify both ischemic heart dis-
ease and AL amyloidosis as having a limited
or suggestive level of evidence that links Agent
Orange exposure to these conditions.’

Arsenic may be another risk factor for our
patient’s development of CAD and arterial in-
sufficiency. Arsenic exposure is theorized to
cause a direct toxic effect on coronary arter-
ies, and arsenic exposure has been linked to
PAD, CAD, and hypertension.?'-34 Other sig-
nificant and compelling risk factors for car-
diovascular disease in our patient included
his extensive history of heavy cigarette smok-
ing, poorly controlled T2DM, obesity, and hy-
pertension.?®37 AL amyloidosis is a rare
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disorder with an incidence of only 9 to
14 cases per million person-years.%¥3° This
disorder has not been linked to smoking or
arsenic exposure in the literature. As our pa-
tient does not have a history of plasma dys-
crasias or a family history of AL amyloidosis,
the only known risk factors for AL amyloido-
sis that apply to our patient included NHL and
Agent Orange exposure—NHL being a condi-
tion that is noted to be strongly correlated with
Agent Orange exposure as discussed previ-
ously.5:36:4041

CONCLUSIONS

This case describes a Vietham War veteran
with significant exposure to rainbow herbicides
and considerable polysubstance who devel-
oped 3 primary cancers and several chronic
medical conditions. His exposure to Agents Or-
ange and Blue likely contributed to his med-
ical problems, but these associations are
confounded by his substance use, particularly
cigarette smoking. Of all his comorbidities, our
patient’s NHL is the condition most likely to be
associated with his history of Agent Orange
exposure. His Agent Blue exposure also in-
creased his risk for developing bladder cancer,
cardiovascular disease, and PAD.

This case also highlights the importance of
evaluating Vietnam War veterans for rainbow
herbicide exposure and the complexity asso-
ciated with attributing diseases to these expo-
sures. All veterans who served in the inland
waterways of Vietnam between 1962 and 1975;
in the Korean Demilitarized Zone between April
1, 1968 and August 31, 1971; or in Thailand be-
tween February 28, 1961 and May 7, 1975 were
at risk of rainbow herbicide exposure. These
veterans may not only be eligible for disability
compensation but also should be screened for
associated comorbidities as outlined by current
research.*? We hope that this report will serve as
an aid in achieving this mission.
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