Table 3.9. Risk of Non-Hodgkin's Lymphoma Among Vietnam Veterans, by Numbe: of Years
Since Start of First Tour in Vietnam

Non-Hodgkin’s
Controls Lymphoma Cases

— = Odds ratio®
Number of Years Since Start (N = 139) (N = 99) (95% Confidence
of First Tour in Vietnam® %°  (N) %° (N) Interval) P-value®
<17 15.0 (20) 13.3 (13) 1.35 (0.64-2.82)
17 to 18 308 (41) 30.6 (30) 1.51 (0.91-2.51) 0.75
19 to 21 41.4 (55) 39.8 (39) 1.40 (0.90-2.18)
=22 128 (17) 16.3 (16) 1.63 (0.80-3.32)
Unknown — (0) - (1)

2 For cases, the end of the latency period is the date of diagnosis; for controls, it is the date the registw;j was notified
of selection

® The percentage of control and case subjects who served in Vietnam in the specified categor/ (unknowns
excluded)

¢ Odds ratios estimate the relative risk of non-Hodgkin’s lymphoma; they have been adjusted for registy, age group
in 1968, and the other risk factors listed in Table 3.3 (Model 3) by using unconditional logistic regres: on. Men with
no military service in Vietnam form the referent group (1,643 controls and 1,058 cases)

9 Test for a linear trend in the odds ratio as calculated from a logistic regression modet

well as the case:control odds for each cell, are shown. For example, in the analyses for
branch of military service, of the 19 Vietnam veterans who served in | Corps in th Army, 11
had NHL and 8 were controls.

Other characteristics show associations with NHL that are similar to those seen Jreviously.
After we controlled for location, we found no consistent trends in the summary OR: according
to calendar year of service, age at beginning of first tour, years since first service i1 Vietnam,
or any of the self-reported assessments of exposure to Agent Orange. The relalive risk for
NHL did tend to increase with duration of service in Vietnam, but the summary OF decreased
among men who were in Vietnam for 2 years or more. The association between rank and
NHL, however, was slightly stronger after adjustment for location, with an OR of 3.00 (95% CI
0.91-9.85) seen among officers. The highest case:control ratio was seen among oflicers in the
blue-water Navy: five of the six men in this subgroup had NHL.

We then examined, simultaneously, three characteristics of military service in ‘/ietham —
duration, location, and ending rank — in a logistic regression model that contrclled for all
characteristics shown in Model 3, Table 3.3. As the results shown in Table 3.11 indicate,
although the relative risks for NHL among Vietnam veterans varied somewhat across
subgroups, the differences were not statistically significant. Relative to oth:r Vietnam
veterans, the risk for NHL tended to be highest among men who (1) served in | (orps or the
blue-water Navy, (2) were stationed in Vietnam for 1.5 to 1.9 years, and (3) were : fficers, but
the observed differences were not statistically significant.

3.3.5 Sensitivity Analyses

The results of several sensitivity analyses are shown in Table 3.12. in general, our
estimated relative risk of 1.47 varied only slightly according to various inclusion ari exclusion
criteria. For example, excluding the cases with proxy interviews yielded an OR :f 1.47 and
restricting the analyses to men whose interviews were rated as good or excellznt slightly
increased the OR to 1.49. The OR was slightly reduced by (1) excluding rren whose
self-reported military service in Vietnam could not be confirmed (OR = 1.40), (2) in¢: uding men
who were in Vietnam or off its coast, but not stationed there (OR = 1.35), and by (}) including
the 1 control and 280 cases with AIDS or an AlDS-related condition (OR = 1.34). llegardless
of the inclusions and exclusions, however, all ORs remained statistically signific:nt.
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Table 3.10. Assoclation Between Selected Characteristics of Military Service In Vietnam and
Non-Hodgkin's Lymphoma, by Location of Service*
Mantel-Ha ¢ nszel
Location of Service In Vietnam Summary
Corps Odds Ratio
Blue-Water  (95% Confilence
Charactaristics i il in v Navy Interval P
Overall 23:23° 19:30 19:40 2:4 28:25
Branch of service in Vietham
Army 11: 8 14:22 16:34 1:2 - 1
Air Force 3: 3 5 7 3: 3 0:0 - 1.20 (0.49-2.98)
Marines 6: 9 0:0 0: 1 0:1 - 0.41 (0.10-1.60)
Navy 3:3 0: 1 0: 2 1:0 28:25 —d
Duration of service
in Vietnam (years)
<1 15:18 11:19 9:25 2:2 5: 8 1
1to1.4 1: 4 4: 5 6: 5 0:1 6: 2 1.65 (0.76-3.58)
1.51t0 1.9 5 0 0: 3 1: 3 0:1 9: 4 2.01 (0.75-5, 38)
=2 11 3:3 3: 7 0:0 8:10 1.34 {0.56-3.21)
Calendar years stationed
in Vietnam
Before 1966 3:1 01 2: 3 0:1 4: 3 1
1966 to 1969 16:20 18:21 13:35 2:1 19:18 0.76 (0.28-2 (14)
After 1969 4: 2 0: 8 4: 2 0:2 5: 4 1.24 (0.31-4.416)
Age at beginning of first tour in
Vietnam (years)
<21 10:10 7:11 6:17 0:3 13:12 1
21-25 7: 8 4:15 7:15 11 11: 8 0.99 (0.52-1.£9)
=26 6: 5 7: 4 6: 8 1:0 4: 5 1.64 (0.81-3.25)
Rank at end of last tour
in Vietnam®
E1 to E3 3:3 1: 8 12 0:0 3: 6 1
E4 to E9 19:19 13:17 16:29 1:4 18:17 2.07 (0.84-5.07)
Officer 1: 1 4: 4 1: 8 1:0 5: 1 3.00 (0.91-9.135)
Type of unit in Vietnam
Support 10:12 11:15 9:17 2:4 22:16 1
Combat support 4: 4 3N 6:10 0:0 4: 6 0.70 (0.35-1.413)
Combat 6: 7 3: 4 2:12 0:0 2: 1 0.77 (0.33-1.7'7)
Years since first service
in Vietnam
<17 3:3 0:9 3:1 0:2 5. 4 1
17 to 18 8: 8 6:10 6:13 1:1 5: 6 1.17 (0.47-2.£0))
19 to 21 10:10 8:10 9:20 1:1 11: 9 1.35 (0.58-3.14)
=22 2: 2 4: 1 1: 6 0:0 7: 6 1.26 (0.562-3.C1)
Reported passing through a
defoliated area
No 11:17 13:13 12:23 1:3 25:24 1
Yes 1: 6 4:17 5:17 1:1 31 0.88 (0.47-1.6¢)
Reported being present
when others were spraying
Agent Orange
No 20:21 15:28 14:33 2:3 27:24 1
Yes 2. 2 2: 2 3: 7 0:1 1: 1 1.06 (0.40-2.73)
Reporting getting Agent Orange
on skin or clothes
No 20:20 14:29 16:38 2:4 27:23 1
Yes 2: 3 3:1 1: 2 0:0 1: 2 1.20 (0.43-3.30)

® Men were excluded from the analysis if information on location of service or a certain characteristic was unknown. Location of
service was unknown for 13 men (8 cases, 11 controls)

® Mantel-Haenszel summary odds ratio estimates the risk of non-Hodgkin's lymphoma among Vietnam veterans in a given catec ory
relative to the risk among Vietnam veterans in the first category of the characteristic. Estimates have been adjusted for location of
military service in Vietnam

¢ N cases:N controls

 Not calculated because so few Navy veterans reported a location of service other than at sea

° In the Army, ranks of E1 to E3 correspond to the various levels of private, rank E4 to corporal, and ranks E5 to E9 to the various
levels of sergeant
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Table 3.11. Relative Risk of Non-Hodgkin's Lymphoma Among Subgroups of Vietnam
Veterans as Estimated by Logistic Regression

Odds Ratio®
(95% Confidence
Characteristic Interval) P-valie®
Duration of service
in Vietnam (years)
<1 1€
110 1.4 1.82 (0.78-4.22)
150 1.9 2.34 (0.88-6.22) 0.10
=2 0.92 (0.35-2.41)

Corps in Vietnam
] 2.84 (1.18-6.84)
It 1.53 (0.64-3.63)

n 1© 0.71)

[\ 0.94 (0.14-6.16)

Blue water Navy 2.57 (1.06-6.24)

Rank at end of tast tour

in Vietnam®
E1 to E3 1°¢
E4 to E9 1.95 (0.74-5.19) 0.3
Officer 2.85 (0.82-9.83)

2 Twenty-seven Vietnam veterans were excluded from the analysis because information concerning d.iration, corps,
or final rank was unknown. Odds ratios for each characteristic are adjusted for the other two chara teristics and
for all variables shown in Table 3.3 (Model 3)

® Null hypothesis: no difference in the odds ratio across subgroups

¢ Referent group. The subgroup shown in Table 3.7 as having the lowest relative risk was chosen :u; the referent

roup

d ?n the Army, ranks E1 to E3 correspond to the various levels of private, rank E4 to corporal, and rinks E5 to E9
to the various levels of sergeant

Table 3.12. Association Between Military Service in Vietnam and Non-Hodgkin’s Ly nphoma
Among Selected Groups of Men

Tabi« 3.3, Model 3

Non-Hodgkin's Clds Ratio
Lymphoma (95% Confidence
Controls Cases Interval)
Men in main analyses 1775 1156 1.4 (1.09-1.97)
Sensitivity Analyses®
Additions to analyses:
Men with AIDS or an AIDS-related condition 1776 1436 1.34 (1.01-1.79)
Men who were in Vietnam or off its coast,
but not stationed there (include as exposed) 1802 1168 1.35 (1.02-1.78)
Deceased case-control subject pairs® 1869 1157 1.4 (1.08-1.92)
Exclusions from analyses:
Men without a telephone in the househoid 1757 1129 1.44 (1.07-1.94)
Men interviewed in person 1751 1112 1.4 (1.10-1.99)
Men whose interview was not rated
as good or excellent 1745 1130 1.49 (1.11-2.02)
Men who were 30 or older in 1968 1012 528 1.43 (1.03-2.00)
Case subjects with a proxy interview 1775 1037 1.4" (1.09-1.99)
Men whose Vietnam service could not be confirmed® 1768 1147 1.40) (1.03-1.80)

o

Sensitivity analyses show the effect of adding (or removing) men to (or from) the main analysis. Each addition (or
exclusion) is applied separately. Numbers of controls and cases are numbers remaining in analyses :fter additions
or exclusions

All case subjects were included in the analysis, regardless of vital status. If a deceased control subje:t did not meet
the inclusion criteria listed in Table 2.1, he was not included. The mode! adjusts only for registry an: age group in
1968 (Table 3.3, Model 1)

¢ Men who gave permission for military records review, whose records were located, and whose Vi¢tnam service
could not be confirmed were excluded

=2
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3.4 SUMMARY

These results suggest that Vietnam veterans have a roughly 50% increased risic of
developing NHL about 15 to 25 years after military service in Vietnam relative to other inen
in the United States. The results do not show a similar increased risk among veterans 1vho
served in other locations during the Vietnam era, and therefore, the increased risk seems to
be specific to military service in Vietham. Few characteristics of military service were usaful
in identifying differences in risk among subgroups of Vietnam veterans. With only 39 men 1ith
NHL stationed in Vietnam, however, the power of the study is reduced for subgroup analyties.
The relative risk tended to be higher among (1) men who were in Vietnam for 1.5to 1.9 yzars
(but was not higher among veterans who served for 2 or more years), (2) men who vere
stationed in | Corps or the blue-water Navy, and (3) officers. None of the differences aming
subgroups of Vietnam veterans, however, were statistically significant.

Bias must always be considered as a possible explanation for a relative risk of the
magnitude (1.47) observed in this study. We were, however, not able to identify iny.
substantial selection bias: all NHL cases from eight geographic regions were eligible for
inclusion in the study, and controls were selected by random digit dialing. Restricting 'he
cases to those with phones (a criterion for control selection) did not alter any of the resiilts.
Although failure to identify all Vietnam veterans in the control group might be postulated as an
explanation for the observed association, several findings in our study argue against this
possibility. Participation rates were high for this type of study, and 7.5% of the controls
reported serving in Vietham, a value very similar to what would be expected on the basi: of
national estimates (OASD, 1976; VA, 1981). In addition, in a previous study (CDC VE'S,
1988a; CDC VES 1989a), investigators found that Vietnam veterans selected from militirry
records (most of whom were not ill) were somewhat more easily interviewed than were ottier
Vietnam-era veterans. Our resuits show that Vietnam veterans are at increased risk for N4L
even when compared with other veterans.

We discuss our results further in Chapter 9.
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4. SOFT TISSUE AND OTHER SARCOMAS

4.1 BACKGROUND

Sarcomas are uncommon among men in the Vietnam service age range. The in:idence in
males aged 30 to 59 in the United States is 3.0 newly diagnosed cases per 100,00 men per
year (Young et al., 1981). We included soft tissue and other sarcomas in the SC¢; because
published evidence suggested an association with exposure to phenoxyherhicides or
chiorophenols (IARC, 1986; Sterling and Arundel, 1986; Lilienfeld and Gallo, 1189). In a
case-control study conducted in 1979, Hardell and Sandstrdm (1979) studied men with soft
tissue sarcomas and reported that previous occupational exposure to TCDD-contaminated
phenoxyherbicides was associated with a fivefold increase in risk; this increased risk was later
found to apply to uncontaminated phenoxyherbicides as well (Eriksson et al., 1981). Although
some of the subsequent studies of occupationally exposed men have also yielde«1 positive
results (Lynge, 1985, Hardell and Eriksson, 1988; Reif et al., 1989), most investig:lors have
reported no association between phenoxyherbicides and sarcomas (Balarajan and Acheson,
1984; Smith et al., 1984; Hoar et al., 1986; Vineis et al., 1986; Wiklund and Hom, 1986;
Woods et al., 1987).

Because of the difficulty in measuring past exposure to Agent Orange, several nvestiga-
tors have examined the association between military service in Vietnam in general and soft
tissue sarcomas. In each of these studies, the number of subjects was smal. In two
proportionate mortality studies, investigators found an increased number of deaths; from soft
tissue sarcomas among Vietnam veterans (Holmes et al., 1986; Kogan and Clapp,  388). The
results of four other such studies (Greenwald et al., 1984; Lawrence et al., 1985; Anderson
et al., 1986; Breslin et al., 1988) and of two case-control studies (Kang et al., 1987 ; Kang et
al., 1987), however, did not confirm these findings. Further, in an ongoing study of the health
of men who served in the Air Force Ranch Hand group, which sprayed herbicide ir Vietnam
from fixed-wing aircraft, investigators have found only one Ranch Hand veteran with soft
tissue sarcoma (Thomas et al., 1990). Problems in the diagnosis of soft tissue :;sarcomas
make the study of this group of malignancies more difficult (Fingerhut et al., 1984; Lynge et
al., 1987). In our study, we, like other researchers, focus on the risk of cancer afte ' Vietnam
service in general and only indirectly examine any possible association with herbicide
exposure by investigating characteristics of service.

Most known and suspected risk factors for sarcoma are risk factors for a spectic type of
sarcoma, not for all sarcomas or all soft tissue sarcomas as a group (phenox)herbicide
exposure is an exception). Examples are bone sarcomas after radiation (Ron et :l., 1988),
hepatic angiosarcoma after medical use of Thorotrast (Falk et al., 1979), inorganic ursenicals
(Popper et al., 1978), or exposure to vinyl chloride monomer (Popper et al., 197¢..

4.2 METHODS

Chapter 2 provides an overview of the study’s design, how it was conducted, ari how the
data were analyzed. Here we further discuss several topics discussed in Chapter 2.

4.2.1 Subjects and Sources of Data

Any case that had been definitively or tentatively diagnosed as a sarcoma (whettr derived
from connective tissue, viscera, or the skeletal system) was considered eligible for inclusion.
Case eligibility was based on a list of more than 60 International Classification of Di: eases for
Oncology (ICD-O) morphology codes and subclassifications, including those previatisly noted
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in studies on associations with phenoxyherbicides or chlorophenols (for eligible code:. see
Appendix A). Men with a diagnosis of Kaposi's sarcoma or mesothelioma were not incluided.
Because a classification by tumor site might have caused us to miss many cases thit are
morphologically classifiable as soft tissue sarcoma (Young et al., 1981; Berg, 1982; Lyr je et
al., 1987), we based our case inclusion criteria on morphoiogy.

Personnel in eight participating tumor registries identified 612 men born between 192 and
1953 who, between December 1, 1984, and November 30, 1988, had been diagnosi:d as
having any of these sarcomas. During a telephone interview, trained personnel, using a
standardized questionnaire, collected information on demographics, relevant medical history,
occupations, and military service. At the subject’s request, 21 men with sarcoma ari1 24
control subjects were interviewed in person. The participation rate for sarcoma case sul) ects
was 85.1% and that for control subjects obtained by random digit dialing (RDD), 83.1% (Table
2.4). The most frequent reason for nonparticipation was the subject’s or proxy’s refus al to
participate. Experts in sarcoma pathology attempted to confirm the diagnosis of all cases by
independently reviewing microscope slides of tissue or tissue blocks. Specimens \vere
obtained for 511 interviewed case subjects, and the experts confirmed 386 diagnoses.

Of the men with sarcoma who were stationed in Vietnam, 88% (23/26) (Table 2.8) ; ave
permission for a record review by the U.S. Army and Joint Services Environmental Support
Group (ESG). The ESG reviewed records without knowledge of the subject’s case or ccitrol
status. Records were located for all 23 men, and Vietnam service could be confirmed for 17
{74%). Vietnam service was confirmed for 92% of the controls whose records were locited.
Most analyses included men who reported Vietnam service in the interview. Those wiiose
service was not confirmed after the record review were, however, excluded in sensit vity
analyses.

We excluded men from the analysis if they reported a history of Von Recklinghausen’s
neurofibromatosis, a condition predisposing a person to sarcoma. We also excluded one rian
with a probable postirradiation osteosarcoma. Subjects were included in the sarcoma group
regardless of vital status; however, the RDD control series was used for the main analy:es.
With these criteria, 342 cases (30 deceased) and 1,776 controls remained for analysis (T: ble
2.4), giving the study more than a 97% power to detect a twofold increase in risk for sarci:ma
among Vietnam veterans (Table 2.5).

4.2.2 Statistical Analyses

We assessed the strength of the association between sarcoma and Vietnam service by the
odds ratio (OR), using conditional logistic regression. As noted in Chapter 2, we used thee
alternative choices for the nonexposed group.

In addition to those variables listed in Chapter 2 and considered as covariates for all six

cancer investigations, in the sarcoma analysis we also accounted for cigarette smoking :.nd
prior work in a meat packing plant.

4.3 RESULTS

4.3.1 Overall Association

The distribution of case and control subjects across the 40 cells of the design matrix is
shown in Table 4.1. Neither age nor registry (geographic area) modified the association of
interest. Characteristics of cases were generally similar to those of controls, as summari:zed
in Table 4.2, Relative to controls, more case subjects are non-Hispanic blacks and have I:ss
education. Differences in the reported use of herbicides in farming and nonfarming occuya-
tions are small. Fewer case subjects report occupational exposure to phenoxyherbicides, tut
more report possible exposure to chiorophenols or dioxin through a nonfarming occupaticn.
Few study subjects reported other risk factors for sarcoma.
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Table 4.1. Distribution of Men With Soft Tissue and Other Sarcomas and Distributicn of
Control Subjects, by Registry and Age In 1968

Age in 1968 (Years)

Registry 15-19 20-24 25-29 30-34 35-39 Total
1 3: 20° 9: 34 2: 35 8: 24 8: 29 30: 142
2 13: 37 11: 56 10: 49 5: 69 10: 74 49: 285
3 6: 39 9: 30 3: 58 6: 51 9: 69 33: 247
4 8: 31 4. 25 9: 36 5: 29 4: 45 30: 166
5 4: 17 2: 24 3: 14 9: 25 6: 22 24: 102
6 11: 89 12:102 13: 89 20: 80 14: 73 70: 433
7 11: 42 12: 46 17: 46 9: 41 18: 70 67: 245
8 9: 27 6: 37 10: 30 6: 30 8: 32 39: 156

Total 65:302 65:354 67:357 68:349 77:414 342:1776

2 N cases:N controls

Table 4.2. Distribution of Selected Covariates® Among Men With Soft Tissue and Otter
Sarcomas and Among Control Subjects

Soft Tisstie and

Controls Other Sarccina Cases
(N = 1776)® (N= :31_42)”
%° (N) %° (N)
Design Characteristics
Registry
1 8.0 (142) 8.8 .10)
2 16.0 (285) 14.3 1419)
3 13.9 (247) 9.6 1113)
4 9.3 (166) 8.8 110)
5 5.7 (102) 7.0 14)
6 244 (433) 205 1770)
7 13.8 (245) 19.6 17)
8 8.8 (156) 11.4 1:19)
Age in 1968 (years)
15to0 19 17.0 (302) 19.0 i5)
20to 24 19.9 (354) 19.0 i5)
25to 29 20.1 (357) 19.6 i7)
30 to 34 19.7 (349) 19.9 (:8)
35 to 39 23.3 (414) 225 77)
Stationed in Vietnam or off the coast of Vietnam 7.5 (133) 7.6 6)
Other reported characteristics
Racial/ethnic group
White non-Hispanic 84.3 (1497) 76.9 1.63)
Black non-Hispanic 8.1 (143) 16.4 16)
Hispanic 5.6 (99) 53 '8)
Asian 1.7 (31) 0.6 )
Other/unknown 0.3 (6) 0.9 )
Highest level of education completed
Less than high school 11.3 (200) 159 (£4)
High school, technical school 29.5 (523) 27.9 (¢5)
1 to 3 years of college 20.6 (366) 232 (19)
4 or more years of college 38.6 (686) 329 ("12)
Smoked cigarettes regularly 66.8 (1186) 69.0 (236)
Drank alcohol regularly 71.7 (1262) 734 (i51)
Never married 7.3 (129) 9.9 (14)
Lived or worked on a farm or ranch 448 (796) 41.8 (*43)
Sprayed or mixed any herbicide on a farm
or ranch 9.6 (170) 85 (i9)
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Tabie 4.2. Distribution of Selected Covariates® Among Men With Soft Tissue and Other
Sarcomas and Among Control Subjects — Continued

Soft Tissue and

Controls Other Sarcoma (> ises
(N = 1776)° (N = 342)°
%° (N) %  (N)
Contact with herbicides on a farm or ranch,
21 or more days per year, 5 or more
years before the date of diagnosis® 24 (43) 1.8 (6)
Sprayed or mixed any herbicide for right-of-way
maintenance, lawn care, or forestry work 7.3 (129) 9.4 (32)
Occupational exposure to phenoxyherbicides 59 (105) 4.4 (15)
Occupational exposure to chlorophenois 11.3 (200) 15.5 (53)
Occupational exposure to 2,4,5-T 0.9 (16) 0.3 (1)
Occupational exposure to 2,4-D 5.8 (103) 4.4 (15)
Worked in a meat packing or processing plant 5.9 (104) 8.5 (29)
Worked in a leather tanning plant 05 (8) 06 (2)
Worked in a pulp, saw, or planing mill 5.7 (101) 8.2 (28)
Worked with or around wood preservatives 11.8 (209) 12.0 (41)
Worked with or around cutting oils 20.5 (364) 19.9 (68)
Had an immune disease other than AIDS 3 or more
years before the date of diagnosis® 0.1 (2) - (0)
Had Gardner’s syndrome 0.1 (1) 03 (1)
Had hemochromatosis — (0) — (0
Had Paget'’s disease of bone 01 (1) — (0)
Had malaria 1.4 (25) 1.2 (4)
Took drugs to suppress the immune system 0.1 (1) 03 (1)
Took clofibrate or a related compound 0.7 (13) 03 (1)
Took androgenic steroids 1.7 (30) 20 (7)
Took medication to treat or prevent malaria 11.4 (202) 11.7 (40)

@ The covariates are described in the text

& Information on education for one control subject and two case subjects was missing. None were Vietnam ve'¢rans
¢ Percentage of cases or controls with the specified characteristic

9 For controls, 5 or more years before the date the registry was notified of selection

Case and control subjects reported military service in Vietnam with similar frequency.
Adjusted for age and registry, the risk among Vietnam veterans relative to that among other
men is 1.02 (95% CI 0.65-1.61) (Table 4.3, Model 1). Controlling for additional risk fa:tors
(Models 2 and 3) did not alter the estimate. In another analysis, we combined data or 22
deceased control subjects and on their matching deceased case subjects with data on the
RDD controls and on the remaining cases. After we adjusted the results for the de:ign
variables, the OR was 1.00 (95% CI| 0.63-1.58). This estimate is nearly identical to that
obtained when we used RDD controls only. To assure control of confounding, in subseqLent
analyses we controlled for all covariates listed in Model 3 (OR = 1.00, 95% CI 0.63-1.5).

We also examined the association of Vietnam service with sarcoma, using the t-ree
alternative referent groups as shown in Table 4.4. The risk of sarcoma among Vietram
veterans relative to that among men who served in the military but not in Vietham was ..88
(95% CI 0.51-1.52). The risk for Vietnam veterans relative to that of other Vietnam-era
veterans (men in service between 1964 and 1972) was 0.74 (95% Cl1 0.39-1.41) and the ‘isk
in relation to men with no active U.S. military duty was 1.05 (95% Ci 0.64-1.71).

Analyses in Tables 4.3 and 4.4 incorporate all confirmed cases of sarcoma, including (1)
those arising in the skeletal system and (2) those classified as dermatofibrosarcoma
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Table 4.3. Association Between Military Service in Vietnam and Soft Tissue and Othe:

Sarcomas
Odds Ratio®
(95% Confidence
Model® Interval)
1. Adjusted for registry and age group in 1968 1.02 (0.65-1.:1)

2. Adjusted for registry, age group in 1968,
racial/ethnic group, and education 1.01 (0.64-1.:0)

3. Adjusted for—
all variables in Model 2
reported exposure to pesticides and chlorophenols
—sprayed or mixed any herbicide on a farm or ranch
—sprayed or mixed any herbicide in right-of-way
maintenance, lawn care, or forestry work
—occupational exposure to phenoxyherbicides
—occupational exposure to chlorophenols
reported occupational or lifestyle characteristics
—history of smoking cigarettes
—worked in a meat packing or processing plant 1.00 (0.63-1.38)
2 One control and two cases were excluded from all models because level of education was not known
® Odds ratios estimate the relative risk and were calculated by using conditional logistic regression. Tte referent
group is composed of men who did not serve in Vietnam

Table 4.4. Risk of Soft Tissue and Other Sarcomas Among Vietham Veterans Relative: To the
Risk Among Four Referent Groups

Soft Tissue
and Other
Controis Sarcoma Cases o
(N = 1776) (N = 342) OdC!!i Ratio
—— —— (95% (:onfidence
Risk Group %* (N) %* (N) Intarval)
Exposed group
Subjects who served in Vietnam 7.5 (133) 7.6 (26)
Referent groups
Men who did not serve in Vietnam 92.5 (1643) 924 (316) 1.00 (2.62-1.59)
Men who served in the
military but not in Vietnam 38.4 (682) 354 (121) 0.88 (2.51-1.52)
Men who served at any
time from 1964 to 1972 in the
military but not in Vietnam® 11.4 (203) 12.0 (41) 0.74 (J.39-1.41)
Men who never served in the military 54.1 (961) 57.0 (195) 1.05 (1.64-1.71)

? The percentage of controls or cases in the indicated exposed or referent group ]

® Odds ratios estimate the risk of soft tissue and other sarcomas for the exposed group relative to the 1isk for the
indicated referent group; they have been adjusted for registry, age group in 1968, and the other risk f:i:tors listed
in Table 4.3 (Model 3) by using unconditional logistic regression

¢ The exposed group is restricted to men who served in the military in Vietnam at any time from 1964 to 1972 (130
controls and 24 cases)

protuberans, an indolent cutaneous tumor that rarely metastasizes (Enzinger ard Weiss,
1983). When we excluded these two groups to more closely match the apparent deinition of
cases included in other studies, the OR for the resulting soft tissue sarcoma group (N =252)
was 0.94 (95% CIl 0.55-1.61) (Table 4.10). We examined sarcoma cases by listoiogic
subclassification, as shown in Table 4.5. No one type of sarcoma shows any apparent
association with service in Vietnam. The distribution of fibromatous, lipomatous, myomatous,
and other soft tissue sarcomas did not differ between Vietnam veterans and other men
(p=0.82).
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Table 4.5. Histologic Classification of Mallgnancies Among Men With Soft Tissue and Ciher
Sarcomas, by Military Service In Vietnam

Stationed In Vietnam or off the Coast of VIE tnam

ICD-0 No Yes
Classification Code® %°  (N) %° (N}
Dermatofibrosarcoma protuberans (Total) 88323 120 (38) 19.2 (5)
Sarcoma of bone and chondrosarcoma (Total) 13.3 (42) 1.5 (3)
Sarcoma of bone (Subtotal) 5.1 (16) ~ (0)
Sarcoma of bone, NOS® XXXXXE 1.9 (6) - {0)
Osteosarcoma, NOS 91803 1.9 (6) - (0
Chondroblastic osteosarcoma 91813 06 (2 — (0)
Juxtacortical osteosarcoma 91903 06 (2 — (0)
Chondrosarcoma (Subtotal) 6.3 (20) 11.5 (3)
Chondrosarcoma, NOS 92203 6.3 (20) 77 (2
Osteochondroma with
chondrosarcoma change 92XXX¢ - (0) 38 (1)
Chordoma 93703 1.6 (5) - (0)
Round cell sarcoma 88033 0.3 (1) )
Soft tissue sarcoma and sarcoma, NOS (Total) 74.7 (236) 69.2 (18)
Sarcoma, NOS 88003 123 (39) 7.7 (2
Malignant tumor, most likely sarcoma 8800X¢ 3.5 (11) 7.7 (2)
Spindle cell sarcoma 88013 22 (7) 3.8 (1)
Round cell sarcoma 88033 10 (3) — (0)
Fibromatous (Subtotal) 11.4 (36) 38 (1)
Fibrosarcoma, NOS 88103 03 (1) — (0)
Fibromyxosarcoma 88113 1.6 (5) 38 (1)
Fibrous hystiocytoma, malignant 88303 9.2 (29) - (0)
Fibroxanthoma, malignant 88313 03 (1) - (0)
Lipomatous {Subtotal) 149 (47) 11.5 (3)
Liposarcoma, NOS 88503 28 (9) 38 (1)
Liposarcoma, well differentiated 88513 4.1 (13) — (0)
Myxoid liposarcoma 88523 4.1 (13) 38 (1)
Round cell liposarcoma 88533 03 (1) — (0)
Pleomorphic liposarcoma 88543 1.0 (3) 38 (1)
Mixed type liposarcoma 88553 06 (2 — (0)
Liposarcoma, dedifferentiated 885X3¢ 1.9 (6) — (0)
Myomatous (Subtotal) 21.2 (67) 19.2 (5)
Leimyosarcoma, NOS 88903 18.4 (58) 19.2 (5)
Epithelioid leimyosarcoma 88913 2.2 (7) — (0)
Rhabdomyosarcoma, NOS 89003 03 (1) — (0
Mixed type rhabdomyosarcoma 89023 03 (1) - (O
Synovial sarcoma, NOS 90403 06 (2) 77 (2
Synovial sarcoma, spindle cell type 90413 03 (1) - (0
Synovial sarcoma, epitheliod type 90423 03 (1) — (0)
Clear cell sarcoma of tendons and
aponeuroses 90443 0.6 (2) - (0)
Hemangiosarcoma 91203 1.9 (6) — (0
Hemangioendothelial sarcoma 91303 — (0) 38 (1)
Chondrosarcoma, NOS, ES® 92203 13 4) - (0
Mesenchymal chondrosarcoma, ES 92403 03 (1) — {0
Malignant giant cell tumor of soft parts 92513 0.6 (2) - (0
Meningioma, malignant 95303 03 (1) - (0
Neurilemmoma, malignant 95603 19 (6) 38 (1)
All soft tissue and other sarcomas (Total) 100.0 (316) 100.0 (26)

® International Classification of Diseases for Oncology, 1976
® Percentage of cases in each Vietnam service category with the indicated histology
€ Not otherwise specified

¢ There is no ICD-O code for these categories
° Extraskeletal site




4.3.2 Characteristics of Military Service in Vietnam

The association between military service and sarcoma for both Vietnam veterans and
veterans who served elsewhere (Table 4.6) shows only nonsignificant variation :y branch.
Other aspects of military service for the 26 men with sarcoma and the 133 controls who were
stationed in Vietnam (Table 4.7) are not significantly associated with sarcome. risk. The
preponderance of both case and control subjects served at some time during 19€15 to 1969,
when Agent Orange was most heavily used. Both groups were similar in age at t first tour
of duty. Risk was not associated with duration of service, nor with the type of unit. Small
differences in risk by region of service (with the risk for | Corps highest) were not :ignificant.

Self-perceived contact with Agent Orange or other herbicides was not sijnificantly
associated with sarcoma among Vietnam veterans (Table 4.8). Only one case subject
reported being present when others were spraying or that he got Agent Orange on his skin or
clothing. No case subject reported that he had sprayed Agent Orange. Although 1:. of the 26
Vietnam veterans with sarcoma reported that they had passed through a defoliated area
(OR=1.60, 95% CI 0.63-4.12), the association was not statistically significant.

The range of latency periods that we could analyze was narrow, but we found 1o trend in
risk by time elapsed between the start of the first tour in Vietnam and the diagnosis of cancer
(Table 4.9).

4.3.3 Sensitivity Analyses

The results of additional sensitivity analyses are shown in Table 4.10. Broadzning the
definition of exposure to include men who were in, or off the coast of, Vietnam, but not
stationed there, had little effect on the OR (1.11, 95% CI 0.73-1.68). Similarly, resticting the
analysis to those with a telephone had little effect (OR=1.01, 95% CI 0.63-1.6"). Neither
restricting the analysis to those men whose interview quality was rated as good or excellent
or to those who were interviewed in person had an appreciable effect on the outcome.
Restricting the study group to those who were between the ages of 15 and 29 in 19¢:8 yielded
an OR of 1.06 (95% C1 0.64-1.75). Excluding men whose Vietnam service was not tonfirmed
after record review yielded an OR of 0.82 (95% Cl 0.49-1.36).

4.4 SUMMARY

The results of this study provide no evidence that men who served in the U.S. nilitary in
Vietnam have a higher risk for sarcoma. This was true whether the Vietham veterans were
compared with other military veterans, other Vietnam-era veterans, or nonveterans. Ne found
no increased risk when we restricted the case subjects to a group representing only : oft tissue
sarcoma. Finally, the results do not indicate that any subgroup of Vietham veterziis is at a
higher risk for sarcoma.

We discuss our results further in Chapter 9.
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Table 4.6. Association Between Branch of Military Service and Soft Tissue and Other
Sarcomas, by Vietnam Veteran Status

Non-Vietnam Veterans Vietnam Veterans o
Soft Tissue Soft Tissue
and Other and Other
Sarcoma Sarcoma
Controls Cases Controls Cases
(N = 682" (N =121) Odds Ratlo® (N = 133) (N = 26)" Odds Ratio®
Branch (95% Confidence (95% Confidence
ofService %® (N) %° (N) interval) % (N) %® (N) Interval) P-\alue
Army 52.5 (358) 54.5 (66) 0.89 (0.64-1.25) 52.6 (70) 38.5 (10)  0.70 (0.35-1.43)
Air Force 18.2 (124) 124 (15) 0.58 (0.32-1.04) 13.5 (18) 19.2 (5) 1.40 (0.49-3.99) )
(.52
Marines 5.7 (39) 58 (7) 0.85(0.36-1.99) 9.8 (13) 19.2 (5) 1.71 (0.57-5.15)
Navy 17.0 (1168) 223 (27) 1.25(0.77-2.01) 23.3 (31) 19.2 (5) 0.83 (0.30-2.24)
Coast Guard 0.7 (5) 08 (1) 1.35(0.15-12.2) 0.8 (1) — (0) —° L
# The sum of the subjects in all branches is less than N because information about branch of service was mit sing
for 46 men

® Percentage of controls or cases in the specified branch

¢ Odds ratios estimate the risk of soft tissue and other sarcomas for a given category relative to the risk among mnen
with no military service (961 controls and 195 cases); they have been adjusted for registry, age group in 196¢, and
the other risk factors listed in Table 4.3 (Model 3) by using unconditional logistic regression

¢ Null hypothesis: no difference in the odds ratio across branches among Vietnam veterans

® Odds ratio and confidence interval were not calculated because of a zero cell




Table 4.7. Association Between Selected Characteristics of Military Service in Vietnain and
Soft Tissue and Other Sarcomas
Soft Tissue and
Controls Other Sarcoma
= = Odds Ratio®
(N = 1776) Cases (N = 342) (95% Confidence
Characteristic %" (N) %" {N) Interval) ) P-value®
No military service in Vietnam — (1643) — (316) Referent
Military service in Vietnam - (133) — (26) 1.00 (0.63-1.58)
Duration of service in Vietnam (years)
<1 59.8 (79) 50.0 (12) 0.77 (0.41-1.47)
11014 13.6 (18) 20.8 (5) 1.28 (0.45-3.66) 0.80
1.5t01.9 9.8 (13) 8.3 (2) 0.92 (0.20-4.26)
=2 16.7 (22) 20.8 (5) 1.24 (0.44-3.45)
Unknown - (1) — (2)
Calendar years stationed in Vietnam
Before 1966 7.5 (10) 40 (1) 0.46 (0.05-3.93)
1966 to 1969 78.2 (104) 76.0 (19) 0.95 (0.56-1.62) 0.66
After 1969 14.3 (19) 20.0 (5) 1.30 (0.45-3.69)
Unknown — (0) - (1)
Age at beginning of first
tour in Vietnam (years)
<21 42.9 (57) 40.0 (10) 0.97 (0.47-2.01)
21t025 37.6 (50) 48.0 (12) 1.34 (0.68-2.66) 0.26
=26 19.5 (26) 12.0 (3) 0.44 (0.13-1.52)
Unknown — (0) - (1)
Rank at end of last tour in Vietnam®
E1to E3 16.2 (21) 12.0 (3) 0.67 (0.19-2.35)
E4 to E9 73.1 (95) 80.0 (20) 1.11 (0.65-1.89) 0.66
Officer 10.8 (14) 8.0 (2) 0.69 (0.15-3.22)
Unknown - 3 - (1)
Type of unit in Vietnam
Support 53.5 (69) 47.6 (10) 0.76 (0.37-1.53)
Combat Support 26.4 (34) 33.3 (7) 1.03 (0.44-2.41) 0.85
Combat 20.2 (26) 19.0 (4) 0.76 (0.25-2.28)
Unknown — (4) — (5)
Corps in Vietnam
| 18.9 (23) 42.1 (8) 1.61 (0.69-3.76)
] 24.6 (30) 21.1 (4) 0.74 (0.25-2.18) 0.33
m 32.8 (40) 21.1 (4) 0.50 (0.17-1.44)
v 3.3 (4) - (0) —.e
Blue water Navy® 20.5 (25) 15.8 (3) 0.64 (0.18-2.21)
Unknown - (11) - @
Ever in IHl Corps in Vietnam
No 36.8 (46) 52.4 (11) 1.15 (0.57-2.32)
Yes 43.2 (54) 33.3 (7) 0.67 (0.30-1.54) 0.73
Blue water Navy® 20.0 (25) 14.3 (3) 0.63 (0.18-2.20)
Unknown — (8) — (5)
Land vs. sea duty in Vietnam .
All land-based men 81.2 (108) 88.5 (23) 1.07 (0.65-1.76)
All branches other than Navy 76.7 (102) 80.8 (21) 1.03 (0.62-1.73)
Navy—shore 3.0 (4) 7.7 (2) 2.67 (0.46-15.4) 0.41'
Navy—brown water 1.5 (2) - {0) -9
Sea-based blue water Navy 18.8 (25) 11.5 (3) 0.64 (0.18-2.21)

& Percentage of case or control subjects who served in Vietnam with the specified characteristic (unknowns excludec)

® Odds ratios estimate the risk of soft tissue and other sarcomas for a given category of men relative to the risk among ren who did
not serve in Vietnam; they have been adjusted for registry, age group in 1968, and the other risk factors listed in Tab: 4.3 (Model
3) by using unconditional logistic regression

¢ Null hypothesis: no difference in the odds ratio across subgroups

9 In the Army, ranks E1 to E3 correspond to the various levels of private, rank E4 to corporal, and ranks E5 to E9 to the virious levels
of sergeant

® Corps does not apply to Navy men stationed on ocean-going vessels

! Null hypothesis: no difference in the odds ratio between all land-based men combined and sea-based blue water N 1y men

9 Odds ratio and confidence interval were not calculated because of a zero cell
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Table 4.8. Association Between Seli-Reported Possible Contact With Agent Orange® and $ioft
Tissue and Other Sarcomas Among Men Who Served in the Military in Vietnam

Soft Tissue and

Controls Other Sarcoma ‘
= = Odds Ratin®
(N=133)  Cases(N=26) oo Confidence
Characteristic Category % (N) %" (N) Interval)
Reported passing through No 65.4 (87) 545 (12)
a defoliated area Yes 346 (46) 455 (10) 1.60 (0.63-1.12)
Unknown - (0 - 4
Reported any possible contact No 74.4 (99) 77.3 (17)
with Agent Orange® Yes 256 (34) 22.7 (5) 0.68 (0.23-2.05)
Unknown — (0) - 4
Reported being present when others No 89.5 (119) 955 (21)
were spraying Agent Orange Yes 10.5 (14) 45 (1) 0.38 (0.05-3.11)
Unknown - {0) - @
Reported getting Agent Orange on No 925 (123) 95.5 (21)
skin or clothes Yes 7.5 (10) 45 (1) 0.52 (0.06~139)
Unknown — (0 - (4
Reported handling equipment or
containers that had been used No 97.7 (130) 1000 (22)
with Agent Orange Yes 23 (3) - (0 —°
Unknown — (0) — (4)
Reported spraying Agent Orange No 98.5 (131) 100.0 (22)
Yes 15 (2 - (0) —°
Unknown — (0) - 4 _

# Includes other herbicides .

® Percentage of case or control subjects who served in the military in Vietnam with the specified character stic
(unknowns excluded). Information on possible contact with Agent Orange was not obtained from pioxy
respondents for four deceased men

¢ Odds ratios estimate the risk of soft tissue and other sarcomas relative to the risk among men who did not re dort
the specific exposure but who served in the military in Vietnam; they have been adjusted for registry, agegro.pin
1968, and the other risk factors listed in Table 4.3 (Model 3) by using unconditional logistic regression

9 Includes all contacts listed below as well as any other mention of Agent Orange

® Odds ratio and confidence interval were not caiculated because of a zero cell

Table 4.9. Risk of Soft Tissue and Other Sarcomas Among Vietnam Veterans, by Number of
Years Since Start of First Tour in Vietnam

Soft Tissue
and Other
Controls Sarcoma Cases
(N = 133) (N = 28) Odds ratio®
Number of Years Since Start (95% Confidence
of First Tour in Vietnam® %°  (N) %> (N) Interval) P-vz ue®
<17 15.0 (20) 28.0 (V) 1.80 (0.72-4.50)
17-18 30.8 (41) 120 (3) 0.34 (0.10-1.14) 0.12
19-21 41.4 (55) 56.0 (14) 1.38 (0.73-2.60)
=22 128 (17) 4.0 (1) 0.28 (0.04-2.22)
Unknown — (0 -

a Ffor cases, the end of the latency period is the date of diagnosis; for controls, it is the date the registry was nofi ied
of selection

® The percentage of control or case subjects who served in Vietnam in the specified category (unknowns excluied)

© Odds ratios estimate the relative risk of soft tissue and other sarcomas; they have been adjusted for registry, .ige
group in 1968, and the other risk factors listed in Table 4.3 (Model 3) by using unconditional logistic regression. \en
with no military service in Vietham form the referent group (1,643 controls and 316 cases)

° Test for a linear trend in the odds ratios as calculated from a logistic regression model
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Table 4.10. Association Between Military Service in Vietnam and Soft Tissue and Ot' er
Sarcomas Among Selected Groups of Men

Table -} 3, Model 3

Odis Ratio
Soft Tissue and (95% (. onfidence
Controls Other Sarcoma Cases Inierval)
Men in main analyses 1775 340 1.00 1).63-1.58)
Sensitivity Analyses®
Additions to analyses:
Men with AIDS or an AlDS-related condition 1776 343 0.99 11.63-1.58)
Men who were in Vietnam or off its coast, but
not stationed there (include as exposed) 1802 348 1.11 10.73-1.68)
Case subjects whose diagnosis was not confirmed
because a specimen was not obtained or was
deemed inadequate for review 1775 351 1.04 ((1.67-1.64)
Deceased case-control subject pairs® 1797 340 1.00 i(1.63-1.58)
Exclusions from analyses:
Men without a telephone in the household 1757 321 1.01 ((.63-1.61)
Men interviewed in person 1751 319 1.00 ((.62-1.60)
Men whose interview was not rated as good
or excellent 1745 333 1.04 ((.65-1.65)
Men who were 30 or older in 1968 1012 196 1.06 ((.64-1.75)
Case subjects with a proxy interview 1775 310 0.93 ((.57-1.53)
Men whose Vietnam service could not be confirmed® 1768 334 0.82 ((.49-1.36)
Case subjects with other than soft tissue sarcoma 1775 252 0.94 ({.55-1.61)

o

Sensitivity analyses show the effect of adding (or removing) men to (or from) the main analysis. Each 1ddition (or
exclusion) is applied separately. Numbers of controls and cases are numbers remaining in analyses afi¢r additions
or exclusions

Ali case subjects were included in the analysis, regardless of vital status. If a deceased control subject i d not meet
the inclusion criteria listed in Table 2.1, he was not included. The modet adjusts only for registry and :je group in
1968 (Table 4.3, Model 1) )

Men who gave permission for military records review, whose records were located, and whose Vietn am service
could not be confirmed were excluded

-2

o]
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5. HODGKIN’S DISEASE

5.1 BACKGROUND

The annual incidence of Hodgkin’s disease, a malignant lymphoma, among J- to
59-year-old men in the United States is about 4 per 100,000 (Young et al., 1981). Res..Its of
animal studies conducted in the early 1970s suggested that rodents’ exposure to 2.4,5-T
during pregnancy could result in malformations in offspring (Courtney et al., 1970). Moreover,
evidence suggests that TCDD, a contaminant of the 2,4,5-T component of Agent Orarije, is
carcinogenic in animals (IARC, 1986).

Concern over a possible association between exposure to Agent Orange and Hod:kin’s
disease was first raised in a 1979 report from Sweden of a cluster of patients with histizcytic
lymphoma and previous exposure to phenoxyherbicides or chlorophenols (Hardell, 1974). In
a later case-control study (Hardell et al., 1981) of 60 cases of Hodgkin's disease an: 105
cases of non-Hodgkin’s lymphoma (NHL), researchers found that occupational exposire to
phenoxyherbicides was associated with a 5-fold increased risk for malignant lymphoma (95%
Cl 2.9-8.1). They did not present the results of separate analyses for Hodgkin’s diseas: and
NHL, but they stated that the relative risks for each were similar. Results of a later an:lysis
of the 60 cases of Hodgkin's disease (Hardell and Bengtsson, 1983) indicated that 10% :f the
control subjects and 32% of the case subjects reported exposure to phenoxyherbicides or
chlorophenols.

In a proportionate mortality study in the United States, researchers reported a moderate
(20%-30%) excess in deaths from Hodgkin’s disease among farmers (Burmeister, 1981}, but
few researchers have found any association between potential exposure to phenoxylierbi-
cides and Hodgkin's disease (Wiklund, 1983; Pearce et al., 1985; Hoar et al., 1986; Brownison
et al., 1989). Furthermore, in a population-based, case-control study, Hoar and cowcikers
(1986) reported a twofold increased risk for NHL among farmers who reported .sing
phenoxyherbicides and an estimated relative risk for Hodgkin’s disease of 0.9. Hist:rical
cohort studies are limited by small numbers of subjects and short periods of follo'-up;
however, results of these studies have not shown an excess of Hodgkin’s disease ainong
persons who were potentially exposed to phenoxyherbicides (Riihiméki et al., 1982; L'/1ge,
1985).

The etiology of Hodgkin's disease has been the subject of numerous epidemiciogic
investigations (reviewed in Grufferman and Deizell, 1984; Mueller, 1987), and its bimiodal
incidence with age has received much attention. Several characteristics related to social :lass
and childhood environment, such as a small number of siblings, high levels of mat:rnal
education, and being raised in the Jewish religion, have also been related to an increase:! risk
for Hodgkin’s disease in adulthood. A higher risk for Hodgkin's disease has also :een
reported among persons who live in rural areas, smoke cigarettes, have had a tonsillect:my,
or have had infectious mononucleosis. In several case reports, investigators have note:: the
occurrence of Hodgkin’s disease among patients with HIV infection, but one investijator
reported no increase in the incidence of Hodgkin's disease among single males in San
Francisco from 1979 through 1987 (Kaplan, 1988).

Because measuring past exposure to Agent Orange is so difficult, investigators -ave
studied the herbicide’s possible effect on cancer among Vietnam veterans only indirect!/ by
comparing the occurrence of cancer among Vietnam veterans with that in other grcips.
Results of proportionate mortality studies have varied, with the number of deaths from
Hodgkin’s disease among Vietnam veterans showing an increase in a study in West Vir:inia
(Bailey et al., 1986) but not in others (Anderson et al., 1986; Breslin et ai., 1988). In a histcrical
cohort study of Australian troops, no deaths from Hodgkin’s disease were observed among
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19,000 men who served in Vietnam, whereas three such deaths were observid among
26,000 men who served elsewhere (Fett et al., 1987).

We, like others, focus on the risk of Hodgkin’s disease after Vietnam service in ge: 1eral. We
only indirectly assess a possible association between exposure to Agent Orzinge and
Hodgkin's disease by investigating characteristics of military service in Vietnam, such as
region and time period, that might be associated with greater exposure to Agent Jirange.

5.2 METHODS

5.2.1 Subjects and Sources of Data

The design and conduct of the Selected Cancers Study (SCS) are described i- detail in
Chapter 2. Eligible for inclusion in the Hodgkin’s disease case group were all male:s who (1)
were born between 1929 and 1953, (2) were diagnosed with non-Hodgkin's lyimphoma,
Hodgkin's disease, or “lymphoma, not otherwise specified” between December 1, 1984, and
November 30, 1988, and (3) lived in an area covered by one of eight collaboraliang tumor
registries. Experts in lymphoma pathology reviewed specimens and determinec the final
classifications of the diagnoses. The primary source of exposure data was a sta- dardized
questionnaire administered by telephone.

As Table 2.4 shows, 2,073 (88%) of the 2,354 identified case subjects with |;mphoma
{(NHL and Hodgkin’s disease combined) were interviewed, and microscope slides r blocks
were obtained for 2,004. A lymphoma diagnosis was confirmed for 93% of these "1en, with
343 classified as having Hodgkin’s disease. Population-based controls were selecte d through
random digit dialing (RDD) (Waksberg, 1978) and were frequency matched (by re;istry and
5-year date-of-birth interval) to all lymphoma cases. Of the 2,299 control subjects se-ected for
enrollment in the SCS, 1,910 (83%) were interviewed. The same control group we '3 used in
the analyses of all six malignancies.

Subjects were excluded from the analyses if (1) their military service in Vieinam was
unknown, (2) they were in Vietnam or off its coast, but were not stationed there, (3. they had
AIDS, a condition possibly increasing the risk for Hodgkin’s disease, or an AIL '3-related
iliness, or (4) they were not residents of the United States before 1969. These re strictions
resulted in 310 men with Hodgkin’s disease and 1,776 controls. Because of unknov' 1 values,
one control subject was deleted from analyses involving education, and two control subjects
were deleted from analyses that included the number of siblings as a covariate.

The U.S. Army and Joint Services Environmental Support Group (ESG) perfarmed a
“blinded” review of military records of the men who reported being stationed in Vieinam. As
Table 2.8 shows, of the Vietnam veterans, 86% (24/28) of the men with Hodgkin’; disease
and 74% (98/133) of the control subjects gave permission for their records to be revit ved. For
these men, records were located for 92% (22) of the cases and 87% (85) of the controls.
Military service in Vietnam could be corroborated by information in the records of 9546 (21) of
the case subjects and 92% (78) of the control subjects for whom records could he found.
Unless otherwise specified, we classified military service in Vietnam according to interview
response. We conducted supplemental analyses to assess the sensitivity of our “3sults to
these assumptions, as well as to several inclusion and exclusion criteria.

5.2.2 Statistical Analyses

We assessed whether men who served in the U.S. military in Vietham are at gri:ater risk
for developing Hodgkin’s disease compared with other men. Details on the analytic inethods
are in Chapter 2. Although we had several possible choices for the nonexposed ' referent)
group, uniess otherwise specified, the nonexposed group consists of all men who ware not in
the military in Vietnam, regardless of their other military service.
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Because we wanted to be able to assess the possibility that an observed assoc iition
between military service in Vietnam and a particular malignancy might be due o a
characteristic unrelated to military service in Vietnam, we obtained information on several
characteristics (potential confounders) that have been reported to increase the risk of
Hodgkin’s disease (Grufferman and Delzell, 1984; Mueller, 1987). In addition to age,
covariates in the analyses included racial or ethnic group, educational achievement, a history
of spraying or mixing any herbicide other than in Vietnam, any exposure to phenoxyt crbi-
cides, possible exposure to chlorophenols or dioxin in various occupations, a history of
infectious mononucleosis, medical irradiation, chemotherapy, appendectomy, tonsillect::my,
cigarette smoking, marital status, having been raised in the Jewish religion, numb:r of
siblings, and having been raised in an urban setting.

Unconditional logistic regression with 39 indicator variables (representing the 40 «iate-
of-birth and registry strata) was used in multivariable analyses. This method yielded retuits
that are almost identical to those obtained with the Mantel-Haenszel summary odds ratio | DOR)
and conditional logistic regression. We assessed the homogeneity of the association betvieen
Vietnam service and Hodgkin’s disease across strata of age, registry, and other character-
istics, using the test statistic described by Breslow and Day (1980); in logistic regre::sion
models, we used likelihood ratio tests. The influence of potential confounders or the
association between military service in Vietnam and Hodgkin’s disease was assesse¢:d in
logistic regression models that controlled for several covariates simultaneously. As Tabli: 2.5
shows, we had about a 50% power to detect a 1.5-fold increased risk among Vielnnam
veterans and a 96% power to detect a twofold increase. All reported p-values are two-sitled.

We also examined whether the risk for Hodgkin’s disease among Vietnam veterans
differed according to branch of service, duration of service, calendar years of service, a()2 at
beginning of first tour in Vietnam, rank at end of last tour, type of unit, military region, and
number of years since start of first tour in Vietnam. Aithough we were aware of the l:rge
potential for misclassification (CDC VHS, 1988; CDC VHS, 1989), we also evaluatec the
association between several self-reported assessments of exposure to Agent Orange and
Hodgkin’s disease.

5.3 RESULTS

5.3.1 Overall Association

The distribution of cases and controls across the 40 cells defined by the freque- cy-
matched design is shown in Table 5.1. As Table 5.2 shows, case subjects were younger ' han
control subjects (mean ages of 25 and 27 years in 1968, respectively) but were more likel/ to

Table 5.1. Distribution of Men With Hodgkin’s Disease and Distribution of Control Subject:;,
by Registry and Age in 1968

Age in 1968 (Years)

Registry 15-19 20-24 25-29 30-34 35-39 Tcial
1 6: 20° 3. 34 6: 35 2: 24 6: 29 23: 142
2 23: 37 14: 56 7: 49 13: 69 9: 74 66: 285
3 15: 39 9: 30 9: 58 6: 51 9: 69 48: 247
4 122 3 8. 25 2: 36 4: 29 8: 45 34: 166
5 7: 17 3: 24 2: 14 4: 25 1: 22 17: 102
6 21: 89 9:102 7: 89 3. 80 11: 73 51: 433
7 12: 42 9: 46 5: 46 7: 41 7: 70 40: 245
8 10: 27 8: 37 g: 30 2: 30 2: 32 31: 156

Total 106:302 63:354 47:357 41:349 53:414 310:i776

2 N cases:N controls
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Table 5.2. Distribution of Selected Covariates® Among Men With Hodgkin’s Disease :11d Among
Control Subjects _
Hodjkin’s
Controls Diseas: Cases
(N = 1776)° (N = 310
% (N) %°  (N)
Design Characteristics
Registry
1 8.0 (142) 74 (23)
2 16.0 (285) 21.3 (66)
3 13.9 (247) 15.5 (48)
4 9.3 (166) 11.0 (34)
5 5.7 (102) 55 (17)
6 24.4 (433) 16.5 (51)
7 13.8 (245) 12.9 (40)
8 8.8 (156) 10.0 (31)
Age in 1968 (years)
15t0 19 17.0 (302) 342 (106)
20 to 24 19.9 (354) 20.3 (63)
251029 20.1 (357) 152 {47)
30 to 34 19.7 (349) 13.2 [41)
3510 39 23.3 (414) 171 53)
Stationed in Vietnam or off the coast of Vietnam 75 (133) 9.0 28)
Other reported characteristics
Racial/ethnic group
White non-Hispanic 84.3 (1497) 88.7 1275)
Black non-Hispanic 8.1 (143) 7.4 23)
Hispanic 56 (99) 29 9)
Asian 1.7 (31) 10 3)
Other/unknown 0.3 (6) - 0
Highest level of education completed
Less than high school 11.3 (200) 126 39)
High school, technical school 295 (523) 332 103)
1 to 3 years of college 20.6 (366) 235 73)
4 or more years of college 38.6 (686) 30.6 195)
Smoked cigarettes regularly 66.8 (1186) 70.3 1218)
Drank alcohol regularly 711 (1262) 69.0 (214)
Mother's education
Less than high school 35.0 (568) 26.7 (74)
High school, technical school 45.9 (746) 56.0 (155)
1 to 3 years of college 8.7 (142) 7.9 (22)
4 or more years of college 103 (168) 9.4 (26)
Raised in the Jewish religion 3.0 (53) 48 (15)
Number of siblings in household while growing up
0 9.0 (159) 71 (22)
1or2 45.9 (814) 47.1 (146)
3t05 31.3 (555) 348 (108)
6 to 25 13.9 (246) 11.0 (34)
Raised in an urban environment 53.9 (957) 55.8 (173)
Never married 7.3 (129) 71 (22)
Lived or worked on a farm or ranch 44.8 (796) 40.0 (124)
Sprayed or mixed any herbicide on a farm or ranch 9.6 (170) 8.4 (26)
Had contact with herbicides on a farm or ranch
21 or more days per year, 5 or more
years before the date of diagnosis® 24 (43) 13 '
Sprayed or mixed any herbicide for right-of-way
maintenance, lawn care, or forestry work 7.3 (129) 7.7 24)
Occupational exposure to phenoxyherbicides 5.9 (105) 52 186)
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Table 5.2. Distribution of Selected Covariates® Among Men With Hodgkin’s Disease and Among
Control Subjects — Continued

Hodgkin’s
Controls Disease Cases
(N = 1776)® (N = 310)°
%° (N) %  (N)
Occupational exposure to chlorophenols 11.3 (200) 12.6 (39)
Occupational exposure to 2,4,5-T 0.9 (16) 0.6 (2)
Occupational exposure to 2,4-D 5.8 (103) 5.2 (16)
Worked in a leather tanning plant 0.5 (8) 1.0 (3)
Worked in a pulp, saw, or planing mill 5.7 (101) 6.1 (19)
Worked in a meat packing or processing plant 59 (104) 6.8 (21)
Worked with or around wood preservatives 11.8 (209) 13.2 (41)
Worked with or around cutting oils 20.5 (364) 18.1 (56)
Exposure to medical radiation 5 or more years
before the date of diagnosis® 26 (47) 26 (8)
Had mononucleosis 6.5 (115) 10.0 (31)
Had a tonsillectomy 47.5 (843) 47.7 (148)
Had an appendectomy 16.0 (285) 17.1  (53)
Had chicken pox 84.4 (1499) 85.5 (265)
Had allergies 29.8 (530) 24.2 (75)
Had rheumatoid arthritis 3.6 (64) 23 (7)
Had multiple sclerosis 05 (8) — (0
Took amphetamines (prescribed or illicit) 13.3 (236) © 118 (36)
Took phenytoin or related compounds for
epilepsy or seizures 10 (17) 06 (2

8 The covariates are described in the text

b Information on education for one non-Vietnam veteran control was missing. Information on dwelling while gro1ing
up for six controls (one Vietnam veteran) and two cases (one Vietnam veteran) was missing; informatio- on
mother’s education level for 152 controls (seven Vietnam veterans) and 33 cases (two Vietnam veterans) 'vas
missing; information on number of siblings lived with for two non-Vietnam veteran controls was missing; and
information on amphetamine use for five non-Vietnam veteran cases was missing

¢ Percentage of cases or controls with the specified characteristic

9 For controls, 5 or more years before the date the registry was notified of selection

report having had infectious mononucleosis than were controls. Of the men with Hodgl: n’s
disease, 9% (28) reported having served in the military in Vietham — a slightly larger
percentage than that for controls (7.5%).

After adjustment for the design characteristics (Table 5.3, Model 1), the relative sk
estimate was 1.20 (95% Cl 0.76-1.90), consistent with no association (p=0.43). Additi:nal
analyses (Models 2 and 3), in which we controlled for several additional characteristcs,
yielded similar results (Model 3, OR=1.14), with a 95% CI ranging from 0.71 to 1.83. |1 all
subsequent analyses, we controlled for covariates included in Model 3.

Choice of referent (nonexposed) group had little effect on the relative risk estimate for
Hodgkin's disease (Table 5.4). The risk for Hodgkin’s disease among Vietnam veteiins
relative to that among men who served in the military but not in Vietnam was 1.09 (959: Cl
0.62-1.91), and the risk among Vietnam veterans relative to men with military service {rom
1964 to 1972 was 1.23 (95% Cl 0.65-2.36). None of the observed associations vizre
statistically significant.

The distribution of histologic types of Hodgkin’s disease among men who were staticned
in Vietnam was similar to that of men who were not stationed there (Table 5.5). Ahout
two-thirds of the men in each group were classified as having nodular sclerosing histol:: gy,
with mixed celluiarity being the second most common histologic type.
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Table 5.3. Association Between Military Service in Vietnam and Hodgkin’s Disease

Odds Ratio*
(95% Confider (e
Model* Interval)
1. Adjusted for registry and age group in 1968 1.20 (0.76-1.¢1))

2. Adjusted for registry, age group in 1968, racial/ethnic
group, and education 117 (0.74-1.t4)

3. Adjusted for—

all variables in Model 2

reported exposure to pesticides and chiorophenols
—sprayed or mixed any herbicide on a farm or ranch
—sprayed or mixed any herbicide in right-of-way

maintenance, lawn care, or forestry work

—occupational exposure to phenoxyherbicides
—occupational exposure to chlorophenols

reported medical history/drugs
—infectious mononucleosis®
—medical irradiation®
—chemotherapy®
—appendectomy
—tonsillectomy

reported demographic and lifestyle characteristics
—history of smoking cigarettes
—marital status
—raised in the Jewish religion
—number of siblings raised with
—raised in an urban setting 1.14 (0.71-1.£03)

2 One control was excluded from all models because level of education was not known. Two controls wer 3 excluded
from all models because number of siblings was not known

® Odds ratios estimate the relative risk and were calculated by using unconditional logistic regression. Th 2 referent
group is composed of men who did not serve in Vietnam

¢ For cases, reported 5 or more years before the date of diagnosis; for controls, reported 5 or more years lefore the
date the registry was notified of selection

Table 5.4. Risk of Hodgkin’s Disease Among Vietnam Veterans Relative To the Risk 2inong
Four Referent Groups

Hodgkin’'s
Controls Disease Cases b
(N = 1776) (N = 310) Odd:; Ratio
(95% Cunfidence
Risk Group %* (N) %" (N) interval
Exposed group
Men who served in Vietnam 75 (133) 9.0 (28)
Referent groups
Men who did not serve in Vietnam 925 (1643) 91.0 (282) 1.14 (1.71-1.83)
Men who served in the
military but not in Vietnam 38.4 (682) 345 (107) 1.09 (..62-1.91)
Men who served at any time from
1964 to 1972 in the military
but not in Vietnam® 11.4 (203) 11.3 (35) 1.23 (..65-2.36)
Men who never served in the military 54.1 (961) 56.5 (175) 117 (3.71-1.92)

2 The percentage of controls or cases in the indicated exposed or referent group

® Qdds ratios estimate the risk of Hodgkin's disease for the exposed group relative to the risk for the indicated
referent group; they have been adjusted for registry, age group in 1968, and the other risk factors listet! in Table
5.3 (Mode! 3). Odds ratios were calculated by using unconditiona logistic regression

¢ The exposed group is restricted to men who served in the military in Vietnam at any time from 1964 to 1972 (130
controls and 26 cases)
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Table 5.5. Histologic Classification of Malignancies Among Men With Hodgkin’s Disease, by
Military Service in Vietnam

Stationed in Vietnam or off the Coast of Viwélnam

IcD-0 No Yes
Classification Code® % (N) %° (N
Hodgkin's disease, NOS® 96503 25 (7) 107 (3) "
Hodgkin’s disease, lymphocytic predominance 96513 8.9 (25) 71 (2)
Hodgkin's disease, mixed cellularity 96523 23.0 (65) 143 (4)
Hodgkin’s disease, nodular sclerosis 96563 65.6 (185) 67.9 (19)
All Hodgkin’s disease cases (Total) 100.0 (282) 100.0 (28)

& International Classification of Diseases for Oncology, 1976
® Percentage of cases in each Vietnam service category with the indicated histology
¢ Not otherwise specified

5.3.2 Characteristics of Military Service in Vietnam
As Table 5.6 shows, the estimated risk of Hodgkin’s disease by both branch of servic: and

place of service relative to that for men who never served in the U.S. military fluctuate : only
modestly. The estimated risks were somewhat higher for men who served in Vietnam in the
Air Force or Marines (and for Marines who did not serve in Vietnam), but none were
statistically different from 1.0. The variation in relative risks across branch of servi:e for
Vietnam veterans lacked statistical significance.

Several attributes of military service in Vietnam, shown in Table 5.7, were not asso :iated
with differences in risk. Risks did not significantly vary according to calendar year of se:vice,
age at first tour in Vietnam, rank at the end of the first tour, or service in lil Corps (the 1:gion
most heavily sprayed with Agent Orange). Neither was there a consistent trend in ris« with
duration of service. Although the men who were in Vietnam for 1 to 1.4 years tended tc have

Table 5.6. Association Between Branch of Military Service and Hodgkin’s Disease, by
Vietnam Veteran Status

Non-Vietnam Veterans Vietnam Veterans
Hodgkin’s Hodgkin’s
Disease Disease
Controls Cases Controls Cases
(N = 682" (N = 107)° Odds Ratio® (N = 133) (N = 28) Odds Ratio®
Branch (95% Confidence (95% Confidence
of Service %" (N) %® (N) Interval) % (N} %° (N) Interval) P value
Army 52.5 (358) 356 (38) 0.78 (0.52-1.17) 52.6 (70) 429 (12) 1.00 (0.51-1.97)
Air Force 18.2 (124) 215 (23) 1.36 (0.81-2.29) 135 (18) 17.9 (5) 1.69 (0.58-4.89) B}
).80
Marines 5.7 (39) 11.2 (12) 1.77 (0.86-3.63) 9.8 (13) 143 (4) 1.73 (0.51-5.88)
Navy 17.0 (116) 22.4 (24) 1.34 (0.81-2.24) 233 (31) 25.0 (7) 1.06 (0.43-2.59)
Coast Guard 0.7 (5) — (0) —° 0.8 (1) — (0) —°

& The sum of the subjects in all branches is less than N because information concerning branch of servi:2 was
missing for 50 men

b Percentage of controls or cases in the specified branch

° Odds ratios estimate the risk of Hodgkin’s disease for a given category relative to the risk among men 'ith no
military service (961 controls and 175 cases); they have been adjusted for registry, age group in 1968, :id the
other risk factors listed in Table 5.3 (Model 3) by using unconditional logistic regression

¢ Null hypothesis: no difference in the odds ratio across branches among Vietnam veterans

° Odds ratio and confidence interval were not calculated because of a zero cell
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Table 5.7. Association Between Selected Characteristics of Military Service in Vietnan and
Hodgkin’s Disease

Hodgkin’s
Controls Disease Cases
(N = 1776) (N = 310) 0dds Ratio®
(95% Confidence
Characteristic %*  (N) %* (N) Interval) P-value®
No military service in Vietnam — (1643) — (282) Referent
Military service in Vietnam — (133) — (28) 1.14 (0.71-1.83)
Duration of service in Vietnam (years)
<1 59.9 (79) 46.4 (13) 0.86 (0.45-1.65)
1t01.4 13.6 (18) 28.6 (8) 2.43 (0.98-5.99) 0.33
15t01.9 9.9 (13) 10.7 (3) 1.14 (0.30-4.37)
=2 16.7 (22) 14.3 (4) 1.11 (0.36-3.45)
Unknown — (1) — (0)
Calendar years stationed in Vietnam
Before 1966 7.5 (10) 36 (1) 0.41 (0.05-3.44)
1966 to 1969 78.2 (104) 67.9 (19) 1.11 (0.64-1.93) 0.42
After 1969 14.3 (19) 28.6 (8) 1.63 (0.66-4.02)
Unknown — (0} — (0)
Age at beginning of first
tour in Vietnam (years)
<21 429 (57) 53.6 (15) 1.15 (0.61-2.18)
211025 37.6 (50) 3214 (9 1.06 (0.49-2.29) 0.95
=26 19.6 (26) 143 (4) 1.31 (0.42-4.10)
Unknown — (0) — (0)
Rank at end of fast tour in Vietnam®
E1 to E3 16.2 (21) 17.9 (5) 1.07 (0.37-3.04)
E4 to E9 73.1 (95) 75.0 (21) 1.19 (0.70-2.04) 0.97
Officer 10.8 (14) 714 (2) 1.33 (0.28-6.26)
Unknown — 3 — (0)
Type of unit in Vietnam
Support 53.5 (69) 71.4 (20) 1.58 (0.90-2.77)
Combat Support 26.4 (34) 10.7 (3) 0.50 (0.14-1.76) 0.17
Combat 20.2 (26) 17.9 (5) 0.94 (0.34-2.59)
Unknown — (4) — (0)
Corps in Vietnam
| 18.9 (23) 259 (7) 1.67 (0.67-4.18)
] 24.6 (30) 11.1 (3) 0.52 (0.15-1.81) 0.59
il 32.8 (40) 33.3 (9) 1.25 (0.57-2.75)
v 3.3 (4) 3.7 (1) 0.93 (0.09-9.82)
Blue water Navy® 20.5 (25) 25.9 (7) 1.39 (0.56-3.46)
Unknown — (11) — (1)
Ever in lll Corps in Vietnam
No 36.8 (46) 35.7 (10) 1.27 (0.60-2.67)
Yes 432 (54) 39.3 (11) 1.12 (0.55-2.27) 0.92
Blue Water Navy® 20.0 (25) 25.0 (7) 1.42 (0.57-3.52)
Unknown — (8) — {0)
Land vs. sea duty in Vietnam
All land-based Men 81.2 (108) 75.0 (21) 1.08 (0.64-1.82)
All branches other than Navy 76.7 (102) 75.0 (21) 1.18 (0.70-2.00)
Navy —shore 30 (4) - (0) -t 0.619
Navy —brown water 15 (@ — (0) —t
Sea-based blue water Navy 18.8 (25) 25.0 (7) 1.41 (0.57-3.50)

2 Percentage of case or control subjects who served in Vietnam with the specified characteristic (unknowns excluded

b Odds ratios estimate the risk of Hodgkin’s disease for a given category of men relative to the risk among men who (I 1 not serve
in Vietnam;, they have been adjusted for registry, age group in 1968, and the other risk factors listed in Table 5.3 (Mod¢| 3) by using
unconditional logistic regression

© Nul hypothesis: no difference in the odds ratio across subgroups

9 In the Army, ranks E1 to E3 correspond to the various levels of private, rank E4 1o corporal, and ranks ES5 to E9 to the v rious levels
of sergeant

¢ Corps does not apply to Navy men stationed on ocean-going vessels

' Odds ratio and confidence interval were not calculated because of a zero cell

2 Null hypothesis: no difference in the odds ratio between all land-based men combined and sea-based blue water N.1ry men
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a higher estimated risk than men who did not serve in Vietnam, (OR=2.43, 95% Ci
0.98-5.99), risks were very close to 1.0 for men who served for longer periods (1.5-1.9 ye:rs
or =2 years). Small differences in risk by type of unit (combat, combat support, or suppc t),
region of duty in Vietnam, or type of Navy duty (shore, brown water, blue water) were also ' ot
significant.

When we examined the association between self-perceived contact with Agent Orari Je
and Hodgkin’s disease among Vietnam veterans (Table 5.8), we did not find any charac ir-
istic to be associated with an increased risk. For example, the men who reported that they had
passed through a defoliated area in Vietnam did not have a higher risk for Hodgkin’s diseiise
relative to other Vietnam veterans (OR=0.65, 95% CIl 0.25-1.67). Only 1 of the 28 Vietnum
veterans with Hodgkin'’s disease reported getting Agent Orange on his skin or clothes, iind
none reported handling equipment or containers used with Agent Orange or spraying Agent
Orange.

Table 5.8. Association Between Self-Reported Possible Contact With Agent Orange® and
Hodgkin’s Disease Among Men Who Served in the Military in Vietnam

Hodgkin’s
Controls Disease Cases N
(N = 133) (N = 28) Odds Rgti(.
(95% Confiderice
Characteristic Category %"  (N) %°*  (N) Interval)
Reported passing through No 65.4 (87) 71.4 (20)
a defoliated area Yes 34.6 (46) 28.6 (8) 0.65 (0.25-1.37)
Reported any possible contact No 74.4 (99) 75.0 (21)
with Agent Orange® Yes 25.6 (34) 250 (7) 0.76 (0.28-2.)7)
Reported being present when others No 89.5 (119) 929 (26)
were spraying Agent Orange Yes 10.5 (14} 71 (2) 0.74 (0.15-3.37)
Reported getting Agent Orange on No 92.5 (123) 96.4 (27)
skin or clothes Yes 75 (10) 36 (1) 0.47 (0.06-3.39)
Reported handling equipment or
containers that had been used No 97.7 (130) 100.0 (28)
with Agent Orange Yes 23 (3) = (0 —°
Reported spraying Agent Orange No 98.5 (131) 100.0 (28)
Yes 1.5 (2) = (0 —° _

2 includes other herbicides

® Percentage of case or control subjects who served in the military in Vietnam with the specified characteristi:

© Odds ratios estimate the risk of Hodgkin’s disease relative to the risk among men who did not report the spe :ific
exposure but who served in the military in Vietnam; they have been adjusted for registry, age group in 1968, ind
the other risk factors listed in Table 5.3 (Model 3) by using unconditional logistic regression

¢ Includes all contacts listed below as well as any other mention of Agent Orange

¢ Odds ratio and confidence interval were not calculated because of a zero cell

We studied the pattern of risk over the time since service in Vietnam (Table 5.9), althouigh
the relatively short time span of the study and of the extensive American involvemer: in
Vietnam resulted in a narrow distribution of latency periods. Within the confines of this study
(periods of <17 years to =22 years), however, there was no evidence that the ris« of
Hodgkin’s disease varies with the time since service in Vietnam.

5.3.3 Sensitivity Analyses

The results of various sensitivity analyses are shown in Table 5.10. In general, our
estimated relative risk of 1.14 varied only slightly according to various inclusion and exclu:ion
criteria, and none of the ORs was statistically significant. The highest relative risk was scen

after we excluded men who were 30 years of age and older in 1968 (OR=1.24, 959%: CI
0.76-2.02).
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Table 5.9. Risk of Hodgkin's Disease Among Vietnam Veterans, by Number of Years Since
Start of First Tour in Vietnam

Hodgkin’s

Controls Disease Cases .

(N = 133) (N = 28) Odds Rgtuo
Number of Years Since Start — —_— (95% Confidence
of First Tour in Vietham® %®° (N) %° {N) Interval) P-value®
<17 15.0 (20) 214 (6) 1.12 (0.43-2.96)
17 to 18 30.8 (41) 21.4 (6) 0.68 (0.27-1.74) 0.99
19 to 21 41.4 (55) 50.0 (14) 1.73 (0.90-3.33)
=22 128 (17) 71 (2) 0.68 (0.15-3.18)

2 For cases, the end of the latency period is the date of diagnosis; for controls, it is the date the registry 'vas notified
of selection

® The percentage of controls and cases who served in Vietnam in the specified category

¢ Odds ratios estimate the relative risk of Hodgkin's disease; they have been adjusted for registry, age gicup in 1968,
and the other risk factors listed in Table 5.3 (Model 3) by using unconditional logistic regression. \len with no
military service in Vietnam form the referent group (1,643 controls and 282 cases)

9 Test for a linear trend in the odds ratio as calculated from a logistic regression model

Table 5.10. Association Between Military Service in Vietham and Hodgkin’s Disease Among
Selected Groups of Men

Table :; 3, Model 3

Od is Ratio
Hodgkin's (95% . onfidence
Controls Disease Cases Irierval)
Men in main analyses 1773 310 114 10.71-1.83)
Sensitivity Analyses®
Additions to analyses:
Men with AIDS or an AIDS-related condition 1774 327 1.08 (0.68-1.72)
Men who were in Vietnam or off its coast, but
not stationed there (include as exposed) 1800 311 0.99 10.63-1.56)
Exclusions from analyses:
Men without a telephone in the household 1755 300 1.08 {0.67-1.74)
Men interviewed in person 1749 304 1.06 (0.66-1.72)
Men whose interview was not rated as good
or excellent 1743 308 1.16 0.73-1.86)
Men who were 30 or older in 1968 1010 216 1.24 (0.76-2.02)
Case subjects with a proxy interview 1773 305 1.15 (0.72-1.84)
Men whose Vietnam service could not be confirmed® 1766 309 1.16 {0.72-1.88)

o

Sensitivity analyses show the effect of adding (or removing) men to (or from) the main analysis. Eact addition (or
exclusion) is applied separately. Numbers of controls and cases are numbers remaining in analyses af: :r additions
or exclusions

b Men who gave permission for military records review, whose records were located, and whose Viet-am service
could not be confirmed were excluded

5.4 SUMMARY

Our results indicate that Vietnam veterans are not at higher risk for Hodgkin's: disease
compared with (1) men who did not serve in Vietnam, (2) men who served in the mrilitary, but
not in Vietnam, and (3) men who did not serve in the military. Furthermore, we found no
attributes of military service that identify subgroups of Vietnam veterans with a hig- er risk of
Hodgkin's disease. The relative risk did not vary according to branch, calendar year. duration,
location, rank, age at the beginning of service in Vietnam, or several self-reporte:| assess-
ments of exposure to Agent Orange. In addition, there were no significant differen:es in the
risk among Vietnam veterans relative to that among other men from 15 to 25 year; after the
beginning of their military service in Vietnam. Although a negative study raises the: question
of statistical power, we had a power of 96% for detecting a relative risk of 2.0 (Tz e 2.5).

We discuss these results further in Chapter 9.
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6. NASAL CANCER

6.1 BACKGROUND

Nasal cancer is extremely rare; the average annual incidence among men ages 30 t: 59
years (the age range included in this study) is only 0.8 per 100,000 persons (Young e al.,
1981). Peak rates of this malignancy occur among persons between the ages of 65 an: 75
years (Redmond et al., 1982).

There is some concern that exposure to Agent Orange (and its contaminant 2,3,7,8-TCIDD)
in Vietnam has increased the risk of cancer of the sinonasal cavities among Viet-am
veterans. Although animal experiments have shown that TCDD causes tumors of the nasal
turbinate in rats (IARC, 1987), evidence linking TCDD or phenoxyherbicides with cancur of
this site in humans is weak. Early studies of agricultural workers reported nonsignifi: ant
deficits in nasal cancers (Williams et al., 1977; Wiklund et al., 1981). In 1982, howe:rer,
Hardeli and coworkers reported, for a combined nasal and nasopharyngeal cancer c¢ase
group, an increased risk estimate of 2.1 (95% CI 0.9-4.7) for exposure to phenoxyherbicijes
for at least 1 day (Crude odds ratios provided for the cancers separately were 1.8 (nasal) .and
2.0 (nasopharyngeal).) Although Gallagher and coworkers (1984) reported a nonsignifi: ant
increase among British Columbia farmers, the results of most later studies showecd! no
association between suspected agricultural exposures to phenoxyherbicides and cancor of
the sinonasal cavity (Hernberg et al., 1983; Milham, 1983).

In 1986, Coggon and coworkers examined mortality and cancer incidence armiong
manufacturers and sprayers of the phenoxyherbicide, 2 methyl-4 chlorophenoxyacetic ac 1 (a
phenoxyherbicide that is not contaminated with TCDD). Nasal cancer was the cause of d:ath
for 3 of the 5,754 men whose cases were followed from 1947 through 1983 (0.7 deaths wwere
expected). All 3 men were at high potential for exposure to phenoxyherbicides; the dur:ion
of exposure, however, was only between 1 and 6 months. Because of the small numbers .and
the lack of nasal cancer cases among men exposed for longer periods, these results mus: be
interpreted cautiously.

Because of the difficulty in measuring past exposure to Agent Orange, its possible ef‘ect
on cancer among Vietnam veterans has been studied only indirectly by comparing ca-cer
occurrence among Vietnam veterans with that in other groups. An increase in deaths for nusal
cancer has been reported (Lawrence et al., 1985); however, the results were based on unly
three deaths among Vietnam veterans. In other studies of Vietnam veterans, researc-ers
have not reported resuits specific for this anatomical site (Anderson et al., 1986, Bailey et al.,
1986; Breslin et al., 1988; Thomas et al., 1990).

Numerous factors affect the risk of nasal cancer. Excesses in this type of cancer have teen
reported among workers who manufacture chrome pigment, mustard gas, isopropyl alcc10l,
textiles and clothing (cotton and wool), boots and shoes, and petrochemicals; among wor «ers
in nickel refineries, among workers whose jobs involve cutting oils; among radium iial
painters; and among wood workers in various industries (Redmond et al., 1982; Ache:on,
1986). Cigarette smoking (Elwood, 1981; Brinton et al., 1984; Hirayama, 1984; Hayes e: al.,
1987), chronic sinusitis and previous nasal problems (Shimizu et al., 1989), and low
socioeconomic status (Redmond et al.,, 1982) have been positively associated with this
malignancy. In addition, the incidence of nasal cancer is increased among Hawaii:ns,
American Indians, and Chinese Americans (Redmond et al., 1982).

In 1983, acting on the recommendations of reviewers, researchers in the Selected Can:ers
Study added cancer of the sinonasal cavities to the group of malignancies to be include:1 in
the study. During the study we focused on the risk of this cancer after Vietnam servic: in
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general and reviewed the characteristics of military service in Vietnam, some of whic: 1 may be
indicative of greater potential for exposure to Agent Orange.

6.2 METHODS

Chapter 2 provides an overview of the study’s design, how it was conducted, an: how the
data were analyzed. Here we further discuss several topics discussed in Chapter :..

6.2.1 Subjects and Sources of Data

Nasal cancer was defined to include malignancies of the sinus or nasal cavities (,\ppendix
A shows the ICD-O codes that were eligible for the study.) Eight participating tumor ‘egistries
identified 89 men, born between 1929 and 1953, who had malignancies diagnosec between
December 1, 1984, and November 30, 1988. Ninety percent of the eligible case subje:cts were
interviewed by using a standardized questionnaire, and pathology specimens were obtained
for all but two (Table 2.4). Because we used a site-specific definition for nasal c: 1cer, our
case group included various histologic types that differ in their sensitivity to rist. factors.
Known risk factors for nasal cancer are related specifically to the carcinomas. For i2xample,
wood working is associated with adenocarcinoma, smoking is associated with squarnous cell
carcinoma, and shoe manufacturing and repair is associated with both. Ther:fore, we
restricted most analyses of nasal malignancies to carcinomas. Our case group incliides 74%
of the 70 men whose malignancy was confirmed by an expert nasal and nasopliaryngeal
pathology panel.

As discussed in Chapter 2, the category of men with confirmed malignancies ¢omprises
two groups: those with definite nasal carcinoma and those with probable nasal ciircinoma.
The latter group consists of one man whose cancer was diagnosed by the pathology' panel as
“consistent with a nasal primary” on the basis of a histologic review of a metastatic t. mor. We
included this probable case in our analyses.

Twenty-two men were excluded from most analyses either because they did 1ot have
carcinoma or because they met the other exclusion criteria defined in Chapter 2 (not a
confirmed malignancy, military service unknown, in Vietnam but not stationed there, tiad AIDS
or an AIDS-related condition, or not-a resident of the United States before 1969). :xcluding
these men left only 48 subjects with cases of nasal carcinoma for comparison vith 1,776
random digit dialing (RDD) control subjects. (Chapter 2 contains a thorough explana ion of our
methods for selecting a control group. Table 2.4 shows the number of men dentified,
interviewed, and included in our analyses.) The sensitivity of our results to the inclsion and
exclusion criteria was assessed in supplemental analyses.

6.2.2 Statistical Analyses

Because of the study’s matched design and small number of cases, we used c:nditional
logistic regression to calculate the risk estimates presented in this chapter. Tc facilitate
interpretation, we limited the number of potential confounders in the final moc2i to the
following factors: racial or ethnic group, education, history of cigarette smoling, and
occupational exposure to wood dust. When possible, we calculated exact 9%i% mid-p
confidence intervals (SERC, 1990) for the association between Vietnam seivice and
carcinoma. We did not assess effect modification because of the sparsity of data.

In most analyses the referent group consisted of men who did not serve in Vietnain. These
analyses had an 80% power to detect an increased OR of about 2.8. (Table 2.5 shows the
power estimates for detecting risk estimates of 1.5, 2.0, and 4.0 for this cancer.) We also
examined the effect of using other definitions of nonexposed. We did not perform subgroup
analyses of military characteristics because only 2 of the 48 nasal carcinoma subjects
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reported having been stationed in Vietnam. For both of these men, the U.S. Army and .Joint
Services Environmental Support Group (ESG) confirmed military service in Vietnam.

6.3 RESULTS

6.3.1 Overall Association

The distribution of case and control subjects among each of the 40 registry and
age-in-1968 cells is shown in Table 6.1. The overall ratio of the number of nasal carcinima
subjects to the number of control subjects was about 1:37.

As Table 6.2 shows, compared with men in the control group, men with nasal carcin:ma
were older, were more likely to be black, had less formal education, and were more likely to
have smoked cigarettes. In exposure to herbicides and chlorophenols, we observed unly
minor differences between the two groups. Few case or control subjects reported expo;ure
to several occupational risk factors. For example, 8% (4/48) of men with nasal carcinoma iand
5.7% (101/1,776) of control subjects reported having worked in a pulp, saw, or planing rill.

Table 6.1. Distribution of Men With Nasal Carcinoma and Distribution of Control Subjects, hy
Registry and Age in 1968

Age in 1968 (Years)

Registry 15-19 20-24 25-29 30-34 35-39 To:al
1 1: 202 0: 34 1: 35 1: 24 1: 29 4: 142
2 0: 37 0: 56 1: 49 6: 69 3: 74 10: 285
3 0: 39 1: 30 2: 58 2: 51 1: 69 6: 247
4 1: 31 0: 25 0: 36 0: 29 3: 45 4: 166
5 0: 17 0: 24 0: 14 3: 25 0: 22 3: 102
6 0: 89 1:102 0: 89 3: 80 3: 73 7: 433
7 0: 42 3: 46 2: 46 1: 41 4: 70 10: 245
8 0: 27 0: 37 2: 30 0: 30 2: 32 4: 156

Total 2:302 5:354 8:357 16:349 17:414 48 776

2 N cases:N controls

Table 6.2. Distribution of Selected Covariates® Among Men With Nasal Carcinoma and Amung
Control Subjects

Nasal
Controls Carcinoma Cases
(N = 1776)° (N = 48)* .
% (N) % (N
Design characteristics
Registry
1 8.0 (142 83 (4
2 16.0 (285) 208 (10)
3 13.9 (247) 125 (6)
4 9.3 (166) 83 (4)
5 57 (102) 6.3 (3)
6 24.4 (433) 146 (7)
7 13.8 (245) 20.8 (10)
8 8.8 (156) 83 (4)
Age in 1968 (years)
15to 19 17.0 (302) 42 (2)
20 to 24 19.9 (354) 10.4 (5)
2510 29 201 (357) 16.7 (8)
3010 34 19.7 (349) 33.3 (16)
35 to 39 23.3 (414) 354 (17)
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Table 6.2. Distribution of Selected Covariates® Among Men With Nasal Carcinoma a1d Among
Control Subjects — Continued

Nasal
Controis Carcinoma Ca:32s
(N = 1778)° (N = 48)°
% (N) % (N

Stationed in Vietnam or off the coast
of Vietnam 7.5 (133) 42 (2)

Other reported characteristics
Racial/ethnic group

White non-Hispanic 84.3 (1497) 79.2 (38)

Black non-Hispanic 8.1 (143) 146 (7)

Hispanic 5.6 (99) 21 (1)

Asian 1.7 (31) 21 (1)

Other/unknown 03 (6) 21 ()
Highest level of education completed

Less than high school 11.3 (200) 208 (10)

High school, technical school 29.5 (523) 39.6 (19)

1 to 3 years of college 20.6 (366) 25.0 (12)

4 or more years of college 38.6 (686) 146 (7)
Smoked cigarettes regularly 66.8 (1186) 854 (41)
Drank alcohol regularty 711 (1262) 875 (42)
Never married 7.3 (129) 63 (3
Lived or worked on a farm or ranch 44.8 (796) 375 (18)
Sprayed or mixed any herbicide on a

farm or ranch 9.6 (170) 10.4 (5)
Contact with herbicides on a farm or

ranch, 21 or more days per year,

5 or more years, before the

date of diagnosis® 24 (43) 21 (1)
Sprayed or mixed any herbicide for

right-of-way maintenance, lawn care,

or forestry work 7.3 (129) 6.3 (3)
Occupational exposure to phenoxy-

herbicides 5.9 (105) 6.3 (3)
Occupational exposure to chloro-

phenois 11.3 (200) 104 (5)
Occupational exposure to 2,4,5-T 09 (16) 42 (2)
Occupational exposure to 2,4-D 58 (103) 6.3 (3)
Worked in leather tanning 05 (8) 21 (1)
Worked around shoe or leather dust 1.4 (25) — (0
Worked in a pulp, saw, or planing mill 57 (101) 83 (4)
Worked with or around wood

preservatives 11.8 (209) 83 (4)
Worked with or around wood dust 26.7 (474) 29.2 (14)
Worked with or around plywood 23.8 (422) 250 (12)
Worked in metal plating 3.4 (61) 42 (2)
Worked with or around nickel 6.7 (119) 42 (2)
Worked with or around chromium 6.1 (109) 21 (1)
Worked with or around radiation 12.6 (223) 125 (6)
Worked with wood in a hobby 246 (437) 188 (9)
Worked with or around cutting oils 20.5 (364) 208 (10,
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Table 6.2. Distribution of Selected Covariates® Among Men With Nasal Carcinoma and .!. mong
Control Subjects — Continued

Nasal
Controls Carcinoma Cases
(N = 1776)° (N = 48)°
%° (N) %° (N)

Had sinus infections in previous 5
years with first occurrence 5 or more
years before the date of diagnosis® 6.6 (117) 21 (1)

Had other sinus problems in previous 5
years with first occurrence 5 or more

years before the date of diagnosis® 29 (51) 21 (1)
Had nose bleeds 5 or more years

before the date of diagnosis® 59 (105) )
Had nasal polyps 5 or more years

before the date of diagnosis® 1.5 (27) — {0)
Used nasal drops or sprays 5 or more

years before the date of diagnosis® 4.1 (72) 42 (2)

2 The covariates are described in the text

® information on education was missing for one non-Vietnam veteran control

¢ Percentage of cases or controls with the specified characteristic

9 For controls, 5 or more years before the date the registry was notified of selection

Only 4% (2/48) of men with nasal carcinoma served in Vietnam compared with 7.5%
(133/1776) of the men in the control group. After we controlled for the design factors, tti2 OR
was 0.70 (exact 95% Cl 0.08-2.95) (Table 6.3). Further adjustment for racial or ethnic ¢} oup,
education, history of cigarette smoking, and occupational exposure to wood dust protluced
little change in this association (OR=0.66, 95% Ci 0.15-2.91). Occupational exposiire to
phenoxyherbicides, chlorophenols, or farming or nonfarming herbicides did not confound this
relationship; adding all of these factors to Model 3 (Table 6.3) resulted in an OR of 0.67 (95%
Cl 0.15-2.98). None of these results indicates that men who served in Vietnam had a tigher
risk for nasal carcinoma. The covariates included in Model 3 (Table 6.3) are controlled ior in
all subsequent analyses.

Because of the relatively small nhumber of men with nasal carcinoma, the use of difie:rent
referent (nonexposed) groups resulted in different risk estimates, but in no instance \vere
Vietnam veterans at significantly increased risk (Table 6.4). For example, restricting the
referent group to the 710 men who served in the military in places other than Vietnam (of
whom 28 had nasal carcinoma), yielded an OR of 0.37 (95% CI 0.08-1.83), and restricling it
to men who had no active military service (of whom only 18 had nasal carcinomay), yield¢:1 an
OR of 1.38 (95% Cl 0.28-6.81).

Table 6.3. Association Between Military Service in Vietham and Nasal Carcinoma

Odds Ratio®
(95% Confidence
Model* Interval)
1. Adjusted for registry and age group in 1968 0.70 (0.08-2.95)¢
2. Adjusted for registry, age group in 1968,
racial/ethnic group?, and education 0.67 (0.15-2.96)

3. Adjusted for—
all variables in Mode! 2
reported occupational or lifestyle characteristics
—history of smoking cigarettes
—occupational exposure to wood dust 0.66 (0.15-2.91)
# One control was excluded from all models because level of education was not known
® Odds ratios estimate the relative risk and were calculated by using conditional logistic regression. The referent group is com xised
of men who did not serve in Vietnam
¢ Exact confidence interval
9 White, black, other
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Table 6.4. Risk of Nasal Carcinoma Among Vietnam Veterans Relative To the Risk /imong
Four Referent Groups

Nasal
Controls Carcinoma Cages b
(N = 1776) (N = 48) Ouls Ratio
——e e (95% Confidence
Risk Group % (N) %®  (N) ‘nterval)
Exposed group
Men who served in Vietnam 7.5 (133) 42 (2)
Referent groups
Men who did not serve in Vietnam 92.5 (1643) 95.8 (46) 0.66 (0.15-2.91)
Men who served in the
military but not in Vietnam 38.4 (682) 58.3 (28) 0.37 (0.08-1.83)
Men who served at any
time from 1964 to 1972 in the
military but not in Vietnam® 11.4 (203) 16.7 (8) 0.31 (0.04-2.20)
Men who never served in the military 54.1 (961) 37.5 (18) 1.38 (0.28-6.81)

® The percentage of controls or cases in the indicated exposed or referent group

® Qdds ratios estimate the risk of nasal carcinoma for the exposed group relative to the risk for the indicited referent
group; they have been adjusted for registry, age group in 1968, and the other risk factors listed in Tat 13 6.3 (Model
3). Odds ratios were calculated by using conditional logistic regression

¢ The exposed group is restricted to men who served in the military in Vietnam at any time from 1964 1o 1972 (130
controls and 2 cases)

The two Vietnam veterans with nasal carcinoma served in the Army for 1 year o' less. Both
men served in support units in lll Corps. Neither reported direct contact with Ageat Orange
though one case reported passing through a defoliated area. When the case :eries was
expanded to include all malignancies, we identified one additional Vietnam vetere n—a Navy
veteran who served off the coast of Vietnam for 26 months. A reanalysis that i cluded all
malignancies altered the OR only slightly (OR=0.72, 95% CI 0.21-2.44).

Table 6.5 provides the histologic classification of malignancies among m2n in the
expanded case group by Vietnam service status. The distribution of cancers is comparable
with what would be expected on the basis of the distribution of histologic types in ‘e general
population.

6.3.2 Sensitivity Analyses

Because we decided to exclude case subjects who fit specific criteria before ar:lyzing the
data, we performed sensitivity analyses to assess the effect of these exclusions on our risk
estimate. Table 6.6 presents the results of these analyses. We evaluated the gotential for
information bias as a result of our using only certain interview data in some of thes« analyses
(data on men whose interview was rated good or excellent, data on men who were
interviewed by phone only, or data that were self-reported). Model 3 (Table 6.3) w:s used for
all analyses. Differences in the risk estimates were negligible. Similarly, changes i1 the case
definition, based on pathology information, did not affect the risk estimate. An analysis that
included only case and control men in the three youngest age groups changed tt 2 direction
of the association; however, the risk estimate was based on only 16 nasal carcinima cases
and was highly unstable (95% Ct 0.25-6.51).

6.4 SUMMARY

No association was found between military service in Vietnam and nasai :arcinoma,
regardless of referent group. Nor did changes in the case definition significantly affect this
result. The small numbers of cases, however, limits our ability to detect small incre: ses in risk.

We discuss our results further in Chapter 9.
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Table 6.5. Histologic Classification of Malignancies Among Men With Nasal Cancer, by
Military Service in Vietnam

Stationed in Vietnam or o%‘
the Coast of Vietnam

ICD-0 __No Vis
Classitication Code® %° (N) %® (N)
Malignant neoplasm, NOS® 80003 17 (1) - (0)
Carcinoma (Total) 78.0 (46) 66.7 (2)
Carcinoma, undifferentiated 80203 1.7 (1) - (0)
Small cell carcinoma, NOS 80413 1.7 (1) - (0)
Mucoepidermoid carcinoma 84303 1.7 (1) — (0)
Squamous cell carcinoma (Subtotal) 59.3 (35) 66.7 (2)
Squamous cell carcinoma,
keratinizing 80713 52.5 (31) 66.7 (2)
Squamous cell carcinoma,
nonkeratinizing 80733 6.8 (4) — (0)
Adenocarcinoma (Subtotal) 136 (8) - (0)
Adenocarcinoma, NOS 81403 51 (3) - (0)
Adenoid cystic carcinoma 82003 51 (3) - (0)
Mucinous adenocarcinoma 84803 1.7 (1) - (0)
Mucin-producing adenocarcinoma 84813 1.7 (1) — (0)
Sarcoma (Total) 85 (5 - (0)
Sarcoma, NOS 88003 1.7 (1) - (0)
Chondrosarcoma, NOS 92203 1.7 (1) - (0)
Esthesioneuroblastoma 95223 51 (3) — (0)
Lymphoma (Total) 11.9 (7) 33.3 (1)
Malignant lymphoma, NOS 95903 10.2 (6) 333 (1)
Malignant lymphoma, diffuse, large cell 96403 1.7 (1) — (0)
All nasal cancer cases (Total) 100.0 (59) 100.0 (3)

2 |nternational Classification of Diseases for Oncology, 1976

b Percentage of cases in each Vietnam service category with the indicated histology

¢ Not otherwise specified

@ One case was diagnosed on the basis of a metastatic tumor consistent with a nasal primary

Table 6.6. Association Between Military Service in Vietham and Nasal Carcinoma Among
Selected Groups of Men

Table 6.3, Mod 33

Nasal Odds Ratin
Carcinoma (95% Confider ce
Controls Cases Interval)
Men in main analyses 1775 48 0.70 (0.16-3.05)
Sensitivity Analyses®
Additions to analyses:
Men with AIDS or an AiDS-related condition 1776 49 0.64 (0.14-2.31)
Men who were in Vietnam or off its coast, but
not stationed there (include as exposed) 1802 49 0.87 (0.25-3.1))
Case subjects whose diagnosis was not
confirmed because a specimen was not obtained
or was deemed inadequate for review 1775 49 0.64 (0.14-2.1}1)
Case subjects with any malignancy of a sinonasal
site (includes lymphomas and sarcomas) 1775 62 0.72 (0.21-2.414)
Exciusions from analyses:
Men without a telephone in the househoid 1757 45 0.69 (0.15-3.(13)
Men interviewed in person 1751 47 0.67 (0.15-2.¢4})
Men whose interview was not rated as good or excellent 1745 44 0.78 (0.17-3.<03)
Men who were 30 or older in 1968 1012 16 1.27 (0.25-6.5()°
Case subjects with a proxy interview 1775 42 0.79 (0.18-3.£%)
Case subjects with other than definite nasal carcinoma 1775 47 0.71 (0.16-3.1¢)

@ Sensitivity analyses show the effect of adding (or removing) men to (or from) the main analysis. Each addition (or exclusior ) is
applied separately. Numbers of controls and cases are numbers remaining in analyses after additions or exclusions
® Excludes 18 of 133 Vietnam veteran control subjects and no Vietham veteran case subjects
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7. NASOPHARYNGEAL CANCER

7.1 BACKGROUND

Nasopharyngeal cancer is an extremely rare malignancy, occurring in the United States at
a rate of about 1.2 per 100,000 among men ages 30 to 59 (Young et al., 1981). The ncidence
rate of this malignancy tends to rise in younger age groups, and, unlike the incidenc : for many
cancers, does not increase sharply in older age groups. The incidence rates are similar for
blacks and whites, except that the rate has a minor peak among young blacks (Shanmuga-
ratnam, 1982).

Concerns that exposure to Agent Orange (and its contaminant 2,3,7,8-TCDD) may have
increased the risk of this malignancy among men who served in the military in Vie nam were
raised in 1982 by the results of a Swedish case-control study. In this investigation, +.ardell and
coworkers reported a nonsignificant twofold increase in risk (odds ratio (OR)=2.1, 95% Cli
0.9-4.7) for nasal and nasopharyngeai cancers combined among men reporting e (posure to
phenoxy herbicides for at least 1 day. (Crude ORs provided for the cancers separ: tely were
1.8 (nasal) and 2.0 (nasopharyngeal).)

The results of other epidemiologic research lend little support to the findings of +l.ardell and
coworkers (1982). Only indirect evidence of an association between exposure t¢ phenoxy-
herbicides and nasopharyngeal cancer can be hypothesized from results in a 1981 1eport (Yu
et al.) that showed increased standardized incidence ratios for male and female “‘armhands
(standardized incidence ratio=2.7 and 4.5, respectively, p-values not providec. in Hong
Kong. In mortality studies of herbicide manufacturers (Lynge, 1985; Coggon et :l., 1986),
investigators have not reported doing analyses of the association between phenox\'herbicide
exposures and nasopharyngeal cancer. Because this cancer is so rare, these investigators,
in their reports, have grouped it with other cancers of the pharynx or with all can:ers of the
oral cavity.

Because of the difficulty in measuring past exposure to Agent Orange, its pos:; ble effect
on cancer among Vietnam veterans has been studied only indirectly by compar ng cancer
occurrence among Vietnam veterans with that in other groups. As with studies of herbicide
manufacturers, results of analyses specific to cancer of the nasopharynx have not been
reported (Bailey et al., 1986; Breslin et al., 1988; Thomas et al., 1990).

Both environmental and genetic factors appear to play a role in the occ.rrence of
nasopharyngeal cancer. In certain populations, such as the Chinese and Vietnzinese, the
incidence of this malignancy is high (Shanmugaratnam, 1982), and familial clustering of this
cancer has been reported among whites born in the United States (Gajwani et al., 1980),
among Alaska Natives (lreland et al., 1988), and among persons of Chin:se origin
(Shanmugaratnam, 1982). These findings indicate that the disease has a genetic ¢c: mponent.
Results of studies of migrants indicate that the environment also plays a role; howe er, strong
evidence linking this cancer to specific environmental agents is lacking. Oct:upational
exposures to fumes, chemicals, or smoke or to wood dust, a diet including Cantcnese-style
salted fish, previous sinonasal ilinesses, Epstein-Barr virus infection (Gastpar ef al., 1981;
Shanmugaratnam, 1982), heavy cigarette smoking (Hammond, 1966; Lin et al., 1973), and
exposure to formaldehyde (Vaughan et al., 1986a; Vaughan et al., 1986b) have been
examined as risk factors for cancer of the nasopharynx, and the results have been
inconsistent. Socioeconomic status is known to have an inverse relationship with ' his cancer
(Fedder and Gonzalez, 1985).

In 1983, acting on the recommendations of committees reviewing the Agernt Orange
Projects’ protocol, researchers in the Selected Cancers Study added cancer of the nasophar-
ynx to the group of malignancies to be inciuded in the study (CDC, 1983b). l.ike other
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research efforts, our study focuses on the risk of this cancer after Vietnam service in ger oral.
Characteristics of military service in Vietnam, some of which may indicate a greater pote: 1tial
for Agent Orange exposure, are reviewed.

7.2 METHODS

Chapter 2 provides an overview of the study’s design, how it was conducted, and hov' the
data were analyzed. Here we further discuss several topics discussed in Chapter 2.

7.2.1 Subjects and Sources of Data

Our definition of nasopharyngeal cancer includes all malignancies of the nasopharynx
(Appendix A shows the ICD-O codes for diseases considered eligible for the stidy).
Personnel in eight participating tumor registries identified 131 men born between 1929 iind
1953 who had this malignancy diagnosed between December 1, 1984, and November 30,
1988. About 87% of the eligible case subjects were interviewed by using a standard:zed
questionnaire, and, for all but two of them, pathology specimens were obtained for review. by
our nasal and nasopharyngeal pathology panel (Table 2.4).

Because we used a site-specific definition for nasopharyngeal cancer, our case gioup
includes squamous cell carcinomas, malignant tumors of the glandular epithelium (adeioid
cystic carcinoma), malignant lymphomas, and other malignant tumors. These varous
histologic types differ in their sensitivity to risk factors; therefore, we restricted most analy:;es
of nasopharyngeal malignancies to carcinomas. This group includes 90% of the 113 men
whose malignancies were confirmed by pathology review.

As discussed in the methods chapter, the category of confirmed malignancies compr t;es
two groups: those men with “definite” nasopharyngeal carcinoma, and those men rith
“probable” nasopharyngeal carcinoma. This latter group consists of men for whom only
cervical lymph node biopsy material was available for review by our pathology parel.
(Nasopharyngeal carcinoma usually involves early and extensive cervical node dise:ise
(Zagars and Norante, 1983).) Because the pathology panel was able to classify these caties
as “consistent with a nasopharyngeal primary” on the basis of histologic and clinical record
review, we included “probable” cases in most analyses. We excluded them in sensitvity
analyses to determine the effect of this decision on our odds ratio.

We excluded 33 case subjects from most analyses because they did not have carcincina
or because they met the other exclusion criteria defined in Chapter 2 (not a confirr-ed
malignancy, military service unknown, in Vietham but not stationed there, had AIDS or an
AIDS-related condition, or not a resident of the United States before 1969). This left 80 ca:es
of nasopharyngeal carcinoma for analysis. We compared these cases with 1,776 cont »ls
obtained by random digit dialing. (Chapter 2 contains a thorough explanation of how 've
selected controls. Table 2.4 shows the number of men identified, interviewed, and include: in

the analyses.) We assessed the sensitivity of our results to the inclusion and exclusion criti:ria
in supplemental analyses.

7.2.2 Statistical Analyses

Because of the matched design and the small number of cases, we used conditichal
logistic regression to calculate the risk estimates presented in this chapter. To facilitite
interpretation, in the final model we limited the number of potential confounders; we incluc) 2d
racial or ethnic group, years of education, cigarette smoking, occupational exposure to
chlorophenols, and a history of infectious mononucleosis 5 or more years before :1e
reference date. When possible, exact 95% mid-p confidence intervals (SERC, 1990) w:re
calculated for the association between Vietnam service and carcinoma. Because of e
sparsity of data, we did not assess effect modification.
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In most analyses, the referent group consisted of all men who did not serve in Vietnam.
These analyses had an 80% power to detect about a 2.4-fold increase in risk {Table 2.5
shows the power of this study to detect risk estimates of 1.5, 2.0, and 4.0). We alsu examined
the effect of using other definitions of “nonexposed,” but we did not perform subgroup
analyses of military characteristics because only 3 of 80 nasopharyngeal carcinor-a subjects
reported being stationed in Vietnam. For all three cases, the U.S. Army and Joi-t Services
Environmental Support Group (ESG) confirmed the Vietnam service.

7.3 RESULTS

7.3.1 Overall Association

Table 7.1 shows the distribution of carcinoma cases and controls in each of the 40 registry
and age-in-1968 celis. The overall ratio of number of nasopharyngeal carcinom: subjects:
number of control subjects was about 1:22.

The occurrence of specific characteristics in the study population is summariz:d in Table
7.2. Men with nasopharyngeal carcinoma tended to be older than controls, had l2ss formal
education, were more likely to have smoked cigarettes reguiarly and to havi reported
previous sinus problems, and were less likely to have had infectious monon: cleosis (a
surrogate for Epstein-Barr virus infection). Although men with nasopharyngeal carcinoma
were more likely to have been exposed to chlorophenols (17.5% of cases vs. 11.3% of
controls), a larger proportion of control subjects reported exposure to phenoxyherbicides,
outside of Vietnam (1.2% of cases vs. 5.9% of controls). Only small differences were
observed between cases and controls in the other examined risk factors for nascpharyngeal
carcinoma.

Table 7.1. Distribution of Men With Nasopharyngeal Carcinoma and Distribution of Control
Subjects, by Registry and Age in 1968

Age in 1968 (Years)

Registry 15-19 20-24 25-29 30-34 35-39 Total
1 1: 20° 1: 34 2: 35 3: 24 1: 29 8: 142
2 0: 37 1: 56 3: 49 3: 69 2: 74 9: 285
3 0: 39 0: 30 2: 58 3: 51 4: 69 9: 247
4 0: 31 0: 25 0: 36 1: 29 3: 45 4: 166
5 0: 17 0: 24 2: 14 1: 25 0: 22 3: 102
6 5: 89 4:102 6: 89 1: 80 8: 73 24: 433
7 2: 42 2: 46 4: 46 2: 41 5: 70 15: 245
8 0: 27 0: 37 3: 30 1: 30 4: 32 8: 156

Total 8:302 8:354 22:357 15:349 27:414 80:1776

2 N cases:N controls

Men with nasopharyngeal carcinoma were less likely to have served in Vietnan (4%, 3/80)
than were controls (7.5%). Controlling for the design characteristics yielded an (OR of 0.60
(Table 7.3, Model 1). When we adjusted for racial or ethnic group, education, o:cupational
exposure to chlorophenols, infectious mononucleosis, and cigarette smoking (M:del 3), the
OR for the association between military service in Vietham and nasopharyngea carcinoma
was 0.52 (95% CI 0.15-1.75). Occupational exposure to phenoxyherbicides, faring herbi-
cides, nonfarming herbicides, or any combination of these three factors did not cc hfound this
relationship; adding all of these to Model 3 decreased the OR only slightly (OR:=:0.48, 95%
C1 0.14-1.64). Thus, Model 3 (Table 7.3) was used in all subsequent analyses.

The use of different referent (nonexposed) groups—men who served in the mil iary but not
in Vietnam, Vietnam-era veterans, and men who never served on active duty in the U.S.
military —did not alter the association between military service in Vietnam and ciircinoma of
the nasopharynx (Table 7.4).
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Table 7.2. Distribution of Selected Covariates® Among Men With Nasopharyngeal Carcliioma
and Among Control Subjects

Nasopharynges |
Controls Carcinoma Cas¢
(N = 1776)® (N = 80)°
%° (N) %° (N)
Design characteristics
Registry
1 8.0 (142) 10.0 (8)
2 16.0 (285) 11.2 (9)
3 13.9 (247) 11.2 (9)
4 9.3 (166) 50 (4)
5 5.7 (102) 3.7 (3)
6 24.4 (433) 30.0 (24)
7 13.8 (245) 18.8 (15)
8 8.8 (156) 10.0 (8)
Age in 1968 (years)
15t0 19 17.0 (302) 10.0 (8)
20 to 24 19.9 (354) 10.0 (8)
2510 29 20.1 (357) 275 (22)
30 to 34 19.7 (349) 18.8 (15)
3510 39 23.3 (414) 33.7 (27)
Stationed in Vietnam or off the coast of Vietnam 7.5 (133) 3.7 (3
Other reported characteristics
Racial/ethnic group
White non-Hispanic 84.3 (1497) 65.0 (52)
Black non-Hispanic 8.1 (143) 125 (10)
Hispanic 56 (99) 50 (4
Asian 1.7 (31) 17.5 (14)
Other/unknown 03 (6) - (0)
Highest level of education completed
Less than high school 11.3 (200) 23.7 (19)
High school, technical school 29.5 (523) 36.2 (29)
1 to 3 years of college 20.6 (366) 16.2 (13)
4 or more years of college 38.6 (686) 23.7 (19)
Smoked cigarettes regularly 66.8 (1186) 81.3 (65)
Drank alcohol regularty 71.7 (1262) 65.0 (52)
Never married 7.3 (129) 10.0 (8)
Lived or worked on a farm or ranch 448 (796) 438 (35)
Sprayed or mixed any herbicide on a farm
or ranch 9.6 (170) 8.7 (7)

Contact with herbicides on a farm or ranch,
21 or more days per year, 5 or more
years before the date of diagnosis® 24 (43) 6.3 (5)

Sprayed or mixed any herbicides for
right-of-way maintenance, lawn care, or

forestry work 7.3 (129) 87 (7
Occupational exposure to phenoxyherbicides 5.9 (105) 12 (1)
Occupational exposure to chiorophenols 11.3 (200) 17.5 (14)
Occupational exposure to 2,4,5-T 0.9 (16) - O
Occupational exposure to 2,4-D 58 (103) 1.2 (1)
Worked in a pulp, saw, or planing mill 57 (101) 6.3 (5
Worked with or around wood preservatives 11.8 (209) 125 (10)
Worked with or around wood dust 26.7 (474) 28.7 (23)
Worked with or around plywood 23.8 (422) 225 (18)
Worked with or around insulating materials 18.6 (330) 20.0 (16)
Worked with or around formaldehyde 8.0 (142) 6.3 (5)
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Table 7.2. Distribution of Selected Covariates® Among Men With Nasopharyngeal (Carcinoma
and Among Control Subjects — Continued

Nasophat |y ngeal

Controls Carcinomi Cases
(N = 1776)® (N = Ig'))"
%S (N) %° N)
Blood relative had nasopharyngeal cancer — (0) 1.2 1)
Had infectious mononucleosis 5 or more years
before the date of diagnosis® 6.3 (112) 25 1)

Had sinus infections in previous 5 years
with first occurrence 5 or more
years before the date of diagnosis® 6.6 (117) 12,5 (10}

Had other sinus problems in previous 5 years
with first occurrence 5 or more

years before the date of diagnosis® 2.9 (51) 6.3 (5)
Used nasal drops or sprays 5 or more years
before the date of diagnosis® 41 (72) 50 (4)

2 The covariates are described in the text

b Information on education was missing for one non-Vietnam veteran control

¢ Percentage of cases or controls with the specified characteristic

@ For controls, 5 or more years before the date the registry was notified of selection

Table 7.3. Association Between Military Service in Vietnam and Nasopharyngeal Carcinoma

Odds Ratict
(95% Confider ce
Model® Interval)
1. Adjusted for registry and age group in 1968 0.60 (0.12-1.:3)°
2. Adjusted for registry, age group in 1968,
racial/ethnic group®, and education 0.57 (0.17-1.:3)

3. Adjusted for—
all variables in Modei 2
occupational exposure to chlorophenols
reported medical history or lifestyle characteristics
—infectious mononucleosis®
—history of smoking cigarettes 0.52 (0.15-1;5)
2 One control was excluded from all models because level of education was not known
® Odds ratios estimate the relative risk and were calculated by using conditional logistic regression The referent
group is composed of men who did not serve in Vietnam
¢ Exact confidence interval
¢ White and other
® For cases, reported 5 or more years before the date of diagnosis; for controls, reported 5 or more ye 1rs before the
date the registry was notified of selection

The three Vietnam veterans with nasopharyngeal carcinoma are distributed between the
Air Force (n=1) and the Navy (n=2) and served in Vietnam from 1 to 3 years. Al three men
served in support units, none served in Ill Corps, and one reported contact with Agent Orange
but not spraying Agent Orange. When we expanded our case definition to include vmphomas
and other malignancies, we identified only one other Vietnam veteran. Table 7.5 gresents the
distribution of histologic classification by Vietnam service status. Of the four caie subjects
(representing all morphologies) who served in Vietnam, two had squamous cell ¢arcinoma;
one, an adenocarcinoma; and one, a malignant lymphoma. The most commo 1 histologic
subtypes among the 85 case subjects who had not served in Vietnam were sqtL:amous cell
carcinoma (73%) and lymphoma (8%). In a reanalysis that included all malignanies rather
than just carcinomas, the OR increased slightly (0.61, 95% Cl 0.21-1.76).
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Table 7.4. Risk of Nasopharyngeal Carcinoma Among Vietnam Veterans Relative to the ilisk
Among Four Referent Groups

Nasopharyngeal
Controls Carcinoma b
(N = 1776) (N = 80) Odds Riio
— — (95% Conflifience
Risk Group %* (N) %" (N) Interv.ai)
Exposed group
Men who served in Vietnam 7.5 (133) 38 (9)
Referent groups
Men who did not serve in Vietnam 92.5 (1643) 96.3 (77) 0.52 (0.1 1.75)
Men who served in the
military but not in Vietnam 38.4 (682) 35.0 (28) 0.68 (0.1¢-2.65)
Men who served at any
time from 1964 to 1972 in the
military but not in Vietnam® 114 (203) 100 (8) -~
Men who never served in the military 54.1 (961) 61.3 (49) 048 (0.14-1.71)

2 The percentage of controls or cases in the indicated exposed or referent group

® Odds ratios estimate the risk of nasopharyngeal carcinoma for the exposed group relative to the risk 1¢r the
indicated referent group; they have been adjusted for registry, age group in 1968, and the other risk factors isted
in Table 7.3 (Model 3). Odds ratios were calculated by using conditional logistic regression

¢ The exposed group is restricted to men who served in the military in Vietnam at any time from 1964 to 197.2 (130
controls and 3 cases)

9 Conditional estimate could not be calculated

Table 7.5. Histologic Classification of Malignancies Among Men With Nasopharyngeal
Cancer, by Military Service in Vietham

Stationed in Vietham or oﬂ-
the Coast of Vietnam

ICD-0 o No Yes
Classification Code® %" (N) %°  (N)
Carcinoma (Total) 80.6 (77) 750 (3)
Carcinoma, NOS°® 80103° 24 (2 — (0)
Carcinoma, undifferentiated, NOS 80203 153 (13) — (0)
Squamous carcinoma (Subtotal) 729 (62) 50.0 (2)
Squamous cell carcinoma NOS 80703 1.2 (1) ~ {0)
Squamous cell carcinoma,
keratinizing 80713 12.9 (11) 250 (1)
Squamous cell carcinoma,
nonkeratinizing 80733¢ 58.8 (50) 25.0 (1)
Adenocarcinoma (Subtotal) - (0) 250 (1)
Adenoid cystic carcinoma 82003 — {0) 25.0 (1)
Malignant melanoma 872039 1.2 (1) - {0)
Lymphoma (Total) 82 (7) 25.0 (1)
Matignant lymphoma, NOS 95903 59 (5) 250 (1)
Malignant lymphoma, diffuse, large cell 96403 12 (1) — (0)
Hodgkin's disease, mixed cellularity 96523 1.2 (1) ~- (0)
All nasopharyngeal cancer cases (Total) 100.0 (85) 100.0 4)

# International Classification of Diseases for Oncology, 1976

© Percentage of cases in each Vietnam service category with the indicated histology

¢ Not otherwise specified

¢ Some cases in each of these categories were diagnosed on the basis of a tumor metastatic to a cervical lyrnph
node consistent with a nasopharyngeal primary
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7.3.2 Sensitivity Analyses
Because we reasoned that we should exclude case subjects who fit specific ¢iiteria, we

performed sensitivity analyses to assess the effect of these exclusions on our rist: estimate.
Table 7.6 presents the results of these analyses. We evaluated the potential for information
bias as a result of our using, in some of these analyses, only certain interview dat:: (data on
men whose interview was rated as good or excellent, data on men who were inteiviewed by
phone only, or data that were self-reported). Model 3 (Table 7.3) was used for all analyses.
Differences in the risk estimates were negligible. Similarly, changes in the case efinition,
based on pathology information, did not affect the risk estimate.

7.4 SUMMARY

No association was found between military service in Vietnam and nasojiaryngeal
carcinoma, regardless of the referent group. The small number of cases, however, limits our
ability to detect a small-to-moderate increase in risk.

We discuss our results further in Chapter 9.

Table 7.6. Association Between Military Service in Vietnam and Nasopharyngeal Casinoma
Among Selected Groups of Men

Table ;.3, Model 3

Nasopharyngeal Octls Ratio
Carcinoma (95% (:onfidence
Controls Cases Intervat)
Men in main analyses 1775 80 0.52 (0.15-1.78)
Sensitivity Analyses®
Additions to analyses:
Men with AIDS or an AIDS-related condition 1776 80 0.52 (0.15-1.75)
Men who were in Vietnam or off its coast, but
not stationed there (include as exposed) 1802 81 0.59 (0.20-1.71)
Case subjects whose diagnosis was not confirmed
because a specimen was not obtained or was deemed
inadequate for review 1775 82 0.53 (0-16-1.78)
Case subjects with any malignancy of the nasopharynx )
(includes lymphomas and sarcomas) 1775 90 0.61 (0.21-1.76)
Exclusions from analyses:
Men without a telephone in the household 1757 77 0.51 (0.15-1.71)
Men interviewed in person 1751 74 0.37 (0.09-1.59)
Men whose interview was not rated as good
or excellent 1745 76 0.57 (0.17-1.93)
Men who were 30 or older in 1968 1012 38 0.45 (0.10-1.97)
Case subjects with a proxy interview 1775 75 0.58 (0.17-1.96)
Case subjects with other than definite
nasopharyngeal carcinoma 1775 66 0.45 (0.10-1.95)

8 Sensitiyity analyses show the effect of adding (or removing) men to (or from) the main analysis. Eac addition (or
exclusion) is applied separately. Numbers of controls and cases are numbers remaining in analyses &f er additions
or exclusions
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8. PRIMARY LIVER CANCER

8.1 BACKGROUND

Among young and middle-aged men in the United States, primary liver cancer is rare. in
the 30- to 59-year age range, the incidence is about 2.3 cases per 100,000 per year (Ynung
et al., 1981).

Relatively few studies provide evidence of an association between exposure to phe -oxy-
herbicides and primary liver cancer in humans. Tung (1973) reported an increase i- the
proportion of all cancers diagnosed as primary liver cancer at one hospital in Hanoi bet /reen
the periods 1955 to 1961 and 1962 to 1968; he attributed this increase to dioxin exposure. In
a case-control study at the same hospital (Van, 1984), an investigator found an associ:tion
between reported exposure to herbicides and primary liver cancer. Male farm laborers i- the
United States have also been reported to be at increased risk for liver cancer (Stemhag:n et
al., 1983). In contrast, Hardell and coworkers (1984) found little association between
exposure to phenoxyherbicides and this disease.

Because past exposure to Agent Orange is difficult to measure, its possible effec:: on
cancer among Vietnam veterans has been studied only indirectly by comparing the
occurrence of cancer among Vietnam veterans with that in other groups. Investigators -ave
not reported significant increases in deaths from liver cancer among Vietnam veteians
(Lawrence et al., 1985; Breslin et al., 1988).

In this component of the SCS, we examine the association between military servic:2 in
Vietnam and primary liver cancer. This malignancy was added, on the recommendatici of
non-CDC reviewers, to a study of lymphomas and sarcomas. Like other researchers. we
focus on the risk of cancer after Vietham service in general and only indirectly examine any
possible association with herbicide exposure by investigating characteristics of service.

The most consistently noted risk factor for primary liver cancer is prior infection witr the
hepatitis B virus (Popper et al., 1982). Other possible risk factors include alcohol consumgiiion
and preexisting cirrhosis (Tuyns, 1979). The disease is more common in the African iand
Chinese populations than in other populations (Waterhouse et al., 1976); the higher incidence
may be related to environmental factors, including the prevalence of hepatitis B infectior:.

8.2 METHODS

Chapter 2 provides an overview of the study’s design, how it was conducted, and how he
data were analyzed. Here we further discuss several topics discussed in Chapter 2.

8.2.1 Subjects and Sources of Data

Men with primary liver cancer were considered eligible participants on the basis of the site
of the primary origin of their malignancy. Any morphologic diagnosis primary to the liver was
included in the case list (see Appendix A). Personnel in the eight participating tumor regist- es
identified 310 men born between 1929 and 1953 whose malignancies were diagnoied
between December 1, 1984, and November 30, 1988. Experts in liver cancer pathol:.gy
attempted to confirm the diagnosis of all cases by independently reviewing microscope slijes
or tissue blocks. Pathology confirmation rates, along with the number of men included in the
study, are shown in Table 2.4.

Because of the limitations of the material available for review, the review panel could riot
always make a definitive diagnosis, and we categorized 45 cases as “probable carcinora
primary to the liver.” We obtained specimens for 89% of the 263 men identified as haviag
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primary liver cancer who were interviewed, and the confirmation rate (“defirites” and
“probables” combined) was 72% (168 cases). The panel reported that the maj:rity of the
unconfirmed tumors had metastasized to the liver.

Only eight men with primary liver cancer reported that they had been stationed ir Vietnam,
and of the six men whose records were located, Viethnam service was confirmed for five. The
man whose reported service in Vietham was not confirmed after the record revie:n was not
included in sensitivity analyses.

Before we performed the analyses, we applied several exclusions (Table 2.4). The
resulting study group included 130 men with primary liver cancer and 1,776 contro| subjects.

In studying primary liver cancer, we generally included men with a “definite” or ' probable”
diagnosis, but in sensitivity analyses, we excluded case subjects with a probable diagnosis.

We included all cases regardless of vital status and, in most analyses, used only controls
obtained by random digit dialing (RDD). A supplemental analysis included bott RDD and
deceased control subjects.

8.2.2 Statistical Analyses

We assessed the strength of the association between liver cancer and Vietnam service by
the odds ratio (ORY), using unconditional logistic regression. As noted in Chapter :, we used
three alternative choices for the nonexposed group.

The power of the study to detect a twofold increase in liver cancer was 75%:. It had a
greater than 99% power to detect a fourfold increase in risk associated with Vietn: m service
(Table 2.5).

in addition to the variables listed in Chapter 2 and considered as covariates for all six
cancer investigations, we also accounted for the use of androgenic steroids, prior - epatitis or
cirrhosis, prior work in a dry cleaning establishment, and prior work with or aroun:! chemical
solvents.

8.3 RESULTS

8.3.1 Overall Association

The distribution of cases and controls across the 40 cells of the design matrix i¢; shown in
Table 8.1. There were no statistically significant differences in risk across the: five age
categories or the eight registries at the .01 level. Compared with control subjects. men with
primary liver cancer were older and had less formal education, and more were bla:k or Asian
and had smoked cigarettes (Table 8.2). Men with primary liver cancer also reporte: 1 a history
of hepatitis or cirrhosis and the use of androgenic steroids more frequently than control
subjects.

Table 8.1. Distribution of Men With Primary Liver Cancer and Distribution of Contrc! Subjects,
by Registry and Age in 1968

Age in 1968 (Years)

Registry 15-19 20-24 25-29 30-34 35-39 Total
1 0: 20 2: 34 0: 35 5: 24 4: 29 11: 142
2 3. 37 1. 56 5: 49 4: 69 774 20: 285
3 0: 39 0: 30 1: 58 3: 51 3: 69 7. 247
4 0: 31 0: 25 2: 36 0: 29 3: 45 5: 166
5 2: 17 2: 24 0: 14 3: 25 3: 22 10: 102
6 1: 89 6:102 8: 89 9: 80 17: 73 41: 433
7 4: 42 1: 46 7: 46 5 41 10: 70 27. 245
8 0: 27 1. 37 2: 30 2: 30 4: 32 9: 156

Total 10:302 13:354 25:357 31:349 51:414 130:1776

2 N cases:N controls
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Table 8.2. Distribution of Selected Covarlates® Among Men With Primary Liver Cance: and
Among Control Subjects ]
Liver
Controis Cancer Cates
(N = 1778)° (N = 13(}"
%°¢ (N) %° (1
Design characteristics
Registry
1 8.0 (142) 85 (11)
2 16.0 (285) 15.4 (20)
3 13.9 (247) 54 (7)
4 9.3 (166) 38 (5
5 57 (102) 7.7 (10
6 244 (433) 31.5 (41
7 13.8 (245) 20.8 (271
8 8.8 (156) 6.9 (9
Age in 1968 (years)
150 19 17.0 (302) 7.7 (10
20 to 24 19.9 (354) 10.0 (13-
2510 29 20.1 (357) 19.2 (25
30 to 34 19.7 (349) 23.8 (3t
3510 39 233 (414) 39.2 (51
Stationed in Vietnam or off the coast of Vietnam 7.5 (133) 6.2 (8)
Other reported characteristics
Racial/ethnic group
White non-Hispanic 84.3 (1497) 59.2 (77
Black non-Hispanic 8.1 (143) 17.7 (23
Hispanic 56 (99) 85 (11
Asian 1.7 (31) 13.8 (18
Other/unknown 0.3 (6) 08 (1)
Highest level of education completed
Less than high school 11.3 (200) 218 (27)
High school, technical school 29.5 (523) 37.9 (47)
1 to 3 years of college 20.6 (366) 21.0 (26)
4 or more years of college 38.6 (686) 19.4 (24)
Smoked cigarettes regularly 66.8 (1186) 83.1 (10¢;
Drank alcohol regularly 711 (1262) 76.2 (99)
Never married 7.3 (129) 10.0 (13)
Lived or worked on a farm or ranch 44.8 (796) 29.2 (38)
Sprayed or mixed any herbicide on a farm or ranch 9.6 (170) 23 (3)
Contact with herbicides on a farm or ranch,
21 or more days per year, 5 or more
years before the date of diagnosis? 2.4 (43) — (0)
Sprayed or mixed any herbicide for right-of-way maintenance,
lawn care, or forestry work 7.3 (129) 3.8 (5)
Occupational exposure to phenoxyherbicides 59 (105) — (0)
Occupational exposure to chlorophenols 11.3 (200) 6.2 (8) L
Occupational exposure to 2,4,5-T 0.9 (16) — (0)
Occupational exposure to 2,4-D 5.8 (103) — (0)
Worked with chemical solvents 41.4 (736) 20.8 (27)
Worked in a dry cleaning plant 29 (52) 23 3
Worked in a leather tanning plant 05 (8) - (0)
Worked in a pulp, saw, or planing mill 5.7 (101) 08 (1)
Worked in a meat packing or processing plant 5.9 (104) 39 (5
Worked with or around wood preservatives 11.8 (209) 3.9 (5

Worked with or around cutting oils 20.5 (364) 146 (19)




Table 8.2. Distribution of Selected Covariates® Among Men With Primary Liver Cucer and
Among Control Subjects — Continued

Lirer

Controis Cancc' Cases
(N = 1776)° (N =: 130)®
%° (N) %°  (N)
Had hepatitis 3 or more years before the date of diagnosis® 53 (94) 215 (28)
Had cirrhosis 3 or more years before the date of diagnosis® 0.2 (4) 130 (17)
Had hemochromatosis — {0 - (0)
Took androgenic steroids 1.7 (30) 3. 4

The covariates are described in the text

information on education for one control and six liver cancer cases was missing. None were Vietnar- veterans
Percentage of cases or controls with the specified characteristic

For controls, 5 or more years before the date the registry was notified of selection

For controls, 3 or more years before the date the registry was notified of selection

o Qa o o

Only 6% (8) of the men with primary liver cancer served in Vietnam, compared viith 7.5%
of control subjects. After we controlled for the design factors (Table 8.3, Model 1), the: OR was
1.22. This estimate changed only slightly after we adjusted for several additional :haracter-
istics (Models 2 and 3). The estimated relative risk for Model 3 is 1.16, with a 95% cunfidence
interval (Cl) of 0.50 to 2.68.

Sixty-four percent of the primary liver cancer case subjects had died, necessitatinj the use
of a proxy respondent. We conducted an analysis that combined data on 62 deceast:d control
subjects and on their matching deceased case subjects with data on the RDD contr.ls and on

Table 8.3. Association Between Military Service in Vietnam and Primary Liver Cancer

Odds Ratic/’
(95% Confideice
Model* Interval)
1. Adjusted for registry and age group in 1968 1.22 (0.55-2¢7)°
2. Adjusted for registry, age group in 1968,
racial/ethnic group, and education 1.27 (0.56-2 £:9)¢

3. Adjusted for—

all variables in Model 2

reported exposure to pesticides and chlorophenols
—sprayed or mixed any herbicide on a farm or ranch
—sprayed or mixed any herbicide in right-of-way

maintenance, lawn care, or forestry work

—occupational exposure to chiorophenols

reported medical history/drugs
—androgenic steroids
—liver disease® other than hepatitis or cirrhosis

reported demographic and lifestyle characteristics
—history of smoking cigarettes
—history of drinking alcohol

reported occupations and exposures
—worked in a dry cleaning establishment
—worked with or around solvents 1.16 (0.50-2(i8)

4. Adjusted for—
all variables in Model 3
reported medical history
—cirrhosis®
—hepatitis® 0.85 (0.34-2119)
* One control and six cases were excluded from all models because level of education was not know~
® Odds ratios estimate the relative risk and were calculated by using unconditional logistic regression. 1he referent
group is composed of men who did not serve in Vietnam
¢ By using conditional logistic regression, the odds ratio (95% confidence interval) for Model 1 was calc:ilated to be
1.21 (0.56-2.63), and for Model 2, 1.26 (0.56-2.84)
9 For cases, reported 3 or more years before the date of diagnosis; for controls, reported 3 or more yea "; before the
date the registry was notified of selection
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the remaining cases. When we controlled for the design characteristics, the OR was 1.25
(95% CI 0.52-2.97) (Table 8.6). This estimate is similar to that obtained when we use: only
RDD controls (Table 8.3, Model 1).

Vietnam veterans reported histories of hepatitis and cirrhosis more frequently than other
men, and case subjects reported such histories more frequently than control suh ects.
Controlling for these liver diseases (Table 8.3, Model 4) reduced the OR for military s:rvice
in Vietnam to 0.85. Because these diseases may have been a result of service in Vietniam, in
subsequent analyses we used the model that did not include these risk factors (Model 3).

The estimated risk of primary liver cancer among Vietnam veterans did not signifi:antly
differ relative to that for any alternative referent group (Table 8.4). The risk for Vie:nam
veterans was slightly lower (OR =0.87) than for men who served elsewhere in the militaiy’, but
the risk for Vietnam veterans was slightly higher (OR = 1.34) than for men who had no .ictive
service. All Cls, however, were wide and included 1.0. Of the eight Vietnam veteran:; with
primary liver cancer, four were in the Navy and three were in the Army; for one, the proxy
respondent did not know the branch of service. All four veterans for whom duration of sirvice
was known had spent 1 year or less in Vietnam.

Of the eight men with primary liver cancer who had served in Vietnam, seven had hisiology
classified as hepatocellular carcinoma (four as “definites”), and one had histology classified
as probable sclerosing adenocarcinoma (Table 8.5). Among the 122 case subjects wh: had
not served in Vietnam, 100 (82%) had histology classified as hepatocellular carcinomit, 17
(14%) as cholangiocarcinoma, and 4 (3%) as sclerosing adenocarcinoma.

8.3.2 Sensitivity Analyses

The results of additional sensitivity analyses are shown in Table 8.6. Broadenin; the
definition of exposure to inciude men who were in or off the coast of Vietnam but not stat oned
there had little effect on the OR. Similarly, restricting the analysis to those men with a
telephone had little effect. Neither restricting the analysis to those men whose interview' was
rated as good or excellent in quality nor excluding those men interviewed in person hitd an
appreciable effect on the outcome. Excluding men with a proxy respondent did result in a Jrop

Table 8.4. Risk of Primary Liver Cancer Among Vietnam Veterans Relative To the Risk Arrong
Four Referent Groups

Primary Liver
Controls Cancer Cases b
(N = 1776) (N = 130) Odds Ra'io
—_— —_— (95% Confliiance
Risk Group %* (N) %® (N) Interva/,
Exposed group
Men who served in Vietnam 75 (133) 6.2 (8)
Referent groups
Men who did not serve in Vietnam 925 (1643) 93.8 (122) 1.16 (0.50 :..68)
Men yvho served in the
military but not in Vietnam 38.4 (682) 46.2 (60) 0.87 (0.33:.28)
Men who served at any
time from 1964 to 1972 in the
military but not in Vietnam¢ 114 (203) 13.8 (18) 0.58 (0.14-- .94)
Men who never served in the military 54.1 (961) 47.7 (62) 1.34 (0.52:7.44)

: The perqentagq of controlg or cases in the indicated exposed or referent group
Odds ratios estimate the risk of primary liver cancer for the exposed group relative to the risk for the indi: ated
referent group; they have been adjusted for registry, age group in 1968, and the other risk factors listed in Table
8.3 (Model 3). Odds_ ratios were calculated by using unconditional logistic regression

¢ The exposed group is restricted to men who served in the military in Vietnam at any time from 1964 to 197z {130
controls and 7 cases)
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Table 8.5 Histologic Classification of Malignancies Among Men With Primary Liver Cuncer, by
Military Service in Vietnam

Stationed in Vietnam | w off
the Coast of Vletng m

ICD-0 __No ._Yes
Classification Code® % (N) %° (N)
Cholangiocarcinoma (Total) 81603 139 (17) - (0
Definite 9.0 (11) — (0)
Probable 49 (6) — (0)
Hepatoceliular carcinoma (Total) 81703 82.0 (100) 875 (7)
Definite 61.5 (75) 50.0 (4)
Probable 20.5 (25) 375 (3)
Clear cell carcinoma 83223 08 (1) - (0)
Definite
Primary sclerosing adenocarcinoma (Total) 83503 33 4 125 (1)
Definite 1.6 (2 — (0)
Probable 16 (2) 125 (1)
All primary liver cancer cases (Total) 100.0 (122) 100.0 (8)

@ iInternational Classification of Diseases for Oncology, 1976
® Percentage of cases in each Vietnam service category with the indicated histology

Table 8.6. Association Between Military Service in Vietham and Primary Liver Cancer Among
Selected Groups of Men

Table 8.3, \lodel 3

Liver Cancer Odds Fintio
Controls Cases (95% Confider (:e Interval)
Men in main analyses 1775 124 1.16 (0.£(-2.68)
Sensitivity Analyses®
Additions to analyses:
Men with AIDS or an AlIDS-related condition 1776 124 1.16 (0.£0-2.68)
Men who were in Vietnam or off its coast, but
not stationed there (include as exposed) 1802 126 1.25 (0.£6-2.66)
Case subjects whose diagnosis was not confirmed
because a specimen was not obtained or was
deemed inadequate for review 1775 147 1.12 (0.£° -2.46)
Deceased case-control subject pairs® 1837 124 1.26 (0.£:-2.97)
Exclusions from analyses:
Men without a telephone in the household 1757 113 117 (0.¢1)-2.84)
Men interviewed in person 1751 117 1.31  (0.£1i-3.06)
Men whose interview was not rated as good or excellent 1745 114 1.22 (0.£1-2.99)
Men who were 30 or older in 1968 1012 45 1.34 (0.44)-3.68)
Case subjects with a proxy interview 1775 45 0.67 (0."«1-3.18)°
Men whose Vietnam service could not be confirmed? 1768 123 1.04 (0.¢:}-2.51)
Case subjects with other than definite liver cancer 1775 89 0.63 (0.2:1-1.96)°
Case subjects with other than hepatocellutar carcinoma 1775 102 1.26 (0.5 1-3.10)
Case subjects with other than hepatocellular or
sclerosing carcinoma 1775 107 1.36 (0./1)-2.66)

k]

Sensitivity analyses show the effect of adding (or removing) men to (or from) the main analysis. Eacli addition (or
exclusion) is applied separately. Numbers of controls and cases are numbers remaining in analyses a 1ar additions
or exclusions

All case subjects were included in the analysis, regardless of vital status. If a deceased control subject ¢lid not meet
the inclusion criteria listed in Table 2.1, he was not included. The model adjusts only for registry and ¢ ge group in
1968 (Table 8.3, Model 3)

Excludes 4 of 8 Vietnam veteran case subjects and 2 of 133 Vietnam veteran control subjects

Men who gave permission for military records review, whose records were located, and whose Vie 11am service
could not be confirmed were excluded

° Excludes four of eight Vietnam veteran case subjects and no Vietnam veteran control subjects

o

a o
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in the OR to 0.67, although the CI still overlapped that with all cases included. Furtherniore,
the results were not found to be particularly sensitive to (1) restricting the age group to the
younger men; (2) changing the cell type of liver cancer analyzed; or (3) including dece ised
controls in the analysis.

8.4 SUMMARY

Our results provide no evidence of a statistically significant higher risk of primary liver
cancer among Vietnam veterans. Compared with (1) men who did not serve in Vietnan; (2)
men who served in the military, but not in Vietnham; and (3) men who did not serve ir the
military, Vietnam veterans did not have a higher risk for malignancy at this site.

We discuss our resuits further in Chapter 9.

82




9. DISCUSSION

9.1 MAJOR FINDINGS

We found an increased risk for non-Hodgkin's lymphoma (NHL) among Vietnam veterans
relative to men who did not serve in Vietnam but no increased risk for the other five cancers.
After accounting for other factors that might influence the development of NHI. among
Vietnam veterans, we found that these veterans have a roughly 50% increased ris < for NHL
(OR=1.47). This is a statistically significant increase (p=0.01), with the 95% c:nfidence
interval (Cl) ranging from 1.09 to 1.97. When we restricted the comparison population to men
who had served at any time in the military but not in Vietnam or further restricted it to imen who
had served during the Vietnam conflict but not in Vietnam, we found littie chan¢je in the
estimate of a 50% increased risk. Therefore, the increased risk appears to be a:sociated
specifically with Vietnam veterans rather than with military service in general.

An examination of several characteristics of Vietnam military service showed oy slight
differences between groups of Vietnam veterans, and these did not prove to be s:tistically
significant. In particular, the risk differed only slightly by dates of service, age at ent "/ on duty
in Vietnam, rank, or type of unit the veteran served in (combat, combat support, or support).
Differences in risk by branch of service (with risk higher for the Navy and Marines tr ain for the
Army or Air Force) lacked statistical significance. The estimated relative risk was siomewhat
higher for men who had served a longer time in Vietnam, although the risk difference: was not
statistically significant. We found no evidence that the increased risk of NHL might e related
to exposure to Agent Orange in Vietnam.

The estimated relative risks for the other five cancers were 1.00 (95% Ci 0.63-1.£13) for soft
tissue and other sarcomas, 1.14 (95% Cl 0.71-1.83) for Hodgkin's disease, 0.6€ (95% Cl
0.15-2.91) for nasal carcinoma, 0.52 (95% CI 0.15-1.75) for nasopharyngeal carcir oma, and
1.16 (95% CI 0.50-2.68) for primary liver cancer. None of the estimates were sijnificantly
different from 1.0, the value that would indicate that the risk among Vietnam vilterans is
identical to that among men who did not serve in Vietnam. Of particular interest is ¢ Ir finding
of no increased risk for sarcoma, a group of cancers that has been of great concein among
Vietnam veterans. Restricting the cancer group to men with soft tissue sarcoma y'elded an
estimated relative risk of 0.94.

We found no indication that the risk for any particular subclass of sarcoma was icreased
after Vietnam service or that any subgroup of Vietnam veterans was at increastd risk of
sarcoma. As with NHL, we found no indication that the pattern of distribution of sarcoma
among the 26 Vietnam veterans with sarcoma was related to the pattern of Agent O-ange use
in Vietnam.

This chapter begins with a discussion of issues applicable to all six cancer inve:tigations,
including exposure to Agent Orange and the potential for bias. Later each cancer is :iscussed
in detail.

9.2 AGENT ORANGE

Because of previous reports indicating a possible association between phenoxyiierbicides
and several of the cancers under investigation (Hardell and Sandstrdm, 1979; Eriksson et al.,
1981; Hardell et al., 1981; Hardell et al., 1982; Hardell and Bengtsson, 1983; H:ar et al.,
1986), much public attention has focused on the possible effects of exposure to Agent
Orange. Advances in the methods for measuring TCDD in serum, along with the r::cognition
of its approximate 7-year half-life (Pirkle et al., 1989), have contributed to our understanding
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