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Herbicide Exposure and Cancer

The case-contro! study in Kansas reported by Har et al' in
this issue has importanez beyond its population of agricul-
ture workers to the highly contreversizal and adversarial
issue of health effects associated with herbicide exposure in
Vietnam. The well-designed and carefully executed Kansas
study 2dds substantially to the cumulating body of evidence
concerning the following question: Does human exposure t©
phenoxyacetic acid herbicides increase the risk of soft-tissue
sarcomas (ST8), Hodgkin's disease (HD)3gnd non-Hodgkin's
lymphoma (NHL)? The findings among Kansas farmers are
in accord with "no" answers te the first two malignancies
and a "yes" answer to the third, :

See also p 1141,

Most relevant to the Kansas study are the saries of
case<control investigations undertaken by Hardell and col-
leagues™ in rural Swedea in the mid- and iste 1970s.
Hardell's studies found highly significant relative rigks, of
magnitude fivefold and sixfold, for exposure t0 phenoxyasid
herbicides in association with STS, HD, and NHL. Among
the published epidemiologic studies, many regard the Har-
dell studies as the strangestin study design and certainly as
providing the strongest available evidence of an asseciation
of herbicide exposure with the occurrence 0f canesr. HOw-
ever, selection bias, observation bias, and uncontrolled
confounding leom as important points of vulnerability and,
in fact, have emerged as the focus of sharp criticisms of the
Hardell studies. In addition to critiques in the scientific
literature, Hardell's studies have garnered considerable
airing in the harsh give-and-take of the courtroam. Most
recently, Hardell provided testimony in Australia to the
Royal Commission on the Use and Effects of Chemical
Agents on Australian Personnel in Vietnam. The commis-
sion's Final Report' states
This ahsence of replication. (I discuss this below) the absenee of
specific outcome (ie, 12 types OF soft tissue rarcoma, non-Hedgkin's
malignant lymphoma and Hodgkin's Disease), admitted informa-
tion bias, the presence Of significant confounding factors, the
unreliability of the exposure data and the other factors detailed
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above all indicate that the statistical associstions asserted by Dr.
Hardell are suspect. The Commission eannet, On the balance of
probability, accept them as supporting an inference of causal
connection hetween soft tissue sarcoma, malignant lymphoma and
exposure to phenoxy herbicides.

With regard to STS, one other case-contrel study has
appeared, nenely, that of Smith et al* in New Zealand.
Smith's findings confliet With those of Hardell and yield a
negative result with an estimated relative risk of 13.
Sth™s study was designed to have adequate statistical
power to detect a relative risk of roughly 3, if such a risk
truly existed.

What now does the study by H@xr et al add to the
evidence? Perhaps most notewerthy are the negative find-
ings for 8TS and HD_AS a erude tally, this makes a score of
two negative (Smith and Hoar) vz one positive (Hardell)
study for STS and a tie of one each negative (Hoarknd
positive (Hardell) study for HD. With regard to NHL, the
Score stands at two positive studies (Hoar and Hardell)

More important and relevant, however, are how the Hoar
and Hardell studies compa~ methodologically. Does the
Hoar study better withstand the eritical onslaught that has
besieged Hardell's studies? Of eourse, the Hoar study has
undergone only the intensity of JAXA's peer review process
and has not (at Jeast to my knowledge) been subject to the
rigors and scrutiny of courtroom Oebate. Let me attempt to
probe some methodological eontrasts of the two studies.

The Hoar study, like Hardell's, has the strength of case
ascertainment with a population-based tumor registry along
with independent pathologieal review and confirmation of
disease. The HOA study is considerably larger than Har-
dell's, with nearly twice the number of cases of malignant
lymphoma and three times the number of controls Thus,
H&™S study has considerably greater statistical precision
and statistical power to detect differences. Both studies
employed population-basad controls, using living controls for
living cases and deceased econtrols for deczased asez AS
such, beth studies had to rely in part on next of kin's
reporting of exposure status,

In contrast to what has surfaced regarding the procedure
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. for condurting the interviews in the Hardell sLudic?, the

Poar study involved exparicnced and truined interviewers
who followed a detailed, predelermined interview protocol
(Dr Huar, oral communication. April 1986). The interviewers
knew that the study cuncerned chemical exposure, but were
wnaware that the study’s major hypothesis dealt with
exposure to phenoxyacetic acid herbicides. Although the
Hoar study intended blind interviews in regard to the
subject’s status as a ease or control, informpation provided
during the conversation often indicated clearly to the
interviewer the subject’s disease classification. Another
advantage of the Hoar study is that the interviewing,
conducted mainly in 1983, occurred at a time when there was
no particular local media attention to herbicide exposure
and cancer risk. Although there was considerable national
concern at that time with Agent Orange exposure in
Vietnam, the media in Kansas in 1983 did not shine the
public spotlight on farmers’ herbicide exposure and their
risks of these three malignancies. Thio is very much in
contrast to the timing of the Hardell studiesduring a period
of intense media attention in Sweden and Or Hardell’s
prominent role in the media with his taking of an advocacy
position. Clearly, the interview methodologyand the climate
of the Hoar study make information blas a much more
unlikely explanation for their findings compared with the
Hardell studies.

Another strength of the Hoar study is the validation of s
sample of self-reported exposure by a survey of suppliers. NO
differences were found in the eorroboration among controls
and each of the STS, HD. and NHL eases. Of course, not all
subjects had such validation of their exposure status. BIL,
what was done suggests the unlikely event of large differ-
ences between cases and controls in their accurazy o
reporting exposure.

The Hoar study considered and reasonably ruled out
confounding effects OF exposure to other herbicides, insecti-
cider, fungicides, nonfarming exposures, and both the known
and alleged risk factors for each of these three malignandea
Another strength of the Hoar study is the econsistent
dose-response relationship for NHL sesording to the nature
intansity, and duration of exposure. The spedficity f the
findings of an association with one cancer and no asscxciation
with the other two is another relative strength of the
study compared with the Hardell studies. in which th
results were an across-the-boards elevated relative risk for
each of the three cancers

Limitations of the Hoar study include those inherent with
case-contro) studies that rely on subjects” and next of kin’s
recall of exposure status. Faulty recall leads to miselassifiea-
tion. If this occurred equally among cases and eontrolg, the
study would underestimate and thus peesibly miss a true
increase in rK If it occurred differentially, this could lead
to bias. As indicated above, however, bias due todifferential
recall ofF cases and controls seems unlikely in the HoAr
study.

Another limitation characteristic of observational epide-
miologie studies is the possibility of uncontrolled confound-
ing, particularly with diseases whose epidemiology B
unclear. This, of course, remains a possibility and to some
extent constitutes the frontiers of owr knowledge of the
etiology of these three malignanciss,

Also, one eannot rule out entirely the possibility of chages
as an explanation for the findings.
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Allin aITl', howuver, the Hoar study does indeed provide a
much firmer and tightler body OF scientific evidence than do
the Hardell studies

What supporling Or coatradictory evidence exists from
other epidemiolegic studies? None of the several industrial
cohort moriality studies of dioxin exposure has resulted in a
noted perturbation in the frequency of deaths from these
cancers. The one published cohort study of Agent Orange
exposure in Vietnam, namely, the US Air Foree Ranch Hand
Study, has io date not detected any inerease in incidence or
mortality from these eancers. But, the industrial studies
generally entail extremely small sample sizes that almost
totally lack sdequate statistid power to detect meaningful
increases in risk. Even the Raneh Hand Study with its
defined ewhort of roughly 120 exposed individuals lacks
statistical power to detect an increased risk Of these
malignancies. whose incidence ratss iz the geaerel popula-
tion are low. Thus, the negative findings of the published
cohort studies, though at first blush are eorroborative of the
negative case-control studies, provide little substantiation
because Of their inherent small sample size and limited
statistical power.

Several proportionzl mortality studies have appeared in
"bonus” states (ie, those states that effered a bonus in terms
of a finaneial incentive t men who ealisted for Vietnam
serviee). Most notable IS the Massachusetts study' that
found nine deaths fram STS among Vietnam velerans
compared with only one expeciad. Interestingly, the Massa-
chysetls study lacked sufficdent numbers to investigate
proportional mortality for NHL (Richard Clapp, MPH, oral
communication. March 1888). In eontrast t0 case~ontrol
studies. proportional mortality studies have even greater
vulnerability to forces of selection, observation, and con-
founding biasas. Furthermore. these state studies have three
additional serious limitations (1) the quality and accuracy
of the dath certificate diagnosis f these malignancies (2)
the effects of migration resulting from the sizable numbers
f veterans who, subsequent to their military service,
emigrated from the stite and thus do Not appear om the
state’s death tapes, and (3) the fact that mone of these
studies determined decendents’ herbicide exposure but dealt
only with their service iz Vietnarm Taut whatever the
findings of the proportional mortality investigations, they
add Litle if any substantive analytic evidenee to the
fundamental queston of aser risk a8 a result of berhicide
exposure.

Is more pertinent evidence On these cancer risks N the
offing? Ye! To my knowledze two additional ease—copirol
studies Of these cancers are under way, each involving a
considerably larger number of cases thas any of the studies
presently at hand, including the study by HoBI= Both studies
in progreas involve herbicide exposure im Vietham as
assessed by the Environmental Support Group of the Armed
Forees with thk use of available military records on troop
locations in eonjunction with records Of berbicide sprayings
The firstof these studies, tentatively scheduled for comple-
tion in the summer of 1438, is ajoint effort of the Yeterans
Administration and the A rmed Forces Institute of Patholo-
gy (Han Kang, PhD, oral communication, Mareh 1928). It
involves STS only and entails nearly 30 confirmed cass
ascertained through the Armed Foress Institute of Patholo
gy and approximately 600 esntrols, The study was designed
to have good statistical power to detent a twofold inerease In
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relative risk. The second study is the Selected Cancers
component of the massive Centers for Disease Control's
Epidemiologic Studies of the Heaith of Vietnam Veterans.
The Centers for Disease Control’s selected cancers siudy,
scheduled for completion in the fall of 1989. entails enroll-
ment of approximately 400 incident cases of STS and 1400
malignant lymphomas (HDand NHL) during the period Dee
1, 1984, through Nov 30, 1988 (Edward Brann, MD, oral
communication, March 1§88). Case ascertainment isthrough
six population-based cancer registries in taé United States
that, interestingly, includes the registry in Kansas. The
studies by the Centers for Disease Control have been
designed t© have good statistical power (namely, £80% or
higher) to deteet a true twofold inerease in relative risk for
each of these three cancers, as well as for other "selected"
cancers (ie, primary liver, nasal and nasopnarymgeal).

Where does this leave us now in regard t herbicide
exposure and cancer risk? The Hoar study in Kansas, in
conjunction with the Smith study ISNew Zealand, tends
shift our concern toward a somewhat lesser interest in 8T8
and a greater interest in NHL. | note that in Hardell's study
of malignant lymphoma,' only one short paragraph at the
end of the ""Results” section indicated that the elevated risk
was the same for HD and NHL: otherwise, Hardell's
analysis considered the two malignancies together as ""ma-
lignant lymphoma.” Hoar rt al have now focused attention
specifically on NHL risk.
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Perhaps the question will never be answered ertirely -
satisfactorily. Whatever direction future results take, it is
clear that the report by Hoar et al will have considerable
use—and the attendant and inevitable abuse—in t}» con-
tinuing scientific controversy, public debate, and lepgal
battles regarding herbicide exposure and cancer risk.

Theodore Colton, ScD
Boston University School of
Public Health
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