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Soft Tissue Sarcoma and Non-Hodgkin’

Lymphoma in

Workers Exposed to Phenoxy Herbicides,
Chlorophenols, and Dioxins: Two Nested
Case-Control Studies

Manolis Kogevinas,' Timo Kauppinen,® Regina Winkelmann,! Heiko Becher,*
Pier Alberto Bertazy,’ H. Bas Bueno-de-Mesquita,” David Coggon,” Lois Green,> Eric Johnson,?
Margareta Littorin,'® Elsebeth Lynge."" David A. Marlow, ' John D. Mathews, "’
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Wo cnammed rhe effecr of coposare e Chemiaah
the production and spraving ot phenoxy herbierdes or chioro-
phenuls 10 two nested case-control studies of soft tissue sar-
coma and non-Hodekin's lvmphoma. Eleven sarcoma and 52
lvmphoma cases occurning within an internanenal cohort were
matched tor age, sex, and country of residence wich 33 and 153
controls, respectivelv. Exposures to 21 chemicals or nuxtures
were extimated by three industral hvaenists who were bhind to
the subject’s case-control status. Excess risk of sott tssue sar-

coma was assoctared with exposure ro anv phenoxy herbicide
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[odds rane o JRY - 103 owenfidone e
-] and o each o the three major asses ot phenoxy

Lorhictdes 12 3 hichlorphenovvacene acd. 2454 emichioro.
phenoxtacetic acd. and 4-chloro-Z-methaiphenosvacete
acid), to any polvchlonnated dibenzodioxin or turan (OR =
5.6: 95% Cl = 1.1-23), and o 23,7 3-tetrachlorodibenzo-p-
Jioxin {OR = 3.2;95% Cl = 0.85-32). Sarcoma risk was not
assoctated with exposure to raw materals or other process
chemicals. In the non-Hodgkin's lvmphoma study, associations
were cenerally weaker than those found in the tudy on ar-
coma. These findings indicate that workers exposed o phe-
noxy herbicides and ther contaminants are it a higher nisk o
sma (Encdempolome 1005:A:30A-400
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Nitrons avpese bro phenovy herticides, chlonnated phe-

St ture, whitle spravins, ot

Sodssaad Jionins Jur
HIOT i, Loronins, prosent s conlamiiangs in
some tvpes of phenoss herbades, have been cuugested
as a4 causal facror, although excess risks have also been
associated with exposure to those herbicides not consid-
ered 0 have been contaminated with dioxins. =~
Chronic bioassavs and mechanistic Jata have ndicated
that contaminants of the herbicides, and 0 parucular

2. s tetrachlorodibenzo-p-dioxin (TCDD), are ex-
cremel perent carcinewens ' Orher chemicals in rhe

e occupational environment (nerpicides, chioropne-
nol Jievan coneeners other than TCDD. polvehlon-
nated Gibcnzcturans, solvenst are notinert comps unds
and have heen ssoctaeed i eprdemiolome seudies
ind/or chronic broassays with adverse health ettects,
including cancer. o7

The [nternactonal Agency tor Research on Cancer
UARC) mamntuns an internarional register of workers
exposed fo phenoxy herbicides, chlorophenols, and di-
oxins. Ina cohort moertaliey analveis, excess sk was
tound among exposed subjects for sort tssue sarcoma
(standard mortalire cino (SMRY = 196], while oniv a
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slivhtly elevared risk was observed for non-Hodgkin's
lymphoma (SMR = 129).5"" We undertook a case-
control studv on soft tissue sarcoma and one on non-
Hodekin's lvmphoma, nested within the international
cohort, to examine exposure to vartous chemicals occur-
ring in the work place, applving an exposure model
approach. In contrast with the cohort mortahiey analysis
(which was based on underlving cause of Jeath), infor-
mation on all cases Jiagnosed with <oft tissue sarcoma
and non-Hodekin's lvmphoma in the international reg-
ister could be examined i the nested case-control stud-
tes, irfespective of vital status o cause of death as re-
corded on the death certihcate.

Subjects and Methods

ConokT DEsCRiFTION

At the time of the cohort mortalic analvsis in 1991
the intermational register included 13,390 workers trom
20 cohorts 1in 1Q countries (Auseralia, Austrra, Canada.
Denmark. Finland. ltalv, the Netherlands, New Zealand.
Sweden, and the United Kinedom). On the basis of 1ob
history intormaten, 13598 workers were assessed s

exposed foam phenoxs herbicide Chberophenal,

O3 workers s nonesposed, R workens st
unknown expasure hecause of incomplete job history
mtormaten. Since 1991, tour production cohorts from
Germany have been added to the reuister, and follow-up
tme has been updared tor some cobore Information s
currenthy sneorporated on 23 rsorom S o
horts in T countrres.

Case IDENTIFIC A FION

Cases of the two index neoplasms were sought in Jeath
certificates tunderlving and  contribuning  causes ot
Jeath) tor all cohorts in the register and in cancer
registration records in cohorts for countries with cancer
registration schemes (Austria, Denmark, Finlund, New
Zealand, Sweden. and the United Kinedom), We iden-
Voo b s
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sned D nnde e wath s e e
i Australio (8 cased. Denmiark 3 casesd New Zeall
VDo hoana the it Dot W

fondebm s vmrhoma GV maie,

tined 32 cases wirth non
Foremade? trom oohorts o Austinon o seses), Uenmers
(11 cases), Finfand (1 case), Gernmany (3 cases), the
Netherlands {2 cases), New Zealand (1 case), Sweden (1
case, and the Unired Kingdom (9 cases). No case was
registered with sarcoma or lymphoma in the ltahan.
Canadian, and Austrian cohorts.

Frur sarcoma and 20 lvmphoma cases (of which 15
were chreadvonladed inorhe cobort el anadeas)

were wdentitied through death ceratication. Addiaon-
1

T N T T T e NS R

OGNV ERFOUE Cander fedlatation feceidds, (hese cases
were athet alnve at dhe end ot mertadioy seflow up, had

o had died withd sarcottia But, siiniaf o ot stidics,
] .
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other than the specitic mibric "Sarcomas of connective
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and other soft tissue™ (Intemational Classificanon of Dis-
cases. Ith revision, code 17110

Independent verification of diagnosis was not con-
ducted. but evidence of histologic diagnosis was avail-
able tor all but vne case of soft tissue sarcoma and two
cases of non-Hodgkin's lvmphoma.

SELECTION OF CONTROLS

Incidence Jensiey sampling was applied for the selection
of conrrols, which nvolves selecting controls from the
person-time expentence that generated the cases, that s,
the studv haser We selected tive controls per case,
matched tor age, sex. and country of residence at the
- Fomploumers Marching kv conneme s done o
avord potential contounding by country ot residence,
ance borh exposure and occurrence or recoeniton of
Jisease may ditter by countrv. In the six countries en-
rolling more than one cohort, matching was done by
country rather than by cohort, to avold potential over-
muatching of cases and controls. We excluded two con-
trols in the studv on non-Hodgkin's lvmphoma because
of missing intormation on job histories. leaving a cotal of
P3s conrrals an the lvmphoma stady and 33 conrrols in
the sareonin studh. A SAR program was used or the

sampiing of contross.

ASSEsSMENT OF ExPOSURE

We constructed o list of chemicals to which workers mav
Eoave been evpesed durme production or spraving. on the
basis of recorded intormation In company exposure Jues-
rean ares and company recondss Exposare swas evahied
specitically for the major phenoxy hertwaides and chlo-
rophenols, polvehlonnated dibenzodioxins and turans,
raw marerials, process chemicals, and also some chemi-
cals commonly used in the production of phenoxy her-
bictdes and chlorophenols. A panel of three industrial
hyaientses (TK, DAM, BPY carried out the assessment of
exposure ta 21 chemicals or mixtures. The hvgiennrs
were unaware of the subiect’s case-control starus. Thev

decd crrern provionshyreed upens s deseribed m
. :

Jerad etsewhere Exposure of workers was recon-

Gt cndnvdduat b rec s

H Nnroron
detatied Company exposure guestionnatfes and compam
reports. The mteriation anade avarbabie ro the mdus-
trial hvaieniats on the job history of cases and controls
was retrieved from the cohorr database. The selection of
chemucals to be examined was hased on previous assact-
ations with health effects (mainly cancer) in human and
amial experiments' 7 or on the prevalence of the
compounds in the occupanional environmene.”* Level of
CXPUSUTE Was evuated using g relrive saile, since rew
actual measurements of past exposure were available. A

b e e s ez seore wos cadonbared b cach i
.

Jont atiu chdiiivat, ol Hic Cadels ol estitialed aevel ol

csare and durarion of exposure (invears). The madel
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vk e 0 chemaen coneaer saorh chemys

cals, personal protection, and other relevant determi-
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nunts ot exposure. Within cach muatched set, oxposures
occurring less than 3 years before the dare ot selection
e the study were wnered, For cach chemica! exan-
ined, subjects were grouped into those nonexposed (hav-
ing @ cumulative exposure score (CE) of less than Q.005,
cortesponding to an exposure of less than 1 dav, and
those ever exposed (CE = 0.005). Ever-exposed workers
were furrher classified into those with low exposure
(0.005 = CE < 1, corresponding. for most subjects, to
an exposure of less than 1 year); medium exposure (| =
CE < 10): and high exposure (CE = 10).

In addition. two alternative classifications of exposure
were used. In rhe tirst, cumulative exposure score was
examined without rime lagging. In the second. subjeces
in each matched set were ranked werding te cumula-
tive exposure icore (rank t corresponding to the lowest
CE, rank 6 ro the highest).-' Rank within each matched
set was entered in the regression equations as a contin-
uous variable. Results for these two exposure classifica-
tions were similar to those obtained tor the main analysis
(based on cumulative exposure using a 5-year lag). and
are not reported here. Results are available from the
authors upon request.

Exposure to six other pesticides (or classes of pesti-
cides) was also examined (arsenicals. dichlorodiphenyl-
trichloroethane (DDT), dinosek, lindane, organophos-
phates, rriazines). These were produced in the same or
adjacent Jdepartments to those producing the phenoxy
herbicides or were sprayed by cthe same uorkers spraying
phenoxv herbicides. Apart from the phenoxv herbicides
and related chemicals, these six pesticides constituted
rhe most commonly occurning chemicals among the
conorts with cases ot <arcoma or vmphoma. A dichor-
omots cassttication ot exposure s appied which,
however. mav encompass considerable misclassitication,
since intormation on dates and quantities ot production
and spraying of the six pesticides was not avalable in all
cohorts.

STATISTICAL ANALYSIS

We used conditional logistic regression analysis.* Con-
Jitienal exact inference was used i rhe <oft riesue <ar-
coma studv whenever cumuiative expusure was entered
in rhe models as a categorical variable with four levels.
ustng the starstieal package LoeNace-Turbe 7 Years
trom tirst exposure UNtil Jdisease or selection as controt
(as a dichotomous vanahle, less. or more. than 10 vears)
and vear of tirst exposure (as a Jdichotomous variable.
betare or after 1970) were examined as potential con-
founding variables.

Results

SOFT THissUE SARCOMA

We found excess risks (Table 1) for exposure to anv
phenoxv herbicide [odds rato {OR) = 10.3: 95% con-
tidence interval (Cl) = 1.2-9C.6], exposure to 2.4-di-
chlorophenoxvacetic acd (2.4-D) (OR = 35.7: 95%
Cl = 1.1-29), 24.5-uchlorophenoxvacetuc  acid
(245-TY (OR = 4.3; 95% Cl = 0.7-26). 4-chloro-2-
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methyiphenexvacenic acid tMUPAY({OR = 1.5 55 .
Cl = 1.3-98), exposure to any polychlorinated diben-
o diovin o foman (OR = 3.6: 95% CT = 1.1-28), and
exposure to TCDD (OR = 3.2; 93% Cl = &.9-314.
Exposure to chlerophenols and to all other chemicals
examined (raw materials and process chemicals) was not
associated with risk of soft tissue sarcoma (Table 1).
(Odds ratios for exposure to different chemicals were only
minimally modified when adjusted for period of first
employment and time since tirst employment.

The odds ratios shown in Table 2 for selected major
chemicals are based on cumulative exposure score in
four categories (nonexposed. low, medium. hich expo-
sured We observed an increasing risk with exposure ror
24-D (OR 1 r highest categery = 13.7: 95% CI =
3.9-309; P-value for trend = 2.01), 2,4.5-T (OR tor
highest categon = 7.7 953% Cl = 2.3-477; P-value for
trend = 0.07), any polychlorinated dibenzodioxin or
furan (OR for highest caregorv = 19.0: 95% Cl =
1.3-1236, P-value for trend = 0.008), and TCDD (OR
for highesr category = 10.6;95% C! = 0.6-671; P-value
for trend = 0.04).

A model including exposure both to 2.4-D und
2.4.5-T (as dichotomous variables) resulted in lower
ORs than those obtained in the univariare analvsis
(24D OR = 43, 95% Cl = 2.8-28; 245-T: CR =
1.7, 95% C] = 2-13.2). Similarly decreased ORs were
tound tor 2 model including 2.4.5-T (OR = 1.4: 937
Cl =0.2-11.3)and MCPA (OR =9.9: CI = [.0-1¢),
a model including 2,4-D (OR = 1.5; 95% CI = Q.1-
16.1) and MCPA (OR = 3.0: 95%Cl = 0.4-180). and
a model including the three herbicides (2.4-D: OR =
1.4.95% Cl = . 1-13.3: 243-T: OR = 1.4, 9370 1
QI ONMOPAOR = 73 33% G = 0170, The
Jecrease in ORs uhen multiple exposures are ticted
concurrently is largely the result ot correlation between
different exposures.

Of || cases with sarcoma. 7 were production workers,
and 4 were spravers. The OR for exposure to any phe-
noxv herbicide in production workers was 35 (Cl =
Q.9-3CY, for exposure o anv chlorophenol was 2.3
(Cl = 0.4-19.3), and tor exposure to anv polychlori-
nared Jdibenzodio vin o furan was 4.5 (Cl = 2.8-29),
Repression models limited to sprayers were based on very
small numbers. All four spraver cases were exposed to at
least one phenexy herbicide. Ot the 12 spraver controls
in the four matched sets, cight were exposed. and tour
were nonexposed to any phenoxy herbicide.

Exposure to dinoseb (OR = 5.4; 95% Cl = 0.7-43)
and DDT (OR = 3.3;95% CI = 0.4-30) was associated
with increased risk. whereas smaller or no excess risks
were observed for triazines (OR = 0.7: 95% Cl =
Q.04 ~11.%) arsenicals (OR = 2.6 95% Cl = 0.07-4.6).
organophosphates (OR = 1.5: 95% Cl = 0.3-6.3), and
lindane (OR = J). Adjustment tor exposure to any
phenoxv herbicide reduced the OR for dinoseb (CR =
2.4:95% Cl =0.3-22.1) and tor DDT (OR = 0.8: 95%
Cl = 0.1-9.7). ORs for phenoxy herbicides. chlorophe-
nals, and their cuntaminanrs were little modified when
adjustment was made tor exposure to dinoseb (OR for

ol
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TABLE 1. Odds Ratios and 95% Confidence Intenals (CI) for Soft Tissue Sarcoma and Non-Hodgkin's Lymphoma by
Cumulative Exposure to Specific Chemicals. Cumulative Exposure Is Lagged by 3 Years. Risks Are Relative to That among
Nonexposed
Sott Tissue Sarcomat Non-Haodgkin's Lvmphomai
} _ Expused Exposed
Chemical* Cases/Controls QR 939% 1 CasesiControls R 95% (I
LHEHURY HEIUILIES
Any phenoxy herbicide VAN 1032 1.18-%.56 19/85 1.25 Q341 %
2.3-0/DP/DB 9724 5.72 1.14-213.63 12/56 111 C.46-2.63
24.5-T/TP 514 +.31 Q71-26.27 10/35 1.85 Q71480
MCPA/P/B 10/29 11.27 1.30-97 Q2 15/76 086 0.36-2.18
Chloraphenas
Am hicnaphenal N 1.29 NBESLEH Wi3N 1.26 S52-30%
rer NN i 208 Q-
23.4.0-TellD i /7 —3
24.3-TCP WA —§ 213 Q.63 Q.
Laiad s ] W 304 R St
24.6-TCP i 53 331-79.94 MY WL OO0
Contanunants
Anv Joxin or tuean 9/24 3.56 20/78 154 Q80426
TCDD 5113 5.19 11/39 1.93 G307
Process chemicals, raw matenals
MCA 213 | 3147 078 J
o-Cresl 2 CNR 5138 053 <
reOC i tay 743 .68 N
TR N —-$ 23 Ay N
Pl - I~ IS [ 2
ot o s ~ 33 oo N
Chmme-bun ot no N AN 23 FRY RN A
Aliphate chlonnared 19 Q.39 318 Q.93 Q-
hvdrocarbons
Other <olvents M 13 22 ST 0

o . Sier -

tetrachivrophenaoi, £U r pentachiorophenol, MO monochin TN luJ A \\

R TRNTY
© Tetan Bunien ob vases = 1EL Lotan Bakied od coiidfons 03

2 Total number of cases = 32 toral number of conerols = 32,
¥ Regresston maosdel Jid not converre

DDT

phenoxy herbicdes = 7.2 95% CI =
.9—1)7).

{OR tor phenoxy herbicide = 1 1‘9; 95% Cl =
or any of the other tour pesticides.

Analysis by locatton and histology of the sarcomas
wis nor posstble owine o small aumbers. The locanons
and histology ot the <arcaomas were as tnlln\\< A neuro-

i e fohe

P FURES N
Lo oo

ST

MWCT

ot the prostates 1 nbroas hs-
+ hemane-

.Alr'n{l.\. e iVesalfcog
srocvtema of the lower b
aiepericytoma of the back, @ spindle ceil neuntllemaorna, 4
Kaposi angiosarcoma of the lower limb, a leiomvosar-
coma of the small bowel, a liposarcoma of the trunk, and

a sarcuoma of the lower imb thistology not available).

A IS TISITIARIR N

NoN-HOPGKIN'S LYMPHOMA

in rne non-Hodekin < ivmphoma sty
were generally weaker than those observed in rhe study
SN sarcama (Table 1Y W ohaerved o .".c.lrl\' twotold

Assodtations

L\;;\*u\nuA\\,\ RYVITEN N -1., . \\“I\ = L 3 L_,.
CT-4%) any pn["ghl-vr'n ncd Jroxan or furin (OR =
Lo S T b 0k SRR

Cl - 07-50n .‘. Lhrur?vl Dincreased rek for exposure o

vent g bhloronbenaod el vamm eborvrolactone wos Based

43 nenerhen wWTn R oa nh] Mol ki vnrM\‘,

5-T 245 trehlotophencavacetic

Bk phen v pr e acd, T
FAe T D Dhare

24.0B .'.J-JuH.w.vphcnux\i‘\ur\nc acid. 2
henxvacetic wil \!\'TI‘ * i 2

[»-\m o i, Tel B tetrachlon benzene. Tul L Toretrachlonadibenzos

on few expused cases (Table 1). Adjusting for latency
reduced the OR for exposure to any phenoxy herbicide
tfrom 1.25 to O.85.

The odds ratios shown in Table 3 are based on cumu-
Litve exposure scares vrouped 1n four categortes (non-
exposed. low. medium. high exposure). We observed a

<oretur il mcreised sk ror ~wh“o in the me-
Jiam o hich exposure croups for 245 T TCOD, and
pentachiorophenol. Tncreasmg nsk \\nh exposure was
observed for 1,4,3-T (P-value tor trend = 0.09), TCDD
(P-value for trend = O.1). and anv palvchiorinated
dibenzodioxin or furan (P-value tor trend = 0.08).

ORs in the model including the three major herbi-
cides were 1.09 for 2.4-D (95% CI = 0.26-4.28), 2.09
tor 2.4.5-T (95% Cl = 0.67-6.46). and 0.67 for MCPA
Wie o= Jda=I49) GRS for phienoxy herpoides,
chlorephenols, and contaminants did nor marked!y dit-
ter ‘\[.\un rroduction waorkers and spravers.

gy SGPC L HANC A s assocnated v IS TINTIRCRE

'
rlee

vk (OR = 1.6: 95% CI = 0.3=8.8), whereas no excess
pish s chserned tor rrazaies (OR = DT =
QoY aeeenicals ({OQR = Q9 v () o= ‘..’-*‘”
arganophosphares {OR = 11959 O] = 04260 DDT
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TABLE 2. Odds Ratios for Soft Tissue Sarcomaby Level
of Exposure to Selected Chemicals: Cumulative Exposure
Has Been Lagged bv 5 Fears

Epidemiology July 1995, Volume 6 Number 4

TABLE 3. Qdds Ratios for Non-Hodgkin's Lymphoma by
Level of Exposure to Selected Chemicals: Cumulative Expo.
sure Hac Been Lagged bv 5 Years

Number
Chemical' and of Cases/
Expuosute Conrros CR 93 Cl
Any phenoxy herbicide
Nonexposed 1/25 10 Referent
Low 24 16.99 0.65-1327.
Medum 3113 7.60 0.54—434.9
High 513 11.96 1.03-701.9
2.4.DDPB .
Nonexposed 231 12 Referent
Low 442 4.33 Jel-33.41
Medium 27 6.13 2331297
Huch 33 1301 Co-3090
243T7TP
Nonexposed 601 12 Reterent
Low L3 1.91 0.03-40.29
Medium 13 7.50 0.09-637.1
High 36 i.65 0.46-476.3
MCPA/P/B
Nonexposed 126 1.0 Referent
Low 26 13.17 0.55-961.3
Medium 4/12 10.28 0.90-541 7
High 411 10.87 0.84-644.7
Anv chivtophenol o
E’:“N“J l/.;l [N Referent
Mediom 1.4 . RAARES]
Hih Y ™ ST
Anv dioxin in turan 31 1.0 Referent
Nonexposed 4/12 449 0 59-33.41
Low 176 318 0.04-35 33
Medium 4/ 13.95 1.26-1236.0
Hich
NP ~ 42 IR Rerer mr
Nonexposed 14 1R Q0534w
Low ) 660  C.0%-3399
Medium 315 10.55 0.00-671.4
High

* For abbreviations uf chemical names. see fontnate ro Table 1.

(OR = 1.8;95% CI = 0.4-2.3), or dinoseb (OR = 1.1;
95% Cl = ¢.4-2.8Y, OR:s for phenoxy herbicides, chlo-
rophenols, and their contamunants were onlvy minumally
modified when adjustment was made for exposure to anv
of these six pesticides.

Discussion

The two case-control studies were conducted within an
international cohort of workers exposed to phenoxv
herbicides. chiorophenols. and Jdioxins. The study pop-
ulation includes workers wich substantial exposure to
these chemicals. as documented bv measurements of
serurn levels ot dioxins in workers**3-* and hv informa-
rion 0on the job histories or the workers and on the
production history Ut each plant. In comparison with the
previous cohorr mortality analysis,”'* the two case-con-
rrol studies included two to three times more cases and
used modeling to estimate individual exposure. Risk
estimates in the nested case-control studies are higher

Number
Chemical' and ot Cases/
Evpoyre Ceeerels OR 3 (1
Anvt phenoxv herbicide . )
Nonexposed 13/71 1.0 Reterent
Low 6/22 154 0.52-4.52
Medium &33 126 036-3.19
High 730 136 0.46—4.03
2,4-D/DP/DB? .
Nonexposed 23N LS Referent
Low 479 o3 NEREE S
Medium - o4 S TR
Hwn ) J.a9 ARG
2.45-TTP
Nonexposed PRI N Reterent
Low 419 1.32 o41-4.23
Medium 37 3.58 a.75-17.12
High 39 3.65 J.61-21.71
MCPA/P/Bt
Nonexposed 17/80 1.0 Referent
Low 6129 2.98 2.30-3.15
Medium 4/30 Q.62 C18-2.18
High 5t 1.32 042416
Anvt chlorophenol g
.\‘v:‘“r“)d NG H Aeterent
Medium 30 19 O50-7.41
High e s los N ]
Pentachiorophenol .
Nonexposed '?,“ 9 1.2 Referent
k/%‘giLm \*}:
e - »
High 355 419 < 59-29.59
Any dicun o tunanT e . Reterent
Nonexposed T34 44 230413
Low 317 8 J.03-7.00
Medium 327 I3 33131
High
TCDD 2119 1.¢ Referent
Nonexpused 418 1.42 Q.444.64
Low 38 3.63 J.71-18.67
Medium 413 3 56 2.66-19.20
H:ch

® Frr abhreviations of chemical names, see factnote to Table |

.- F R e

T
+ One wontrol with unknown exprsure

than those observed in the cohort anaivsis, but overall,
they accord well with the resules of that analvsis.

A 5-year ume-lagged analvsis was applied, 1gnoning
any chemical exposures in a marched set occurring less
than 5 vears betore disease occurrence (cases) or selec-
tion into the study (controls). The underhying assump-
tion is that exposures in a late stage ut a carcinogenic
process do not affect the timing ot occurrence of the
disease. although the election specitically of a 5-year
limit is arbitrary. A longer time limit would probably be
less appropriate, since one of the major chemicals ex-
amined. TCDD, has been shewn to be a4 complete car-
cinogen with a potent rumor-promoting action.' The
semiquantitative tvpe of analvsis (due to the use of
relative scores of exposure) did nor justify a more exten-
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