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Dear Dr. Xlgie:

The National Electrical Manufacturers Association (NEMA)
submits comments in this letter on the Report to the Workers'

Compensation Board on Ogcupation [ ) CBs _and Various
E‘as!l! prepared by the Industrial Disease ards Panel (IDSP
eport No. 1) dated December, 1987. NEMA, which represents

manufacturers of electrical equipment such as transformers and
capacitors, has had a long and very close involvement with PChs
even pre-dating enactment of the Toxic Substancaes Control Act
(TSCA) in the United States which specifically banned further
manufacture of PCIs and is gradually phasing out their continued
use.

NEMA alsc has a close association with the Electrical and
Electronic Manufacturers Assocliation of Canads (BEMAC) with
several manufacturers having production facilities in doth
countries.

In making these comments, we have drawn upon our own
extensive experience and knowledge of the health effects of PChs.
In addition we have asked Dr. Jack $. Mandel of the University of
Minnesota to provide an objective scientific review of the IDSP
report. The review of Dr. Mandel and his associates is attached
and forms the basis for our comments.

We believe that the large body of toxicoleogic and
epidemiologic data does not justify £indings of the Panel that
there is & "probable connection betwesn liver, biliary tract and
gall bladder cancers and occupational exposure to PCBs." To the
contrary, we believe the evidence doss not support this finding.

Animgl Studiss

The review of the animal studies by the Panel is not
complete and does not include a balanced perspective on the
studies. S5Studies showing an increase in liver carcinoma did not
show an increase in total tumeor incidence, in fact, soma show a
decrease in the non-liver carcinomas. In two of the studies
mortality among the PCH exposed animals wes actually decreased.
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The studies do not "demonstrate reascnable consistency” as
stated in the Panel's report. The studies are inconsistent, and
part of this inconsistency possibly stems from comparing the
carcinogenicity of the different commercial PCR mixtures.
Results show an association between fairly large doses of on
the most highly chlerinated (e.g. Kanechloer 500 or A:oc1o:QI%¥o)
PCH compounds and site-specific (liver) tumors. The effect
appears to be speciss-spocific (primarily in rats),

Extrapolation of the isclated findings in animals to humans
is tenuous at best.

Epidemiology Studies

We do not believe the Bradford Hill criteria to assess the
causal significance of an association are met. Contrary to
claims in the Panel report, association is neither strong nor
consistent. The strength of the association is substantially
reduced if a two-tailed test is used, if an adjustment is made
for multiple hypotheses testing, if only liver cancers are
considered and the effect of confounding factors is removed.
consistency is not demonstrated since the individual studies do
not all show a significant association. No dose-response
relationship has deen demonstrated.

None of the individual human mortality studies presented by
the Panel shows a significant association. The authors of these
reports conclude that no association has besn demonstrated. None
of these studies accounted for confounding factors such as
alcohol use, hepatitis infection, or use of oral contraceptives,
known risk factor for liver cancer.

All the studiss lumped together cancers of the liver,
biliary tract and gall bladder even though the animal studies
dealt primarily with liver cancer. Of the seven cancers ¢f the
liver, biliazy tract or gall bladder considered to be signifi-
cant, four people had a duration of esployment of one year or
less, three were not confirmed and only twe ware classified on
the death certificate as primary liver cancer. Three of the
seven cancer cases occurred in one plant (Massachusetts) in one
study (Brown and Jones). None of these was a primary cancer of
the liver. Two of the three cases worked 1.5 years or less.

The use of a meta~anslysis to sum the cbserved and expected
results from the "five" studies is questionable because of the
substantial dissimilarities among the studies. Such aggregated
lhll{l.l have been used to date only with randomized controlled
trials.
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In summary, we do not agres with the finding of the Panel of
a "probable connection betwveen liver, biliary tract and gall
bladder cancers and occupational exposure to PCBs". Based upon
our analysis of the data presented in the IDSP Report, we are
convinced that the evidence is not strong and the association
cannat be considared causal. "Strong” and "causal® are used to
describe associations such as those between cigarette smoking and
lung cancer or asbestos and mesothelioma vhere the data ure
consistent and persuacive. TO use these words to characterize
tha association between liver cancer and PCB exposure is to
distort and grossly exaggerate the weak and inconsistent data
that are available.

We appreciate the opportunity to submit these comments to
the Workers' Compensation Board of Ontario and trust that they
will be given fair consideration. Please feel free to contact
either me or Dr. Mandel directly should you need clarification of
our remarks. We are alsc very willing to come to Toronto to
discuss our review with the Board.

Very truly yours,

DGB/bS 'l K %ﬁ@j‘

ee: Ms. Linda Angove,
Acting Secretarly of the Board
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A Revigw of
*Report to the Workers Compensation Board
on Occupational Exposures to PCls and

Yarious Cancers®
[0SP Report Mo, 2

Submitted by

Jack 5. Mandel, Ph. 0., M.P.H,, Allgn Williams, M.A., M.P.H.
and Pat Coin, Ph.D. (camnd.)

March 1, 1988
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Summgry

Anima| Studies

1.

The reviow of the animal studies by the Panel is not complets and does

not include a balanced perspective or the studies.

The results from the animal studies show an association between fatrly
large doses of only the most highly chiorinated (e.9. Kanechlor 500 or
Aroclor 1260) PCB compounds and site-specific (liver) tumors., The

effect appedrs to be species-specific (primarily in rats).

Extrapolation of the isolated findings in snimals to humans is tenuous
at bast.

Wuman Mortelity Studies

4.

None of the iIndividual human mortality studies presented by the Panel
thows & significant association. The authors of these reports

conclyde that no association has been damonstrated.

None of these studies accounted for confounding factors such as alco-
hol use, hepatitis fnfaction, or use of oral contraceptives, known

risk factors for liver cancer.

A1l the studies lumped together cancers of the liver, biliary tract
and galibladder even though the animal studies dealt primarily with

liver cancer,

Tha ute of a meta-anaiysis to sum the observed and expected results
from the “five® studies is Questionnable because of the substantial

disgsimilarities among the studies.

l
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10.

1.

12.

13.

The use of a one-tailed statistical significance test is not

appropr fate,

No account was made for the fact that 21 tests were conducted to
determine significance. Chance alone would result in the significance
of one SMR. An adjusteent to the p value should be made for myltiple
hypotheses testing.

Of the 7 cancers of the liver, biliary tract or gallbladder considered
to be significant, 4 had a duration of employment of one year or less,
3 were not confirmed and only 2 were classified on the death certifi.

cate as primary liver cancer.
No dose-response effect was demonstrated.

Three of the 7 cancer cases occurred in one plant (Massachusetts) in
one study (Brown and Jones). None of these was & primery cancer of

the liver. Two of the 3 cases worked 1.5 years or less.

The Bradford-Hill criteria to assess the causal significance of an

association are not met. The strength of the association is substan-
tially reduced if e two-tailed test is used, if an adjustment i3 made
for sultiple hypothases testing, if only liver cancers sre considered
and the sffect of confounding factors is removed. Consistency is not
demonstrated since the individual studies do not all show a signifi.

cant association., WNo dose-response relationship has been demonstrated.
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Review of "Report to the Workers Compensation 8card on Occupations!

Exposure to PCBs and Yarious Cancers® [0SP Report No, 2

Introduction

In December 1987, ths Industrial Disease Standards Panel of the Ontario
Ministry of ﬁabor submitted to the Workers' Compensation Board a report on
occupationa)l exposure to polychlorinated biphenyls (PC8s) and cancers.

This report was in response to & reguest from the Workers' Compgnsation
foard to consider the issue of the human carcinogenicity of PC8s for pur.
poses of determining entitlement for workers occupationally exposed to PCBs
who have developed cancer. The basis of the Panel's rocaniondations is the
*Report of the Special Panel on Occupational PC3 Exposure and Yerious
Cancers: Humbn Health Effects and Carcinogenic Risk Potential of PCRs".
This Special Pans), chaired by Or. William Nicholson of the Mount Sinai
School of Medicine, New York, reviewed the experimental animal studies and
observational human studies and conducted a meta-analysis of the epidemio-
logic mortality studies to reach the conclusion that there is, "a probable
connection between liver, biliary tract and gallbladder cancers and oCCupa-
tiona) exposure to PC8s™, Following is a critical review of the Special

Panel's report.

xpgr imgntal Anima) Studies
Although the Special) Panel does not explicitly define the scope of, or
approach to, the review of the experimental PCO literature, it appairs that
the Panel sought to provide & somewhat broad and general overview of this

literature, as opposed to & comprehensive and critical review., The Panel
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cites most, but not 411, of the major animal studies cited by other
reviewers, Furthermore, they do not discuss all the important findings in
the studies that they review.

The first study cited on PCB-induced 1iver cancer was that of Ito et al.,
1973, who fed male mice & diet of 100, 250, or 500 ppm of Kanechlor 300,
Kanechlor 400, or Kinechlor 500, Neoplastic nodules and hepatocellulsr
carcinomas were seen after 12 weeks only in the group exposed to 500 ppm of
Kanechlor S00. Seven of 12 animals were found to have necplastic nodules
and § of 12 hepatocellular carcinomas, [t should be noted that the effect
was observed only in the mice fed the diet with the greatest (500 ppm) dose
and most chlorinated (S4%) PCH compound, Tha second study of mice
(Kimbrough and Linder, 1974) found evidence of nonmalignant lesions in 47%
of the mice after an 11 month diet of 300 ppm of Aroclor 1284.

Six studies on rats were reviewed in the Special Panel's report. The
first (Kimyra and 8aba, 1973) found neopliastic nodules in only female rats
fed over 1200 mg of PCE in their diet. WNo mention i3 made of the second
study by Kimura et al. fn 1976 which did not find an association between
hepatocellular carcinoma and PCBs. The Panel concluded that the study by
Ito et al. in 1974 damonstrated that, ®all three Kanechlors produced liver
changes related to the concentration in the diet.® Table 3, presented in
support of this statement, contains data on the histopathological findings
in the Viver of rats given PCBs. At the highest dose (1000 pom) of the
most chiorinated compound (Kanechlor 500), 30.83 developed nodular
hyperplasia. Thirty percent and 31.3% of the rats developed nodular
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hyperplasia when fed 1000 ppm of Kanechlor 400 and 500 pom of Kanechlor $00
respectively. Lo-,r doses and less chlorinated PCBs showed virtually no
effect. Noteworthy is the Panel's failure to state that no hepatocellular
carcinomas were found in any of the rats including those fed the highest

dose-chlorination combingation.

In describing (p. 20) the results from Kimbrough et al. (1975), the Panel
appropritately acknowledges the substantially increased incidence of hepato-
cellular carcinomas and neoplastic nodules in experimental animgls in this
study. They go on to mention that uterine cancers were "also elevated, but
not to a statistically significant level®., Examination of Table 4 in the
Pangl's report, which presents Kimbrough's dats suggests & more complex
picture than the Panel’s description. It can be seen that for 4 number of
tumors incidence appears to be reduced, perhaps significantly, in the
exposed animals compired to the control animals, In fact, for all tumors
other than those of the liver, the incidence was somewhat greater among the
control animals then in the animals fed PCOS. PCIs were also not life-
shortening as almost twice as many control animals died before the experi-

ment was terminated.

In the study of Norback and Weltmen (1905), some significent findings
described by the authors are not noted by the Panel. Although the striking
sex-related difference in tumor rates is mentioned, the Panel did not men-

tion that the mortality rate was not increased in the PC) exposed group.

An sxample of & major animal study that is not cited by the suthors is that
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by Schaeffer and his colleagues published in 1984. This study reported s
significantly increased incidence of neoplastic nodules and hepatocellular
carcinomas in Wistar rats receiving Clophen AG0 (but not Clophen A30). As
noted in a subsequent letter by Young (1985), this study also showed a
significantly reduced risk of other tumor types and reduced mortality in
both sets of PLD treated animals. Schaeffer et al. considered the protec-
tion from neoplasas of the thymus and from nephritis to be the resuit of
PCB-induced alterations in the immune system. [t is net clear why the
Pane) did not include this study; such an omission reduces the confidence

in the completeness and balance of the review,

Another study not acknowledged by the Panel was by Kerklivet and Kimgldorf
(1977) in which they reported that PCH exposure in rats, *had g significant
protective effect on the host in response to the implantation and growth of

Walker 256 tumor cells.®

The one study of dogs was essentially negative as neither hepatocellular
carcinoma nor neoplastic nodules were found in the dogs fed up to 100 ppm of
Arocior 1242, 1254 or 1260.

Five animal studies were reviewed that dedl with the cancer-promoting
effects of PCBs. As with the studies on carcinogenesis, the effect appeirs
to be limited to the highest dose-chlorinated PCD compounds.

Summary of Experimgntal Anissl Studies

1. The review of the animal studies provided by the Panel is not complete
and does not include a belanced perspective on the studies,
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2.

5.

In addition to the incomplete prasentation of the major findings, the
authors also do not provide adequate descriptions or critiques of the
conduct of the studies - information that pertains to the overal)
interpretation and validity of the studies. For example, they do not
consistently indicate overall mortality or loss of body weight., Thus
1t s mych more difficult for the reader to evaluate these findings

without searching out the original literature.

The studies showing an incraase in hepatocellular carcinomy inc tdence
show these increases at fairly substantial doses with the most highly

chlorinated compounds.

Studies showing an increase in Viver carcinoma did not show an increase
in total tumor incidence, in fact, sOme show & daCredse in the non-

liver carcinomas.

In two of the studies mortality among the PCD exposed animals was

actually decreased.

The studies do not, *demonstrate reasonable consistency” as stated in
the Panel's report. The studies are iInconsistent, and part of this
inconsistency possibly stems from comparing the carcinogenicity of the
different commarcial PCH mixztures. The more highly chiorinated PCH
fsomers are most carcinogenic, as the Panel's report states. Kimbrough
(1987) goes further, stating that ft fs not certatn that the less
chlorinated fractions (pentachlorobiphenyls and less chlorinated) cause

hepatocellvlar carcinomas in rodents., This has implications for the
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possible risk of occupational exposures, since the less chlorinated
commercial mixtures (e.9. Aroclor 1242, 1254 and 1016) were more com-
monly used than Aroclor 1260 (Kimbrough, 1987). Of course the less
chlorinatcd commercial mixtures are not devoid of the highly chlori-
nated congeners, bt the concentrations of these congeners are lower in

the less-chloringted mizes (e.9. see Tadle 2 of the Pangl's report).

Aroclor 1254 (as opposed to Aroclor 1260) has not definitely been shown
to be hepatocarcinogenic in animals, The study most frequently reviewed
is that of the National Cancer [nstitute (1970), There were statis-
tically non-significant increases of hepatocellular carcinomas ang
hematopoietic cancers in exposed rats, Therefore, the study was equiv-
ocal at best and is negative by the criteria set for the NCI bioassays.
The Panel criticizes this stydy on the basis of an increased mortality
in the exposed groups, which they state leads to & decreased number of
animals at risk for cancer in the dosed groups, While this i3 trye, an
alternative srgument may also be valid, The excessive mortality in the
dosed groups indicates that the doses exceeded the maximum tolerated
dose and that therefore the assay is invalid. The NCI guidelines
require that the maxisum dote of test agent used in g bioassay de one
that does not alter the animal's normal longevity unless death is due
to tumors (Natfonal Cancer Institute 1976). In this NCI report it ste-
tes, A Maxisus Tolerated Dose (NTD) should de selected for each sex of
sach strain to be used in the chronic study. The NTD is defined as the
highast dose of the test agent given during the chronic study that can
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be pradicted not to alter the animals’ normal longevity from ef fects

other than carcinogenecity.”®

. Sti11 controversial 1g the ralationship of hyperplastic liver nodules

to the development of carcinoma. The Panel recognizes that the studies
suggesting that the hyperplastic nodules are precursors of malignant
tumors are, “"not completely definitive™. Plaa (1986) cites this
interpratation as one of two theories of pathologic progression of
11ver concer, Safe (1984) states that these hyperplastic nodules only

sopesr in experimental animals after long exposure to high doses.

Muman Morbidity Studies

Yusho Oisease

Kimbrough (1987) agreas with the Panel's report that the Yusho and
Yuchang poisonings can mainly be ascribed to the polychlorinated diben-
tofurans (PCFOs) present in the contaminated rice oi1. Kimbrough also
mentfons & highly toxic PCB 1somer (3,4,3',4' tetrachlorobiphenyl) at
baing prasent in the contaminated ofil. Kimbrough notes that this
isomer has not been {dentified in commercisl mixtures used in the U.S.

The Yusho and Yucheng episodes do not seem very relevant to the
possible carcinogenic properties of PCBs. Kimbrough (1987) states
that there 13 no definitive evidence about cancer rates in the Yutho
cohort. The number of cases sppearing 30 far has been small and &
sufficient latent period may not have yet slaspted. Furthermors,
although PCBs have toxicologic properties qualitatively similer to
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those of polychlorinated dibenzodioning (PCODs) and PCOFg, the
responses are not fdentical. [n particular 2,3,7,8 didensodioxin (TcDD
here) can induce tumors at & variety of sites in rodents, whilg PC8s
alone have only induced liver and stomach tumors (Kimbrough, 1985).
Furthermore, the axact patterns of enzyme induction of TCDD sra
mimickad only by a few PCB congenars having specific chlorinstion pat-
terns (Safe ot 81., 1985).

Skin and Other Cutansous Tisgues

Skin lesfons (acnaform sruptions, follicylitis and possible skin
thickening) appear to ba associated with high exposure to PCBs, par.
ticularly the higher chlorinated isomers,

8lood Chemistry

Savara) studies have been conducted of workers exposed to various con-
centrations of PCBS in which serum b100d analyses were obtained. The
results from these studies sre summarized in Table 12 o’ the Panel's
report. The Pane) concludes *in considering the overal) results, SGOT
and GGTP particularty sra increased with ezposure to PCBs*, The
results from the SGOT studies given in Table 12 show that only 3 of the
10 studies had significantly positive associations and the studies of
GETP show that 8 of 10 studies had significant)y positive association..
The Pare) concludes that, "most of the results are negative and when

positive, the affect is relatively minor.®

A number of studies have looked at cholesterol and triglyceride con-

centration in relation to PCBs. MHere the Panel overinterprets the

10
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d.

results suunlrixtdAin Table 13. Thay conclude that, "statistically
significant increases in trigiycerides and total cholesterol were asso-
ciated in some studies with increased serum PCB concentrations®,
However, only 8 of the 20 results in Table 13 are significantly asso-

ciatad.

Furtharmore, the Panel notes that *some studies® did not fully control
for body mass and it is not clear whather the studies showing a posi-
tive association ware among those that controlled for body mass. The
Panel also does not make it clear that the associstion can probably be
explained by the increased solubility of PCBs in serum with a higher

11pid contant as suggested by Kimbrough (1987).

Liver Abnormalitias

Tha report states that the Increasad serud liver enzymg lavels are of
uncertain clinica) significance. They find more alarming a report of
hapatomegaly in capacitor workers (Maroni et al, 1981), but state that
this 1s an fsolated finding. Thay point out (p.28) thet, *Other clini-
cal studies have not reported liver disease of such severity, 1f at
a11." [t is alto isportent to note that the study of Maroni et al). did
not have & control group, nor were the examining physicians blind to
tha PCB exposurs status of the workers. Thay did, howsver, find an
association between serum PCB levels and the frequancy of “abnormal®
liver findings as "deduced from symptoms, clinica) examination of the

liver and laborstory tests.®

1
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Cardiovascular Effects

Generally, the assoctations batween PCB expoture and blood pressure
have disappesred when the confounding factors of age, sex, smoking and
body mass were considered in the analysis, One study (Kreiss et a),
1981} 414 find an association with dlood pressure after contolling for
age, sex and body mass. Apparently wmcking was not controlled and
given the low PCB serum lavals (average * 17.2 ppd, range 1.2 - 158),

it 1s unlikaly that the sttociation was rasl.

Respiratory Effects
The Panel properly concludes that, "the single study indicating
decreased forced vita) capacity among PCB axposed workers sust be con-

firnad in other populations®.

Reproductive Effects
The finding from the studies on reproductive outcomes are weak and
unimpressive. The Pane) reafers to the rasults as “uncertain® and

"suggestive”.

Cancer Morbidity

One study of cancer among workers s reviewed, The study has not been
pudlished ia a pasr-reviewsd journal and apparantly no control group
was included. Howaver, no case of liver cancer was reported among the
exposed workers.

The Pangl appropristely points out (9. 31) some of the timitations of

the existing morbidity data from occupations! exposuraes and presents

12
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some clinical/epidemiologic considerations for future studies. They
mantion that an appropriate group for the study of pragnancy outcomes
would be difficult to obtain. Perhaps 1n this regard, the potentisl
for axposure to spouses or other househo'd contacts of PCB exposed

workars should be considered (Fischbein and Wolff, 1987).

Wuman Mortality Studies

The mortality studias of workers presumably exposed to PCBs sre used as the
foundation for the recommendations by tha Pangl. Four apidemiclogic mor-
tality studies hava bean done; one (Brown) was conducted st plants n two
diffarent states and hence, tha results sre presentad as {f S studies have
bean done, Table 1§ provides the characteristics of the populations from
the four major studies. Particularly noteworthy from this table 1s the
fact that al) the studies were of relativaly few people and givan the rels-
tive rarity of liver cancer in the population, nons of the studies would
have sufficient statistics) power unlass the sagnitude of the SN was
extramely large, which appirently 1t is not. Somewhat troubling 1s the
mannar in which the data were pooled (meta-analysis), particularly since
tha pana) had to rely on unpublishad dats provided by the suthors to con-
duct the comdined analyses. Tablas 16 and 17 of the report provide the
observed snd expected number of deaths by cause of deaath for males and

famales from the "five® studies.

The cohort described in Table 15 for the Nicholson at al. study 1s not the
sams 4% the ons used to obtain observed numbers of desths in Tablas 16 and
17. This is a bit mislaading and confusing as it sugpests that the study

13
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tite was larger than 1t actually was. Tables 16 and 17 include deaths
among study subjects not included in the Brown study. In Table 16, the
number of deaths from 211 causes (4)) is lass than the number of deaths
from cardiovascular disease (53). It 15 8130 somewhat surpriging that the -
expacted and cbsarved numbers Jf deaths for a)) cautes are identical for

malas and femalas (4) observed and 45.49 expected).

Individually, the results from the studies would be intarpratad as showing
no association between any cause of daath and swployment in that particylaer
company. Mowsver, whan the observed and expected number of deaths sre
susmed over al1 the studies, & significant {(p » .015) SR 15 found (see
Table 18) for death from cancers of the liver, biliary passsges and

g1 1bladder basad on 7 observad deaths and 2.54 expected. The Pane) used &
one-sided statistica) test when & two-sided test would have Deen more
sppropriate. Also, since 21 comparisons were made, the conventional p

value of 0.05 s not appropriate decsuse of muitiple hypothesis testing.

The Pana) attespts to tummarize tha retults within the framework of the
Bradford-#il) criteria for assessing the causa) significance of obser-
vationa) data, First, with respect to strength of the sssociation, the
Panal accepts the fact that since the SMR 3 statistically significant,
this criterion is fulfilled. Howaver, none of the individual studias 1s
significent and, using the meta-analysis, the result is not sufficiently
strong to satisfy this criterion (particularly if 4 more conservative p
value and 2 tafled test are used as would de appropriate in this
situaiion). Under consistency, no mention s made of the fact that none of

14
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the five studies raviewad show & significant agsociation, in fact, the
studies are remarkably consistent in that they al) fail to demonstrate an
sssociation betwean PCB exposure and liver cancer. With raspact to bio-
logical plavsibility in reference to the supporting avidence from anima)
studies, the Panel concludes that such support 13 spparent from the studias
raviewed in the docmn.t. However, although some of the animal studies do
suggest an association, they are far from conclusive as summarized in the
earligr sections of this report, Furthermore, no discussion 13 provided on
extrapolating from the doses used in the animal studies to the doses
experienced by the workers in the four studies. Mor is any consideration
given to the type of PCB compound. This 15 important because only the more
highly chlorinated ones showed & carcinogenic effect with snimals, Also,
the general issue of extrapolating to humans from animal dats fs not
addressed n the paper. Kisbrough (1987) states, "From empirical obser-
vations, humant 8130 appear to be less sensitiva to the toaic effects of
PCOs. Tha adility to store these chemicals in adipose tissue may be

protactive."

With respect to time relationships, the Pana) overlooks the fact that 4 of
the 7 cases had a duration of exposure of 1 yesr or less (see Tadle 22).
Furthermore, only two of the cases were actually liver cancer, the others
were biliary system or ga)ibladder cancers and of the 7 cases, ) were not
confirmed. In their analysis, the Panel combines tumors of the liver,
billary duct and gallbladder. The Justification given for this grouping
{s tha finding of "prensoplastic lesions® in the billary tract in g rat

15
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study. However, there are many differences among these sites in hymans
with respect to geographic variations in incidence and mortality rates,
secular trends, sex ratios and known or tuspected risk factors (Fraumeni

and Kanton, 1982; Falk, 1982). Thus grouping thes s not appropriate.

Absent from the docusint is any discussion of confounding factors, Thig Is
particularly important given the smal) numbers fnvolved in arriving at the

conclusion that an association exists betwaen PCBs and liver, biliary tract
and gallbladder cancars. Seven cises werd obterved, 2,54 expected. It is

sppropriste to evaluate the potential effect on this asgsociation of 3 con-

founding factor such as alcoho! uyse or hapatitis B infection (Falk, 1982).

A smal) diffgrence in the prevalence of risk factors between eaposed and

control groups could be of importance.

Of significance is the fact that no dose-response relationship was found.
This would be another fssue in evaluating the causal significance of the
sssociation, Ag stated in the document, “dt can be seen from Table 24
Tshould read 23), there is no significant trend with increasing estimated
risk when the durations of exposure are periods of employment in the high
PCS exposed jobs®. The report goes on to state, “however when the desths
in the cohort of Brown are categorized sccording to tota) plant employment
as other deaths are, the distribution corresponds to an increasing risk of
cancer with increasing estimated risk®. This fs a clesr overinterpretation
of the results since, as noted by the Pangl, the trend is not apparent and

the data are not statistically significant.

16
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Some specific comments regerding the individual mortality studies are given

below,

Brown and Jones {1981) and Brown, (1986)

As of tho end of February 1988, the Brown study update had not yet appeared
in the published literature. The 1981 study was pubdlished and availsdle

for review.

1. The original study reports that 163 individuals died from 1940-1976,

not 160 as stated in the Pangl's report.

2. In addition to not observing an iIncreased risk with grester latency,

Brown and Jones als0 d1d not observe an association with durstion of

angloyment.

3. The Panel addresses the possidle impact of using U.S. mortality rates,
rather than local (county) rates where plants are locsted, in calcu-
lating expected numbers of deaths. With respect to liver and diliary
tract cancers, the Panel states that local rates ware higher near one
plant (Massechusetts), but lower near the other plant (New York).
Three out of the & liver cancer or biliary tract desths occurred in
the Massachusetts cohort. This cohort also sccounted for two-thirds of
the total person-years (1981 study). Contrary to the assertion of the
Panel, these findings do suggest a possible bias. If the higher loca)
rate of 1iver cancer where the Massachusetts plant i3 located were used
to calculate the "expected® value rather than the lower U.S. ratas, &
highar expacted number would probably de obtained, which in turn would
lowgr the SMR for these sites.
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4. The original 1981 study found no trand 1n liver cancer deaths with

increasing latgncy.

Brown and Jones (1981) found & trend in mortality from cirrhosis of the
liver with incressed langth of employment which they considered to bde
"consistent with the notion that PCBs have & toxic effact on the
livor.'r The SMs increased from 74 for those employed Detwaen J months
and § years to 435 for those employed between 15 and 19 years. They
state that alcohol consumption 1s a possidle confoynder of the ssso-

clation batwean PCH axposura and liver cancer.

Gustavasson ot a1. (1988)

Several fmportant aspects of this study were not noted by the Panel,

1'

There sppeirs to be an inconsistency in the mortality dats presanted in
Table 111 in the original article. Total desths are listed as 21.
Under this Total are five major categories of deaths which sum to 27.

Neither the study authors nor tha Panel provide the person-yesrs of
observation for this study, although study power was briefly discussed
by the authors.

The Pane) notes that this study utilized Swadish nationa) rates to
obtain eapected deaths and that this may have underestimated the destht
expected in this cohort. The Panel then states that use of local rates
would have, ®only a trivial effect om the oversl] results of this
review®. ¥hile that may be trus, the effects may not be trivial
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regarding the findings of this study. The effects could be quite
significant 1f thare are larga differences batween 1ocal and ngtiona)

rates for specific tumor sites.

4. The one liver cancer (actually cancer of the ampully of Vater) reported
from this cohort was not reported as such in the original study which
d1d not have & detailed breakdown by site. The inclusion of this case

it basad on a personal communication from Gustavesson to the Pang).

Bertazz! et al. (1982) and Bertazz! ot al. (1987)

1. According to the Panal and the investigators, the aarlier study (1982)
{ncluded only production workers who had been employed for at lgast six
months between 194€ and 1970. In the updated study (1987), saveral
major changes were mada in the definition of the study cohort. First,
the ¢ligidility period was extended to 1978. Second, the minimua
period of employment was reduced from siz months to ong week. The
authors gave two reasons for this change; one week wat apperently the
ainimum period necassery to obtain reliadle dats on an employss, and
Tess than six months of employment could produce significant exposure
to PCBs. Third, a)l company employees, not just production employess,
werg included in the later study. Thus any company employee with at
least ong week of employment batween 1945 and 1978 was included in the
study.

2. The study suthors did not make a particularly strong case for the

changes they made in defining the study cohort, f.e., the iInclusion of
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J.

nonproduction employees and those with work histories as short as ong
waek. The evidence cited for significant short-term exposures was a
1954 study of three cases of chioracne in the company among sutoclave
workers who had worked 4, 6 and 7 months, respectively. Although four
other cases of chlaracne were diagnosed in 1977 among workers
impregnating capacitors with PCBs, the work duration of these workaers
is not notead and neither thair own data nor those of other published
studies are presentad to support the contention that short-term workers
can generally have significant exposures. The inclusion of nonproduc-
tion workers was a1so not wall Sustified. In addition to severasl air
samples of PCOs, & number of workers were assaysd for PCBs on their
hands and in their blood. Unfortunately, the suthors do not sdequately
specify the locations of the environmenta) samples, or provide infor-
mation on how the workers wera selected, their occupstions or work
histories. It was oOnly stated that thay represent *typical® exposure
conditions. Thus, 1t s ot at all clear that nonproduction workers or
very short-term workers had significent eaxposures to PCBs or that the
exposure potentia) would have besn constant ovar different time
periods. The suthers do not indicate the proportion of the cohort that
fall into these categories.

A mgre significent ispediment to interpretation of this study is that
the suthors did not have available to them detsiled employee work
histories or job descriptions, and could not classify workers according

to work history.

20
MONS 225025



4. The authors did not find any relationship between mortality and length
of employment, latency, or year started. However, a3 the authors and
Panel note, the smal) number of deaths 1imit any conclusions that can

be drawn.

§, It is somewhat curious that the authors presented characteristics of
“salectad” ciases of cancer desths in Tables ¥] and V]] for males and
females, respectivaly. In Table VI, they actually presented a1 2
mala deaths, while 1n Table VII, they presented only 4 of the 14 female

deaths.

Micholson et a). (1987)

This 1s an unpublished study, howevar & draft of the paper was made

availadle for review.

1. The Panel notas that this study was conducted on One of the same plants
(Flant 1, Mew York) that was included 1n the Brown and Jones study.
Wowavar, the investigators defined thair cohorts quite differently.
Brown and Jones dafingd their study cohort as any worker with at least
3 months of service at any timg 1n an srea with high exposure potentia)
- st definad by the company and corroborated Dy the union and s NIDSH
industrisl hygiene survey. The Nicholton study cohort consisted of all
plant workers with at least five yedrs of service whose employment
began before 1954, Furthermore, Nicholson allowed for & 10-yesr laten-
cy; follcw-up d1d not occur until after 10 years from first
employment. Because Of the different requirements for langth of
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employment and time pertod of employment, 1t {5 not surprising that the
Nicholson cohort was smaller - 769 workers. The Panel notas that over
two-thirgs of thase workers (521/769) were not inclyded 'n the Brown
and Jonas cohort {(and it 1s only dats for thase workers that fis
soparently prasented in Tablas 16 and 17). This finding would suggest
thet most of the Nicholson cohort did not have the high-exposure jobs
as tdentified by Brown and Jones. In any avent, in the adsence of mors
detailed axposure information, it 13 unclear whether the Nicholson
cohort or the Brown and Jones cohort provides a better or sdequita

study group.

Use of & Meta-Anglysis
The application of mata-smalysis to retrospective cohort studies is relati-

vely new. It has deen more often used for experimgnta) studies where
results from a nuaber of randomized trials have deen pooled. In these
situations & number of criterfa had to be met defore combining the data
from many studies. The Panel's report does not address the appropristensss
of conducting the mata-analysis in this situation, There are no forma)
spacifications in the Panel's report for judging that the studies were suf-
ficiently stmtlar to allow pooling. Thare were sufficient differences
among the studies that could invalidate & meta-enalysis. The studies were
dons in differeat countries (U.S.A., [taly and Sweden) and involved dif-
farent sverage durations of employment, differeat intensities of exposure
and different definitions of eligibility for inclusion into the study
cohort. Bertazzi et al. did not have work histories and included all plant
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e™'0yses who worked one wedk or morg, wherqds Brown and Jones included
only workers with 11kely axposure to PCBs with at lgast three months of
work experience. Nicholson at al. iIncluded only employees with five years

of service and at leest ten ysars of followup (latency).

Inclusion of all relavant articles is important in meta-anglysis, The
Panel does not stete what methods were used to ensure inclusion of all
studies. Studies with negative results are lass 11kely to be pudlithed
than studies with positive results {Sacks et al, 1987). Thus, 1t 15 impor-
tant to provide & well defined framework to Survay the ruicreh fiald and
identify all studies which address the fssue. Tha Panal presumes to hava
fdentif fed al)l studies, however, they do not descride a process for con-

ducting the sesarch.

Summar y

The pane) concludes (p. 49),

*In summary, while only sevan deaths from liver and biliary tract cancer
occurred, the criterfa of Nil)l for an sssociation with exposure ere resson-
ably woll met.®

The Hi11 criteria are not met. Tha only criterion that has some merit is
biological plausibility.

"The association 1s strong (DM » 275) and achieves statistical
significence.®

[t 15 questionable if significance would de attained if a more conservative
p value was used (because of multiplg hypothases testing) slong with &

2-tailed test. Furthermore, J of tha 7 cases were not confirmed.
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R AR b SR
hMgh finding.® ’ poradically
Of the S plants in which males were studied, 2 had no deaths from concers of
the liver, diliary passages and galibladder, 2 had 1 death and 1 had 2 |
deaths. Of the & plants wxrich included women, 3 had no deaths from these
causes and 1 plant ned 3 deaths. (The latter is from anm unpudlished
study.) Of the four published studies, Brown and Jones state, *There i3
no relationship between increasing duration of employment in Jobs invelving
PCS exposure and the risk of mortality due to cancer or cirrhosis of the
Viver®. Sartazzi et al. state, ®...both workers who died from cancer of
the Jiver and billary tract had been employed in the production areas,
atbait for rather short periods®. They later state, "The limitgtions
discussed did not permit 3 causd) assocation to be either proved or
dismissed.® Gustavsson et a). does not even mention the one liver cancer
cited 1n the Panel's report but do state, "A subgroup of 19 individuals
with higher exposure (capacitor fillers and repatrers) was analyzed separ-
stely but there was no tendency towards an increasad mortality or cancer
incidence in this subgroup.® And finally Richoisom, the chair of the
Spacial Panel concludes his own study with the statement, *The overall
results do not indicate say association of PCB exposure with excess sor-
tality for any cause.® A final point, the excess did indeed come mainly
from ong sporadically high finding. Three of the 7 deaths (43X) occurred
among females in one of the plaats in the Brown and Jones study.

*The concordance of the anisal data and tha findin' of liver tymors in
humans exposed to dibenzofurans, structurally similar compounds, adds
weight to the human evidence.®
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The snima) data and thair 1imitations ware in this report. Regarding the
didenzofurans (PCOFs) Kimbrough (1987a) states, *The toxicity of individya!
isomers of the PCBs, PCDOs (dibenzodioxing) and PCOFs varies greatly., The
type of effacts produced by the same compound snd the target organs may
aiffer fin different species and may differ for various homologs of this
mixture of chemicals. Species variations in rasponse to PCDOs and PCOFs
have some sieilarities, but alse some differances. This makes risk gsti.
sates extremely difficult.”

SThe exposure and time relationship of the cancer incidence are in accord
with eapectations.®

No dose responso relationship was demonstrated in any of the individual
studies nor in the combined data. Four of the 7 cases ware smployed for
one yuar or less.

*Finally, no other exposure or circumstance could be identified that would
provide an aiternative explanation for the excess.®

It must be pointed out that none of the studies considered other exposures.
Important confounding factors such as alcohol use, hepatitis 8 virus infec-
tion or use of oral contraceptives ware not considered although Brown and
Jonss recognized the need to contider alcohol use, particulariy since they

found & large increase in cirrhosis of the liver,

And finally the Panel concludas,
"Considering 411 the deta, the evidence i3 strong for & causal association

between the excess of these cancers and exposure to PCBS.°
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The evidence is not strong and the association cannot be considered caussl.
*Strong® and “causal® are used to descride associations such as those
between cigarette smoking and lung cencer or asbestos and mesothelioms
whare the dats are consistent and persvasive. To use these words to
characterize the association between liver cancer and PCB exposure is to
distort and grossly exaggerate the weak and inconsistent dats that ere
svailable. The animal data are suggestive, howaver, the human dats are

weak and unconvincing.
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