EDITORIAL RESPONSES TO THE RINSKY ARTICLE
IN THE NEW ENGLAND JOURNAL OF MEDICINE
INCLUDING THE EDITORIAL BY WILLIAM F. O'KEEFE

(October 15, 1987 Vol. 317, No. 16)

SAL 000001667



teAaoudde
J93H Bujpuey

1sA0sdde
J93H Bupuey

pPepun; ;8814

‘esuodees

Asore nB8e.s auezueq
Jiepun jesodoud
108pnq G861

IUBWPUSWEe 3813U0D
‘spuny (@61

Papuny 7881

3I4N0S 1390n4Q

000°0v$

000°01 %

000°0CS

000°0S% °3 dn

‘8444049 w0}
suUSIUSQ HOASLY Oy}
meiA®S D) 1I0IjU0D
oY) u) papjacad
spunyj {98l

wos) 000°ZZ$ O3 dn

‘pedINnpeJ
SOn J30 48

10 (°A®) By}

" JUBWNIOD HOSLY
Oy} O ME AR
uodn na '000°'02%
J0) 98a 12043U0])
1eu8140 ey}
‘000°9¢ oy dn

1500

Yieasq uewny

B4y} U| SUEIULRQ JO EBIINOS (8N | 1880 -uoL
SNELAA (O8N || 9S04 I IUSIE S|P 0} SysA{euw
o] 204 js0dUns @3} JA(SUS pUS |8 UYD}
am—b_>csn AQ 1%ef0.4d juswsIesSse sinsodx e

Sy) JO £ NSe) sjusweddns jrefosd ejuy

"IMd{PUy Use)1ed BINEOTdYS O Juswdo | BASp ey)
40 140ddne Buy [ SPOW pUR |EBI|UYIe) Buypyaoad
AQ eao0Qe jDd8faid juswussesse sansndre

oYy} 40 Z us8) sjuewa(ddns ydefosd s yj

*(D00’'Q1s) einsodve eumruUSq

ue que 40 S8J.N0E Sy | S80ES® 0) () pue
1{000Q'Ss) 1=NpALPuUy pesadae A| (mw|vaw pue
SOUNSOARS UBWNY JO UOJIIULJOP DJIP}) (B0 SI0W
® SseLppE O} SBIPU} UIeIed SINSOUES USWNY
dojeaep 03 (Z) *(000°'S1$) (=0ieq 1defoud
0P|y MNP0 $00) B|EpOwW I} JSu yoOSWISYD
susTueq Budo | SASP Uy BEN 4O) (E8duUNOS SLEP
JOYID PUB) NYI) WO, SIEP CiNEOdEe JUSLQWS
SpIA0ID Oy (1) tejowd esiyl WY JIe(0sd ejyy

‘uoyeydep FPLI0tU) LAULA Ul

o} lusnbszqne SpispuE}s I N0} Iy Bujiies

Uy O8N J0j SSAJBUIS) W T 188 S geyIOa @
oAj0AB yd3 diey O) 8| sAy3de(Qo By) 40,40
Si4l 40 uocjysad Aey ® eQ (| |M 21| uag)deg
Jepun sSpiepue)s SUITUERQ BY) O sBu(peedOsd
PUSWEJ §,¥d3 waouy peujel ndup ")y

Jiy Uee|) Syl O Z| UOY IS Jepun S| 8AR)
¥ey. ®1qejdedde Bujdoieaep 10 A00 |0pOYy) oW
paiei1op 8 JdojeAep PINOM 40,0 S}Y)L

‘uojerep FPpIOIUT TAUIA

sy} 0} jJuenbesqns suoisydep Ne|J s qejdedrde
Bujqew vy yg3j O} e|Ne||eas suo|ido

oY) GULINO O} Sy ([ BEWYY "Iy Jiy uUee|)
oy} 40 ZjL uoj1des sepun epaspue}s Oujiies
20) SO)WW} 08 yo I PuUNoq Jaddn ;o 83N

Yl 40} SSAISUIEI|E #|QE} NS Pus WS | qQOsd
oYy Bujuy | no ueded e do|sASp O} 8} | eSOy

“Suo} }des A80)0d3u0)

sy} Bujmejres eus Saeqwew Ausdwo) ‘guPIUNg
J0) B} J0ug AYIN0L YY) ;O SUD|II0S

sdeB sjep pus °juswssesse ws|J2 ‘ABo(ojwep|de
oy} SN} 43 PuUE MBLAIL O} S| SHI|IPOY

NO11JKRN4 AYHOOud

‘9061 Jeumns
U} Pe1e|dwod 8q O0)

‘8061 Jeumng
U} pele|dwol e8q Of

‘86848, sunp
U} pejeidwul 8q 0}

8861
Uy PeIINPUOD Bq 9}

TEBYIVOW T UjyIEm
peje | dwod 8qQ 0}

‘62 AJenuiqe 4
Aq peie dwod eq Oy

ONINLL

340443 juswdo|ereg
Pl UoQue)

suae}ied
JOjARYySQ/BINBO0NS
uo yduessey - [3d

sSUesTUNg jURQue
405 jJuawdissee

eJngadny - e |0wes -

4 8¢
sguyy - ey3IjIpay (¢

11 pue | seswyqg
~ ja0;38 ®j0j0d
Bujddo)s eueruveg
- SW3jJpoy °f

0§ }403g 'YO)
sSuezuSg ¥ASLY jO

npjARy - syIjapoy

133r0ud

SAL 00000166¢



A o . fa, g ¢

PR

\ wav iy, e v

1 —— e,

A B = o S o T RO A dm, 1148

Vol 317 No. 16

long-term survival among patients with Siage [1] disease is 25 per-
cent {two ol eightl. Among patrnts wah Stage 1V dusease. § of 34
(18 percent) have sursined vseradl. ol the 23 paticnts with bune
mctastasis and bune marrow mvoivement at disgBusia — a gruup
generally considered to have a parucularhy poor prognosis. 5 (22
percent) have survived. The survival of these five pauents indicates
that marrow “purging” mav nal aiwavs be needed. -

Th':; has been a price for suninat — conniderabie u‘n!mem-
telaced ahrunic toxicuy. Six of the aight children harg auditory
njury %ung their hearing range’ and wear heanng aids. Five
pauents hiyve reduced glomerular filteation cates. twis o whom
have chronle renal failure: une of them requires anuh pertensive
theraps. Apdyt from these handicaps. the eight children tnow 6.3 (o
{2.4 vears oid\median, B.2) arc leading full and acus ¢ hves. includ-

observed in a larg
Group.? Previous ¢
made over the past
and that the number
diagnosis is neglig:bie.
ence suggests that the
IV has been extended
tan: component of this 1 therefore, the long-
term results a1 centers usi “consolidasion” regi-
mens®'? will be awaied wiyh great antergst. Rather than adopt

neuroblasioma
an one \ear old at

survinors who are mnre
" We challunge these as

probabls an impor-
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have renal failure. Tlus observation may indicate that panents with
renal involvement have more exiensine human immuntdehciencs
vitw ated diacase and theretore dre saoner. Moweyer, 1o i also

trigger replica-
ening mainie.

of the uremic state iself.
ent in a high proporuion of
vuid also be associated wuth
t be interesting to see whether
pentoncat dialysis have increases
ocy 1es comparable to the increases
nce hemodialssis. If increased T-
inienance hemodiaiysis than in
-slage renal disease. survival of pa-
AIDS cold be enhanced by ar. alterna-

pauents on long-lerm ambu
mimmunec activaton of T Iy
vbserved 1n patients on maint
ceil acuvauon is mure mark
other forms of therapy of
uents with this disorder a

87. )18.1062.8
vales eapressioa
of b geficiency vuus n T cetls Narure 1987, 326 7113

L L. Dugas B. Beauran A, eral Presence of preacuvaued T cels i
be alyzed paugnis theyr possible roik @ alered unmuniny Proc Nau
Acad Sci LSA 1986 8) 745701

BENZENE AND LEUKEMIA

To the Eduor- In the studs on benzene and leubhemia by Rinsks
et al (Apnl 23 issue).® there were but nine cases of {euhemia anc
four cases of myeioma. These are ver small numbers on which 10
base conciusions. especialls when the overall mortaiity has been as
expected and the morality due 1o makignant neoplasms has alsc
been as expected.

Of special interest is the authors’ Table 4. which lists the cases.
Sume had minuscule exposure. and one wonders what other mahg-
nant disease—causing agents they may have dbeen exposed to dunng
their lives. Of special interest is the fact that no empiovee first
exposed after |95+ had leukemnia or myeloma. even though hiring
continued for |1l years and even theugh 7 of the 13 cases had the
onset of discase within 20 vears of first exposure. (Cases were fol-
lowed through 1981, so there should have been some cases.) In the
study. two subjects died within 3% years of exposure.

Looking at the year of initial exposure of the 13 cases, one can sec
that 9 had Arst exposures before the end of World War I1. One
wonders about the measunng instruments in that situation.

AE. D'Angio GJf Seeger RC. ads. Advances

New York: Liss. 1905.565-3

10. Pulip T. Buon P. Prullip L. et a). Autologous bone wn
for very bad reuroblaviurma e Dvars AL D'AnpoOJ. Secper RC,
ods. Advancef & ]! n New York. R L.

AIDS AND RENAL FAILURE

To thr Edifor: Rao et al. abserved accelerated wasting andl carly
death i patients with the acquired immunodeficiency syndrume
{AIDS) who required maintenance hemodial s for therapy of end-.
stage renal disease (April 23 issue).' The course appears to be mwre
rapid than has been observed in pavens with AIDS who do not

Having apent some time studving chuldhood malignan disease
more than 25 veans ago, | am very senutive to the endency 10
observe clusiers of cases sometimes living within short distances of
each other. Statisticians have generally atnbuted these o chance.
and there is no reason why that may not be true in the cases in this
srudh . - -

Max Baota, M.D.. M.PH

Srattle, WA 98113 6536 291h Ave. NE

*Riruky RA. Smuth AB. Homung R. el al. Benzene and levicmea ap epubemi
ologw nak assessment. N Engl J Mcd 1987. 116.1044-50.

To the Edrtor: The paper by Rinsky et al. on worken in rubber
hyvdruchivnde plants expused o benzene repurts a cohor: studv. a
case—conteol study, and a risk assessment for lewkenua in'relanion 10
beusene. Table 1. which uses data frum that paper, indicates a
discrepancy between the cohort and case—coatrul studies. The case—
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Table 1. Deaths from Lavkermua. the Standardzes Mortaity Ratio
{SMR), and the Predicted Ocas Rabe. Accorting to Cumulshve
Exposure to Benzens.
e e T

Ciwvianve Exrosing Dranes Feom Omuvio PaiteTeo
pm-yr) Laveaama M Ooen Rano*
0—40 2 1.1 13
40- 300 2 3.2 a3
200400 2 11.9 a3
>400 3 ] 423

From B N -aarafen Goue: of Laik) © A Suig U BeipEn o GACH Cipmsare
cmcgery (400 PP year (ar hughum Catwpary )

control risk assessment predicts. in the higher<exposure categories.
odds ratios much larger than the standardized moruality ratios ob-
served in the cohort. A possible explanation for the discrepancy is
that the exposure of the controls was much lower than that of all
cohort members without disease. In support of this. it can be in-
ferred from the paper that the mean cumulauve levels of benzene
exposure of the 1156 subjects without disease and the 90 controis
were about 67 and 50 parts per million (ppm)-scars. respectively.

1¢ 13 reasonable to ask why the case—controt study was done. A
case—control study withuin a cohort 1s usuaily done 10 reduce 1he cost
of determining the exposure of all cohort members without disease
However, this reason 1s not apphcable here, since the exposure to
benzene of all cohort members was known. Runsky et al. offer sever-
al reasons for doing the case—~controi studs. bur all the objecuves
cauld have been met effectiveis by a cohort analvsis of all the data.

The dispanty between the mean exposure level of alt cohort
members without diusease (67 ppm-vears) and that of the 90 controls
(50 ppm-vears: requires explanation. ltis probabis not the result of
selection duc to matching. sinc- this should have raised the level in
the companson sertes. The mvesugators may have reviewed the
informaton on the benzene exposures of cases and controls. with
the result that the average level of the controis. but not that of the
cases, was lowered. If such a review expiains why the conirol expo-
sure ievels were lowered bv 26 percent. then the validin of the
cohort studs 15 quesuonable Finalls. if chance explains the differ-
ence between the cohort data and the case~control nsk assessment.
a nsk assessment based on the entire cohort would be supenor.
Irrespective of the explanation. 1t would be apprnpriate to evaluate
the data further. Although this might iavoir ¢ reevaluatinn of Lhe
bcnzene exposures of all cohon members. the results should clanfy
the relation between benzene and leukemia.

The Occupatonal Safets and Heaith Administration (OSHA)
proposes to reduce the benaene standard of a 10 ppm time-weighted
average 0 1 ppm. A principal basis for this is the results of the
rubber hydrochionde study. However, the magnitude of the dose-
raponse relauon in this cohort is uncertain. We. in 2 review
supported in part by Texsco. Inc.. and others bave done nisk assess-
ments based on this study and estimate that exposure 10 300 ppm-
years of benzene would cause 50 to BO exceas leukemia deaths per
1000 workers 30 exposed.” The ruk assessment of Rinsky et al.
predicus 250.

Harrand Avstin, D Sc.

Eiasstu Derzecs, D.Sc.

Pwiur Core, M.D.. Da.P.H.
University of Alabama at Birmingham

Birmingham, AL 35294 School of Public Health

e Auztin H. Detzel) E. Cole P. Benzene and leulemia: a fevies of the kiseraure
and 2 nsk asaca Am ) Epsd \ 1 press).

To the Editer: In his editorial on new sciendific evidence and public
health imperauves (Aptil 23 ssue).' Dr. Ashiord stated that ~an-
other cxample is the teanalysis of the National Cancer Institute
data on human exposure to formaldchyde.! which now indicates
a clear risk of cancer to humans.” The suthors of the study of
humans expmed 10 lormaldehvdes concluded that “these data pro-
vide little evidence that mortaliny from cancer s associsted with
formaldchyde expature a1 the levels expenenced by workens in this

studs .~ Since subsiannal numbers nf heaith workery are exposed 1o
formaidchvde. 1t wnuld be of ennuderable mmerest of [r Ashiford
tould provide the evidence that indicates ~a clear nsk of cancer
to humans.”

Si. John's. NF AIB 3V6.
Canada

Ashford NA New scicniific evidene and publu heaith imperauves. N Engt !
Meda 1947316 1084-%

M. Heses Gaver, MD
Memonal Laiversas
of Newfoundland

Blarr A. Suewan P. O'Beryg M. e1  Morainy among industnal workers

exposed 10 (ormaldchyde INC! 1986 76 1071-84

To thr £ditor The editonal by Ashierd sounds a fulse alarm about

the state of public health regulation 1uday . Far from "waiting fur the
bodies 10 fall.” federal agencies long ago adopied the “preventne
public health policiea™ that Professur Ashfurd now picads tor Tlie
Supreme Court’s decision in the benzene case accepts this approach
by authorizing OSHA to “nisk error on the side of orverprotection
rather than underprotection.”' The rssence of the court's ruling
is that this principlc mua! be apphed within realisuc limus. so
that instead of secking “10 eliminaie compietely and with abso-
lute certainty amy nisk of serious harm.” regulators must fairis
evaluate all the avaitable scienufic data and “maie 2 rauonal
judgment about the relatne significance of the rishs” involved -
Federal agencies have recognized that prudence. rather than anll-
concen ed rush 10 judgment. 1 crucial 10 svund public healih regu-
fation and have had no dificulin implemenung the vital nsa
asseasment and pohicyv-maring disniphnes contempiated in the ben-
tene deasion . In fact. OSHA has aiready reguiated asbesios®
and ethviene oxide™ as carcinougens and wiil shorty prescnbe
stnicter hmits for formaidehsde

The teport by Ruinsky et al on a2 much-studied cohont of benzene

workers. which Professor Ashford cites as ~better saience” requ.ning
animmediate “gosernmencai response. actually illustrates the piie
falls of reacung uncnucalls to a single publicauion Indeed. 1tfails 10
mect the standard of scicautic eacellence to which he subsenbes
Dunng OSHA's public heanings on benzene fast summer.? ma or
shoricomings in the paper by Runsky et al were uncovered. inciud-
ing seiecuve use of the avaslable data on indusinal hvgiene. sub-
stantiai undercstimation of exposures. parucularh during the
19405, at the work stations where the excess cases of leukemia oc-
curred and wherc workers were known 10 have died from the acucre
biload-poisoning effecis of benzene®. and failure to account for
the prolonged, heavy exposures 1o benzene that manv of the work-
ers in this cohort expenenced at work statuns eacluded from the
anaivsis >

There i3 nothing to be gained and much 1o be lost by foinenting a

crisis atmosphere based on a flawed anaivsis that greath exagrer-
ates the level of risk. espenially since average benzene expusures in
the petwroleum indusiry and elsewhere have for some time been re-
duced to levels comforiabiy below the I-ppm limit OSHA has pro-
poscd.'! Instead. Profcssor Ashford shouid recognize. as the Ameni-
can Petroleum Institute does. that the best way 10 improve health
protection against the hazards we face today — occupauonal and
otherwise — is 10 insist on 3 thorough sienufic review of all the
available daia. focusing on the question of whai exposures pusc
significant nisks.

‘Washingion, DC 20005
i
2
.

Wittian F. O'Krerc
American Petroleum Insiicuie

AFLCIO v. Amencan Peuoleum Insnituie Indurinal Umon Depantment
448 U.S.. 1980.607. 6356

Rursel M. Gruder M. Road ssessment 1n environmenial poicy muking
Scence {987, 236 250-0

Lave LB Mcahh and safory nah arahysen anfurmation for Better oy wions
Scence 1987 16.291.8

Okrent D. The mafety goab of U U.S. Nwlear Regulaary Commission.
Scnce 1987, 136 290 MU

Depanmeat of Labor  Oucupstional cxposws 10 Mbraos. Wemobl.
anthuphylthisc. am atinolite Fed Kepnl June 20, 1988, 3120612
]

Ovpanmem of Labor. O cupminonal e \pomart w ethyloae ozl Fed Ruyini
Juac 12, 1934, 49257 4.0
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7. Depariment of Labor. Seme-muual reguiary agenda. Fed Repae. Apni
7. 1987 52.1434)

8. Poum-heanng of Un A N | . OSHA Docket
Mo M-039C. Ea. 240 june 10, l!lb&ll Jia-tda. $73-90a.

9. Davn PA Totx sbuances i the rubber wdustry. benzol. Rubber Age
1829 367-8.

10 Wilvon RH Benrene poisoming in wedustry J Lab Clia Meet 1942, 27 1517
21

11. Rumon HE. Scort LM Senzere exposure 18 the Usived Stgars 1973- 1993
an overview. Am ] lmd Med 1995. 7.385-93,

The above letiers were referved to the authors of 1he articles in
qursunn. who offer the following replies:

Te ine Editor: Dr. Bader is concerned that our analviis rests on
oniv mine deachs from leukemia and four from multiple myveloma
and mav therefore represent merely a descripuon of a random “can-
cer cluster.” That conclusion is highly unlikely, because of the close
association of th» cases with an expenmentally proved carcino-
gen'? and the demonsirated strong, intermally consistent dose—
response relanion. Similar features are charxctenstic of senes of
cases of other chemicallv induced cancers, such as mesothelioma in
ashestos workers’ and hepauc angrosarcoma in vinvl chlonde waork-
ers.} Dr. Bader 13 correct in noting that no cases of leukemia devel-
oped 1n our senes among workers first expoted 10 benzene after
1954. The most likels explanation for this finding 13 a reducuon in
cumuiative exposurr. relativels few workers were hired after 1954,
and among those workers, total lifetime caposure was kept low bv
decreases in production and progressive diminution in exposure
standards.

Austin et al. are concerned by what they percenve as “discrepan.
Cies” between 1he nsa esum a1t~y denved from our case—<onit>) and
standardia~d mortalies ratin analvses. Given the dufferent nazure of
these two snalvses, suen cnncemn a3 msplaced. The staadardized
mortaiity rauo siuds 1S intended simph 1o delineaie overall patterns
of mortality. It provides a poor basis for ascerainment of an expo-
sure—response relauon, because cach dose category within the co-
hart 15 a distinct subset with a different duration of {ollow -up, 3
different proportion of deaths. and different age distnbuuons. In
addr.on. the standardized moralily rano uses an external popula-
uon for companson — nameiv. the entire papulation of the Urited
States. By comirast, the case—~ontrol studv provides an elegant
means for modeling cumulauve dese while conrolling for age. dura-
tion of {oliow-up. and ather potennal confounders and effect madifi.
ers. Furthermore, it emplovs an internal comparison group. All that
said. however. the apparent discrepancy noted by Ausun ec al. is
largels an arufact of their manner of representing our data. They
arbatrarily chose 0 denve risk esumates by using the midpoint of
each of our exposure categones. A more appropriate procedure,
given the stated highly skewed distribution of the cumulainve expo-
sures. would have bern o vse the person-vears weighted average
exposure for each category. Witk tha' aporoach. more high!y con-
cordant risk estimates wuuld have been ootained.

Austin et al. are also concerned by 3 “disparity™ between the
mean level of exposure to bentene of alt cohort members with-
oul discase (67 ppm-vears) and that of the 90 controls (50 ppm-
years). This apparent discrepancy s easily explained. The appro-
priase procedure for tabulating doses in 3 case—control incidence
study requires that cumulation of the controls’ exposure be trun-
cated a3 the time of death of each corresponding case® For all
other memhery of 1he cohort, dose continues to accumuiate unnl
ecasation of exposure. Austin et al. have overiooked this methodo-
logic point. and thus the two average doses cited by them are not
comparable.

Wr are reasaured that a separate risk assessment undertaken
'l'!t?nll\ by Ausiin el ai. produced overall findings quite similar to
ours.” Both studies demonstrate an rlevated risk of leukemia with
cumulative exposure 10 benzene. both derive similar dose—response
curves, and both indicate that there is a subnanuial risk of leukemia
at expasure levels delow 10 ppm.

Mr. O Keefe staies that during public hearings on benaene heid
by the U.S. Depanment of Labor in 1988, “major shoriromings™
were uncovered in our research. O'Kerfe fails 10 note that wih our
cooperation, he and hia 31T scrutinized rach datum in our analvsis.
They found only mine discrepancies among thousands of cuded
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work hisiones and exposure measurcments. We subsequentds cor-
rected each of these errors. and Lhe correcuons are included in our
published report. Corvecuon of thase erTors actually ncreased our
oumates of leukernia rish shrhthy. Furthermore, the environmental
measurements were reviewed by the company in whose plants the

studv was undertaken. The compans took no exception to our char-
actenzation of exposures. and ey rt}ecled the nouon that we had

subsianualiv underesumated axposure.®

We are pieased 10 note that on September 1, 1987, OSHA an-
nounced a reduction 1n the standard for permissible occupauonal
exposure 10 benzene from 1010 | ppm.

Roseat A. Rivsxy, Arzxasotr B Surme,
Ricuanp Howxunc. Anorea H. Oxuy,
and PutLie J. Laxpascas

Nauonal Irstirute for

Cincianau, OH 45226 Occupauonal Safets and Heaits

1. Sevoer CA. Goldstern BD. Sellxiumar AR. Brombery 1. Lok S, Alben
RE. The iahaianon wixologs of brnzene mewdence of hemaswoeowse peo-
plasms and bematoworcins m AKR:J and CSTBL'S) ouce Toaxol Appl
Pharmaco) 1960, 54 323-31.

2. Mattom C.Conu 8. Cors G Benzeoe. 2 mulupotenual carcunogen results of
long-term bioassavs performas & e Bolopas lasuiue of Oncology Am J
lnd Med 1983, 4 589630

3. NTP wuchnical repors os the bogy aad ¢ genesis sudies of besreme
in F344 N rats aod BACIF! ooxce ‘gavaee stadics) Research Tnangle Parx.
N € . Nauonal Toxmoiops Pregmn. 1986 (Publicanon no 36-2349 )

4 Selkoff U, Hammond EC. Oy ). Casvinngerucity of amone ashestor
Arch Enviroo Healtt 1972, 23.183-0.

S. Creech fL b, jotireon MN  Aaposarcoms of Lver 1 the masufacture of
poiyviay | chionde. ) Ocoup Med 1974, 16°150-1.

6. Bresiow NE. Lubiue JH, Maret P. Langnolz B Muluplicanve models and
cotort analvais | Am St Aswxc 19B3. 78:3.32

7. AusunH. Oclzel E. Jo.¢ P Brezrae and ieukerua. 8 revew of the Lerance
0 2 ALk asaesImEr AM ) Ewh uoi 10 v )

8 Lener from Goodvesr Tue m: Rubber w NIQSH. October S, 1981 [r
Occupatonal Safery and Hew= Admunustanons Benzene Dechot H-0%9
Wastungion, O €. Greypmoon Safety and Healin AdmustusTanuos. Techr. -
cal Daas Center. 1986

To the Edvior: Despite assermons 10 the contrarmy by Mr. O'Keele
federal (regularon ) agencier have mot adopted preventne health
policies. OSHA waited 15 vears (umil 1986; 1o regulate ashes:os
as 2 carcinogen — and ther suspended the new standard for non
asbestuform fibers. This coul? hardly be called a prevenine ap-
proach. since thousands of asbestos workers died because of
the delay. OSHA also failed to establish a shor-term exposure
level.

Ethvienc oxide was only recenty regulaied because OSHA was
sued: OSH.A has sull refused 1o define a short-term exposure level
for ethviene oxide that would be required for adequate protecuon.
What M+ O'Reefe worild probably aall an ill-corcerved rush wo
judgment is what thuse concemed with pLliic heaith - ou! ! reco.. -
mend 33 a prudent measure. Sufficient evadence to jusufy a sianaard
is. like beauty, in the eve of the beholder.

Decisions about whether to regulate can be in error because of
uncertainties abou: the nanwe and exten: of the risk or about the
economic and technological feasibility of regulatory entrols One
type of error is committed when, because of insufhicient evidence,
sacien fails 1o regulate an 3ctnivity thar wurns out 10 be harmiul.
Another tvpe of error is committed when sociery regulates an actn -
ity that turns out not to be harmiu! and resources are acedlessis
expended. Aversion 1o making these two types of errors reflects
differing values regarding the nature of the mistakes made and the
extent. prevalence, or magnitude of the mistakes.

In my opinion, reliance on scientific conventions of causalin for
public healih purposes is simply 100 coatly in terms of human life.
To dignify a decizion not 1o regulate or@ decision to wait for more
evidencr, under the mantle of its being scienufic. is 10 do a dissen -
ice 1o both science and public policy. Furthermore, it obacures the
value judgments made

With regard to the regulation of chemicals over the past )7 years,
1 cannotl think of a single regulated subsiance for which the evt-
dence has not grown more convinang with tme or for which a
reversal in regulatory policy occurred. Suoner or later, the tip of the
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jcebery reveals the icebers. We are very far from ill-conceived
rushes 1n judpment. On the contrary, the reguiatory agencirs have
sometimes heen dragged hicking and screaming ino acvon neces-
sany for fulfilling theyr sutwtory mandates. In te meanwhiie, work-
ery and cxtizems are harmed.

An exampie i the evolution of scence reqanding the carcinoge-
nian of formaldehrvde. The Nauonal Cancer Insutute (INCI) studv
in 1986 asserued that there was “litte evidence that mevialiny from
cancer is associaied with formaldchvde expmure at bevels cxpen-
enced by workers in this study.” In 3 later publication' the same
authors concluded that

Desprte small numbers, the dose-dependent associanon of nasn-
phannecal @ancer with expuaure to formaidehyde and particu-
lates deserves (urther imestigation through case-control studies,
whete the influence of formaideinde and particulates may be
evaluated with more scatisucal power than by standard cohort
studicy.

Further anahsis of the NCI dawa by Sterling and Weinkam?
reveals a clearhy increased risk of lung cancer. At congressional
hearings 1n 1986, the Director of the NCI., in commenting on the
carlier work. 1eatified that “in association with paruculates. there is
an association hetwren formaidehvde and nasophammngeal cancer,
which clearty has w0 be followed up.~?

The wonv concerning the criticisms of the adequacy of the sa-
ence s that L scienufic evdence s asentially there. OSHA has
Just decided o reduce the permissible exposure level for benzene 10
! ppm. 1t wasied (ar too iong. Let theve be a better governmental
response 10 the arw realitics.

NICHOLAS A. ASHTORN

Cambridge. MA 02139 Massachusets insutute of Technology

1. Blar A. Suwan PA. Hoover RN, Fravaxni JF Ir. ;x &l Cascers of the
Sopharyra asd orophasyne and fovmaidehyde cxposare. FNCT 1987, 78
1982 :

2. Swrling TD. Wemiam ). Submitied for te record a1 the OSHA Heanngs on
Farmaidehvde. Submuision 1828, Nonember (986

3. Formaldehvde Saxly Heanop beforr the Subcommune oa Oversight and
®vesupanons of the Comaunes oe Eneryy and Commerre. House of Repre.
wauanves. July 23, [986 100

THE EC-1C BYPASS STUDY

Te thr Edrtor: The recent discussion {March 26 issue}'™ of the
extracraniai—nuacramal (EC-IC) arterial bypass swdv is very
umely. | wouid Like 10 speak to one starement in the editorial: *The
conciusions of the EC-IC tnal are valid for the populavon of pa-
tents studied.”’

The population that underwent surgery included paucnts who
had oaly one epuode of the transient ischemic aitack. Most peuro-
surgeons who are experienced with the bypass procedure would not
accept for surgical consideration any patient with a single wansient
achemic attack. There is no discussion i the oniginal report of the
randumized stuch= about bow many of the patients who underwent
surgery were in this ordinarily nonoperative group. Subsequent re-
E:.! by the auibors of the mndomized study have never clarified

asue.

Regardleas of whether the randomization of the patients was
proper or not. the mere fact that patieats with one trannient ische-
mic aitack were included in the study 1egares the concept that the
conclusions of the EC-IC tral are valid for the populatioa of the
pauents studied.

Mitvox D. Hurerz . MDD,
Los Angeles. CA 90048 Cedan-Sinai Medical Center

1. Relman AS. The cxowcrania-inmacraual srwena) dypuss study: What have
we learned™ N Engl J Mad 1987; 310:808.10.

2. Sumit TM )r. W the nemanona) andomured mal of estracTasinl-intra-
cransal anerial Mypass represemanine of M popuisiion &t nsk? N Eagl J Mcd
1987, 316.514-5.

). Gowdnap $. Zernvms N, Langfie T. The Evoracranial-inracraam! Bypass
Stwty: 2 repret of e commmies appresecd by g Amenean Assonaon of

:uoq:u Swryeres 1 eaamunr the sudy. N Eagl ) Med 1982, 316.8317.

Ocr. 13, 1987

4. Barwett WM. Sacken O, Tayier DW, @ al. Are the resuits of the exoacre-
nial-moecronial bypass thal gemeniuable? N Engl | Med 1937, 3i6.
1204

3. The ECIC Bypmus Stndy Growp Puiwre of exoacranial—imracranial antenal
bypass 0 rutuce e nak of mch woke s of an imer J
rangomizad tnal. N Engl ] Mead 1985, 313.1191.200.

To the Editar: The Special Reponus in the journa! of March 26 on
the validitv of the internavonal randomized tral of extracranial-
intracranial artenal bypass. firt published in the fewrmal in 1985.°
induce some thoughis ahout the Andings. Specificaily, the impiica.
ton of the findings for a herter understanding of the pathogenes:s of
uchemic stroke 13 of interese.

The results are fully consistent with the hypothesis that ischemic
strokes are largely embolic in oainxn. The relations among transient
ischemic attacks, completed strokes. and atherosclerotic plaques of
the internal caroud anery were well established before the study
was done.

Emboli from ulcerated plaques or acciusive lesions of the ioternat
carotid sriery or middie cerebral srtery would presumably lodge in
2 brain vessel distal to the snastomosis, whose only effect could then
be to improve marginal or collaterai circulation to the periphery of
the tetntory where the infarct occurred.

Is 1t too simplisuc 10 assume that in the case of the carotid lesions,
a natural bypaiss alresdy exists - the arcle of Willis?

One of the posiulaies of the studv was that lesions of the middle
cerebral artery would be especally suitable for bypass surgery. In
fact. the existence of such lesrons generaliv indicates more severe,
widespread atherosclerotic disease. with the attendant risk of stroke
from embolism onpinating 1n the internal caroud artery or aorta or
death from coronany heart disease.

Montreal. PQ H3A 2B4, Sean Moore. M D.
Canada McGill Univernin

*The £C/1C Bvpmss Stdy Growp  Fuslure of extracvanial-inrracranul anena)
bypuss 10 reduce the nsk of chervuc stroke fresuins of an intermatonal random.
ized thal N Engi J Med 1983, 31) 1191-200.

To the Edizor: The josrmal i3 1o be congratulated for its com.
plete handling of (he controversy surrounding the EC-1C oper.
ation.'* However. we strongly disagree with the conclusions of
both the neurosurgeons® and the Editor,> who seems to have been
impressed by the neurosurgeons’ arguments and 10 cast a shadow
on the proper interpretalion of such tnals. We agree that gen-
eralizability is strengthened when most eligible panents are ran-
domized. but we insist that the resuits should stand unless or unul
an even better study repudiates them. In the meantime. those
who insist on using this now-discredited operation shouid not
expect third-party reimbursement until thev provide credible
(i.e.. well-controlled experimental) evidence that contradicu the
EC-1C siudy.

The called-for retrospective review of the outcome in the nonran-
domized patients would be s worthiess as any uneontrolled histon-
cal survey. It would be impoasibic 10 sort out selection factors from
wraiment effects. Some parients selecred for operation rather than
randomization might do worse than those randomized, because the
more threatened patients were trested surgically, and some maght
live longer because their gond condition made them antractive surgi-
cal candidates. Whichever pred~minated, the result would be unin-
terpretable, as demonstrated by several published comparisons of
sunvival of randomized and nonrandomized pattents who teemed to
have the same prognosis.”® I surgeons have resenations about the
validity of randomized controlled trials because their patients were
not entered, the probiem i3 easily solved by including all eligible
patients in {uture studics that have the prior agproval of those
furgeons.

In our expenience, patients readily acrept randomization when
their phvsicians are convinced of its validity. When told of the
results of the trial and the lack of any evidence favoring surgery,
they would prefer randomization tn an operation based on surgical
judcment alone. As sugrested by one of us.” the study couid be paid
f with the monev saved by operating on only hall as manv pa-
tients. In the meantime, there is no acceplable evidence thar the
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Possible implications from results of animal studies
in human risk estimations for benzene:

nonlinear dose-response relationship

due to saturation of metabolism

Sandro Grilli !, Werner K. Lutz 2, and Silvio Parodi **

1 Cenuo Inierunivenitario per ta Riceres sul Cancro and Istituie di Cancerologpa deil' Univerniti di Bologna.

vigle Filopanu 22, 1-40126 Bologna, Italy

? tnsutute of Tozicology. ETH und University of Zarich, CH-R603 Schwerzenbach, Switzerland
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Summary. To date, all risk assessment studies on ben-
zene have been based almost exclusively on epidemio-
logical data. We have attempted a more integrated and
quantitative evaluation of carcinogenic risk for hu-
mans, trying to utilize, in addition to the epidemio-
logical data, all data available. specifically data on me-
tabolism, genotoxicity, and carcinogenicity in small
rodants. An iategrated evaluation of the globality of
the avail_ble dita seems to suggest a progressive sa‘u-
ration of metabolic czpacity both for man and rodents
between 10 and 100 ppm. The most susceptibie target
cells seem to be different in humans (predominant in-
duction of myelogenous leukemia) and small rodents
(induction of a wide variety of tumors). Nevertheless,
both epidemiological and experimental carcinogenic-
ity data tend to indicate a flattening of the response for
the highest dosages, again suggesting a general satura-
tion of mechanisms of metabolic activation, extended
to different target tissues. From a quantitative point
of view, the data suggest a carcinogernic potency at 10
ppm two to three umes higher than that computable
by a linear extrapolation from data in the 100 ppm
range. These observations are in accord with the re-
cent proposal of the European Economic Community
of reducing benzene time-weighted average occupa-
tional levels from {0 to 5 ppm.

Key words: Benzene ~ Risk estimation - Carcinogenic-
ity - Genotoxicity - Metabolism saturation - Dose-re-
sponse relationship

Introduction

Benzene is probably the chemical with the largest pro-
duction and utilization in the world (IARC 19822a). As
a consequence, both occupational exposure and en-

* Contributions to this work by Dr. Annamana Colacei'. Mano
Manullo?!, and Maunzo Taningher ! are gratefully scknowledped
Offprint requesis t0: S. Gnlli

-

vironmental contamination occur to a rather signifi-
cant extent. Benzene has been recognized for many
years as a carcinogen in humans with the .nduction of
acute mvelogenous leukemia (IARC 1982a). The
most common regulatory standard for occupational
exposure in industnialized countries 1s a limit of 10
ppm (time-weighted average TWA) (IARC 1982a),
For the corresponding risk assessment often only epi-
demic'sgical data have besn considersd (1ARC
19323}, Correiadons witn carcinogeniciy Jata in ro-
dents have less frequenuy besn established (Le2 et al.
1983).

In this paper, we have tried to enrich 22t in-
formation by compiling the data related to genotoxic-
Iy versus nongenotowcity in the mechanism of acuon
of benzene. by companng metabolism in huw=ans and
rodents. and by pharmazokinetic considerations of a
possible saturation of benzene metabolism a2nd geno-
toxienty at higher exposure levels.

Epidemiclogical data

[ntkeazzer s e LARC Mozegraphs on the Evalvavon of 2e Car-
cizegerue Risk of Chezucals to Humans, voll9 (1ARC 1992p), a
workizg group ate=pied 2 quaslitative nsk estimation for benzene,
Basec eaurely on buman epideruological data. Minimux estmates
of 14170 exsoss leukemua death:s per 1000 workers exprowe cver a
workizg lifetime were calculated for an exposure ieve! of 100 ppm.
Their compuuations were based o9 three epidemioiopce; ftudies (Vi-
gliani 1976; Otr et al. 1978 Rinsky e al. 1981) for w2uck razges of
excess craes and exposure levels are shown in Fig. 1. Usizg the words
of the autbors (IARC 1982 b): “The working group fourd that quan-
tilative estimation was more (easidie than seemed irutia.ls 10 0e the
case. The group was impressed that rather large amounts of quanu-
tauve information could be extracted from the published epidemro-
logical data and that reasonable nsk estmations couid then be based
on that informauon.”

The IARC esuimate 15 in rather good ayreement with the esu-
mate of Goldsiein {1983). The .fetime nsk per paris per million com.

. puted by this author was apparently ubout 10 umes higher than the

lifetime nsk computed by the [ARC Group. The difTerence 11 only
apparent and due to the fact that in the Goldsiein computauons a
connnuous lifec cxposure was considered. wheress in the computa-
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Uncase carer @ eubominr per 1000 humgny

100 R 200 0
PO | jeerege 25DOIure lor 43 wormirg yeers )
Fig. 1. Leuke=ua incidence in workess exposed 0 benzeme icomputa-
tiogs acs o IARC Workuing Group. IARC 19823) Ranges of dez-
Zene coacsotration include vanauons (n exposure leveis and uncer-

taiory 18 acalstcai determinauons pesformmed by Told” mettods
whick a2 a srecinion of = 50% (Rupsks eral 1981)

tiocs of ©>e LARC Group the evpesurs was referred to 20 b week jor
45 »ears. wien the computauons of Coldsten are corvected accord-
ing 12 me standard of exposure suiized by the [ARC Croup. the 2t
ceus sases of leskxerua deaths expecias Jor 100 ppre become 332 1000
workers. 1a §ood agreement witd the value dedused from Fig. | Ia
the Goldsiein computanons, two out of three eprdermuoiopeal siud-
ies wers e same as those uulized by e IARC Group.

Carcinogenicity in animals

To our xnowledge. the first suggestion that benzene
could be carcinogenic in small rodents came from
work published in 1979 by Maltoni and Scarnato. The
inducton of Zymbal gland carcinoma in {emale rats
was statistically significant (P=0.0031) at 250 mg/kg
(administered by gavage once daily, 4-5 days each
week, for §2 weeks).

A suggestion that benzene could e carcinogenicin
small rodents upon inhalation came from a work pub-
lished in 1980 by Snyder et al. Benzene was given to
CS7BL/6J mice at a cancentration of 360 ppm, 6 h/
day, 5 days/week, for life. Eight hematopoietic tumors
were found in 40 treated animals. whereas only 2 were
found in 40 cosntrols. The difference was suggestive
but only bordetline from a statistical point of view
P =0.043, one-tailed, according to the Fisher exact
test).

After the publication in 1982 of the work of the
IARC group on quantitative cancer risk estimation
based only on epidemiological data (IARC 1982b),
the carcinogenicity of benzene in small rodents was
better defined und confirmed (NTP 1984; Cronkite et
al. 1985; Maltoni et al. 1985). An overall picture of the

Oncagomc potonty sndus
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resuits that we have considered relevantis presented in
Table 1. Differences in strain suscepubility and in
route of administration can be observed: Sprague-
Dawley rats are less susceptible than Fischer 344 rats
to benzene administered by gavage. A guanutauve
comparison of the carcinogenicity results from oral

with inhalation exposure could not b¢ made because

we could not find enough data on serum levels of ben-
zene at different concentrations and times after bzzin-
ning of treatment.

If we confine curselves to the high dose inhala:ion
experiments of Maltoni et al. (1985). we can compute
a tumor incid2ace over controls (animals w:th at least
one tumor) of 0.27 for an average continuous concen-
tration (on the basis of 8 h/day, 5 days a week) of 243
ppm for 2 years {a different value (TWA = 284 ppm) is
reported in the legend of Table!, but this value
refers 1o a daily exposure of 4h for 7 weeks plus
7h for 97 wesks), equivalent approximately to an
incidence over controls of 11§,1000 animals for
100 ppm for rat lifespan. If we consider the inhala-
tion experiment with mice of Snyder et al. (1980),
we can compute a tumor incidence over controls
of 0.15 for an average continuous concentration
of 225 ppm for 2 years, equivalent approximaiely to
an incidence over controls of §7/1000 animals for 100
ppm for mouse lifespan. Considering carcinogenic po-
tencies can span a range of more than 107 times (Parodi
et al. 1982; Peto et al. 1984), a difference by a factor

3

“® ™S ™ ™ e g xo
Duiy Gmage ¥ bonrow mmvewed B e o TS

Fig. 2. Oncogenic potency index (OP]) as a functioa of dosage of ben-
zene in mice and rats. OPl e —In(1-/)' D1, where 7 is the excess :nc-
dence over controis (proponion of animais with st least one maiig-
pant tumor (or all tumors), ¢ is ne length of obvervaticn (meunit =
2 yean) and D is the dosage in millimoles per kilogram per day
equivalent to the to1al dose divided by a J-year exposure (Parecs ¢!
al. 1982). Only dosages which produced sutstically sigaificant el
fects (2 < 0.05) were considered. Theze data are not directly compa-
rable with those of Table 1 where malignant tumor incidences of d:/-
ferent target organs are reported. A » F344 rats, gavage (NTP 1982,
B = BSCIF! mice, gavage (NTP 1983), C = S-D rats. gavage (Mal-
oni ¢t al. 1985)
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Table 1. Maiignant tumors obsercd in long-ierm assays of benzene carcinogemicity in rodents

Species  Route of administration

Inhalation Gavage
Main target Tumor TWA  Re- Sirain Main target Tumor Chronc Re- Strain
organs iIncicence  chronk sponse . organs’ incidence  dose sponse

over dose = over (mg. kg

controls  (ppm) controls  perday)

Rat Zymbai glands 0093 M4 (4 +) S-DO* Zymba! glands 02 100 (++) F3d4¢
Oral cawity 0.079* o84 {e+) S-D* Zymbal giands 0.42 00 (+ =) S-D*
Liver (hepatomas) 0.108¢ 284 (+4+) S-D* Oral cavity Q.19 $0 (++) Fl4a¢
Breast 0.084¢ 284 {(+) s-D* Oral cavuy 0.52 500 (++) s.D*
Nasal cavity 0.0} 284 (+) S-D* Liver 0083 50 (+) s-D*

{angiosarcoma)
Skin 0.2y 00 {(~+) 5-D*
Skin 0.16° : (=) Fiadt
Nasal cavity 0.08 500 (+) s-D*
Farestomach 0.185¢ $00 (+) s-D*
(in snu ca.}
Mouse Hematoporetic 01s° 300 (=) CSTBL.6*  Zymbal glands 0.24 100 (+«) B&CIF"
system’
Hemalopoieuc 0.135¢ 300 {(+) Cs7BL.6" Liver (adenomas - 0.14¢ o {+ =)} B&C3IFY
system' carcinomas)
Orary C oy 300 {(+) CSTIBL.6" Hemawopuienuc 0.16 25 {+) B6CIFY’
sustern’
Zymbda! jlands gt no (+) CS7BL »*  3reast 0178 0 (=) Sasyt
Lungiadenomas) 0.22 0 (=) Swiss®

* Tumor incidence in reated groups was higher than that of controls from 2 stausucal pomnt of view | # <0 0%, Qniy 1he most effects e dosage
was reported :

* Maltoni et al. (1985). In inhaiction studies. S-D raus were exposed to benzene pre- and postnatally (4-7 & Zav. § 2315 week for 112 wesks
{TWA =28 ppm; or 15 weeks 1 TWA =200 ppm)). Evpenments with Wistar #ats and Swiss muce are nageizg 1100w eek niudyy Tuomor
inc:cences from this work have been calcglazed by referring the aumber of tumcr-neaneg ammals (o the zorres: a_mber (e e zu=mder of

sunavors at the ume that the first tumor appeared, regardless of the organ considered)
¢ NTP study (1984). Malignant tumors of lung, breast, and preputial gacds wese alsd induced

¢ Only in females
* Only in maies
* Malignant lymphemas

* Snyder et al. (1980). Mice were exposed for 6 h day. § day/week for iife. A s:mne Cos¢ was tested

* Cronkite &1 al, (1982}, Subchronic exposure (16 weeks) and 99-week obsemvaucs. A ungle dose was tesied

TWA e ume-weighted average. Fistw Fischer 343 raws. S-DwSprapue-Davisy -ais. (+ «)mdose-reizied turmor inductios. (== dose-
unreiated tumor iaducuon. { =) = barderiine evidence of lumor induction 171> P> 0.0

of 2 to § between small rodents and humans is remark-
ably smalil. Obviously, in making this statement we
imply that the rago of tumor latency to lifespan is es-
sentially the same for both humans and small rodents.
Most experimental evidence seems to favor this broad
assumpton (behind this apparently simple hypothesis
very complex problems are hidden when considering
carcinogenesis as a multistep process. Mutation-like
events seem to have a similar frequency in human and
rodent celis, but perhaps the number of steps is differ-
ent in the two species, in order 1o adjust latency to the
respective lifespan). The dosage extrapolations at low
levels of risk. performed by the USA Environmental
Protection Ageney (Lee et al. 1983; Goldstein 19385),
showed a similar picture of concordance between hu-
man and animal data.

Frowo the point of view of overall tumor fraquency
smaili radents and humans show ed very similar sensi-
uviey. Considering target organ. oaly few leukemias
{usually not of the myeloid npe! were induced in ro-
dents. Zymbal glands and oral cavity were the primary
targets in rodents. but nedplastic effacts were also ob-
served in liver and breast. and occasionaily in skin,
nasal cavity. lung. forestomach. adrenals. ovary. Har-
derian and preputial glands (Tatle 1). We are aware
that the appiication of animal data 1as proposed here)
to humans would be safer if ot only 4 quantitative
but also a qualitative similarizy of (umor incidences
had been shown in the two svsiems.

Some indication of a possible dose-response rela-
tionship is offered by the experiments when benzene
was given by gavage. In Fig. 2 the oncogenic potency
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Table 2. Shost-term 3tsays of potential curcinogenicity of benzene: evaluntion of most genotpucity dats from htirature. Figures indicate e
number ol yhori-term 3533y s which were cither poaitise ( + ) or negative ( = ). Unless otherwise indicarcd. data are taken from tARC (19823 ¢).
ECETOC (1933) and Dean 11985 reviews. Data lacking in expesmental detaiis. equivocal for the authors or for IARC working group. or
succesiinely changed by e »ame authors afier having modificd expenimental design. huve not been considered

Eagpoist DNaA damage Mutanon Chromosome Other
anomalics
System (=) t-) (+) (=) {(+) (=) (= =)
Prokan cies 0 poia 2 0 ST 1"
0 ST.BS ?
. . 0 ST b M
Fung greee slazy K sC ! 3 A thd
* GM.GC.CO 16*
2 TRD 0
Insects 0 RM 1
1” RM »
Arphuibizss 1* Ca o
Mamziasan sxils ¢ MiMB1 0 ] L5173y 1 1 A 0 0 MC  3*
(1n wire) 1 MMBI 0 3t LIITIY.NTe. 9t I CA O 3* TR &
b AE g CHO.HL 7 Ca 1
¢ Ups & I* Ca &
S VI S
2 SCE 1
0 SCE ¢
0 MN 1*
Mam=15 an vivo) 1° i 0 e 13 CA 1 o oL
2 0 1 CA 0
2 SCE o
1t MN 0
1 MN D
Humazs iz wwo) 19 CA 2
4 CAa 0
0 SCE 2
Class pasitvity: $17=4r.1% 13 53 =24.1% 71,93 = 76.3% 3 13=250%
Overall acuwity (positive tests total testsh: 96180 = 53.3%

®*Fiem Lee el al, (1935

* From Table 1 of ICPS coliaborauve study of Ashby et 2l. (1985)

* From Kalf et al. (198%)

¢ From Arfelliru ¢t al. (193%)

¢ From Parodi et al. (198)) aJkaline elution

! From Parodi et al. (198)) viscosimetric unwinding

¥ From Lutz 30d Schlatter (1977b) and Arfellini et al. (1985) DN A adducts

* Point mutation in rat chromosomes

! From Gad-el-Karim et al. (1984)

! From Choy et zl. (198%) .

CHO = Chinese hamster ovary. ST = Salmoneila 1y phimuriumimicrosome. BS = Bucilius subtilis. SC m Saccharomyces cerevisice. GM = gene
mutation. GC = gene conversion. CO = crouing-over. A = aneuploidy. RM = recombination and mutation. CA = chromosome aberrution.
MIMB{ = mitochondria-mediated binding to mitochondrial DNA. MM B! & microsome-mediated binding to calf thymus DNA. AE =alkaline
elution. UDS = ynscheduled DNA synthesis. HL = humaa lymphocytes. P = polyploidy. SCE = sister chromaid exchange. M N = micronucieus
test. MC = mewbolic cooperation. TR = ceil transformation. DL = dominant lethai 1est (rat). pol A w DNA polymerase<eficient a0d proficent
Escherichia coli. TRD = Tradescantia assay

index (OPl)computed according to Parodi et al. (1982) highest dosages (Malioni 1975). However, in the
for increasing benzene dosages is reported, and sug- case of benzene, dose-response experiments with in-
gests a higher relative sensitivity to the carcinogenic halation exposure are not available. A quantitatne
effect of benzene at lower dosage. Carcinogenicity correlation between human and anima! data was
data in rodents for vinyl chloride given by inhalation reported by Rall (1577) for chlornaphazine. benzidine.
also showed typical flatiening of the response at the diethylistilbestrol. and tobacco smoke.
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Short-term tests

The qualitative results obtained with short-term as- (Tabie 2). In the perspective of the above consider-
says are illustrated in Table 2. As is typical of a com- ations, the resulits are definitely more typical of a2 geno-
pound examined in many different short-lterm tests toxic curcinogen than of 2 noncarcinogen or nongeno-
and in many laboratories, there are a mixture of posi- toxic agent. However, looking at the resuits in more

tive and negative resuits. In order to express a giobal detail, the percent of positivity of DNA damage data
opinion on the data, we have followed the approach was 47%, whereas for point mutations and chromo-
suggested by Ashby et al. (1985). These authors have somal anomalies the values were 24% and 76%, re-
examuned the results obtained with short-term tests, spectively (Table 2). It seems reasonable that there
performed in 66 different laboratories, on 10 different might be something peculiar in the DNA damage in.
chemicals. Clearly genotoxic and carcinogenic com- duced by benzene, in the sense that the damage seemed
pounds iike acrylonitrile and tcluidine were positive in clearly mere clastogenic in vivo and in vitro than mu-
40%-60% of the iests. Presumed noncarcinogens tagenic. We have examined the publications available
and/or nongenotoxic compounds like benzoin and ca- on chromosomal damage induced by benzene in ro-
prolactam were positive in about 20% of the tests. The dents in terms of dose-response relationship after
authors suggested that potent carcinogens with a treatrnent in vivo (Erexson et al. 1984; Gad-el-Karim
genotoxic mechanism would be positive in ~80% of et al. 1984; Styles and Richardson 1983; Choy er al.

the tests. Noncarcinogens couid be positive in ~20% 1985). The results obtained are shown in Table 3. The
of the cases. Weak carcinogens should produce an in- polency of the response {e!fect,dosage) clearly de-
termediate number of positive responses. creased from low to medium to high dosage. In the ex-

We examined all the data that couid be collected on penments where benzene was given by inhalation
benzene without any se'ection or exclusion of data. (Erexson et al. 1984; Styles and Richardson 1984) the
Benzere appeared positive in 53% of the cases net effect was only doubled when the exposure in-

Table 3. Dose-respons relationship for the clastogenic activity of benzene 1o rodents

Species Route of Endpoint and Effect* dosage a0 a1 difTerent dosage
admirustra- dose unit
tuon Low Medium Higs
Male Swins Orai® Micronucies. 1000 PCE 323 m— §—2.4 e o Tl —
— L] }OY —— 4 1] %
muce mg. kg [¥T i $8 e w0 ——
Oral* Chromosome aberrations 006—007 e 016~00) = 1.0=003 —
per me:aphase. mg, kg _5,?:_-0'"“”‘ T-u 20] T'O S
Male B6CIF1 Onai* Micrcnucier 1000 NCE 25<ll $8~12 o—— 93-12 ——
—— = .3~ ——— e () (WL ———— e 3
Male Wistar Inhalation’ % eeils with chromosome IOl — 445-1.54 - T8 =18
rate anomaies. ppm 100 i 00 =000 o0 LIRS
Male DBA/2 lakalauon® SCE metanhase TEm$9 95=59 e 13829 —0
mice ppm o . 100 oQle T 20079
Inhalatica® Micronucia. 1000 PCE 09-0.2] == 203021 s 281 -
—_— . DD —_— s =001 - T . =
PP T 10 o e

* Treated values minus control values
* Two doses were adminisiered 24 h apart and animals were sacrificed 30 h after the first dose (Gad<i-Kanim er al. 1984)

¢ Corresponding to 1.76 ppo: according 10 EPA computations (Lee et yl. 1933), assuming a respiratony absorpuon coefficien: of 0.5 and a
ventilation capacity of 0.03 I/min lor mouse (Gold et al. 1984)

4 Subchroaic treatment within NTP study (1984), Micronucle: were measured alter exposure for S days week for 4 months (Chot er al. 1955)
* Corresponding 1o 10.7 ppm according to EPA computations (Lee et al. 1933). assuming 3 respiratory abserpuen coeificiest of 0 3 and a
ventiiation capaaty of 0.03 I/'min for mouse (Guild ct al. [984)

! Exposure of 6 h (Styles and Richardson 1984)

¢ Corresponding 10 7.1 mg kg according 10 EPA computations (Lee et 3l. 1983), ascuming a resprratory absarption .oeﬂ'n:rz ofdfanda
ventlation capacaty of @1 I/min for rat (Gold et al. 1983)

* Exposure of 6 b (Erexson e1 al. 1984)

! Corresponding 10 23.4 mg/kg according 10 EPA computations tLev ot al. 198)), assuming 4 respiratory absorpiron coefTicient of 0 § and a
venulation capacity of 0.03 1,'min for mouse (Gold et al. 1984)

PCE = polychromauc erythrocyies. NCE = normochromatic crythrocyics. SCE msister chromatid exchanges
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Table 4. Rurk classiiicanon of potency of oncogemuity (OP1) and of DNA damaging activity (CBI) for 36 carcrnogens tested :a r2t and mouse’
and for denzsne

Rank Log,» OPI Log., CBI Rank Log,o OPI Loe,, CBI
1 -1.42 Anid -0.35 Eth 19 2.66 CP 206 NHMI
2 -0%c AAB -0.30 DES 20 2.72 MDAB 2.07 NPI
3 -0.7s €C1, 0.21 2.NA 2 L7IENU .04 DEN
4 =0 o MMS 0.38 AAB 2 2.96 BP 2,16 AAT
5 0.0 CHQl, 0.45 MCA 3 297 DEN 2.25 NPY
6 032 2.Na ’ ' 0.57 Anil | rl] 301 AAF 2.26 Benzd
7 1.25 NPY 0.83 DAB A 3.05 HAAF 2.25 EDB
8 1.40 Ex 0.86 CHCY, 2% .06 EC 2.29 ENU
9 1.5 EDB 1.18 BP 27 3.07 Benzd 2.59 HAAF
W 1.61 DAB 1.33 DMBA b, | 3.13 DMN 2.60 MMS
n 1.63 DMH 1.41 CCL, » 343 MNU 2.71 MNU
12 1.79 NPL 1.61 EC k) 3.52 DES 2.75 AFB2
13 212 8M 1.6 NM 3 3.60 NMus: 281 AFG)
13 2.14 AAT 1.79 CP 32 3.73 NHMI 3.00 MNYNG
14 22IMNNG 179 EMS k) 173 MAMA 3.40 DMH
6 233 MCa 1.82 MDAB u 195 AFGI 347 DMN
e 2.33 AFB2 1.92 NMus: 35 436 DMBA J.64 MAMA
8 2.50 EMS 203 AAF 36 4.41 AFB} 4.09 AFB!
Bezzeze: OP! ralues = 0.832% 0.23° 0.38% 0.036%, 0.03¢", Leg,, OPl = —0.086%, ~0.638¢, —0.056, -1.09*, —1.2%'
C3l ralues = 77, 170 15Y Leg,o CBl= 0845, 0.23% 1.176'
¢ Datz roo Parodi et al. {1982,
S F- nay gasage INTP study 19%h
¢ $-D m=u. gavage (Malton: et al 1935

¢ BOCIT! muce. gavage (NTP study 1984)

¢ Swiss muce, gavage (Maitons et al. 1935)

T Wistas sati. gavage (Maltozy ¢l al 1988

? Wisiar =t Lp. (Arfellinr ot 2l 1985

¥ SIVLIO mats. inhalanon (Laiz sad Sciuaner 19°7b). Exposure in 3 losed inhalation chamber: the amount of benzene administered was knowrn
* BALZ. ¢ mice, 1.p. (Arfeiling et 3l 1985)

Arrows indicate the rank posiuons of log,q OPI and of log,, CBI of benzene N

Am'l-amlme. AAB = daminoaznbenzene. CCl mcarbon tetrachionde. MMS wmethyl methase sullonate. CHCly = chiorolorm.
2-NA = 2-caphihylamige. NPY = N-nirosoprrrolidine. Eth = ethionine. EDB » ethylene dibromide. DAB=N N-din:thyl-&mmounhznzcne
DMH =1 dimethylhydrazire NPl N-nitrosopiperidine. NM = N.nitrosomorpholine. AAT = o-aminogrotoiuene. MNNG = Nemethyi-N
nitro-IN-aitrosoguanidine. ‘«ICA-}—muh)khohmhme AFBl=aflatoxin 8. EMS=methyl methane suifonsie. CP» cyv:lcphosphar'"cz
MDAB = 3 -methyi--dimet®: larmunoazobenzene. ENU = N-nitrosocthylurea. BP » benzo(a)pyrene. DEN w diethylnitrosamine. AAF =2
scetylaminofluorene. HAAF = N-hydroxy-2-acetylaminofluorene. EC = ethyl carbamate. Benzid w benzidine. DMN -d:um\lmuou.mm:

MNU = N-nitrosomethylurea. DES w diethylstilbestrel. NMust = nitrogen musiard. NHM! = nitrosoh

amethylencimine. MAMA = meth: |-

azoxymethanol acetate. AFG1 =aflatoxin G,. DMBA = 7,12.dimzthviben: ‘a)anthracene. AFB! =aflatozin B,

creased 10-fold from 10 to 100 ppm. In their work on
micronuclei induction in polychromatic erythrocytes
of CD-1 mice Hite et al. (1980) reported very large
fluctuations in each time group after oral treatment,
but the average trend was {lattening of the response
above 110 mg/kg, corresponding 10 approximately 47
ppm according to EPA computations (Lee et al. 1983)
(see also legend of Table 3).

Carcinogenic potency of mutagens in rodents
seerns 1o correlate semiquantitatively with adduct for-
mation in liver DNA_ In 1979 Lutz proposed an index
of potency. the covalent binding index (CBI) for DNA
adducts. In 1982, Parodi et al. discussed a procedure
for the transformation of carcinogenicity data in

terms of potency coeflicient, OPI, which is, as a first
approximation, the reciprocal of the TD,, index of
Peto et al. (1984). From a database of carcinogenic po-
tency (OP!) and liver DNA adduzts in vivo (CBI) that
we had published previously (Parodi et al. 1982) we
were able to find a group of 36 chemicals for which
bothOPI and CBI data were available. These data. in
ascending rank of potency are presented in Table 4.
Potency data concerning benzene were inserted at the
appropriate places, between the 1® and 5™ position [or
OPI values and between the 3" and 9% position lor
CBI values. For both OPI and CBl values benzene
ranked amongst the weakest chemicals on the scales of
potency. The data seem to suggest not only a qualita-
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tive corrclation between carcinogenicity and adduct
formation but also some degree of quantitative corre-
lation.

Kinetics and metabolism

In humans, following benzene exposure at relatively
low concentrations (amount of absorbed benzene
~34-10mg/kg) (Teisinger et al. 1952; Nomiyama and
Nomiyama 1974a,b), about !/, is expired unchanged
in the air and %/, is excreted as metabolites in the urine
within 24—48 h. Approximately 87% is excreted as
conjugates of phenol, 9% as conjugates of catechol,
and 3% as conjugates of hvdroquinone. In Swiss mice
injected s.c. with 440 or 380 mg/kg benzene, approxi-
mately 3/, or ¥/, respectively, is excreted unchanged
in the air, and !/, or !/,, respectively, is excreted as
metabolites in the urine within 24 h (Andrews et al.
1977). Other studies on the urinary metabolites in
mice (Longacre et al. 1981), have ind’cated that 81%
is represented by phenol, 15% by catechol, and 4% by
hydroquinone. Trace amounts of trans-trans muconic
acid and of 1,2, %tnnhydroxybenzene have also been
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detected. Benzoquinones are, possibly, the electro-
philic reacting intermediates: involvement of fres radi-
cal mechanisms in phenol production has also been
postulated (Johansson and Ingelman-Sundberg 1982).
The same metabolites and similar rauos have been
found in the urine of many other mammals (IARC
19822a), which suggests that the major pathways of
benzene metabolism are simslar in all mammalian spe-
cies tested so far.

In view of these considerations it seems acceptable
to urilize the information obtained from experimental
daia (both short-term tests, metabolism. and pharma-
cokinetics) for an investigation of the relationship be-
tween dose and effects. In order to investigate the kin-
etics of uptake and metabolism of benzene by inhala-
tion, adult male SIV-50 rats (270-340 g) were exposed
to berizene evaporated in a closed inhalation system (a
2 1 desiccator) which has besn deseribed in detail else-
where (Lutz and Schlatter 1977 a). In this system, ex-
pired carbon dioxide was adsorbed on soda lime and
replaced by pure oxygen 1o kesp the total pressure at
a constant level. A typical time<ourse of benzene con-
centra:ion in the desiccator is shown in Fig 3: similar
paitemswere cttained for the expanments revortec n
Fig. 4. Duning the first 2 k. .he benzene conceniration
in the air rapidly decreased unti] an equiiibritm was
reached between absorption and exhbalation. Within
2 h, about 90% of the total amount of benzene bad
been taken up by the rat, about 10% was in the air.
In a second phase. the ievel of benzene inthzctazmber
decreased slowly, alwavsin equiiibnum with theater-
ral level of benzene so that iZ¢ rate of the =22bolic
turnover could be estrmazzd {rom the decrsased ben-
Zene toncentration in the zir.

Using different doses of hezzane, the phase [T data
werz anzlvzed for she periec ol time reguired 10 halve
the benzene concentraton determined at 2 h. The re-
sults ars shown in Fig. 3. In the range 200-1200 ppm
WA me D, the “halflife™ o He u2ne wus poi 2 con-
staat value bui seemed to increase linearly aith bea-
zepe concentration in the air. This suggesis a zero
order reaction, as if the overail metabolic sy stem was
saturated and working at a rpaximum constant speed.
A regular feature of the experiments reported in Fig. 4
was the presence of a phase lIl. as reported in the ex-
ample of Fig. 3: starting from about $0-30 ppm and
below, the system was no longer sarurated and first
order decay of benzene levels was regulariy observed.

Other findings seemed 10 confirm the ebsernvation
that the rate of benzene metabolism is progressively
saturated and f{lattened at concsntrations above 30
ppm. The results of Andrews ¢t al. (1977) seemed to
indicate thc same, when mice (30 g) were given *H-
benzene s.c., one group receitving 430 mg kg and an-
other group receiving 830 mg kg. The metabolites in
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Fig. 4. Reciprocai rate of benzene
Consumpuon in rals exposed to Increasing
concentrations of benzene (phase |1 of

Fig. 3)n 4 closed inhalation chamber (Lutz
and Schiatter 1977 a). On the ubscissa, the
total amount of benzene applied o the
chamber and expressed per kilogram buody
werght 1s given along with the corresponc:ng
concentration in the chamber after 2 4. Thus
second scaie was obuuned from a linear

‘! regression (y = 0.049 + 0.014x, =0 954,
1 n = $) between benzene concemiration
obsened in single expenments ang otai
. = L2 = AT 2> amount of benzene applied
= w ® == = "o
Youm [ -y rat

urine wers measured over a 2+-h period. The micro-
mole equivalents of benzeae found as metaboiites in
the unne were similar (60.1 and 72.6), irtespective of
doubiicz the dose. Again. metabolic procssses wers
saturated. Furthermore. ra:s ichaling benzene con-
centravons of 125, 220. 625, or 1230 ppm for 6 h ex-
creted sirmilar amounts of phenol in urine: hence ben-
zene =etabolism was alrsaly czpacity-limited at 123
ppm (Gut and Frantik 1930).

AliZough no appropnaie rmetabolism expenizen
are avaiuable in humans. the epidemiological data on
the rumor incidence seema to suggest a flattening of the
dose-response curve. for concentrations above 50 ppm
(Fig. 1).

Conclusions

The quantitative concordance between experimental
data and epidemiological data seems to allow some
degree of utilization of éxperimental results in human
risk estimation. A few years ago. in response to the
publication of the IARC report on benzene (IARC
1982b) it was hotly debated (Sun 1982; Tomatis
1982) whether a linear extrapolation from 170 excess
leukemia deaths (for a working lifetime exposure to
100 ppm) to 17 excess deaths (3 times background
risk) for a 10 ppm exposure could be defensible.

We have presented evidence that nonlinear dose-
response relationships suggested by the data on tumor
induction in animals and man and on chromosomal
damage in rodents might be explained by the metabo-
lism of benzene which seems to become saturated in
the dose range analyzed. A similar situation has been
described previously for vinyl chloride where it was
shown that metabolism (Gehring et al. 1978), macro-
molecular binding (Watanabe et al. 1978), and tumor
induction (Maltoni and Lefemnine 1975) all become

saturated at inhalation exposure levels betwesn 500
and 2500 ppm. The threshold with benzene appears to
be ata lower concentration in the rat (30—-50 ppm) and
it remains to be elucidated whether saturation of bexn-
zene metabolism in humans occurs in the same expo-
sure range. Since this cannot be investigated in vivo.
alternative methods might be required. One possibility
would be the use of human tissue samples for the study
of the maximum metabolic capacity in liver and bone
marrow.

Because of the flattening of the curves at high ex-
posure levels, probably due to saturation of the activa-
tion of benzene to reactive metabolites. the data ob-
tained at the lowest exposure should be conside~d the
most relevant as a basis for an extrapolation. Data ¢2-
tained from dose levels above saturation wiil be of less
value for defining the shape of the dose-respense
curves in the lower range. Itis inevitable thata 10 ppm
exposure will result in a higher risk than f the high
dose data are given the same weight. regardless of :he
model chosen. Our utilization of the available :n-
formation tends to suggest that going from 100 ppm
to 10 ppm for & 45-year exposure the risk ccuid be two
to three limes higher thaa thot expecied f1om < hirzl:
extrapoiation. Usually benzene workers are expesed
for an average of about 5-10 vears and not for 35
years; therefore, we are dealing with a small increment
of tumor incidence in comparison with the natural
background of !/, to !/, cancer-related deaths. Itis in-
teresting to note that the European Economic Com-
munity (COM(85)669 def., Bruxelles, December 3,
1985} is considering the possibility of putting the limit
of occupational exposure at S ppm instead of 10 ppm.
as generally accepted by different countiries.
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