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, N ranging fromabout 1% peryear 104<% per year depending on age. If these increases
N are real they e1e of some concern,
- Support for the sypotkesis that these increases are no: just better reporting is
L1 provided by the cohort plotshownekewhereinthisvolume,2 Theircreaseinmultiple
mycloma death rate ‘rom older toyounger cohorts in -he United States appearsasan
. upwardshiftinthe cohortaurve, which remains lincar and consistent with a multiple
: hit modei for alt cobonts. This may not be the case in other countries, where the
! reporied rates of inzrease are much ugher.® The accoracy of ascestuinment for
- mulliple myelema is also quite high, exceeding97% inthe SEER programin 1685 and

19865

In sum, the available evidernice strongly suggests that the observed increasss in

multiple myeloma death rates are real. The parallclinc-cases in both sexes angues
w‘ againstan occupationalcause. Wtile theregressions show larger rates of increases in
tke elderly, the cohort plot ndicates a parallel ieftward saift to higher death rat=s at
all ages. The rate cf increase is slowing in younger ages because the colot of
maximumrisk has alrzady a'tainec thoscages. Thissuggests ageneral environmental
:xposurs, common 1o all industrial countries and whch increased during the latter
quarter of the L%th century and first garter of this century. This was a period
> ckaracterized by the rapid increase in uncortrolled coal combustion and other
E, ndustrizl aciivi'y. These factors reed further examination to clarify their pozential
it ole.
£y

X SUMMARY
I

N Reported mortality rates from multiple myeloma have been increasing in all

ndustrizlized countries in the last 20 years. The rate of increase shows a strong
/() mieraction wita age: itis slow in persons aged 55 to 59, znd increases steadily with
D Dereasirg age to reach rates of increase in cxcess of 4% pery year in persons 85 years
— .nd older. Theate of increase is mederately consistent across sexss and countries.
) Aaltiple myelora is one of the best ascedtained cancers, which argr.es against belter
{  stertainment as the sole cause of the increasing trend. Colort plots in the Un ted
< ‘lates suggest a parallel shilt upward in risk betweenthe birth cehorts o 1870 and
% 910, with no cvidence of differetial effects in the =lderly. This suggests a -eal
L crease s oceurring £5 a cesult of some general envircnmenial factors.
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INTRODUCTION

In this article I argue that it is reasonable, although not scientifically proven, to
causally relate benzzne exposure to multiple nyeloma. The evidence remains less
than definitive in that the level of prodf of such a relationship does not meet that

required for astatement ofscientific cer-ainty,althoughit israpidly approaching this
Foint,

DESCRIPTIONOF MULTIPLE MYELOMA

Multiple myclomaisatemor of plasma cells*? Theseare antibody-producingcells
derivedirom E lymphocytes, whichare locatedprim anlyinthe bons marrow. Forthe
most part, the nunors are diffusclypresent within boncmarrow, althou ghoccasionally
individual turrors are found in extrameduliary sites. Despite this diffusc presznce
within marrov-containing bone, in almost atl cases mycloma begins with a somatic
mutation in a sngle cell. This is evident from amajor diagnostic test for this discase.
the presence <f a monoclonal antibody demeonsirabie on a serum protein clectro-
phoresis. Analysisofthisproteinrzvealsthatitis uniforminitschemical cemposition,
a1 elegant example of the origin of cancer in a single aberrant profiferative cell.
Definitive diagnosis of multiple myeloma depends oa the presence of an increased
number of plasma cells, sometimes with abnormal marphology, inthe bore marrow.
Cecasionally, anindividual withan sbnormal serum protein electrophoresisisobserved
who does not have bone marvow or other clinical findiags consist=nt wilh muliple
wycloma. These individuals with“benign monoclonal gammopathy” will occasion-
ally progress to classic muliiple mycloma.

ISMULITIPLE MYELOMA INCREASING IN INCIDENCE?

Undzrdiscussion:n this volume is an apparent increass in the incidence of muliiple
mycloma, particularly among older age groups. The serum protein electrophoiesis
test for multiple myc.oma has beea available for approximalcly three decades. It is
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a relatively routinely used laboratory procedure as it provides information about a
varicty of scrumproteins and is pectinent to diseases other than multiple myeloma.
Thereisliztle reason tocxpect tkat diagnostic ability basimpraved during hisperiod,
alikoughone could argae thata yovagindividual vith bone pain, unusual ‘racture, or
ancmia might be more likely tc have a serum prote:n electroshoresis ordered by a
physician than would £n elderly individual. However, this can not be a substantial
factorinasmuch as there has beenrelatively little changein the life-span of individuals
diagnosed with multiple myeloma, despit= the cevelopment of very valuable che-
mothcrapeutic approaches that have had a majorimgacton decreasing the morbidity
associatec with this discase.? Earlier diagnosis, even with e improvement in cte-
motiicrapy, shoutd show up as a prolongation of survival. Accordingly, in my
judgment,it is doubtfulbut nctinconceivable tha: asignificantincrease in d.agnostic
ability for raultiple myc¢loma has occurred,

Velezetal. have reviewed trendsin mulliple myelomaincidence.? Theyconcludzd
that technical improvementsin diagnosis and increased access 1o medicat care have
contributedto anincreased incidence of myeloma. but that the observedincrease may
begartly rzal. Ofintersest is that Percy ef al. have receatly reported that ofall cancers,
multiple myeloma is most accurately listed on death certificates.

BENZENE HEMATOTOXICITY

Benzese is a bence marrow toxin, producing destruction of the bone Marrow,
known as aplastiz anemia, in a dose-responsive fashion’® Benazene is also a known
humr.an lcukemogen, causing acute myclogenous beukemia (AML) and its varian: s,
such as azote .uNn_ca_c:ﬂ.omau leakemia, acule aromyelocytic levkemia, and
erythroleukemia ®’ Bascd primarily on case reports, benzene basatso been ca usally
relaed toz varicty of other hematological neoplasms, includingchronic myclogeno as
lcukemia and noa-Hodgkin's lymphoma, as well as mulliple myetoma 5%

“he cvidencerclatirg benzene o AML originally wasbasec onthe m ultislicity of
cascs in which paticnis with benzene-induced aplasticanemia were followedthrough
apreleukemic phase undil the eventual development of AML {aprocess thatnow gozs
under the term myclodysplastic syrdrome). In addition, hematologists accepted
benzene as beingcausally related to AML because of a variety of picces of cvideace
that {it under the heading of biomedical plausibility. These include tic cbszrvation
thattransformation of aplastic anem:a into AML wasnot uncommonwith avy aget
that causcd aplastic anemia, znd that benzene readily produced chromcsomal ab-
norralities following Luman exposure.” More recently, clessic epidemiological
studies have confirmed the cansal relation between henzene asd AML. 132

BENZENE TOXICOLOGY

Benzene itself is not a direct bone marrow toxia but must be netasclized 1o
produce its effects ** There issome evidence to suggest that a toxic intermediate is
formed in the liver and travels tothe bone marrow.? Although there bas teen much
rescarchor the subject, thesperific biological react ve ntermediate(s) responsible for
bone marrow toxicity, or fordeekemia, is unknown Recent apimal studies have
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denonstrated that benzene is a carcinogea, producing a varicty of solid tumors and
lymphatic tumors.“** A satisfactory animal model of benzene-induced acute ryy-
elogenousleukemia isstill lacking. Amongthe earliestefiectsofbenzene ia laboxatcry
animals axdinoccupationallyexposed grocpsisa decreaseinlymphocyteamoune %47
In laborabry animals, this apoears to affect both B and T lymphocytes and io lead at
higher doies to a melting away of lymphoid tissues 1417

RELATION OF BENZENE TO MULTIPLE MYELOMA

The questionof the causal 1elationshipbetweenbenzene and multiple myeloma
can be coasidered nnder two headings, the biomedical background underiying the
Plausibilitr of the association and t3e hunan data 1eposting multigle myetoma in
benzene-etposed popucations.

Blomedical Plausibifity

There is a high level of biomedical plaesibility supporting a causal relationship
between benzenc cxposure andmultiple myeloma. Fiolcgical reactive intermediates
of beazene are carcinogenic within the bone mamrow, and plasima cells are located
within the bone marrow, The basic cell type of plasma cells, the B lymphocyte, is
affected by benzene and is probably the cizeulatiag lymphocy:ic cell found to have
benzenc-induced cytogenetic sbnoimalities. Thus, we have a carcinogea that is
specific to the organ at risk aad alfects the basic celf type, including producirg
cytogenctic abne:malitics.

Human Findings

It is more difficult <o estatlish a causal relationship of benzene with human
multiple myeloma thar it is with AML for two majo: reasons: the backgraund
incidence of muliiple myeloma is only one-third to one-half taat of AML, and, ss
usually a slower growing tumcr, the .ag period between exposure and the develop-
men: of clinically overt multiple mycloma is presumably longer than it isfor AMI.

Casc reports of mehiiple myeloma in benzene-cxposed individuals include 1wo
reported by Torres ef al. and four cases by Aksoy 2 Among the latter ;s one case
from a cohert tha: was noted to have an increascd incidence of aplastic anewin afier
intreductiaa in the 1960 of a tenzene-containing plac in the Turkish deather indus-
try.? This was followed by a wave of acute myclogznous leukemia and Professer
Aksoy and his col cagues are now observingcases of mulliple myelema inthis group
and amongother workers chronically expesed to benzene. These four cases were
exposed tobenzene for 7 to 35 years (mean 18 years), a much longer peried of
exposure than that obscrved farthe shoemakers with acute myclegenousleckemia.
Yin,in China, hasalso noted casesof muliiple myclomain his large cohort of benzene-
exposed warkersthat are now undergoing morc theroughepidemiolog calanatysis.”
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There arc a nunber of epidemiological studies that have some suggestior of an
increased riskof multiple myclomaamcng berzenc-cxposed workers. Cohoststudies
include that cfDecoufle etal. of 259 male employcesofachemical pant.® Of S3deaths,
four were due to lymphoreticulzr tumors with 1.1 expected (95% confidence limits
1.09~10.24). 0 these, oncdeath wasdue to multiple myeloma anda second, rzcorded
as acuze myclamonacytic leukemia, was an individual with multiple mycloma who
develcped leukemia two years following the iastitut:on of therapy for myeloma with
alkylaling agents, arecoguized complication of myefoma treatment.

Thz most thoroughly studicd cohort of benzenz-exposed individuals is that of
phiofilm workers in Akron, Ohio who have been ex-ensively evaluated by National
Institute of Gecupational Safety and Healthscientists.”!  Their initial repor- in 1976
10ted seven cases of myelogenouns .cukemia in a cohort of 748 workers ia whica only
.38 was expected. [ntheirmostrezent followup in 1987, there ars now ninecases of
myelogenous leukemia with 2.7 expected. Inadditior, four cases of multiple wyeloma
have been noted with 1.0 expect=d (SMR 409; 95% corfidence interval 110-1,047).
The foar cascs werenot from the most keavily exposzd group, leading ta speculation
that reiativelylowcumulative exposuresmay product aselatively well -differeatiated
mersuch asmultiple myeloma. However, as somewhere between ane to three of
these cases prasumably would have occurred by chance, 1 is ditficult to draw any
conclusions from dose consideraticas.

There are hints of higher than expected multiple myeloma incidence in other
coherts of benzenc-exposed workezs. While there are relacively many largecahorts
of potentially benzene-cxposed workersin theliterature, attempting a “meta analysis”
s difficult, panticulzrly as here is arclatively low background incidence of multiple
myzloma, andin publishei studiesit is frequently lumped together with a group of
other, even raier, hematological tumors. Furthcr, Lhe exteol of benzene expusure in
larger cohortsis difficult 5 dete-wine. Thus, Rushton and Alderson, in one of the
targest studies of its kind, found a standardized moriality ratio (SMR) of D44 or all
leukemia (30 observed, 32 expected) in evaluating ~,147 deaths among oil selinery
workersin Britaininwhichthe usna! “healthy workereffect” was observed {SMR (.89
for all cancers).? However, a fol.ow-up case control study of these leukemia deaths
observzd a statistically significant association with beazeneexposure.®® Of patzntial
interest is tha: the SMR for mult ple myeloma in this same cchort was 1.7 (11
observed, 10.25 expected). Itis onen to guestion whether this smaller number would
permita nested case contrat study evaluating benzese cxposure.

If one usesa SMR > 1.0for leukemiz as a possible marker of benzene exposare in
& cohoit, theve are anumbszy of other relatively large work groupsin which the SMR
for multiple myclomais also above 1.0. For example, Delzell and Monson in astudy
©f6,533 men employed in the industrial sroducts division ofa rubber company found
zstatisticaily significant increaseinmul-iple myeloma {10 observed. 4.4 txpested}as
wellaslymphoma (1) observed, 4 3expected) ¥ Forleukemia, 22 cases were observed
while Zhwereexpec:ed. Ofnole isthat myeloma inciderce was particularly elevated
in workers who began wors between 1935 and 1944, As Delzell and Monson did not
cvalvale deaths occurring before 1940, it is conceivable thet a high tevel of benzene
expostre in the 1930s led to undiscovered cases of benzene-induced leukemiz before
1940, while the longer latency periodlec to myzlomanotbeing observedunti durin 2
the window ofthis siudy. Obviously, othier explanations, including a fack of selation
to benzene exposure, are possible.

A vanety of case control studies have attempited to find clues for the ctiology of
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multiple mycloma Monis 21 af. have reported an iacreased relative risk of multiple
mycloma among individuals exaosed '0 a variety of chemicals, including solvents
Painters and carpenters also seemed to have a relatively high risk in a study by

Friedman that alsotended toconfirm tae previouslyreporiedcausal role ofradiation
in myeloma™

Overall, these findings are not sufficient to make an unequivocal statement thay
benzene is acause of multiple mycloma. However, they raise the SITONg presunplion
of such a causal link and, in my judgment, it isnow more likely than not thal benzene
exposure is an eticlogical factor in muktiple myeloma. Thisdocsnn necessarily mean
thatanyincrzascinthe incidence of multi ple mycloriain recent years can necessarily
be ascribed 1o benzence use, butit does raise an issue that aeeds to be consid ered .
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DISCUSSION

BerNAzD D. GoLDSTEN {Robert Wood Johnsoe Medical School, Piscataviay, Niy:
We startec sut discussing tumors with kaown cticlogy. There was a level of comfort
in that discussionthat simply wasa’t Fresentin ourmost rscent discuss.onbecause we
really don't quite knowthe etiology.

Multip'emye.oma isone ofthese diseases where we also donotknow the etiology
despile a readily identifiable tumor. Pm £oing to prescnt some arguments that
benzene could bea contributing cause of multiple mycloma. M1were asked from the
point of view of areasorable medicai probability rather than a scienti‘ic acceptancs,

Fwould say ihat isisreasonably, medicaily probabie that benzene can zauss multi ple
myecloma.

-
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Prnur Lawprican (Mount Sinai Medical Cenier, New York, NY): 1 would like to
pursuc tic isstc of benzene exposure and mycioma and spe:utlate on how exposure
to benzene may accoant forthese increasing trends. One of the mntcresting abserva-
tionsthat came out ofthe Rinksy cohortof persons exposedto benzencthzt I woiked
on was that the four cases of myeloma in that cohort not only represerted what was
afourfod excess over the expectation of approzimately one ase, but taey tended to
occur inpeople who had relatively less cxposure than the people who developed
leukemia with o the same cohort. As we reporied in the New Englaad lowrnal of
Medicine, multiple mycloma, the cause ef death in four members of this cohort, has
been obierved previsusly in persons caposed te benzene, although also in small
numbers{Decouflc eral. 1983, Erviron. Res. 30: 16-25). In additicn, several recent
toxicolojic studics have demonstrated lympkoid cancers in beth rais and mice

exposedio beniene {Snyderetal 1980, Toxicol Appl Paarmacol 54323-33; Maloni

etal. 198. An. J. Ind. Med. 4:58)-630; National Tozicology Program, 1986. N¥H
Publ. Ne. 86-2545). 1t is of intcrest that three of the four deaths from mulriple
myclom that were abserved in this cobort accurred in the group wi:h ihe lowest
cumulative exposure to benzene (<40ppma-yr), and that all fourpersonswho died nad
exceptionally long iatency periods for hematolagic cances (>20 yr). These wo
observations raisc Ihepossibility that relatively low cumulative exposures 3 benzene
may produce 4 relatvely well-differentiated cancer. such as multiple myeloma,
whereashigher eaposures may lcad to leukemia.

Thus.we speculated in the NESM article, thatlow-dose chsonic benzene ex posure
may produce mycloma, whereas righ-dosc cxposure causes leukemia. This is a
possibility that needs experimental verification. If rue. it wauld offer ac cxplanation
for the osservation that Olav Axclson meationed. As [ uncerstand from his data,
there wasno increase in leukemia inpeople whowereexposedto automobilz exhanst,
but there was an increase in multiple mycloma. This {inding counld account for the
tising increase in the incidence of myeloma in the 2opuolation at large.

A great deal of benzene cxposure occurs at tacge in the population. Unleaded
gasoline now centainsas much as 4 or 5% benzene, at lsast inthe US. Notallofitss
combusied to carbon dioxide znd water. Some fit vaporizes. People arc exposed
when they pump gas aad are alse exposed 1o emissions from incomplete combuston
incarengines. ‘t maybe timeto begin to do some first-stage hypothesis-generat ng
ccologic studiesin which atmospheric concentrations ¢f benzenes ix: differant cities,
gasoline consumption. and the proportion of beazene in gasdline jn differ=nt coun.
trics are compared with myeloma rates.

Joi Scwwartz ( Environmentai Protestion A gency, Wasfington, D €.): Counnie
Percy asks what I meaa by this charge in ICD code. [ mean that between the cighth
revision aad the ninth revisionthere is sometimes achange inthe way peop'e classify
things; asa result of that, as we saw in Germany aad we alsosee in Ttaly, there is a
sucden discontiauous shange in the reponted ratesof death in 203,

Devii Davis (Nationa! Research Council, Washington, D.C): Solitary
plasmacyoma in Italyand Germany turned out 1o be nearly half of the myclomasin
the cighth1CD when these were removed from 203in the ninti. Thisintroduced the
artifact ofthat downward curve you see with Italy, West Germany, and Sweden.

Infact.the tenth ICD reviston conference places solitary plismacytoma back into
the code 203 for myeloma so this wiinkle will be smoothed ol

On theage issuc, Dr. Cuzick did ot use anyone over75. Can you lelfasaboult the
quality ofdata in England forpeopk 75 to 84 yeaus of age partizularly with respect to
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