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Risk of acute myeloid leukaemia and multiple

myeloma i workers exposed to benzene .

Onro Wang
Absaact
Objactive—Ta determine the risk of
developing acute myelold leukaenin

(AML) and moultple myeloma in a eohort
of warkers cxposed to benzene. The
results were used to show the importance
of taking specificity of disease intn con-
sideration in causarion analysis,
Methade—Data were derived f&om 2
cohort of workers cmpioyed at two
Goodyear planes in Ohio io the manufac-
ture of Pliofilm. Based on data in the
Pliaflm smdy, several papers that exam-
ined the rclation berween cxposure to
benzene and leukaemis (all cell types
combined) have heen published. In the
eurrent sualysee based on updated data
in the study, standardised mortality
ratios (SMRs) and 95% confidence inter-
vals {95% Cls) were caleulated for AML
and multiple myeloma by cumularive
exposure o benzcne. The results based
on AML were comparvd with chose for
leukzemis (31l cell types combincd) pub-
Hshed previously,

Results—An exposure response rcladon
was shown between cumulatve expasure
to benzene and AML. No increased risk of
AML was detecred for cumulative expo-
sure to benzene bolow 100 ppm-years
(SMR 0-91). Above 200 ppm-years, risk
of AML rose drastically; reaching a sig-
nificant SMR of 98-37 for > 400 ppm-
years. For multiple myelama, no relation
with cxposure to benzone was detected.
Conctusion—Analysis specific o AML
shows the importance of taking speci-
ficity of disease into consideration in cau-
sagion analysis. This investigarian shows
thar previous analyscs based on all
feukgemda ceff types combined have
ineorrectly set the estimaced threshold
too low, and have undevestimated risk
abovc the threshold. Current regulatory
policies that rely on precvious analyses
based on all lcukaemia ceil types com-
bincd shauld be re~cxamined.

{Cecup Environ Mad 1995:52:380-334)

Keywords: acute  myeloid leukaemia; muliple
myeloma; benzenc; cptdemiology

The cohort of workers cmployved ar wo
Goodyear plants in Ohio in the manufacture
of Pliofilm (rubber hydrochloride) has been
the subject of severnl epidemiological

anxlyses. The Grst analysis based on martality
(oniy 759% complet] up 10 1975 was reported
by Infante o ut ' Tnfanre e af reported 2 signif-
icantly increased standuardised mortality rato
{SMR) of 2-60 for lymphatic snd haematopoi-
etic cancers. They smred that the incnease was
duc almest ermirely to an excess of deuths
from leukaenua. For [eukaermia, the SMR was
5-06. Recognising thaz leukaemigs ralaced ta
benzene were predominandy acute myeloid
leukaemia (AML), Infante ¢ o/ made an
attemprt © esurnate tisk by cell type, and esti-
mared the risk of dying from myckdd or
monocyie leuicaemia w be abour 10-fold.
Rinsky & al repored the second analysis
based on mortality (98% cemplete) up to
1975.° The results were essentially the same
(SMR for lyiophade and haematopoistic
cancers 3-30, SMR for leukzemia 5-60). The
third apalvsis sras based on mortality up w
1981.° Analvses by esdmated cumuladve
exposure 10 benzene were conducted. For
the entire eohort, a significantly increased
risk of lcukiemia of 3:37 was reported.
The predominant cell type was AML. A posi-
tive exposurc-tespanse  relation  berween
levkarmia and cumulative exposure ta ben~
zene was shown, The accuracy of the cxpo~
surc estmates used by Rinsky & al* was
questioned.*” 11 secmed that at least some
axpasures of Rinsky et af' had been underast-
mated. As well as leukacmia, a risk of mulripie
myeloma of WBorderline significance  was
reported {(SMR 3-98) by Rinsky ¢r 2/, bur no
exposurc-response relgdon was shown for
mulgple myzloma.

Paxxton ¢r @l presented he lswest analysis of
the Pliofilm cuhort based on mortslity up to
1987.7* As well as &Xposure estimatcs devel-
aped by Rinsky ot af,* Paxton o @ used expo-
sure estimates developed by Crump and
Allen® and Paugtenbach ¢t al® For the eatoe
cohort, = significantly incressed SMR of 3-60
for lewkaemia was reported. Furthermoore, 3
positive  exposure-response  relation was
found, slthough the valuex of risk ratica by
exposure varied with the particular sez of
exposure estimates used. Paxton et @/
concluded that the leuksemis daca were can-
sistent with a threshold model, and suggested
that the threshold would be greacer than 50
ppm-vexrs.” ' Although no quanrirative risk
analysis was performed for multiple myeloma
because no adiditional case was found in the
update, Paxwon & af concluded thar the stads-
tcal association previously reported by Rinsky
a af* wen{d have been “weakened 10 non-
significancs.” ™"
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The focus of the anatyses of Paxton & 2!
was on the difference between the three sets of
exposurc cstimates.” * The difficultes of est-
mating exposure in epidemiclogical studies, in
the abscocs of historical exposure daca, are
well recognised. In the Pliofilm seudy, it
scemned that some of the estimares of Rinsky et
al were low.' On the other hand, Unerback
and Rinsky® commented that some estimates
deweloped by Crump and  Allen® or
Paustenbach e af* were high. [t seems
uniikely that the discrepancies among the
three sets of exposure sstmaces will ever be
resobved complerely.

As well 38 exposure aostimares, another

importang aspect of risk analysis is the proper
classification  of specific health outcomes.
Paxton & ai analysed lcukaemia dara as a single
dixense. In the past, levukaemia was coasidered
10 be a single sranstical caregory in most actu-
pational epidemiolegical  studies, partly
because of the historical nomenclature, poten-
dal misdisgnoses in some cases, lack of an
understanding of the biological mechanisms,
unuvailsbilicy of cell type specific raves for
comparison, und wmost importantly, the
paucity of cases by cell ype in individual
studies.” ! Recently cpidenuological studies
have shown the tmportance of cell type
specific analysds m smdying leukagmia. It bas
now been recognised that the diseases collec-
tively known as leukaemia are several distnet
malignencies with differenr actiological fac-
tors. For cxample, Linet began her book on
leukaemia with the following:

Earfier spidemiologic reviews considered lcukemia
as 1 siagle disease with some minor dilervnces in
sisk facrors for each of the hisoperholagic types. [n
the lust two Jdecades, epidemiologic studiss bhave
provided evidence that diseases collectively ident-
fed as Jcukomis are several distinct molignancies
chanacwenized by varying age, 3o%, exce, and ethnic
group panerns, dissimilar scoular rends, and dif-
ferent etiologic factors.’

Likewise, Heath began a3 review om
leukaemia with the following:

The leukemias encompass a diverse group of malig-
nantics hat share in common merely e fact that
ofl urise from cell syscems thac ciccnlate in periph-
eral blood and that arise in larpe parx from bone
marrow. The diffacing coll origms of the leukemi
require chat different leukemic cell rvpes be consid-
ered separarcly in terms of etiology, pathogenesis,
thermpy, and preveation.'”

Similarly, the diversity of different types of
leuksamia has long been recognised by
haemartologists, as indicaced, for example, n
the widely used textbook of hacmaroiogy by
Wintrobe et al
Few authoritiez would disagrec concecning the
recognirion of chronic myelmd leukaaia (CML),
acute myeloid leukemia (AMT.), polveythemin vern
(PV), idiopachic myelofibrosis (IMF), chronic lym-
phocytc leukemia (CLL), acute !vmphoblastc
feukemma (ALL), Hodgkin’s diseaze (D), the non~
Hodgkin’s lymophomas (NHL), mulkiple my=lomz
(MM), and macrogiobniinemua as disnact ent-
rhll

The issue of whether all {rukaemia ceil
types can be affected by 2 corameon astivlogical
agent has also been examined ar the cellular
level. In parricnlar, the role of baemopuirtic
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stem cells in leukaemogenesis has been ioves-
tgated. Stem calls can be classified int two
major categories: the pluriporendal stem cells,
which are responsihle Tor the production. of
circulating elernents; and their direct descen-
danre, the commimed precursor cells, which
are programmed to follaow a single line of dif-
ferentiadon. Both m vive and i viure studics
have indicated char the commined stem bre
cursor or progenitor) cefls ast capable d selfl
renewal and amplificadon. INthe pasg, seveml
propesed hyporhesss have suggested that the
effects Of benzene metabolites on stem cells
have a major impact on cell proliferadon and
differentiation  during the carly smpes of
lenkaemogenesis. In most of these hypothascs
lirtle Or NO distincson was made berween the
pluriporendal and the commitred stem cells.
Recent research has indicaed dhar the com-
mitred stem cells OF progeniror cells play 2n
important part not only in the maintenanc: of
normal, sweady srate hacmopaiesis but also n
dhe acticlagy of cell type specific lenkaenias.

Based on an investigation of immuuao-
globulin gene organisadon and cxpressinn in
haemopaietic stem Cell leukaemyia, Ford er al
have shown that a clonal event leading to blast
&risie can oecur N a commimad B cell precur-
301 rather then I the pluripotendal stem cell
precursar.'® Based on human DNA analyses,
Makher et a? concluded that CML and CLL do
not arisc from a common progenitor and that
these malienancies arise from two distinct
precursors. 't

Laboratory investigstons of the effects of
bemizene and iN metabolites ON Sten and
progenitor cefl regulation by Irons et al have
offered a mechanisdc cplanation for the
selective increase i AML.'" The invesdga-
gons have shown thar benzene in vive and
hydroquinone (a berzene metsbolits) n vitro
alter che recruitmenr or sdrnuladoa Of
myeloid progenitor cells, thereby increasing
the number ofF cells at risk of develuping
leukactua, Furthemmore, these investigatons
haw indicated that this effeer is selectve for
recruiement OF myeloid cells chat respond to a
specific myeloid growth factor, GM-CSF.
This effect, on the other hand, is not found
for other growth facwoes associated with
recruitment or stimulaton of lympheid prog-
enitor cells.

Thus, recent advances in other disciplines
confumn the epidemiological cbservation that
leukaemia B a group of disdnct malignandcies
that should be analysed separawly. As com-
mented previously,'*!! very few individual
studies have estimares oF exposure to benzzne
and can provide coough cases fr lenksemia
cell evpe specific analysis. In rerms of AMIL,
the: possible exception is the Pliofilm study In
here, | present ao analysis specific o AML
based on tbc Pliofilm study, which shows
that such a specific analysis provides mors
appropoiate  estimartes both for a threshold
and for risk ratios sbove the threshold than
analyses based on all leukezemia ceil tvpes
combined. Also, 1 present an anakvsic for
nuitiple myeloms by cumulatve expeosure to
benzene.
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Results and smalyses
Thzanalyscswmhﬂedonmcl’lioﬁhnsmdy
updated up ta 1987, as reporred by Paxton <2
al7* Age specific zates for AMI, and muluplc
myejoma derived from dam provided by the
National Center {or Health Statistics and by
the Natiomal Cancer Instituic were used in
computing cxpcered  deaths.  Standardised
mortality ragdos and 95% confidence intervals
{95% Clz) were calculsted. Only exposure
estimates developed by Rinsky er 2/ and their
Cxpusure caregorivs were used in the analyses.

Table 1 shows thar, for the cchort as a
whole, six deaths from AML were observed,
compared with 119 expeced. The corres-
ponding SMR of 5403 was significant (95%
Cl 1'64-10-97). No increase of AML was
detected for cunmulavive exposure below 200
ppm-years. Among workers whese cunnulagive
expusure was less than 200 ppmeyears, one
death from AML was observed, compared
with 1-09 expected (SMR 0-91), bur, above
200 ppm-years, risk af AML rose drasticallv.
Tior workers with a eomulative exposure of
> 400 pprm-years, thoir SMR for AMI. was
98:37.

Table 2 shows the results of 2 singilar analy-
sis for multiple mycioma. Bor the cobort x5 3
whole, four deaths from multple myejoma
were shyerved, compared with -37 expected,
The SMR of 291 was not significarn. More
imporrantly, table 2 indicates that there was
No exposure-response relavion, In facr, three
of the four desths were in the Jowest exposurs
caregary. Ome of these three people was
euwployed at one of the plamas for only four
days, and the other twe for nine months an
1-3 years.* ’

Discussion
Paxavn er al provided €XPOsUTE-respOnsSe
analyses for overall levkaemia (all cell cypes

Toble ) Acuse myeloid lrubennia by cusdecive exg o &
Cumnkorius Deurke
Com-years) Ubs Exp SMR (95% CB
<48 ] 084 1-19 0-0%- 403 | ]
bra ¥ i oas p 100 . ‘}o-orgo_ wtey }@aasy
200 400 2 7 2T 2% (3.29-08-24)
> 400 1 (] 9B-374* (30-28-287-5%)
Towi & I-19 503% (1.84-1097)
l* ca.ay,
Tabk: 2 Muddriple mycloma by curndatite ecposur 1o bensrwe
Camdagoe Dearly
(Phm=ycurs} Ofx Exp SMR (9% CU
<ap 3 003 131 (0-66-3 18]
10-200 g g—ﬂ 0 (0-122m =
S 0 (0- %6-
% 400 4 D04 2517 ru-:?zann)
Tousl 4 3.3% 2:91 (0-29-7-48)
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combined] based on three sets of sxposure
estumaves.’ * [n particular, their analysis based
on the axposure esumates of Rinsky e of!
indicated dhar the risk of Jeukasmiz wag
increased for every cumulstive exposure care-
gory, with S;URs of 1-97, 2:29, 6-93 (signifi-
cagy), and 20-0C for exposure caregories 0~3,
530, 50-50G, and > 300 ppm~vears, respec-
tvely. Althaugh Paxton of af concluded that
the dava werc consistenr with 2 threshold
modei, the {ocavdon of the threshoid ams not
obvious from their apalysis. " They suggesied 2
direshold of 30 ppm-vears, ss Do significant
excess of lgukaemia was found below this
exposure. Ia the analysis specific 1o AML
my report, no excess of AML was observed
for sumulatve exposure less than 200 ppm-
vears (SMR 0-91). Above this level risk of
AMI rose Jrastically, reaching a rigk rado of
98-fold for > 400 ppm-vears. If ane considers a
threshold =+ the leve] below which no cxcess
risk is observed, then the dam from the
Pliofilm study indicane that the threshold for
AML wouid be around 200 ppmi-vesrs.

Previous acalyses of the Pliofilm study have
been bascd or: Jeukaernia of all cell types com-
hined. Many regulatory policies bave beca
based on such analyses. There are thres major
conscquencss of ignoring specific information
on cell type 'n analysmg risk ¢f Jcukaemia.
Firstly, the threshold based on all leuksemia
ccll rypes combined wus less well defined and
much Jower tasn the one hased on AML
specifically. Sccondly, sbove the rhreshold,
the ritk catios based on all Jevkaemia cell
¥pes combined were substantially under ess-
mated. Thindly, by (umping ai! cell types into a
yngle category, twe misconcepton  that
benzene can mcrease the risk of other eall
typies of leukaesnia may be created.

For cell types other than AML, the Pliofiim
study docs not provide sufficient cascs for any
meaningful snalveis. The specific cell type
with the second largest number of cases in the
Pliofilm s1udy was chronic mycloid leukaemia
{CML), consisting of only ™wo deaths. Cne of
the two deaths from CML was emploved at
one of the plants for sne monrh in 1043, and
died two yuars Jater m 1950 at age 29, His
cumglative  exposure was (-10 ppm-year,
Clearly this case could noy have been associs
ated with cxpasure atr the plant. Thus, the
Phofiim studv offers licde usefal information
an CML ar ather leukaemia celt types besides
AML.

Several cpidcrniological  studies  have
reported the fack of an association between
exposure ¢ henzecoe or mixturcs containing
benzene and other leukaemia cell types.™ =
For example. 10 associton between CML
and cxposure o benzene or other organic sol-
vents was found in case-control studics con-
ducted in Swedm!* and in Epgland ™
Similarly, case-conmol smudies of CLL con-
ducted in the Baldmore area and I four
states i the United States (Washicgion,
Uh;, Michigan, and Georgia)™ did not
detect any incrtased risk in people exposed
benzenc.

The AM!. threshold of - 200 ppm-years
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derived in chis analysis is based on the expo-
sure estimates of Rinsky er a! which are
much lower then those developed by Crump
and Allen’ or Paustenbach e al,* although
there was a high correlation berween individ-
ual cumulative exposures based on the three
sets of cstimates, The Prarson corrclation
coefficient berween cumulanive exposures
based oo the estimatcs of Pavswnbach & &
and Rinsky e o/ (0-83, P<00001) was
slightly higher than that between those from
Crump and Allen and Rinsky ef al (0:76, P <
0-0001). The relations between the three sets
of cumulatve estimaces are as follows:

Y=:1378+178xX and
Z=4943+ 2411 X,

where X is the cumulative exposure based on
the <stimates of Rinsky & 4/, Y is that of
Coump and Allen' and Z is that of
Paustenbach « al” Based on the exposure
estimates of Crump and Allen’ and
Paustenbach ez gl," the AML threshaolds would
be about 370 and 530 ppmeyears respectively.

A [ew reports in the scientific htecature
have suggested an association berween 2xpo-
sure o benzene and multiple myeloma. Based
on the Phofilm study with mortality vp to
1981, Rinsky e al* reported a nsk of border~
line significance for mulgple myeloma (SMR
3-98, 95% CI L-10-10-47). Cases of multiple
myeloma in people with potential exposure o
benzene have atso been reported.?** These
case reports da nox provide any osk cstmates,
and therefore are nor useitl in cavsarion
analysis.

There were four deaths due (o muldple
myeloma in the Phofilm smdy. One subject
warked at one of the plants for four days, one
for nine months, and another for 1:5 years.+
My amlysis for muiltiple myeloma based on
updated data shows that the significant cxcess
previously reporied by Rinsky ez o/ * was no
longer significant. Furthermore, the expasune-
response analysis indicawes thar dhc dezths
from multiple mysloma were not relatad co
expnsure 1 benzene at the plants in the study.

The lack of an associadon herween expo-
sure o benzene and mulriple myeloma has
been reparted in several previous large scale
smudies. In a cohorr study of more than 7000
chemical workers expased te benzene, three
desths were reported fram multiple mycloma,
whereas about 2:6 deaths were expected.'”
In anothter cohort study of more than 18 000
perrolcum wansportaton workers cxposed to
perre! (conuaining 2% to- 5% benzene), 17
deaths were reported fram multiple raycloma,
whereas 21-4 were expected.'’ S Furthermore,
several case-control studies have reported 6o
incressed risk of mulrple myeloma amang
people exposed to benzone or benzenc-coun-
wining solvents.* ¥ For exampie, Linet er of
reported & risk rorio of 1-] for benzene expo-
sure in a study in Baltimore, ™ and Maortis er of
reporwed a risk rago of 0-8 for aromartic hvdro-
carbans (kenzene, toluene, xylene) in a study
cousisting of 698 cases in four states in the
United Swres (Washingron, Ucah, Michigan,

R

and Georgia).™ These stmdies support the
anatysis INmy repars.

Before closing, it should be pointag out
that the aumber of deaths from AML or mul-
tiple myclomas included in my analyses was
small, and thersfore the results should be
interpretad with caution mnd in comjunction
with studics alrcady mentoned. Nevertheless,
previous analyses bared on the same set of
dara have been relied upon by several regula-
tory agencies for policy making. Thexe regula-
tory policies should be re-oxamined o view of
the new analvses for AML and nuwldple
myeloma presented i this report.

Conclusion

Thres decades ago, Hill set forth criteria for
assessment Of causatton.” The sane cnteria
were used N evaluatiag cancer misks relut:d to
tobacee in the Surgeon General's report on
smoking,? and by the lnrersational Agency
for Research vn Cancer N evaluation of
carcinogenicity.! Specificity is one of the
major ¢riteria [or causagon anmalysis. The
analysis specific o AML presented wn this
report ShOws the importance of tking ?pa-
ficity into consideration. Previous analvses
based on all leukaermia celt cypes corikined
have incorrectly set the estimated threshold
o low bur underestimared. risk above the
threshoid. The esdmared threshold spedific to
AML was found ta be at least 200 ppm-years
based an one set of exposure estimaces; and
much bigher, had other axposure estimires
(most likely mare accurate) been  used.
Cumrent regulatory polices relying on previ-
ous analyses based on all Jenkaemia cell types
eombined should be re-cxamined. The anadysis
on muldple myeloma showe that no signifi-
cant increase was found, md that N0 expo-
sure-response relation berween exposure 0
benzene and multiple myeloma was detecred.
These results are consistent With findings
from ather epidcmiological studies.
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