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Western societies are often called "medicated" or "over-medicated," be-

cause of their massive use of prescription and over-the-counter drugs. Intrin-
sically, these substances are biologically and chemically active, so that unin-
tended reactions are relatively common. Acute side effects have always been of

great concern to those marketing, consuming, or regulating drugs; for that
reason, they are usually well documented through toxicity studies and clinical
trials. Long-term side effects, including cancer, are much more difficult to
evaluate and remain largely unknown. This chapter summarizes the epidem-
iologic evidence for drug-induced cancer in man. The limited number of agents
implicated to date signifies not that other drugs are innocuous, but that the
need for study is urgent.

Drug-cancer relationships in laboratory animals and man may be classified
as follows:

1) Drug exposures associated with cancer in man.
2) Drug exposures carcinogenic in laboratory animals that with investi-

gation have thus far demonstrated no carcinogenicity for man.
3) Drug exposures carcinogenic in laboratory animals that have not

been evaluated in man.

4) Drug exposures either not carcinogenic in laboratory animals or whose
carcinogenicity is unknown.

This presentation emphasizes tile first two categories. Although the last two
categories include the vast majority of pharmacologic compounds produced,
a review of laboratory research with these agents is beyond the scope of this
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report. However, some c_it_:ia '._,e _res:_te_ 1 i'or s_lec_:._:gwhich drugs should
be evaluated i.,iman,

DRUGS ASEOCIA'['E[} _'[I_ I_U:_.L'..NCANCLR

Agents re!ai-.'.dto cauce: i:': _,;an. recex_il;, reviewed by Fraume._fi and Mi!ler

[I}, a_e i_s_ed in "[ak.le 1. Some agents wc, e r_moved from clinical use when
their carcinogenic potential was re_::_gni,:ed, bu_ others are still u£,d because
es'Jnmtes of risk-bc:__efit ra_ios a.a_:_t their adngnistr_,d.._n in certain d!seases.
However, as dJfrere__t conditions ar_' added to tb'; therapeutic i;_d:cadons for
a drug, new as_ssments of risk-bene_ t raises n_,st be made.

Radioixotoi_es exert eatcinoge,_.Sc ef_?cts by release o{' ionizing radiation
at depositio_ sites in the body. Fo, .example, radioactive phosphorus increases
the risk of acute mye|ocytic ic_akemia (A*i!2t in pai%nts with l_O!ycythemia
vera [2]. Radium and mesothori_:;n _one-seeking isotopes once used for
bone tube,'culosis and other illnesses, produce a hig2_ :ate of osteogenic sar-
coma and carcinoma in mucous m,:mbranes near bone, particularly the para-

nasal sinuses [3,4]. Th:-_ same efli;ct ,esutts from oc,,:u'pa'Jo_al exposures
among radium-dial painters a;'.d r_dium chemists. Radioiodine used in high
doses for thyroid cancer probably increases the risk of leukemia [5], but no
effect is cwide_..'_twhen lower amounts are used for hyperthyroidism [6].

Thorotrast, deposited i_. !he retic,_l_ndotheiial sy'atem after use in radio-
graphic studies, is a ca, so of hepr.tic he:i-.angioendoti_elic, ma aad AML [7].

Immunosupprcssi_,e a,qe,_ls ;ar_imetabotites, cort_costeroids, antilympho-

cyte serum) are st_spected of beir_g _'onbibuting factors to the ;nigh cancer risk
experienced by recipien!s of renal transplants. The ,mechanism undoubtedly
involves some alteration of ff..,am,mologic processes rather than chemic_i in-
duction of ma!i24na.utchange. In a re_-e._t follow-up study [8] of over 6,000
recipients of renal transplantz, t!_..',risk of lymphoma was about 35 times
normal -derived _!most entirely from a risk of reticulum cell sarcoma that was
350 times higher than expecte,,J. :,;kfi_.and lip cancers occurred up to four
times more often than expected, wt_ereas the risk of other cancers was 2½
times more fr_que_,,t, d,,_e largely to s(;.tt tissue sarcoma and hepatobiliary
carcinoma. Recent data [9] sugges' d_at the ask is increased .also for adeno-
carcinomas of the lung.._ince persons with heritable immunodeficiency syn-

dromes are susceptible to lyrnph':_ma and possibly otber cancers [10], im-
munosuppressive drags most likely :_reiuvol_.,edin posttransplant carcinogenesis.
Despite case reports of cancer de,,elopi_g in patients with other conditions
treated with these drugs., no study has as yet determined whether there is any

excess of malignancy. Perhaps th,.; predisposition to neoplasia in transplant
recipients results from an interaction: between immuuosuppre_,sion and im-
munostimulation by antigens frum the grafted kidney. The mechanism will be
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"FABLE I

Cancers Related to Drug Exposures in Man

DRUG RELATED CANCER

I_ dioiso tope s
Pt_,_;ap!>,,_,_s I,¢_':) Acute leukemia
Radium, mesodmrium Osteosarcoma, sinus carcinoma
"I];orot r_:;_ tlcmangioendothelioma of liver

Immunosuppressive drugs (for renal
transplantalion)

Antilymphocyte serum Reticulum cell sarcoma
Antimetabolites Soft tissue sarcoma, other

cancers (skin, liver)

Cytot oxic drugs

Chlornaphazine Bladder cancer
Melphalan, Acute myelomonocytic
cyclophosphamide leukemia

Hormones

Synthetic estrogens
Prenatal Vaginal and cervical adeno-

carcinoma (clear-cell type)
Postnatal Endometrial carcinoma

(adenosquamous type)

Androgenic-anabolic steroids Hepatocellular carcinoma
(for aplastic anemia)

Others
Arsenic Skin cancer

Phenacetin-containing drugs Renal pelvis carcinoma
Coal-tar ointments Skin cancer

Diphenylhydan toin? Lymphoma
Chloramphenicol? Leukemia

Amphetamines? .Hodgkin's disease
Reserpine? Breast cancer

important to establish. Although the cancer risk associated with immunosup-
pressive drugs is considered acceptable for renal transplantation, similar risks
for less serious disorders might be unacceptable.

Cytotoxic agents used in cancer chemotherapy are often carcinogenic in
laboratory animals, and some may induce cancer in man [l 1]. Chlornaphazine

was withdrawn from use in 1964 when high doses for treating polycythemia
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vera an(! H_d_ki/s ,!tse_:_e d_!)) -,"w Pro,',: '.,_,csuse bk,.!dcr t_msr_ [12:.

TbJs drt_g is a der.'vat'.:_' c.{ "{y_ap}, '. ,[:-m.,J;;,1 p-:.'v;.,.msiy ko,. wP st; !._,?a ')k_d0{..r

carcinoge, r, M i_::iu._h';d v..,-,:_:cv,'-:!'c,!_iy_ .:_),i:_!::,,;:_ ,_gc_;ts :_'iso ,_aeon !o e!,".,,_te

the risk o[ ace.st; [¢t_!,:.(':l;]::. ,::;[)_C[;,':i/),' r_ ,_ :]):d[O'i:wf[( ._:!!d TT'.t:UII.,.)[_Ot;yi:C

types. M,.,st ::_xi[:J_::_:i_ _h_: .h;,:r_:a.(. ::: _<.:i:¢_r_a ar_,tm_ 7,::'[e_,L: ',d_i; m,.itic!e
myeloma tre_.-'ied w:ih ;.._e']h4:a:" c. c..;::.._f,hv..;pb::,;-::i.:_ !_o,], A_ho.._i_!t (;",e

earshot ye! e-.,,.:fd¢]e {i;e pos._:ib:]itv : _:_:hi,proved su,.wva[ i_,_r _it'," !h¢ ._:-v_i.;p-

mentcf :._he_;;et,._po{¢,- ,_eop[_,_.... ,eia,:ed to d_c ._i_t,. (.'.. ,:.:_tur:ti hJ._..:::¢ of

myd o_ua.

Another e_i'cct ,_:.;cyicte:-,_:_ drt_:_ was suggestc:i _3 :: r,_cci_t f,.:]!.-w--.'.p
study i i4] ol ]-{J.), _.,.'qic_ showed b;at :_:zte_:;ive chemotheap/ c-;!hanc<d the

risk of se,:or?d cad's,sets originating a_ !_,ad',y irraalia_efi sites

Synt_etfc c_oT.ens. !,av, icuia;_y diethy}:;th!sestrol (DES). _ig._e_e_i m-.:ch
recent co_cern about the carci,m_r_,nic effects of drags. Fir::_ evide;__ce for

huma_, transplacenta_ carcinogen :a':,c in !971. when a lira wa_, v:ported

between DES .b-_d a duster el _/asimd adenocarc)_oma in Boston among eight

women between '._ and 22 ye_:r', o: :_.:se[15]. A! p,eser_t, ?re:isis[ e×posvre

to synthetic cstrc[,_s'4s b:< oe_a iXfi:_'d t_ dear celt ca_cinow.as ef tb_e vagh,_a

and cewix it: over 100 _-_.tieqP- -; _:, 29 :/ears .:,f age [16j. However, bas_:d on

a recent fellow-up stu,_.'y [!7]. _::; r_t:: for _.Ee cance,s ;,t"ter in user,:) ex-

posme to estrogens has bsen esti_,;_ted thus far to b_' r.,c _eater than 4 per
• . S' , "t;- ,t,000 and probably cea,iide;ably ies_' [16] ,y_l.h .... cxrogens gi_'_n after

birch may also i,_duco ca_c.):, i_) , /,udy of 2.1 eat;cits receiving DES

for at ieasl 5 years for g_;,adal d),:.gepesis, e?- !omeiriai carciv _ma ,:iew:ioced

in two and pos:ihly ihree cuses [1_i. Aioug vei:h three -:ascs m ii_e iitersture,

the tumors were diagnosed betwcea 2?,8-35 yexrs of age, _m _uost we:e of an

unusual mixed o: adeu_,squamo,_:, type.

,4ndroge_dc-a±;'_ioo]£" xm,.'.,k/,, h_<: ;,_c-_ implicated !,v seve.r;_i re_c, rts of

patients dev,:ioT;ng hepah),_A,,_d::r carcinoma after io_Ip1:..'-rm tre:?_;-aent .o['

aplastic :memia, ;a:.,h iy qz: _a,ic::, .i type, wi_.h ,_xymett_J',of_e ur metl,y!_est{-

sterona de:i_atr.¢cs [19]. F'urthe: _:-,.aiuadon _s needed, F:m._cuiar'y in 5"cups

receNing thes,', medications tc,r othe_ _cason_.

lnorgamc _rsen,ca!s have not bee_", slaou_ carcinogenic in experi:ncntai

animals, but "*'be:c_;then U.,tema!!y _nev are .5 cause of skin ::anc:?r in man [20,

21]. Ti_e skin o)s,::ws fcqlc, wi_._.garsenical use art cbarac:cristicaily m.ultip!%

involve unexposed ;)aris o!" the hod/__. a._..I uJb_s_._a[]ocati:)I_:5 __..g.;':"• Oa].ms.of the

hand), and are a_;s.".,ciated with ar:_e::ica} _.ign_e_t_a:.io_ a_:d iWperkeratosis. _r:-

stances of lung .:a,)cer _qc/ ti-,_e.__emar;:zioe_zJoth_lJ,.,ma h;_'se been attfibu_::d

to medicinal a_:etf, c. Thes,:: occufle:._c¢,_,mat: _:ot k_e ir_ _c¢,s of cxgectafic-_

[21, 22], but would bc compatic::: with wha! is kn,owv ab_:u_ c4nccr r.Sks

in occupatic, nai studies of arsenic e>._,osure [22, 23].
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ph,,.ma,"esi_ in _m.;@.es,cn]ixtt_res, v_hen _givcr_ ill large doses, can cause
chr_mi_ i:,yel_;neph_r_!i,;aml papiilary _ecrosis. Reports from various countries
[2.1-25! ir_di_;:!e _t,.at ;,_rien'_s wiih "nnaigesic rlephropathy" are at high risk
of deve!o_,ing *:ensition;_l (.'elltumour-:4,1"tii,c renal pelvis.

6i),,l zar at',.dcre,'.)s_)teprvlvara/iofc_ that conrail _,polycyclic aromatic hydro-
carbons have been reported to cause skin car_cer in laboratory animals, in
exposed wo;_ _::s. and il_ patients using these prep;_ralions [271,

Dil)hen.yltp'dm:toin (Dilantin) is one _f four drugs under suspicion, along
e,'ilh chlo_ampi,.,.enicol, amphc._ammes, and reserpine. TheIe is some evidence
of carcinogenicity in humans, but epidemiologic testing is inadequate. Dilantin

occasionally induces lymphoid reactions that regress on cessation of therapy, but
transformation to malignant lymphoma has occurred in several patients [28].
The nature of tiffs association remains to be defined, but recent evidence [29,
30] in man and laboratory animals suggests that Dilantin may predispose to
lymphoma by its capacity to concurrently depress and stimulate immune
responses. Three separate studies [31-33] make it obvious that if there is an

excess risk, it is almost certainly of small magnitude and perhaps acceptable,
given the drug's efficacy in the treatment of epilepsy.

Chloramphenicol and other bone marrow-depressing drugs have been impli-
cated by case studies in the development of leukemia [34, 35]. A causal
relationship would be consistent with the potential of leukemogens (radiation,

benzene, alkylating agents) to produce aplastic anemia [35, 36]. The produc-
tion of chromosomal defects by chloramphenicol supports the possibility of a
leukemia hazard, since such defects are seen in various conditions at high
risk of leukemia [35, 36].

Amphetamine intake, mainly for weight reduction, was linked to a sixfold
excess risk of Hodgkin's disease according to a recent case-control study [37].
With the problems involved in obtaining a reliable drug history, and with a
subsequent negative study [38], this relationship needs further investigation.

Reserpine is indicated in three recent surveys [39-41] as a risk factor in
breast cancer and possibly other tumors in persons treated for hypertension.
Reserpine may be linked to breast cancer by its known capacity to stimulate
prolactin release in humans [42]. But further studies are needed to evaluate
the role of hypertension, social class, obesity, and other variables that may
influence the association.

Often a drug with carcinogenic potential cannot be replaced by an equally
effective, safe agent, so that some sort of risk-benefit decision must be made.

To effectively make such a decision, the risk of cancer should not only be

quantified, but also characterized with respect to dose-response, latent period,
susceptibility factors, and the effect of cocarcinogens. In only a few cases,
however, has the magnitude of excess risk been estimated in absolute or relative
terms. Only very rarely are the "finer points" of an association delineated.
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only two dru?.'< t:o??_.azit.: _:_9j a_,¢t o:." .f):,.;'.._]c -;_ ,...oH .me -,:.,_;.;!,'_?;¢-.;,(L,?..

c/udL.qg co,,:u'a,'c'.;Hvcs) ,i4!a8]. ":"_,.: . sl:.:<t ii:< ._t:_csi:: ::.: _.,e_-d__.{'u_,!c_; ir_
I

(e.g., age, [a_oo,t period. _.i>) <oc;:qc:m._:en ._:p.os-_:';) wt!;.c}_, also cov.,-biJcate

the laboratocv, a _..,.,.,._ _'-,et c.i ::'_;:._;,_._,,::n.cil;....
"[iie lor!g ]a,_"nt !,c_ d be .,,,een ,::.:po_,'ue _,._:, ::::rci;u,_e_'3 c,a< m_mfest_,.tio:_

• ' 5, .of ,,'he cancer i_, i-'e,rl_3V-_ the su;_! ? m,:_.t _.-;_;'. f_r:i oo.;.lc< a.:_ ,._de.:it'ai:_

evaluation. This is, Lus+n,_e, a h?, the ._p,.,:_u-ent_e!a'_<.r_ of alk)Aa_ing ::gent5 io

acute leukemia. !,.-_26 re?c, rted c::es _)! !eqkem_g; ,.:cmpbc:?tir!g ,.,,ulep!e r_we-
lores, iee average latent pe_i-od wzs. abc, A 4,2"_'>'ears []3i Si;:_e *i-,e.p"imary

indicatim_ for _iJs therapy is a as_:,_l.., :at;-i .:i:diaaa!,cv. the identification of

risk was depend::_:_ or: f,:_i!owine._ u-, a ia_g.:_ n,._mbe_ vi reladve}y ......._-terr,,.....
survivors.

If the latent period a_:! urN., -isk va:iab_es a_e _.,,-t take, into a:.con_rt.

the recogultion and imerprc_:<i,.,:, _>t rdadm,{,'.:il-S may be ,.4--;cured. TEeae

variables may also in*e, ac:. v, itk e::.}: od,e_, as '.llustra:.c'd by ,he capacity of

DES to cause gcair0; t:.?:-t adenoca .,'.:,:,m v:: IP if, is suuati(m, th.:_ r:e,,;pJasms
are caused bv. a specificaiiy limed :_.e:_a_.:_ exposure (_,,-'."o:-._,_:y'-_'i_r,.{ tnmesre:),

a latent period usuat_y over i0 y:_,-::. ;_:ut possL'!y a _on:ce,,ji;:mt su'.iT_:of

endogenous est_oger, s during, pub<,;:: {actiag, as a pu:--;u_ing _:tc<u-_."" '

ecau°c of" the F_obiems iu_oive_ ip. e,;ah_a_Jn_ d,ugs in ,na,-_, ,:in;, negative
findings must be considered with _a,,t o_u. With o:'_ / cc,t_[gu.ccFu'vcs, tt,.ree

recent we!t-designed and e?:ecuIed ;nai, !ic studies j;e.-481 u., :_s:_ess _f:,:: risk

of breast cancer >ll,;,/e_, either ,I(, as_: _.:,a;i_.,n cr pe:ilapr, ....<'_,_l."e. p,-otecticn.

However. oral contr:,.:,:piwe_ have b:,en av..ai1.ab!eordy since 19(0 and in wide-

..... t.,..., has r.,>w c_apsed betweenspread use since 1965. -[.'.i_us,the "'i,:_epa _>9,wc.'. _.... .

exposure arid :&e evaDation fo: ..!i:;case is lir, ited to l0 to 15 year_: for even
.'he earlie:,, or" users.

Adequate ass_.ss_en of a d,,;.-,c_;;':er _elatio_:shi;: _-equires knowledge of

the epiden-fiolog)..:;_ ;he cance, h, ,.t-;e:<io::. This in!orm;i_iop helps in distin-

guisifir:g a dtw, effect from the n;_:_r:_ ',list,. ry o'( dtc underb',r:? disease aria

in identifying groups of people tt,a{ ::_G:!Y. be _ __. .. i3artlct, ._,y ac_,cep!ible _o a

drug. h is knuw,:, !or cxar_plv.......... _',,; + a woman ,,,,Iv, has her first ci, ild before

18 years ;.'.f age ha:. onc-dJ._d the st: cJ" brea_:t car,'o::c of a woman _! v._,6her

first child after the aae_ of 35 Lac*_ Perhaps younge,- womer_ a_e also more

susceptible to the _:-ftects " *," "31 St_l ),t. a tli:-_'Q,)!2_'$,
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lll a recent survey {50] of Boston-area women of predominantly middle
and upper social cla_', those entering the breast cancer age range had not used
oral contraceptives in early reproductive life, because the drugs were not
available. The exposure being studied in these women, therefore, may not
be as relevant as exposure at a younger, more susceplible age. These difficulties,
coupled with recent reports that oral contraceptive users are prone to liver
tumors [51] and in situ cervical cancer [52], point to the need for continued
monitoring.

OTHER DRUG EXPOSURES

The last two categories of drug exposures concern agents not yet evaluated
in man. Experimentalists are better equipped to evaluate laboratory evidence
of carcinogenicity. However, in assessing priorities for epidemiologic study of
these drugs, it would seem prudent to weigh: 1) relative carcinogenicity in the
laboratory, along with 2) the magnitude of population exposure, and 3) various
parameters of this exposure (e.g., age, length of treatment, reason for treat-
ment). Mentioned here are only a few drugs that would qualify for epidemio-
logic study at the earliest opportunity.

Various agents in cancer chemotherapy show carcinogenic potential in
the laboratory. They have enabled some young people with cancer to survive
long periods [53, 54] and are used in combination much earlier in the natural
history of various malignancies. Furthermore, the agents are employed increas-
ingly in nonmalignant conditions [55, 56], so that a major effort is now re-
quired to assess the long-term risks.

Laboratory research has raised concern about a group of drugs classed as
tertiary amines. Included in this group are a number of widely prescribed
drugs such as oxytetracycline and chlorpromazine. Experimentally, these agents,
in the presence of a large amount of nitrite and an appropriately acidic medium,
form highly carcinogenic nitrosamines [57]. In man also, the drugs may pro-
duce nitrosamines after interacting with dietary nitrites in an acid stomach.

Widespread population exposure over many years and chronic use by some
people dictate the need for epidemiologic evaluation. Study of chlorpromazine
and other phenothiazines may be justified by an entirely different rationale.
These agents are potent stimulators of prolactin release in females [42]. Since
prolactin may be a risk factor in breast cancer, the risk of this neoplasm should
be estimated among a group of women treated with heavy doses.

Iron dextran should be investigated because of its carcinogenicity in
animals, widespread use, and case reports of malignancies at the site of in-
jection [58, 59].

It has been claimed in the public press that women receiving Depo-Provera
for contraception have a risk of in situ cervical cancer higher than that of
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the general populati,;p.._ d.er_ermined b:,' d_.e T;drd Natio_ai Cancer Survey.
The results are in doubt since the e:xpc,.sed(and ,.lot the comparison) group
comes from a highly <:creeled popuh_.fi,..r_.;{oweve_, ti_e magniiude of the risk

reported and the careir_ogemcity C" p:oge.;_ogens iv. the laboratory [60] in-
dicate the need fo: {"t_r:!_erstu.di._.'s.

ESTIMATES OF POPULATION EXPOSU }?E TO DRUGS

In determining which drugs ',_. ev:-!ua,_(_ by epidemiotogic study, it would
be useful to know the magr.itude anJ ch_'_acteristics of exposure ":o various
drugs in tire lzoputati,._n. Marketing and prescription sup.,eys }_ave provided
marginally useful data. For example. 500 drugs accour.,'.: for approximately
85 percent of all prescriptions [61]. }_,-_wever,estimates are needed of popu!a-
tion exposure to drugs by type, du:atic_,_ of use, and therapeutic indication.
Data specific for age, race, sex, social class, and possibly other risk factors
would be desirah!e. Tiff': tyFe c,f inf_.:,rma_io_wa_ collected at least once by the
National Health Survey [62], 1out pubi{caiion of the survey was economically
oriented a_d did not identify particu!a_- drags or conditions. The bes:. available
information is probably tha! co!lec!ed by a commercia! drug info',mation
service [63]. Prescdl;rion data are gives _,_cording to age. sex, _:nd the',apeutic
indication; but there are serious lin:itati,,ns to this resomce, and a more

useful information system shuuld i-e -{eveloped [64]. In addition, special
surveys should be conducted oc deta:.!, I cl'aracteristics of consumption of very
commonly used dr_,.gs.I]_c patl.ete_.,of drug usage in "'special risk" populations,
such as pregnant women, also should be s,'udied.

These suweys would help l!ot only in selecting drugs for evaluation, but
also in quantifying the population risk an,2[designing control programs when
an association has been established. Tins informat:on wo-.fid be critical to

risk-benefit decisions.

IMPLICATIONS A._D RECOMMENDA TIONS

Cancer Etiology

Identification of drug-associated cancers helps not only by indicating
medicinal hazards, but also by proviCmg information on possible occupational,
dietary, or other environmental dange:s from tile same agents (e.g., inorganic
arsenic, coal-tar derivatives, DES). In this wanner, the role of nitrosamines
in humar, carcinogenesis could be clarified by a study oi" users of the tertiary

amine drugs. In addition, drug-cancer associations may provide insight into
carcinogenic mechanisms. Immunologic determinants, for example, have been
clarified by the study of cancer in immunosuppressed transplant recipients.
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Despite widespread popolation ezposu;c to d;u_:s ;kat f.,hysiologJcatly might
be expected to increase the dsk oi malignancy, only lilnited knowledge of
drug-induced cancer kas been acc_:mu!ated. For ov.e reason i?_esource of pro-
duclive clues )-.,asbeen Fd'narily chn!,:.at e.bser'_'a,,i:)n:.The alert cIinician usually
detect:,, an envir,.,nmental hazard d_ro)@a ctustcrs of unusual, rather than
comn:or,, evm)ts. Tim initial ubserva!ion is of_e_ a cluste_ _,f patients with
a ra_e turpor type, 5_tch as cte.ar cetl adenocarcinomas, o_ adenosquamous
carcinom-_s of file genita! taaet (DES), liver hemangioendotheliomas (arsenic,
Thorotrast), or nb:elomop.ocytic !eukcmia (alkytatix_g agoras). More common
tumors may be recognized by unusual s_te_of pTesemalicn (e.g., brain lymph-
omas in transplant recipie.n_s, paims of the h_n:la for arsenical skin cancer),
or by associations with ki:ow.q toxic maaifestation_ re.g., arsenical dermatosis,
analgesic nephropadw).

Recognition of drug relationships may "also bc enhanced by short latent
periods (excess lymphom:*' risk "a:ithiq 1 year of renal transplantation). Thus,
it is unlikely that a ctirdcian wou!d be ab',c to link a drug to a common neo-
plasm occurring I0 to 50 years after exposure. "E)is may be the situation for
reserpine, which is under suspicion not on the basis of clinical observ'ations,
but from a systematic survey' of ca,:ce_ risk foIk_wing drc,.gexposmes.

1he clinical approach, obviously p_od,Jctive in the pasL _:houtd be en-
couraged. Practitioners providing e':ioiogic clues sb(>utd be able to consult
the National Cancer D_.;i:ia_te,the International Agency for Research on Cancer,
and other agencies. Promising ieads shouhl be purs_cd by epidemiologic study.
However, with the i.qcr,.:asing exposure ,_i"ou) society t(; a large battery of
pharmacological agents, many taken by healthy individuals, some mechanism
is needed to determine which drugs t,.; evaluate systematically in man, rather
than waiting fo.,a Hsk la,ge enougi_ to become clinically obvious.

With the advances in compa:ative physiology and laboratory carcino-
genicity testing, some decisions can be made ol__an in(erdiseipiinapj basis.
Perhaps a first step wou)d be a meeth_.g o," laboaa_ory scientists, epidemiolo-
gists, and clinical pharn:aco!<,gists to decide on drug exposmes needing human
evaluation Priorities may be ra_:_ke,:ior_ the st rengtiq and relevance of laboratory

results, magnitude of population exposme, duration of drug use, special charac-
teristics of consumers, and the ease or diJkc,.llty w;th which apprppriate groups
could be identified (or evaluation. High priority :_hould be given to studies of
patient Doups exposed to drugs know.r_ to be carcinogenic in other groups
(e.g., DES ('or the menopause, andr'.>gens for ]r_!a!einte_ti!ity).

Another recommendation is [o incorporate drug histories into case-control
studies of cm_cer and to conduct c,.,l_ort studies concerned with any outcome.
The format of _he drug histories <:ouldvary, bu; might as a minimum be a check-
list of suspected drugs. Drug smveil]aqce programs, such as the one at Boston
University [38, 391, arc ccmcerned with these studies and show great potential
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for identifying long-term, as well as short-term, effects. These systems should
continue to be used to generate and test hypotheses. To date, however, they
have evaluated only those drugs taken recently (within 3 months of hospitali-
zation for the Boston program). Perhaps the programs can be expanded in
the future to include earlier drug histories.

Record-linkage systems, while much discussed, have contributed little to
our understanding of the long-term effects of drugs. Theoretically, they seem
to be ideal mechanisms to use for drug evaluation. Linking prescription infor-
mation with subsequent hospital and diagnostic data for groups of people
within prepaid health plans should be a relatively easy and inexpensive way
of screening drugs for associations needing more intensive evaluation. With
the likelihood of some form of national health insurance imminent, the oppor-

tunity for this type of study should be increased. The reasons for the failure
of such record-linking efforts in the past need to be explored to determine if
this is a feasible mechanism for drug screening,

Finally, a change in government policy might greatly facilitate studies of
drug-induced cancer. The drug industry should be assigned some responsibility
for evaluating long-term effects of drugs in man, just as it is now responsible
for demonstrating safety regarding acute or toxic effects. A promising drug
should not necessarily be withheld from general consumption until long-term
follow-up studies have been done. A drug company, however, might be re-
quired to construct a surveillance mechanism in order to conduct a follow-up
study, if warranted, on the first 50,000 to 100,000 individuals who received
significant amounts of a new drug. This information would be furnished on
demand to the FDA for appropriate evaluation up to 60 years after the intro-
duction of a drug. Although the financial feasibility of this recommendation
needs to be explored, it should not be inordinately expensive, particularly
in terms of total drug sales; therefore, it should not substantially increase the

cost of drugs. In fact, the money saved by not having to initiate such studies
from scratch some 20 years after significant exposure could be great.

Cancer Control

Although the human data on drug-induced cancer is sparse, some steps
can be taken in the areas of prevention, early diagnosis, and treatment.
Control activities would benefit from the surveys previously outlined that
could provide adequate data on drug-consumption patterns in this country.
For instance, in the early 1960's DES was still being given to a surprisingly

large number of pregnant women years after its efficacy in preventing spon-
taneous abortion had been disproved [65]. Even with the recent publicity

about carcinogenic hazards to the fetus, within the past year prescriptions for
DES were still being written for pregnant women [63]. Other illustrations of
drug abuse (e.g., anabolic steroids given to athletes, chloramphenicol for upper
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i'_(, tX_,es of :;cree,mtg program;, arc ?ossib_< First i_ a coo d{_ate(! local
of i}di:,'Jll_X["1,-o-, _, per!:)dic ¢'t ,e)_ a,, of scr¢cnir_t: ;.,, paticrit _?c<)?J[)_exposed to k-_own
c_:.!v_o:;.,.e_Jc dr_,gs who :_,ca ::,., {crt_:!:, }..ci-_g .g?¢gt {,:; the condc:;on that led
qq :?UC:,_"_.......... ;,.. _: _r: >3 (r..t, , v.,':_.1,!e_._'..',,po._ec iF ite_> Ic, J.)_ _. [otlg-terl_; :mrvivor2

c,f molignaec!es). A second type of scre,-,fir!£ Js _:o_,[p, uous {i_onitoring by phy.

_icinns of p:_lie,nts Deii-_g:c-:u fi_r ti_e cnc,:!itm.,._ i}:at i<d io iheh-drug exposure

(e.g., rena! t::,n-:piam [eei_:ieo.l',,r re_<rpm.e-He':_*ed t;y)-ec_er_sive women). This

approach shouM not be restrk'{ed to ,._2:.- tho:.,: r.:;t{e;.: gro_;ps with proved

carC'l_OgC,}.iCex;)esu,es, i_ut sh,.,uid :dso it}{ it_.:{c th_.>;e t2k.illg "sblspect" drags.

t{uwever, the efi'ectivencas of thi,; ,:onthmed m,:q,}g_ri_g {Or cancer depends

on the physician's aware_ess of the posable _,.sk im:c.le,,d. While for some

phy::_cian grougs titis _ware,:esr: may be high, for ,others {l wJ_} require an in-
lensivc p)ogr, n of orofessi,.,na! ) _ "c

Last ye:._r, de,matobgists wrote 99,000 prescdpti{:ns for .methotrexate for
severe psorias:s, and m-ologists wrote 125;000 i)r¢>cripiiot_s ibr androgens ff)r

such conditions as the male climacte:ic and ste!ili_y [b3 i . These groups,
and clhers _ike lhem, who may nc.t be aware of fi-:e ooiential ha_zaEts of' these

drugs, s_boutd _eceive the emphash i_ .'.an,paign: for pro'cssional awareness_

Similarly, it is not ciea: how r :an}' of :.ire _ver 3()0 groups perfurming renal
transF, i:mts ar:_ aware cf the Ligh rbk _>( >kin caoc<._ ill :ranspIant recipients

and d_e tmusuaiiy malign;),,H course ,:>fthis _-e{_p!as)_:if +_>I treated early [66].

Finaiiy, while i_ is important to di_c<:urage '&c inappropriate use of car-
cin++ge_ic '!rugs at_d to encourage scree.u L,_: ++m+}++:'m!y trc_.trnent of exposed

patienls, it is also imperative lo identif3, d:e biochemical mechanism of drug

carcmog,mesis through expmimeP.tal it:sea_ch, in ibis way, new drugs may be

de:eioped !he_t ar,; equa!l/ effective but no* ca cmogenic, and agents may be

added to _h._apeudc regimens that would block the carcinogenic action [67].
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DISCUSSION

The relationship of birth-control pills and hepatoma was considered by

some participants to be a serious public health threat. Dr. Shubik supported
Richard Doll's opinion that birth-control pills are definitely related to the
development of hepatoma in treated women. Furthermore, Dr. Henderson
stated that 19 of 21 cases of liver adenoma studied by Edmundson in Los
Angeles were associated with oral contraceptives.

With respect to the nitrosation problem in the gastrointestinal tract, Dr.
Shubik felt this might be avoided by the addition of ascorbic acid to drugs

susceptible to nitrosation. This has been done for tetracycline and should be
used routinely. Dr. Shubik also reported that Flagyl, Meridozol, phenobarbital,
and griseofulvin have produced tumors in animals and need to be studied in man.
Studies of veterans who received griseo fulvin while in Vietnam may yield valuable
information. Perhaps the use of Flagyl and Meridozol should be restricted to life-
threatening situations.

Dr. Davies commented that we must not lose sight of the vehicles used

in drug compounding, since these vehicles may have carcinogenic or other toxic
effects. An example might be the toxicity associated with vinyl chloride used in
aerosol propellants. Dr. Mulvihill emphasized the potential importance of
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genetic factors in evaluating responses to drugs. Screening for knowo genetic

traits, such as o_-l-antitrypsin deficiency, may identify" persons who would re-
spond abnormally to drugs or who should not work with certain substances.

Dr. Henderson pointed out that case-control studies of Hodgkin's disease
(with respect to amphetamines) and breast cancer (with respect to meno-
pausal estrogens) have produced conflicting results, due apparently to the diffi-
culty in obtaining appropriate controls, Dr. Hoover concluded the discussion

by agreeing with Dr. Shubik that the relation of birth-control pills to hepatoma
is a major problem to be solved. He hoped that the National He',dth Insurance
currently under consideration might improve the opportunities for record link-
age and discovery of adverse drug effects.

Glyn G. Ca!dwell


