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highest Much of the recently improved survival and disease-free survival for

_e small several types of cancer is due to the use of a variety of chemotherapeutic
the data drugs, as well as aggressive radiotherapy. It has been known for some

heard time that both of these modes of cytotoxic therapy also have a high
to that carcinogenic potential. With prolonged survival and actual cures after

cytotoxic therapy, the opportunity to observe long-term complications

be such as treatment-induced malignancies has increased dramatically. 1

_e older Study of this phenomenon is important for several reasons. First, with

My use of cytotoxic agents earlier in malignancy and for nonmalignant con-
_atment. ditions, quantification of risk of these malignancies becomes essential

tance of in making risk-benefit decisions about therapy. In addition, those at

going high risk of a second primary make ideal populations for intervention

down, efforts. This would include primary prevention, such as avoidance of

it could other carcinogenic exposures or application of chemopreventive mea-
ens, sures, and secondary prevention, such as institution of intensive efforts

at screening for early disease or premalignant lesions. Finally, and most

that. If importantly for the topic of this symposium, study of these populationscan be
careino- provides an unparalleled opportunity to study basic mechanisms of car-

tlity, and cinogenesis in humans. It is unprecedented for large groups of humans
think we to be purposefully exposed to well-documented doses of known carcin-

affect ogens and then to be closely followed for medical endpoints. The fact

curve for that this is often done after randomization of study subjects is even

that it's more extraordinary. Because of the opportunities afforded by these stud-

_ping off. ies, they are being conducted in a variety of centers throughout the

actually world. For purposes of this presentation, I will be focusing primarily
prostate on results from studies from the "Late Effects Study Group" at the

National Cancer Institute. (Current investigators include J. Boice, R.
_ear, you Curtis, M. Fraser, J.F. Fraumeni, Jr., R. Hoover, R. Kleinerman, L. Travis,
at speaks and M. Tucker.)ther than
have also
sectional DESCRIPTION OF RISKS

_u say, is
obese Leukemia

The most well-studied secondary malignancy is that which occurs

the most rapidly after cytotoxic therapy, acute leukemia
nonlymphocytic

(ANLL). In studies we have conducted, the relative risk of ANLL after
i
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radiotherapy for cancer has ranged from close to 1.0 after treatment for TABLE2. A
childhood tumors 2 to 2-fold among cervical cancer patients, 3 uterine

corpus cancer patients (Curtis R, unpublished data), and breast cancer

patients receiving regional radiotherapy, 4 up to 11-fold for Hodgkin's First primary
disease patients (Table 1). 5 However, the overwhelming risk factor for

secondary leukemia is treatment with chemotherapy--specifically al- Breast4Childhood
kylating agents (Table 2). Here the range in relative risk of leukemia is cancers2

from 5-fold after treatment of childhood tumors 2 to 8-fold for adjuvant Hodgkin's
disease s

treatment of breast cancer patients 4 to 100-fold after high-dose alkylating Ovary_
agent treatment of Hodgkin's disease s and ovarian cancer. 6 In general,

these therapy-related leukemias do not arise until 2 years after exposure,

and the risk peaks 4-9 years after cessation of therapy and declines
restricted to drug

thereafter. In every instance presented here there was evidence of dose- data based on srf

response for both radiation and alkylating agent treatments, doxorubicin 2 and

Solid Tumors the risk reported,
indicted the antir

Excess risk of solid tumors does not become apparent in these pop- the antimetabolit
ulations until about 10 years after therapy. Thus, we are only now be-

risk. For exampl.
ginning to identify these risks and, thus far, the groups that can be trial of colorecta
evaluated have been treated with radiotherapy, with little long-term 14 cases of cance

follow-up data yet available for chemotherapy. Children receiving high- 18 "expected" c
dose radiotherapy have a dose-related 6- to 40-fold increase in risk of were ANLL. Bec_
osteosarcoma 7 and a 15-fold increase in the risk of thyroid cancer, s

gestational tropt
However, most of our emerging knowledge of solid tumor risks comes

also some long -_
from long-term follow-up studies of Hodgkin's Disease. The actuarial

women, that ha_
risk of malignancy at 15 years of follow-up in one such study was 18% a six-center follo
with 13% attributable to solid tumors. 5 The distribution of sites that are

for 8 years or loJ

excessive include lung, stomach, breast, melanoma, bone and soft-tissue (Trapido E, unp
sarcomas (Table 3). The risk of solid tumors was higher after adjuvant of actual protec
chemotherapy than after radiotherapy alone but the differences were cancer treatmen
not significant. Although adequate data on risks associated with che-

motherapy have yet to be accumulated, there is a well-established excess moxiphen, 61 tbreast cancer du

bladder cancer risk associated with high-dose cyclophosphamide number of worn
therapy 9 and an excess endometrial cancer risk associated with either

estrogen 1° or tamoxiphen 11 treatment of breast cancer.

While focusing on hazards, not all of the information on risks is TASLE

bad. As I mentioned, the data with respect to leukemia risks are virtually
Secondary pl

All solid
TABLE1. Acute Nonlymphocytic Leukemia (ANLL) After Radiotherapy Lung

First primary No. of all cases of ANLL Relative risk StomachMelanom

Cervix3 133 2.0 Bone
Endometrium 118 1.9 Connecti
Breast4 35 2.1 Breast
Hodgkin's diseases 3 11.0 ColonOther
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inet for :, TABLE2. Acute Nonlymphocytic Leukemia (ANLL) After Treatment
rine With Alkylating Agents

_ancer _. No. of all cases of

_kin's t First primary ANLL Relative risk

or for
tly al- Breast4 48 10
_ia _ Childhoodis cancers 2 19 27

vant Hodgkin's
disease5 26 130

,l:__,atin8 Ovarys 12 171
ineral,

osure,
clines

restricted to drugs with alkylating activity. There are some preliminarydose-
data based on small numbers that implicate the anti-tumor antibiotic

doxorubicin 2 and similar data, worrisome because of the magnitude of

the risk reported, for epipodophyllotoxins. _2However, no data have yet
indicted the antimetabolites or the vinca alkaloids. Indeed, the data for

, pop- the antimetabolites are extensive and have revealed no excess leukemia
w be-

risk. For example, in a long-term follow-up of a randomized clinicalan be
trial of colorectal cancers treated with 5 fluoro 2'doxyuridine (FUDR),

i-term

,high- 14 cases of cancer were observed in the treated patients compared with
isk of 18 "expected" on the basis of population rates. 13 None of the cases

were ANLL. Because of the early use of antimetabolites in treatment ofleer. 8
gestational trophoblastic disease and the cures that resulted, there areomes
also some long-term survivor data, albeit still on limited numbers oflarial

18% women, that have as yet not revealed any solid tumor excess either. In
a six-center follow-up study of 1,600 such women, among these followed

t are for 8 years or longer, 14 cancers developed compared with 13 expected

issue (Trapido E, unpublished data). Finally, there is some recent evidencehvant
of actual protection against a second primary tumor associated withwere
cancer treatment. In a recent metanalysis of four clinical trials of ta-I che-

ixcess moxiphen, 61 tamoxiphen-treated women developed a contralateral
breast cancer during follow-up compared with 115 among a comparablelmide

_ither number of women given placebo. _

sks is TABLE3. Second Primary Solid Tumors After Hodgkin's Disease s

:ually
Secondary primary site No. of cases Relative risk

All solid tumors 46 3
Lung 14 2
Stomach 4 10

: Melanoma 4 9
Bone 2 31
Connective tissue 2 15
Breast 3 2
Colon 4 1
Other 13 1
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Summary conditions 15 and m_

There is a dose-related risk of ANLL associated with both radiation therapy for cancers
unpublished data)

and alkylating agent therapy of malignancy and perhaps a risk with
some of the more recently introduced chemotherapy agents. Because of model (Fig. 1). Alth_
the relatively rapid onset of this complication and its poor prognosis, risk may be attributa
clinical trials, particularly those with 10-year follow-up, generally in- for this possibility r
clude this risk in their overall risk-benefit evaluation. On the other hand, expected. Understa]

secondary solid tumors arise later, have the potential for a much greater valuable insights in
leukemogens in genimpact in terms of cumulative percentage of patients affected, and are

typically not assessed in the usual time frame of clinical trials. The (2). Carcinogeni_
cumulative percent of Hodgkin's disease patients developing a second nancies have uncow
primary by 15 years of follow-up is around 20% and gives every indi- tween specific drugs
cation of continuing to rise as follow-up is extended. To date, solid We have been able
tumor excesses have been firmly linked to radiotherapy. With the ex- apeutic dose for th,

ception of cYclophosphanide-induced bladder cancer and endometrial leukemogen than cy
cancer associated with hormonal therapies, little information is available high doses employee

involved in adjuvalyet on risks associated with chemotherapy in the absence of radiotherapy.
reason for this disp_If chemotherapy turns out to mimic radiation effects in other organs as

it does in the bone marrow, then its scope of organ exposure in the body substantially aid in c
could result in even higher risks than those seen with extensive radiation, carcinogenesis.
Assessment of this aspect of risk of treatment-related cancers is un- (3). Interaction
doubtedly a high priority in this general area of research, volves treatment w:

INSIGHTS INTO MECHANISMS OF CARCINOGENESIS
5

From the standpoint of etiology and prevention, perhaps the most
important aspect of this phenomenon of treatment-induced cancer is .Et. v
the opportunity provided to study mechanisms of carcinogenesis in hu- 4
mans. Insights into these mechanisms can come simply from detailed v
observations of various exposure and demographic determinants of the o_

rr O"
cancer risks, and, somewhat more elegantly, from the addition of bio- w
chemical and molecular components to these formal epidemiologic >
studies. _.hu 2 on-

Exposure and Demographic Determinents
1 .............

With respect to opportunities to learn about mechanisms simply
from data obtained from records or questionnaires, four examples are
illustrative of these opportunities. 0 _r ---_

0 1
(1). Dose-response. For radiation-induced leukemia, the risks noted

are in themselves an anomalous finding. In previous studies of radiation- FIG.1. Expectedrelat
induced leukemia in A-bomb survivors and medically irradiated pop- according to the model d,

ulations, a well worked-out dose-response curve has been modeled and on the Biological Effects c

became the accepted description for a variety of purposes. TM However, studies of womentreatedreceivingradiotherapyfo
the risks observed in patients treated with radium for benign gynecologic cancer.
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conditions _5 and much more dramatically in those treated with radio-
therapy for cancers of the cervix, 3 breast, 4 and endometrium (Curtis R,

:adiation unpublished data) are substantially lower than that expected by this
:isk with
,_cause of model (Fig. 1). Although some of the difference of observed to expected

risk may be attributable to cell-killing at high radiation doses, adjustment
rognosis, for this possibility results in risks which are still substantially less than
,_rally in- expected. Understanding the reasons for this discrepancy could yield
aer hand, valuable insights into mechanisms of dose-response relationships for
!hgreater leukemogens in general.and are
L, (2). Carcinogenic potency. Studies of chemotherapy-related malig-als. The

nancies have uncovered substantial differences in carcinogenic risks be-second
tween specific drugs of the same class that have equal therapeutic efficacy.

_ry indi-
We have been able to demonstrate in two separate contexts that ther-

ire, solid
the ex- apeutic dose for therapeutic dose, melphalan is a much more potent

leukemogen than cyclophosphamide, This is true both at the relatively
)metrial high doses employed for ovarian cancer treatment 16and at the low doses_ailable

involved in adjuvant therapy for breast cancer. 4 Identification of the
_" reason for this disparity in cytotoxic versus carcinogenic potency could

ans as substantially aid in our efforts to understand the mechanisms of chemical

_tion. carcinogenesis.
(3). Interaction of carcinogens. Because cytotoxic therapy often in-is un-

volves treatment with more than one carcinogen, there are some cir-

5 5

e most /is .e.Rv ,oo_,
in hu- 4 J 4

:ailed _, J

of the
3 t 3_fbio- uJ

> i

ologic _ /
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rated RADIATIONDOSE (GRAY)

tion- FIG.I. Expectedrelativerisksof leukemiaby radiationdose to the activebonemarrow
pop- accordingto themodeldevelopedby the NationalAcademyof Sciences(NAS)Committee

and on the BiologicalEffectsof IonizingRadiationV (BEIRV),_4andthoseactuallyobservedin
studies of women treated with radium for benigngynecologicdisease (BGD),2_and those

(_ver, receivingradiotherapyfor cervical,3 breast,4 andendometrial(CurtisR, unpublisheddata)
logic cancer.
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TABLE 5. Breast Cancer
cumstances that allow an assessment of the joint effects of these ex-

posures. Table 4 illustrates two different mechanisms of joint effects. Age at treatment

The risk of ANLL after breast cancer is related to radiotherapy (RR
<20 yr

= 2) and to alkylating agent chemotherapy (RR = 10). 4 The risk in those 20-39 yr
exposed to both agents (RR = 17) is consistent with a multiplicative _40 yr

effect. The implication of this is that both exposures must share at least

some common pathways of carcinogenesis. In the other example, one

study has related the risk of bone sarcoma after treatment for childhood clue could have pro
cancer to radiation (high dose RR = 37) and alkylating agent chemo- mon of malignanci_
therapy (high dose RR = 9). 7 However, in this instance the risk among

those exposed to high doses of both treatments (RR = 59) was not mul-

tiplicative, but much more consistent with an additive model, implying Biochemical and Mol

independent mechanisms of carcinogenesis. In these examples, the If there are imp
number of subjects for certain categories are quite limited and the findings simply evaluating tl

need replication before acceptance, but indicate the insights possible in these patient grol

from this approach, and laboratory mea_
(4). Host factors. Characteristics of the exposed subjects may also of rapid advances i

modify the risks associated with cancer treatment. Perhaps the most research that offers

graphic example of this is the relationship of radiation-induced breast multiple aspects of

cancer risk to age at exposure among patients treated for Hodgkin's of examples of the I

disease. Table 5 combines data from the large series of patients from organizes them into

Stanford University 17 with previously unpublished data from the Sur- any one tool could ac

veillance, Epidemiology, and End Results (SEER) Program of NCI-spon- DNA adducts are no1

sored population-based cancer registries. The risk of breast cancer is between individuals

over 35-fold for women irradiated under age 20. This risk drops with and the consequence

increasing age-at-exposure until there is no detectable excess risk for damage. However, t

those exposed after age 40, even though the exposure is to over 40 Gy of these types of stu
of ionizing radiation. This age effect, consistent with data on A-bomb

survivors and some other medically irradiated groups, should be an Measurement of expo

important clue to breast carcinogenesis in general. The solution to this which aspects of ex[
cinogenic action. Se

veloped to test subst_

TABLE4. Relative Risks of Two Second Primary Cancers According to Treatment of the
First Primary With Radiation and/or Alkylating Agents

Alkylating agents TABLE6. Biocherr

Radiation therapy No Yes

ANLL after breast cancer' No 1.0 l0
Yes 2.4 17.4

Alkylator dose

Radiation dose None High

Bone sarcoma after childhood cancer _ None 1.0 8.5
_1,000 rad 37.4 59.2
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TABLE5. Breast Cancer After Treatment for Hodgkin's Disease by Age at Such Treatmente ex-

Age at treatment Observed Relative risk 95%C.I.

(RR <20 yr 10 35.7 17.1-65.7
those 20-39 yr 25 3.7 2.4-5.5
cative _40 yr 16 1.3 0.7-2.1

least

!, one

hood clue could have profound implications for prevention of this most com-
mo- mon of malignancies in women.

Biochemical and Molecular Studies
_ing

the If there are important leads Go mechanisms of carcinogenesis from

tdings simply evaluating the exposure and demographic determinants of risk

sible in these patient groups, what is the potential for the addition of clinical

and laboratory measurements to give us even better insights? In this era

also of rapid advances in interdisciplinary studies, this is truly an area of

most research that offers almost unlimited possibilities for understanding

reast multiple aspects of carcinogenesis in humans. Table 6 gives a number
in's of examples of the types of laboratory tools used in these studies and

from organizes them into groups. The groupings are obviously arbitrary and

Sur- any one tool could actually be relevant to any of the groups. For example,
Don- DNA adducts are not only a measure of relevant exposure but differences

cer is between individuals are undoubtedly partially the result of host factors,

with and the consequences of these interactions can be specific forms of genetic

_k for damage. However, this is a useful scheme for organizing a discussion

_0 Gy of these types of studies.

be an Measurement of exposure. A number of possibilities exist for pursuing

this which aspects of exposure to carcinogens are responsible for their car-
cinogenic action. Several in vitro and in vivo measures have been de-

veloped to test substances for their potential for and level of carcinogenic
the

TABLE6. Biochemical and Molecular Studies of Treatment-lnduced Cancer
igents

Yes Measurement of exposure
"Activity" of agent
Adduct formation

10 Host susceptability
17.4 Differential toxicity

DNA repair
P450 metabolic polymorphisms

High Genetic damage
Cytogenetics

8.5 Sister chromatial exchange
59.2 Mutational spectra
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activity, is Relating these measures to actual human carcinogenicity data An aspect of host su

for these same substances should define which of these assays are most in a variety of areas of ca

relevant and thus imply which mechanistic pathways are involved. A polymorphisms in activ

number of other studies are focused on whether the amount of an ac- of secondary cancers m

tivated carcinogen that actually ends up attached to DNA (adducts) may tigations. For example,

be a more relevant biological dosimeter than the dose of the carcinogen enzyme responsible for
to which the patient was exposed. Research in this area is attempting be taken to evaluate the r

to link these measures to the therapeutic effectiveness of various che- for this enzyme to the d
motherapeutic agents, as well as their toxicity. 19'2° kemias and bladder can

Host susceptibility. Various parameters of host susceptibility have been
Genetic damage. Finally,

pursued for sometime for their role in secondary malignancies, which as markers of exposure c
even at the high risks noted here are still relatively rare events. A number

of events leading from .
of attempts have been made to relate susceptibility to acute bone marrow

been used include globa
toxicity with susceptibility to secondary leukemia among Hodgkin's dis- of sister chromatid exc_

ease patients. Although no correlation has been noted with lymphocyte monitored in lymphocyt

count during chemotherapy or other measures of white-cell toxicity, 21 veloped for measuremer
a marked relationship of toxicity to the erythrocytic series with sub-

sequent ANLL was observed in one study (Table 7). 22 Both the increase velopment of a certain t

in mean corpuscular volume of erythrocytes (MCV) and the maximum exposures, or indeed spe

MCV attained during chemotherapy were substantially greater in patients malignancy. Although m
will undoubtedly offer m

who subsequently developed a secondary leukemia compared with sur-
vivors who did not. cancers. Meanwhile, sev

in the area of cytogenetiAnother aspect of host susceptibility that can be assessed in this
with treatment-related r

context is DNA repair. A number of general and specific parameters

associated with repair mechanisms are possible to measure and could syndrome, 61 displayed

shed some light on interindividual susceptibility. In one provocative these, chromosomes 5 am

study, levels of OCalkylguanine alkyltransferase (AGT) were measured interstitial deletions on
in the peripheral blood lymphocytes of patients with treatment-related the region of 5q23 to 5q

ANLL, de novo ANLL, and controls. 23 AGT is a DNA repair protein that same region is known t_

is responsible for repair of alkylation damage at the 0 6 position of gua- hematopoietic growth fa

nine resulting from exposure to alkylating agents. In this study, the In the late effects pr

levels in controls and patients with de novo ANLL were similar, while genetic evaluations of sur

those in patients with treatment-related ANLL were only 60% of the malignancies. Inparticul
control values, cytes for the presence o

locations, inversions, ant

who received from 1 Gy

TABLE7. Mean Corpuscular Volume of Erythrocytes (MCV)During Cytoxic Therapy marrow during treatment

and Secondary Leukemia (SL) with such cytogenetic cha

Maximum MCV Maximum MCVincrease those among A-bomb sul
ference in leukemia risk

(FI) (El) these two populations (F

Patients without SL 99.8 + 14.7 16.2 + 8.4 these cytogenetic change
Patients with SL 112.6 + 7.1 30.1-+ 7.4 the dose, dose rate, bon,

Adapted from DeGramont.22 minants of these major ri
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data An aspect of host susceptibility that is generating much enthusiasm

most in a variety of areas of carcinogenesis is the role of various P450 metabolic

!d. A polymorphisms in activation and deactivation of carcinogens. Studies

ac- of secondary cancers might provide a powerful model for such inves-

)may tigations. For example, with the recent identification of P450 2B1 as the

iogen enzyme responsible for metabolism of cyclophosphamide, steps could

_ting be taken to evaluate the relevance of polymorphisms of the gene encoding

che- for this enzyme to the development of cyclophosphamide-induced leu-
kemias and bladder cancers.

been Genetic damage. Finally, measures of genetic damage can be used either

hich as markers of exposure or actual intermediate end points on the cascade

of events leading from exposure to a malignancy. Measures that have

Lrrow been used include global measures of DNA damage, such as frequency

dis- of sister chromatid exchange and nonspecific aberrations that can be

)cyte monitored in lymphocytes. Recently, considerable enthusiasm has de-

r'2_ veloped for measurement of mutations that may be specific for the de-

velopment of a certain type of tumor, specific for certain carcinogenicase
exposures, or indeed specific for a certain exposure causing a particular

malignancy. Although much of this work is currently developmental, it

will undoubtedly offer major advantages for future studies of secondary
;ur-

cancers. Meanwhile, several provocative observations have been made

in the area of cytogenetics. In a study by Le Beau et al. 24 of 63 patients

with treatment-related nonlymphocytic leukemia and myelodysplastic

syndrome, 61 displayed a clonal chromosomal abnormality. In 55 of

itive these, chromosomes 5 and/or 7 were involved. Fully 17 of these involved
interstitial deletions on the long arm of chromosome 5, specifically in

iated the region of 5q23 to 5q32. This is particularly provocative since this

that same region is known to contain genes for encoding of a number of

gua- hematopoietic growth factors.
the In the late effects program at the NCI we have incorporated cyto-

genetic evaluations of survivors into a number of our studies of secondary

the malignancies. In particular, we have assayed peripheral blood lympho-

cytes for the presence of stable chromosomal aberrations (i.e., trans-

locations, inversions, and deleted segments) in cervical cancer survivors

who received from 1 Gy to over 10 Gy of radiation to their active bone

marrow during treatment for their malignancy. 2s The percentage of cells

with such cytogenetic changes in cervical cancer patients compared with

those among A-bomb survivors mirrors almost exactly the marked dif-

ference in leukemia risk by radiation dose previously noted between

these two populations (Fig. 2). Thus, it appears as though we can use

these cytogenetic changes as surrogates for leukemia in our pursuit of

the dose, dose rate, bone marrow cellular dynamics and other deter-

minants of these major risk differences.



238 Accomplishments in Cancer Research 1992

6. Reimer RR, Hoov

20 - _ agent therapy of ovariar

f
7. Tucker MA, D'Ar

10 - chemotherapy in childre
8. Tucker MA, Mort

• : is linked to secondary tt4.0 •
¢a 9. Pedersen-Bjergaa
Z

O after treatment with cyc]
3.5 - 318:1028-1032.

10. Hoover RN, Fra

3.0 11. National Surgic
hormonal treatment for

m trial to determine the wo',m

2.5 of Pittsburgh, 1992.12. Pui CH, Ribeirc
"r with epipodophyllotoxi1- 2.0

i 1687.

13. Boice JD, Gree_

1.5 dose adjuvant chemoth
o ' 14. National Acade

1.0 H Hiroshima Radiation. Health effect

I _ Nagasaki DC: Natl Acad Sci, 19915. Inskip P, Mons
0.5 _- bleeding. Radiat Res 1¢.

16. Greene MH, H

I J- l 3. I .L J. J J leukemogen than cyclo
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 17. Hancock SL,Tu

BONEMARROW DOSE (Gy) J Natl Cancer Inst 199_
18. Hall EJ, Hei TI<

FIG. 2. Mean percentage of cells bearing stable chromosome aberrations according to total J Radiat Biol 1985;48:1
radiation dose to the active bone marrow for cervical cancer patients and for atomic bomb 19. Perera FP, Mo"

survivors, by city. (Reprinted from Kleinerman et al. 2s tumor patients treated
20. Poirer MC, Re(
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I have touched on only a few of the laboratory tools that have been 21. Pedersen-Bjer

and are being developed which could be used in patients undergoing leukemia and acute m3

cancer treatments and that could yield major insights into generalizable, disease. N Engl J Med22. deGramont A,
basic mechanisms of carcinogenesis in humans. Indeed, perhaps many volume during cytoto>
of these tools could be used early on in their development in such pop- in Hodgkin's disease.

ulations. The high doses of known carcinogens, the high cancer risks, 23. Sagher D, KarDNA transferase activ:

and the control over other parameters that are associated with these acute nonlymphocytic

studies could provide the opportunity to assess whether these tools might 24. LeBeau M, A]

be useful in more subtle and less controlled human population studies patients with therapy-further evidence for ¢
of environmental and genetic determinants of cancer. 1986; 4:325-345.

25. Kleinerman R
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