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DiagnOStiC Testing FO”OWing ditional testing is a frequent conse- da_m_a of service_. Because individuals who become
Screening Mammography in quence of Screening mammography eligible for Medicare for reasons other than age rep-

. . . resent a unique group, we excluded the few benefi-
and may require a considerable perIOd ciaries who were under age 65. In addition, we ex-

the Elderl :
y of time to come to closure. The need for cluded beneficiaries enrolled in risk-contract

) . . additional testing, however, is weakly managed care plans (<8% of the sample) because
H. Gilbert Welch, Elliott S. Fisher predictive of cancer. [J Natl Cancer diagnostic services provided to them are not re-

Inst 1998;90:1389-92] ported in the claims.
Background: To provide some sense of . Screening Mammography
the general frequency and timing of di- No single outcome can capture the net

effect of screenindl). Any reduction in Conceptually, screening mammaography implies a

. . mortality amona those who have the tarbilateral mammographic examination performed on
mammography in the United States, we y 9 woman who has neither a palpable mass nor symp-

investigated the experience of women get disorder must be balance_d agaInSttg . " breast cancer. In 1991, Medicare began to
screened in the Medicare population, cascade of subsequent testing for thOSgqy payment for one screening mammographic ex-
Methods: By use of Medicare’'s Na- who do not. The balance is affe.Cted by th@mination every 2 years. Although there is a CPT
tional Claims History System, we iden- threshold for subsequent testing: If toccode specifically identifying screening mammogra-

agnostic testing following screening

o i i y (CPT code 76092), over half of all bilateral
tified a cohort (n = 23172) of women 65 few receve SUbsequent '[(?Stll‘]g, t-hen theIFr%lammo rams paid for by Medicare are coded usin
. can be little early diagnosis and little ben- grams pat Y ) 9
years old or older screened during the fit: if t do. th benefits of " ostensibly “diagnostic” code: bilateral mam-
period from January 1, 1995, through za"r’”'er 8;";%‘3/5 rﬁ;a sg j‘\:‘grwﬁgmesd%mography (CPT code 76091). Given this volume,
April 30, 1995, and tracked each _ g y : _ Ynany screening films are undoubtgdly mlscodegl as
woman over the subsequent 8 months the anxiety, unnecessary d|agnos|s, antlagnostic films (probably a reflection of both his-
for the performance C(I)f additional Unnecessary treatment associated with eS@-“‘?af' pfac“‘;e and payment PIO“Cz)- It is difficult, f
breast imr; 10 and biobsy procedures, CESSIVe testing. Data on downstream tesyvf;?e?]r;;og:;imIr;/euzrcerce'essez"f', atproportions o
Using two %Iaigms-baseg ge?initions forl ing are important not 9”'Y to help assess Consequently, we calculated .the proportion of
lv detected b t | the net effect of screening, but also to helfvomen receiving mammography during calendar
newly detecled breast cancer, We aiSo qjinicians inform and prepare their pa-year 1995 by using two methods (Table 1). For the
estimated the positive predictive value tients (2). lower bound calculation, the numerator was the
of screening mammography.Results: Few screening tests have been as thgpumber of women receiving screening mammogra-
For every 1000 women aged 65—69 oughly studied as mammography In th hy (CI;T code 76092); forhthe upEer b;)und calcu-
. : tion, the numerator was the number of women re-
yea;rs WhQ unde.rwem Scree_nlng, 85 past 30 years, nearly a half millionceiving any bilateral mammography (either CPT
(95% confidence |lnterval [CI]=79-91) \women have participated in randomizedode 76091 or CPT code 76092). The denominator
had follow-up testing in the subsequent 515 designed to quantify the mortalityWas the same for both calculations: female Medicare
8 months: 76 (95% CIl = 71-82) had - : : .~ beneficiaries 65 years old or older who were en-
dd |,b d benefit. But testing following SCreemm}]rolled in Part B, who were not in risk-contract man
additional breast imaging, and 23 (95% i i ’ ’ )
.g 9 ( mamm()graphy is less well studied. PUbé ed care plans, and who were alive at the end of
Cl = 20-26) had biopsy procedures. |ished studies represent the experience abos (10).
Corresponding numbers for women seject mobile mammography programs
aged 70 years or more were similar. (3 4), private radiology group$5,6), or Downstream Events
Some women underwent repeated ex- different countries(7,8). Because these - sis of di e testing follow
aminations; 13% of those receiving di- i Or our analysis Of diagnostic testing following
agnostic mammoarams had more%han data may not be r_epresentatlve Of_genergkreening mammography, we wanted to focus on the
g _ . ; 9 ) ] practlce_ in the _Umte(_j States_, We Investigyperience of women being screened; thus, we used
one; 11% of those undergoing biopsy gated diagnostic testing received by Medthe more targeted code. The remaining data
procedures had more than one. About jcare beneficiaries following a singlepresented (Table 2; Figs. 1 and 2) are based on a
half of the women who underwent a bi- Screening mammogram. cohort of 23172 women who received a screening
opsy had the procedure more than 3
weeks after the imaging test upon SUBJECTS AND METHODS
which the decision to perform a biopsy Data Affiliations of authors:Department of Veterans
was presumably made. The estimated Affairs Medical Center, White River Junction, VT,
positive predictive value of an abnor- As part of our work on theDartmouth Atlas of and Center for_ the Evaluative Clinical Sciences,
mal screening mammogram (defined as Health Care (9)we used 1995 data from Medicare’s Dagmo”th Mzd'ca' SChOO'éTbanover' lN:'
a mammogram that engendered addi- National Claims History System (Source: Health orrespondence toH. Gilbert Weich, M.D.,
. : c Fi ing Admini f Balti MD) t M.P.H., VA Outcomes Group (111B), Department
tional testing) was 0.08 (95% Cl = 0.06— Care Financing Administration, Baltimore, ) to f Veterans Affairs Hospital, White River Junction
0.10) f d 65-69 4 Study women who received mammography. Thesg prta, '
:10) for women age —09 years and geq contain all physician claims for a 5% sample ofVT 05909' . o .
0.14 (95% CI = 0.12-0.16) for women egicare Part B beneficiaries and include both the S€€ Notes” following “References.
aged 70 years or moreConclusion:Ad-  Current Procedure Terminology (CPT) code and th® Oxford University Press
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Table 1. Proportion of female Medicare
beneficiaries in various age groups receiving a 259, -

screening mammogram and any bilateral _ Timeto first
mammogram in calendar year 1995* 20% dlagn?jggci:a:ﬂ;r:ar;lc))gram
% of women receiving
Screening Any bilateral 15%
Age group, y mammography mammography
65-69 13.9 29.9 10%
70-74 11.7 26.5
75-79 9.4 21.2 5%
80-84 6.4 14.2
85-89 35 7.9
90-94 1.4 3.2 0% =
=95 0.4 0.9
Fig. 1. Time interval between %,b@“
*Medicare reimbursement regulations allow onlySCréening mammography and sub;
screening mammography biennially. sequent testing. Results are base
on 1395 women receiving diagnos- 50% —
tic mammograms and 573 undergo- Time to first
mammographic examination (CPT code 76092) duting piopsy. biopsy
ing the period from January 1, 1995, through April 40% (Median 29 days)
30, 1995.
We tracked each woman in the cohort for 8 30%
months following her index screening mammogram.
We sought two broad categories of subsequent
utilization: breast imaging and biopsy pro- 20% ~
cedures. Breast imaging included subsequent diag-
nostic mammograms (unilateral and bilateral) 10% 4
and breast ultrasound (the code for breast
magnetic resonance imaging was not yet in use). 0%

Biopsy procedures included three methods for
obtaining pathologic specimens (fine-needle o
aspiration, needle core biopsy, and excisional bi- = <
opsy) and two imaging procedures used to assist the
process (needle localization and stereotactic local-
ization).

Positive Predictive Value ficient because it does not necessarily reflect a new For our more stringent definition, therefore,
case—women with previously treated breast cancavomen were considered to have breast cancer only
To calculate the positive predictive value (theappropriately undergo screening mammographyif they received treatment. Breast cancer treatment
probability of breast cancer, given an abnormaFor our less stringent definition of cancer (i.e., idenincluded any one of the following: surgery (i.e.,
mammogram), we needed to define both a new cagéying more cases), a new case of cancer was denastectomy, lumpectomy, or axillary dissection),
of breast cancer (the numerator) and an abnorméihed as any case in which a diagnostic code foradiation therapy, or chemotherapy. Given that this
mammographic examination (the denominator). Oubreast cancer first appeared after a biopsy. Becauseas a screening cohort (i.e., one in which treatment
definition of an abnormal mammogram is similar toscreening mammography and biopsy could appear would be contemplated), we believe that this defi-
that used by Kerlikowske et al4): one that neces- our data before an office visit (with which diagnosticnition most closely approximates new cases of can-
sitates further diagnostic testing. codes most reliably appear), the foregoing definitiorcer.
We developed two claims-based definitions tostill includes some women with pre-existing cancer
identify new cases of breast cancer. The finding of avho undergo biopsy (yet in whom no new case ofRESULTS
diagnostic code for breast cancer by itself is insufcancer was found).
Table 1 shows the proportion of
women receiving either screening mam-

No. of women undergoing test per 1000 screened (95% Cly*mography or any bilateral mammography
in 1995. As has been noted for earlier

Table 2. Diagnostic testing per 1000 women in the 8 months following screening mammography

Ages 65-69 Ages=70 . .
9 Y 9 Y years(11),the proportion of the Medicare
A”é’_additioha' imaging 754(Z§§8(§%) 738(6(3555:72%) population being screened remains small.
|agnost|c mammaogram — — . . e . .
Breast ultrasound 24 (21-28) 21 (19-23) Fewer than a third of beneficiaries in the
Any biopsy procedure 23 (20-26) 26 (23-29) target age group (under age 70 ye#i)
Fine-needle aspiration 4 (3-6) 5 (4-6) are being regularly screened, even with
Needle core 4(3°6) 43-5) the use of the most generous calculation
Excisional biopsy 15 (13-18) 19 (16-21) g -
Needle localization 12 (10-15) 15 (13-17) On the other hand, Table 1 also shows
Stereotactic localization 3(2-4) 2(1-3) that some women continue to receive
Abnormal screening mammogram 85 (79-91) 81 (77-86) screening mammography well into old
c (any afdg”'O”?' imaging or biopsy) 7 (58) 11 (10-13) age (50000 women 85 years old or older
ases 0r1 preast cancer — — . . . .
Positive predictive value 0.08 (0.06-0.10) 0.14 (0.12-0.16) ~ Were screened), despite its marginal im-
pact on life expectanc{l3).
*Based on sample numbers of 8548 and 14 624, respectively: €bnfidence interval. Table 2 delineates our primary results:
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Discussion
20%1 Wailing tima 10 D1opsy Eight major randomized trials have
produced a reasonably consistent estimate
of the reduction in mortality afforded by
screening women aged 50-70 years: a
30%—-40% reduction in breast cancer mor-
tality (14,15). Assuming these data per-
tain to actual practice in the United States,
the average 65-year-old woman undergo-
ing regular screening could expect a de-
cline in annual breast cancer mortality
from about one per 100(L6) to 0.6—-0.7
per 1000. This very real mortality benefit
must be balanced against the chances that,
through screening, she will learn that her
breasts may be somehow abnormal,
the number of women undergoing variousubsequent tests: diagnostic mammogravhich will occur about 85 times per 1000
diagnostic tests per 1000 screened. Thehy and biopsy. Some women, howevenvomen screened.
results here are divided into two ageunderwent these examinations more than There are several limitations to the
groups: ages 65—-69 years [those foonce (i.e., occurring on distinct days):claims data. First, it is reasonable to ask
whom screening mammography is curd3% of those receiving diagnostic mamwhether our data reflect a true screening
rently recommended12)] and ages 70 mograms had more than one; 11% o€ohort or include women with palpable
years old or older (those for whom therghose receiving biopsies had more thabreast lesions. The latter group might be
is no recommendation). For both groupspne. Both graphs in Fig. 1 reflect the timeclassified as “symptomatic” and thus not
the most common test following screendinterval to the first examination. eligible for screening. The occurrence of
ing mammography is diagnostic mam- As shown in the top graph of Fig. 1,fine-needle aspiration and needle core bi-
mography (64 per 1000 and 58 per 100015% of women receiving diagnosticopsy, in particular, suggests that some pa-
respectively). The next most commormammograms did so on the same day thaients may have had palpable breast le-
tests are breast ultrasound and some forthey received their screening mammosions previously detected by clinical
of biopsy. Each occurs in roughly 25gram. Another 40% had their first diag-breast examination. On the other hand,
women per 1000 screened, regardless ofostic mammographic examinationthe presence of a palpable lesion may
age. The total number of women receivwithin a month. These two groupshave been discovered onlgfter the
ing any additional testing (our definition most likely represent those womenscreening mammogram. In fact, the re-
of abnormal mammogram) was also simideemed to require additional views on thg@orted experience is that screening mam-
lar in the two age groups (85 per 1000 andasis of their screening mammogram. Omography routinely identifies patients
81 per 1000, respectively). the other hand, 40% had a diagnostievho are subsequently noted to have pal-
As would be expected, the estimatednammogram in 4-8 months, most likelypable lesiong4,8,17-19).
number of cases of cancer (and, thugepresenting a ‘‘6-month” follow-up Nevertheless, we wanted to specifi-
positive predictive value) did rise with film. cally consider the possibility that some
age. We used two claims-based defini- The course for women who undergadiagnostic mammograms might be mis-
tions of cancergee"Subjects and Meth- biopsy is different. As shown in the bot-classified as screening mammograms. Al-
ods” section). Both approaches yieldedom graph of Fig. 1, most women receivghough the high volume of women under-
the same result for women aged 65—-6¢he biopsy procedure within the first 2going ‘‘diagnostic’” mammography
years: seven cancer cases per 1000. Foronths of the screening mammogramsuggests that screening mammograms are
women 70 years of age or older, our mor&his does not necessarily reflect the waitsometimes miscoded as diagnostic, we
stringent definition identified 10 cases peiing time for biopsy, however, becausdound little evidence that miscoding oc-
1000, whereas our less stringent definiabout half of the women who ultimately curs in the other direction (i.e., only 12
tion identified 11 cases per 1000. With theunderwent a biopsy procedure in our coelaims for second “screening” mammo-
use of the latter estimate (leading to dort also received intermediate testinggrams occurred in our cohort of 23172).
higher positive predictive value), the posi{i.e., diagnostic mammography and/ofFurthermore, in a separate analysis of
tive predictive value of an abnormalbreast ultrasound). To gauge the waitingvomen undergoing diagnostic mammog-
mammographic examination was 0.08ime, we calculated the time between theaphy during the same time period, we
(95% confidence interval [Cl]= 0.06— first biopsy and the imaging test that mosfound that the numbers of women under-
0.10) for women aged 65—-69 years animmediately preceded it (i.e., the tesgoing additional imaging (120 per 1000)
0.14 (95% Cl= 0.12-0.16) for women upon which the decision to perform a bi-and biopsy (55 per 1000) were substan-

Fig. 2. Distribution of waiting
times for 573 women undergoing
biopsy. Waiting time was measured
from the imaging test that most im-
mediately preceded the biopsy
(presumably the test on which the
decision to biopsy was based).

70 years of age or older. opsy was presumably made). As shown itially higher than those reported here.
Fig. 1 depicts the time interval be-Fig. 2, almost half of women waited moreThese findings, combined with an excep-
tween screening mammography and twthan 3 weeks. tionally low mortality in the sample of
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women who underwent screening mameé9 years and 0.19 for those aged 70 years health care. Hanover (NH): American Hospital
mography (approximately 1% died inor more)(4). 10 ":_fe;S' 'é‘;-?égw- A Malenka Do, B ,
1995), lead us to believe that this is genu- The net benefit of screening mgmmog-( ) B Th g\;g?com’mgapi':eﬁﬂal ) itfzﬂ:titn ’
inely a screening cohort. raphy in practice depends on the intensity e yse of Medicare data for epidemiologic re-
Another limitation is that our cohort is of the screening process. Our data suggest search. Am J Public Health 1990;80:
undoubtedly a mixture of women receiv-that general practice in the United States  1487-90. _
ing their first screening mammogram andnay involve lower thresholds for subse{11) Use of mammography services by women aged
L. - . . 65 years enrolled in Medicare—United States,
women receiving a repeat examination. Ifluent testing for older women than have  /551"1993" MMWR Morb Mortal Wkly Rep
is well established that more follow-upbeen described previously. Furthermore,  1995.44:777-81.
testing occurs after first examinationdn delineating the timing of such testing,(12) u.s. Preventive Services Task Force. Guide to
than after repeat examinatio(,7). Our these data help define the period of time  clinical preventive services, 2d ed. Alexandria

cohort had higher rates of subsequent tesfthat women are exposed to diagnostic un- (VA): International Medical Publishing; 1996.

ing than those reported for similarly aged-ertainty—uncertainty that may caus

women undergoing their first examinationconsiderable anxiety20,21). The data

in San Francisco, CA4), and the rates in S&Y nothing, however, about the reassur-

our cohort were substantially higher tharf"Ce Of @ normal examination. We hope

those reported in Swedef18,19). That
our cohort is a mixture of first and repea

that our findings help clinicians and their 14
tolder patients make an informed decisiof*¥

examinations suggests that the typica"TlbOUt screening mammography.

practice pattern in the United States inp.r-0oeyces

volves lower thresholds for subsequent
testing than previously reported. (1)
Finally, a number of questions might

be raised about our calculation of the (2) Pauker SG, Kassirer JP. Contentious screening.6)

positive predictive value. Our claims-
based definition would have under- (3
counted cases of cancer (leading to an un-
derestimate of the positive predictive
value) if women were lost to follow-up or
chose not to undergo therapy. We have
evidence that loss to follow-up was a rela-
tively small problem (<1% received no
medical services in the 8 months follow-
ing screening mammography). Although ©)
women might choose to forego therapy
(probably unusual in the setting of screen-
ing), to be missed in the claims they
would also have to have had no diagnosis
of breast cancer coded on subsequent vis-
its. On the other hand, we may have un-
dercounted the number of abnormal mam-
mograms (leading to an overestimate of
the positive predictive value) because we
required that additional testing actually Y
take place (not just be recommended). For
perspective, our positive predictive values
(0.08 in women aged 65-69 years and(s)
0.14 for women aged 70 years or more)
are similar to those reported from Flor-
ence, ltaly (0.08 in women aged 60-69
years) and lower than those reported from

—
N
=

=
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Benzofg]pyrene Diol Epoxide
and Bleomycin Sensitivity

and Susceptibility to Cancer
of Upper Aerodigestive Tract

Xifeng Wu, Jun Gu, Waun K. Hong,may aid in identifying individuals at

J. Jack Lee, Christopher I. Amos,
Hong Jiang, Rodger J. Winn,
Karen King-Wah Fu, Jay Cooper,
Margaret R. Spitz

Background: Tobacco smoking is an es-
tablished risk factor for cancers of the
upper aerodigestive tract, and mea-
surement of chromosomal aberrations,
i.e., chromatid breaks, induced in lym-
phocytesin vitro by bleomycin has been
shown to be a predictor of risk for these
cancers. In a case—control study, we re-
cruited case subjects who were previ-
ously treated with surgery and/or ra-
diotherapy for stage | or stage Il
squamous cell carcinoma of the head
and neck to test the hypothesis that
lymphocytic chromatid breaks induced
by benzola]lpyrene diol epoxide
(BPDE), a tobacco mutagen, may also
be associated with risk of developing
cancers of the upper aerodigestive
tract. Methods: Case subjects were
matched to control subjects on the ba-
sis of age, sex, ethnicity, and smoking
status. Primary lymphocytes from 67

case subjects and 81 control subjects some damage varies along a continuurrtﬂa

were treated with 2 pM BPDE for 24
hours, and the frequency of induced
chromatid breaks was determined. All
statistical tests were two-sidedResults:
Lymphocytes from case subjects com-
pared with lymphocytes from control
subjects showed significantly more
breaks per cell induced by BPDE
(mean + standard deviation, 0.77 £ 0.38
versus 0.49 + 0.25;P<.001). Lympho-
cytes from 64.2% of case subjects were
sensitive to BPDE (using a cutoff value
of =0.60 break per cell). Subjects in the
highest quartile of chromatid breaks
had an approximately 20-fold in-
creased risk of cancer compared with
those in the lowest quartile after ad-
justment for age, sex, ethnicity, and
smoking status. The association be-
tween BPDE sensitivity and cancer risk
was higher in former smokers than in
current smokers and higher in younger

Journal of the National Cancer Institute, Vol.

patients than in older patients. Subjects
with sensitivity to both BPDE and bleo-
mycin were at a 19.2-fold increased risk
of cancer compared with those who
were not sensitive to either agentCon-
clusions: Mutagen sensitivity assays

Different carcinogens or mutagens
may act on cells through different mo-
lecular mechanisms and, therefore, may
activate different repair pathways. A per-
son who is sensitive to one mutagen may
be resistant to anothgf.3). A battery of
assays utilizing different mutagens may
be necessary to adequately characterize
cancer ris14). Bleomycin causes oxida-
tive damage and single- and double-
strand breaks requiring base-excision re-
pair and the action of polymerases. In

Cancers of the upper aerodigestivetzObaCCO smoke, various compounds may

tract accounted for 3.0% of all incidentgenerate DNA damage th_rough o_xidati_ve
. damage. However, upon interaction with
cancers and 2.3% of all fatal cancers i

the United States in 199(1). These per- rbNA’ benzoh]pyreqe diol epoxide
. BPDE), the metabolic product of ben-
centages translate into 41650 new cas(e

) Zo[a]pyrene, a constituent of tobacco
i?kbéeﬁ 2 ar;gnlcze?T;\ig:gso?]tmdgy e}smoke, forms covalent adducts that are
ung | ' X PP repaired through the nucleotide excision
aerodigestive tract are paradigms of enVI_athway We therefore selected BPDE as
ronmentally induced diseases. Althoug ' o o
. : M the test mutagen, hypothesizing that it is
an interaction of host susceptibility to .
cancer and environmental exposure tthe more relevant mutagen for studying
carcinogens is well establisheg in lun fobacco-related cancers, such as cancers
9 .~of the upper aerodigestive tract, and that
cancer, there are less data on susceptibil-

ity to cancer in patients with cancer of the >'N9 bleomycin and BPDE in parallel as-

upper aerodigestive tract. says might improve risk prediction.
Individual responses to environmentalggjects AND M ETHODS

mutagens are highly variable, probably

because of interindividual variations inStudy Subjects

the metabolism of Carcmogen_s, suscepti- The subjects recruited by our study were derived

b”'ty to chromosome damage IN responsg,m an ongoing chemoprevention study. Case sub-

to mutagens or carcinogens, and/or diffefects were eligible for the interventional study if they

ing DNA repair capacity(2—8). Hsu (8) had a confirmed diagnosis of stage | or stage Il

Suggested that susceptibility to chromosduamous cell carcinoma of the upper aerodigestive
act (oral cavity, pharynx, or larynx) as defined by

. . ... the American Joint Committee on Cancer staging
with the recanlzed chromosome fragmtycriteria (15) and if the diagnosis had been made

syndromes such as Fanconi’'s anemia jithin the past 3 years. Most case subjects had been
ataxia-telangiectasia at the extreme of the
spectrum. He hypothesized that genetie
damage accumulates more rapidly in in- Affiliations of authors:X. Wu, Department of
dividuals with an inherent susceptibility Epidemiology, The University of Texas M. D.
to DNA damage and that those individu_Anderson Cancer C_enter, and The University of
Is miaht therefore be at higher risk forTexas School of Public Health, Houston; J. Gu, C. I.
a 9 . . 9 Amos, H. Jiang, M. R. Spitz (Department of Epide-
neoplastic cell FranSfO_rmauo(s)- . miology), W. K. Hong (Department of Thoracic and
To substantiate this hypothesis, HsuHead and Neck Medical Oncology), J. J. Lee (De-
et al. (9) developed the bleomycin sensi-partment of Biomathematics), R. J. Winn (Depart-
tivity assay in which the number of ment of Community Oncology), The University of
h tid b, ks ind db it Texas M. D. Anderson Cancer Center; K. K.-W. Fu,
chromatl reaks I_n uce . 5 \_” ro _eX' Radiation Oncology Department, University of Cali-
posure to bleomycin (a radiomimetic MU+omia, San Francisco; J. Cooper, Department of Ra-
tagen) in short-term cultures of peripheradiiation Oncology, New York University Medical
blood lymphocytes is assessed to gaugeenter, NY. '
host susceptibility. Spitz et a(10-12) _ Correspondence toXifeng Wu, M.D., Ph.D.,
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treated previously with surgery and/or radiotherapyrocentrifuge tubes (50l each) and stored at sion analysis using STATA statistical softwdg1).
but were free of cancer at the time of enroliment-20 °C in the dark. The average number of break#ll statistical tests were two-sided.
The case subjects were identified from The Univerper cell by tetrahydrofuran alone at 40./10-mL In this study, parametric and nonparametric boot-
sity of Texas M. D. Anderson Cancer Center, fromblood culture was 0.06. We used the established pratrap samplings were performed to evaluate the va-
its Community Clinical Oncology Program tocol (9) for the bleomycin sensitivity assay. In this lidity of the model and to assess the sensitivity of the
(CCOPY affiliates, and from Radiation Therapy On- assay, bleomycin (Nippon Kayaku Co., Ltd., Tokyo,cutoff selection with the use of the 75th percentile
cology Group (RTOG) centers throughout the coundapan) was added to each culture to a final concenalue in the control group. The bootstrap method
try. These data are derived from baseline examinaration of 0.03 U/mL, and treatment lasted for 5creates pseudo-datasets by sampling observations
tions for entry into the trial during the period from hours. During the last hour, the cells were treatedvith replacement from each within-stratum pool of
November 1991 through July 1995. Blood samplesvith 0.04 .g/mL Colcemid to arrest them in mitosis observations. An entire dataset is thus created Pand
were obtained from participants before random ashefore they were harvested for conventional airvalues for all tests are computed on this pseudo-
signment into the chemoprevention program. Thelried preparations. All prepared slides were codedataset. A counter is set up for each individual test to
case subjects in this report are patients for whormand stained with Giemsa. The numbers of breaksecord whether the minimun® value from the
baseline blood samples were available for performwere counted in 50 metaphases per sample, and theeudo-dataset is less than or equal to the a¢tual
ing the mutagen sensitivity assay and are derivetindings were expressed as the mean number ofalue for each base test. This process is repeated
from the patient population that has formed the basibreaks per cell. We recorded only frank chromatidnany times, and the proportions of occurrences of
of two previous report$16,17). breaks or exchanges, not chromatid gaps or attenthe minimum pseudé& values being less than or
Control subjects without cancer were selectedted regions. When the length of an attenuated reequal to each of the actuBlvalues are the adjusted
from a comparison population being ascertained fogion was shorter than the width of the chromatid, itP value reported by PROCMULTTEST. Bootstrap
two ongoing case—control studies of lung cancerwas diagnosed as a gap. If the length of the atteniEls were computed on the basis of the percentile
This is a collaboration with the largest health main-ated region was equal to or longer than the diametenethod and the biased correction and accelerated
tenance organization in the Houston metropolitarof the chromatid, it was called a break. The numbemethod. All bootstrap analyses were based on 5000
area (Kelsey Seybold Clinics) to identify, by surveyof breaks in one cell ranges from 0 to 12. If a cellbootstrap sample@2).
distribution at clinic sites, a pool of potential controlhad more than 12 breaks, that cell was excluded.
subjects characterized by age, sex, ethnicity, smokdowever, such cells are very rare. Lee et@9) RESULTS
ing status, and willingness to participate in thesénave shown that counting 50 cells yields sufficient
studies(18). This is an excellent example of pro- validity and reliability. The distribution of the num- ‘e ]
moting research in a managed care environmenhers of breaks in each cell follows a negative bino- The character_lstlcs of the case S_Ubjeqts
Control subjects were selected so as to match thaial distribution that can be considered as a gamm@nd control subjects are summarized in
case subjects on the basis of age (+5 years), semixture of the Poisson distribution in the following Table 1. There were 67 case subjects and
ethnicity, and smoking status (current, former, andense: If the breaks per cell for each cell follow a81 control subjects. Of the 67 case sub-
ne\T/(re]_r). A A bl rel e Pmszc_)nt qtl,Sttr'Ibm:‘Oﬂ while the paran:ft(ter_t;)ftt_he Pt‘r’]'SIECtS, 55 were men and 12 were women,
is research was approved by all relevant reviewgon distribution follows a gamma distribution, the . . .
boards and in accord with an assurance filed wittbreaks per cell in the whole group will follow a 61 W_ere white "?md six were African-
and approved by the U.S. Department of Health andegative binomial distributior{19). All the slides American, and six were never smokers,
Human Services. Signed informed consent formsvere coded; therefore, the laboratory personnedl were former smokers, and 30 were cur-

were obtained from the study subjects. could evaluate them without knowledge of the caserent smokers. Of the 81 control subjects,
, control status. 64 were men and 17 were women, 75
Data Collection . . :
Statistical Analysis were white and six were African-
Epidemiologic data were collected from question- American, and six were never smokers,

naires that comprehensively elicited recent and not Student'st test was used to analyze the subject'49 were former smokers, and 26 were cur-
so recentthistorigls ofdcigarettg smoki_ngt and Z!Comﬁgil,(tcga?gm;slgg Z;gnasr;si(i; S;:((ij;i,o trl:](; Cr:zn;:;?ént smokers. The smoking status of the
consumption. Blood was drawn into sodium-pack- , . - . . ;
heparinized tubes for cytogenetic and molecular gdivity as continuous variables. These were also anac;gse Su.bje.c.ts and control subjects did not
netic analyses. The personnel who performed thiyzed as categorical variables and dichotomized Aiffer significantly. The mean age was

laboratory analyses were blinded with regard to pathe median value of the control group. We used 6%62.2 years for the case subjects and 62.9
tient and control status. years to classify younger and older age groups angears for the control subjects. The mean

used 40 or more pack-years, 34 or more years jﬁack-years was 44.4 for the case subjects
smoking, or 30 or more cigarettes smoked per day as . .
Chromosome Analyses 9 g PETA8Y &3nd 48.4 for the control subjects, but this

cutoff points to stratify light and heavy smokers.” oS =
A fresh whole blood sample (1 mL) was diluted The sensitivities to BPDE and bleomycin were condifference was not statistically significant.
with 9 mL of RPMI-1640 medium (Life Technolo- sidered positive if the values of breaks per cell werel here was one subject with missing pack-
gies, Inc. [GIBCO BRL], Gaithersburg, MD) equal to or larger than the 75th percentile value ofear information. In terms of stage, 45
supplemented with 20% fetal bovine serum (Lifebreaks per cell in the respective control groups (0.6%ase subjects had stage | disease and 22

Technologies, Inc.), 2 M L-glutamine (Life Tech- break per cell was the cutoff point for BPDE sensi- . . .
nologies, Inc.), 50 U/mL penicillin (Life Technolo- tivity, and 0.70 break per cell was the cutoff pointhad stage Il dlseasle' Information on prior
gies, Inc.), 10qug/mL streptomycin (Life Technolo- for bleomycin sensitivity). We also repeated thetréatment was available for 63 case sub-
gies, Inc.), and phytohemagglutinin (final analyses using other cutoff points and found that thiects. Of these case subjects, 45 were
concentra_tion of 0.11 mg/mL) (Wellcome Researclresults did not change substantially for either of thgreated with surgery alone, 12 were given
Laborgtorles, Research Tr_langle, NC). The culturemutagens tested. A sm_oker wa§ deflned as g p_ers?ﬁdiotherapy, and six were treated with
were incubated at 37 °C with 5% G@or 72 hours. who had smoked 100 cigarettes in his or her lifetime .
For the BPDE sensitivity assay, 40_ of 0.5 mM A former smoker was defined as a person who haE>Oth surg_ery_ a”‘?' radlotherapy. .

BPDE (benzodjpyrenes-7, t-8-dihydrodiol-t-9, 10- not smoked for at least 1 year. The associations 1n€ distribution of BPDE-induced
epoxide [+/-] [anti]; Midwest Research Institute, among mutagen sensitivity, tobacco use, and canclreaks per cell in the case subjects and
Kansas City, MO) was added to each culture (finafisk were estimated by univariate odds ratios (ORs)gontrol subjects is summarized in Table 1.
concentration, M), and treatment was contln_ued Woo_lf’s method(ZO) was used to cpmpute the _9_5% The mean number + standard deviation
for 24 hours. We used tetrahydrofuran (Sigmaconfidence intervals (ClIs). A simple, stratified .

Chemical Co., St. Louis, MO) as the solvent foranalysis was used to test for interactions betweegSD) (_)f .B_PDE'md,uced _breaks per cell
BPDE. The stock solution (concentration of My variables. To remove the confounding effects oMas significantly higher in the case sub-
of BPDE in tetrahydrofuran was aliquoted into mi- other factors, we performed multiple logistic regresjects with cancer of the upper aerodiges-
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Table 1. Distribution of select host characteristics of control subjects and case patients with cancer of the upper aerodigestive tract

Case subjects Control subjects
(n=67) (n =81) Two-sidedP
Sex

Male, No. (%) 55 (82.1) 64 (79.0)

Female, No. (%) 12 (17.9) 17 (21.0) .639*%
Ethnicity

White, No. (%) 61 (91.0) 75 (92.6)

African-American, No. (%) 6 (9.0) 6 (7.4) .731*
Mean age, y (standard deviation) 62.2 (10.9) 62.9 (9.2) .659*
Smoking status

Never, No. (%) 6 (8.9) 6 (7.4)

Former,T No. (%) 31 (46.3) 49 (60.5)

Current, No. (%) 30 (44.8) 26 (32.1) 219*
Mean pack-years (standard deviation) 44.4 (39.4) 48.4 (37.3) .527*
Distribution of benzaf]pyrene diol epoxide sensitivity Breaks per cell

Minimum 0.26 0.08 <.0001%

1st quartile 0.51 0.32

Median 0.68 0.46

3rd quartile 0.95 0.60

Maximum 2.24 1.42

Mean (standard deviation) 0.77 (0.38) 0.49 (0.25)

No. of cells per 50 cells showing chromatid breaks
Range (low to high) 7-37 3-32
Mean (standard deviation) 18.45 (5.81) 14.80 (5.71) .00028

*P values are based on chi-squared test.

TFormer smoker is defined as a smoker who had not smoked for at least a year.
1P value is based on two-sided Wilcoxon rank sum test.

8P value is based on Studentdest.

tive tract (0.77 + 0.38) than in the controltive to the lowest quartile were 4.12 (95%were generated to assess the validity of
subjects (0.49 = 0.25) (Studenttstest, Cl = 0.77-22.18), 7.49 (95% G+ 1.49— our model. When 0.60 break per cell was
P<.001). The mean number of cells show37.68), and 19.97 (95% Ck 4.24— used as a cutoff value for BPDE sensitiv-
ing chromatid breaks per 50 metaphase®4.12), respectively; the trend was statisity, the risk estimate was 4.94 by the boot-
was significantly higher in case subjectdically significant (<.001). The adjusted strap method. The 95% Cls by the per-
(18.45 £ 5.81) than in control subjectsORs were 7.57 (95% CE 2.70-21.22)in centile method and by the biased
(14.80 £5.71) P = .0002), ranging from younger subjects (<65 years old) comeorrection and accelerated method were
seven to 37 cells for case subjects andared with 2.82 (95% C& 1.00-7.97) in 2.47-10.48 and 2.45-10.25, respectively.
three to 32 cells for control subjects.older subjects#%65 years old), 6.15 (95% When the BPDE sensitivity cutoff value
Upon univariate analysis, with the use ofCI = 2.73-13.89) for male subjects com-was set at the 75th percentile value in the
the 75th percentile value of the number opared with 2.43 (95% CkE 0.50-11.88) control group of the bootstrap sample, the
breaks per cell in the control subjects (i.e.for female subjects, and 3.65 (95% €l cutoff values ranged from 0.48 to 0.80,
0.60 break per cell) as the cutoff point forl.67—7.97) for case subjects with stage Wwith the first quartile, median, and third
BPDE sensitivity, mutagen sensitivitydisease compared with 9.25 (95% €l quartile values found to be 0.58, 0.60, and
was associated with a significantly in-2.94-29.10) for case subjects with stage 10.62, respectively. The bootstrap estimate
creased risk of cancers of the upper aeralisease. There was a higher risk in formeof the OR for BPDE sensitivity was 5.04
digestive tract with an OR of 4.80 (95%smokers (OR= 10.94; 95% Cl= 3.56— with the 95% ClIs being 2.47-10.29 and
Cl = 2.39-9.67) (Table 2). After adjust- 33.63) than in never smokers (OR 2.19-8.88, as determined by the percen-
ment by age, sex, ethnicity, and smokind..53; 95% Cl = 0.12-19.12) and eventile method and by the biased correction
status, the relationship was still evidenturrent smokers (OR= 4.73; 95% Cl=  and accelerated method, respectively. The
with an OR of 4.84 (95% Cl= 2.39- 1.34-16.78). The median number of thg@arametric bootstrap method was also ap-
9.81). When we categorized the subjectpack-years, the median number of yearglied to evaluate the logistic model with
by the quartile distribution of breaks perof smoking, or the median number ofmultiple covariates. The OR for BPDE
cell as in the control subjects, we found aigarettes smoked per day in the contratensitivity was 5.19 (95% Ck 2.48-
significant gradient of increasing risk ofsubjects was used as the cutoff point t41.53) after adjustment for age, sex, eth-
cancer of the upper aerodigestive traatlistinguish light smokers from heavynicity, and smoking status in the bootstrap
with increasing numbers of inducedsmokers; we observed a significantly insamples. All bootstrap analyses yielded
breaks per cell. The adjusted ORs for sukereased OR in light smokers compare@stimates similar to those calculated from
jects in the second, third, and highestvith that in heavy smokers. the original data, suggesting that the mod-
quartiles of BPDE-induced breaks rela- Nonparametric bootstrap samplingsls gave a reasonable fit to the data and
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Table 2. Associations between BPDE sensitivity and cancer risk in patients with upper aerodigestive tract cancer and healthy control subjects*

No. (%)
BPDE sensitivity, Univariate OR Adjusted OR
breaks/cell Case subjects Control subjects (95% ClI) (95% ClI)
Overall breaks/cellt
<0.60 24 (35.8) 59 (72.8) 1.00 (referent) 1.00 (referent)
=0.60 43 (64.2) 22(27.2) 4.80 (2.39-9.67) 4.84 (2.39-9.81)
Quartiles of breaks/cellt
<0.32 2(3.0) 20 (24.7) 1.00 (referent) 1.00 (referent)
0.32-0.45 8(11.9) 20 (24.7) 4.00 (0.75-21.22) 4.12 (0.77-22.18)
0.46-0.59 14 (20.9) 19 (23.4) 7.37 (1.47-36.83) 7.49 (1.49-37.68)
=0.60 43 (64.2) 22 (27.2) 19.55 (4.18-91.32) 19.97 (4.24-94.12)
Age at diagnosist
<65y
<0.60 break/cell 11 (28.9) 30 (75.0) 1.00 (referent) 1.00 (referent)
=0.60 break/cell 27 (71.1) 10 (25.0) 7.36 (2.70-20.05) 7.57 (2.70-21.22)
=65y
<0.60 break/cell 13 (44.8) 29 (70.7) 1.00 (referent) 1.00 (referent)
=0.60 break/cell 16 (55.2) 12 (29.3) 2.97 (1.10-8.04) 2.82 (1.00-7.97)
Sext
Male
<0.60 break/cell 19 (34.5) 49 (76.6) 1.00 (referent) 1.00 (referent)
=0.60 break/cell 36 (65.5) 15 (23.4) 6.19 (2.78-13.80) 6.15 (2.73-13.89)
Female
<0.60 break/cell 5(41.7) 10 (58.8) 1.00 (referent) 1.00 (referent)
=0.60 break/cell 7 (58.3) 7(41.2) 2.00 (0.45-8.96) 2.43(0.50-11.88)
Ethnicity§
African-American
<0.60 break/cell 2(33.3) 4 (66.7) 1.00 (referent) 1.00 (referent)
=0.60 break/cell 4 (66.7) 2(33.3) 4.00 (0.36-44.11) I —
White
<0.60 break/cell 22(36.1) 55 (73.3) 1.00 (referent) 1.00 (referent)
=0.60 break/cell 39 (63.9) 20 (26.7) 4.88 (2.35-10.13) 4.88 (2.34-10.19)
Staget
|
<0.60 break/cell 19 (42.2) 59 (72.8) 1.00 (referent) 1.00 (referent)
=0.60 break/cell 26 (57.8) 22 (27.2) 3.67 (1.70-7.91) 3.65(1.67-7.97)
1l
<0.60 break/cell 5(22.7) 59 (72.8) 1.00 (referent) 1.00 (referent)
=0.60 break/cell 17 (77.3) 22(27.2) 9.12 (3.00-27.69) 9.25 (2.94-29.10)
Smoking statusf
Never
<0.60 break/cell 2(33.3) 3(50.0) 1.00 (referent) 1.00 (referent)
=0.60 break/cell 4 (66.7) 3(50.0) 2.00 (0.19-20.61) 1.53(0.12-19.12)
Former#
<0.60 break/cell 8 (25.8) 36 (73.5) 1.00 (referent) 1.00 (referent)
=0.60 break/cell 23 (74.2) 13 (26.5) 7.96 (2.86-22.18) 10.94 (3.56-33.63)
Current
<0.60 break/cell 14 (46.7) 20 (76.9) 1.00 (referent) 1.00 (referent)
=0.60 break/cell 16 (53.3) 6(23.1) 3.81(1.19-12.16) 4.73 (1.34-16.78)
No. of pack-yearsf
<40 pack-years
<0.60 break/cell 9(29.0) 26 (76.5) 1.00 (referent) 1.00 (referent)
=0.60 break/cell 22 (71.0) 8 (23.5) 7.94 (2.62-24.08) 8.57 (2.70-27.25)
=40 pack-years
<0.60 break/cell 12 (41.4) 30 (73.2) 1.00 (referent) 1.00 (referent)
=0.60 break/cell 17 (58.6) 11 (26.8) 3.86 (1.40-10.63) 3.58 (1.24-10.35)
No. of years of smoking{
<34 years of smoking
<0.60 break/cell 6 (26.1) 28 (75.7) 1.00 (referent) 1.00 (referent)
=0.60 break/cell 17 (73.9) 9(24.3) 8.81 (2.67-29.15) 9.14 (2.64-31.68)
=34 years of smoking
<0.60 break/cell 15 (40.5) 28 (73.7) 1.00 (referent) 1.00 (referent)
=0.60 break/cell 22 (59.5) 10 (26.3) 4.11 (1.55-10.90) 3.92 (1.45-10.59)
No. of cigarettes
<30 cigarettes
<0.60 break/cell 13(30.2) 25 (73.5) 1.00 (referent) 1.00 (referent)
=0.60 break/cell 30 (69.8) 9 (26.5) 6.41 (2.35-17.46) 6.71 (2.41-18.69)
=30 cigarettes
<0.60 break/cell 8 (47.1) 31(75.6) 1.00 (referent) 1.00 (referent)
=0.60 break/cell 9 (52.9) 10 (24.4) 3.49 (1.06-11.46) 3.35 (1.00-11.53)

*BPDE = benzof]pyrene diol epoxide; OR= odds ratio; Cl= confidence interval.
TAdjusted by age, sex, ethnicity, and smoking status.

FAdjusted by age, ethnicity, and smoking status.

§Adjusted by age, sex, and smoking status.

|Data cells are too small to compute adjusted OR.

fAdjusted by age, sex, and ethnicity.

#Former smoker is defined as a smoker who had not smoked for at least 1 year.
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the robustness of the BPDE sensitivity Table 4. Association of bleomycin sensitivity, BPDE sensitivity, and the risk of upper aerodigestive
y

cutoff values. tract cancer*,t

The mean number of BPDE-induced
breaks per cell by host characteristics is

; ; ; Not sensitive, Sensitive,

sg_mmarlzed m.TE.lble 3. There was no SlgBleomycin sensitivity <0.6 break/cell =0.6 break/cell
nificant association between the mean
number of breaks per cell and age, sex{ot sensitive, <0.6 break/cell

BPDE sensitivity

hnici ki d th b Univariate OR (CI) 1.00 (referent) 4.82 (1.70-13.70)

ethnicity, smoking status, and the number agjsied oR (Ciy+ 1.00 (referent) 4.89 (1.61-14.84)

of pack-years. There was also no signifiCase subjects/control subjects 9/47 12/13

cant difference in the mean number + SDsensitive,>0.6 break/cell

of BPDE-induced breaks per cell for case Ug_ivafiageOOR( éc)g 6-98 g-%—g-?@) 12-28 ((g-gg—52-lg))
; - : Adjusted OR (Cl 7.19 (2.29-22.57 19.15 (6.38-57.4

SUbJeCtS with stage |I disease (0'87 + Case subjects/control subjects 12/9 28/8

0.41) compared with those with stage |
disease (0.72 = 0.36). The mean number + *BPDE = benzof]pyrene diol epoxide; OR= odds ratio; Cl= 95% confidence interval.
SD of BPDE-induced breaks per cell was tData were available for 61 case subjects and 77 control subjects.
0.66 + 0.32 for case subjects with surgical fAdjusted by age, sex, ethnicity, and smoking status.
treatment only, 0.77 £ 0.37 for case sub-
jects with radiotherapy only, and 1.04 alone, and 19.15 (95% G+ 6.38-57.49) bleomycin sensitivity and BPDE sensitiv-
0.53 for case subjects who had receivetbr subjects with sensitivity to both mu- ity were significantly correlated in control
combined modalities. However, only sixtagens. Of the 56 subjects who did nosubjects with a correlation coefficienof
case subjects had received combined mexpress sensitivity to either mutagen, only46 (P<.001). Among case subjects, the
dality treatment. There were no signifi-nine (16.1%) were case subjects, whereamrrelation coefficientr was .24 P =
cant differences in the distribution of47 (83.9%) were control subjects. Of the06).
BPDE sensitivity by prior treatment mo-36 subjects who were sensitive to botFDISCUSSION
dality (P>.05). bleomycin and BPDE, 28 (77.8%) were

Data for bleomycin and BPDE sensi-case subjects and eight (22.2%) were con- We have previously reported that bleo-
tivity were available for 61 case subjectgrol subjects. When values for BPDE andnycin-induced mutagen sensitivity was a
and 77 control subjects (Table 4). Usingoleomycin sensitivities were incorporatedsignificant predictor of risk of recurrence
subjects who were not sensitive to eitheinto the logistic model, both coefficients of cancer in the overall patient population
mutagen as the referent group, we foundiere significant, suggesting that they ardrom which this subgroup is derived7).
that the risks were 4.89 (95% G+ 1.61- independent susceptibility markers andVe have also shown that there were no
14.84) for subjects exhibiting BPDE sen-the combined effect had higher predictiv-significant differences in the distribution
sitivity, 7.19 (95% Cl= 2.29-22.57) for ity than either one of the markers aloneof mutagen sensitivity by sex, alcohol
subjects showing bleomycin sensitivityThe Pearson correlation test showed thatse, or dietary consumption of the micro-

nutrients, e.g.x-carotenep-carotene, lu-

Table 3. Mean number of BPDE-induced breaks per cell by host characteristics in patients with upptgrm' lycopene, or vitamin ¢16). As re-

aerodigestive tract cancer and healthy control subjects* ported previously, ther? was a tendency
(P = .05) for case subjects with stage Il
Case subjects Control subjects disease to exhibit a higher mean break per
Mean breaks Mean breaks cell of 0.99 compared with 0.90 for case
Characteristic No. percell (SD) Two-side®t No. percell (SD) Two-side®t subjects with stage | disease. Case sub-
Age, y jects who were surgically treated had a
<65 38 0.83 (0.44) 40 0.51 (0.29) significantly lower mean break per cell
=65 29 0.69(0.27) 15 41 047(0.21) 50 than comparable case subjects treated
Sex | 0.29) ©021) with only radiotherapy. Because of the
Male 55 0.74 (0.29 64 0.46 (0.21 ; P ;
Female 12 0.91(0.65) 17 17 0.58(0.35) o7  Potential confounding influence of prior
Ethnicity treatment on the cytogenetic analysis, we
White 61  0.77(0.38) 75 0.48 (0.25) previously categorized case subjects by
African-American 6 0.78 (0.43) 97 6 0.59 (0.34) .32 duration since treatment, dichotomizing at
Smoking status 6 months after the time of receiving treat-
gevef 33 %-S;i((%;i)) " fg 0664?7(?64262)) 10 ment. There were no significant differ-
ormer . . . . . . .
Current 30 0.77 (0.48) a5 26 0.48 (0.24) 19 encesin the break-per-cell score for case
subjects assessed more than 6 months af-
No. of pack-yearst . )
Never smokers 6  0.93(0.42) 6  0.66(0.46) ter completion of radiotherapy (mean
Light smokers 31 0.85 (0.43) .66 34 0.45 (0.26) 13 value = 0.99) compared with those who
Heavy smokers 29 0.67 (0.28) .07 41 0.49 (0.20) .13 had been treated more recently (mean
*BPDE = benzof]pyrene diol epoxide; SD= standard deviation. Va!ue = 0'92)' There was also no corre-
P values are based on Studert'est. lation between the break-per-cell score
tInformation was missing from one case subject. and months since radiotherafi®).
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This chemoprevention trial includedmosome damage (detected by premature Our data showed that sensitivity to
only those case subjects who had earlghromosome condensation), a reduced aBPDE, a metabolic product of benza{
stage cancer and those case subjects wtigity of the fast-repair component, andpyrene, was a significant risk factor for
had been previously treated with surgeryelatively high residual chromosomecancer of the upper aerodigestive tract.
and/or radiotherapy. Our published retrodamage in lymphoblastoid cell lines es\We also found that BPDE sensitivity, like
spective analysis of a different series ofablished from patients with multiple pri- bleomycin sensitivity, was not affected by
298 newly diagnosed case subjects witmary head and neck tumors and high senhe extent of exposure to cigarette smok-
previously untreated cancers of the uppesitivity to bleomycinin vitro compared ing. We believe, therefore, that this is a
aerodigestive tract of all stages at Thewith the findings in healthy control sub- constitutional phenotype. We observed
University of Texas M. D. Anderson Can-jects. As a result, they hypothesized thafhat, similar to bleomycin sensitivity, the
cer Center(12) documented a meanmutagen sensitivity involves an inherentisk by BPDE sensitivity was even higher
break-per-cell value of 0.98, identical tochromatin alteration that permits the morgor case subjects who were of a younger
the mean value in the present series défficient translation of DNA damage into age at diagnosis and who were former
case subjects with early stage disease, alhromosome damage after exposure t0 &nokers. The theory is that exposed indi-
of whom had been previously treatedmutagen. viduals with sensitive phenotypes might
Thus, we do not believe that treatment, On the basis of these collective ﬁ”d'develop cancer earlier and following less
per se,shifts the sensitivity profiles. ings, we hypothesize that the mmage'&arcinogen exposure. Genetic differences

The results of this report suggest thasensitivity assay detects the compositg, risk tend to be smaller at high doses of
case subjects with cancer of the uppeoutcomes of multiple processes. Th%arcinogens, when the effect of the car-
aerodigestive tract are significantly morestrong and consistent association betweed?nogen may overpower any genetic pre-
likely to express sensitivity to bleomycin mutagen sensitivity and the risk of Canceﬁlisposition. Among our current smokers
and to BPDE than control subjects. Theyf the upper aerodigestive tract indicate%Oth case subjects and control subjec'és
also support our contention that mutagethat the assay measures a potentially ing'enerally were heavy smokers, so the risk
sensitivity can be used as a marker ifiormative aspect of susceptibility to dam-factor of smoking might signific’antly out-
gauging susceptibility to cancer. With re-age or of the repair capacity in those tiSWeigh a lesser risk factor such as sensitive
gard to the underlying mechanism of thesues. One may speculate that the cancehenotype Results for bleomycin sensi-
mutagen sensitivity assay, Hsu et @3) patients simply have more chromosomg . . I T
have suggested that it indirectly measuresreaksin vivo and, thus, may appear to Ivity and BPDE sgnsmwty were signifi-
the effectiveness of one or more DNA re-exhibit more breaks after the BPDE (orCantly correlated in conFroI SUbleC.tS but
pair mechanisms. The observations thdileomycin) treatment. We and othd®) Ies; SO among case subjects. Multiple ge-
follow support this hypothesis. First, thehave extensively studied the incidence O?etm. q§fects m|ght moduIaFe the BPDE
relationship between chromosome instabaseline “spontaneous” breaks vitro. s§.n§|t|V|]Eybas;ay|n case subjects.l')rhe'se'n-
bility syndromes and cancer proneness iShe frequencies of such spontaneou%tr'vgfsg/ f%tr tisesak)ﬁ:r‘r)lpiﬁlrsz:gsae s;r:(;—
well established. Specifically, the rates othromatid breaks are extremely Iow64 204 fo the BPDE y Th y fic-
spontaneous as well as bleomycin{£0.02 break per cell) both in normal sub-., ™ o forthe _assay). € spect 'OC
induced, y-irradiation-induced, and UV jects and in case patients. Thus, we do n(!)tty of the blfeomymr; assay was 77.9%
light-induced chromosome breakageoutinely report them separately. compared with 72.8% for the BPDE as-
are highest in patients with chromosome Various carcinogens have been impli—say' .We also noted that pe_ople who were
instability syndromes such as Bloomcated in the development of cancer of théensmve to both b_Ieomycm a_nd BPDE
syndrome, Fanconi’'s anemia, ataxiaupper aerodigestive tract. Prospective angc® at a 19.2-fold mcrgase(_j risk of can-
telangiectasia, Werner's syndrome, andetrospective studies worldwide have cont®’ of the upper aemd'g'??“."e tract. B.y
xeroderma pigmentosum. These patientsistently shown linear dose-response ef>ng both mutagen sensmv!ty assays in
also have defective DNA repair systemdects of tobacco exposure on the risk oPa_”?‘”e" we may b_e ab I_e to 'mprove our
(24-29). Furthermore, patients with oral and laryngeal cancers. Blot et ¢84) ability 1o define high-risk populations.

ataxia-telangiectasia, who are extremelpave estimated that tobacco smoking an-ghIS assay requires validation in prospec-

sensitive to the clastogenic (mutageni@lcohol consumption together cause aptlve studies.
and carcinogenic) effects of x-irradiationproximately three fourths of all oral and
and bleomycin, differ from normal peoplepharyngeal cancers in the United State$REFERENCES
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Potentiation of Lonidamine
and Diazepam, Two Agents
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Oudard

Background: Cellular metabolism in

glioblastoma multiforme, the most
common primary brain tumor in hu-

mans, is characterized by a high rate of
aerobic glycolysis that is dependent on
mitochondria-bound hexokinase.
Moreover, high levels of glucose utili-
zation and tumor aggressiveness in
glioblastoma are associated with a high
density of mitochondrial benzodiaze-
pine receptors. We sought to inhibit
glioblastoma metabolism by simulta-
neously inhibiting hexokinase with
lonidamine and binding benzodiaze-
pine receptors with diazepam.Meth-

ods: Cellular glioblastoma metabolism
in five glioblastoma cell lines was as-
sessedn vitro by measuring cell prolif-

eration (by use of a tetrazolium-based Treatment of xenografted human glioma&'

colorimetric assay, measurement of

(two-sided P<.01, Mann-Whitney U
test, comparing growth of treated tu-
mors with that of untreated tumors);
this tumor growth retardation was
maintained as long as treatment was
given. Conclusion: The combination of
lonidamine and diazepam—drugs that
target two distinct mitochondrial sites
involved in cellular energy metabo-
lism—potentiates the effects of the in-
dividual drugs and may prove useful in
the treatment of human glioblastomas.
[J Natl Cancer Inst 1998;90:1400-6]

Glioblastoma multiforme, the most

proliferation, cell cycling, membrane flu-
idity, intracellular pH [pHi], and apopto-
sis) andin vivo (on the growth of human
glioma transplanted into nude mice).

MATERIALS AND METHODS

Cell Culture

Five human glioma cell lines were used: SNB-56,
SNB-78, and SNB-1920), TG-8-OZ (5,21), and
U251 (from Dr. P. A. Steck, The University of
Texas M. D. Anderson Cancer Center, Houston). All
of the cells were cultured in Dulbecco’s modified
Eagle medium (DMEM; Sigma Chemical Co., St.
Louis, MO) containing 25 il glucose and supple-
mented with 10% fetal calf serum (Dutscher, Bru-
math, France), 2 M L-glutamine, penicillin (100

common primary brain tumor in humansy/mr), streptomycin (50ug/mL), and epidermal

is almost always fata(l,2). The metabo- growth factor (Sigma Chemical Co.) (10 ng/mL).
lism of g|iomas, like that of many tumors, Cells were maintained at 37 °C in a humidified 5%

is characterized by a high rate of aerobigoz—gs% air incubator. For experiments, _ceIIs were
. collected from subconfluent monolayers in a solu-
glycolysis (3-5).

. 1 . tion of trypsin (0.5 mg/mL) and EDTA (0.2 mg/mL)
I__oryld_a_lmlne_ affects energy metab()l's_mn phosphate-buffered saline (PBS; Sigma Chemical
by inhibiting mitochondria-bound hexoki- Co.). Cell viability, estimated by trypan blue exclu-

nase (6—8) and the electron transportsion, was greater than 95% before each experiment.
chain (9). Lonidamine alters the cell’'s . :

©) . . Cell Proliferation Assay
plasma and mitochondrial membranes, re-
sulting in inhibition of cellular respiration  Growth inhibition of the five cell lines by loni-
and depletion of cellular adenosine tri-damine and diazepam, alone or in combination, was
phosphate (ATP)9); impedes DNA re- s_tudied py using the ‘microculture_ 3-(4,5-
pair (10); and induces cellular acidifica- dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-

. mide (MTT; Sigma Chemical Co.) assay. The
tion (11)' It has been shown that amount of tetrazolium dye reduced to formazan is

modification of the intracellular pH (pHi) proportional to the number of viable cells. Briefly, 3
markedly alters the subcellular distribu-x 1¢® cells were plated per well in 96-well polysty-

tion of hexokinase in glioma cellgl2).

with lonidamine slows the tumor growth

rene plates (ATGC, Noisy-le-Grand, France) in cul-
re medium and allowed to adhere overnight. The
medium was then replaced with fresh medium con-
taining increasing concentrations of lonidamine

DNA synthesis, and assessment of cellrate in correlation with their mitochon- (poridamine; supplied by F. Angelini S.p.a., Rome,

cycle distribution), by measuring mem-
brane fluidity (by fluorescence polar-

ization measurement of cells stained
with a fluorescent probe), and by mea-
suring changes in intracellular pH. Im-

munodeficient nude mice bearing sub-
cutaneous xenografts of human

glioblastoma cells were used to assess(ADP) translocas€14). The mBzRs ar

the antitumor activities of lonidamine
and diazepam; the mice were treated
twice daily with lonidamine (total daily
dose of 160 mg/kg body weight) and/or
diazepam (total daily dose of 1 mg/kg
body weight) for 10 consecutive days.
Results:When used in combination, the
two drugs had a stronger effect on glio-
blastoma cell proliferation and metabo-
lism in vitro than did either agent used
alone. In vivo, the combination of loni-
damine and diazepam was significantly
more effective in reducing glioblastoma
tumor growth than either drug alone

1400 REPORTS

dria-bound hexokinase activiip).

Italy) from 25 to 600uM, diazepam (Valiurf;

Hexokinase is bound to porins, chanRoche, Neuilly-s/Seine, France) from 18 to 350,
nel-forming proteins that are located orf" both agents. Diazepam and lonidamine were fur-

- . ther diluted in DMEM from freshly prepared stock
the outer mitochondrial membrar(g3) solutions of ethanol andN-methyl p-glucamine

and that form a complex containing thegsigma Chemical Co.), respectively, and then were
mitochondrial benzodiazepine receptordded directly to the medium to obtain the appro-
(mBzR) and ATP-adenosine diphosphateriate final concentration in a total volume of 200
e wL. After a 96-hour incubation, the medium was
involved in the regulation of growth and
differentiation of tumorg15,16)and re-
cently have been implicated in an antioxi- Affiliations of authors:L. Miccoli, F. Poirson-
dant pathway that modulates apoptOSiEiChat’ R. Bras Goralves, Y. Bourgeois, B. Dutril-
17). 1 dd itv of MBzR i i laux, M.-F. Poupon, S. Oudard, Laboratoire de Cy-
(17). Increased densi y_o m Z ng IO'tog'm'aique Moleculaire et Oncologie, Institut
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ters the metabolism of the glial tumors, on See“Notes” following “References.”
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removed, and the plates were washed with PBSMlembrane Fluidity Measurements Detection of Apoptosis by

Each well received 10QuL of phenol red-free g4 Flyorescence Instrumentation Flow Cytometry
DMEM (Sigma Chemical Co.) supplemented with
0.1 volume of an MTT solution (5 mg/mL in PBS), Lonidamine- and/or diazepam-induced apoptosis

and the plates were incubated at 37 °C for 4 hours, 'he fluorescent probe 1-(4-trimethylammonium-y,as detected by flow cytometric analysis of perme-
The MTT-containing medium was then aspiratedPh€nyD)-6-phenyl-1,3,5-hexatriene (TMA-DPH; apjlized propidium iodide-stained cells as described
100 pL of dimethyl sulfoxide (DMSO; Sigma Molecular Probes, Eugene, OR) was used to inveg;y shih and Stutmaf26). Cell cycle analysis was
Chemical Co.) was added to each well, and thd9ateé membrane fluidity. Because of its positiveperformed, and GG, phase was determined. Search
plates were gently agitated until the MTT formazanN@rge. which provides a plasma membrane surfaggy 5 sub-G population characteristic of cells un-
had dissolved. Growth inhibition was quantified as2"ch0r» TMA-DPH, a cationic derivative of DPH, gergoing apoptosis was done.

the decrease in the amount of the tetrazolium dyQas greater specificity of localization than DPH in .
reduced to formazan by the treated cells versus coff® plasma membrar(@3). Membrane Preparation and

. . 3 o
trol cells; formazan was measured as absorbance at "¢ SNB-19 human glioma cells, grown in 75-[*H]Diazepam-Binding Study

550 nm in an LP500 spectrophotometer (J Bio, Le§mz flasks, were treated with 10@M lonidamine

Ulis, France). Treated (six wells/concentration) and"d/0r 88M diazepam or with their respective ve- i i
control (12 v)vells/plate)(cells always contained) lesdlicles (0.2%N-methyl o-glucamine and 0.5% etha- man glioma 168 0 aad from human glloma cels

than 0.1%N-methylp-glucamine and 0.5% ethanol nol) for 24 or 48 hours. After the end of the incu- in culture. Briefly 2 x 10 glioma cells were used tc_>

which do not inhibit cell proliferation .Absorbance’ bation period, attached cells were washed twice witR"Pare membranes for re_ceptor-bmdlng studies.

of control culture was taken as 100%, and absor- BS: rypsinized, and resuspended in PBS at a cofrACh extract of tumors or glioma cells was homog-
0, ntration of 16 cells/mL. 1.5 ML TMA-DPH (1 enized in 20 volumes of ice-cold 50MhTris—HCI

bance of the other cultures was expressed as a p&e . . H 7.4) in an Ultra Turax homogenizer at maxi-
cent of the control. Each assay was repeated twiciM dissolved in tetrahydrofuran) was then added tpH 7.4) 9

3 mL of the cell suspension (final concentration, 1MuUM speed for 10 seconds. The resulting homog-
M) and incubated in the dark at 25 °C for 10 min-€nate was centrifuged at 1¥96or 10 minutes at
utes. 4°C. The pellets, containing cell debris and nuclei,
Steady-state fluorescence anisotropy and fluored¢ere discarded and the supernatants were centri-
[*H]Thymidine uptake was used to assess the efance intensity were measured with a continuoutuiged at 30 00@ for 20 minutes at 4 °C. The pellets
fects of the drugs on DNA synthesis in short-termgycitation instrument (Fluofluidifiiee, Regulest, ‘Were resuspended in 20 volumes of buffer, and the
assays. Culture and treatment conditions were as d?illers-lés-Nancy, France) with a thermostaticallywasmng was repeated once more. The resulting
scribed for the MTT assay. After 2 hours of drugconrolled sample holder at 25°C. The excitatiofembrane suspensions were frozen at -80 °C until
exposure, each well received dCi (5 plL) of wavelength was 365 nm, and emission was read &ssayed. Protein was measured with the BCA pro-
[®H]thymidine (20 Ci/mmol; Du Pont NEN, Les 425 nm(24). Corrections for light scattering (probe- tein assay (Pierce, Rockford, IL) using bovine serum
Ulis, France), and the incubation was continued fofrge cell suspensions) were performed routinely. Thalbumin as the standard®H]Diazepam (83 Ci/
4 hours. The cells were then harvested on glass ﬁb%‘ieady-state fluorescence anisotropy>j<was ob- mmol; Du Pont NEN) binding was assayed as de-
filters (Wallac, Turku, Finland) by a Micro Cell Har- i5ined with the following equation: scribed(27).Each sample contained 0.1 mg of mem-
vester (Skatron, OSI, Paris, France) and washed. brane protein and®H]diazepam. The assays were
The dried filters were placed into a sample bag con- performed in triplicate in 50 i Tris—HCI (pH 7.4)
taining 10 mL of OptiScint “HiSafe” fluid, and <r> =07 =1b) - GO~ 1B)[(17 = 1b7) in a final volume of 0.5 mL. Incubations were car-
radioactivity was measured in a 1205 Betaplate lig- ~2G(0~1b)], ried out at 4 °C for 30 minutes, and each sample was
uid scintillation counter (Wallac). Six identical transferred by vacuum filtration onto 25-mm What-
samples were used for treatment, and 12 identiciyhere I/ and [ are the fluorescence intensity mea-man GF-C filters via a Model 1225 Vacuum Mani-
samples were used for control points. The meagured on the analyzing polarizer parallel or perpenfold (Millipore, Bedford, MA) followed by four 3-
counts per minute were calculated, control radioacdicular to the polarized excitation beam, respecmL washes with ice-cold buffer. Nonspecific
tivity was taken as 100%, and the experimental valtively; G is an instrumental correction factor used topinding was determined with 1M unlabeled di-

ues are expressed as a percent of the control. ~ correct the unequal transmission of differently po-azepam.
larized light; andb is the blank (unlabeled cells).

Membrane fluidity is expressed ag> which is Drug Treatment and
inversely related to fluidity. pHi Determination

Cell lated in 75 lasti | flask Fluorescence lifetimes were determined with an The SNB-19 cell i i din 35
ells were plated in 75-cfrplastic culture flasks Aminco-SLM 48000-S apparatus (SLM Instru- e -19 cell line was cultivated in 35-mm

and allowed to adhere for 24 hours. Medium WaSnents. Urbana, IL), which works on the principle Oftissue culture dishes for 24 hours (Costar, Cam-
then replaced with fresh medium containing loni- bridge, MA). The culture medium then was replaced
damine and/or diazepam for 48 hours. The cell cycl f frequencies between 15 and 150 MHz was useay buffer (10 mM Hepes, 130 mM NaCl, 20 mM
was assessed according to Demarcq et(22). ;). w o fuorescent lifetime measurements of TMA-KC!: 1 mM CaCl, 1 mM KH,PQ,, 0.5 mM MgSQ,
Briefly, 30 wuM bromodeoxyuridine (BrdUrd, Sigma DPH: all lifetime measurements were obtained b);ind 5 mM glucose, pH 7.4). After 5 minutes at
Chemical Co.) was added for 15 minutes. The cell§Jsing diphenylanthracene (Sigma Chemical Co.) i 7 °C, the cells were treated with various doses of
were then washed three times with PBS and colﬂ1e reference cell. The data were analyzed by a di onidamine (dissolved in 2.3%N-methyl b-
lected after trypsinization. After washing, the cellscrete exponential components model. A nonlineaglucamine)’ diazepam, or both drugs for various pe-
were suspended in 0.5 mL of PBS and fixed byleast-square routine was used, and the reduéed gods of time at 37 °CN-methyl D-glucamine did
slowly adding 1.5 mL of ice-cold ethanol. After not exceed 0.5%. Cells were then loaded with semi-

Membranes were prepared from xenografted hu-

[*H]Thymidine Uptake Assay

Cell Cycle Determination

hase and frequency modulati(#). A wide range

was taken as the goodness criterion of the fit.

overnight incubation at 4 °C, the cells were perme- naphthorhodafluor-1-acetoxymethylester (SNARF-
abilized, incubated first with a rat anti-BrdUrd anti- . . 1-AM; Molecular Probes) for 15 minutes at 37 °C.
body (Seralab, Sigma Chemical Co.) diluted 1:25 irPNA Fragmentation AnaIyS|s SNARF-1-AM, a rhodamine derivative that gener-
buffer and then with fluorescein isothiocyanate- ates two pH-sensitive bands in its fluorescence emis-

conjugated goat anti-rat antibody (Cliniscience, DNA fragmentation was analyzed after convension spectrum, enables pHi determination by mi-
Paris, France) diluted 1:50. Cells were incubatedional 1.2% agarose gel electrophoresis. Culturedrospectrofluorometry under defined staining
with propidium iodide in PBS (2Qug/mL; Sigma SNB-19 cells (2 x 10cells) were treated with loni- conditions(28). SNARF-1-staining of SNB-19 cells
Chemical Co.) and then subjected to flow cytometrydamine and/or diazepam for 24 and 72 hours. At thevas obtained as describgd?2). The calibration
(Becton Dickinson, San Jose CA). Data were anaend of the incubation period, all floating and at-curve was performed as describé2B). The pH
lyzed by using a LYSIS Il computer program on*10 tached cells were collected and washed three timesyuilibration technique of Thomas et &29), using
cells and expressed as histograms. Percentagesiofserum-free medium. DNA was extracted and ananigericin (1 wg/mL) and valinomycin (5.M) in a
cells present in areas corresponding to each phaselgzed by agarose gel electrophoresis as describgdgh K* buffer (130 nM) previously adjusted to a
the cell cycle were calculated. (25). different pH, enabling a rapid equilibration of exter-
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nal pH (pHo) and pHi, was used. The fluorescentater, the plasma was recovered and the radioactivitfor the five cell lines studied, diazepam
probe (1 nM dissolved in DMSO) was used at ain it was measured. enhanced lonidamine-induced growth

final concentration of 5uM (0.5% DMSO). Laser o . S .
microspectrofluorometry of SNARF-1-stained cellsStatistical Analysis inhibition in a dose-dependent manner.

was as describe(l2). A nonantiproliferative concentration

We used the Mann-Whitney test to assess the of diazepam (88p,M) was able to

Antitumor Activity Against effects of diazepam on the ability of lonidamine to . .
y A9 inhibit cell proliferation and JH]thymidine uptake, lower the I(%O value of lonidamine

Subcutaneous Glioma in Nude Mice alter pHi, and decrease membrane fluidity. The statisSighificantly (P<.01 compared with loni-

Swiss mice (nu/nu, female), weighing 30 g andfical significance of the differences in the volume fordamine used alone), in the range of 1.8
being 6-8 weeks old, were bred in the animal facili-"ontreated and treated tumors was also tested by usefgjid to fivefold in these five glioma cell
ties (Institut Curie, Paris, France) and maintaine&hT Mann—WtWhitnggJ ;est. gests were tv_\éo—taiclie?;tll)ﬁe lines.

ifi . i i ivalues are two-sided and were considered to be sig- . . .
foil lighing (12-nout Ton12-nour dark cycle) and "iicant i hey were less han or equa to 05 The effects of lonidamine and/or diaz-
fed a regular diet and watexd libitum. The care, Epam on tH]thymldme_ thake, were de-
housing, and handling of the mice were performed fRESULTS termined in a 6-hour incubation assay, a
accordance with the recommendations of the Frenc.cc o o< | onidamine and Diazepam period chosen to avoid significant reduc-
Ethics Committee and under the supervision of au- N . a ] tion of cell number (Table 1). The loni-
thorized investigators. on Cell Proliferation, [*H]Thymidine : .-
_ _ damine effect on JH]thymidine uptake

The TG-8-OZ glioma was established by subculUptake, and Cell Cycle . ; i .
taneous implantation of human tumor fragments into L . . . was potentiated by diazepam. Lonidamine
the scapu|ar area of nude mice under ether anesthe- |I’]h|b|t|0n Of g|l0ma Ce” pl‘0|lferatlon alone (ZOQ.LM) reduced the percentage Of
sia administered for a short peri¢f). Tumors ap- was measured by using the MTT test 9éncorporation in four cell lines and was
peared after 2 weeks and were allowed to reach Bours after the start of incubation in in-ineffective at 100uM. Diazepam alone
volume of 500 mm, at which time they were seri- creasing concentrations of lonidamine, di¢175 uM) decreased the percentage of in-

ally transplanted into other mice (from three to 10 f 0 0 -
times). The karyotype was monitored to confirm the2Z€Pam, or both (Table 1). The conceneorporation (28%-52%) and was ineffec-

human origin of the tumof21). For therapeutic as- tration of lonidamine alone required totive at a lower concentration (§8M). In
says, the tumor-bearing mice were randomly dividegproduce 50% inhibition of growth (I§&) a medium containing 10QM lonidamine
into groups of ten. The xenografted TG-8-OZ tu-ywas 200nM. Diazepam alone at concen-and 88uM diazepam, all five cell lines
mors were treated as soon as the mean tumor diafeationg of 17.5 to 8§uM did not inhibit  incorporated significantly lessHiJthymi-

eter reached 5 mm (or a tumor volume of approxi- . 0 . . .
mately 60 mr). Mice received diazepam (total cell growth; however, a 66% growth in-dine (P<.01 compared with each agent

cal saline), lonidamine (total daily dose of 160 mg/pam. When the two drugs were combinedence of lonidamine alone.

kg [body weight] in intralipid 20%; Kabi Pharmacia,

Sweden), or both drugs in two intraperitoneal injec-

tions (each containing one half of the total daily Table 1. Effects of lonidamine (LND) and diazepam (DZ) used alone or in combination on glioma cell

dose) for a period of 10 days. The control group proliferation* and fH]thymidine uptaket
received injections of intralipid alone. All mice were
weighed twice a week. Human glioma cell lines}
Tumor_ grovvtr_l was moni_tered b){ measuring two SNB-19 SNB-56 SNB-78 TG-8-0Z U251
perpendicular diameters with a caliper. Tumor vol-
ume {) and the relative tumor volume (RTV) were IC5, DZ pM 220+ 30 17030 200+ 28 140+ 25 196 + 32
calculated(30) as follows: ICqo LND pM 200+35  200£30 180+30  170+30 280 +50
V=a?xb/2, IC50 LND in presence of DZuM
DZ (17.5pM) 190 £ 40 150+30 100+ 30 130+ 40 280 + 50
where a is the width (large diameter) anbl the DZ (44 uM) 100 + 40 120+30 50+108 120+308 180x50
length of the tumor in millimeters (small diameter). DZ (88 uM) 50 + 15§ 60 + 68 35+ 5§ 90+258 150 +408
DZ (175 uM) 20+8 — 20+7 — 80+7
RTV =V/V, [®H]Thymidine uptake, % of control
hereV. is th | £ 10 mice) -ND (0 wM)-DZ (175uM) 28+5 35+5 32+2 45+6 52+5
whereV, is the mean tumor volume (of 10 mice/ | \p (g |,M)-DZ (88 M) 81+7 9516 972 8816 905
group) in cubic millimeters at any given time axd LND (200 M)-DZ (0 wM) 89+6 65 + 4 65 + 4 43+7 42 +5
is the mean initial tumor volume in cubic millime- | ND (200 wM)-DZ (88 pM) 38+7 30 + 4| 43+ 4 39+6 19+ 7
ters at the beginning of treatment; computation of LND (100 wM)-DZ (0 uM) 100+ 3 93+3 95+ 2 90+4 87+3
the RTV allowed the tumor growth to be compared LND (100 wM)-DZ (88 nM) 54 + §| 48 £ §| 60 + g 53+6| 271§

despite initial differences in volume. The responsé&
of xenografted TG-8-OZ tumors was also assessed *Effects of lonidamine and diazepam, used alone or in combination, on the proliferation of five glioma cell
by growth delay, expressed & — C,which is de- lines were evaluated with the MTT test. Thegjalue (M) of lonidamine alone or in combination with
fined as the difference in days between the mediamarious concentrations of DZ was determined after 96 hours of culture as indicated.
time for the tumors of treated (T) and control (C) tLonidamine and/or diazepam treatment on five glioma cell lines was as described for MTT assay except
animals to reach a volume five times greater than ththat, after 2 hours of incubation, ACi of [®*H]thymidine was added to each well and the incubation was
volume recorded at the time of treatmé¢B1). Mice  allowed to proceed for 4 hours. Radioactivity was then counted and the values are expressed as percentages
were killed when the tumor volume reached 2500f control values, the control corresponding to the incorporatiorfigftfiymidine in untreated cells.
mm? in the control group. fEach value represents the mean + standard error of three experiments.

To evaluate the plasma concentration of diaze- 8P<.01; IC;, values of lonidamine used alone were compared to thg V&lues of lonidamine obtained
pam, a radioisotope assay using mice treated as de-presence of diazeparR.values are two-sided and were significant wisn05 compared to lonidamine
scribed above was performed. The last injection condsed alone.
tained 1 mg/kg (body weight) diazepam and RQi [IP<.01 compared with each agent used aldPe/alues are two-sided and are significant wHen05
of [®H]diazepam (1:1000 dilution). One hour compared to each agent used alone.
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Cycling of SNB-19 cells treated for 48 and 592 nm) of its emission spectrum and259 + .0018, respectively) and to the cells
h with various concentrations of lonidam-calculating of the ratioR = FlgzdFlsg,  treated with lonidamine (& values, .265
ine and diazepam, alone or in combinaThe calibration curve giving an estimatet .0018 and .262 + .0014, respectively)
tion, was analyzed. When 100 or 200 of pHi values was performed. The resultand diazepam (& values, .267 + .0020
lonidamine was used alone, the S-phasgf R values are expressed as the mean @nd .260 + .0021, respectively) used as
component of the cell cycle decreasedtandard deviation) of individu& values single agents. Lonidamine (2Q0M) in-
slightly (3% or 9%, respectively; Table obtained from the analysis of 20 cells ofduced a stronger decrease in membrane
2). Diazepam (88 or 175.M) alone also two different determinations. The me&n fluidity; <r> values of .275 + .0015 and
decreased the S-phase fraction (4% oralues, increased from .48 +.020 at pHo 6278 + .0019 were recorded after 24 and
25%, respectively). The gG;-phase ar- to .77 +.040 at pHo 8. pHi changes werel8 hours of treatment, respectively. Treat-
rest, observed with the highest diazeparfollowed in SNB-19 cells that had beenment with lonidamine and/or diazepam
concentration, was comparable to that oktreated with lonidamine and/or diazepanfailed to influence the fluorescence life-
tained with 100p.M lonidamine and 88 at various doses after 30 or 120 minuteime of TMA-DPH, which ranged from
wM diazepam in combination (approxi-of incubation. Lonidamine (10QM) used 9.3 to 9.7 nanoseconds.
mately 30% higher than control). Thisalone produced a time-dependent acidifi-3 ] o ]
combination diminished the S-phase fraceation (pHi 6.85 and 6.5 after 30 minuted H]Diazepam-Binding Studies
tion by half. The G + M-phase fraction and 120 minutes of treatment, respec-
remained stable regardless of the treatively), whereas diazepam alone did no
ment given. significantly affect pHi, even at high con-
centrations. A meaR value of .61 + .036
(pHi 7.2) was obtained for control cells,
but combined 10M lonidamine and 88
Agarose gel electrophoresis of DNAWM diazepam treatment for 30 and 12
extracted from SNB-19 cells that hadminutes led to decreasd®lvalues: .52 +
been treated for 24 or 72 h with lonidam-.017 (pHi 6.5) and .48 + .023 (pHi 6.15),
ine and/or diazepam showed no DNArespectively P<.01, compared with each (Kd). of 12 £ 4 M (mean_ * standard de-
. - ) viation) and a B,,, (maximal amount of
fragmentation characteristic of apoptosisagent used alone). When cells were - nd bound) of 693 + 203 fmol/mg of
Population of cells with DNA content be- treated at a high diazepam concentratiofpo ¢ . - my
. ; . " . protein (Fig. 1, B). The Hill coefficient
low that of G/G; phase is considered as(175 pM) in combination with 100uM

X i ; ; . . . ~was 1.1, indicating the homogeneity and
apoptotic, due to chromatin condensatiofonidamine for 30 or 120 minutes, a Slg_noncooperative ngture of thgse bi¥1ding

(26). nificant intracellular acidification oc- _. . . -
curred (pHi 6.25 and 6.0, respectively;SItes' Radiolabeled diazepam binding was

P<.01, compared with each agent usegi|0t inhibited by 10uM clonazepam (the

. . o alone). However, these changes in H?entral-selective benzodiazepine), indi-
Drug-induced pHi modifications were valles must be interpreted w?th cautipo cating that all benzodiazepine sites on mi-
monitored with the specific pH probe P "Nochondrial membranes are of the periph-

SNARF'l.'AM t_)y measuring the ﬂuo-;he;r? lcjjee' LO; ttrc1)063e5 Cg\llivRvgli:SH; Ieli%ral type (data not shown). The five cell
rescence intensity (FI) of two bands (63 o about g 4 which makes it most usffufines exhibited similar binding character-
for measur.in, H chandes in the oH 6 4t|stics with K4 values ranging from 15 to

Table 2. Effect of lonidamine (LND) and gp 9 P )

. . 8 MM and values from 350 fmol/mg
diazepam (DZ) on the cell cycle in SNB-19 cells* pZH 8.4 range, wherelRdpH is optimal of proteinBngﬁlo fmol/mg (data not

i In a typical experiment with mitochon-
drial membranes (Fig. 1, A), the specific
binding of PH]diazepam was saturable,
and nonspecific binding increased lin-
early, although only slightly, with in-
d:reasing concentrations of the labeled li-
gand. Scatchard analysis showed a single
class of sites with a dissociation constant

Effect of Drug Treatment
on Apoptosis

Effect of Drug Treatments on pHi

(28)
% of cells o _ shown).
Membrane Fluidity Studies )
LND, DZ, Gu+G, S G,+M _ Assessment of Glioma Growth
pM pM phases  phase  phases To determine whether the drugs afynhibition by Lonidamine and/or
0 0 51 32 15 fected plasm_a membrane fluidity, ﬂuor‘?SDiazepam in Nude Mice
100 0 49 29 16  cence polarization was performed with
208 83 1533 gg ig the TMA-DPH probe. The results of flu- Tolerance and efficacy of lonidamine
0 175 73 7 19 idity are expressed as the mean (+ stann mice were as determing@). Lonidam-
100 88 72 15 11 dard error) of duplicate anisotropy valuesne and diazepam were administered at
200 88 66 11 13 (<r>) of three different determinations.doses of 160 mg/kg (body weight) per

_ _ Membrane fluidity is expressed as> day, and 1 mg/kg (body weight) per day,
*Exponentially growing cultures of SNB-19 cells . . . . T :
were treated for 48 hours with the drugs at the conwhich is mv_ersely _related tq _fIU|d|ty. respe(_:tlvely. The_ (_joses_ were |n]e(_:tec_j in-
centrations indicated. The percentages of the tot&F€llS grown in medium containing bothtraperitoneally, divided into two daily in-
cell population in each phase of the cell cycle werél00 .M lonidamine and 83M diazepam jections given for a period of 10 days. The
determined by flow cytometry after pulse-labelingfor 24 and 48 hours had significantly growth rates of the xenografted TG-8-OZ
"DV',IIZ %m"l‘)?dect’x?“?”d'ng (ﬁrdulrd) and Brdt”dtlhlower plasma membrane fluidity (= val- glioma under lonidamine and/or diaze-
mean ;’futwi Seignéﬂ?ﬁenfsc pevrfol:;erspi:]eiﬁg"scate%es, .'272 + .0012 and .267 + .0015,_ repam therapy are ;hown in Fig. 2. The op-
(standard deviation represents less than 10% of tHeP€ectively;P<.05), when compared with timal growth inhibition was 78% (Mann—

mean). the control (> values, .261 + .0013 and Whitney U test, two-sidedP<.01) 7 days

Journal of the National Cancer Institute, Vol. 90, No. 18, September 16, 1998 REPORTS 1403



after initiation of the combined treatmentlong as the treatment was given (until daystered, and no mice died during the treat-
associating lonidamine with diazepam (110). As soon as the treatment wasnent. In similar conditions, carmustine
mg/kg, [body weight]), and no significant stopped, tumors resumed their growth irused as a reference chemotherapeutic agent
growth inhibition was observed with ei-all mice; growth inhibition was 57% was ineffective (data not shown).

ther drug alone versus control. A growth(P<.05) 5 days after the end of the treatment In mice, intraperitoneal daily adminis-
delay of 10 days was found, expressed gslay 15) and 26% 11 days later (day 21tration of diazepam (1 mg/kg, [body

T — C. Growth curves demonstrated thatlata not shown). No tumor regression waweight]) for 10 days resulted in a diaze-
this inhibitory effect was maintained asobserved. No loss of body weight was regpam concentration in plasma of 240-300

ng/mL (determined 1 hour aftetH]diaz-
epam injection). No tranquilizer side ef-
fects of diazepam (asthenia, dizziness,

A . .
£ 500 . sleepiness, and weight loss) were ob-
g served at this dose.
T 400 DiscussIioN
= 200 Specific Our laboratory and others have re-
& ported that agents that inhibit glucose me-
Fig. 1. Saturation and Scatchard plots 'g 200 | tab(_)hsm can block the prollfe_zratlon of
of [*H]diazepam (H]DZ) binding to 3 malignant glioma cells, botm vitro and
mitochondrial membranes_extracted E : in vivo (5,32).Lonidamine is a well-
from xenografted human glioma TG- = 00 1 Non specific tolerated compound that has already under-
8-0z tumor.A) Binding assays were — i one phase Il and llI clinical testing against
performed as described in the “Ma- 0 9 p ini Ing ag _'
terials and Methods” section. A typi- 0 S 10 15 20 25 30 35 40 45 several human cance(33). Although loni-
cal experiment is shown. The specific PHIDZ M) damine alone exerts only a weak effect on
. . . N . . .
binding of [H]diazepam was satu- experimental tumors, it was considered to
rable, and nonspecific binding in- 60 79 be a promising drug to be given associated
creased linearly but only slightly with B ith oth €33
increasing concentrations of the ra- s0l® with other agent$33). .
diolabeled ligandB) Scatchard plot * . Scatchard plots The purpose of thl; Stu.dy was to 5‘_t'
of the binding data using a least- o 5 = 605 mol g protein tempt to enhance lonidamine efficacy in
square fit to determine the regression g ] e glioma treatment. Lonidamine efficacy is
line (r =.96). Scatchard analysis of | = attributable to its propensity to disrupt
the specific binding indicated a single T 30 ° . .
class of sites. 5 plasma and mitochondrial membranes
B ° and to reduce glycolysis by a mechanism
involving mitochondria-bound hexoki-
0 . nase (6,7,9,34).A relationship between
lonidamine efficacy and mitochondria-
0 bound hexokinase activity has been dem-
0 100 200 300 400 500 600 700 onstratedn vivo (5). _
Bound Like mitochondria-bound hexokinase,
mBzRs are located on the outer mitochon-
o 30
g —Controls
Fig. 2. Antitumor activity of lonidamine (LND) plus diazepam (DZ) treatmen{ -g -1 mg/kg DZ
on TG-8-OZ human glioblastoma multiforme xenografts. Compounds were § d-.; 254 —@—160 mg/kg LND
ministered intraperitoneally twice daily (i.e., each injection containing one half IE —0—160 mg/kg LND+1 mg/kg DZ
of the total daily dose) for 10 days beginning when the tumor reached a volume'.o.
of approximately 60 mrf) as indicated. Each group consisted of 10 mice. The . 20
Mann-WhitneyU test was used to compare tumor sizes among different trefit- &
ment groups at day 7 and day 15 after initiation of the treatment. No significa ntE 154
growth inhibition was observed with either drug used alone versus contrpl. 3’
Combined therapy significantly inhibited tumor growth: 78% and 57% on day|7 E
and day 15 after initiation of the treatment, respectively (Mann-Whithégst, E 104
two-sided, P<.01 andP<.05, respectively). A growth delay of 10 days way ¥
found, expressedsdal — C,defined as the difference in days between the medign 5
time for the tumors of treated (T) and control (C) animals to reach a volume fiye § 57
times greater than the volume recorded at the time of treatment. No tranquiligers
side effects (asthenia, dizziness, sleepiness, and weight loss) of diazepam a th@ 0
dose were observed in mice and no mice died during the treatment. Errors ars 0 2 4 6 8 10 12 14 16
show the standard deviation. Treatment from day 0 to day 10
Days after initiation of the treatment
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drial membrane, where they are part of dhe combination by altering membranemechanisms by which mitochondrial ben-
complex of unknown function containing enzymes, signal transduction, receptorgodiazepines exert their antiproliferative
hexokinase, porins, ATP-ADP translo-and channel activities. action remain obscure, they may offer
case, and mBzIRL4). By using diazepam,  Ben Horin et al.(11) stated that intra- therapeutic potential in gliomgt0).
an agonist ligand of mBzR, our purposecellular acidification induced by lonidam-  Finally, a synergistic antitumor activ-
was to interfere with this mitochondrial ine accounts for some of its cytotoxic ef-ity of the combined treatment was dem-
energy command center in the hope ofect and its synergy with other therapeutionstratedin vivo by using glioblastoma
increasing the antitumoral effect of mito-modalities, such as radiation, hypertherTG-8-OZ xenografted into nude mice, a
chondria-bound hexokinase inhibition bymia, and chemotherapy. We previouslytumor that was found to be insensitive to
lonidamine. This approach was justifiedreported that imposing a pHi change fromonidamine at 250 mg per kg (body
by our previous studies showing the criti-pH 6 to pH 8 in SNB-19 cells for 5 min weight) per day for 10 day).
cal role of mitochondria-bound hexoki-was able to dramatically alter mitochon- In mice, daily intraperitoneal adminis-
nase in the energy metabolism of gliomasdria-bound hexokinase activity withouttration of diazepam (1 mg/kg) for 10 days
(5), and this study confirms the high den-affecting glycolytic parameterél2). In- produced a diazepam concentration in
sities of mBzR in these tumors. tracellular acidification of cells treated forplasma of 240-300 ng/mL. In humans,
The proliferation inhibition induced by 2 hours with lonidamine alone confirmsthis plasma concentration can be reached
the lonidamine and diazepam combinaearlier observationél1). Lowering of the after daily oral administration of 15 mg of
tion was associated with cell-cyclepHi might be in part responsible for loni- diazepam for 10 days; peak plasma drug
changes that were not seen when thdamine-induced changes of the energlevel occurred at 30-90 minutes and
drugs were used alone. Apoptosis was nahetabolism of tumor cells. These dataeached values of approximately 300 ng/
induced by the lonidamine and diazepanmave been questionned by Fanciulli et alimL (44,45).For its anticonvulsant effect,
treatment of the cells for 24 and 72 h(8) who demonstrated in intact cells thatsteady-state diazepam levels that are more
Induction of apoptosis is frequently assothe inhibition of energy metabolism in-than 400-500 ng/mL seem to be required
ciated with cell cycle alteratio(85). Be- duced by lonidamine must be primarly as{46). The fact that no permanent impair-
cause cells accumulate in thg/G, phase cribed to its effect on mitochondria-boundment of cell growth was produced by the
as a result of the combined treatmenthexokinase. combined treatment could have important
p53-dependent apoptosis may be favored The benzodiazepine group of drugs aremplications for its potential therapeutic
when G phase arrest is not obtained oknown to have a pleiotropic spectrum ofapplications. However, treatment with loni-
can not be sufficiently prolonged. Del Bu-effects (proliferation inhibition, humoral damine and diazepam, combined with che-
falo et al. (36)recently demonstrated thatimmune response stimulation, phosphomotherapeutic agents that target other mito-
lonidamine-induced apoptosis was indelipid methylation, and differentiation in- chondria-dependent functions that may lead
pendent of p53 in cells lacking endog-duction) (38). In glia and human glioma to completing the apoptotic process, might
enous p53 or overexpressing either wildeell cultures, mBzRs regulate the syntheimprove the therapy for gliomas.
type p53 or a dominant-negative p53is of neurosteroids, which may directly The potentiation of the antitumor ef-
mutant. Thus, we suggest that the combinterfere with gene expression and affectect of these two drugs, chosen for their
nation of lonidamine, diazepam, and anglucose metabolis39). respective mitochondrial targets, vitro
ticancer agents that act at the ghase of Our data are consistent with data fromandin vivo, may constitute a new thera-
the cell cycle could potentiate the induc-other laboratories showing an inhibitorypeutic approach focusing on the energy
tion of apoptosis and lead to cytotoxicityeffect of mitochondrial-type benzodiaz-metabolism of these highly chemoresis-
in a perspective of clinical application andepines on the proliferation of various cellsant tumors.
should be tested. (15,40,41).In human glioma cells, diaze-
An alternative to death by apoptosis ipam and mitochondrial-acting ligands
necrosis, a passive process resulting froffsuch as PK11195 and Ro5-4864) seemy) Furmari FB, Huang HJ, Cavenee WK. Genetics
altered osmoregulation and/or breaches ¢d be more effective in inhibiting DNA and malignant progression of human brain tu-
membrane integrity. Investigations usingsynthesis than other benzodiazepines mours. Cancer Surv 1995;25:233-75.
the fluorescent probe TMA-DPH demon-(40). Because nanomolar concentrations?) Delattre J¥, Uchuya M. Radiotherapy and che-
strated that treatment with a combinatiorof diazepam or PK11195 can induce mi- gighee_rggéforg"omas' Curr Opin Oncol 1996;
of lonidamine and diazepam decreasetbses and cell proliferatiof42), it has  (3) Burk D, Woods M, Hunter J. On the signifi-
membrane fluidity more than treatmentoeen postulated that mBzRs are involved cance of glucolysis for cancer growth, with
with each agent alone. The mBzRs arén the relationship between mitochon-  special reference to Morris rat hepatomas. J
involved in membrane phospholipiddrial-acting benzodiazepines and regula- _Natl Cancer Inst 1967;38:839-63.

. . R o (4) Hume DA, Weidermann MJ. Role and regula-
_m_ethylatlon, a process that_regulates quH_on of mitosis (43). Th_e asspmaﬂon of tion of glucose metabolism in proliferating
idity (37). Lonidamine is a highly hydro- high levels of mBzR with a high cellular cells. J Natl Cancer Inst 1979:62:3-8.
phobic molecule that interacts with cellu-proliferation rate suggests that high (5) Oudard S, Poirson F, Miccoli L, Bourgeois Y,
lar membranes through its affinity for themBzR expression is a characteristic fea- Vassault A, Poisson M, et al. Mitochondria-
inner leaflet of the lipid bilaye(34). The ture of malignant cells. High mBzR ex-  bound hexokinase as target for therapy of ma-

L . h . . . L . . lignant gliomas. Int J Cancer 1995;62:216-22.
redyced fdeny optalned W.Ith the combi- pression is S|gn|f|c.antly.assouated with (6) Floridi A, Paggi MG, Marcante ML, Silvestrini
nation of lonidamine and diazepam coulcpoor survival of patients independently of ' * g caputo A, DeMartino C. Lonidamine, a se-
also contribute to antitumoral efficacy ofhistological grade(18). Although the lective inhibitor of aerobic glycolysis of mu-
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