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PSA levels of less than 4.0 ng/mL were screening arm of the Rotterdam, The
small (mean volumes = 0.24-0.83 mL), Netherlands, section of the ERSPC. It is
and most were well differentiated aimed at evaluating digital rectal exami-

(Gleason scores of 6 or less). Minimal, nation (DRE) as a screening test for pros-
moderate, and advanced cancers were tate cancer.

seen in 42%, 42%, and 16% of men, The value of DRE as a diagnostic

respectively, with a PSA level of 4.0 ng/ screening test can be judged in several
mL or less. DRE alone allowed detec- ways: by considering DRE as a stand-
tion of 264 (55.8%) of 473 cancers; 82 alone test, by looking at its incremental

(17.3%) of the 473 cancers would have Value, and by considering its value in con-
remained undetected by PSA-based junction with PSA values of 0-3.9 ng/mL

screening alone (i.e., no follow-up pro- and transrectal ultrasonography (TRUS).
edures for PSA values of 0-3.9 ng/ This report uses all three approaches; its
mL). Conclusions: For PSA values of Main purpose, however, is to determine

of the European Randomized StUd}S_s_g ng/mL, the positive predictive the contribution of DRE as a single test

of Screening for Prostate Cancer

Background: The utility of digital rectal
examination (DRE) as a screening test
for early detection of prostate cancer

has not been established. Therefore, we
evaluated the usefulness of DRE as a

stand-alone screening test and in con-
junction with measured serum pros-

tate-specific antigen (PSA) levels of
0-3.9 ng/mL and transrectal ultraso-

nography (TRUS). Methods:Our study

population consisted of 10523 men
aged 54-76 years who were randomly
assigned to the screening arm of the
Rotterdam, The Netherlands, section of
the European Randomized Study of
Screening for Prostate Cancer. The un-
derlying prevalence of detectable pros-
tate cancer was estimated by logistic re-
gression analysis and used for
calculating the sensitivity of DRE as a
test. Pathologic characteristics of 105
radical prostatectomy specimens were

used to determine the aggressiveness ofmeans to avoid important biases and pro-

the tumors diagnosed (and missed) by
DRE. Results: The overall detection
rate for prostate cancer in this popula-
tion when serum PSA measurement,
DRE, and TRUS were used was 4.5%,
and the detection rate with DRE alone
was 2.5%. The positive predictive value
of DRE ranged from 4% to 11% in
men with PSA levels of 0-2.9 ng/mL
and from 33% to 83% in men with PSA
levels of 3.0-9.9 ng/mL or more. Most
tumors detected by DRE in men with
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relative to that of PSA levels and tumor

value and sensitivity of DRE, tumor ’ Y
characteristics.

volume, and tumor grade were strongly
dependent on PSA level. DRE has a
poor performance in low PSA ranges.
[J Natl Cancer Inst 1998;90:1817-23]

MATERIALS AND METHODS

European Randomized Study of

} ] Screening for Prostate Cancer
Screening for prostate cancer is an ac-

cepted health-care policy in some €oun- pata were obtained from the prevalence screen in
tries, but screening is fiercely opposed inhe Rotterdam section of ERSPC for a 33-month
others (1-3). Reports from areas Whereperiod starting on Jul_y 1,‘ 1994. The sgreening_ algo-
screening is prevalent show that the roulthm used was applied in a prospective fashion as
. . . part of the original protocol. The goals and structure
tine of prostate-specific antigen (PSA)'of ERSPC are described elsewhéig8). A sum-
based early detection leads to a drastigary of the screening procedures and the partici-
initial rise in prostate cancer incidence—pants is given in Fig. 1. Men of ages 5470 years (in
because of all the subclinical cancers deRotterdam, the range was 54-76 years [one patient
aged 54 years and one aged 76 years were included
tegted—followed by adecrease once Satl‘i!)_y accident]) are randomly assigned to screening or
ration has been reach¢d)). The effect of g screening. The main end point of the study is
PSA screening on mortality, if one oc-prostate cancer mortality. When this report was be-
curs, will become visible much later. At ing written (March 1998), more than 30 000 men in
present, the value of screening for prosI_?otterdam, more than 11_0 000 men in Europe, and
. . . . more than 190 000 men internationally through the
tate cancer is still uncertain with respectnternational Prostate Screening Trial Evaluation
to mortality reduction and quality—of life Group had been randomly assigned.
effects.

Large randomized trials provide a

vide sufficient statistical power to obtain Affiliations of authors:F. H. Schraler, A. B.

reliable data. Such an effort is going on iff<'ug¢r. J. Rietbergen, R. Kranse (Department of
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ized study of screening for prostate canceranalphen@urol.azr.nl).

(6). See“Notes” following “References.”
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Men age 55 - 75
(from population registries)

respectively. Prostatic biopsies were taken as sextant
biopsies. The lateral biopsies were taken slightly
more laterally than indicated in the original study by

Terris et al.(9) so that the lateral aspects of the
peripheral zone were covered. Transition-zone biop-

'”V“a‘(i:lflg: %f(‘)gidpa‘e sies were not carried out. A seventh biopsy was
_l‘ ) directed toward hypoechogenic lesions if applicable.

Pathologic Examination of Biopsy
Specimens and Radical Prostatectomy
Specimens

Written informed consent given
(N=23,000, 45%)

After routine fixation in a buffered 4% formalin
solution, biopsy cores were embedded separately in
paraffin blocks. Biopsy cores were longitudinally
sectioned at three pm levels. Standard hematoxy-
lin—eosin-stained histologic slides were prepared
and examined histologically.

Radical prostatectomy specimens were fixed for
24 hours in a solution containing saline and buffered
4% formalin. After fixation, each specimen was
step-sectioned at 4-mm intervals and totally embed-
ded in paraffin blocks as described previougl().
From each paraffin block, standard hematoxylin—
eosin-stained histologic slides were prepared for
routine pathologic examination. Routine histopath-
ologic examination included the determination of
pathologic stage (tumor—lymph nodes—metastasis
system [TNM], 1992)11) and Gleason scor@ 2).
After histologic examination, all areas containing
cancer were outlined on the slides. Gray-scale digital
images of each histologic section were made with a
digital camera, and then digital morphometric analy-
sis was performed to measure each tumor area with
the use of computer software for morphometry
(Kontron Imaging System, model KS400; Kontron
Elektronik GmbH., Eching, Germany). We deter-
mined tumor volume by adding all measured tumor
areas and total slide areas (in millimeters squared)
and multiplying them by 4 (the thickness in milli-
meters of the original slices). Earlier experiments
had shown that no correction factor for the effects of
fixation and paraffin embedding was required.

To assign a clinical importance to the tumors, we

TRUS. Of 3858 men with PSA values of less thanaeqorized all tumors as described previoy&ry).
1.0 ng/mL, 1702 were recruited before this changg, prief, tumors that were smaller than 0.5 mL and

o , _ and 2156 were recruited after this change (Fig. 1).confined to the prostate without harboring high-

Participants are recruited from the population reg- The screening algorithm called for a biopsy in a”grade cancer (Gleason pattern 4 or 5) were classified
istry of Rotterdam and from surrounding communi-men who had at least one of the following results: aniq «minimal.” Prostate-confined tumors and well-
ties. The invitation to participate is by letter. Written abnormal DRE, an abnormal TRUS, or a PSA leve}jiterentiated tumors (no Gleason pattern 4 or 5) that
informed consent is required by Dutch law. The parof 4.0 ng/mL or more. DRE findings were consid- gj,q\ved capsule penetration were classified as
ticipati_on_rate (i.e., th_e _proportion of tho_se who haveered abnormal if not_julgrity, induration_, Or asymme=yoqerate.” All other tumors, including those that
been invited .to participate gnd ha\{e in fact beertry was felt. TRUS fmdmg; were considered abnorpgwed invasion of the seminal vesicles or bladder
randomly assigned to screening) varies around 45%nal if hypoechogenic lesions were seen. In Mardheck, were classified as “advanced.”
The participation rate is defined as the number 01997, a major protocol change was implemented.
men who have been randomly assigned to screenirgl men with PSA levels of 3.0 ng/mL or more were Statistical Evaluation
divided by the number of men who were invited tosubjected to a biopsy. DRE and TRUS were omitted
participate. Process evaluation was carried ouif an individual's PSA level was less than 3.0 ng/ Detection rate is defined as the number of cancers
Questionnaires administered to participants and renL. Data obtained within the new protocol are notfound in participants who were screened in one
fusers alike indicated that the frequency of prostatiéncluded in this report. round, in this case during the prevalence screen.
symptoms in the two groups was equal. This finding DREs, TRUSs, and biopsies were carried out byPositive predictive values (i.e., the proportion of
suggests no selection bias on this account. Rescreenained medical and paramedical personnel. Traininthose with a positive test who are diagnosed with
ing is carried out once after 4 years in the ERSP@eriods for these personnel lasted 4-6 weeks, amtostate cancer) were calculated as described previ-
protocol. their normal and abnormal findings were randomlyously (13). Sensitivity and specificity were esti-

This study is based on 11500 participants in theounterchecked by experienced staff. Trainees wereated by use of prevalence estimates as explained
Rotterdam section of ERSPC who were randomlyermitted to do independent examination only aftebelow. The definitions given by Essex-Sorl{i3)
assigned to the screening arm during the period frorthey and their instructors had achieved an acceptableere applied. Sensitivity can be calculated only if
1994 through 1997, of whom 10523 (92%) werelevel of agreement on diagnosis. Still, for eight ex-the underlying prevalence of the disease under dis-
actually screened. In February 1996, the protocahminers involved, percentages of abnormal DREussion is known. This information is not available
was changed so that men who had PSA levels of lessdings and positive predictive values varied be-when screening for prostate cancer. To estimate the
than 1.0 ng/mL were not screened by DRE andween 4% and 24% and between 13% and 34%uynderlying prevalence of cancers detectable by

Randomization
(N=23,000)

T

Screening group Control group
(N=11,500) (N=11,500)
({Follow-up through Cancer
registry and chart review)

Not screened /

(various reasons)
(N=977, 8.5%)

Actually Screened

(N=10,523)
% \

Screened before Screened after
February 1996: February 1996:
PSA, DRE and TRUS PSA, DRE and TRUS
(N=8,367) if PSA > 1.0 ng/ml

(N=2,156)

Positive test + biopsy
(PSA > 4.0, DRE and/or
TRUS suspicious,

N=2,267 21.5%) T
Cancer No Cancer
(N=473, 4.5% of 10,523) (N=10,050, 95.5%)

Negative test, re-screen
after 4 years
(N=8,256, 78.5%)

Fig. 1. CONSORT diagram—screening procedure and participants.

Study Population and Screening
Procedures
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screening, we performed logistic regression analysisensitivities that we have calculated are probably]g/ml_ or more, a SUSpiCiOUS DRE, and/or

on screening data. This analysis results in estimatingtill too high. a SUSpiCiOUS TRUS.

the number of men who would have been diagnosed

to have prostate cancer by their PSA levels, if evRESULTS Predictive Value of DRE as a

eryone had been subjected to a biopsy examination. Function of PSA Range

We refer to this procedure as arpriori prevalence Qverall Results of Screening

assessment (APPA). Clinical judgment suggest§rl = 10523 Men) Among the 8367 men who were in fact
that, for each range of PSA levels, cancers predicte

- screened by all three tests, data for those
by an APPA would have the same characteristic vol- . ...
ume and aggressiveness as those diagnosed, as IongThe overall detection rate of prostatevho had a po_smve DRE _anq were
as identical biopsy procedures were used. APp&ancer when PSA level measuremenscreened by biopsy examination are
does not include cancers with a very small volumeDRE, and TRUS are used is 4.5%. Theshown in Table 1. Those men who also
Only small proportions of such cancers are detectefositive predictive value is strongly de-had an elevated PSA level or a suspicious
because of the limited sampling by sextant b'Op_Serendent on the underlying prevalence oTRUS result are included. Overall, 970

The model applied is a simple logistic regressio . . . .

model using PSA, DRE, TRUS, and prostatic vol.Prostate cancer, which clearly depe_nds ph|op5|es were used to dlagnpse 264_ can-
ume (TRUS estimated) as predictors for prostati®SA levels. In the protocols used in thiscers (55.8% of all cancers) with a positive
cancer. The model has been tested prospectivetudy, on average, 4.8 biopsies were ne@redictive value of 27%; 82 (17.3%) can-
(Kranse R, Beemsterboer P, Rietbergen J, Habbengissary to detect prostate cancer. Howeverers would have remained undetected by
D, Hugosson J, Schder FH: unpublished data). No tha positive predictive value of PSA lev-PSA-based screening alone. We assumed
interaction terms were added. These terms were . ..
studied but did not contribute significantly to the €ls between 0 and 0.9 ng{mL is extremelyhat all participants who had an abnormal
model. Validation was done by testing the model odOW, and the number of biopsies per canbRE and were found to have cancer
a sample cohort from the Swedish partner in ERSPCer detected in individuals who have PSAvould have been diagnosed with an ab-
(Gdeborg). The model was shown to be applicable/alues in this range is 183/4 or 46 biopnormal DRE alone. This assumption
with remarkable accuracy to this independent p°p“§,ies. What is an acceptable number of biseems justified because the same biopsy
lation. The outcome of the model can be interprete si d detected? d d f I tici t
as the chance to detect prostate cancer in a sextappSIes done p?r cancer detecte A pr_oce ure was used tor all participants
biopsy given the outcome of the screening tests and, 1he Venn diagram presented in Fig. 2with an elevated PSA, an abnormal
therefore, can also be used to assess the chanceAg iS complementary to the information inTRUS, or an abnormal DRE.
detect prostate cancer in those men who were nQtgble 1. It presents the numbers of biop- With PSA values of 0-3.9 ng/mL, the
subjected to biopsy examination (extrapolation). Ir‘1\}ies performed as the result of single angositive predictive values range from 4%
the model, the outcome given as the numbers o ombined tests, the number of biopsieto 33%, with f 12.8%. Th
cancers found by the large number of biopsies dong = psie . 0 WI an average o - 0. us,
in men with normal DRE and PSA values of 4.ohecessary to find one prostate cancer, arti8 biopsies must be done to find one can-
ng/mL or more was used. These biopsies providthe number of cancers detected. Clearlyer. With PSA values of 0-2.9 ng/mL, the
information about the value of PSA without a sus-the performance improves whenevepositive predictive values range from 4%
picious DRE and/or TRUS. This knowledge is i jyore than one test is positive. Positivdo 11%, with an average of 8.8%. The
cluded in the model and is used in the extrapolation .. .. . . .
to a PSA range that is less than 4.0 ng/mL with aore_d|ct|v_e values for tests and test combisituation changes drastically in those men
negative DRE and/or a negative TRUS. In this wayNations independent of PSA levels can bevhose PSA values are greater than or
the number of cancers that would have been found alculated from this diagram by dividing equal to 3.0 ng/mL. The positive predic-
all men were subjected to biopsy examination can bghe number of cancers by the number ofive value increases to 49.6%, and two
estimated (by APPA), and an estimate of sensitivityyin 5sjes All participants whose data arédiopsies must be done to find one cancer.
can be obtained. It must be kept in mind that the true . . . . .
number of tumors with roughly similar characteris-'”C"_‘ded in thgse statlstlc_s were in fapDetectlon raftes, however, are dramati-
tics is underestimated in this way, because sexta®Ubjected to biopsy examination if a bi-cally lower with DRE alone and strongly

biopsies miss relatively large tuma(4). Thus, the  0psSy was indicated by a PSA level of 4.0depend on PSA levels. Thus, the perfor-

Table 1. Results of screening from the European Randomized Study of Screening for Prostate Cancer, Rotterdam section, from 1994 through 1997 i

10523 men*
PSA, TRUS, and DRE
Prostate cancer DRE alone

PSA level, No. screened  No. of biopsies No. Detection No. of needle biopsies  No. of prostate cancers PPV, % Detection
ng/mL (@) (b) (c) rate, %7t (d) (e) (e/d) rate, %7t
0-0.9 1702 183 4 0.12 109 4 4 0.2
1.0-1.9 3305 502 43 1.3 296 29 10 0.3
2.0-2.9 1314 217 29 2.2 128 14 11 11
3.0-3.9 734 181 46 6.3 106 35 33 4.8
4.0-9.9 1095 988 238 21.7 249 115 45 10.5
=10.0 217 196 113 52.1 82 67 83 30.9

Total 8367 2267 473 4.5 970 264 27 25

*Results of screening of 10523 men are presented. The use of all three tests is compared with the use of DRE alone. Because of a change in the pro
February 1996, men with PSA levels of 0-0.9 ng/mL were no longer screened by TRUS and DRE. A total of 2156 men with PSA values less than 1 ng/mL
entered the study since this time. PSA prostate-specific antigen; TRUS transrectal ultrasonography; DRE digital rectal examination; PP\~ positive
predictive value.

tDetection rate= number of cancers/number of men screened (473/10-5280449 and 264/10523 0.025).
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els. The sensitivity of the DRE is 20%
A when the PSA level is less than 3.0 ng/
mL. When the PSA level is 3.0 ng/mL or
more, the sensitivity of the DRE becomes
46%. Sensitivity indicates the proportion

of cancers detected by DRE of the cancers
V that would have been detected if every

participant had been subjected to biopsy
examination. Consequently, for the 1702
participants with PSA levels in the range
of 0-0.9 ng/mL, 19 participants are as-
sumed to have a cancer that could have
been diagnosed with sextant biopsies
Biopsies - N,(biopsies/cancer) Cancers - N (from the APPA), but only four of those
cancers (21%) were detected by DRE fol-
200 lowed by biopsy. With PSA values
greater than or equal to 10.0 ng/mL, 128
of 217 participants in this group were ex-
pected to have prostate cancer with char-
acteristics comparable to those of cancers
that have been diagnosed. Sixty-seven
(52%) of these 128 would be expected to
have been diagnosed if DRE had been the
only test used. The specificity remains
greater than 83% over the total range of
PSA values. The sensitivity data show a
very low predictive capability for DRE in
the low PSA ranges.

DRE + DRE +

439 (10.0)

PSA >= 4

436 (11.2)

722 (5.8)

TRUS +

B

LOG Tumor volume

R=057

0.00

Tumor Volume and Grade

2.00 Roughly half of the patients whose
cancers (230-240 cancers) were detected
in this series have undergone radical pros-
tatectomy. We have done complete mor-
-3.00 . — : : phometric and histologic analyses of tu-
050 000 050 100 150 200 mor volumes and have determined the
LoG PSA Gleason score for 105 of these tumors. In

Table 3, the mean tumor volumes and

[PSA range {ng/ml) N Tumor volume {ml) . .
median (range) Gleason scores and their ranges are listed

0-1 2 0.24 (0.04 - 0.43) H

1-2 17 028  (0.002- 1.09) separately by PSA level for 49 patients
2-3 1 0.38 (0.04 - 1.80) i

2 A 081 (018 101 who had negative DRE results and for 56
410 s o84 (c:bogg- 1363;3) patients who had positive DRE results.
Toal 105 062 [0.002 - 13.48) Tumor volumes show a weak but statisti-

cally significant correlation with PSA,
which is also illustrated by Fig. 2, B. The

Fig. 2. A) Venn diagram of the results of screening by digital rectal examination (DRE), transrectal ulgarrelation coefficient and two-sidel
_sronoghraphy (dTRUSh), adnddprgstate-spe(ﬂfic a_ntiggn (PS§)4i7n310 523 m(zn raqdcr)lﬁr‘rngf/é’a)\ssAigned tgg;(;re%mge are .57 and <.001, respectively.
wo thousand two hundred sixty-seven biopsies detecte cancers (detectiordr&s). Among
ery clearly, the smallest tumors are
men with serum PSA levels of 0-0.9 ng/mL, only 1702 underwent DRE and TRUS because of a pi(‘fi}agd in theyvery low PSA ranges their

change in 19968) Correlation between serum PSA level and prostate cancer volume in 105 participants )
radical prostatectomy. tumor volume does not differ between

men with positive DREs and negative

mance of DRE is strongly dependent or91%, respectively. This table introduceDREs, and the volumes of most tumors
PSA levels and is poorest when the PSahe parameter APPA, an estimate of thare so small that detection by DRE is un-
level is less than 3.0 ng/mL, an area that isnderlying prevalence of prostate cancelikely. If one considers palpable prostate
considered the domain of the DRE. as a function of the PSA level. The APPAcancer to be spherical, tumors with vol-
is based on a logistic regression analysismes of 0.02, 0.03, 0.07, and 0.5 mL
that considers DRE, TRUS, PSA, andvould have diameters of 0.3, 0.4, 0.5, and
Table 2 shows that the overall sensiprostatic volume. The sensitivity of thel.0 cm, respectively. Of 38 tumors from
tivity and specificity of DRE are 37% and DRE increases with increasing PSA levpatients with PSA values in the range of

Sensitivity and Specificity of DRE
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Table 2. Sensitivity and specificity of digital rectal examination (DRE)* in spite of our knowledge of tumor char-
acteristics, definitive judgments on the

B — Specificity, % value of individual screening tests or
PSA level, No. of DREs No. of APPAs No. No.of PCs Sensitivity [(a-c)—(b-d)J/ screening algorithms can be made only

Biopsy

ng/mL @) () © @ (d/b) (@-b) after the results of the definitive random-
0-0.9 1702 19 109 4 21 94 ized screening studies are available.
;:8:;:3 iggi 1;‘79 fgg 29 “ gf Statistical correlation with the main
3.0-3.9 734 89 106 35 39 89 end point, which is prostate cancer
126969 1201975 122551 28429 16175 5425 8%4 mortality, will .be of crucial importance'.
Total 8367 206 970 el s o1 Also, data on important aspects of quality

of life (such as difficulties with the

*We screened 8367 men by use of the DRE and found that 970 men required biopsy examination. B&&ening process itself), the diagnostic
biopsy examinations detected 264 prostate cancers (PCs)a Phieri prevalence assessment (APPA) ofand biopsy procedures, and cost are not
prostate cancer as a function of prostate-specific antigen (PSA) level was used. The logistic regression giggflable and cannot be judged at this
applied for determining APPA uses PSA, DRE, transrectal ultrasonography, and prostatic volume. Tk
data give an estimate of the number of cancers that would have been found if all patients had received a

biopsy examination. Predictive Value of DRE

Our data indicate that the DRE has a

0-3.9 ng/mL, 16 tumors (42%) showedplied to population-based screening. DREow positive predictive value in men with
the characteristics of minimal cancerjs a strongly investigator-dependent tesdow PSA levels. This result is due to the
whereas no advanced cancer was presetfiat requires time to master. In additionjow prevalence of the disease and the low
Of 67 tumors from patients with PSA lev-the predictive value of the screening testsensitivity of the screening procedure.
els of 4.0 ng/mL or more, the numbers ofwill be different in patients presentingWhen PSA levels are less than 3.0 ng/mL,
minimal, moderate, and advanced tumorgith symptoms as opposed to the generdll biopsies are necessary to detect one
were seven (10%), 32 (48%), and 28 (42%)opulation. cancer. If it were certain that those can-
respectively. Of those with PSA values of Since the decision to perform a biopsycers detected in this PSA range pose a
less than 4.0 ng/mL, 16 (42%) were mini-in patients with PSA values of 3.0 ng/mLsignificant threat to the patient’s life, this
mal cancers, 16 (42%) were moderate cammr more or 4.0 ng/mL is often driven by burden might be acceptable (however,
cers, and six (16%) were advanced cancerthe results of the PSA test, we have conmany of these cancers do not seem to
Of all 105 cancers, 22%, 51%, and 16%entrated our efforts on the lower PSApose such a threat). Selective screening
were classified as minimal, moderate, andanges, where DRE is the mainstay ofor potentially aggressive lesions is im-
advanced, respectively. early diagnosis. portant. Many prostate cancers detected in

A review of the older literaturg16) men with PSA levels of less than 4.0 ng/
describes an average detection rate wittnL do not show the characteristics of ag-

The usefulness of DRE in screeningdRE alone of 0.85% and a positive pre-gressive disease by volume and grade of
for prostate cancer is the main issue disdictive value of 28%. Seventy-three perdifferentiation. A large proportion of the
cussed in this report. Prior to the advent ofent of all cancers were detected in @aumors detected may not be immediately
PSA and TRUS, DRE was the only avail-clinically locally confined state. A num- clinically relevant and would probably be
able screening test for prostate cancer. Iber of older studies predating the PSA erdetected through subsequent screening, as
clinical use, 40%-50% of all palpable ab-and more recent reports deal with the usesuggested by Carter et gR5). Since a
normalities that were suspected of beindulness of DRE as a screening test alone arRISA level of less than 4.0 ng/mL does not
prostate cancer, if subsequently subjected combination with other tes{d 7—24). indicate the need for a biopsy, for PSA
to biopsy examination, were found to be In spite of a very large number of par-levels less than 4.0 ng/mL in this study,
malignant(15). Such data cannot be ap-ticipants and cancers already detected armhe might expect that cancers found by

DiscussionN

Table 3. Tumor volumes and Gleason scores as a function of prostate-specific antigen (PSA) level and digital rectal examination (DRE)=+e$08}¥ (n

DRE-negative result* DRE-positive resultt

PSA range, No. of Gleason No. of Gleason
ng/mL DRE-negative cases Tumor volume, mLt score DRE-positive cases Tumor volume, mLt score
0-0.9 0 2 0.24 (0.04-0.43) 6 (6-6)
1.0-1.9 4 0.11 (0.002-0.23) 6 (5-7) 13 0.36 (0.003-1.09) 6 (5-7)
2.0-2.9 3 0.49 (0.22-0.62) 7 (7-7) 8 0.57 (0.04-1.80) 7 (6-7)
3.0-3.9 4 0.57 (0.32-0.84) 7 (7-7) 4 0.83(0.18-1.91) 7(7-7)
=4.0 38 0.96 (0.005-4.34) 6.5 (4-8) 29 2.22(0.16-13.48) 7 (5-9)

Total 49 0.83 (0.002-4.34) 7 (4-8) 56 1.38 (0.003-13.48) 7 (5-9)

*A DRE-negative result is defined as nonpalpable cancer.
tData are the mean with the range in parentheses.
DRE-positive result is defined as palpable cancer.
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DRE and/or TRUS are larger, clearly palclude a difference in prostate cancer morrespect to diagnosing prostate cancer in
pable, and visible tumors that do not pro4ality, may be jeopardized by various ex-men with PSA levels of less than 3.0 ng/
duce much PSA, a feature often assocklusions. Thus, a change in screeningiL and in large proportions of men with
ated with poor differentiation. The strategies within protocols requires carePSA levels between 3.0 and 3.9 ng/mL.
contrary, however, is the case. ful exclusion of the possibility that rel- Large numbers of biopsies are necessary
To improve the understanding of thisevant tumors are eliminated from a giverto diagnose small numbers of tumors.
situation further, the sensitivity of DRE asstudy. Still, with the combination of vol- This can be considered an inherent feature
a function of PSA level was calculated byume and grade of differentiation beingof screening. However, cancers found of-
use of an estimate of the priori preva- likely, but for the most part unproven,ten have the characteristics of clinically
lence of prostate cancer obtained by loprognostic parameters in this respect, theonaggressive tumors, and these cancers
gistic regression modeling (APPA). Therisk of missing potentially aggressive tu-at the time of diagnosis are probably not

proportion of these potentially diagnos-mors remains. life-threatening. In addition, the screening
able cancers, diagnosed by DRE, remains . procedure is bothersome and not without
very low, perhaps because many of thesBUMOr Aggressiveness danger for the participants. If at all pos-

sible, in those men who have PSA levels

tumors are too small to be palpable by .
Men with prostate cancer who haveof less than 3.0 or 4.0 ng/mL, the DRE

DRE. In Table 2, sensitivity in this con- -

Co PSA levels, measured at an initial screen- . .
text indicates the number of cancers del—n of less than 3.0 na/mL usuall harborshould be replaced with a more sensitive
tected relative to those that would have 9, - Nng y test. Research should concentrate on al-

been detected if every participant ha&i)rostate cancer that' ha}s a favorable Proge rnative technologies and algorithms.
. . . osis. However, definitions of what might - :
been subjected to biopsy examination. A The predictive power of using the free/

screening test that identifies only 20% OPe nonaggressive disease ha_ve not be?&al ratio of PSA in men with low total
; o tested prospectively and are likely not t ) -
identifiable cancers has a very low pre; SA values has been insufficiently ex-

dictive value. Consequently, for this testbe applicable to the individual patlent'plored, but its use may be important to

the philosophic and ethical problem ther’{:urthermore, the biologic potential of In_improve specificity and selectiveness of

is to determine the lower limit of the sen-qlwdgal Ie§|on§ may be ur_1pred|ctaple. Itscreening{SO).AIso, experimental confir-
L . . is adisturbing finding that, in our series of
sitivity that is acceptable. If screening

. . mation of the correctness of model pre-
. (‘tarefully studied radical prostatectomy,. . )
could be made selective enough so that . . %lcuons of the underlying prevalence of
. ; .. Specimens, up to 60% of cases containe :
aggressive tumors could be |dent|f|edsoorl differentiated foci (HoedemaekerprOState cancers needs to be obtained.
with reasonable accuracy and so that norEF é th IB K R d
, Rietbergen JB, Kranse R, van deRgrereNcES

aggressive lesions could be eIiminate(éWast TH, Schitder FH: unpublished

from immediate treatment, a lower sensi- . : ) . . .
tivity might be acceptable than in the pre_data). Without being able to correlate (1) American Urological Association. Executive
sent situation. The slight decrease of thtehese findings to important end points, . Sommitee report, Bakimore (MD). American

et 9 such as prostate cancer mortality, it will __Yrological Association; January 1992.
specificity with increasing levels of PSA

e impossible to determine exactl What(2) American Cancer Society. Guidelines for the
remains unexplained but could be relateg P y cancer-related checkup: an update. Atlanta

. . ) may be a clinically unimportant prostate : i iety:
to benign prostatic hyperplasia. The pres. y unimportant p (GA): American Cancer Society; 1993.

f lesi b th cancer or a tumor with a minimal risk that (3) Adami HO, Baron JA, Rothman KJ. Ethics of
ence of precursor lesions may be ano jtrjstifies a delay in diagnosis and treat- & prostate cancer screening trial. Lancet 1994;
explanation. The positive predictive valu

. . ment. Even more difficult will be the 343:958-60. )
of the test combination overall is 473/. (4) Stephenson RA, Smart CR, Mineau GP, James

2267 = 21%, and the sensitivity (Table Gentification of such cancers on biopsy “™ g¢ "yanerich DT, Dibble RL. The fall in inci-

: . specimens because of the well-docu- - -
2) is 37%. This result compares unfavor>F e e dence of prostate carcinoma. On the down side
blv with the findinas in regard to mam- mented difficulty of identifying poorly of a prostate specific antigen induced peak in
ably . g g_ differentiated disease. A studg9) indi- incidence—data from the Utah Cancer Regis-
mography in the Dutch National Screen- try. Cancer 1996;77:1342-8.

ing trial, which had a positive predictive cated that undergrading wnh_respect toé5) Gohagan JK, Prorok PC, Kramer BS, Cornett
Gleason scores 7-10 may be in the rang

value of 45.4% with 2.2 biopsies per can- 0 . ! JE. Prostate cancer screening in the prostate,
cer detected26). In the German mam- of 50%. To develop bIOpSY techniques lung, colorectal and ovarian cancer screening
o that are more representative of tumor trial of the National Cancer Institute. J Urol
mography study, the sensitivity of mam- i . : .
mography and physical examination Wagomposnmn and to improve judgment on 19941529959
graphy physical exe ) aggressiveness are top research prioritie) L-abrie F, Dupont A, SuburuR, Cusan L, Trem-
overall 73%(27). This is in line with the blay M, Gomez JL, et al. Serum prostate

68% sensitivity reported in the Health In-" this field. Another source of uncer- specific antigen as pre-screening test for pros-

surance Plan trial in the United States2NDY 1€ in the fact that only about half tate cancer. J Urol 1992,147:846-51; discus-
(28). of the patients with diagnosed cancers in  sion 851-2.

As far as the ongoing screening stud this study underwent radical prostatec-(7) Auvinen A, Rietbergen JB, Denis LJ, Schroder
. ) > ¥0my, and selection bias cannot be ex- FH,Pro_rok PQ. Prospective evaluation plan _for
is concerned, the predictive value of a, ded randomised trials of prostate cancer screening.
screening test has to be viewed in a gifsuaea- The International Prostate Cancer Screening
ferent context as long as it remains uncefiyow to Continue? ;;'a'lgxa'uat'on Group. J Med Screen 1996;3:
tain Wh.ICh tumors WIII progress_ raplc_ily . . (8) Schroder FH, Damhuis RA, Kirkels WJ, De

and which tumors will not. The final aim  This study presents evidence that the * koning HJ, Kranse R, Nus HG, et al. European

of the study, namely, to show or to ex-DRE has a very low predictive value with randomized study of screening for prostate
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cancer—the Rotterdam pilot studies. Int J Can- nation and prostate specific antigen. J Urol Cancer Screening (NETB). Int J Cancer 1995;

cer 1996;65:145-51. 1990;143:1146-52; discussion 1152—4. 60:777-80.

(9) Terris MK, McNeal JE, Stamey TA. Detection (19) Friedman GD, Hiatt RA, Quesenberry CP Jr,(27) Beemsterboer PM, de Koning HJ, Warmerdam
of clinically significant prostate cancer by trans- Sleby JV. Case—control study of screening for PG, Boer R, Swart E, Dierks ML, et al. Pre-
rectal ultrasound-guided systematic biopsies. J  prostatic cancer by digital rectal examinations. diction of the effects and costs of breast-cancer
Urol 1992;148:829-32. Lancet 1991;337:1526-9. screening in Germany. Int J Cancer 1994;58:

(10) Hoedemaeker RF, Rietbergen JB, Kranse R(20) Palken M, Cobb OE, Simons CE, Warren BH, 623-8.
van der Kwast TH, Schroder FH. Comparison Aldape HC. Prostate cancer: comparison 0{28) Shapiro S, Venet W, Strax P, Venet L. Current

of pathologic characteristics of T1c and non- digital rectal examination and transrectal ultra- results of the breast cancer screening random-
Tlc cancers detected in a population-based  sound for screening. J Urol 1991;145:86-90; ized trial: the Health Insurance Plan (HIP) of
screening study, the European Randomized  discussion 90-2. Greater New York. In: Day NE, Miller AB,
Study of Screening for Prostate Cancer. World21) Chodak GW, Keller P, Schoenberg HW. As- editors. Screening for breast cancer. Toronto
J Urol 1997;15:339-45. sessment of screening for prostate cancer using  (ON): H. Huber Publishers; 1988. p. 3-16.
(11) Schroder FH, Hermanek P, Denis L, Fair WR, the digital rectal examination. J Urol 1989;141:(29) van den Ouden D, Hop WC, Kranse R, Schro-
Gospodarowicz MK, Pavone-Macaluso M. The 1136-8. der FH. Tumour control according to patho-
TNM classification of prostate cancer. Prostatg22) Mettlin C, Lee F, Drago J, Murphy GP. The logical variables in patients treated by radical
Suppl 1992;4:129-38. American Cancer Society National Prostate prostatectomy for clinically localized carci-

(12) Gleason DF. Histologic grading of prostate Cancer Detection Project. Findings on the de- noma of the prostate. Br J Urol 1997;79:
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Effect of BRCA1 and of breast cancer, i.e., predicted noncar- have one or perhaps two family members

BRCA?2 on the Association riers of BRCA1 and/or BRCA2 muta- affected with breast cancer. Therefore, the
. tions, family history remains a factor in  extent to which a positive family history

Between Breast Cancer Risk predicting breast cancer risk. In fami- of breast cancer remains a factor in the

and Family History lies with breast and ovarian cancers, prediction of breast cancer risk outside
the aggregation of these two cancers high-risk families and after the estimated
Elizabeth B. Claus, Joellen appears to be explained by BRCA1/ effects of mutations in BRCA1 and
Schildkraut, Edwin S. Iversen, Jr., BRCA2 mutation—carrier probability. =~ BRCAZ2 genes have been taken into ac-
Donald Berry, Giovanni [J Natl Cancer Inst 1998;90:1824-9] ~ count remains an important issue.
Parmigiani This report will examine whether a

role for family history remains as a pre-
ictive risk factor for breast cancer once

. tory of breast cancer is associated with a
Background: The discovery of BRCAL jncreased risk of developing breast canc?t)r e effects of BRCAL and BRCAZ have
een taken into account.

and BRCAZ has led to a reassessment 1_10) |n fact, among those variables tha
of the association between family his- paye heen shown to bear a relationshi§usiecTs AND METHODS

tory of breast/ovarian cancer and \yith preast cancer, the greatest increase in

breast cancer risk after controlling for sk after controlling for age, has gener- P22 o ?jbtai”ed f:t‘?m t?e Ca”celr "t".”d Eteméd
I i i . . ormone uay, a muiticenter, population-baseaq,
carrier status for mutations in the a”y been associated with the presence (gise—control si/udy conducted bs tphe Centers for

BRCAl and BRCAZ genes. We exam- g positive family history of breast cancerpisease Control and Prevention. The dataset con-
ined whether family history of breast (1-10). Published statistical estimates ofists of 4730 case subjects aged 20-54 years with
cancer remains a predictive risk factor  the proportion of breast cancer in the genbistologically confirmed breast cancer and 4688
for this disease after carrier status for era| population that is likely to be attrib- control subjects. The case subjects were registered
BRCA1 and/or BRCA2 mutations is bl inherited hani between December 1, 1980, and December 31,
) . . utable to an. Inherited mechanism rang&ygy, at eight Surveillance, Epidemiology, and End
taken into consideration. MetthSZTh? from approximately 6% to 19%l—3,11- Results (SEER)Centers of the National Cancer In-
data are from 4730 case subjects with 17), depending on the type of relative in-stitute. Control subjects were selected through ran-
breast cancer and 4688 control subjects cluded in the calculation. When basedlom-digit dialing and were matched by geography
enrolled in the Cancer and Steroid solely on information obtained from first- 279 S-Year age intervals to the case subjects. The
d h babili fb . . . . . eight centers include the cities and metropolitan ar-
!—|0rmone Study. The probability of be- degree relatives, this rl_sk is widely esti-o,q of Atlanta (GA), Detroit (MI), San Francisco
ing a BRCA1 and/or BRCA2 gene car- mated to be approximately 6%—7%;ca), and Seattle (WA); the four urban counties of
rier was calculated for each woman. (2,3,11),averaged across all ages at onsetitah; and the states of Connecticut, lowa, and New
Among predicted noncarriers, logistic The recent discovery of two genes assdexico. Case subjects with a history of breast can-
regression was used to assess the relaciated with the development of bfeasﬁiiﬁé; 2:2;Stthtzosptz}éy0f|:-nhkon;\éwi]n?:rtvcizwse V"v":rf
tionship (odds ratios and 95% confi- cancer, BRCAL and BRCAZ18-25), seq to collect information on a wide variety of co-
dence intervals [CIs]) between case or along with preliminary laboratory-basedyariates for each of the case subjects and control
control status and family history of prevalence data for these genes, allowsibjects, including menstrual and pregnancy histo-
breast or ovarian cancer. Estimates of investigators to begin to refine statisticaries. use of oral contraceptives, and history of benign
age-specific breast cancer risk are pre- estimates of the familial attributable risk>réast disease. In addition, case subjects and control
db dicted . b subjects were interviewed about the occurrence of
sente y predicte ) carner status_.Re- of breast cancer. cancer in specific first-degree and second-degree fe-
sults: Among predicted noncarriers, At present, data suggest that a mutanale relatives. Cancer history in male relatives was
case subjects were 2.06 times (95% CI tion in BRCAL accounts for the majority not collected. A detailed description of the study
= 1.69-2.50) and 1.24 times (95% CI = (80%-90%) of families containing mul- may be found elsewher@6). o
1.17-1.32) more likely to report a first- tiple case subjects with breast and/oy "€ Probability of carying a mutation in BRCAL
d d-degree family history ovarian cancer and approximately 45% of - BRCAZ or baoth IS calcllated for each case subject
égree or secon g 5 y y ) - pp y 0 O&nd control subject (i.e., proband) by use of Bayes
of breast cancer, respectively, than inherited breast cancgfl2), whereas a
were control subjects. Case subjects mutation in BRCAZ2 is thought to account
were 1.99 times (95% CI = 1.63-2.44), for approximately 35% of inherited breast Affiliations of authors:E. B. Claus, Department
1.66 times (95% CI = 1.18-2.38), and cancer(21,22).Despite explaining a high of Epidemiology and Public Health, Yale University
2.23 times (95% CI = 0.21-24.65) more proportion of breast and/or ovarian cancepch?°! of Medicine, New Haven, CT; J. Schildkraut,
likely to report an affected mother, sis- incidence in high-risk families, current 2eP2ament of Family and Community Medicine,
y p . ! 9 . N Duke University School of Medicine, Durham, NC;
ter, or both, respectively, than were prevalence data on mutations in BRCAE s |versen Jr., D. Berry, G. Parmigiani, Institute
control subjects. A family history of and BRCA2 genes indicate that the vasif Statistics and Decision Sciences, Duke Univer-
ovarian cancer was not statistically sig- majority of women as well as the majoritysity, Durham. _
nificantly associated with breast cancer of case subjects with breast cancer in the correspondence toElizabeth B. Claus, Ph.D.,
isk. Noncarriers were predicted to  United States are not carriers of mutation§ >, Department of Epidemiology and Public
MsK. S . p . . ﬁealth, Yale University School of Medicine, 60 Col-
have a lifetime risk of 9% of developing in these genes. Furthermore, most Womegge st., P.0. Box 208034, New Haven, CT 06520-
breast cancer compared with a 63% with a family history of breast cancer aresgosa.
risk for carriers. Conclusions:Among not members of high-risk families for See“Notes” following “References.”

women with a moderate family history breast and/or ovarian cancer, but instead Oxford University Press

It is well established that a family his-
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theorem and Mendelian genetics, assuming an authile containing sufficient numbers of relatives atjority of women predicted to be noncarri-
somal dominant transmission for both BRCA1 andisk. For this analysis, carrier probabilities were reers and who report a family history of
BRCAZ2 geneg27,28).In each instance, a woman'’s calculated to incorporate proband cancer status (i.ed
probability of being a gene carrier is calculated conwhether the proband was herself affected and the . .
ditional on the breast and ovarian cancer status afge at onset or current age for the proband). Thigecond-degree relative affected with
her first-degree and second-degree female relativegas done because this portion of the analysis fobreast cancer. This relative in general was
and the age at onset of any affected female relativesises on risk to relatives rather than on risk to proyounger in age for the carrier group than
as vafell as fthe clurrelnt age orhage Iat |d(-::ath cf)f ariy?rgd. The observgd ager—]specific(:jKa‘lplan—l\/]I(eiﬁr risk]e"or the noncarrier group (44 years versus
unaffected female relatives. The calculation of caref breast cancer in mothers and sisters of the prg= .
rier probability also takes into account whether otbands were then computed. The analysis is dor?é.G years)' Among women Wlt_h both a
not the proband identified herself as Jewish in theinder the assumption that relatives of noncarriern0ther and sister affected with breast
original questionnaire. The model uses BRCAL andire themselves likely to be noncarriers; hence, théancer, the mean age of affected relatives
BRCAZ2 prevalence estimates from Ford et(@4) risks associated with these women can be seen for carriers versus noncarriers was calcu-
as well as penetrance estimates from Easton et akpresent those of the general noncarrier populatiofgtad gt approximately 46 years versus 62
(12) for women who did not identify themselves asAmong first-degree relatives of women predicted to . .
Jewish and from Struewing et gR9) for women be carriers of BRCAL and/or BRCA2 mutations, ap-ye_ars’ re_spectlvely. For :{‘he remam_der ?,f
who did identify themselves as Jewish. The calcuproximately 50% would be themselves expected t8NiS Section, the terms “case subjects
lation of carrier probability does not include the can-be carriers under an autosomal dominant geneti@and “‘control subjects” refer to the 4337
cer status of the proband because this is the outconneodel, whereas the remaining 50% would be excase subjects and 4447 control subjects
we wish to predict using an individual’s family his- pected to be normal homozygotes. (We assume thﬁ‘efined as noncarriers.
tory profile. If M represents “individual carries a the homozygotes with mutations in both BRCA1 . . .
BRCA1/BRCA2 mutation” andH represents “in- and BRCA2 genes are extremely rare and therefore Ca,se SUb_JeCts and ContrOI_ S,Ub]eCts did
dividual's family history,” then by Bayes theorem, not included in any calculations.) The observedOt differ with respect to religion, race,
Kaplan—Meier risk estimates for breast cancer seeparity, or number of sisters. Case subjects
P(M/H) = [P(HM) x P(M)I[P(H)]. 1]  for relatives of putative mutation carriers representyere more likely than control subjects to
n aver r h r f relatives. Theregy, i
The details of this model have been described pr(%r:’ ;: %Z:i;:zi:iceﬂniosgm? Ef::agt cZitceﬁo caerr'?) e older (44.4 years compared with 43.8

1 .
viously (27,28). &rS.Roarier, May be estimated as twice the Kaplan_years), younger at menarche, older at first

By use of this model, women with a joint prob- vejer risks calculated among first-degree relativediVe birth, premenopausal, and to have a
ability of less than or equal to 1% of carrying mu-of putative carriersR, 70090 Minus the value history of benign breast disease.
tations in either BRCAL or BRCAZ genes were detor first-degree relatives of putative noncarriers, Case subjects were 2.06 times (95% ClI

reast cancer have a single first-degree or

fined as noncarriers. In this analysis, first-degreqy =~ ' (11 29). . . 0
family history was defined as a mother or sister af- o000t = 1.69-2.50) and _1'24 times (95% @|
fected with breast cancer. Second-degree family his- Ro70-0.90= (Ruoncarriers” Reamerd/2  [21  1.17-1.32) more likely to report a first-

tory was defined as a grandmother or aunt affected degree or second-degree family history of
with breast cancer. Study subjects were defined to Ruoncarriers= Ro.00-0.01then breast cancer, respectively, than were
have unknov_vn family h|st0ry if the breast cancer 2 xRy 70-0.99— Ro.00-0.01= Rearriers 381  control subjects. These numbers did not
status of all first-degree relatives was unknown. The h ianifi " hen th del
initial portion of the statistical analysis included de-RESULTS c qnge signimcan y_W e'j' € model was
scriptive statistics. The association between the risk _ o 3 adjusted for mUtflinons n B_RCA:L and
of breast cancer and independent covariates was ex- \Women with a joint probability less BRCA2 gene carrier probability (both of
amined byt tests and chi-squared tests. To assess tfisan or equal to 1% of carrying mutationswhich were nonsignificant) (Table 1) or
relative risk of breast cancer associated with a posiy, gjther BRCAL or BRCA2 genes arefor age, menopausal status, history of be-
tive family history of breast cancer in women un-d fined . B f this defini b t di d t first full
liely to carry mutations in BRCAL or BRCA2, lo- J€fined as noncarriers. By use of this definign breast disease, and age at first full-
gistic regression was used on predicted noncame,!gltlon, 4337 (91.7%) of 4730 case subterm pregnancy (dat_a npt shown). Al-
to provide maximum likelihood estimates of thejects and 4447 (94.9%) of 4688 controthough a positive family history of breast
odds ratios (ORs) (adjusted and unadjusted) witsubjects were predicted to carry neithecancer was significantly related to breast
95% confidence intervals (Cls) by use of the statisgpc A1 nor BRCA2 mutations. Among cancer risk among noncarriers, the same
tical package PC-SAS version 6.130). Women biects di d at th f 20va tt for th lati hio bet
with affected first-degree relatives only, affectedC@S€ SUDJECs diagnose a, €ageso S no rue ,Or ,e relations !p etween
second-degree relatives only, or both affected first29 Years, 10.5% were predicted to be cam positive family history of ovarian cancer
degree and second-degree relatives were comparéiers of either BRCA1 or BRCA2 muta- and breast cancer risk. Case subjects with
respectively, with women with no affected relatives.tions. This number decreased to 7.5%reast cancer were 1.43 times (95%€lI
The risks are adjusted for BRCAL and BRCA2 mu-among women diagnosed between th@.85-2.43) and 0.99 times (95% G#
tation carrier probability and any significant (at a 5% f 50 d 54 A 0.81-1.20 likelv t t a first
type | error level) environmental covariates, includ-age_S 0 an _years. mong Wome_ O ) more likely 10 repor _a Irs a
ing age (years), race (white/black), parity, age at ﬁrs_deflned as noncarriers, the mean prob_ablblegr_ee or second-degree relative _W|th
live birth (years), menopausal status (premenoity of being a BRCA1 mutation carrier ovarian cancer than were control subjects.
pausal/postmenopausal), and history of benigivas estimated at 6.8 x 19 with a range In fact, when BRCA2 and BRCA1 muta-
breast disease (yes/no). _ from 6.41 x 10°t0 9.8 x 103 The mean tion carrier probabilities were included as
To estimate the age-specific and cumulative risk bability of bei BRCA2 tati iat in th del (t btai d
of developing breast cancer among probable carrielgro .a ity o _emg a mu_ ation .Covana €s In the .mo .e ( 0 obtain _a B
and probable noncarriers, we divided case subjec&ITier was estimated at 3.2 xTowith a justed ORs), family history of ovarian
and control subjects (i.e., the probands) into the folrange from 2.4 x 1% to 6.5 x 103 cancer had no significant role in predict-
lowing two groups by carrier probability: 1) noncar- Twenty-five percent of noncarriers versusng case or control status.
riers (defined as a proband having a carrier probggos of carriers reported a family history The risk of breast cancer by type of
ability of 0.00-0.01) and 2) carriers (defined as a fb t A imatelv 2.2% offirst-d lati ffected with b t
proband having a carrier probability of 0.70-0.99) O Préast cancer. Approximately 2.2% offirst-degree relative affected wi reas
The two probability groupings were selected in afhoncarriers versus 33% of carriers have eancer is presented in Table 2. Case sub-

effort to maintain relatively homogeneous groupsfamily history of ovarian cancer. The ma-jects were 1.99 times (95% C¥ 1.63—
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Table 1. Risk of breast cancer in women unlikely to carry mutations in BRCAL1 or BRCA2 genes, Table 4. Estimated cumulative risk, % (standard

stratified by family history of breast cancer error, %) of breast cancer for predicted carriers
and noncarriers of mutations in BRCA1/
Odds ratio Adjusted odds ratiot BRCAZ2 genes
Family history* (95% confidence interval) (95% confidence interval)
} o
None 1.0 (referent) 1.0 (referent) Estlrrg::gdcaurgnlélrar\g:’/e%r) I)SK’ &
First-degree only 2.06 (1.69-2.50) 1.90 (1.44-2.51) Age at ’
Second-degree only 1.24(1.17-1.32) 1.21(1.13-1.29) onset,y Noncarriers Carriers
First-degree and second-degree 1.24 (1.09-1.42) 1.10(0.91-1.33)
0-29 0.0 (0.00) 4.3(1.3)
*Excludes 629 case subjects and 574 control subjects with unknown first-degree family history of bi2Rrs89 0.2(0.03) 19.8 (2.7)
cancer. 404 0.8 (0.08) 41.3(3.7)
tAdjusted for BRCA1 and BRCA2 carrier probability. 28:23 %? Eg%g; ggg Eiég
70-79 5.1 (0.40) 62.8 (6.9)

. . . . . =80 8.8 (1.80 62.8 (6.9
Table 2. Risk of breast cancer in women unlikely to carry mutations in BRCAL or BRCA2 genes, ( ) (6.9)

stratified by first-degree family history of breast cancer

Odds ratio Adjusted odds ratiot ; ;
Family history* (95% confidence interval) (95% confidence interval) rates for ca_rrlers (,CaICUIated gs twice the
Kaplan—Meier estimates for first-degree
None 1.0 (referent) 1.0 _(referent) relatives of probands with joint carrier
Mother 1.99 (1.63-2.44) 1.55 (1.21-1.99) babilit pf 0.70-0 991 . th
Sister 1.66 (1.18-2.38) 1.21(0.72-1.65)  Probability ot U./70-=0. minus the
Mother and sister 2.23 (0.21-24.65) 1.11 (0.09-13.77) Kaplan—Meier estimates for first-degree

relatives of probands with joint carrier
*Excludes 629 case subjects and 574 control subjects with unknown first-degree family history of brﬁ?ébability of 0.00-0.01) are much higher
cancer. . .
tAdjusted for BRCA1 and BRCA2 carrier probability. at all ages and predlct a very hlgh Pen_
etrance for women who carry mutations

in BRCA1 or BRCA2 genes.
2.44) and 1.66 times (95% C¥ 1.18— linearity among the three variables (fam-

2.38) as likely as control subjects to reportly history, BRCA1 and BRCA2 mutation Discussion
an affected mother or sister, respectivelycarrier probability) prevent calculation of  The extent to which the development
Women with both an affected mother andan adjusted OR. The risk of breast cancesf breast cancer may be attributed to in-
sister were at 2.23 times (95% CG¢ by age at onset and laterality of affectedherited mutations in BRCA1 and BRCA2
0.21-24.65) the risk of developing breastirst-degree relatives, neither of whichgenes remains a research area of intense
cancer relative to women without such avas a significant risk factor, is presentednvestigation. Statistical and laboratory-
family history, although there were onlyin Table 3. based estimates of both carrier rates for
two case subjects and one control subject The estimated age-specific and cumusuch mutations and population attribut-
with such a family history. These valueslative risks of breast cancer for carriersable risk are being accrued in samples of
did not change significantly when ad-and noncarriers are presented in Table 4ffected and unaffected women. Using
justed for BRCA1 and BRCAZ2 carrier For noncarriers, i.e., first-degree relativeglata from the Cancer and Steroid Hor-
probability or for the above-mentionedof probands with joint carrier probability mone Study (CASH) in a previous analy-
environmental covariates, although thef 0.00-0.01, the estimated risks matchis, Claus et al11) estimated the propor-
adjusted OR for women with both athose generally reported for the U.S. fetion of breast cancer attributable to
mother and a sister affected is approximale population, especially for the yearsnherited autosomal dominant genes to be
mately half that of the unadjusted OR(1980-1982) during which these data werapproximately 33% of case subjects aged
most likely due to instability of the esti- collected. As expected, the estimate@0-29 years. This estimated risk de-
mate secondary to small sample size.
Case subjects diagnosed at ages 20-29
years, 30-39 years, 40—49 years, and 50—
54 years were 5.30 times (95% G

Table 3. Risk of breast cancer by age at onset and laterality of breast cancer in relatives of women
unlikely to carry BRCA1 or BRCA2

0.94-29.75), 2.72 times (95% & 1.62— Odds ratio Adjusted odds ratiot
4.73) 2.13 times (95% Ck 1.59—2.86) (95% confidence interval) (95% confidence interval)
and 1.70 times (95% CE 1.24-2.32), Age at onset in first-degree relatives, y*

respectively, more likely than control sub- ﬁige %-34 ((ge;iﬂlgo) ;-80 ((331;8592%8)
jects to report a first-(_:iegree _family h.is.— ~45 1.96 (1.47-2.62) 1.92 (1.54-2.39)
tory. These numbers did not differ Slgnlfl- Laterality of cancer among first-degree relatives*

cantly when adjusted for BRCA1 and None 1.0 (referent) 1.0 (referent)
BRCA2 mutation carrier probability with ~ Unilateral 2.21(1.80-2.73) 1.94 (1.45-2.60)

the exception of the age category 20—29 Bilaeral 1.19 (0.68-2.08) 1.10 (0.56-2.17)

yea_rs for which small number_s (four Pase *Excludes 629 case subjects and 574 control subjects with unknown first-degree family history of brea
subjects and two control subjects with &ancer.

positive family history) and multicol-  tAdjusted for BRCAL and BRCA2 carrier probability.
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creased with age at onset to approxieer (40). In this series, 31% of womenwomen are unlikely to carry either
mately 1.5% of case subjects aged 7@ffected with unilateral breast cancer beBRCA1 or BRCA2. A family history of
years or more. Using data from the Breadbre age 50 and with at least one affectedvarian cancer, however, appears to add
Cancer Consortium, Ford et 4lL4) esti- relative were found to carry eitherno information to risk prediction once
mated that, in the general population, th&8RCA1 or BRCA2. Women with more BRCA1 and BRCAZ carrier probability is
proportion of breast cancer due to mutaextensive family history had even higheknown, matching existing laboratory data
tions in BRCAL is 5.3% below the age ofrates. (42).
40 years, 2.2% between the ages of 40 In general, a positive family history of The estimated age-specific risks of
and 49 years, and 1.1% between the agéseast cancer has been associated withbaeast cancer presented here for putative
of 50 and 70 years. A third analygi$5), twofold to threefold increase in the risk of BRCA1 and BRCA2 mutation carriers
which combines data from three populadeveloping breast cancer. Previous analygompare reasonably well with those re-
tion-based, case—control studies of ovarises of these dai{@®), calculated before the ported by other researcher@2-
an cancer (including the Cancer and Stediscovery of BRCA1 and BRCA2 and us-14,29,42)although the estimated lifetime
roid Hormone Study), reports theing the entire dataset, reported thatisk of breast cancer reported here is rela-
proportion of case subjects with breastvomen with a first-degree or second4ively low. This appears to be due to the
cancer due to BRCA1 and BRCA2 muta-degree relative with breast cancer hadmall numbers of older relatives among
tions to be 3.0% overall with a high of relative risks of 2.3 and 1.5, respectivelywomen predicted to be carriers (and the
11.2% among case subjects under the agempared with the adjusted risks of 2.(act that probands in these data were from
of 30 years. and 1.2 reported here for the subset a20 to 54 years of age) and hence the pres-
New laboratory data indicate that thewomen predicted to be noncarriers oknce of few affected older relatives from
proportion of breast cancer associateBRCA1 or BRCA2. Women with both a whom to obtain parameter estimates. A
with BRCA1 may be higher than initially mother and sister affected had a relativéfetime breast cancer risk of 63% for car-
predicted by the Breast Cancer Consorisk of 14 compared with 2.3 here. For allriers in these data is compared with pre-
tium data but lower than that predicted bycombinations of family history, the risks viously reported lifetime risks that range
the CASH analyse@1-39).A study(32) are reduced when predicted noncarrierfom 71% to 88%, depending on mutation
of 80 women in whom breast cancer wagsre examined, markedly so for womertype (12-14,42).As would be expected
diagnosed before the age of 35 reportedith multiple affected relatives, althoughgiven our inclusion of published pen-
that approximately 10% of these womerthe Cl in this instance is wide and actuallyetrance estimatg42,29)as model param-
carried germline alterations in theincludes the value reported by Sattin et aleters, our risk estimates are intermediate
BRCAL1 gene, whereas a second stud{). This reduction is expected in light of between those of Struewing et &9)and
(33) reported a mutation rate of 13% in athe fact that these women are more likelfEaston et al(12).
group of case subjects with breast canceo be either BRCA1 or BRCA2 carriers. There are multiple interpretations for
diagnosed before the age of 30. An analyin these data, the majority (92%) ofthe results presented in this report, which
sis of women attending clinics that evaluwomen who reported both a mother and ahclude a variety of genetic, environmen-
ate breast cancer rigd0) revealed a 7% least one sister affected with breast cancéal, or statistical sources of variation. Ge-
rate of BRCA1 mutation in families with were predicted to have an increased prolmetic explanations include the fact that 1)
breast cancer but no ovarian cancer. Spebility of being carriers of mutations in mutations in noncoding regions of
cific germline BRCA1 mutations, particu- BRCAL1 or BRCA2 genes and hence weréRCA1 or BRCA2 or 2) other inherited,
larly the 185delAG mutation, have beerexcluded from the analyses. As would bas yet unidentified, breast cancer genes, in
identified at even higher rates among subpredicted by the model, noncarriers (i.eaddition to BRCA1 and BRCA2, may ac-
sets of the general population, in particuthe remaining 8% of women) with both acount for some portion of association be-
lar young women or women of Ashkenazimother and sister affected with breastween family history and breast cancer
Jewish background. Researchers have reancer were more likely to have relativegisk. Although BRCA1 and BRCA2 ap-
ported a 1% overall rate and a 21% prevaaffected at older ages than were carriergear to explain the majority of inherited
lence rate among Jewish women diagwith the mean age of affected relatives foearly onset breast cancer, a number of
nosed with breast cancer before the age chrriers compared with noncarriers calcufamilies with large numbers of case sub-
40 (33-35). Similarly, a frequent germ- lated at approximately 46 years versus 6fcts with early onset breast cancer have
line BRCA2 mutation (6174delT) hasyears, respectively. In these data, the mdeen shown to be unlinked to BRCA1 and
also been estimated at approximatelyority of women predicted to be noncarri-BRCA2 (16,21,25,39,43) Additional
2.7% in case subjects with early onset oérs and who report a family history ofgenes have already been implicated in the
breast cance(41), 1% in the Ashkenazi breast cancer have a single first-degree a@evelopment of breast cancét4—47);
Jewish population(36), and approxi- second-degree relative affected wittone study(44) associated one in 11 can-
mately 8% in Ashkenazi case subjectdreast cancer. Once again, this relative isers of the breast in the general popula-
with breast cancer diagnosed before thgounger for carriers than for noncarrierdion with rare alleles of a minisatellite lo-
age of 42 year$37). New data collected (44 years versus 56 years). It is interestingus adjacent to the HRAS1 gene located
with the use of intensive sequencing techto note that even this relatively moderaten chromosome 11. In addition, the p53
nigues reveal strikingly high carrier ratesfamily history of breast cancer remainsggene has also been associated with the
in a collection of women diagnosed withsignificantly associated with breast cancedevelopment of breast cancer in families
ovarian cancer or early onset breast camisk, despite the fact that most of theseharacterized by the Li—Fraumeni syn-
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Effect of Soymilk significance @ = .07 for change in se- MATERIALS AND METHODS

; rum estrone level in soymilk-supple-
Consumption on Serum y PP Subjects and Dietary and Serum

. . mented group versus control group).
Estrogen Concentrations in Conclusion: Much larger studies will be Measurements

Premenopausal Japanese required to confirm the ability of soy All female students and teachers £ 72) (who
women products to reduce serum estrogen levels. were premenopausal and not pregnant) at a course

A, given at a nurses’ training school in Gifu, Japan,
[‘] Natl Cancer Inst 1998’90'1830_5] were invited to participate in the present study.

Chisato Nagata, Naoyoshi Sixty-five of 72 agreed to participate as of April

Takatsuka, Shizuyo Inaba, Norito It has been proposed that intake of iso1997- Of these, three who reported a history of en-
docrine diseases (diabetes fn 2] and adrenal dis-

Kawakami, Hiroyuki Shimizu flavones, i.e., genistein and daidzein (alsga1se [n— 1]) and two who were taking hormonal

termed phytoestrogens), which are abunpegication were excluded from the study. No one
dant in soy products, can reduce women’sad cancer, chronic hepatitis, or cardiovascular dis-
Background: Estrogens have been im- risk of breast cancel,2). These phytoes- €ase. This study was approved by the local institu-

plicated in the development of breast trogens normally compete with estradiof'©" review board, and all of the participants pro-
cancer. Preliminary evidence suggests for binding t t t0(3, 4 d vided written informed consent. The remaining 60
) or binding to estrogen recep d )an women were randomly assigned to either the soy-

that consumption of soy products, may therefore interfere with estrogenmilk-supplemented group or the control group.
which contain isoflavones (phytoestro- induced cellular proliferation. StudiesWomen in the soymilk-supplemented group were
gens), can reduce serum estrogen lev- (5,6) have shown that isoflavones also afins_tructed to consume about 400 mL of soymilk
els. Our purpose was to determine the fect cells by inhibiting their response tod21V that was supplied to them by the study during
. L . __the dietary study period. Study subjects did not con-

effect of soy consumption on serum es- growth factors and activation of tyrosineés;me soymilk from any source other than what was
trogen levels in premenopausal women kinase. There are epidemiologic studiegrovided to them. We could not obtain urine
by use of a dietary intervention ap- that support the hypothesis that soy corsamples from the study participants that could have
proach. Methods:Premenopausal Japa- sumption is associated with lowering offelped to assess their compliance. Soymilk used for
nese women were randomly assigned to risk of breast cancé7—12).Nomura et al. ?Ai;;“%‘;‘g:ﬁ "I‘;ggﬁiffonr:c';':;gtmog'f igsg:ﬂf
receive either a soymilk-supplemented (7) found an inverse association betwee,,s getermined by the Japan Food Research Labo-
diet (n = 31) or a normal (control) diet intake of miso soup and subsequent riskatory, Tokyo, by use of a previously described
(n = 29). The women in the soymilk- of breast cancer. In case—control studies,dgh-performance liquid chromatographic technique
supplemented group were asked to con- significant inverse association betweef!5)- One hundred grams of soymilk (equal to 98.0
sume about 400 mL of soymilk (con- soy consumption and breast cancer risg{';) ;%”?nge?]‘;tr:ig Oggg'dlzee';‘gg'gfn;ge;fsgs'dﬂ?e’
taining about 109 mg of isoflavones) was observed in Chinese women by Leg cires of these compounds as well as those of
dally during a StUdy period that in- et al. (8) but not by Yuan et aI(9) INn-  estrone and estradiol are shown in Fig. 1. Women in
volved three consecutive menstrual verse association between tofu intake anie control group continued with their usual diet.
cycles. Follicular-phase blood samples breast cancer risk was reported in Japdgoth groups were asked to continue their usual life-
were to be obtained in the menstrual nese (10) and Asian-American(11) SY© N

. : We assumed that the relationship between serum
cycles preceding (cycle 1) and following women. A recent study by Ingram et al.ggiadiol and isoflavone intake in our previous cross-
(cycle 3) the 2-month dietary interven- (12) demonstrated a reduction of breasiectional study was applicable for the prediction of
tion. All statistical tests were two-sided. cancer risk among women that was ass@hanges in serum estradiol after 2 months of dietary
Results:At the end of the study period, ciated with high intake of phytoestrogenintervention in the present study. We expected a
estrone and estradiol levels were de- (as measured by urinary excretion of iso\-?g:]/z ?n‘at;(‘zazxi?asf;r;gﬁ' 4%00”‘;$Ctéigzsnﬁa’k'sxf'
creased by 23% and 27%, respectively, flavones and lignans). determined that at least 28 subjects in each group
in the soymilk-supplemented group There is a general agreement that hokwere required to have a power of 80% to detect this
and were increased by 0.6% and 4%, mones, in particular estrogens, are indifference in serum estradiol levels with type I error
respectively, in the control group. The volved in the development of breast can{®) = 0.05. .
changes for each hormone between the cer (13). Our particular interest has beenﬁOE?;::Q’VSE%if]ogmbpggddz;i';';‘é’:i':'is;gfmdaﬂi‘ﬁ'
two groups were not statistically sig- to study the possibility that soy consump-,q menstrual and reproductive histories before the
nificantly different. In the soymilk- tion decreases the serum levels of femalgitiation of the dietary study period.
supplemented group, menstrual cycle steroid hormones. This decrease, in turn, The first day of the menstrual bleeding was re-
length was increased by nearly 2 days, may ultimately help prevent the develop<orded for each woman (day 1), and the dietary
and, in the control group, it was de- ment of breast cancer. In our recent cros§c-;uc‘|jg FZSSSIZ sf;‘rtf/\‘joon:ed:{nntho; tzg;r':fk”;ir;s;:a'
creased by approximately 1 day, a dif- sectional study14), we found a negative '
ference that was not statistically signifi- association between serum estradiol con-
cant. A subgroup analysis restricted to centration and intake of soy products Affiliation of authors: Department of Public
subjects who provided follicular-phase among premenopausal Japanese womé??gg:és":;Jn‘;;‘:ézrst'géﬁ;g?g"Sfa'\"a‘:g'c;\;l‘eb‘]ag:”'
blood samples on the same day or 1 day On the basis of.this opservatiqn, we havgartmentpOf Public Health, Gifu j]nive’rsw School
apart in menstrual cycles 1 and 3 undertaken a dietary intervention trial tOgf medicine, 40 Tsukasa-machi, Gifu 500-8705, Ja-
showed a reduction in serum estrone assess the influence of soy consumptiopan (e-mail: chisato@cc.gifu-u.ac.jp).
levels in the soymilk-supplemented on the hormonal status of premenopausal See“Notes” following “References.”

group that was of borderline statistical Japanese women. © Oxford University Press
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Whitney test. The Mann—-Whitney and the Wilcoxonshown). In the control group, nutrient
o ‘ matched pairs S|gr_1ed rank tests were used to cofensities did not change significantly for
N pare values of variables at baseline and changes in trient tested
] /C i those variables over the study period. Values folany nutrient we tested. o
f KL serum hormone concentrations and nutrient intakes 1N€ mean (standard deviation [SD])

were log transformed for Wilcoxon matched pairsdaily soymilk consumption estimated

HO 110
Estronc Estradiol signed rank test. Analysis of variance was applied §rom the diet records was 354.8 mL (70.1
compare the lengths of the four cycles in each grou;f)mL) in the sovmilk-supplemented arou
All P values were calculated from two-tailed tests o y . PP g p
vo oy OB oH o _OH statistical significance. Baseq on the ba3|§ of the records of da-|ly
/O pe J Pt - Some blood samples could not be collected oi$0ymilk consumption throughout the di-
@ | &Io‘ day 11 of cycle 1 or day 11 of cycle 3 in someetary study period, the mean (SD) soy-
HO (0] -0 pgrtl(:lpants begause of school holidays. Actual saMmilk consumption was 365.0 mL (46.1
Genistein Genistin pling dates varied from day 9 through day 13 for

cycle 1 and from day 7 through day 14 for cycle S.mL)' The mean. isoflavone intake was
Therefore, we performed a subgroup ¢ 44) about 4.5-fold higher at the end of the

0 O o O analysis restricted to subjects who provided bloodlietary study period compared with the

PP @ ) WT samples no more than 1 day apart from menstrughtake before it. This change was statisti-
Q}i T /@ ) cycles 1 and 3. cally significant P = .0001). Intake of

no Glc-0 0 REsuLTS soy products other than soymilk and iso-

Daidzein Daidzin flavone from these products was de-

Sixty women (31 in the soymilk- . .oqq04 in terms of the nutrient densities

Fig. 1. Chemical structures of estrone, estradiol,Supplemented group and 29 in the C0mr0€20.4% and 19.3%, respectively) at the

genistein, genistin, daidzein, and daidzin. group) began the study. An initial COM-and of the dietary study period in the soy-

parison of preintervention age, heightmilk-supplemented group, but these dif-

weight, and other lifestyle variables, suc . . - —
mented group were instructed to consume about 408s sgmokin status ari)t/ and age at merr}](_?l’ences did not attain statistical signifi-
mL. of soymilk daily unti day 11 of cycle 3. A 2 PTOCS g . pt t'yf' i 9 o Gance.
i in@lfche, showed no statistically signirican . L
fasting blood sample was collected on the mornlné"-_ y : g There were no statlstlcally S|gn|f|cant
of day 11 of cycle 1 and on day 11 of cycle 3. Eachdifferences between the soymilk-supple-

woman completed a series of daily 24-hour diet remented group and the control gl‘OupChémgeS in isoflavone intake divided by

cords from day 2 through day 10 of cycle 1 (di_Et(Table 1). e?[ergﬁé ind_the Comrc?l gro'u% before and
record 1) and day .2.through day 1'0 of cycle 3 (dlet Prior to random assignment, the initiala ert e ( '|etary St!J y period. .

record 2). In addition, women in the soymilk- . . The initial and final concentrations of

i i diet for each group was almost identical

supplemented group recorded their soymilk con*™ - i serum hormones are shown for each
sumption throughout the dietary study period. Thavith respect to intake of macronutrients )
intake of all soy products (soymilk, tofu, miso, soy-and micronutrients as well as soy proddrouP in Table 2. The estrone concentra-
beans, etc.) and the intake of macronutients and mjyets and isoflavone (Table 1). tion was too low to be_ measured (<1O
cronutrients were estimated from the diet records Both the soymilk-supplemented groupoQ/mL) in two women in the soymilk-

using the Standard Tables of Food Composition in i supplemented aroup during the dietar
Japan, 4th revised editiofl6). We approximated and the control group significantly de- PP group 9 y

isoflavone intake from soy products other than soycreased their intake of energy and of mos?tuc_ly period; for analysis purposes, we
milk with the use of data from previous studiesnutrients over the dietary study period. IrAssigned them a serum estrone concentra-
(17,18). Detailed information about estimation of the soymilk-supplemented group, a statision of 10 pg/mL. The mean estrone con-

isoflavone intake has bee_n described elsew(iste fically significant decrease (shown as %yentration significantly decreased by 23%
Each woman was weighed before and after the 0 P = .02) in the soymilk-supplemented
dietary study period. After the dietary study period Was observed for energy (8.0%), carbohyt . y Pp

the onset dates of the following two menstruationglrate (11.6%), calcium (10.3%), cholesgroup and, in the control group, it in-
were reported by the subjects. terol (22.0%), carotene (35.7%), vitamingcreased by 0.6%. The mean estradiol con-
The blood samples were centrifuged at 18 B_ (15 09%) and C (34.4%), salt (19.4%),centrations decreased by 27% in the soy-

10 minutes at room temperature within 3 hours of, 0 milk-supplemented aroup and increased
sample collection, and the serum was separated. T nd a!cthI (438/0) In the control group, 4% p.p h gl P H
samples were divided into 1-mL aliquots and stored@ Statistically significant decrease (showrpy 4% in the control group. However,

at -80°C until assayed. Serum concentrations oS %) was observed for energy (10.8%)hese changes between the two dietary
estrone, estradiol, and sex hormone-binding globuliprotein (11.1%), fat (12.4%), cholesterolgroups was not statistically significarf (
(SHBG) were determined by radioimmunoassay us¢1 6 694), carbohydrate (9.4%), calcium= .20 for estrone an® = .22 for estra-
ing kits purchased from Eiken Chemical Co. Ltd'r(8.2%), retinol (12.7%), and vitamins,B diol). SHBG remained relatively stable in
(Tokyo), Diagnostic Products Cooperation, Japal .
(Chiba), and Pharmacia & Upjohn Co. Ltd. (Tokyo), (16.1%) and C (15.6%). However, nutri-both groups.
respectively. The intra-assay coefficients of varia€nt densities (calculated as nutrient intake The 3rd and 4th menstrual cycles were,
tion were 7.4% for estrone, 2.5% for estradiol, andivided by energy) did not change statison average, nearly 2 days longer than the
7.8% for SHBG. tically significantly except for increasesist menstrual cycle in the soymilk-
Statistical Analysis in protein (9.8%), crude fiber (11.0%), supplemented group, whereas, in the con-
. ~iron (42.6%), and vitamins B(11.8%) trol group, these two cycles were nearly 1
To evaluate the effects of soymilk consumptiongng E (23.50%) and decreases in carbohylay shorter than the 1st menstrual cycle
on hormone status, the concentrations of estrong rate (3.6%), cholesterol (16.6%), vita-(Table 3). However, these changes in
estradiol, and SHBG prior to and after the dletaryd . : ! ) ! ’ ’ = g .
study period were compared with the soymilk-min C (31.0%), and salt (11.8%) in thecycle length were not statistically signifi-

supplemented and control groups using the Mannsoymilk-supplemented group (data notant in both groups. There was no signifi-
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Table 1. Demographic characteristics and food and nutrient consumption prior to and following the dietary study period

Characteristics
Soymilk-supplemented Control
(n = 31) (n = 29) px

Mean (standard deviation)

Age, y 26.1(7.9) 26.9 (6.8) .69
Weight, kg 50.6 (6.3) 50.7 (5.6) 91
Height, cm 157.0 (6.1) 158.7 (4.6) .23
Body mass index, kg/f 20.6 (2.2) 20.1 (2.0) .30
Age at menarche, y 12.4 (1.3) 12.7 (1.1) .38
No. (%)
Parous 4(12.9) 3(10.3) 1.00
Current smoker 9(29.0) 7(24.1) 77
Nutrientst

Soymilk-supplemented (& 31)

Control (n= 29)

Initial Final Pt Initial Final
Energy, kcal 1706 (256) 1570 (261) .0001 1665 (191) 1486 (211) .0001
Protein, g 59.5(11.2) 60.0 (11.0) .92 57.8(7.3) 51.4 (9.7) .0001
Fat, g 56.8 (9.6) 54.2 (11.7) .10 55.7 (9.3) 48.8 (12.3) .002
Cholesterol, mg 296 (92) 231 (85) .001 265 (60) 221 (80) .001
Carbohydrate, g 225 (41) 199 (35) .0001 223 (29) 202 (27) .001
Crude fiber, g 2.7(0.7) 2.7 (0.6) .37 2.6 (0.6) 2.6 (0.9) .06
Retinol, mg 252 (132) 303 (453) .59 268 (166) 234 (227) .04
Carotene, mg 1834 (1207) 1179 (762) .01 1474 (625) 1644 (959) .07
Vitamin A, U 1900 (802) 1719 (1553) .07 1755 (838) 1736 (973) 22
Vitamin B,, mg 0.78 (0.14) 0.81 (0.18) .67 0.78 (0.16) 0.75 (0.14) .06
Vitamin B,, mg 1.13(0.24) 0.96 (0.23) .001 1.18 (0.38) 0.99 (0.25) .0001
Vitamin C, mg 73.9 (31.0) 48.5 (30.8) .0001 78.9 (43.4) 66.6 (30.8) .01
Vitamin E, mg 6.4 (1.5) 7.2(1.5) .0001 5.9(1.2) 5.7(1.4) .06
Calcium, mg 437.5(119.7) 392.5(97.4) .04 437.4 (137.0) 401.6 (152.6) .005
Iron, mg 8.2(1.7) 10.8 (2.0) .0001 7.9(1.5) 7.2(1.9) 0007
Salt, g 9.3(2.1) 7.5(1.6) .0001 9.0 (1.5) 8.7 (1.6) .24
Alcohol, mL 6.3 (10.4) 3.6(7.7) .001 3.5(4.9) 2.7 (4.6) .30
Soy product$
Soymilk-supplemented (& 31) Control (n= 29)
Initial Final P Initial Final

Soymilk, g 0.6 (3.6) 361.9 (71.5) .0001 0.8(3.9) 0.0 (0.0) 1.00

Isoflavone from soymilk, mg 0.2 (0.9) 97.0 (19.2) .0001 0.2 (1.0) 0.0 (0.0) 1.00
Other soy products, g

Miso 6.4 (5.3) 5.0(3.8) A1 5.3(3.8) 45 (4.1) .35

Tofu 26.8 (44.8) 23.5(25.7) .58 22.0 (21.0) 21.4 (22.4) .52

Dry tofu 0.01 (0.06) 0.004 (0.02) .75 0.01 (0.04) 0.01 (0.04) .53

Fried tofu 3.6 (3.5) 1.2(1.7) .0004 2.7(4.7) 1.6 (2.9) .29

Boiled soybeans 4.3 (11.6) 3.7(9.9) .35 1.5(2.0) 1.4(2.8) .50

Dry soybeans 1.2 (3.4) 0.7 (1.8) A2 0.4(1.1) 0.2 (0.8) .07

Fermented soybeans 3.2(5.9) 1.8(3.3) .30 4.5 (5.8) 3.9(6.5) .79

Yuba 0.0 (0.0) 0.0 (0.0) — 0.02 (0.05) 0.0 (0.0) .25

Soy sauce 14.3 (7.6) 9.4 (4.7) .0001 12.2 (5.0) 10.7 (6.0) .09

Total 60.0 (56.7) 45.4 (36.0) .02 48.8 (27.3) 43.9 (27.5) .07
Isoflavone from other soy products, mg 25.2 (23.4) 19.4 (15.0) .04 20.7 (12.9) 18.4 (13.4) 046

*Two-sided P values were calculated for difference in means using Studetg'st. Parity and smoking were evaluated using the Fisher's exact test.

tMean (standard deviation).

FTwo-sidedP values were calculated using the Wilcoxon matched pairs signed rank test.

cant difference in the mean length of themore than 1 day apart in cycles 1 and daseline between the two groups. The
four menstrual cycles between the twq21 women in the soymilk-supplementednean (SD) of soymilk intake per day was
groups (the means [SD] were 31.1 [4.3proup and 23 women in the control360.7 mL (68.4 mL) in the soymilk-
and 30.3 [2.9] days in the soymilk-group). Among these women, the days o$upplemented group. The mean (SD) of
supplemented and the control groups, reblood collection ranged from day 9estimated isoflavone intake collectively
through day 12 in cycle 1 as well as infrom soymilk and other soy products was
We restricted our statistical analysis tacycle 3. There were no significant differ-29.5 mg (27.1 mg) and 121.2 mg (22.3
women who provided blood samples na@nces in the hormone concentrations ahg) at baseline and at the end of the di-

spectively).

1832 REPORTS

Journal of the National Cancer Institute, Vol. 90, No. 23, December 2, 19¢



Table 2. Serum estrogen and sex hormone-binding globulin (SHBG) concentrations prior to and following the dietary study period

Entire group

Soymilk-supplemented (& 31) Control (n= 29)
Initial* Final* Pt Initial* Final* Pt P§
Estrone, pg/mL 41.1(30.2) 31.6 (25.7) .02 41.1 (25.4) 41.4 (30.9) 73 0.20
Estradiol, pg/mL 87.5(78.9) 63.6 (50.3) 12 86.8 (71.7) 90.2 (84.7) .70 0.22
SHBG, nmol/L 60.9 (20.7) 60.5 (20.6) .95 65.1 (23.2) 67.4 (25.9) .36 0.65

Selected group

Soymilk-supplemented (& 21) Control (n= 23)
Initial* Final* Pt Initial* Final* Pt P8
Estrone, pg/mL 45.5(32.7) 31.8(29.4) .005 42.8(28.3) 44.1 (32.2) .81 0.07
Estradiol, pg/mL 98.0 (85.0) 65.4 (51.7) .10 84.8 (74.8) 93.6 (90.1) .60 0.13
SHBG, nmol/L 64.9 (22.9) 62.7 (23.2) .49 64.7 (25.8) 66.0 (28.8) .76 0.50

*Mean (standard deviation).

tWomen from whom blood samples were obtained on the same day or 1 day apart of the menstrual cycles 1 and 3.
FTwo-sidedP values were calculated using the Wilcoxon matched-pairs sign rank test.

8§Two-sidedP values were calculated for the differences in changes between the two groups by use of the Mann—Whitney test.

Table 3. Menstrual cycle length (days)* for each group during and after the dietary study periodt D|scUSSION

Entire group

Our results support the hypothesis that

Soymilk-supplemented Control . . . .
Cycle (n = 31) (n = 29) soy consumption alters circulating ovari-
n steroid hormon ncentrations in pre-
1ot 30.1(4.6) 317 (6.4) an steroid hormone concentrations in pre
ond 30.7 (5.6) 307 (5.4) menopausal women. To our knowledge,
3rd 32.1(6.5) 31.0(8.2) only three studies have previously evalu-
4th 31.7 (7.5) 29.8 (3.6) i
F = 100f — 40)8 Fo 270 = 848 ated the effect of soy diet on the estrogen

status of premenopausal womgr9—21).
Selected group However, all of these studies were small
(fewer than 15 subjects) and did not in-

Soymilk-supplemented Control

Cycle (n = 21) (n = 23) clude a control group. In our study, we
randomly allocated subjects to an experi-
1st 29.0 (4.2) 31.6 (6.9)
ond 29.9 (4.9) 30.4 (5.5) mental or a control group. The sample
3rd 31.1(6.5) 31.7(9.1) size of our study was larger than that in
4th 324 (8.7) 29.0 (3.1) the previous studies, although it was not
F=183f = .15)8 F=0.47 @ = .70)§ . 2
large enough to obtain sufficient power.
*Mean (standard deviation). With this sample size, the power of find-
tFrom day 11 of the 1st menstrual cycle to day 10 of the 3rd menstrual cycle. ing a significant difference in estrone con-
$Women from whom blood samples were obtained on the same day or 1 day apart of the menstrual eysfefration between the two groups was
1and 3. only 53%.

BAll P values are two-sided. We should remark that, unlike pub-

lished dietary intervention studies em-
etary study period, respectively, in therespectively, although the difference inploying soy foods, in our study, subjects
soymilk-supplemented group. The correthe change between the two groups was @fi both the soymilk-supplemented group
sponding figures for isoflavone intake inonly borderline significanceR = .07) and the control group consumed soy prod-
the control group were 22.0 mg (12.7 mg)Table 2). Estradiol concentrationsucts at baseline. We thus essentially in-
and 20.6 mg (14.0 mg), respectivelydecreased by 33.2% in the soymilkwvestigated the effect of higher versus
Changes in intake of nutrients as well asupplemented group and increased blpwer level of soy intake on hormone con-
isoflavone in the selected subgroups wer&0% in the control group, respectively,centrations.
similar to those observed for the completdut these changes in values were not sig- Lu et al.(20)found decreased estradiol
subgroups, i.e., in all subjects (data nonificantly different when both groups concentrations in six healthy premeno-
shown). Serum estrone concentration wasere compared. The 4th menstrual cycl@ausal women during soy feeding of three
significantly decreased by 30.19% (= was 3.4 days longer than the 1st menstrudR-oz portions per day of soymilk (about
.005) in the soymilk-supplemented grougcycle in the soymilk-supplemented grou®200 mg of isoflavones per day) for 1
when the comparison was between valuesnd 2.6 days shorter in the control groupnonth. Cassidy et al19) observed that
before and after the dietary study periodTable 3). However, these changes did ndhe midcycle peaks of luteinizing hor-
and increased by 3% in the control groupattain statistical significance. mone and follicle-stimulating hormone
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were suppressed, but estradiol was inship between fiber intake and estradioHowever, biased reporting by any one
creased during dietary intervention with(25). study group is unlikely, and the compari-
soy protein (60 g soy protein containing No data have been previously pubson of dietary changes between the two
45 mg conjugated isoflavones). They latelished on the effects of soy consumptiorgroups is considered valid. Both dietary
reported no changes in estradiol, luteinizen serum estrone levels. A trend towar@roups showed a decrease in energy in-
ing hormone, and follicle-stimulating hor- decrease in serum estrone seen in the prégke and a decrease in consumption of
mone during the diet with a half dose ofent study provides additional support folsome macronutrients based on the diet re-
conjugated isoflavones or the same dosge hypothesis that isoflavones may haveords. It could be due to seasonal change
of unconjugated isoflavong22). Petrakis the ability to reduce the synthesis of esor omission of some foods they had as
etal.(21)reported an increase in estradiotrogens. they became tired of keeping records.
during the 6 months of soy consumption There was a suggestion of an increaséhese reasons are unlikely to be depen-
(38 g of soy protein isolate containing 38y menstrual cycle length after the soydent on the dietary group. In terms of nu-
mg of genistein). In their study, blood gjet, although this did not attain statisticaffient densities, the change was mainly the
measurements were not taken at the samgynificance. Prolongation of menstruafntake of nutrients rich in soymilk in the
time point in the menstrual cycle. There—CyC|e length after dietary intervention hasSoymilk-supplemented group. Relatively
fore, changes in estradiol concentratiogean reported by Cassidy et §.9) and less control of diet and lifestyle during the
were estimated using computer-generatgq, ot g. (20). study period likely enhanced participation
best-fit curves. The mean cycle length of the 1st menlates, strengthening the generalizability of
The findings regarding changes in S€3trual cycle was 2.6 days longer than thatpese findings.
rum estradiol levels in_ previous_studiesof the 4th menstrual cycle in the control, The presenfc study suggest§ that_ high
Do due o variations n the quantiy of eo-dT2UP I the selected subgroup analysif £° 7 LT POy KD MO
flavones consumed. Petrakis et &21) (Table 3). The reason why the length Oﬁmnstrual cycle length, both of which

. the menstrual cycle of control groups de- ; - .
postulated that the sporadically eIevatecJ1 Y group ay be potentially beneficial for lowering

estradiol concentration observed in theigreased over the study period is unclear. me risk of breast cancer. Much larger
studies are required to confirm the ability

. . Is possible that some factors other than

study during the soy diet may represent. .

) e ..~ diet may have been affecting cycle length

evidence of competition between binding . .0f soy products to reduce serum estrogen
and, therefore, the observed difference i

of estradiol and isoflavones to the estro- le lenath ch bet the t evels
gen receptors. Although serum estradiof’ 'c '€"9 bC angest' e;/vzen e two
levels may be increased by relatively low3'UPS May be overestimated. REFERENCES

isoflavone intake as observed in the stud- Serum estrone and estradiol levels fluc-
ies by Cassidy et a(19) and Petrakis et tuate during the menstrual cycle. Estrogen(l) Barnes S, Peterson G, Grubbs C, Setchell K.

al (21) high intake of isoflavones. due toconcentrations in the soymilk-supple- Potential role of dietary isoflavones in the pre-

ented aroup mav appear to be lower than vention of cancer. In: Jacobs MM, editor. Diet
the estrogenicity, may cause a decrease A group may app W and cancer: markers, prevention, and treat-

the serum levels of luteinizing hormonethose in the control group because increases ment. New York (NY): Plenum Press; 1994. p.

and follicle-stimulating hormone. This in cycle length most likely reflect the elon- 135-47.

may lead to a decrease in serum estrogdftion of the follicular phas¢26). Data on  (2) ﬁd'ircre“(tjz KiHWGO'dir:) BSR'HGc’rbIa.Ch SEL}*(
) : -~ ockerstedt KA, Watanabe S, Hamalainen EK,
concentrations. In the present study anBormone concentrations of study partici et al. Soybean phytoestrogen intake and cancer

the study reported by Lu et a(20), the Pants .thrOUghO_Ut the menstrual cycles were sy [published erratum appears in J Nutr 1995;
experimental subjects received a relaunavailable. Slight increases of estrone and = 125:1960]. J Nutr 1995;125(3 Suppl):
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