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dition to finding that estrogen receptorthe T-cell response, we measured the reodium bicarbonate, 2 khL-glutamine, and 1qug/
status predicted NK cell lysis, these response of peripheral blood leukocytegnt of ciprofloxacin.
searchers found that social support—gPBLs) to two mitogens—phytohemag- Quantification of total T lymphocytes, T-cell

. . L . subsets, and NK cellslsolated PBLs were absorbed
variable hypothesized teeducestress— glutinin (PHA) and concanavalin A (Con i mabs conjugated to either fluorescein isothio-

contributed significantly to a regressionA)—and we induced proliferation by cyanate or rhodamine according to the cell surface
model predictinchigher NK cell activity. stimulating the T cells with a monoclonalmarker being studied: total T cells (CD3, fluorescein
These findings suggest that how a persoantibody (MAb) to the T-cell receptor. isothiocyanate), T4 subset (CD4, rhodamine), T8

responds to stress may also influence how subset (CD8, fluorescein isothiocyanate), and NK
stress. in turn, influences the immune reSUbJeCtS and Methods cells (CD56, rhodamine). All MAbs were purchased
spons;e ! from Coulter Corp. Briefly, 0.5 x 1Dcells were

] ) ) Patient Eligibility and Data Collection  incubated with the MAb for 15 minutes at room
There is considerable evidence that pa- temperature. After the incubation, the cells were

tients with cancer express abnormal cel- Participants were 116 women who had been difixed, and the red blood cells were lysed with Opti-

lular immune responses; these abnormapnosed with invasive breast cancer and who wergse C, a buffered solution containing 1.5% formal-

responses have been found in patienf]%"g'cany treated wntr_un the last 4 months but whodehyde, according to the manufacturer’s m_structlons

with many different types of canceét3— ad not yet begun adjuvant treatment_. Women wergCoulter Corp.). Samples were analyzed with the use
: - from 14 to 101 days (mear 37 days; median=  of a Coulter EPICS Profile Il flow cytometer as

15), including breast cance(16,17). 33 days) after surgery for stage 1l (70%) or Il (30%) described previousl{s).

Stressors are not generic, and they woulilvasive breast cancer. We used the American Joint NK cell cytotoxicity. To determine NK cell ac-

not be expected to have identical physiCommittee on Cancer and the International UniOQiVity, a microtiter 5XCr-release cytotoxicity assay

ologic outcomes. So too, the immune reagzglstf%i:cg; SttglgézgyseﬁfTrﬁeTgs Végmyeenarr;ngeﬂas used as described previouy25). The target
; - cells used were K-562 cells, an NK cell-sensitive
sponse involves a cascade of responSggcreq consecutively from mid-1994 to earlypyman myeloid cell line. Target cells, labeled over-

and events that can occur over time. FOI99_7' the majority (82%) were being treated at &gnt for 16 hours wittP'Cr, were placed in tripli-
these reasons, we used a homogeneoNstional Cancer Institute-designated, universityaie wells of 96-well V-bottom plates, and PBLs
breast cancer subject sample and timingffiliated Comprehensive Cancer Center, and the r&gee aqded, resulting in effector-to-target (E:T) cell
of assessment to test the relationship bécqamder (18%) were receiving treatment at localiiqq of 100:1, 501, 25:1, 12.5:1, and 6.25:1.

tween stress and several Components mml,'m,ity hospitals. All women Came_ to the Gen- NK cell response to cytokines.Procedures for
> 8 A Qlal Clinical Research Center at the university Wher?reatment of PBLs with riFNy and rlL-2 involved
the cellular immune response, includingsychologic, behavioral, and medical data were col

. preparing isolated PBLs at a concentration of 3 x
NK cell and T-cell funcuon;. . Iﬁcted an a 60-th blood sar’r:jpletméaz t?ken frgﬁ cells/mL in complete RPMI-1640 medium and
Women who had been diagnosed Wltgmergﬁd :f;e()sos,ar;etrcl)ie\éjngi gic::nglcveariabeili\;\;een “then seeding the cells into three replicate tissue cul-
breast cancer and who had undergone sut* ' : ture tubes (Falcon, Becton Dickinson and Co., Lin-
gery for the breast cancer were studiedtress Measure f:oln Park,.NJ) 86 x 1 cells per tube. F:ells were
before they began adjuvant therapy. Since incubated in complete RPMI-1640 medium alone or

. . . . i . complete medium supplemented with 250 1U/mL
we were interested in the contribution of The Impact of Event Scale (IEp4)is a stan
dardized self-report questionnaire used to examin@NF v or 60 IU/mL rIL-2 (Genzyme, Boston, MA).

stress in predicting an immune responsg, - thoughts (I had dreams about being a canCell suspensions were gently mixed and then incu-

above and beyond known correlates, Wger patient,” “Other things kept making me think bated at 37 °C in an atmosphere of 5% £or 65

controlled for naturally occurring factors about cancer”) and avoidant thoughts and action§0urs. For the assay, triplicate aliquots of cell sus-
in our statistical analyses that affect the"! tried not to talk about it,” “| was aware that | pensions were placed in wells of V-bottom plates,
immune responses—specifically, age§ti|l had a lot of feelings about cancer, but | didn'tWith E:T cell ratios of 50:1, 25:1, 12.5:1, 6.25:1, or

: eal with them”) concerning cancer. Fifteen items3-13:1. In addition, six wells with target cells and
disease stage (lymph node status), and r§r_e used, and women rate each event or feeling fedium only and target cells with detergent (5%

covery (days since surger§}8). Because terms of the frequency of occurrence (i.e., “not atsodium dodecyl sulfate in phosphate-buffered sa-
the immune system contains a considetil,” “rarely,” “sometimes,” and “often”) during ~ lin€) were prepared to determine spontaneously re-
able amount of redundancy, we focusethe previous 7 days. Scores range from 0 to 75. Fd?ﬁse? chromium a”‘."f mag'maalplés's’ respectively.
his sample, descriptive statistics were as follows] N€ plates were centrifuged at 3pfor 5 minutes at
on th_ree components that would ea(?h prdrange, 0-65: mears 26: median= 25: and stan- 20 °C to bring the effector and target cells into close
Vlde_ important, but complementary, infor-y " yeviation= 15.2. The scale has satisfactorycontact; they were then incubated at 37°C in an
mation. . reliability with internal consistency of .78—.82 and a&tmosphere of 5% Cffor 5 hours. After this incu-
First, we measured NK cell lysis. We2-week test-retest reliability of .79-.89, respecpation, the plates were centrifuged at §0for 5
chose to measure NK cell lysis becaustvely. The validity of the measure is suggested b){nlnu(tjefs at 20 cfi’ 10|?L|- (c)if supernatant was col-
: ) indicati indivi i inlected from each well, and counts per minute were
those cells are believed to act early in théata indicating that individuals who experience in ! ,
y voluntary, distress-related thoughts following trau-determined by use of a Beckman 9000 gamma

immune response and they have beenr]?atic life events are also those who suffer the greaounter (Beckman Instruments, Inc., Fullerton, CA)

Qemonstrated to play an important role inust negative effects psychologically [e.2)]. as described previousi,26).
immune surveillance against tumors and Blastogenic response to PHA, Con A, and MADb
virally infected cells(19-21).Second, we Immune Assays to the T3 receptor. The concentrations for PHA and

- Con A used were 2.5, 5.0, and 10/®/mL. To
measured the ablllty of the NK cells to Blood cell separation.PBLs were isolated from measure the blastogenic response to the MAb to the
respond to riIFNy and rIL-2. It has been o mL of venous blood by use of Ficoll gradientsT-cell receptor, we used the following three dilu-
shown that lymphokine-activated Kkiller (Pharmacia Biotech, Inc., Piscataway, NJ). The isctions of the purified MAb: 32:1, 64:1, and 128:1. For
(LAK) cells are highly cytotoxic against a lated leukocytes were then washed in calcium- andll three assays isolated, PBLs seeded in triplicate at
wider variety of tumor cells than thosemagnesium—free phosphate-buffered saline and.5 x 1¢ per well were incubated for 68 hours at

| db ti NK cell€22 ffect counted on a Coulter counter (Coulter Corp., Miami 37 °C in 96-well flat-bottomed plates and then la-
yse y res '”9 _Ce i .)' an efiec FL). Aliquots d 8 x 10° isolated PBLs were sus- beled for 4 hours with MTS, i.e., 3-(4,5-
also observed in patients with breast cansended again in 0.8 mL of RPMI-1640 mediumdimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-
cer(23). Finally, to obtain information on supplemented with 10% fetal bovine serum, 0.75%2-(4-sulfophenyl)-2H-tetrazolium, inner salt
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(Promega Corp., Madison, WI) to measure prolif- Using hierarchical multiple regressidi29), we no basis for or a strong interest in investigating their
erative response. Briefly, the MTS procedure is dested the predictive value of psychologic stress foeffects in any particular sequence. Model B includes
nonradioactive calorimetric procedure that labelthe measured immune outcomes. This procedure ethe three control variables as well as the psychologic
metabolically active cells via reduction of a coloredters variables in a specified sequence and, at the finatress variable (IES) in the prediction of the immune
substrate. The amount of proliferation was deterstep, provides a test of the variance of the dependentitcome. Of particular interest in this analysis was
mined by optical density of the suspension in thevariable (immune outcome) due to the predictotthe increment in the squared multiple correlation
well. Optical density determinations were performedstress), above and beyond the contribution of théR?) from model A to model B (i.e.R%;_,), indi-
by use of a Titertek Multiscan MCC microplate control variables (age, stage, and days since sucating variance in a dependent variable (e.g., NK
reader (Flow Laboratories, Inc., Finland) at a detergery). In these regression analyses, age, days sincell lysis) attributable to stress (IES) beyond that
mination wavelength of 492 nm and a referencesurgery, and IES were considered as numerical varexplained by the control predictors. In addition, the
wavelength of 690 nm as has been no{2d,28). ables. Stage was a categorical variable with two levstandardized regression befj for the psychologic
els: 1l versus lIl. stress variable (IES) in model B (i.68gyesd indi-
Statistical Analyses For all of the analyses described below, any misseates the magnitude and direction of the influence of
ing data were managed by the pairwise deletiothis predictor on the dependent variable. The signifi-
Preliminary analyses. Before conducting the technique, wherein each bivariate association is esance of thed weight was also tested. Finally, model
principal analyses, we checked the data for the cofmated with the use of all subjects for whom mea-C indicates the contribution of psychologic stress as
tribution of “nuisance” variables (covariates) that gyres on both variables are available. This approadhe lone predictor; this third model provides the
could potentially be related to psychologic stressgjiows for more complete usage of available dataimple association between psychologic stress and
immune outcomes, or botfsge (25)for a discus- than do alternative procedures (e.g., listwise deleimmune function.
sion]. The variables examined were measures of a%on). For all of the dependent variables except the
pirin, alcohol, caffeine, and nicotine intake; amountesponse of NK cells to rIFN, the quantity of miss- Results
of sleep; lplasma; é'blfg]in |‘5V?| (as an :c”di_cator_lf)ﬁng data was small—with never more than 10 ob-
nutritional status); incidence of recent infectious ill- i issi ivari iati _ L .
ness; and the Karnofsky performance status ratingfgégsgogznqgls: Ir;gi)ZZ)Sr ?2?/ ?A\éa:?;?eisssigﬁla;f;‘yiéna|yseS Predicting NK Cell Lysis
We examined the relationships between these vatjanged from 113 for the NK cell lysis ratios to 103 .
ables and each of the three sets of outcome varjor T3 MAD values. For rIFNy measures, sample Table 1 provides the resuns_erm the
ables: NK cell lysis, ability of NK cells to respond t0 sjzes varied from 85 to 49 across the range of corllree models, A, B, and C, predicting NK
rIFN -y and rlL-2, and the blastogenic response Otentrations employed. cell lysis. For model A, in which age,
PBLs to Con A, PHA, and the T3 MAD. Analysis of  Eor each analysis, we provided three regressiogtage, and days since surgery are the in-
variance was used for the categorical independeffiodels: models A, B, and C. Model A includes O”'Vdependent variabIeRZA was small and

variables, and simple correlations were used for Nhe control (independent) variables (i.e., age, stage ianificant f E-T rati I E
merically scaled independent variables. and days since surgery) in predicting the immundiOnSignificant for every E:T ratio (a

Screening of these potential covariates involvegyyicome (e.g., NK cell lysis). Predictors in model aratios were <1.0). Because the percentage

examination of the relationships between 11 covarigere introduced simultaneously because we hadf NK cells available would influence the
ates and 20 dependent variables, or a total of 220
bivariate associations. Of these 220 associations, 15

were found to be statistically significant at .05 sig-

nificance level. This number of significant effects is Table 1. Results of regression analyses for predicting natural killer (NK) cell lysis across six
only slightly more than would be expected by effector-to-target cell (E:T) ratios
chance alone (i.e., 220 x .05 11). Inspection of
the significant relationships showed that many of Dependent variable: NK cell lysis at E:T ratios
them were attributable to the influence of a few out-
liers in the data. To be conservative, all of the re- 100:1 50:1 251 12.5:1 6.25:1 3.125:1
gression analyses described below were run twicgodel A, R2,* 005 007 012 015 020 023
once including and once excluding those covariateglodel AA, RZaaT 085 148 185 233 250 241
that had significant bivariate associations with th odel Bt
relevant dependent variables. In no case were results R, 135 212 238 268 275 253
of the regression analyses significantly altered by R%;_an8 050 064 053 035 025 012
the inclusion of the covariates. Given this fact and Bsyesl! -234 -.265 —.240 -.194 -.165 -.115
the consistently weak relationships of the covariates t(df = 110)f -2.462 -2.921 -2.672 -2.223 -1.892 -1.280
to the dependent variables, we do not report further P .016 .004 .008 .028 .062 .204
results involving the covariates. Model C#

Principal analyses.The principal analyses assess R2_ .067 .091 .084 .066 .056 .032
the relationship between the IES measure of psycho- t(df = 110) -2.826 -3.338 -3.199 -2.811 -2.558 -1.867
logic stress and the following three sets of outcome P .006 .002 .002 .006 .012 .066

measures: 1) NK cell lysis at five E:T ratios, 2)

response of NK cells to rIFN and rIL-2 stimulation *Model A includes the control predictors of age, stage, and days since surgery for the immune outcome,

at five E:T ratios each, and 3) the PBL blastogenid\K cell lysis. TheR?, is the total variance in NK cell lysis explained by these three predictors.

response to PHA and Con A and proliferative re- tModel AA includes model A variables plus the control predictor percentage of NK cells for the immune

sponse to the T3 MADb at three concentrations ooutcome, NK cell lysis. Th&?,, is the total variance in NK cell lysis explained by these four predictors.

dilutions each. Model B includes model AA control variables plus the stress predictor (i.e., Impact of Event Scale [IES]
We were interested in the role of stress in predictscore) for the immune outcome, NK cell lysis. Thé;Rs the total variance in NK cell lysis explained by

ing these outcomes, over and above the impact dhe four control predictors and the stress predictor.

disease and recovery variables on the immune re- 8R%;_,, is the increment in variance due to stress only (i.e., variance beyond that explained by the control

sponse. Thus, we chose to control for three varipredictors) in predicting the NK cell lysis outcome.

ables: 1) age, which is associated with down- |[|BsyesdS the standardized regression bgnfor the stress variable in model B. It indicates the magnitude

regulation of the immune system; 2) disease stagend direction of the influence (negative) of stress on the immune outcome.

which is an indicator of the extent or burden of df refers to the degrees of freedom in model B.

disease; and 3) days since surgery, which is an in- #Model C includes stress as the only predictor of the immune outcome, NK cell lysi&°Ehiethe total

dicator of the degree of recovery from surgical stresgariance in NK cell lysis explained by stress; this model provides the simple association between psychologic

and related factors (e.g., anesthesia). stress and immune function.
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total NK cell activity as measured by |y_ Table 2. Results of regression analyses for predicting natural killer (NK) cell response to recombinant
sis. we next added the percentage of NK interferon gamma (rIFNy) across five effector-to-target cell (E:T) ratios

cells, as determined by flow cytometry,
into the analyses as an additional, inde-

Dependent variable: NK cell response to rIkMNat E:T ratios

pendent control variable as shown (model 50:1 251 12.5:1 6.25:1 3.1251
AA). Across all E:T ratios, thé®,, val- Model A, R2,* .025 .097 .080 138 124
ues suggested that this variable added Sigodel Bt
nificant variance, as predicted, yielding R’ -gi(li -égi ﬁ; ﬁg -ggi
i B-A . . . : *
RPan valges ranging from 08510 .250. ;=" 128 _oas _358 _358 ~301
More important was the addition of the ¢ -1.104 -2.190 -3.203 -3.084 -2.083
stress variable (IES) as a predictor, shown df| 82 81 74 65 46
in model B. The value oR?; for lysis was 274 032 002 004 044
; i+ Model CT
notlc_eably 'af_gef _than t_hat 6 an a_nd I R%: .015 077 149 .149 .088
p_rO\_llded a significant mc_rement in pre- ¢ -1.128 2586 -3581 -3.343 -2.080
diction across the E:T ratios. These data df| 82 81 74 65 46
indicate that the measure of psychologic_P 264 012 002 002 044

stress th_at Was, used accouqted for signifi- *Model A includes the control predictors of age, stage, and days since surgery for the immune outcome,
cant variance in NK cell lysis above andyk cell response. The2, is the total variance in NK cell response explained by these three predictors.
beyond that explained by age, stage, daystModel B includes model A control variables plus the stress predictor (i.e., Impact of Event Scale [IES]
since surgery, and percentage of NK cellsscore) for the immune outcome, NK cell response. Rigis the total variance in NK cell response explained

Moreover, the sign of theéd regression by the thr_ee control predi(_:tors gnd the stress predictor. _ _ .

coefficient for IES was negative as pre- 1R%5_, is the increment in variance due to stress only (i.e., variance beyond that explained by the control
. s . . T predictors) in predicting the NK cell response.

dicted, indicating that an increase in mea- §Byesds the standardized regression bepfer the stress variable in model B. It indicates the magnitude

sured stress was associated with a declir@d direction of the influence (negative) of stress on the immune outcome.

in NK cell lysis. Thet tests for these co- ldf refers to the degrees of freedom in model B.

efficients were significant at five of the fiModel C includes stress as the only predictor of the immune outcome, NK cell respong& liaghe

six E:T ratios. Also, no other predictor intotal variance in NK cell response explained by stress; this model provides the simple association between

L . psychologic stress and immune function.
model B had a significant regression co-

efficient.

We also provide the regression resultsells to rIFN~y. Again, no other predictor For model A, which used age, stage, and
when only IES was used as a predictorin model B had a significant regressiondays since surgery as the independent
eliminating the control predictors from coefficient. Finally, the results for modelvariables, the value oR?, for Con A
the model (model C in Table 1). TheseC in Table 2 showed a simple associatiomanged from .035 to .054 and was of simi-
results showed that the simple associatiobetween IES and the rIFN response. lar magnitude for PHA, ranging from .022
between IES and NK cell lysis was statis-These correlations were significant at fouto .033. Since the number of total T cells
tically significant at five of the six E:T of the five E:T ratios; the proportions of available will affect the blastogenesis val-
ratios. variance accounted for were in the rangeies, we next added the number of T3-
of .077 to .149. positive cells into the analyses as an ad-

We attempted to calculate a parallel sedlitional, independent control variable as
of regressions for the response of NKshown by the step model AA. Across all

Results for the NK cell response tocells to rIL-2. However, cells from a large concentrations for each mitogen, the
rIFN v are provided in Table 2 and showproportion of the patients (62%) had novalue of R?,, suggested that this variable
a similar pattern. For model A, whichresponse to rIL-2. When the regressionadded variance, yielding the?,, values
used age, stage, and days since surgerywasre conducted on data obtained from theanging from .105 to .125 for Con A and
the independent variables, the value ofemaining patients (38%), the addition offrom .023 to .033 for PHA.

R?, was small to moderate, ranging fromstress (IES) in model B produced a sig- The addition of stress (IES) to the re-
.025 t0 .138. When stress (IES) was addedificant R® value at the 25:1 E:T ratio gression for blastogenesis added signifi-
to the model B regression, th& values only. It appeared that the majority of thecant variance, as indicated in model B.
were statistically significant at all but onesubjects’ NK cells did not respond toAll of the R? values were statistically sig-
E:T ratio (50:1). Furthermore, the incre-treatment with riL-2. nificant. Considering the incrementsi3
ments in the prediction due to IES, - : due to stress (IES), these were significant
R? were significant and ranged fromAnaIyses Predicting Blastogenic and ranged from .032 to .061 for Con A

B-A gn 9 Response of PBLs to Con A, PHA 9 .

.054 to .119. This value reflects the pro- ' ' and from .047 to .060 for PHA, reflecting

. . ! and the T3 MAb . : :

portion of variance in the cell response the proportion of variance in the blasto-
accounted for by stress (IES) beyond that Table 3 shows regression results fogenesis accounted for by IES beyond that
explained by the control variables. Againthe Con A and PHA blastogenic re-explained by the control variables. Again,
the negative weight g8 for IES in model sponses across three concentrations eathe negativgd weights for IES in model B

B indicated a negative influence of psy-Because the findings are similar for bothindicated a negative influence of psycho-
chologic stress on the response of the Nlassays, they will be discussed togethetogic stress on the blastogenic responses

Analyses Predicting Response of NK
Cells to Cytokines
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Table 3. Results of regression analyses for predicting the blastogenic response to concanavalin A (CorfQur results suggest that stress, as as-
A) and phytohemagglutinin A (PHA) across three concentrations each sessed via a self-report measure of intru-

Dependent variable: blastogenic response of mitogen sive and avoidant thothtS and behavprs
about cancer, was related to a negative

Con A PHA effect on NK cell lysis, the ability of NK
10 5 25 10 5 25  cells to respond to two cytokines, the
pg/mL pg/mL pg/mL ng/mL pg/mL rI/ML plastogenic response of PBLS to two mi-
Model A, R2,* .035 .043 .054 .022 .024 .033 togens, and the proliferative response to
Model AA, R\t 105 125 115 .023 .024 033 MAD T-cell receptor. These effects were
Model B+ inhibitory and of similar magnitude (i.e.,
Rs 166 174 147 .083 074 . liable) both b h d
Rog and 061 049 .032 .060 050 oa7 reliable), both between the assays an
Bstresl! -.255 -.229 -.187 -.256 -.234 -.229 within an assay (i.e., across E:T ratios and
Y(df = 103)1 ~2.668 —2.401 —1.927 —2.521 —2.299 ~2.25hitogen concentrations). The analyses
P .010 .018 .058 014 024 : : .
controlled for variables that might also be
Model C#
_ 053 065 053 070 054 052 expected to exert.short—term or long-term
t(df = 108)1 -2.443 -2.724 -2.443 -2.857 -2.489 -2.44effects on immunity—such as age, stage
P 016 .008 016 .006 014 .016

of disease, and days since surgery—and

*Model A includes the control predictors of age, stage, and days since surgery for the immune outctr)H!g_,d out other potept'lally confoundlng
blastogenesis. ThB?, is the total variance in blastogenesis explained by these three predictors. variables (e.g., nutritional status) that
tModel AA includes model A variables plus the control predictor of number of T cells for the immupgight also be influential. These controls
outcome, blastogenesis. TR, is the total variance in blastogenesis explained by these four predictofaduced the plausibility of alternative, ri-
fModel B m_cludes model AA control vanaples plgs the stress predlct.or (i.e., Impact. of Ever_lt Scale [Igﬁi hypotheses for these consistent find-
score) for the immune outcome, blastogenesis. s the total variance in blastogenesis explained by the
four control predictors and the stress predictor. Ings
8R2;_aa is the increment in variance due to stress only (i.e., variance beyond that explained by the contrdl iS recognized that NK cells mediate
predictors) in predicting the blastogenesis outcome. natural immunity, but some researchers
IBswessiS the standardized regression beafor the stress variable in model B. It indicates the magnitud(932) suggest that their role in health gen-

and direction of the influence (negative) of stress on the immune outcome. erally has been underestimated. For ex-
9df refers to the degrees of freedom in model B. y :

#Model C includes stress as the only predictor of the immune outcome, blastogene$. Ththe total  @mMple, there is evidence to suggest that
variance in blastogenesis explained by stress; this model provides the simple association between ptigeh®NK cells participate either directly or

logic stress and immune function. indirectly in multiple developmental,
regulatory, and communication networks

across concentrations. Moreover, no othesociation of stress (IES) with the respons@' the immune system. Furthermore, NK

predictor in model B had a significant re-to the T3 MAb at all dilutions, withR2, Cells are efficient effector cells that not

gression coefficient. Finally, results forvalues of .092 to .102. only are equipped fqr cell killing, but also
model C in Table 3 showed a simple asx. , are capable of rapid responses to exog-
sociation between stress (IES) and thPISCUSSIOn enous or endogenous signals by produc-

blastogenic response. These correlations Any immune response involves a comiNg cytokines and other factors involved
were significant for each concentration oflex cascade of events that occur ovef interactions between immune and non-
Con A and PHA. time. Studies suggest that the peripherdlmune cells(20).

Table 4 shows regression results foproducts of stress can play numerous The ability to spontaneously lyse a
the proliferative response of T cells toroles in regulating immunity, and so thebroad range of infected cells or tumor
three different dilutions of the T3 MADb. effects of stress will, necessarily, be varicells is the best known functional attribute
For model A, the controR? values were able. Current research suggests, for exf NK cells (20,22).Consistent with pre-
not significant for any dilution. Addition ample, that the acute stressors, both resious reports, these data suggest that
of number of T3-positive cells availablestressors [e.g., parachute jump30)] stress may impair this important process.
as a control increased the variance a@nd artificial stressors [e.g., experimentaDur findings highlight the specific effect
counted for as shown by the step modelasks including speech or math stresef cancer stress on immune function,
AA. The R?,, values ranged from .088 to (31)], are correlated with the mobilization whereas prior data obtained by Levy et al.
.143. However, increments iR? due to (increase) of NK cells. These changes arg83) had suggested that women’s reports
the addition of stress (IES), as shown byhought to be a result of alterations in celbf fatigue were related to lower levels of
R°s_aa Were significant, ranging from trafficking. In contrast, studies of chronicNK cell lysis. Chronically low levels of
.056 to .067. This indicates that about 6%tressors [e.g., bereavement, caregivindlK cell activity occur in patients with
of the variance was accounted for byor divorce (7,9) suggest that stress cancancer, particularly when there are large
stress (IES) beyond that explained by thbave an effect on the ability of NK cells totumor burdens or disseminated metastases
control variables. Once again, no othelyse a target cell, the ability of NK cells to (32).In general, patients with low NK cell
predictor in model B had a significant re-respond to rIFNy and rIL-2in vitro, and activity appear to be at higher risk for
gression coefficient. Results for model Cother aspects of the cellular immune reinfections, to have more prolonged dis-
again showed the simple, significant assponse. eases, or to suffer more severe symptoms
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Table 4. Results of regression analyses for predicting proliferative response of peripheral blood effect is reliable, these data would suggest

leukocytes to a monoclonal antibody to T-cell receptor (T3) across three dilutions that cancer patients who experience high
Dependent variable: proliferative response at dilutions Ievels of stress, lowered levels of respon-
sive T lymphocytes, and decreased NK
128:1 64:1 32:1 : .
cell function may be at greater risk for

Model A, R?,* .026 .052 .064 infectious illnesses as they begin adjuvant

Model AA, R, T .088 .104 143 therapy.

M??‘le' B+ 155 160 200 It is interesting that evidence is accu-
R 8 067 056 ‘057 mulating to suggest that psychologic and/
Bstresl -.273 -.249 -.252 or behavioral stress reduction interven-
t(df = 101) -2.747 -2.514 -2.604 : :

p 008 014 012 tions mgyenhancecertam as_pects_of the

Model Ci# cellular immune response, including NK

- 102 092 094 cell lysis. In an early investigation,
t(df = 101) -3.452 -3.255 -3.307 Kiecolt-Glaser et al.(40) studied 61
P .002 .002 .002

healthy adults living in a retirement home.

*Model A includes the control predictors of age, stage, and days since surgery for the immune outcég(.ﬁ,r rec.elvmg 1 month Of_ training
proliferative response. THEZ, is the total variance in proliferation explained by these three predictors. Progressive muscle relaxation, the sub-

tModel AA includes model A variables plus the control predictor of number of T cells for the immujgcts showed evidence of a 30% increase
outcome, proliferation. Th&2,, is the total variance in proliferation explained by these four predictors.jn NK cell Iysis in comparison with those

FModel B includes model AA control variables plus the stress predictor (i.e., Impact of Event Scale [I\Ilzvﬂ
score) for the immune outcome, proliferation. TR is the total variance in proliferation explained by the

0 received no treatment or only social

four control predictors and the stress predictor. qontaCt-_ Fawzy et al41) studied 61 pa-
§R%;_a is the increment in variance due to stress only (i.e., variance beyond that explained by the cdil@sits with melanoma and reported that, 6
predictors) in predicting the proliferation outcome. months after treatment, subjects receiving

IBswessiS the standardized bet@)(for the stress variable in model B. It indicates the magnitude al

bst . . ) htervention had significantly higher lev-
direction of the influence (negative) of stress on the immune outcome. Is of IEN alf d NK cell .
{ldf refers to the degrees of freedom in model B. els o alta-augmente cell activ-

#Model C includes stress as the only predictor of the immune outcome, proliferatioReT ieethe total ity than those who received no treatment.
variance in proliferation explained by stress; this model provides the simple association between psychdibgise data suggest that, if behavioral in-
stress and immune function. terventions can reduce stress and enhance
the cellular immune response, then health
outcomes might improve.

In conclusion, these data show a down-
regulation of different aspects of the cel-

than patients whose NK cell activity re-regulation of the expression of the IL-2
mains normal32,34). receptor on NK cells(23). Follow-up
A variety of biologic response modifi- studies will need to pursue and clarify thi ! . .
. R : : ular immune response associated with
ers are known to increase the activatiorgifference in cytokine responses.

proliferation, or cytotoxicity of NK cells It has been shown that the ability of:EE zisgcggls?g'Cansc:r?rslii;rastu?cigzzntpr :';'fs
(20). Among the best known activators ofPBLs to respond to PHA is reduced, in 9 9

NK cells are IL-2 and IFNy. Our data general, in cancer patien35); this low- ment of cancer. We note that these study

show that the physiologic changes assceered response is related to tumor burdepwammpanj[S are pgrt of a larger effort test
. . : S . ) o ing the biobehavioral aspects of stress,
ciated with psychologic stress inhibitedand declines in the ability of PBLs to re-. . . !
. . : : -~ immunity, and disease cour¢®). It will
NK cell lysis. Stress also affected the abilspond to PHA with disease Progression .. rant to document the lonaitudinal
ity of NK cells to respond to rIFNy, a (36).The negative effect of stress on blas- P g

R~ . ) . . . . . . nature of these findings, and future stud-
finding that is consistent with two previ- togenesis was replicated in this stud¥ : .
. . : : es will provide such data. Moreover, half
ous reports involving another life stressolacross two mitogens, PHA and Con A, as L
. - . ) . of the women who participated have been
[i.e., caregiving for a spouse with Alzhei-well as in the response of T cells to an . .
T T ; . randomly assigned to receive a psycho-
mer’s diseas€9,26]. It is interesting that MAb against the T-cell receptor. Thesq . ; : ) ”
: e . . . ogic/behavioral intervention specifically
NK cells from 62% of the women did not findings are consistent with correlational ;. .
. o geS|gned to reduce stress, enhance quality
respond to rIL-2. In subsequent analyseand experimental studies indicating that, . ; ;
. : ) . . o{ life, and test for the biologic mecha-
comparing women who did have an rlL-2stress impairs the blastogenic response @ .
. . . . g nism—such as immune responses—that
response with those who did not, no stresBBLs to mitogens and virus-specific T- : I
. . . . : may mediate any positive effects of stress
or disease variable differentiated the twaell responseg8,10,37-39).Mitogen- . .
. . : . ! ._reduction on health and disease outcomes.
groups. Further studies will need to banduced proliferation has been used to in-
performed to explore this result, althoughdicate the immune system’s ability to
it is possible that the lack of responsiverespond to antigens from pathogendXeferences
ness of NK cells to rIL-2 may be due to anChronically stressed, but healthy, indi-
overproduction of prostaglandin,Bby viduals showing decrements in the cellu- (1) Andersen BL, Anderson B, deProsse C. Con-
monocytes. It has been suggested that iar immune response (including NK cell “O:r':dn pr,‘:ﬁpecr:"’i_"l’lngp'f“d'r’]“al' S_““i'y Otf
breast cancer patients prostaglandin Hysis and the response of the PBLs to mi- \évgm:& \g" COC:SSIT Clin ;g;d?ocl’g'lcgsgc.)g{:
decreases IL-2 production in effector celtogens) subsequently reported a higherin-  ggo_7. '

populations, resulting in the down-cidence of infectious illnessé8). If this  (2) Moyer A, Salovey P. Psychosocial sequelae of
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Estrogen Receptor Expression
in Benign Breast Epithelium
and Breast Cancer Risk

Seema A. Khan, Mary A. M.
Rogers, Kamal K. Khurana,
Michael M. Meguid,
Patricia J. Numann*

Background: Estrogen exposure is a
major risk factor for breast cancer. In-

Methods

Our study subjects were recruited from the Breast
Care Center at University Hospital, Syracuse, NY;
the study was approved by the Institutional Review
Board. All patients completed a self-administered

. . .,__questionnaire regarding breast cancer risk factors at
Estrogen exposure is a major contribug,er first clinic visit. For most women, surgery was

tor to the risk of developing breast cancerperformed within 1 month of questionnaire comple-
but the biologic mechanisms involved areion. If the interval between guestionnaire comple-
poorly understood. One of the links istion and study participation exceeded 1 year, the
probably through the induction of prolif- questionnaire information was updated by direct
. . . questioning. Potential study subjects were asked to
eration of breast eplthellum because eVeryarticipate by allowing use of a sample of their nor-
mitotic event provides an opportunity formal breast tissue (i.e., tissue of normal gross appear-
genetic mishapg1-3). Other possible ance) from the surgical specimen. All participants
mechanisms include a genotoxic role fopigned a document of informed consent. Case sub-

estrogen metabolite@ﬁl) and high levels jects were women with newly or previously diag-
nosed invasive oin situ breast cancer who required

breast epithelium may augment estro-
gen sensitivity and hence the risk of
breast cancer. [J Natl Cancer Inst
1997;89:37-42]

creased estrogen responsiveness ofof both total and free estradiol in the Sergner preast surgery, and control subjects were

breast epithelium may enhance this ef-
fect. We examined the relationship be-
tween breast cancer diagnosis and 1)

the presence and absence of estrogenget organ (breast epithelium) may bé

receptor expression in benign breast
epithelium, 2) the level of expression
and 3) its variation during the men-
strual cycle, and 4) other established
risk factors. e.g., age, age at menarche,
parity, and family history. Methods:
We measured estrogen receptor ex-
pression (as % of positive cells) by im-
munohistochemistry in normal breast
epithelium from 376 women undergo-
ing diagnostic or therapeutic breast
surgery. Data on established risk fac-
tors were collected prior to surgery and
those on menstrual cycle dates at the
time of surgery. Logistic regression was

used to assess risks (odds ratios [ORSs]).

Results:The crude OR for breast can-
cer in women with estrogen receptor-
positive breast epithelium versus those
without was 3.16 (95% confidence in-
terval [CI] = 1.89-5.28), with an OR of
2.49 (95% CIl = 1.25-4.96) for pre-
menopausal and an OR of 3.32 (95%
Cl = 1.43-7.68) for postmenopausal
women. The ORs remained high and
statistically significant after controlling

for age and other breast cancer risk
factors. The level of estrogen receptor
expression was higher in patients with
breast cancer than in control subjects
and it was related to breast cancer risk
in postmenopausal women R trend

of breast cancer case subjects compare@men without a prior history of breast cancer who
with those of control subject6—7). En- required diagnostic breast biopsy, but proved not to

hanced estrogen responsiveness of the tdyave breast cancer. Seven cases were previously di-
gnosed with breast cancer; the interval from cancer

. diagnosis to the biopsy that resulted in study partici-
partly responsible for breast cancer Suﬁ)’ation ranged from 7 months to 3 years. The indi-

ceptibility but has not been systematicallytation for biopsy in six of these women was the

explored. This forms the basis of thisappearance of a new breast lump or mammographic
study. density in the contralateral breast. One woman un-

Estrogen response requires transport (Siferwent a prophylactic contralateral mastectomy 3
ears after the diagnosis of her original duct car-

estrogen Iinto the cell, b'ndmg of eStmger{inoma in situ. Indications for diagnostic biopsy

to estrogen receptors, binding to DNA,included palpable lumps, mammographic abnor-
and transcription of estrogen-responsivenalities, and nipple discharge. Benign lesions en-
genes(8), one of which is the gene for countered in these biopsy specimens ranged from

. fibroadenoma to various types of nonproliferative
progesterone receptc(9,10). Given the fibrocystic disease and proliferation without atypia,

Ob“gate role of estrogen receptor in eStro|'nc|uding sclerosing adenosis. Women with atypical
gen response and the fact that steroilyperplasia on biopsy were not specifically ex-
receptor content appears to limit cellularcluded from being control subjects, but in fact only
response to steroidd1,12),we hypothe- one' cont'rol ;ubject 'was found' to display atypical
sized that the histologically normal breasproliferation in her biopsy specimen.

. . . The study population was accrued between De-
eplthel|um of women with breast CanCeleember 1990 and December 1995. Fresh surgical
(case subjects) may demonstrate an iRpecimens were reviewed by a pathologist, who re-
creased estrogen receptor content whégased a grossly normal sample of breast tissue for
compared with women with benign breasgtudy if he/she felt that making an accurate diagnosis
of the patient’s condition would be unaffected by

disease (ContrOI SUbJeCtS)' We have prep-ermitting the use of this sample. The potential

V'OUS|y reported data on 120 Womenstudy population comprised 1620 women undergo-
which show a significantly greater preva-ing breast surgery at University Hospital during this

lence of estrogen receptor-positive epithenterval. Breast tissue was released for this study by
lium in case subjects over control subjectd'e examining pathologist on 531 (32.8%) of these

0 0 _ women, who formed the actual study population.
(85 % Versus 55 /0013)' We next hypOth The decision not to release tissue for research was

esized that estrogen receptor aIpha COased solely on specimen size and the need to evalu-
tent of breast epithelium may be deterate surgical margins or exclude a diagnosis of car-
mined by factors, such as age atinomain situ. The mean age of the actual study
menarche, parity, and menopause, or it

may be influenced by use of exogenous
estrogens. We now report data on a total *Affiliation of authors: Departments of Surgery,
of 376 women with an examination of thePreventive Medicine, and Pathology, State Univer-

<.005). Expression declined as expectedrelationship of estrogen receptor positivSity f New York Health Science Center, Syracuse.

in premenopausal control subjects as
the menstrual cycle progressed but rose
in breast cancer patients P trend

<.015). Conclusions: The overexpres-
sion of estrogen receptors in normal
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population was 46.8 years as opposed to 45.1 yeatise control slides were processed for every patient% or more of epithelial cells demonstrating nuclear

in the potential population; menarche prior to age 12n a similar manner. stain. When investigating the effect of increasing
years occurred in similar proportions of the actual positivity with risk, the categories were set arbi-
and potential populations (146 [27.5%)] of 531 ver-Statistical Methods trarily at less than 1%, 1.00-4.99; and 5% or greater;
sus 421 [26.0%)] of 1620); menopause after the age for tests of trend, these categories were coded 0, 1,

of 50 years occurred in 72 (13.6%) of 531 of the The primary relation of interest was that of estro- .y 5 - ynconditional logistic regression was per-
actual as opposed to 179 (11.0%) of 1620 in th§en receptor positivity with the occurrence of breasiorm(_:‘d using EGRET (Statistics and Epidemiology
potential study population. Of the potential studycancer. Twenty-two subjects were excluded at the, oo oo corporation, Seattle, WA). Adjusted odds
subjects, 300 (18.5%) of 1620 reported a positiv@utset for incomplete risk factor information be- ;. (ORs) and 95% confidence intervals (Cls) for
family history of breast cancer, whereas of the actugfaUse their risk factor questionnaires were missm%ceptor positivity were calculated. The likelihood

study population, 121 (22.8) of 531 did so. Women with missing information on one of tWo "o ot was iced to assess the significance of vari-

If the surgical procedure was a mastectomy, fouParameters were included in the calculation of CrUd%bles in the model.

i d age-adjusted ORs but were excluded from the
samples were obtained, one from each quadrant. TR&d age-ad) To analyze the effect of menstrual cycle on estro-

samples were embedded in tissue-freezing mediufRultivariate analysis reported in Table 1. Since prior : i
(O.C.T., Miles Chemical Co., Elkhart, IN) and snap_studies have indicated differences in breast canc&" €ceptor expression, data were collected on pre

frozen in liquid nitrogen. Cryostat sections were first'isk factors in premenopausal and postmenopausggf n;pcal:j: Iin\gc;r:TEerig:\r(:nbg?othse (\j/\?;/sm et:cirng
evaluated by hematoxylin—eosin staining. The sec¥omen, the results were stratified by menopausal ' 1'yth I ti uf' tdp yf pt tion..
tions were processed further only if adequate normaitatus. Menopausal status was determined from tH%:y n te C)ic N V\I/as s ady (')d n:jepsi ruaton-
epithelium was present. Adequacy was defined as $f-administered questionnaire according to patienthe menstrual cycle waa priori divided into six
minimum of 10 ducts or lobular acini. For mastec-TéSponse. Women who indicated that they Werghase; based on knpwn differences in plasma con-
tomy specimens, the sample demonstrating the begpstmenopausal were considered to be so. Womégntrations of estradiol and progesterone throughout
normal epithelium on hematoxylin—eosin staining??ho had undergone hysterectomy without oophoredhe cycle. These were days 1-5, 6-9, 10-14, 15-18,
was chosen for immunohistochemical demonstratiofPMy Were considered postmenopausal. Only threk9-24, and 25-28. The length of cycle for_eaf:h
of receptor expression. Epithelial samples include@f these women were less than 50 years old. Analy¥oman was normalized to a 28-day cycle, maintain-
in the study showed either morphologically normalSis of the data involved a three-stage process. Mg a constant 14-day luteal phase. Median differ-
epithelium or minimal nonproliferative benign Univariable analysis was conducted first to deterénces of estrogen receptor positivity were investi-
change. The tissue was adequate for evaluation &fine the distributions of the study variables. Thisgated for case subjects and control subjects, and ORs
receptor status in 398 women; 22 subjects were eWas followed by a bivariable analysis for investiga-across the six phases were calculated.

cluded for incomplete information on risk factors, tion of possible confounders, outliers, and collinear-

leaving a final study population of 376 women. OfitY- Covgriates in thg analyses were defined as age ESGSU“IS

these, 219 were premenopausal (70 case subjedigast tissue sampling, age at menarche, parity, u

and 149 control subjects) and 157 were postmen®f synthetic hormones (hormone-replacement

pausal (104 case subjects and 53 control subjectdflerapy [HRT] or birth control pills), body mass  Case subjects and control subjects had
Exclusions for inadequate epithelium were mainly inindex (kg/nf), five categories of alcohol use (never'sim”ar demographic CharacteristiCS, ex-

postmenopausal control subjects whose sampld@ss than once a month, one to eight times per ; C e
consisted of fatty tissue with very scant epitheliumMmonth, three to six times per week, and more thaff€Pt that case subjects were significantly

six times per week), previous diagnosis of cancer s@lder than control subjects (mean age, 54
Immunohistochemistry any site, history of breast cancer in mother and/oyersus 41 years). The proportion of case

sisters, prior exposure to radiation therapy, ethnicitysubjectS and control subjects with a pOSi-
Five-micron cryostat sections were fixed in 10%history of breast-feeding, prior hysterectomy and/or

formaldehyde, methanol, and acetone, according toophorectomy, smoking history, marital status, anélve famlly hI.StOI’y (I'e" .ar? affected first-
the manufacturer's instructions for the estrogen reeducational level. In the adjusted analyses, only pre§legree relative) was similar (22.4% and
ceptor—immunocytochemical assay and progesteent oral contraceptive and HRT use was considere@2.3%); 21% of the case subjects experi-
one receptor-immunocytochemical assay kits (AbThus, a postmenopausal woman who was currentidnced menarche prior to the age of 12
bott, Chicago, IL); primary antibodies were appliedusing HRT, but had used oral contraceptives 2 ears versus 22% of the control subjectS'
(antiestrogen receptor antibody H222 and antiproyears previously, was considered an HRT user. . :
gesterone receptor antibody KD68, respectively) foSome information was missing on selected covari_parlty before the age OT 30 years. occurred
30 minutes and treated with bridging antibody (goagtes, since not every woman who had a benign tissuf 17% of the case subjects and in 11% of
anti-rat). PAP (peroxidase/antiperoxidase) complesample completed all items on the questionnaire¢he control subjects; and 24% of the case
was added for 30 minutes followed by a phosphateThese were coded as missing and were treated 3¥bjects experienced menopause after the

b_uf_fered salir?e \_Nash and chromagen (diaminobersuch in th_e_ final anglysis. _age of 50 years as opposed to 15% of the
zidine).The dilution of reagents used was in accor- An additional variable was generated to indicate . .
dance with the manufacturer’s directions. Athe nulliparous interval, i.e., the number of yearscontrOI SUbJECtsf' _None (_)f t.hese differ-
hematoxylin counterstain was used. Proliferativebetween menarche and first-term pregnancy in pa€NCes were statistically significant.
epithelium was excluded from analysis; only normalous women and menarche and menopause in nullip-
epithelium and tissue with mild degrees of adenosiarous women. This variable reflects the period oheceptor Positivity in Case Subjects
(mild architectural distortion without hyperplasia) time that the breast epithelium was exposed to ovar- .

were analyzed. Sections were scored positive dan hormones, without the effect of a term preg-and Control Subjects

negative for receptor expression based on counts afincy. We developed the nulliparous interval pa-

an average of 2000 cells at x40 magnification. Omameter as a biologically sound way of increasing Estrogen receptor and progesterone re-
the average, every third epithelium-containing fieldthe power of the interaction analyses. The nuIIipa—CeptOr positivity were examined initially
was counted. Labeling index was calculated as theus interval was included in the analysis as a con- . .
percent of immunostained epithelial nuclei. Thetinuous variable. as continuous \(a_lrlables and both were
method of scoring benign tissue was developed in Univariable and bivariable analyses were perfound to be positively skewed. The me-
our laboratory and has been internally validated aformed using SYSTAT (SYSTAT Inc., Evanston, dian estrogen receptor labeling index was
having an interobserver variation of less than 20%lL). Initial comparisons of the distribution of estro- 7.7 in the case subjects and 3.2 in the
The threshold for positivity for both estrogen recep-gen and progesterone receptor-labeling indices wetesntrol subjectsF{ _ _001)_ The median
tor and progesterone receptor was prospectively sperformed using the Wilcoxon rank sum test. . .
at an labeling index of 1%. This threshold was cho- Multiple logistic regression analysis was used toDrOge,Sterone receptqr Iabellng mde}_( was
sen because it is equivalent to a level of 10 fm/mgnvestigate possible effect modification and to adjus-2-4 in the case subjects and 14.6 in the

cytosol protein in ligand-binding assaffs4). Nega-  for confounding(15). Receptor positivity was set at control subjects® =.829). Estrogen re-
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ceptor positivity (threshold labeling index, alcohol use, and hormone use), thfound with the inclusion of covariates.
index, 1%), examined as a categoric variOR of carrying a diagnosis of breast canThe adjustment for other study covariates
able by menopausal status, was significer in estrogen receptor-positive womerghistory of lactation, recent birth, history
cantly different between case subjects andas 2.63 (95% Ck 1.47-4.70). For pre- of radiation, smoking, marital status, edu-
control subjects. In premenopausamenopausal women, the OR was 2.04ation, and ethnicity) did not appreciably
women, there was a 17.6% difference if{95% CI = 0.97-4.3) and for postmeno-alter the final ORs.
t_hg pr_evalen_ce of estroger_l rec_eptor posp_au_sal women there was a stronger asSPxe + of Menstrual Cycle Variation
tivity in benign breast epithelium, with ciation between estrogen receptor positiv-
81.4% (57 of 70) of the case subjects beity of breast epithelium and breast cancer, Since estrogen receptor expression in
ing estrogen receptor positive versusvith an OR of 3.8 (95% Cl= 1.5-9.8). breast epithelium has been described by
63.8% (95 of 149) of the control subject several authors to vary with the menstrual
(chi-squared test?<.008). Among post- cycle in premenopausal wom€h6,17),
menopausal women, the difference wa we examined the effect of timing of sam-
18.7% (88.5% [92 of 104]) in the case We next examined the possibility of anpling relative to the menstrual cycle in
subjects and 69.8% (37 of 53) in the conincreasing effect on breast cancer rislpremenopausal women. This analysis is
trol subjects P<.004). with increasing estrogen receptor positivshown in Fig. 1, where the median estro-
The crude ORs for breast cancer weréy. Crude and adjusted ORs for three dif-gen receptor positivity of case subjects is
elevated in women showing at least 1%erent categories of estrogen receptocompared with the median value for con-
breast epithelial cells positive for estrogermpositivity are shown in Table 1. The testtrol subjects. Each phase contained ap-
receptor: among all estrogen receptorfor trend in estrogen receptor positivityproximately one-third case subjects and
positive women, it was 3.16 (95% G¢  for all women was statistically significant two-thirds control subjects, although the
1.89-5.28). When stratified by meno-(P<.001), although the crude ORs forabsolute numbers of women in each phase
pausal status, the crude OR for premenawomen with estrogen receptor labelingvaried from 14 to 76 (Fig. 1). The differ-
pausal women was 2.49 (95% &l 1.25— index 1.00—4.99 and estrogen receptor laance in median estrogen receptor labeling
4.96) and for postmenopausal women walseling index greater than or equal to 5.00ndex differed significantly in the 25—-28-
3.32 (95% Cl= 1.43-7.68). There was were similar (3.1 and 3.2, respectively)day interval P = .032); the difference
no significant difference in the relationWith the inclusion of additional covari- did not reach statistical significance in the
between estrogen receptor positivity andtes, the OR estimates for increasing lewsther intervals shown, probably because
breast cancer for premenopausal and postls of estrogen receptor positivity re-of small numbers. The data suggest that
menopausal womerP(= .480 for inter- mained elevated but nonsignificant incase subjects and control subjects demon-
action). When adjusted for age and othepremenopausal women. However, a stastrate opposite trends in the estrogen re-
known breast cancer risk factors (age distically significant increase in the esti-ceptor positivity as the menstrual cycle
menarche and parity, family history, his-mated relative risk of developing breasprogresses. In women without breast can-
tory of cancer at other sites, body massancer in postmenopausal women waser, an expected decreasing trend in es-

SEffect of Increasing Estrogen
SReceptor Content

Table 1. Crude and adjusted ORs for breast cancer risk in relation to increasing levels of ER positivity*,T

All women Premenopausal Postmenopausal

Case Control Case Control Case Control
subjects  subjects OR 95% CI  subjects  subjects OR 95% CI subjects  subjects OR 95% ClI

Crude ORs
ER LI
0-0.99 25 70 1.00 — 13 54 1.00 — 12 16 1.00 —
1.00-4.99 47 43 3.1 1.6-6.0 27 36 3.1 1.3-7.4 20 7 3.8 1.1-14.1
=5.00 102 89 3.2 1.8-5.7 30 59 2.1 0.9-4.8 72 30 3.2 1.3-8.3
P trend <.001 P trend = .085 Ptrend= .018
Adjusted ORs
ER LI
0-0.99 25 70 1.00 — 13 54 1.00 — 12 16 1.0 —
1.00-4.99 47 43 3.03 1.6-5.9 27 36 2.2 1.0-5.2 20 7 4.4 1.3-145
=5.00 102 89 2.19 1.2-4.0 30 59 1.57 0.7-3.5 72 30 3.1 1.3-7.6
Ptrend= .029 Ptrend = .384 Ptrend= .032
ER LI
0-0.99 17 59 1.0 — 9 44 1.0 — 8 15 1.0 —
1.00-4.99 34 35 3.7 1.6-9.2 21 29 2.7 0.9-8.4 13 6 4.4 0.8-25.8
=5.00 78 60 3.0 1.3-6.9 24 43 1.8 0.6-5.2 54 17 7.3 1.8-29.5
P trend= .015 Ptrend = .440 P trend = .005

*ER = estrogen receptor; L& labeling index; Cl= confidence interval; OR= odds ratio.

tTable 1 shows the crude and adjusted ORs for increasing categories of estrogen receptor labeling index. The analyses are presented as crude ORs for the wi
study population (all women) and for pre- and post-menopausal women separately. The first panel shows the crude ORs, the middle panel the ORs adjusted for a
only, and the last panel the ORs adjusted for age, history of cancer other than of the breast, age at menarche, age at parity, body mass index, alcohol use, horm

use, and family history of breast cancer in a mother or sister.
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20

women with estrogen receptor-positive

Fig. 1. Median percentage
of estrogen receptor (ER)- 18 +
positive cells in each phase
of a standardized 28-day
menstrual cycle. Number of
case subjects and control
subjects in each phase is ag|
follows: days 1-5, six case
subjects and 15 control sub-
jects; days 6-9, three case
subjects and 11 control sub-
jects; days 10-14, five case
subjects and 16 control sub-
jects; days 15-18, eight
case subjects and 14 control
subjects; days 19-25, 10
case subjects and 22 control
subjects; and days 25-28,
24 case s_ubjects and 52 (n=21)
control subjects.

16.9

16

Median percentage of ER positive cells

and -negative tissue. The mean age of es-
trogen receptor-positive women was
higher than those who were estrogen re-

B Women without breast cancer
B Women with breast cancer

ceptor negative. On the whole, there was
a trend toward postmenopausal women

15-18 19-24 25-28
(n=22)  (n=32) (n=76)

being estrogen receptor positive more fre-
quently than premenopausal women
(P<.07), with a significant positive corre-
lation between age and estrogen receptor
positivity in the entire populatiorr (= .2;
P<.001). The effect of age on estrogen
receptor positivity was no longer sig-
nificant when women were stratified
by menopausal status. Premenopausal
women who consumed alcohol regularly
were more frequently estrogen receptor
positive (8.6%) than women who denied
alcohol consumption (4.5%). Among

postmenopausal women, estrogen recep-

trogen receptor expression in the latteusing HRT at any time, and only 14 casg
part of the cycle was observed, as resubjects and 20 control subjects were cur-
ported by other§16-19).In the case of rent users. Estrogen receptor positivit)é
women with breast cancer, estrogen rewas significantly more frequent in nonus-
ceptor expression tended to increase witérs if they were case subjects (88.6% ver-
the progression of the menstrual cyclesus 55.2%); but among the users of HR
ORs for breast cancer in relation to estroproportions of women showing estrogen
gen receptor positivity across the sixreceptor-positive epithelium was roughlyt
phases of the menstrual cycle were urequal, regardless of case—control status
stable, but generally revealed an increa$85.7% versus 85.0%), as shown in Tabl

tor positivity was more likely if they were
nulliparous, had had a prior cancer other
han that of the breast (uterus, ovaries,
colon, and lymphoma), had a mother or
ister with breast cancer, were using
HRT, or had a greater time interval from
1Jrnenarche to either first full-term preg-
fnancy or menopause. Body mass index
was not significantly different, both be-
ween case subjects and control subjects
and between estrogen receptor-positive

ing trend from OR= 1.25 in days 1-5 to 2. However, there was no significant in-%lnd "negative women.

OR = 4.38 in days 25-28 (chi-squarecteraction between current HRT use anghjscussion
trend = 5.90;P = .015). estrogen receptor positivity in terms of
The ORs for progesterone receptobreast cancer risk?( = .106). We have compared estrogen receptor
positivity were not significantly different  Nulliparous interval was modeled as alpha and progesterone receptor expres-
from unity; for all women, the OR was continuous variable and was found to be aion in normal, nonhyperplastic breast
0.996 (95% Cl= 0.98-1.01). Progester-significant predictor of case status, withepithelium from breast cancer case sub-
one receptor-positive premenopausaisk increasing by 6% for each additionaljects with that in control subjects with
women exhibited an OR of 1.0 (95% Clyear (OR= 1.06; 95% Cl= 1.03-1.11). only benign disease. This model has the
= 0.99-1.02), and postmenopausal womenhere was no significant interaction be-advantage of comparing preneoplastic
exhibited an OR of 0.999 (95% C¥ tween nulliparous interval and estrogerepithelium from a high-risk group with a
0.98-1.02). receptor status of the benign epitheliumdefined probability of developing new
) i ] The fact that variations in nulliparous in-breast cancers (0.75% per ye#20) to

Interaction With Other Risk Factors  erya could result from oral contraceptivesimilar epithelium from women whose fu-
use in some women was not a point ofure risk of breast cancer is close to that of
nalysis here. the general population. We find that the

Table 3 shows the characteristics obdds of a woman with estrogen receptor-

There were no significant first-order
interactions between estrogen receptoal"
positivity and other covariates, with case—
control status as the outcome. In particu-
lar, there were no interactions with ear|yTab|e 2. Prevalence of estrogen receptor positivity by hormone-replacement therapy (HRT) use and case
menarche, late parity, or late menopause. subject status (postmenopausal women)
There were 39 case subjects and 97 con-
trol subjects with a history of any oral

Nonusers of HRT Current HRT users

Contraceptive use in the past and estrogen Control subjects Case subjects Control subjects Case subjects
receptor positivity was equally distributed®R negative (%) 13 (44.8) 10(11.4) 3(15.0) 2(14.3)
between them. Postmenopausal hormorkR IOTOSiﬁIVe (%) 2196 (85.2) 8338 (88.6) 237 (85.0) 1412 (85.7)

. . . otal
use was relatively infrequent: 23 case Pearson (df, 1) = 15.47;P = .0001  Pearsog? (df, 1) = 0.003;P = .95

subjects and 30 control subjects described
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Table 3. Characteristics of estrogen receptor (ER)-positive and -negative women by menopausal stafi99, and=5) shows that increasing pro-
portions of estrogen receptor-positive

Premenopausal Postmenopausal . .
Womep,)] Womeﬁ cells result in higher ORs for postmeno-
(n = 219) (n = 157) pausal womenR trend .005) but not for

Mean age, y (SD) p_remenopz_;\usal women (Table 1). This
ER-positive women 39.0 (8.5) 60.8 (12.0) difference in trends may be related to the
ER-negative women 34.7 (7.5) 59.2(10.6) yariability of estrogen levels in premeno-

Mean age, v, at first full-term pregnancy (SD) pausal women, and needs to be examined
ER-positive women 24.0 (5.3) 23.3(4.7) furth
ER-negative women 24.6 (5.0) 23.4 (4.6) lurther. -

Mean age, y, at menarche (SD) _Estrpgen receptor positivity of breast
ER-positive women 12.4 (1.4) 12.6(1.4) epithelium does not appear to be modu-
ER-negative women 12.4(1.8) 13.0(1.8) lated by the endocrine risk factors, such as

Mean years from menarche to either first full-term early menarche, late first-term pregnancy

pregnancy or menopause (SD) ;
ER-positive women 14.4 (8.0) 14.2 (10.0) and Ia_lte menopause, and dpes not explain
ER-negative women 14.2 (6.4) 126(92) the high risk associated with them. We

Percentage nulliparoust found no significant interactions between
ER-positive women 32.9 22.9 estrogen receptor positivity and these risk
ER-negative women 333 15.4 factors in our study population, which

Percentage with prior cancer at any site 00 60 contained 76 women with early menar-
ER-positive women 10. 18. : :
ER-negative women 12.7 111 ]Ehz?[,t:%l with late menopadUSYeA: 32_t\r/]\/|th :ia_lte

Percentage with a mother and/or sister diagnosed with rs ) erm. preghancy, an . \.NI .nu -

breast cancer parity. Since the b_reast epithelium is par-
ER-positive women 20.0 21.9 ticularly susceptible to transforming
ER-negative women 194 14.3 events between menarche and the termi-
MeEaIQ b°d,¥_ mass index (SD) 25.1 (5.4 277 62) nal differentiation associated with term
-positive women . . . . .
ER-negative women 25.3(5.1) 26.4(5.6) Pregnancy, we collapsed the endocrine-
Percentage using either hormone-replacement therapy or related risk categorles Into ,One’ defined
birth control pills above as the nulliparous intervasee
ER-positive women 13.8 23.6 “Methods” section). The odds of having
ER-negative women 138 17.9 breast cancer increased by 6% for each

Percentage with alcohol intake >3 times per week additional year that the breast epithelium
ER-positive women 8.6 7.8 . .
ER-negative women 45 71 was exposed to ovarian cycles_ without a

term pregnancy, but the duration of the
*SD = standard deviation; C& confidence interval. nulliparous interval did not influence es-
tMedian age of nulliparous women was 31 years (95%=C28.2—-34.8). trogen receptor positivity in either case

subjects or control subjects, and we found

no interaction between nulliparous inter-
positive breast epithelium having a canceno significant differences in the propor-val, estrogen receptor positivity, and the
of the breast are significantly elevatedtion of positive cells, with crude ORs in occurrence of breast cancer. These results
with the crude OR being 3.16 (95% &  both premenopausal and postmenopausakre unaffected by censoring premeno-
1.89-5.28) and the adjusted OR after conwomen being very close to one. This is inpausal nulliparous women who still have
trolling for known breast cancer risk fac-agreement with our previous finding thatnot completed their reproductive life
tors (including age) being 2.63 (95% Clprogesterone receptor positivity is uni-span.
= 1.47-4.70). The effect of estrogen reformly prevalent in most women and isa The use of HRT by postmenopausal
ceptor positivity is stronger for postmeno-constant feature of normal breast epithewomen resulted in a dramatic increase in
pausal than for premenopausal womenium (13) [reviewed in(21)]. the proportion of estrogen receptor-
but it should be noted that estrogen recep- The threshold for estrogen receptopositive control subjects, so that there was
tor expression in premenopausal womeand progesterone receptor positivity waso difference between estrogen receptor-
varies with the menstrual cycle. Since ouprospectively chosen as 1%, since thipositivity rates between case subjects and
samples were not collected in a specifitevel has been reported to correspond toontrol subjects in this subset (Table 2).
phase of the menstrual cycle, the randorthe commonly used threshold of 10 fm/This finding needs to be pursued further
variation of surgical timing within the mg cytosol protein in breast cancelin a larger study, with pre- and post-HRT
menstrual cycle may be diluting the effecsamples(14). Other thresholds for estro- assessments of estrogen receptor expres-
of estrogen receptor positivity thus biasgen receptor positivity between greatesion. If confirmed, it would suggest that
ing our results toward the null in the pre-than zero and 2% did not alter the OR$HRT promotes estrogen receptor positiv-
menopausal subset. appreciably; a threshold of 5% resulted irity in postmenopausal women and may

Progesterone receptor positivity wagdower ORs (data not shown). Howevergcontribute to breast cancer risk through

equally prevalent in the breast epitheliumanalysis using three categories of estrogehis mechanism.
of case subjects and control subjects, witheceptor expression (labeling index <1, 1- Estrogen receptor expression in benign
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breast epithelium has been described td2) King RJ. William L. McGuire Memorial Sym-  (14) el-Badawy N, Cohen C, DeRose PB, Sgoutas
decline late in the menstrual cycle. Our posium. Estrogen and progestin effects in hu- D. Immunohistochebmical estrogenlreceptor a:js—
. . PP . man breast carcinogenesis. Breast Cancer Res say: quantitation by Image Analysis. Mo
data are consistent Wlth this fmd|.ng in the Treat 1993:27-3-15. Pathol 1991:4:305-9.
control subjects, but in case subjects W'th(3) Pike MC, Spicer DV, Dahmoush L, Press MF. (15) Breslow NE, Day NE. Statistical methods in
breast cancer the reverse trend was Seen, Estrogens, progestogens, normal breast cell ~ cancer research. Volume I: The analysis of
with median estrogen receptor labeling proliferation, and breast cancer risk. Epidemiol ~ case control studies. IARC Sci Publ 1980;(32):
index increasing late in the cycle. Addi-  Rev 1993;15:17-35. 5-338. _
tionally, we observed a statistically sig- (4) Lemon HM, Heidel JW, Rodriguez-Sierra JF.(16) E?gersMbyPi’ Rober|t<so|n ﬁJ, Anderfson TJ,thlg
nificant trend for increasing odds of Ipcreased catechol estrogen metabolism as a » McPherson K. Influence of menstrua
) . risk factor for nonfamilial breast cancer. Can-  Cycle, parity and oral contraceptive use on ste-
breast cancer in women whose breast epi-  ¢er 1992:69:457-65. roid hormone receptors in normal breast. Br J
thelium was estrogen receptor positive(s) Moore JW, Clark GM, Bulbrook RD, Hayward Cancer 1992;4:601-7.
late in the cycleP<.015). These data sug- JL, Murai JT, Hammond GL, et al. Serum con-(17) Williams G, Anderson E, Howell A, Watson R,
gest that dysregulated estrogen receptor ~Ccentrations of total and non-protein-bound oes- Coyne J, Roberts SA, et al. Oral contraceptives
: tradiol in patients with breast cancer and in ~ (OCP) use increases proliferation and de-
expression, as reflected by estrogen re- it J Cancer 1082:20:17-21.  Creases oestrogen receptor content of epithelial
ceptor positivity in the luteal phase, car- ) gernstein L, Ross RK. Endogenous hormones  Cells in the normal human breast. Int J Cancer
ries a particularly strong association with  and breast cancer risk. Epidemiol Rev 1993; ~ 1991;48:206-10.

the presence of breast cancer, and lead us 15:48-65. (18) Markopoulos C, Berger U, Wilson P, Gazet JC,
to speculate that loss of the normal regu_(7) MacMahon B, Cole P, Brown J, Aoki K, Lin Coombes RC. Oestrogen receptor content of

. - TM, Morgan RW, et al. Urine estrogen profiles normal breast cells and breast carcinomas
latory mechanisms th?.t control EXPresSION ot Asian and North American women. Int J throughout the menstrual cycle. Br Med J
of estrogen receptor in normal breast epi-  cancer 1974:14:161-7. 1988;296:1349-51.

thelium may confer an increased risk for (8) Katzenellenbogen BS, Bhardwaj B, Fang H,(19) Soderqvist G, von Schoultz B, Tani E, Skoog
the development of breast cancer. These Ince BA, Pakdel F, Reese JC, et al. Hormone L. Estrogen and progesterone receptor content
. . . indi ioti ivati - in breast epithelial cells from healthy women
findings also imply that future studies ex- binding and transcription activation by estro n )
aminig the relgt)i/onshi of estrogen re- 96N receptors: analyses using mammalian and during the menstrual cycle. Am J Obstet Gy-
g O P gen yeast systems. J Steroid Biochem Mol Biol ~ hecol 1993;168(3 Pt 1):874-9.
ceptor expression in benign breast epithe-  1993:.47:39-4s. (20) Hislop TG, Elwood JM, Coldman AJ, Spinelli
lium and breast cancer risk must control (9) Dubik D, Dembinski TC, Shiu RP. Stimulation 33, Worth AJ, Ellison LG. Second primary can-
for menstrual cycle dates in premeno-  of c-myc oncogene expression associated with cers of the breast: incidence and risk factors. Br
S i i J Cancer 1984;49:79-85.
ausal women, and that estrogen receptor estrogen-induced proliferation of human breast '
P . . he | | oh 9 d P cancer cells. Cancer Res 1987;47(24 Pt 1)(21) Khan SA. Estrogen and progesterone receptors
expression In the luteal phase deserves ..., in benign breast epithelium. The Breast Journal
special attent}on- . o (10) Katzenellenbogen BS, Nardulli A, Read L. Es- ~ 1995;1:251-61.
In conclusion, further investigation of trogen regulation of proliferation and hormonal

estrogen receptor expression in breast epi- modulation of estrogen and progesterone reNOteS
thelium may identify points in the estro- ceptor biosynthesis and degradation in targe

. lls. In: Molecular endocrinology of steroid
en response pathway that may be inter- & : ‘ _ _
g P P y Y hormone action. Proceedings of the Fourth In-  Supported by American Cancer Society grant 93-

rupted to avoid the cancer-prqmopng ternational Symposium on Cellular Endocri- 33 and by the Department of Surgery, SUNY Health

effects of estrogen on breast epithelium.  nology. New York (NY): Alan R. Liss, 1990: Science Center at Syracuse.
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and smoking were also associated with mous cell carcinoma or adenocarcinoma/adeno-
both types of cervical cancer.Conclu- Sduamous carcinoma) and had not received any

. . . treatment. The histologic slides in which the diag-
Causes of Cervical Cancer sions:As has been shown for Squamous nosis was made were reviewed by an expert patholo-

in the Philippines: cell carcinoma, HPV is the central gist (M. Santamaria). Control women were selected
cause of adenocarcinoma/adenosqua- istributi

a Case—Control Study : ; q to match the expected a}ge dlstrlbutl_on qf the 'case
mous carcinoma of the uterine cervix. subjects and had to fulfill the following inclusion

The observed associations of less preva_criteria: not to have had conization, hysterectomy, or

Cora Ngelangel, Nubia Moz, lent HPV types with cervical cancer d_iseases ass_ociated with knoyvn risk factors for cer-
. . . . . vical neoplasia (other anogenital tumors and tumors
F. Xavier Bosch, Genara M. have important implications for Cervi- o the breast, oral cavity, esophagus, lung, bladder,
Limson, Mario R. Festin, Judith cal cancer prevention strategies. [J Natl and liver; cardiovascular or cerebrovascular dis-
Cancer Inst 1998;90:43-9] eases; chronic bronchitis; or emphysema). Evidence
Deacon’ Marcel V. J_aCObS’_ of cytologic abnormality detected on examination
Mercedes Santamaria, Chris after recruitment was not a criterion for exclusion.
J L M. Meijer Jan M. M. Certain types of human papillomavirusCase and control subjects who were in poor physical

(HPV) are currently recognized as theer mental condition were excluded.
central etiologic factor of invasive cervi- All eligible case subjects and 387 (98.7%) of 392

. eligible control subjects agreed to participate and
cal cancer(1,2) and of its precursor le- provided biologic specimens.

. sions (3-5). In 1995, the International = The cytologic diagnoses of the control subjects at
Backgroqnd.Am_ong the numerous hu- Agency for Research on Cancer (IARCntry into the study were as follows: normal ¢
man papillomavirus (HPV) types, only (6) evaluated all relevant data on the car2?7). inflammatory (n= 84), low-grade squamous

types_ .16 and 18 have bgen formally cinogenicity of HPV and concluded thatintraepithelial lesion (n= 6), high-grade squamous
classified as human carcinogens. To

.. . intraepithelial lesion (n= 3), and inadequate for
o there was sufficient evidence to catego
evaluate the associations of 33 HPV

) diagnosis (n= 12).
d other risk f ith rize HPV types 16 and 18 as human car- The main diagnostic categories of the control sub-
types and ot erns actors wit SQua- - cinogens but that the existing evidencéects included in the study were urinary infections (n
mous cell carcinoma and adenocarci- \yas |imited or inadequate for the other= 75), benign disorders of the genital tract ¢n
noma of the cervix, we performed a ppy types. At that time, odds ratiog 23): menstrual disorders (r 43), diseases of the
hospital-based, case—control study in ' irculatory system (n= 31), mild mental disorders
P y (ORS) for HPV types 31, 33, and 35 ancfn = 28), endocrine or metabolic disease£n18),

the Philippines. Metho_dS:The study in-_ invasive cervical carcinoma had been regiseases of the respiratory system<riL6), diseases
cluded 356 case subjects who had his- horted for only the three types as a groupf the nervous systems (r 14), diseases of the
tologically confirmed cervical cancer from case—control studies in Spain andnusculoskeletal system (r 14), diseases of the
(323 incident cases of squamous cell cglombia (1,3) and in Brazil (2). Since digestive system (= 9), diseases of the skin (&

; . . , infectious or parasitic disease €n 8), and other
carcinoma and 33 incident cases of ad- ), in P "
the IARC evaluation, we have Complete iseases (n= 12). In addition, 57 healthy women

enocarcinoma/adenosquamous carci- case—control studies in other populationgno were visiting the hospital for reasons other than

nomay) and 381 control subjects. Infor- in which standard protocols and questioniiness (usually accompanying outpatients) were in-

mation on risk factors was obtained by naires were employed. A polymeraseluded as control subjects. '

personal interview. HPV DNA was de- chain reaction (PCR)-based assay capabIeA_ﬂer histologic review, the can(:(_ers in the case

tected in exfoliated cervical cells and of detecting 33 HPV tvpes was usy8) subjects were classified as follows: squamous cell
_ . 9 yp » carcinoma (n= 344), adenocarcinoma (& 23),

biopsy specimens by use of a polymer- and ORs for the most common HPV types

ase chain reaction assayResults:HPV  were estimated for both squamous cell

DNA was detected in 93.8% of case carcinomas and adenocarcinomas. The,, . . . )

. . . . . *Affiliations of authors: C. Ngelangel, G. M.
subjects with squamous cell carcinoma role of other risk factors after controlling  inson, M. R. Festin, The Clinical Epidemiology
and in 90.9% of case SUbjeCtS with ad- for the strong effect of HPV has been exnit, Department of Medicine, Philippine General
enocarcinoma/adenosquamous carci- amined in a few studiegl-3). Hospital, University of the Philippines, Manila; N.

noma compared with 9.2% of control We report here the main results of d\/luﬁot_z UTi,tA\Of Fielti ans InterV(re]ntionCStudiesl,_ln-
. . . ol _ ernational Agency for Research on Cancer, Lyon,
subjects, giving age-adjusted odds ra- hospital-based, case-control study COI’f:rance; F. X. Bosch, Servei d’Epidemiologia i Reg-

tios of 156 (95% confidence interval ducted in Manila, the Philippines, whichigye gel cacer, Institut Catalad’Oncologia,
[CI] = 87—280) for squamous cell carci- has a population with intermediate rates'Hospitalet del Llobregat, Barcelona, Spain; J.
noma and 111 (95% CI = 31-392) for for cervical cancer (age-adjusted inci-Deacon, Section of Epidemiology, Institute of Can-
adenocarcinoma/adenosquamous car- dence rate 25 per 100 00(9). f:er JReLseT\‘ArChMSiT;TO;t'S“:\;ey{,yéggohfﬁ;'sja;zzs'
cinoma. Flfteen different HPV types_ Patient d Method University HospitaI: Amsterdam, The Nethe;rlands;
were detected in squamous cell carci- atients an ethoas M. Santamaria, Laboratorio Anatomia Patologica,
noma, and six different HPV types Seccion Citologia, Hospital Provincial de Navarra,
were detected in adenocarcinoma/ Pamplona, Spain. o
adenosquamous carcinoma. Among  From April 1991 through April 1993, 387 con- un?toc:;erig%ngﬁgClitte?l/gﬁlt?o'r\wﬂgﬁaigs'?ﬁthélfr?élt?é’nal
HPV types other than types 16 and 18, secutive women with a diagnosis of invasive cervi- gency for Research on Cancer. 15(5, Cours Albert

the associations of HPV with risk of cal cancer and 392 control women were identifiedb‘ : 3 e
. from the outpatient clinics and wards of the Philip- | 'omas, F-69372 Lyon"dex 08, France. E-malil:
squamous cell carcinoma were strong-

- pine General Hospital in Manila. Inclusion criteria munoz“@iarc.’f’r R .
est for HPV45. In addition to HPV,  for case subjects were that they had a histologically S€€ Notes” following “References.

high parity, low socioeconomic status, confirmed cervical cancer (incident case of squa© Oxford University Press
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adenosquamous carcinoma#£n11), and clear cell sufficient products for further typing. PCR productscase and control subjects and that included all vari-
carcinoma (n= 3); histologic slides were not avail- from independent reactions were pooled to generatbles being evaluated.
able for six case subjects. Two main groups of carll identical Southern blots for parallel and succes- We examined various measures of socioeconomic
cinoma were considered for the analysis by histosive hybridization rounds for typing with the use of status: place of residence, educational level, occu-
logic type: squamous cell carcinoma and adenocainternal type-specific oligoprobe@). The strategy pation, housing characteristics, and number of
cinoma/adenosquamous carcinoma. The squamoa$melting and rehybridization of the filters was es-household amenities (i.e., television, refrigerator,
cell carcinomas were further categorized into thesentially the same as that described eafll&). The and toilet and running water inside the house). Ed-
following subtypes: keratinizing large cells (2.4%),first hybridization round was performed for HPV ucational level and household amenities showed the
nonkeratinizing large cells (94.2%), nonkeratinizingtypes 16, 18, 31, 33, 35, 39, 45, 51, 52, 54, and 5&trongest associations with risk, but only the latter
small cells (0.5%), and others (2.9%). The second round included HPV types 6, 11, 26, 34yas included in the final multivariate analysis.
Information on clinical stage was available for40, 42, 43, 44, 58, 59, and 68. The third round was Statistical significance was tested by use of the
371 (96%) of the case subjects. The stad@3were performed for HPV types 57, 61, 66, 70 (equivalentikelihood ratio test for the difference for dichoto-
distributed as follows: stage |, 62 case subjectto CP141-7), 72 (equivalent to CP4137), 73mous variables and for two-sided linear trend for
(17%); stage Il, 136 case subjects (37%); stage lliequivalent to MM9), 1S39 and MM4 (related to variables with logically ordered categories.
170 case subjects (46%); and stage IV, three cas¢PV51), MM7, CP6108, and CP8304. The lastthree From the variables that were highly correlated

subjects (0.01%). sequences are phylogenetically related to the lowwith the use of Pearson’s correlation coefficients)
) ) risk HPV61 and HPV6Z212,13). Type-specific oli- and that may have been measuring the same effect,
Data and Specimen Collection gonucleotides (30-mers) were selected on the basise was selected for inclusion in the final model;

of sequence information from the HPV sequence.e., age at first intercourse that was highly correlated

Study subjects were interviewed at the hospital byjatabasg14,15) after alignment analysis with the with age at first marriage and age at first pregnancy
use of a standardized questionnaire to elicit inforCLUSTAL program (PC/Gene Release 6.7; Intelli-(correlation coefficients= .97 and .84, respec-
mation on sexual behavior, reproductive historygenetics, Inc., Mountain View, CA)L6). tively) was included in the final model.
contraceptive practice, smoking habits, genital hy- |n a second step, for those specimens found to be HPV attributable fractions (AFs) have been cal-
giene, history of sexually transmitted diseasesg-globin PCR negative as well as HPV PCR negaculated according to standard methods, AFp(r —
screening history, and various measures of socioecgve, DNA was extracted from the cell pellets and1)/[1 + p(r — 1)], wherep = HPV DNA prevalence
nomic status (e.g., education, occupation, incomeetested for HPV DNA as described above. In addiin the population approximated by the prevalence in
per capita, type of housing, and household facilition, for those cases for which not enough cell pellethe control group and = relative risk approximated
ties). Three specially trained female technicians adyas available as well as for those cases testing neghy the OR.
ministered the interview to all case and control subtive for HPV in the exfoliated cells, the HPV DNA  Some deviations from the protocol could have in-
jects. An effort was made to keep them blinded tanalysis was done on the corresponding biopsgroduced biases in the selection of control subjects.
the case or control status of the study subjects. Thépecimens of these carcinomas. For HPV detectiohhe design was hospital based, but 57 control sub-
average time taken to complete the interview was 2# the biopsy specimen, the sandwich method waects were healthy women who were visiting the
minutes. After the interview, all women had a pelvicused as described earli€t7). Briefly, snap-frozen hospital for reasons other than iliness, usually ac-
examination performed by a gynecologist, who alsqissues were cut in a way that the outer sections of eempanying a sick relative. In addition, 53 women
took two cervical scrapes with an Ayre spatula andseries of sections were used for histologic analysisyith benign disorders of the genital tract, who were
an endocervical brush. One Pap smear was prend the inner sections were used for PCR testing.ineligible according to our protocol, were included.
pared, and the remaining cells were eluted in phos- The special precautions we took to minimizeHowever, the exposures to the risk factors under
phate-buffered saline (PBS), pelleted in PBS (200@alse-positive results in the PCR have been destudy of these two groups of women were compared
rpm for 10 minutes at room temperature), and kept aicribed in detail elsewher@2). with those of the other hospital control subjects, and
=70°C for later use for HPV DNA detection. A Only those specimens found to Beglobin PCR  no significant differences were found. Moreover, the
tumor biopsy specimen was also taken in most casgfositive or negative and HPV DNA positive were prevalence of cytologic abnormalities and HPV
and kept frozen for virologic studies. A 10-mL blood included in the analysis. Thus, 22 (5%) case subjecgositivity in these two groups was very similar to
sample was also collected from all women for theand six (1.5%) control subjects classified as negativéhat of the whole group of control subjects. Finally,
detection of antibodies to certain sexually transmitfor g-globin and HPV DNA were excluded, which excluding these two groups of women from the
ted agents. left 365 case subjects and 381 control subjects. Ianalyses had little effect on the adjusted risk esti-

The study protocol was cleared by the ethicakddition, six case subjects for whom the histologianates for HPV and other risk factors; therefore, they
committee of the International Agency for Researchiiagnosis was not confirmed and three who had aere included in the final analyses.
on Cancer and by local ethical committees. Writtediagnosis of clear cell carcinoma were also ex-
informed consent was obtained from the study subcluded, which left a final total of 356 case subjectsRasylts

jects. For case subjects, the combined prevalence of
. . HPV DNA (detected in exfoliated cells and in bi- . . .
HPV DNA Detection and Typing opsy specimens) is given. For control subjects, the For patients with squamous cell Caljc"
o ‘ HPV DNA prevalence was detected only in exfoli-"OMa&, the mean age was 47.2 years; for
HPV DNA detection in cervical scrapes was per-ateq cells. those with adenocarcinoma/adenosqua-
formed by PCR7,8). To analyze the quality of tar- _ mous carcinoma, it was 48.4 years; for
get DNA for PCR purposes, we prescreened specgt tistical Analvsi trol biects. it 46.8
mens by PCR with the use @fglobin gene-specific alisucal Analysis control subjects, 1 Was -0 years.
oligonucleotide primers(11). Specimens that Table 1 summarizes the HPV DNA

showed successful amplification @-globin se-  To estimate the risk of cervical cancer associatepprevalence in case and control subjects.
guences were subjected to HPV DNA genotyping.with various HPV types and the other risk factors, Among control subjects, the HPV
The genotyping was carried out as follows:we calculated odds ratios (ORs) and 95% confidencBNA prevalence in exfoliated cells was
Briefly, a first screening to determine the overallintervals (Cls) as approximations of relative risks by9 206. It increased with the number of
presence of HPV was performed by use of a generaising unconditional logistic regressiqi8). The : '
primer GP5+/6+-mediated PCR, which permits theORs for HPV were adjusted only for age (categoS€Xual partners and was lower among
detection of a broad spectrum of sequenced and stiltized in four age groups: <40 years, 40-49 yearsvomen starting sexual intercourse under
unsequenced genital HPV types at the subpicogras0-59 years, ané=60 years). ORs for other risk 20 years of age, but the tests for trend
level (7). HPV positivity was assessed by low- factors are given, adjusted for age and for age, HP\(Nere not statistically significant. How-
stringency Southern blot analysis of PCR productsnd all variables included in the final model. In an .
with a cocktail probe of HPV-specific DNA frag- attempt to identify factors that influence the progres—ever' the HPV DNA 'prevalence did not
ments (12). Subsequently, GP5+/6+ PCR was re-sion from HPV carrier state to invasive carcinomaShOW a clear trend with age or education.
peated in triplicate on positive samples to generatere used a model that was restricted to HPV-positivédmong case subjects, the HPV DNA
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Table 1. Human papillomavirus (HPV) types in women with cervical cancer and in control women in the Philippines*

Adenocarcinoma/

Squamous cell carcinoma adenosquamous carcinoma Control subjects

HPV type No. % No. % No. %t
NEGALIVE ..o 20 6.2 3 9.1 346 90.8
Positive for any HPV type... 93.8 30 90.9 35 9.2

Total ..o 323 100.0 33 100.0 381 100.0
HPV6 3 8.6
HPV11 1 2.9
HPV16 110 36.3 4 13.3 5 14.3
HPV18 61 20.1 15 50.0 4 11.4
HPV31 2 0.7 2 5.7
HPV39 1 0.3
HPV45 37 12.2 3 10.0 4 11.4
HPV51 6 2.0
HPV52 9 3.0 2 5.7
HPV54 1 2.9
HPV56 2 0.7
HPV58 9 3.0
HPV59 5 1.7 1 33
HPV68 2 0.7
HPV8304 3 8.6
HPV X 34 11.2 2 6.7 5 143
HPV16 + HPV18 12 4.0 2 6.7
HPV16 + HPV18 + HPV51 1 0.3
HPV16 + HPV18 + HPV66 1 0.3
HPV16 + HPV45 2 0.7 2 6.7
HPV16 + HPV51 1 0.3
HPV16 + HPV66 2 0.7
HPV16 + HPV73 1 0.3
HPV18 + HPV45 1 0.3 1 2.9
HPV18 + HPV51 1 0.3
HPV31 + HPV59 1 3.3
HPV45 + HPV52 1 0.3
HPV45 + HPV58 1 2.9
HPV51 + HPV66 1 0.3
HPV44 + HPV6108 1 2.9
HPV58 + 1S39 + MM4 1 2.9
HPV 1S39 + MM4 1 0.3
HPV40 + HPV56 + HPV73 + 1 2.9

HPV8304 + MM4
Total multiple types 25 8.3 5 16.7 5 14.3

*Percentage of HPV types are calculated relative to the total HPV positive and indicates percentage of positive cases in which a specific type alone or in
combination with other types was detected.
tBeginning with the fourth value in this column (i.e., 8.6), all percentages reflect the percent of HPV-positive control subjects.

prevalence among case subjects did nétPV type 45 was the most common typgects) are given in Table 2. For any HPV,
vary with any of the variables consideredn control women followed by HPV types the age-adjusted OR for squamous cell
(data not shown). 16 and 18. carcinoma was 156 and the AF was
Fifteen different HPV types were de- Two or more different HPV types were 93.5%; for adenocarcinoma/adenosqua-
tected among the patients with squamoudetected in 25 (7.7%) of the women withmous carcinoma, the OR was 111 and the
cell carcinoma, five among the patientssquamous cell carcinoma, in five (15.2%)AF was 91%.
with adenocarcinoma/adenosquamouaf the women with adenocarcinoma/ For both squamous cell carcinoma and
carcinoma, and 17 among the control subadenosquamous carcinoma, and in fivadenocarcinoma/adenosquamous carci-
jects. HPV types 6, 11, 26, 33, 34, 35, 40(1.3%) of the control subjects; these armoma, very high ORs were observed with
42, 43, 44, 54, 57, 61, MM7, and CP417%ounted twice or more in Table 2. Thirty-the various HPV types. In squamous cell
were not identified in any of the tumortwo (9.9%) specimens from patients withcarcinoma, they ranged from 81 for
specimens from patients with squamousquamous cell carcinoma, two (6.1%HPV58 to 506 for HPV16; in adenocar-
cell carcinoma (Table 1). from patients with adenocarcinomal/cinoma/adenosquamous carcinoma, they
The most common HPV type inadenosquamous carcinoma, and fiveanged from 259 for HPV45 to 948 for
women with squamous cell carcinoma1.3%) from control women had HPVsHPV18.
was HPV type 16 followed by HPV that could not be typed with the 33 type- The association of cervical cancer risk
types 18, 45, 52, and 51; in women withspecific probes that we used and wergith HPV66 cannot be properly assessed
adenocarcinoma/adenosquamous cardtassified as HPV X. The age-adjustecbecause it was detected only as co-
noma, HPV type 18 was the most comORs for the most common HPV typesinfection with other high-risk HPV types.
mon type followed by types 16 and 45.(those detected in at least four case sub- Table 3 summarizes the association of
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Table 2. Number and percentage of human papillomavirus (HPV)-positive case and control subjects and odds ratios (ORs) for association between squamous
cell carcinoma and adenocarcinoma/adenosquamous carcinoma of the cervix and HPV types

Case subjects

Adenocarcinoma/
adenosquamous carcinoma

OR* (95% confidence interval

Squamous cell carcinoma Control subjects

Adenocarcinoma/

Percentage of Percentage of Percentage of Squamous cell adenosquamous
HPV type No. HPV positive No. HPV positive No. HPV positive carcinoma carcinoma
NEQALIVE ..ot 6.2 3 9.1 346 90.8 1.0 (referent) 1.0 (referent)
Positive for any HPV type . 93.8 30 90.9 35 9.2 156 (87-280) 111 (31-392)

Total ..o 100.0 33 100.0 381 100.0

HPV16 130 40.2 8 24.2 5 13 506 (178-1436) 549 (44-6912)
HPV18 77 23.8 17 51.5 5 1.3 276 (99-771) 948 (97-9240)
HPV45 41 12.7 5 15.2 6 1.6 124 (46-335) 259 (26-2618)
HPV51 10 3.1 0 0.0 o (44.7-0)
HPV52 10 3.1 2 0.5 93 (18-484)
HPV58 9 2.8 2 0.5 81 (14-480)
HPV59 5 15 0 0.0 % (19.3-)
HPV66 4 12 0 0.0 % (14-%0)
HPV X 34 105 2 6.1 5 1.3 111 (39-317) 50 (2-456)
Other types 11 34 2 6.1 13 34 16.0 (6.1-41.5) 15 (2-116)
Multiple typest 25 7.7 5 15.2 5 1.3 91 (31-271) 150 (23-973)

*Adjusted for age.
fincluded in the calculation of prevalence and ORs for individual types.

Table 3. Association of squamous cell carcinoma of the cervix with risk factors other than human papillomavirus (HPV)

All women HPV-positive women
Case Control Odds ratio* Odds ratiot Odds ratiot

Risk factors subjects subjects (95% confidence interval) (95% confidence interval) (95% confidence interval)
No. of household amenities§

4 75 170 1.0 (referent) 1.0 (referent) 1.0 (referent)

3 87 98 2.0 (1.4-3.0) 1.6 (0.7-3.7) 1.5(0.5-4.8)

2 85 63 3.1(2.0-4.7) 3.9 (1.4-10.4) 1.4(0.4-4.8)

0-1 76 50 3.5(2.2-5.5) 3.4(1.2-9.8) 2.9 (0.5-15.1)
Age at first intercourse, y

=24 48 119 1.0 (referent) 1.0 (referent) 1.0 (referent)

21-23 61 93 1.6 (1.0-2.6) 2.1 (0.7-6.0) 2.3(0.6-9.1)

18-20 102 112 2.3(1.5-3.5) 1.9 (0.7-5.3) 1.9 (0.5-7.3)

<18 112 56 5.0 (3.1-7.9) 2.5(0.9-7.3) 2.0 (0.5-7.7)
No. of live births

0 5 25 1.0 (referent) 1.0 (referent) 1.0 (referent)

1-2 48 70 3.5(1.3-9.9) 3.8(0.6-24.0) 12.5(1.2-127.0)

3-5 137 176 4.3(1.6-11.8) 4.9 (0.8-30.0) 5.7 (0.7-45.0)

=6 133 110 7.9 (2.9-22.0) 9.0 (1.2-68.0) 27.2 (2.2-237.0)
Lifetime No. of sexual partners

1 248 341 1.0 (referent) 1.0 (referent) 1.0 (referent)

2 57 32 2.5(1.5-3.9) 1.2 (0.4-3.3) 2.1(0.5-9.1)

=3 18 7 3.5(1.4-8.6) 3.4 (0.4-29.0) 1.3(0.1-18.0)
Use of hormonal contraceptives), y

Never 258 277 1.0 (referent) 1.0 (referent) 1.0 (referent)

1-3 40 80 0.5(0.3-0.8) 0.3(0.1-0.7) 0.25 (0.08-0.8)

=4 25 23 1.1(0.6-2.1) 2.0 (0.5-7.6) 2.8 (0.2-30.0)

Unknown 0 1 _
Smoking status

Never 255 352 1.0 (referent) 1.0 (referent) 1.0 (referent)

Ever 68 29 3.3(2.1-5.2) 11.2 (3.9-32.0) 6.6 (0.8-55.0)
Interval since last Pap smear, y

Never 292 231 1.0 (referent) 1.0 (referent) 1.0 (referent)

=5 13 34 0.3 (0.15-0.6) 0.2 (0.06-0.8) 0.5 (0.09-2.6)

<5 10 69 0.1 (0.05-0.2) 0.1 (0.04-0.05) 0.07 (0.02-0.3)

*Adjusted for age.

tAdjusted for age, HPV, and all variables in the table.

fAdjusted for age and all variables in the table.

§Household amenities (television, refrigerator, and toilet and running water inside the house).

|IA few were injectable hormonal contraceptives.
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squamous cell carcinoma with risk factors Table 4 shows similar analyses for adare carcinogenic, an estimation of the risk
other than HPV. After adjustment for agegnocarcinoma/adenosquamous carcof developing cervical cancer linked to
HPV, and all factors shown in the table noma. After adjustment for age, HPV, andhese HPV types can be derived only from
the following factors were significantly other factors included in the table, statiscase—control studies. In 1995, an IARC
related to risk: number of householdtically significant associations were ob-working group(6) evaluated the carcino-
amenities P for trend = .003), smoking served for number of household amenitiegenicity of HPV types and concluded that
(P for trend = .001), and parity and age (P for trend = .005), parity P for trend only HPV16 and HPV18 could be classi-
at first intercourse (borderline signifi- = .03), and interval since last Pap smediied as human carcinogens; other HPV
cance P for trend = .07). With regard to (P for trend = .04). Among HPV- genital types were classified as probable
smoking, a statistically significant in- positive women, similar associations wer@r possible carcinogens because the epi-
crease in risk was observed with years abbserved, but only number of householdlemiologic evidence available at that time
smoking and numbers of cigarettesamenities showed a statistically signifi-was limited or inadequate.

smoked per day (data not shown). Theant trend P = .02). By the application of the HPV general
effect of number of sexual partners de- primer GP5+/6+-mediated PCR in com-
creased and became nonsignificant aftdDiscussion bination with HPV type-specific oli-
adjustment for HPV R for trend = .7). goprobes, most, if not all, genital HPVs
There was a strong protective effect with Of the 75 HPV types that have beercan be detecte(7,8). The strategy used
the interval since the last Pap smeRf@r cloned to date, at least 30 are known tdor typing in this study has been tested
trend = .001). When a similar analysisinfect the genital tract and 18 of thembefore (13), and it has been shown that
was performed and was restricted tdhvave been detected in frozen biopsyhree rounds of melting and rehybridiza-
HPV-positive women only, similar asso-specimens from about 1000 women fromiion of the filters do not affect the
ciations were observed, but the tests fo22 countries who have been diagnosesensitivity of the assay. Therefore, even-
trend were statistically significant only with invasive cervical cance(19). Al- tual underrepresentations of HPV types
for parity and interval since last Papthough experimental and some epidemiatested in this study are unlikely to be the

smear P = .05 and .001, respectively). logic evidence suggests that these typagsult of the typing methodology. Using

Table 4. Association of adenocarcinoma/adenosquamous carcinoma of the cervix with risk factors other than human papillomavirus (HPV)

HPV-positive women

Case Control Odds ratio* Odds ratiot Odds ratiot

Risk factor subjects subjects (95% confidence interval) (95% confidence interval) (95% confidence interval)
No. of household amenities§

3-4 10 268 1.0 (referent) 1.0 (referent) 1.0 (referent)

2 8 63 3.5(1.3-9.3) 8.4 (1.1-63.2) 6.4 (0.6-63.0)

0-1 15 50 9.2 (3.8-22.0) 19.2 (2.3-156.0) 23.0(1.4-392.0)
Age at first intercourse, y

=24 6 119 1.0 (referent) 1.0 (referent) 1.0 (referent)

21-23 7 93 1.4 (0.5-4.5) 0.9 (0.1-8.9) 1.9 (0.1-37.0)

18-20 11 112 2.0 (0.7-5.6) 0.2 (0.02-1.9) 0.6 (0.04-7.4)

<18 9 56 3.1(1.0-9.1) 0.5 (0.06-5.1) 0.7 (0.03-15.8)
No. of live births

0 1 25 1.0 (referent) 1.0 (referent) 1.0 (referent)

1-2 4 70 1.5(0.16-13.8) 4.0 (0.07-210.0) 4.2 (0.05-339.0)

3-5 13 176 1.8(0.2-14.7) 26.6 (0.6-1094.0) 19.9 (0.2-1855.0)

=6 15 110 4.0 (0.5-33.0) 327.0(3.9-27176.0) 115.1 (1.2-1 106 540.0)
Lifetime No. of sexual partners

1 22 341 1.0 (referent) 1.0 (referent) 1.0 (referent)

=2 11 39 4.3 (1.9-9.6) 4.0 (0.5-30.0) 1.5(0.1-17.0)
Use of hormonal contraceptived|, y

Never 26 277 1.0 (referent) 1.0 (referent) 1.0 (referent)

1-3 3 80 0.4 (0.1-1.3) 0.04 (0.003-0.5) 0.04 (0.001-1.1)

=4 4 23 1.9 (0.6-5.9) 4.3 (0.3-57.0) 4.7 (0.3-81.0)

Unknown 0 1 —
Smoking status

Never 31 352 1.0 (referent) 1.0 (referent) 1.0 (referent)

Ever 2 29 0.9 (0.2-4.1) 4.7 (0.2-129.0) 13.6 (0.07-2599.0)
Interval since last Pap smear, y

Never 27 299 1.0 (referent) 1.0 (referent) 1.0 (referent)

=1 2 103 0.16 (0.04-0.7) 0.1 (0.02-0.96) 0.1(0.01-1.1)

*Adjusted for age.

tAdjusted for age, HPV, and all variables in the table.

fAdjusted for age and all variables in the table.

§Household amenities (television, refrigerator, and toilet and running water inside the house).

|IA few were injectable hormonal contraceptives.
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this methodology, we report here thewere tested only once. However, severdew years ago by Loncz et al. (20),
results of a case—control study conductedbservations justify the use of two typedased on the magnitude of the ORs should
in the Philippines in which the risk for of biologic specimens in case subjects ande revised.
the seven HPV types more common irone in control subjects. Our unpublished Few independent risk factors were
this population (HPV types 16, 18, 45, 51yesults from further testing of the speciddentified in addition to the strong effect
52, 58, and 59) was estimated. Inmens originally classified as negative inof HPV. For squamous cell carcinoma,
addition, we were able to estimate thdhe IARC international survey of HPV high parity, number of household ameni-
risk linked to some of these HPV typestypes in invasive cervical cancer indicatdies (as a surrogate of socioeconomic sta-
for the two main histologic types of cer-that the true prevalence of HPV in thesdus), and interval since last Pap smear
vical cancer: squamous cell carcinom&ancers is at least 99%. Concerning thwere significantly associated with risk.
and adenocarcinoma/adenosquamous c&#PV prevalence among control subjectsSimilar associations have been observed
cinoma. For both histologic types, aPreliminary results from our ongoingin our studies in Spain and Colombia
very strong association was observed foptudy comparing the HPV prevalence in(1,3,21),Brazil (2), and Morocca(22) but
the presence of HPV DNA; the age_exfoliated cells with that detected in bi-not in Thailand(23). Although an asso-
adjusted OR for squamous cell carcinom&PSY specimens taken from women with€iation of risk of squamous cell carci-
was 156 and that for adenocarcinoma@Ut cervical neoplasia who were undergonoma with early age at first intercourse
adenosquamous carcinoma was 111’.‘9_ hysterectomy for various reasonsvas observed, it_wgs not .sta.ti.stically Sig-
HPV16 was the most common typelr}dlf:ate_that the HPV prevalence is ver)n.lﬁc_ant. Thg statistically significant asso-
in squamous cell carcinoma (43% of theswmlar in the two types of specimens.ciation c_)f risk of_ squamous .ceII. carci-
positives), followed by HPV18 (25%) andTh'S .result sugggsts that the use of onlyoma vynh §mok|pg is intriguing in this
HPV45 (14%). In specimens of adenocar_exfollated cells in the control subjectspopulathn in which the prevalence of
: : does not underestimate the prevalence smokers is very low (21% of the case sub-
cinoma/adenosquamous carcinomg, &' S\ act 4 8% of th trol subiect
HPV18 was the predominant type (57%), ’ . Jects an o of the control subjects were
followed by HPV16 (27%) and HPVA5 T_he pr_evalence_l_n tr_\e group of controle_ver smokers). No clear as_souatlon_ of
y (27%)

SN - subjects in the Philippines (9%) is lowerrisk of squamous cell carcinoma with
(17%). These distributions are similar to . . . . )

. . . than that reported in the control subjectsmoking was observed in our previous
those reported in the IARC international . %) in which the studies in Spain. Colombia. Brazil. Mo-
survey of HPV types in invasive cervical & study from Brazil (179) in w pain, ' ’

) ) GP5/6 PCR-based assay was ug@)l rocco, and Thailand.

cancer(19), with the exception of HPV This result correlates well with the risk of ~ Similar associations were observed for
j[ypes 33 and 35 th"?“ were not deu3Ctegervical cancer in these two population@denocarcinoma/adenosquamous carci-
in our study population. However, t_hes age-adjusted incidence rate 20 per noma, but they were statistically signifi-
two types were a'Sf? rare in the SPECIMEN$H0 000 in Manila and 35 per 100000 incant only for number of household ameni-
from Southeast Asia |.ncluded N OUr N5z paulo, Brazil(9)]. ties, parity, and interval since last Pap
ternational survey; their prevalences were  zthough several case series in whiclsmear.

2% and 1%, respectively. PCR-based assays were used have re- The proper evaluation of risk factors
Among control subjects, the three moshqted a prevalence of HPV DNA rangingother than HPV will require a pooled
common types of HPV were also the mosfom 250 to 96% in adenocarcinoni@), analysis of all case—control studies that
commonly detected in cervical cancerpg formal case—control studies have beewe have carried out or are carrying out in

i.e., HPV types 16, 18, and 45, which haseported. To our knowledge, this is thevarious countries.
also been the case in our previous caseirst case—control study in which the risk  The validity or reliability of the assays
control studies in Colombia and Spaininked to specific HPV types has been esfor HPV DNA detection is critically im-
(1,3) and Brazil(2). timated for adenocarcinoma/adenoportant in studies on HPV and cervical
The age-adjusted ORs for squamousquamous carcinoma. Our results confirmeoplasia(24,25). The PCR-based assay
cell carcinoma were as follows: HPV typethat, as was found for squamous cell cartthat we have used in our study is consid-
16, OR= 506; HPV type 18, OR= 276; cinoma, certain HPV types are the mairered today to be one of the most reliable
HPV type 45, OR= 124; and HPV types cause of adenocarcinoma/adenosquamo(8). Design limitations should also be
51, 52, 58, and 59, ORS >80. For ad- carcinoma. considered in the interpretation of our re-
enocarcinoma/adenosquamous carci- The main implications of our HPV sults. Our study was hospital based; as
noma, the ORs were as follows: HPV typdindings are as follows: 1) In addition to such, it may suffer from selection bias.
16, OR= 549; HPV type 18, OR= 948; HPV types 16 and 18, HPV types 45, 51 The case subjects were consecutive inci-
and HPV type 45, OR= 259. These ex- 52, 58, and 59 can now be considered tdent case subjects attending the largest
tremely high ORs are exceptional in canbe carcinogenic for humans, if we followhospital in Manila, and all agreed to par-
cer epidemiology. the criteria used for the IARC monographticipate. The control subjects were attend-
It can be argued that these ORs havi® evaluate the carcinogenicity. 2) HPVing the same hospital; therefore, it can be
been artificially increased because thostypes 16, 18, and 45 are the main cause assumed that they came from the same
case subjects whose exfoliated cells weradenocarcinoma/adenosquamous cargiopulation as the case subjects. However,
negative for HPV were tested again bynoma in the Philippines. 3) The classifi-there were some deviations from the pro-
use of the biopsy specimens, whereas theation of HPV into high-risk, intermedi- tocol. The control group was intended to
exfoliated cells of the control subjectsate-risk, and low-risk types, as proposed have a wide range of diagnoses that were
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unrelated to the risk factors for cervical (7) de Roda Husman AM, Walboomers JM, van(17) Walboomers JM, Melchers WJ, Mullink H,

carcinoma, but a group of women with
benign gynecologic conditions (g 53)
and a group of healthy women (a 57)
were included. However, the distribution
of the various risk factors in these two

groups was similar to that of the rest of (8) Jacobs MV, de Roda Husman AM, van den(18)

the control subjects, and their exclusion
from the analysis did not change the risk
estimates for HPV and other risk factors.
Besides, when we are dealing with ORs of
the magnitude found in this study, bias or
confounding is very unlikely to explain
the very strong associations with the vari-
ous HPV types.

In conclusion, in the Philippines as in
other countries, cervical cancer is a late

sequelae of infection with certain types o !

HPV. Likely cofactors are high parity,

smoking, and unidentified factors linked
to low socioeconomic status. Cervical cy-
tology screening offers a strong protec-
tion.
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Risk Factors for Cervical
Cancer in Thailand:
a Case—Control Study

Saibua Chichareon, Rolando
Herrero, Nubia MUioz,

F. Xavier Bosch, Marcel V.
Jacobs, Judith Deacon,
Mercedes Santamaria,
Virasakdi Chongsuvivatwong,
Chris J. L. M. Meijer,

Jan M. M. Walboomers*

Background: Human papillomaviruses
(HPV) types 16 and 18 are clearly in-
volved in the etiology of cervical can-
cer, but the evidence for the carcinoge-
nicity of other HPV types is limited.
Cofactors involved in the progression
from infection with HPV to high-grade
precursors and cancer have not been
clearly defined by the results of previ-
ous studies.Methods: We conducted a
hospital-based, case—control study of
invasive cervical cancer to investigate
risk in relation to HPV infection and its
epidemiologic cofactors in Hat-Yai,
Thailand. A total of 338 patients with
squamous cell carcinoma, 39 patients
with adenocarcinoma/adenosquamous
carcinoma, and 261 control subjects
were included in the study and were
interviewed to obtain information with
regard to cervical cancer risk factors.
HPV DNA presence in cervical exfoli-
ated cells or frozen biopsy specimens
was determined by a polymerase chain
reaction assay.Results:HPV DNA was
detected in 95% of patients with squa-
mous cell carcinoma, 90% of those with
adenocarcinoma/adenosquamous car-
cinoma, and 16% of control subjects.
For patients with squamous cell carci-
noma, the most common types of HPV
found were type 16 (60% of the posi-
tives), type 18 (18%), type 58 (3%),
type 52 (3%), and type 31 (2%). For
patients with adenocarcinoma/adeno-
squamous carcinoma, the most com-
mon HPV types found were type 18
(60% of the positives), type 16 (37%),
and type 45 (3%). The risk factors that
remained associated with risk of both
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histologic types after adjustment for south of Thailand, an area with an esti-
HPV and their mutual confounding ef- mated age-adjusted incidence rate of cer-
fects were limited education, increasing vical cancer of 18.5 per 100000 women
number of sexual partners, history of (5).

venereal diseases, and interval since

last Pap smear (i.e., cytologic) test. Subjects and Methods

Among patients with squamous cell
carcinoma, some association with
smoking was also observedConclu-

sion: New preventive strategies for cer-
vical cancer will require the consider-
ation of multiple HPV types. [J Natl

Cancer Inst 1998;90:50-7]

Study Population

Recruitment of study subjects was conducted
from September 1990 through March 1993. Case
subjects were women with invasive cervical cancer
that was newly diagnosed and histologically or cy-
tologically confirmed at the participating hospital in
Hat-Yai. These subjects had not received previous

Several types of human papillomavirugreatment for cervical cancer, and all were in a suf-
(HPV), particularly types 16 and 18 a_reﬁciently good physical and mental condition to pro-

: . . Vvide reliable answers. Histologic and cytologic
recognized as the main cause of CerVIC%‘ides were reviewed by an expert pathologist (M.

cancer and its precursor |eSl_0013- These Santamaria). Control subjects were women without
two viral types were found in more thancervical cancer who were selected from the same

60% of a large series of cases of invasiviospital as the case subjects; these women were
cervical cancers reported from 22 Coun\_Nithout histories of treatment with conization or

" . hysterectomy and were broadly stratified by age (in
tries around the WOI’l(}IZ). In that StUdy’ n 10-year groups) to the expected distribution of the

all areas invest@gated, _except Indonesiggse subjects. In addition, as was required for the
HPV16 predominated in squamous celtase subjects, control subjects had to be in suffi-
carcinomas, whereas HPV18 often presiently good physical and mental condition to pro-
dominated in adenocarcinoma(ﬁ—4) vide reliable answers. Other reasons for ineligibility

. " . of control subjects included diagnoses of anogenital
Othe_r viral types have been detected IIﬁract cancers (vulva, vagina, or rectum), cancer of
CerV_'Cal cancers, but no ca;e—contrqhe breast, endometrium, ovary, or colon, benign
studies have adequately investigated typ@enital tumors, and tobacco-related diseases (e.g.,
speciﬁc associations with risk to classifycoronary heart disease, lung cancer, or chronic bron-
these other types as definite carcinogerf&is)-

L . . The main diagnostic categories for the 354 control
(). In addition, HPV infection appears tosubjects originally recruited for the study were as

be a necessary but not a sufficient CaUSBiiows: diseases of the digestive system+n89;
of cervical cancer, but the role of specific2s%); endocrine, nutritional, or metabolic disorders

viral, host, or environmental factors for(n = 83; 23%); diseases of the genitourinary system
progression from infection to invasive
disease has not been clarified.

When designing vaccine strategies or

mcorporatmg HPV testing In screening *Affiliations of authors:S. Chichareon (Gyneco-
programs, it will be helpful to know the |ogic Oncology Unit, Department of Obstetrics—
specific types of HPV operating as cervi-Gynecology), V. Chongsuvivatwong (Epidemiologi-
cal carcinogens in different regions in or-cal Unit), Faculty of Medicine, Prince of Songkla
der to know whether it is necessary tOUniversity| Hat-Yai, Thailand; R. Herrero, N. Mu-
. . . . fioz, Unit of Field and Intervention Studies, Interna-
tailor |ntervent|ons to the spgqﬁc needsﬁonal Agency for Research on Cancer, Lyon,
of particular areas. The definition of co-france; F. X. Bosch, Servei d'Epidemiologia i Reg-
factors can help identify groups at pardistre del Cacer, Institut Catalad’Oncologia,
ticularly higher risk and can lead to newL'Hospitalet del Llobregat, Barcelona, Spain; M. V.
preventive strategies. To better defing2cobs: C. J. L. M. Meijer, J. M. M. Walboomers,
. . Free University Hospital, Amsterdam, The Nether-
these issues, the Intematlon_al Agency_fqﬁnds; J. Deacon, Section of Epidemiology, Institute
Research on Cancer (IARC) is conducting¢ cancer Research, Belmont, Surrey, U.K.; M. San-
a series of case—control studies in severamaria, Laboratorio Anatomia Patologica, Hospital
regions of the world, ensuring standard®rovincial de Navarra, Pamplona, Spain.
ized epidemiologic methods and central- Correspondence toRolando Herrero, M.D.,

ized | hai ti PCR Ph.D., Unit of Field and Intervention Studies, Inter-
Ized polymerase C ain reaction ( )ﬁational Agency for Research on Cancer, 150, Cours
based HPV detection.

Albert Thomas, F-69372 Lyon dex 08, France.
In this report, we present results frome-mail: herrero@iarc.fr

one of the studies conducted in the district See“Notes” following “References.”
of Hat-Yai, Province of Songkla in the © Oxford University Press
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(n = 55; 16%); nongenital neoplasms @ 33; 70% of them were reported to be well differentiated specimen, the HPV DNA analysis was done on the
9%); and diseases of the circulatory system=n The presence of inflammatory cells and the numbetorresponding biopsy specimens. For HPV DNA de-
24; 7%). Cytologic specimens were available fromof mitoses per field were also recorded. tection in the biopsy specimen, the sandwich method
331 (94%) of the control subjects; their diagnoses, For five of the 386 case subjects, we did not havéi.e., snap-frozen tissues were cut in a way that the
which were not used as a criterion for exclusiongxfoliated cells or biopsy material for determinationouter sections of a series of sections were used for
were normal (n= 233; 70%), inflammatory or reac- of HPV; those case subjects were excluded from thikistologic analysis and the inner sections were used
tive (n = 91; 28%), and cervical neoplasia 1 7; analysis. An additional four case subjects were exfor PCR testing) was used in which the quality of the
2%), including one suspicious of adenocarcinoma. cluded because of inadequate samplpgglpbin tissue was controlled as described ear{iss).
negative;see beloy Because one batch was lost We took special precautions to minimize false-
Data and Specimen Collection during shipment, exfoliated cells were not availablgoositive results in the PCR, as has been described in
for 63 control subjects, who were consequently exeetail elsewhergl0).

Each participant was administered a standardizeglyded. An additional 30 control subjects who were )
questionnaire on sexual behavior, reproductive hisg_gjobin negative and HPV DNA negative were alsoStatistical Analysis
tory, contraceptive practices, smoking habits, genitalycjuded. Thus, the final group consisted of 377 o . .
hygiene, histories of sexually transmitted diseasegase subjects (338 squamous cell carcinomas and 39 ©" the estimation of the risk of cervical cancer
cervical cytologic screening histories, and socioecoagenocarcinomas/adenosquamous carcinomas) afitrociated with HPV types and the other variables,

nomic status. Face-to-face interviews were conpg1 control subjects. odds ratios (ORs) and 95% confidence intervals
ducted by three different specially trained interview- (Cls) were calculated as approximations of relative
ers. An effort was made to keep the interviewerDetection of HPV DNA risks by use of unconditional logistic regression
unaware of the case—control status of the study par- (17). Adjustment for potential confounders was per-

ticipants. Interviews lasted, on average, 30 minutes, HPV DNA detection on cervical scrape speci-formed by use of this method. The ORs associated
but they were longer for case subjects (33.4 minuteshens was performed by PCR). To analyze the With HPV were adjusted only for age (categorized in
than for control subjects (25.7 minutes). quality of target DNA for PCR purposes, we pre-four age groups: <40 years, 40-49 years, 50-59

A pelvic examination was performed on case subscreened scrapes by PCR with the us@aflobin ~ years, and=60 years) because adjustment for all
jects and control subjects to obtain exfoliated cellgene-specific primerg8). Scrapes that showed suc- Other relevant risk factors did not materially change
for the preparation of a Pap smear and determinatioressful amplification ofg-globin sequences were the estimates. ORs are presented only for HPV types
of the presence of HPV. The material was collectegubjected to HPV DNA genotyping, which was car-detected in at least four case subjects. For the analy-
by sampling the ectocervix with a wooden spatulaied out as follows: Briefly, a first screening to de- Sis of other risk factors, a model including the main
and the endocervix with a cytobrush; the proceduréermine the overall presence of HPV was performedariables significantly associated with risk in the
was performed in duplicate. The collection instru-by use of general primer GP5+/6+-mediated PCRunivariate model and related to the hypotheses under
ments were rinsed in phosphate-buffered salinevhich permits the detection of a broad spectrum ofvaluation was prepared. For the analysis of cofac-
(PBS), and the cell suspension was centrifuged fosequenced and still-unsequenced genital HPV typd8rs of HPV, a model restricted to the HPV-positive
10 minutes at 2000 rpm and room temperature. That the subpicogram leveB). HPV positivity was Case subjects and control subjects was designed,; it
cell pellets were stored at —70 °C in the field until assessed by low-stringency Southern blot analysis @s0 included adjustment for all the relevant risk
they were shipped to Lyon, France, or to AmsterCR products with a cocktail probe of HPV-specificfactors.
dam, The Netherlands, for testing. From case sutbNA fragments (10). Subsequently, GP5+/6+- An initial comparison of case subjects and control
jects, tumor biopsy specimens were also collectethediated PCR was performed in triplicate on posisubjects revealed that case subjects were more likely
and frozen immediately at =70 °C. tive samples to generate sufficient products for furthan control subjects to be residents of provinces

Ethical committees at IARC and in Thailand ap-ther typing. PCR products from independentother than the province of the participating hospital,
proved the protocols, and written informed consenteactions were pooled to generate identical Southefi@ising the possibility of selection bias. Therefore,
was obtained from all subjects. A total of 386 (98%)blots for parallel and successive hybridizationthe effect of place of residence was examined in the
of the eligible case subjects and 354 (49%) of theounds for typing with the use of internal type- analysis, but it was later removed from the final
eligible control subjects were interviewed. Refusabpecific oligoprobeg11). The strategy of melting model because risk estimates changed only mini-
to participate was the main reason for nonparticipaand rehybridization of the filters was essentially themally when place of residence was included.
tion of control subjects. same as that described earlf&®). The first hybrid- HPV attributable fractions (AFs) have been cal-

The final diagnosis was defined by histologic re-ization round was performed for HPV types 16, 18 culated according to standard methods, AR(r —
view of specimens from 350 (91%) case subjects31, 33, 35, 39, 45, 51, 52, 54, and 56. The second)/[1 + p(r — 1)], wherep = HPV DNA prevalence
Because histologic slides were not provided for theound included HPV types 6, 11, 26, 34, 40, 42, 43in the population approximated by the prevalence in
remaining 36 (9%), a diagnosis was reached by re44, 58, 59, and 68. The third round was performedhe control group and = relative risk approximated
view of the cytologic materials (7= 7) or by reli- for HPV types 57, 61, 66, 70 (equivalent to CP141-by the OR.
ance on local histologic diagnosis & 29). Cancers 7), 72 (equivalent to CP4137), 73 (equivalent to Statistical significance was tested by use of the
in the case subjects were classified as follows: squadM9), 1S39 and MM4 (related to HPV51), MM7, likelihood ratio test for the difference for dichoto-
mous cell carcinoma (= 345), adenocarcinoma (n CP6108, and CP8304. The latter three are phylogéhous variables and for two-sided linear trend for
= 35), and adenosquamous carcinoma=(i6). The netically related to the low-risk HPV61 and HPV62 variables with logically ordered categories.
latter two groups were combined for analysis. Infor{8,10). Type-specific oligonucleotides (30-mers)
mation on stage of the tumo(8) was available for were selected on the basis of sequence informatioReSUltS
more than 99% (n= 385) of the case subjects, andfrom the HPV sequence databd48,14)after align- . .
stage distributions were as follows: 24% stage Iment analysis with the CLUSTAL program (PC/ ~ The mean age for patients with squa-
43% stage 1, 27% stage Ill, and 5% stage IV. Ad-Gene, Release 6.7; Intelligenetics, Inc., Mountairmous cell carcinoma was 50.3 years; for
enocar_cinomas/adenos_quamous carcinomas tendetkw, CA) (15). _ N patients with adenocarcinoma/adeno-
tq be diagnosed at earlier stages; 45% of them were Samples tha}t were still GP5+/6+ posnwg andsquarnc.us carcinoma, it was 46.1 years;
diagnosed at stage |I. could not be identified by the above-mentioned . .

On the basis of the degree of nuclear and archiprobes were considered as HPV X. for C_Ontrm SUbJeCtS' it Wa_s 49.7 years. In
tectural abnormalities and the proportion of cells In a second step, for those specimens found to fd1€ final group, case subjects and control
showing cytoplasmic differentiation (squamous and3-globin PCR negative as well as HPV PCR negasubjects were distributed similarly by age
glandular), the 355 carcinomas for which evaluabléive, DNA was extracted from the cell pellets andgroup, religion, church attendance, and
mater_lals were available were graded as followsr_etested for HPV DNA as described abovg. In add"residence in urban versus rural areas.
well differentiated (n= 150; 42%), moderately well tion, for those cervical cancer case subjects from .
differentiated (n= 131; 37%), and poorly differen- whom not enough cell pellet was availabgeglobin Overall preval_ence of HPV detection
tiated (n= 74; 21%). Adenocarcinomas/adenosquanegative) as well as for those testing negative foRMONY case subjects was 95% for those
mous carcinomas tended to be better differentiateddPV in the exfoliated cells despite an adequatavith squamous cell carcinoma and 90%
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for those with adenocarcinoma/adenotected in specimens of squamous cell canot identified in any of the tumor speci-
squamous carcinoma and did not varginoma (Table 1), four were found inmens.
substantially according to demographicspecimens of adenocarcinoma/adeno- Two or more different HPV types were
characteristics or exposure to differensquamous carcinoma, and 10 were foundetected in 12 (3.7%) of the specimens of
risk factors. Among control subjects,in specimens from control subjects. Thepositive squamous cell carcinomas, two
overall HPV prevalence in exfoliated most common HPV type in women with (5.7%) of the specimens of positive ad-
cells was 16% and was associated insquamous cell carcinoma was HPV typenocarcinomas/adenosquamous carcino-
versely with age, with a positivity of 20% 16 followed by HPV types 18, 58, 52, 31,mas, and four (9.8%) of the specimens of
among women under age 35 that de33, and 59. Among women with adeno-ositive control subjects. The majority of
creased consistently with age to 6% in thearcinoma/adenosquamous carcinoméanstances of double infections included
group 65 years old or oldeP(for trend=  HPV type 18 was the most common typénfections with HPV16 or HPV18.
.13). A slight tendency toward increasingfollowed by types 16 and 45. HPV type Table 2 presents the ORs for risk of
positivity was observed with increasingl6 was the most common type in controtervical cancer associated with the eight
education P for trend = .29), but there women, followed by types 18, 31, 45HPV types most commonly detected in
was no association with age at first interand 58. However, the prevalence of indithis study. For squamous cell carcinoma,
course or number of sexual partners, alidual types among control subjects wastrong associations with risk were ob-
though in this population very few relatively low (e.g., 5% for HPV16 and served for any HPV (OR= 119), as well
women reported three or more sexuaB% for HPV18), resulting in very high as for HPV16 (OR= 227), HPV18 (OR
partners, a group in whom the prevalenceelative risks. HPV types 34, 40, 44, 51,= 115), HPV31 (OR= 44), HPV33 (OR
of HPV detection was 0. 54, 56, 57, 61, 66, 68, 72, 73, 1S39,= 70), HPV45 (OR= 20), HPV52 (in-
Sixteen different HPV types were de-MM4, MM7, CP6108, and CP8304 werefinite OR), HPV58 (OR = 66), and
HPV59 (infinite OR). The OR for risk of
cervical cancer associated with unidenti-

Table 1. Human papillomavirus (HPV) types in patients with cervical cancer and control subjects fied HPV types was 40. For adenocarci-

in Thailand* .
noma/adenosquamous carcinoma, strong
Adenocarcinoma/ associations with risk were observed for
iy Squamous cell carcinoma adenosquamous carcinoma Control subjectHp\v/16 (OR= 63), HPV18 (OR= 278),
type No. % No. % No. %t HPV45 (OR = 16), and unknown types
NEQAVE ...oeroooeeereeeen 16 4.7 4 10.3 220 sadOR = 6.6). . .
Positive for any HPV type .....322 95.3 35 89.7 41 15.7 Th_e fraction Of' risk attributable to
TOtal .o, 338 100.0 39 100.0 261 100.cHPV in the population was 95% for squa-
HPV16 186 57.8 12 34.3 10 24.4 mous cell carcinomas and 89% for adeno-
:m;g 5% 13-% 19 54.3 6 14.6 carcinomas/adenosquamous carcinomas.
HPV31 5 16 3 73 Table 3 presents ORs assqmated with
HPV33 5 1.6 squamous cell carcinoma risk factors
:gggg % 8-2 other than HPV. In univariate analysis
HPV40 ' 1 24 (age—a}djusteQ), the fo_llowmg _factorfs were
HPV43 1 0.3 1 2.4 associated with risk: increasingly limited
HPV45 3 0.9 1 2.9 2 49 education, decreasing age at first inter-
HPV52 7 2.2 : : ber of live birth
HPV58 9 o8 2 49 course, increasing number of live births,
HPV59 5 1.6 number of lifetime sexual partners, his-
:iyg 312 8-66 L - 111 226-‘:3 tory of venereal disease, use of hormonal
HPV6 + HPV58 1 0.3 ' ~  contraceptives _for Ionger_t_han 4 years,
HPV16 + HPV6 1 0.3 and ever smoking. In addition, a history
:g%g : :Exié é 8-3 L - . 04 of previous cytologic screening was asso-
HPV16 + HPV31 1 03 ' ~ ciated with a substanual.red.ucuon in r|§k
HPV16 + HPV42 1 0.3 after exclusion of examinations done in
HPV16 + HPV35 1 2.4 the year before diagnosis for the case sub-
HPV18 + HPV52 2 0.6 iact d date of interview for th ol
HPV18 + HPV59 1 29 jects and date of interview for the contro
HPV31 + HPV45 1 0.3 subjects. After adjustment for the pres-
:mgg + :E\\Z‘lg L 03 1 2.4 ence of HPV DNA in the cervix and for
+ . )
HPV45 + HPV70 1 » 4 the mutual confounding effect of the other

variables, the association with education

*Based on results from exfoliated cells and biopsy specimens in case subjects and exfoliated cells obig@@ame not significantP( for trend =
control subjects. Percentage of HPV types are calculated relative to the total HPV positive and indica®§. The variables that remained associ-
percentage of positive cases in which a specific type alone or in combination was detected. Theé% with risk were number of lifetime
percentage of a specific HPV type requires the addition of case subjects in which it appears in combination

with other types. sexual partnergP(for trend = .003), his-
+Beginning with the fourth value in this column (i.e., 24.4), all percentages reflect the percent of HE®LY Of increasing number of episodes of
positive control subjects. venereal disease® for trend = <.001),
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Table 2. Prevalence of type-specific HPV DNA detection and age-adjusted odds ratios (ORs) for association between adenocarcinoma/adenosquamous
carcinoma and squamous cell carcinoma of the cervix and HPV types

Case subjects

Adenocarcinoma/ OR (95% confidence interval)
Squamous cell carcinoma  adenosquamous carcinoma Control subjects
Adenocarcinoma/
HPV HPV HPV HPV Squamous cell  adenosguamous
type No. prevalence, % No. prevalence, % No. prevalence, % carcinoma carcinoma
NegatiVe........cevvieieiiieeee e 16 4.7 4 10.3 220 84.3 1.0 (referent) 1.0 (referent)
Positive for any HPV type................ 322 95.3 35 89.7 41 15.7 119 (64-222) 53 (17-163)
Total e 338 100.0 39 100.0 261 100.0
HPV16 193 57.1 13 33.3 12 4.6 227 (103-497) 63 (17-232)
HPV18 57 16.9 21 53.8 7 2.7 115 (45-299) 278 (50-1535)
HPV31 7 21 3 11 44 (9-221)
HPV33 5 15 1 0.4 70 (7-696)
HPV45 5 15 1 2.6 4 15 20 (5-89) 16 (1.2-228)
HPV52 9 2.7 0 0.0 % (31-0)
HPV58 10 3.0 2 0.8 66 (13-335)
HPV59 5 15 0 0.0 0 (15-90)
HPV X 31 9.2 1 2.6 11 4.2 40 (17-97) 6.6 (0.6-71)
Other types 12 3.6 1 2.6 5 1.9 51 (13-206) 5.7 (0.5-69)
Multiple types* 12 3.6 2 5.1 4 1.5 49 (13-184) 30 (3-280)

*Included in the calculation of prevalence and ORs for individual types.

and interval since last Pap smeé#r for was observed, with increases in risk retegration in the host cell DNA, thereby
trend = .005). When compared with maining after adjustment for limited edu-deleting the L1 region that was the target
women reporting only one lifetime sexualcation, number of sexual partners, histoef the PCR used. Other possibilities are
partner, those reporting two had a 2.5-foldies of venereal diseases, and some effettte existence of still new HPV types or
and those reporting three or more had af smoking. None of the trends in the adthe presence of HPV types amplifying
sevenfold increase in risk. Women whdusted model were, however, statisticallyless efficiently in low copy number (e.g.,
reported having had any venereal diseas@gnificant given the relatively small HPV39 or HPV52).

once had a 2.2-fold increase in risk comnumbers. In the HPV-positive strata, To ensure that the biopsy specimens on
pared with women who reported neveisimilar magnitudes of risk were detectedvhich the PCR was performed were rep-
having had venereal diseases, and tho$er number of sexual partners and historesentative of the tumor tissue, we used
who reported more than one episode ofies of venereal diseases, but no associthe sandwich method of sample prepara-

venereal disease had a 4.7-fold increase tions were observed with smoking. tion (16), in which histologic verification

risk. All the venereal diseases reported of the specimens is carried out. In fact, in
(syphilis, gonorrhea, genital warts, herpe®iscussion some HPV DNA-negative case subjects,
genitalis, parasites, and “other”) were the histology was poor and the diagnosis

more common in case subjects than in The results of this case—control studyof cancer could not be confirmed in the
control subjects, but the most frequentlyconducted in Thailand confirm the find-frozen specimens.
reported was parasites. When comparedgs of other investigatorél) indicating The PCR method that we used is con-
with women who were never screenedthat HPV DNA is present in the vast ma-sidered highly sensitiv§10). Moreover,
those who were screened 5 or more yeaisrity of cervical cancers, regardless othe strategy used for typing has been
before the interview had a 40% reductiorhistology. In this investigation, HPV tested beforg12), indicating that three
in risk, but those who were screened irDNA was detected in 95% of squamougounds of melting and rehybridization of
the previous 5 years had a 70% reductionell carcinomas and 90% of adenocarcithe filters do not affect the sensitivity of
in risk. When this analysis was restrictechomas/adenosquamous carcinomas. Thiise assay. Therefore, eventual underrep-
to the HPV-positive case subjects andhigh prevalence of detection of HPV inresentations of HPV types tested in this
control subjects, the same associationservical tumors, now frequently observedstudy are unlikely to be the result of the
persisted, but smoking again appeared to studies applying PCR methods for detyping methodology.
be associated with a 2.8-fold increase itection of HPV, casts doubt on the exis- Our results with respect to prevalence
risk of squamous cell carcinoma. How-tence of HPV-negative cervical cancef HPV by age in the control group agree
ever, no clear evidence of a dose{18). with previous observationfl) of declin-
response effect with amount or duration There are several possible explanationisig prevalence of infection with increas-
of smoking was evident. for why some case subjects were scoreihg age. In this study, the decline did not
Table 4 presents risk factors other thatiPV DNA negative. For example, the bi-appear to be as dramatic in the younger
HPV for adenocarcinoma/adenosquaepsy specimen may not have been repr&ges as has been observed in another
mous carcinoma. A very similar pattern ofsentative of the tumor tissue or the HP\study (19), but prevalence declined from
association with the different risk factorsDNA could have been interrupted by in-approximately 20% among women under
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Table 3. Risk factors for squamous cell carcinoma of the cervix in Thailand

Human papillomavirus-

All women positive women
Case Control Odds ratio* Odds ratiot Odds ratiot

Risk factor subjects subjects (95% confidence interval) (95% confidence interval) (95% confidence interval)
Education

Higher 27 51 1.0 (referent) 1.0 (referent) 1.0 (referent)

Primary 234 160 2.9 (1.7-4.9) 2.4(0.9-6.2) 2.4 (0.8-7.3)

None 77 50 3.2(1.7-6.2) 2.4 (0.7-8.6) 2.4 (0.5-11.8)
Age at first intercourse, y

=24 31 71 1.0 (referent) 1.0 (referent) 1.0 (referent)

21-23 51 55 2.1(1.2-3.8) 1.4 (0.5-4.1) 0.9 (0.3-3.4)

18-20 141 81 4.0 (2.4-6.7) 1.7 (0.6-4.6) 2.8 (0.8-10.5)

<18 115 52 5.1(3.0-8.7) 1.3(0.5-3.9) 1.6 (0.4-6.3)
No. of live births

0-1 20 30 1.0 (referent) 1.0 (referent) 1.0 (referent)

2-3 85 91 1.4 (0.7-2.6) 1.0 (0.3-3.5) 0.8 (0.2-4.2)

4-5 106 60 2.8(1.4-5.4) 0.9 (0.3-3.4) 1.1 (0.2-6.9)

=6 127 80 2.7 (1.4-5.3) 0.4 (0.1-1.7) 0.4 (0.1-2.9)
Lifetime No. of sexual partners

1 206 211 1.0 (referent) 1.0 (referent) 1.0 (referent)

2 94 41 2.4 (1.6-3.6) 25(1.1-5.7) 3.48 (1.1-10.1)

3 38 7 5.5 (2.4-12.7) 7.0 (1.5-33.3)
Any venereal diseage

Never 127 152 1.0 (referent) 1.0 (referent) 1.0 (referent)

Once 91 64 1.8(1.2-2.7) 2.2 (1.0-4.8) 1.9 (0.7-5.0)

More than once 120 45 3.5(2.3-5.3) 4.7 (1.9-11.3) 4.2 (1.4-12.8)
Use of hormonal contraceptives, y1

Never 230 189 1.0 (referent) 1.0 (referent) 1.0 (referent)

1-3 51 49 1.0 (0.6-1.5) 0.5(0.2-1.2) 0.5 (0.2-1.3)

=4 57 23 2.2(1.3-3.8) 1.3(0.5-3.4) 24 (0.6-9.1)
Smoking status

Never 186 189 1.0 (referent) 1.0 (referent) 1.0 (referent)

Ever 152 72 2.3(1.6-3.4) 1.6 (0.7-3.3) 2.8 (1.0-7.6)
Interval since last Pap smear, y

Never 255 157 1.0 (referent) 1.0 (referent) 1.0 (referent)

=5 14 18 0.5(0.2-0.9) 0.6 (0.1-2.3) 3.4 (0.2-46.5)

<5 53 69 0.4 (0.3-0.7) 0.3 (0.1-0.8) 0.4 (0.1-1.1)

*Adjusted for age.

tAdjusted for detection of human papillomavirus (HPV) DNA and all variables shown.
fRestricted to HPV-positive case subjects and control subjects, adjusted for all variables shown.
8Indicates two or more partners.

lincludes syphilis, gonorrhea, genital warts, herpes genitalis, parasites, and “other.”

flincludes oral and injectable contraceptives.

35 years of age to approximately 6%associations with HPV16 and HPV18, thevas different when only exfoliated cells
among women older than 65 years. only other type associated with increasedr exfoliated cells and biopsy specimens
HPV16 was the most common HPVrisk of adenocarcinoma/adenosquamousere evaluated (83% versus 95% in squa-
type in squamous cell carcinoma (60% otarcinoma of the cervix was HPV45.  mous cell carcinomas and 84% versus
the positives), followed by HPV18 (18%). Although several case series that usefl0% in adenocarcinomas/adenosquamous
The overall OR for cervical cancer assoPCR-based assays have reported HP&arcinomas), and from control subjects
ciated with HPV positivity by any HPV DNA in substantial proportions of adeno-we had results only from the analysis of
type was 119, and strong associationsarcinomag1), to our knowledge, this is exfoliated cells. Thus, the ORs that we
with risk of squamous cell carcinomaone of the first case—control studi€z0) present are higher than those obtained
were observed for the eight most commoim which the risk linked to specific HPV when only exfoliated cells from both case
HPV types found in this population (typestypes has been estimated for adenocarand control subjects are tested. However,
16, 18, 31, 33, 45, 52, 58, and 59). Imoma/adenosquamous carcinoma. Our rgve consider this to be a valid approach
adenocarcinomas/adenosquamous cargidlts confirm that, as was found for squabecause we have conducted extensive re-
nomas, HPV18 was the most commomous cell carcinoma, HPV types 18, 16testing of specimens in our large series of
type found (60% of the positives), fol-and 45 (in order of strength of associapatients with invasive cancer who were
lowed by HPV16 (37%). A more limited tion) are the main causes of adenocarcfrom 22 countrieg2), and preliminary un-
number of HPV types was found for thisnoma/adenosquamous carcinoma. published results (Walboomers JMM, Ja-
histologic type. Apart from very strong HPV positivity among case subjectscobs MV, Manos MM, Muiez N, Bosch
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Table 4. Risk factors for adenocarcinoma/adenosquamous carcinoma of the cervix in Thailand

Human papillomavirus-

All women positive women
Case Control Odds ratio* Odds ratiot Odds ratiot
Risk factor subjects subjects (95% confidence interval) (95% confidence interval) (95% confidence interval)
Education
Higher 5 51 1.0 (referent) 1.0 (referent) 1.0 (referent)
Primary 27 160 2.3(0.8-6.5) 3.5(0.7-18.7) 1.5 (0.2-10.2)
None 7 50 3.6 (0.9-14.2) 5.1 (0.5-52.2) 3.6 (0.3-46.3)
Age at first intercourse, y
=24 4 71 1.0 (referent) 1.0 (referent) 1.0 (referent)
21-23 5 55 1.7 (0.4-6.8) 0.3(0.03-2.5) 0.3(0.1-5.5)
18-20 16 81 4.1(1.3-13.1) 1.5(0.2-10.8) 1.0(0.1-16.7)
<18 14 52 6.2 (1.9-20.6) 1.7 (0.2-14.4) 0.9 (0.1-14.7)
No. of live births
0-1 3 30 1.0 (referent) 1.0 (referent) 1.0 (referent)
2-3 15 91 1.4 (0.4-5.3) 0.5 (0.1-6.2) 4.0 (0.2-86.2)
4-5 9 60 1.6 (0.4-6.5) 0.5(0.1-5.2) 0.7 (0.1-17.3)
=6 12 80 2.7 (0.6-11.6) 1.1(0.1-17.7) 4.4(0.1-161.4)
Lifetime No. of sexual partners
1 25 211 1.0 (referent) 1.0 (referent) 1.0 (referent)
2 10 41 2.3(1.0-5.3) 1.5(0.3-7.0) 5.2§ (0.8-34.9)
=3 4 7 4.9 (1.2-18.9) 5.8 (0.1-280.0)
Any venereal diseage
Never 12 152 1.0 (referent) 1.0 (referent) 1.0 (referent)
Once 14 64 2.4 (1.0-5.7) 3.5(0.7-18.3) 3.1(0.4-24.2)
More than once 13 45 3.3(1.3-8.2) 6.5 (1.1-36.3) 6.4 (0.8-49.9)
Use of hormonal contraceptives, y1
Never 23 189 1.0 (referent) 1.0 (referent) 1.0 (referent)
1-3 7 49 1.0 (0.4-2.7) 0.7 (0.1-3.5) 0.4 (0.1-3.2)
=4 9 23 2.5(1.0-6.5) 2.7 (0.5-15.5) 2.2(0.2-22.5)
Smoking status
Never 26 189 1.0 (referent) 1.0 (referent) 1.0 (referent)
Ever 13 72 2.8(1.2-6.7) 1.9 (0.4-8.9) 1.0(0.2-6.8)
Interval since last Pap smear, y
Never 22 157 1.0 (referent) 1.0 (referent) 1.0 (referent)
=5 7 18 2.4 (0.8-6.7) 1.8(0.2-13.4) 6.0 (0.2-189.0)
<5 7 69 0.5(0.2-1.2) 0.5(0.1-2.3) 0.3 (0.1-2.4)

*Adjusted for age.

tAdjusted for detection of human papillomavirus (HPV) DNA and all variables shown.
fRestricted to HPV-positive case subjects and control subjects, adjusted for all variables shown.
8Indicates two or more partners.

lincludes syphilis, gonorrhea, genital warts, herpes genitalis, parasites, and “other.”

flincludes oral and injectable contraceptives.

FX, Kummer A) indicate that HPV is de- dication that, among control subjects, exners and histories of venereal disease as
tectable in almost 99% of the case subfoliated cells may suffice to provide a re-well as an association with smoking that
jects. In this context, we observed in thidiable estimate of the presence of HPMvas restricted to squamous cell carcino-
study that undifferentiated tumors and tuDNA. To resolve the issue of possiblemas. These associations were evident
mors with high number of mitoses hadbias in the ORs calculated, we are coneven when the analysis was restricted to
significantly lower HPV detection ratesducting a sampling validation study inHPV-positive women, which practically
when exfoliated cells were analyzed thamvhich cells and biopsy specimens haveliminated the possibility of this being the
when results from cells and biopsy specibeen collected from normal cervices ofresult of residual confounding by HPV.
mens (74% versus 94%) were includedwomen undergoing hysterectomy for reaThe association with increasing number
whereas well-differentiated tumors withsons other than cancer. Preliminary analyef sexual partners may be related to trans-
few mitoses had similar prevalence (90%sis of this study indicates that the prevamission in this population of other sexu-
versus 94%) (data not shown), indicatindence of HPV positivity is almost ally transmitted agents that can act as co-
that the more undifferentiated cancersdentical when exfoliated cell results arefactors of HPV. This hypothesis is
may have a limited ability to exfoliate used to that obtained with biopsy specisupported by the high frequency of re-
(i.e., detach and shed superficial cellsjmens (data not shown). ported histories of venereal diseases
cells with detectable HPV DNA. This as- Investigation of cofactors in this analy-among both case subjects and control sub-
sociation of HPV positivity with degree sis revealed statistically significant assojects and its strong association with risk.
of differentiation could be an indirect in- ciations with the number of sexual part-Without additional data, it is hard to point
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to a specific sexually transmitted agentstudies, suggesting that, if there is selec-
since most of this association was drivertion bias, it could have led to an underes-
by the effect of parasites, which is obvi-timation of the relative risk associated
ously an indirect marker. However, allwith HPV. On the other hand, the final 7
other sexually transmitted diseases wergroup of control subjects was similar to
also associated with risk. We are currentlyhe case subjects in age, ethnicity, and re-
investigating the role of chlamydia andligion, suggesting a nondifferential loss of
herpes simplex virus type Il in serologiccontrol subjects. Another potential limita- ()
specimens in this population. A recentlytion is that we had small numbers of case
published case—control study in Thailangubjects with some of the HPV types, | qgyiciion site analysis for diagnosis of sickle
(21) indicated a high prevalence of histo-which can add uncertainty to the magni-  cell anemia. Science 1985:230:1350—4.
ries of visits to prostitutes among Thaitude of risk associated with some of the (9) de Roda Husman AM, Walboomers JM, van
males. It is of interest that, in our study,unusual HPV types. den Brule AJ, Meijer CJ, Snijders PJ. The use
risk factors were similar for squamous In summary, HPV DNA appears to  ©f general primers GP5 and GP6 elongated at
cell carcinomas and adenocarcinomagilay a carcinogenic role in almost all ¢ 3 ends with adjacent highly conserved se-
. . . guences improves human papillomavirus de-
adenosquamous carcinomas, with the exsquamous cell carcinomas and adenocar- iection by PCR. J Gen Virol 1995;76:
ception of smoking, which appears to playcinomas/adenosquamous carcinomas of 1057-62.
a role only in squamous cell carcinomasthe cervix in Thailand, as was found else¢10) Walboomers JM, Melkert PW, van den Brule
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and at study completion; nutrient in-
take at study entry was used in this
analysis. All statistical tests were two-
sided. Results:After adjustment for ca-
loric intake, dietary folate had a signifi-
cant protective association with the risk
of recurrence of large-bowel adenoma
(P for trend = .04). However, this in-
verse association was attenuated by
further adjustment for intake of di-
etary fiber and fat. Use of folate supple-
ments was not associated with a reduc-
tion in risk. Alcohol intake (seven or
more drinks/week) was associated with
increased risk (odds ratio = 2.04; 95%
confidence interval = 1.28-3.26). Ciga-
rette smoking, even smoking for long
duration, was not related to adenoma
recurrence. Conclusions: These data
provide only modest support for previ-
ous findings suggesting beneficial ef-
fects of folate on colorectal adenoma
risk. We find no evidence that cigarette

Notes
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smoking increases risk. These findings
do suggest a substantial increase in risk

with alcohol consumption. [J Natl Can-

cer Inst 1998;90:57-62]

An apparent protective effect of fruits
and vegetables on the risk of cancer of the
large bowel has been a consistent epide-

'miologic finding, but the food constitu-

ents that may have an anticarcinogenic ef-
fect have not been clearly identifigd).
Recent investigation has suggested that
folate (folic acid and its derivatives such
as tetrahydrofolate and 5-methyl-tetra-

Background: Recent evidence Suggests hydr0f0|ate) could contribute to such a

protective effect. Folate-deficient rats
demonstrate heightened sensitivity to car-
cinogens(2), and some epidemiologic
studies(3—-9) have reported that individu-
als with high folate intake have a reduced
risk of colorectal cancer or colorectal ad-
enomas. The mechanism by which folate
might exert an anticarcinogenic effect is
not clear but may relate to its role in DNA
methylation(10).

Cigarette smoking and alcohol intake
are two common habits that may impair
the biologic actions of folate. Ethanol and
its metabolites appear to reduce circulat-
ing folate levels and to interfere with
some of its biochemical actiong). Al-
cohol intake has been associated with an
increased risk of colorectal cancer
(11,12). However, the results obtained
from investigations on this point have not
been consistent, and most epidemiologic
studies have not shown a strong relation-
ship(11,12).In contrast, alcohol intake is
more clearly associated with the risk of
large-bowel adenomg4.3).

Cigarette smoking also appears to have
an antifolate effect. Smoking is associated
with decreased circulating folate levels
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(14,15),and an antagonism of folate bythe questionnaire administered at exit from thement assignment had virtually no effect; these
constituents of cigarette smoke has beeﬁﬁudy. ) . ((e;éimates are not ?hswln. In abnalysleshthat chor:JsiderIed
. . Cigarette smoking status was assessed at entdjfferent regions of the large bowel, the right bowe
hypothe5|zec(16,17)..Mpst studies ha\{e into the study through a questionnaire regarding cumwas taken to include the cecum, the ascending colon,
not found an association between Cigarent number of cigarettes smoked daily and the agand the transverse colon; the left bowel included the
rette smoking and large-bowel cancebfinitiation of smoking and (if a former smoker) the more distal portions of the bowel. All statistical tests
(18,19),a|though there is inconsistent evi-age at smoking cessation and the number of cigavere two-sided.
dence of an increased risk from |0ng_terrﬁettes formerly smoked. Alcohol intake (as beer,

. . wine, or spirits) was measured at study entry as palResults
smoking or after a lengthy latent perIOdof the beverage portion of the dietary questionnaire.

(19_?2)-Several investigations (_"f _adenc_)' We assessed use of vitamin (including folate) and  Of the 751 subjects who had both 1-
ma risk have reported an association witlnineral supplements and over-the-counter druggear and 4-year colonoscopies, 709 satis-
smoking, although others have reporteffom responses to the baseline questionnaire and f%ctorily completed the baseline dietary

no association [reviewed ifi3)]. Thus, interval questionnaires (i.e., questionnaires mailed . . . .
[ @3) to subjects every 6 months). The proportion of in-guestionnaire and were included in the

the “?'e of folate Intake_ and fOIa_te-tervaI questionnaires in which a particular supple@nalysis presented here. Participants were

depleting exposures remains uncertain. mentwas reported as being used was calculated apaedominantly male, with a mean age of
We report here on the relationship besummary index of use of the product during the trialabout 60 years (Table 1). Subjects who

tween folate intake, alcohol consumption‘,‘Total folate” intake was taken to be the sum of were excluded from the analysis because

and cigarette smoking and adenoma ris"gtakes from dietary and supplemental sources. ) .
9 9 We used odds ratios (ORs) and 95% confideanf death, loss to follow up, or lack of di

among pe_xrpupar_]ts in an adenoma Prehiervals (Cls) of having at least one recurrent ade€tary data were similar to those who were
vention clinical trial. noma as measures of association with an exposuriicluded with regard to age, sex, total ca-
. these were calculated by use of unconditional logistoric intake, and intake of dietary fat.
SUbjeCtS and Methods tic regression. To_ad]ust for possible coqfound_mq_lowever’ subjects who were not included
from total energy intake, we entered nutrients intq ded to drink | lcohol K
Study subjects were participants in a multicenthe models as residuals from the regression of thi="'d€d 10 @rink less alconol, smoke more
tered clinical trial ofg-carotene (25 mg daily) and a logarithm of the nutrient on the logarithm of total cigarettes, and report lower intakes of di-
combination of vitamin C (L g daily) and vitamin E calories (25). Multivariate models are presented, etary folate and total dietary fiber (data
(400 mg daily) as preventive agents against recutith adjustment for age, sex, clinical center, and th¢ ot shown).
ence f g boueladerames. T main sy 161 beuen 1year a1yt colonoscopc 6 g study eniry, 64% of subjects e
sults have been published; antioxidant supplement .
tion did not affecpt the risk of adenoma rzgurrencénore detailed models, intakes of total calories, giported use .Of fo.late supple_ments (largely
(23). Local human subjects review committees ap.Etal'y fat, and dietary fiber were also added as Cd"rom multivitamin preparatlons), but be-
proved the protocol at each study site. Each studyariates. Further adjustment for randomized treatcause of the restrictions on these prepara-
subject provided informed written consent and had
at least one large-bowel adenoma excised within the

3 months before study entry, with no known polyps Table 1. Characteristics of subjects participating in the study

left in the bowel. Patients with familial polyposis, a

history of invasive colorectal cancer, or malabsorp- Adenoma No adenoma
tion syndromes were excluded, as were subjects recurrence recurrence
with conditions that might be worsened by vitaminy g of subjects 260 449

C or E, such as renal calculi or thrombophlebitis,

and those unwilling to forego supplements containMales. % 81.5 76.6

ing study agents. Colonoscopic follow-up wasMean age, y* 61.9+8.3 60.7 8.3
SChedl|J|ed at 1 year and at 4 yea(rjs after thedqualifyﬁ\,er smokers, % 50.8 45.9

ing colonoscopic examination. Adenomas detecte o

after the 1-year examination up to and including the&Jrrent smoke?rs at stuc.jy entry, % 17 18.9
4-year examination were the principal end points ofMean alcohol intake, drinks/week* 11+138 0.7+1.6
the study. Of the 864 subjects originally randomlyMean caloric intake, kcal/day* 1996 + 727 1954 + 776

assigned in the trial, 44 died before the 4-year ex;

O . S . Mean total dietary fiber intake, g/day* 13.8+6.8 148+7.5

amination, 32 no longer wished to participate in the
study, 19 could not be examined because they hdyean dietary folate intakgug/day* 311.7+9.2 323.4+8.3
moved or were too ill, and 18 did not complete theMean intake of foods, servings/week*
final colonoscopy for unknown reasons, leaving 751 Broccoli, cauliflower, and Brussels sprouts 12+14 16+22
subjects with complete follow-up information. Spinach 05+0.7 0512

At study entry and at the end of the trial, subjects g:gﬂggslu'ce f; f gg fg f gi
completed a semiquantitative food-frequency ques- D D
tionnpaire requestir?g information rega?ding Zigtary Potatoes 38+4.l 3941
. . f . - . Green salad 3.3+44 3.3+47
mtake'dunng the prior yegr. This validated instru- Dried beans 06+07 08+1.7
ment included 100 food items (plus open-ended peas and green beans 21+1.7 19+1.7
questions for frequently eaten but unlisted foods). High-fiber and nonfortified cold cereals 34+6.1 3.7+6.4
Using DIETSYS(24), the database and programs Dark bread 42+6.1 3.9+£58
developed at the National Cancer Institute, we esti- Eggs 1.9+3.8 15+1.8
mated the intake of the most commonly analyzed Liver 0.2+0.3 0.1+0.2
nutrients. The folate content of selected food itemsy, of participants reporting supplementary folate use
was taken from the DIETSYS databaé®). The At study entry 66.0 62.9
principal analyses utilized intake estimated from the After randomization 9.2 13.1

baseline dietary assessment, i.e., before the risk p&
riod of the trial. Secondary analyses used data from *Values = means + standard deviation.
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Table 2. Baseline folate intake and adenoma recurrence risk*

Entire colorectum

Left colorectum:
multiply adjustedt
OR (95% CI)

Right colorectum:
multiply adjustedt
OR (95% CI)

No. with recurrence/
No. without recurrence

Calorie-adjusted
OR (95% CI)

Multiply adjustedt

Folate intake OR (95% ClI)

Dietary folatef
Quartile | 69/103 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent)
Quatrtile I 75/113 0.89 (0.57-1.38) 1.06 (0.67-1.70) 1.12 (0.66-1.90) 0.92 (0.54-1.57)
Quatrtile 111 57/115 0.66 (0.42-1.04) 0.82 (0.50-1.35) 0.78 (0.43-1.38) 0.83(0.47-1.47)
Quartile IV 59/118 0.65 (0.41-1.04) 0.94 (0.53-1.67) 1.00 (0.52-1.92) 0.73 (0.38-1.43)
P for trend .04 .69 .78 .54
Total folate§
Quartile | 65/117 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent)
Quatrtile Il 69/109 1.07 (0.68-1.67) 1.08 (0.69-1.70) 1.12 (0.66-1.90) 0.85 (0.50-1.42)
Quatrtile 111 64/111 0.90 (0.57-1.41) 0.97 (0.61-1.52) 1.30 (0.77-2.19) 0.72 (0.42-1.23)
Quartile IV 61/110 0.90 (0.57-1.41) 1.11 (0.69-1.78) 1.11 (0.63-1.97) 0.97 (0.56-1.67)
P for trend .73 .57 A1 .90

*OR = odds ratio; Cl= confidence interval.
tAdjusted for age, sex, clinical center, fat residuals, total dietary fiber residuals, energy intake, and colonoscopy interval.
fMedian calorie-adjusted intakes in quartiles of dietary folate were 214, 269, 309, andyB88/.

8§Median calorie-adjusted intakes in quartiles of total folate were 243, 338, 366, andyB®dy. Three subjects were excluded because supplement information
was missing for them.

Table 3. Intake of folate-containing foods at baseline and colorectal adenoma risk: highest versus logegireased risk (Table 3). Additional ad-
quartile of intake justment for aspirin intake did not alter
Calorie-, fat-, and (h€se folate-related estimates, and ORs
fiber-adjusted ~ Obtained by use of the food-frequency
OR (95% CI),  questionnaire administered at study exit

Calorie-adjusted

Folate content, OR (95% CI),

rg/medium quartile IV versus quartile IV versus -
serving quartile | quartile | were similar to those presented (data not
shown).

Broccoli, cauliflower, and Brussel sprouts 52 1.21 (0.71-2.08) 1.44 (0.81-2.56) _
Spinach 91 117(0.73-1.86)  1.31(0.80-2.13) JUS€ Of folate supplements of any du
Orange juice 81 1.03 (0.63-1.69) 1.04 (0.63-1.73)ration after randomization conferred an
Oranges 30 0.73(0.46-1.15)  0.84(0.52-1.35\0R versus no use of 0.75 (95% Gt
Potatoes 8 0.51 (0.29-0.87) 0.45 (0.26-0.78) _ :
Green salad 43 112(073-1.72) 142 (0.88-2.200-4°~1.26pP for trend over the proportion
Dried beans 117 1.07 (0.68-1.68)  1.09 (0.69-1.73Pf interval questionnaires reporting use
Peas and green beans 29 1.10(0.73-1.67) 1.24 (0.79—1.9,2)0), Further adjustmem for dietary fac-
Fortified cerealst 395 0.89 (0.58-1.37) 0.95(0.61-1.48 ; ; i
High-fiber-containing and other cold cereals 110 0.54 (0.33-0.88) 0.62 (0.37-1. rs did not materlally alter these esti
Dark bread 29 0.64(0.38-1.08)  0.73 (0.42-1.24)Mates (data not shown). Supplement use
Eggs 47 1.77(1.10-2.85)  1.64(1.00-2.69) at study entry was unrelated to recurrence
Livert 187 1.38 (0.87-2.21)

1.40 (0.87-2.24) yig) (data not shown).

*All models were adjusted for age, sex, clinical center, and colonoscopy interval. ORs are calculate
serving/week. OR= odds ratio; Cl= confidence interval.
tHighest versus lowest tertile.

ERficts of Alcohol Consumption and
Cigarette Smoking

Alcohol consumption had a threshold
tions imposed by the trial, fewer than 15%in the highest decile had an OR of 0.57%ffect on the risk of adenoma recurrence.
took any supplemental folate during thg95% CI = 0.31-1.05). Findings were Fewer than seven alcoholic drinks/week
trial. Estimated dietary folate intakesimilar in the right and left bowel (Table had no effect, but the diet-adjusted OR
(mean * standard error) remained rela2) and among men and women (data nabse to 2.04 (95% Cl= 1.28-3.26) for
tively constant during the study: 319 + 6.2shown). Adjustment for dietary fat and to-seven or more alcoholic drinks/week in
pg/day at study entry and 336 + 58/ tal dietary fiber considerably attenuateccomparison to nondrinkers. There was no
day at study completion. the folate—adenoma association (Table 2jurther increase in risk among those tak-
Total folate intake was essentially unreing 14 or more drinks/week (data not
lated to adenoma recurrence (Table 2). shown). Results were similar for the right

After adjustment for caloric intake, di- Some folate-containing foods (e.g..and left bowel (Table 4) and for men and
etary folate intake was inversely associeranges, potatoes, dark bread, and breakromen (data not shown). There were no
ated with the risk of adenoma recurrencéast cereals) were inversely related to adsubstantial differences in relative risk es-
(Table 2). Compared with subjects in theenoma risk (Table 3). However, intake oftimates according to the different types of
lowest quartile of intake, those in theother folate-rich foods (beans, broccoli-alcoholic beverages consumed (data not
highest quartile had a calorie-adjusted ORauliflower—Brussels sprouts, green salacshown). Alcohol intake data from the
of 0.65 (95% Cl= 0.41-1.04), and those eggs, and liver) was not associated with guestionnaire at study exit also suggested

Effect of Folate Intake
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Table 4. Baseline alcohol intake and cigarette smoking and colorectal adenoma risk*

No. with recurrence/
No. without recurrence

Entire colorectum,

OR (95% Cl)

Right colorectum,

OR (95% Cl)

Left colorectum,

OR (95% Cl)

Alcohol intaket

None 68/134 1.00 (referent) 1.00 (referent) 1.00 (referent)

<1 drink/week 35/79 0.96 (0.58-1.60) 1.50 (0.82-1.72) 0.75 (0.41-1.38)

1-6 drinks/week 61/133 0.95 (0.61-1.47) 1.51 (0.90-2.54) 0.62 (0.37-1.06)

=7 drinks/week 96/101 2.04 (1.28-3.26) 2.09 (1.20-3.60) 1.67 (1.00-2.80)
Smoking status

Never smoker 82/158 1.00 (referent) 1.00 (referent) 1.00 (referent)

Former smoker 132/206 1.12 (0.78-1.61) 0.95 (0.62-1.44) 1.36 (0.88-2.09)

Current smoker 46/85 0.95 (0.59-1.52) 0.89 (0.51-1.53) 1.44 (0.84-2.49)
Amount smoked,

cigarettes/dayt

Never smoker 82/158 1.00 (referent) 1.00 (referent) 1.00 (referent)

<20 85/121 1.20 (0.81-1.80) 0.96 (0.60-1.53) 1.45(0.91-2.31)

21-40 55/123 0.78 (0.50-1.22) 0.72 (0.43-1.21) 1.23 (0.74-2.06)

>40 35/41 1.55(0.89-2.72) 1.35(0.73-2.51) 1.71 (0.90-3.26)
Duration smoker, y§

Never smoker 82/158 1.00 (referent) 1.00 (referent) 1.00 (referent)

<20 52/68 1.52 (0.94-2.45) 1.06 (0.61-1.85) 1.96 (1.14-3.37)

>20, <30 30/69 0.71 (0.42-1.21) 0.51 (0.26-0.99) 1.15 (0.63-2.10)

>30, <40 48/77 1.05 (0.66-1.68) 1.26 (0.75-2.11) 0.92 (0.51-1.64)

>40 41/69 0.97 (0.59-1.61) 0.80 (0.45-1.43) 1.66 (0.94-2.94)

*Adjusted for age, sex, clinical center, fat residuals, total dietary fiber residuals, energy intake, and colonoscopy intervabd@®Rratio; Cl= confidence
interval.

TTwo patients with missing information are excluded.

¥Nine patients with missing information are excluded.

§Fifteen patients with missing information are excluded.

but there was no relationship between
cigarette smoking and the risk of recur-

an increased risk only with consumptionJoint Effect of Alcohol and
of seven or more drinks/week, but with aFolate Intake

less marked increase in risk (OR versus o rence.
nondrinkers= 1.30; 95% Cl= 0.83— W‘?‘ gsse;se”d- adenoma risk in poten- | o\ djetary intake of folate has
2.04). tially “high-risk” individuals who had & emerged as a possible risk factor for co-

Cigarette smoking was not associate§a/orie-adjusted folate intake below thggecia) cancer or adenomas in four case—
median level and alcohol intake above the .o studies(3-6). Two other case—

with adenoma recurrence (Table 4); cur- ="' . o ,
rent smokers had a diet-adjusted OR Otpedlan level. “Low-risk” subjects had control studies(7,26) have suggested

0.95 (95% Cl= 0.59-1.52), and former thedcoanﬁrsle_: mlfdisnl folat; ?ntake abpvgimilar effects among women. In one
smokers had a diet-adjusted OR of 1.13" d_acol 0 ||nta Teh elow t_e_|r respggtlvtesma” case—control study among patients
(95% Cl = 0.78-1.61). Female current€dian Ieveis. [ine remaining subjec ?mdergoing endoscop§27), levels of fo-

smokers had a low adenoma risk, Which;:_onstltuted. the “intermediate” group. e jn req blood cells were lower in ade-
. . he potentially high risk subjects exhib- : S .
however, was compatible with chanceIted 2 substantially increased adenomgoma patients than in individuals without
(OR = 0.38; 95% Cl= 0.11-1.27), after . aly . . adenomas. This finding was replicated
. . .risk compared with the risk for the inter- :
adjustment for demographic and nutri- ) . : . among men—but not among women—in
: i ) . . _mediate group (diet-adjusted OR 1.85;
tional variables. The difference in relative 506 Cl = 1.15-2.97), but the potentiallya larger case—control stud28). Cohort
risk for smokmgt] sttatt.uts_ bﬁtwejen.frnez?an bw risk subjects did not experience as.tudlesl klgve tF\gnde_lt_jhto show IessI |mpre|f—
¥vomen was no_ szazls ically significarf® ( lower risk in comparison to those subjectss've relationships. ire were 3n y we?
or interaction= . .).. . (OR = 0.99: 95% Cl= 0.65-1.49). inverse associations etween' ietary fo-
There was no indication that heavy late intake and adenoma risk among
smoking or long-term smoking substanDjscuyssion women (7) in the Nurses’ Health Study
tially altered risk. Subjects who ever and no association with colon cancer
smoked more than 40 cigarettes/day had a In this follow-up study of closely among men in the Health Professionals’
multivariate-adjusted OR of 1.55 (95% Clmonitored patients with a history of colo-Study (8). A prospective analysis of co-
= 0.89-2.72); smoking for more than 40rectal adenomas, we found that dietary folorectal cancer in male smoke(29) re-
years was associated with an OR of 0.9late intake was inversely related to risk ofported no association between serum fo-
(95% ClI = 0.59-1.61). Even among cur-adenoma recurrence. This associatiomate levels and colorectal cancer risk.
rent smokers, there was no suggestion dfowever, was markedly attenuated after The relatively little data available re-
an increased risk among heavy smokersontrol for dietary fat and fiber intake. garding folate supplementation do not
or long-term smokers (data not shown). Alcohol consumption was a risk factor,present a consistent picture. In the Health
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Professionals’ Study cohort, there werghough a few earlier studie@l4—46)re-  (4) Benito E, Cabeza E, Moreno V, Obrador A,
suggestions that folate supplementatioported no association. The reasons for the Bosch FX. Diet and colorectal adenomas: a

was inversely related to risk of colon can-discrepancies are not clear. iggg‘;ggtg_;t“dy In Majorca. Int J Cancer

cer, whereas dietary folate was n@). There are experimental data supporting(S) Freudenheim JL. Graham S. Marshall JR
However, multivitamins (which contain an effect of alcohol consumption on co-  Haughey BP, Cholewinski S, Wilkinson G. Fo-
substantial amounts of folate) were foundorectal carcinogenesi§l1,12) more- late intake and carcinogenesis of the colon and

to have no effect on adenoma risk byover, epidemiologic evidence has been rectum. IntJ Epidemiol 1991;20:368-74.
other investigatorg30). Total folate in- presented that alcohol intake (especially(®) Ferraroni M, La Vecchia C, D'Avanzo B, Ne-
take (including supplements) was in-beer consumption) may be associated 9" E: Franceschi S, Decarli A. Selected micro-
: . . . nutrient intake and the risk of colorectal can-
versely related to adenoma risk amongvith an increased risk of colorectal can- .o/ ‘g 3 cancer 1994:70:1150-5.
women in the Nurses’ Health Study co-cer, particularly rectal cancefl1,12). (7) Giovannucci E, Stampfer MJ, Colditz GA,
hort (7), but it was not associated with Most analyse$7,13,39,47have found al- Rimm EB, Trichopoulos D, Rosner BA, et al.
colon cancer risk among men in thecohol consumption to be a risk factor for ~ Folate, methionine, and alcohol intake and risk
Health Professionals’ Study cohof8) colorectal adenomas, although other in-  ©f colorectal adenoma. J Natl Cancer Inst
and with adenoma risk in a case—controlestigations have reported no associatioqs) gi%gifgfj‘é Rimm EB. Ascherio A
study (28). In male smokers, there were(4,13,38,39,41,48,49)pr an association Stampfer MJ, Colditz GA, Willett WC. Alco-
suggestions of an inverse relationship beanly for large adenomai7,43).Several hol, low-methionine—low-folate diets, and risk
tween total folate intake and colon cancestudies that considered tumors similar to  of colon cancer in men. J Natl Cancer Inst
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cancer(29). current adenomas) reported no associal® I\Tﬂsi;r;?]m;ie'v'n‘:gag’nzﬁ'iSﬁ“‘;}f’iro'l-;escf‘;dgeii'
' In qurdgta, thg association of adenom&on with .algoh.ol |ntake(37,39,43)', al- mas. Am J Epidemiol 1996:144:1005-14,
risk with dietary intake of folate was sub-though this finding was also not universaly) mason Jg, Levesque T. Folate: effects on car-
stantially attenuated after adjustment fo(7). cinogenesis and the potential for cancer che-
dietary fiber. Similar results were re- Our study has several important  moprevention. Oncology (Huntingt) 1996;10:
ported in two case—control studies, instrengths. Biased assessment of adenoma 1729-36. ,
which the inverse association of dietaryoccurrence is very unlikely because ther€) Kune GA, Vitetta L. Alcohol consumption and
. . . h . . the etiology of colorectal cancer: a review of
folate with risk of cancer of the colorec-was a unlform, blinded patholog|_c review . ientfic evidence from 1957 to 1991 Nutr
tum (6) or rectum(5) was attenuated or and all subjects underwent routine endo-  cancer 1992:18:97-111.
disappeared after adjustment for intake a$copic surveillance, with biopsy of all (12) Longnecker MP, Orza MJ, Adams ME, Vioque
other constituents of fruits and vegetablesucosal lesions. Possible confounding J. Chalmers TC. A meta-analysis of alcoholic
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carotene). These findings suggest thavere taken into account. However, our ;.04 co
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risk further supports this conclusion.tions of an anticarcinogenic effect of fo-  Med J 1972;3:260-3.
However, it is possible that low folate in- late. Although intake of alcohol, one pos«15) Witter FR, Blake DA, Baumgardner R, Mellits
take may have most relevance in combisible folate antagonist, increased the risk ~ED: Niebyl JR. Folate, carotene, and smoking.
. . . . . Am J Obstet Gynecol 1982;144:857.
nation _W|th other risk factors such as al-of adenoma recurrence, smoklng Ci93r16) piyathilake CJ, Hine RJ, Dasanayake AP,
cohol intake. Also, the effects of folaterettes, another possible antagonist, did ~ richards Ew, Freeberg LE, Vaughn WH, et al.
may also be more pronounced in populanot. Further research, ideally in clinical Effect of smoking on folate levels in buccal

tions with lower folate intake than in our trials, may be required to clarify the true ~ mucosal cells. Int J Cancer 1992;52:566-9.

study population. effect of this nutrient. (17) Piyathilake CJ, Macaluso M, Hine RJ, Rich-
. . ards EW, Krumdieck CL. Local and systemic
Most PreY'OUS studies ,have not four_]d effects of cigarette smoking on folate and vi-
an association between cigarette smokaeferenceS tamin B-12. Am J Clin Nutr 1994:60:
and colorectal cancer [reviewed {#8)]. 559-66.
Some reports have Suggested that the riskl) Potter JD, Slattery ML, Bostick RM, Gapstur (18) Baron JA, Sandler RS. Cigarette smoking and
SM. Colon cancer: a review of the epidemiol- cancer of the large bowel. In: Ward N, Baron J,

of colorectal cancer may be increased af- e _ ; _
ogy. Epidemiol Rev 1993;15:499-545. editors. Smoking and hormone-related disor-

ter a latent p(_%l‘lo_d of 20_ years Or_more (2) Cravo ML, Mason JB, Dayal Y, Hutchinson ders. Oxford: Oxford Univ Press, 1990:
(19-21,31)a finding that is contradicted M, Smith D, Selhub J, et al. Folate deficiency 167-80.

by other studies(22,32,33).Previous enhances the development of colonic neoplasiél9) Heineman EF, Zahm SH, McLaughlin JK,

studies regarding smoking and adenoma in dimethylhydrazine-treated rats. Cancer Res  Vaught JB. Increased risk of colorectal cancer
risk (13134_42) are more consistent in 199_2;52:5002—6. among smokers: results of a 26-year follow-up
findi . d risk k (3) Benito E, Stiggelbout A, Bosch FX, Obrador of US veterans and a review. Int J Cancer
Inding an increased ris among Smo ers_' A, Kaldor J, Mulet M, et al. Nutritional factors 1994;59:728-38.

Small adenomas seem particularly associ- in colorectal cancer risk: a case—control study(20) Giovannucci E, Rimm EB, Stampfer MJ, Cold-

ated with recent smokin¢20,21,43),al- in Majorca. Int J Cancer 1991;49:161-7. itz GA, Ascherio A, Kearney J, et al. A pro-

Journal of the National Cancer Institute, Vol. 90, No. 1, January 7, 1998 REPORTS 61



spective study of cigarette smoking and risk of rette smoking in relation to risk of large bowel lence of adenomatous colorectal polyps de-

colorectal adenoma and colorectal cancer in cancer in women. Cancer Res 1995;55: tected at sigmoidoscopy. Epidemiology 1996;
U.S. men. J Natl Cancer Inst 1994;86:183-91. 4906-9. 7:275-80.

(21) Giovannucci E, Colditz GA, Stampfer MJ, (32) D’'Avanzo B, La Vecchia C, Franceschi S, Gal-(42) Todoroki I, Kono S, Shinchi K, Honjo S, Saku-
Hunter D, Rosner BA, Willett WC, et al. A lotti L, Talamini R. Cigarette smoking and co- rai Y, Wakabayashi K, et al. Relationship of
prospective study of cigarette smoking and risk lorectal cancer: a study of 1,584 cases and cigarette smoking, alcohol use, and dietary
of colorectal adenoma and colorectal cancer in 2,879 controls. Prev Med 1995;24:571-9. habits with sigmoid colon adenomas. Ann Epi-
U.S. women. J Natl Cancer Inst 1994;86:(33) Nyren O, Bergstrom R, Nystrom L, Engholm demiol 1995;5:478-83.

192-9. G, Ekbom A, Adami HO, et al. Smoking and (43) Boutron MC, Faivre J, Dop MC, Quipourt V,

(22) Baron JA, Gerhardsson de Verdier M, Ekbom colorectal cancer: a 20-year follow-up study of Senesse P. Tobacco, alcohol, and colorectal tu-
A. Coffee, tea, tobacco, and cancer of the large ~ Swedish construction workers. J Natl Cancer mors: a multistep process. Am J Epidemiol

bowel. Cancer Epidemiol Biomarkers Prev Inst 1996;88:1302—7. 1995;141:1038-46.
1994;3:565-70. (34) Neugut Al, Jacobson JS, DeVivo |. Epidemi- (44) Kato |, Tominaga S, Matsuura A, Yoshii Y,

(23) Greenberg ER, Baron JA, Tosteson TD, Free- ology of colorectal adenomatous polyps. Can- Shirai M, Kobayashi S. A comparative case—
man DH Jr, Beck GJ, Bond JH, et al. A clinical cer Epidemiol Biomarkers Prev 1993;2: control study of colorectal cancer and adeno-
trial of antioxidant vitamins to prevent colorec- 159-76. ma. Jpn J Cancer Res 1990;81:1101-8.
tal adenoma. Polyp Prevention Study Group. N35) Kikendall JW, Bowen PE, Burgess MB, Mag- (45) Logan RF, Little J, Turner ID, Hardcastle JD.
Engl J Med 1994;331:141-7. netti C, Woodward J, Langenberg P. Cigarettes  Colorectal adenomas—are cigarettes and alco-

(24) National Cancer Institute. DIETSYS version and alcohol as independent risk factors for co- hol risk factors? Gastroenterology 1991;100:
3.0 user’s guide. Bethesda (MD): NCI, 1993. lonic adenomas. Gastroenterology 1989;97: A381.

(25) Willett W, Stampfer MJ. Total energy intake: 660-4. (46) Sandler RS, Lyles CM, McAuliffe C, Woosley
implications for epidemiologic analyses. Am J(36) Zahm SH, Cocco P, Blair A. Tobacco smoking JT, Kupper LL. Cigarette smoking, alcohol,
Epidemiol 1986;124:17-27. as a risk factor for colon polyps. Am J Public and the risk of colorectal adenomas. Gastroen-

(26) Meyer F, White E. Alcohol and nutrients in Health 1991;81:846-9. terology 1993;104:1445-51.
relation to colon cancer in middle-aged adults(37) Honjo S, Kono S, Shinchi K, Imanishi K, Hi- (47) Kono S, Ikeda N, Yanai F, Shinchi K, Imanishi
Am J Epidemiol 1993;138:225-36. rohata T. Cigarette smoking, alcohol use and K. Alcoholic beverages and adenomatous pol-

(27) Paspatis GA, Kalafatis E, Oros L, Xourgias V, adenomatous polyps of the sigmoid colon. Jpn  yps of the sigmoid colon: a study of the male
Koutsioumpa P, Karamanolis DG. Folate status J Cancer Res 1992;83:806—11. self-defence officials in Japan. Int J Epidemiol

and adenomatous colonic polyps. A colono-(38) Lee WC, Neugut Al, Garbowski GC, Forde 1990;19:848-52.
scopically controlled study. Dis Colon Rectum KA, Treat MR, Waye JD, et al. Cigarettes, al- (48) Riboli E, Cornee J, Macquart-Moulin G, Kaaks

1995;38:64-7. cohol, coffee, and caffeine as risk factors for R, Casagrande C, Guyader M. Cancer and pol-
(28) Bird CL, Swendseid ME, Witte JS, Shikany colorectal adenomatous polyps. Ann Epide- yps of the colorectum and lifetime consump-
JM, Hunt IF, Frankl HD, et al. Red cell and miol 1993;3:239-44. tion of beer and other alcoholic beverages. Am

plasma folate, folate consumption, and the risK39) Jacobson JS, Neugut Al, Murray T, Garbowski J Epidemiol 1991;134:157—66.

of colorectal adenomatous polyps. Cancer Epi- GC, Forde KA, Treat MR, et al. Cigarette (49) Olsen J, Kronborg O. Coffee, tobacco and al-

demiol Biomarkers Prev 1995;4:709-14. smoking and other behavioral risk factors for cohol as risk factors for cancer and adenoma of
(29) Glynn SA, Albanes D, Pietinen P, Brown CC, recurrence of colorectal adenomatous polyps  the large intestine. Int J Epidemiol 1993;22:

Rautalahti M, Tangrea JA, et al. Colorectal (New York City, NY, USA). Cancer Causes 398-402.

cancer and folate status: a nested case—control Control 1994;5:215-20.

study among male smokers. Cancer Epidemiof40) Martinez ME, McPherson RS, Annegers JFNoOtes

Biomarkers Prev 1996;5:487-94. Levin B. Cigarette smoking and alcohol con-

(30) Neugut Al, Horvath K, Whelan RL, Terry MB, sumption as risk factors for colorectal adeno- Supported by Public Health Service grants
Garbowski GC, Bertram A, et al. The effect of matous polyps. J Natl Cancer Inst 1995;87:.CA37287, CA46927, CA59005, and CA23108 from
calcium and vitamin supplements on the inci- 274-9. the National Cancer Institute, National Institutes of
dence and recurrence of colorectal adenomg41) Longnecker MP, Chen MJ, Probst-HenschHealth, Department of Health and Human Services.
tous polyps. Cancer 1996;78:723-8. NM, Harper JM, Lee ER, Frankl HD, et al. Manuscript received May 12, 1997; revised Au-

(31) Newcomb PA, Storer BE, Marcus PM. Ciga- Alcohol and smoking in relation to the preva- gust 19, 1997; accepted October 9, 1997.

62 REPORTS Journal of the National Cancer Institute, Vol. 90, No. 1, January 7, 1998



