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The incidence of cervieal cancer has been found to
vArYy between populations. Risk factors of cervical can-
cer include early age at first marriage, multiple mar-
riages and antibodies to herpes simplex virus type 2
{H5V:2}. The interreiatedness of these risk factars was
examined by comparing data collected from 413 can-
cer cases and 47 control women selected from & pop-
ulations having standardized cervical cancer incidence
races varying from 9.3 to 85.1 per 100,000, Logistic
regression analysis revealed that multiple marriages,
ecarly age at first marriage or pregnancy and HSY.2
antibodies were all assgciated with significant risk
when all 3 factors were entered inta the maodel, Cer-
vical cancer incidence rates were best predicted by
the occurrence of HSY-2 antibodies among control
women. To further assess the relation between cervi-
cal cancer rates and HSV-2 antibody, 2,306 additional
sera representing an 0.8% random sample of females
avar ¥ years of age residing in the Republic of Panama
were assayed for antibodies to the virus, and the oc-
currence of antibodies was correlated with invasive
cervical cancer rates specific to each Province. Data
from baoth the random sample and the other study
populations yielded a linear refation between the oce
currence of H3Y-2 antibodies and the incidence of
cervical cancer, An exception was found for women
living in Herrera Provinee, Republic of Panama, who
had a higher cancer rate than predicted by HSW-2
antibody occurrence, The data suggested thae infec-
tion with HSY-1 is a co-variable of venereal factors,
although a role for the virus in the genesis of a2 certain
propartion of cervical cancers is not excluded.

A number of case-control studies bave identified
early age st (irst coitus and moaliple sex partners as
nsk lactors in the development of cervical cancer (re-
viewed by Rotkin, 1973: Hulka. [982. Singer, [983).
These and other Nindings strongly support the kypoth-
esis that cervical cancer s cansed by venerssl [actors
{reviewed by Kessler. 1981), Intcrestngly, the inci-
dence of cervical cancer varies considerably between
populations as well as over time within the same pop-
ulation (Devesa and Diamond, 1980, Waterhouse er
al.. 1976). The implications of these observations is
that differences in sexual behavior, either berween
populations or betwesn coborts within the same popu-
lation, account lor varations in cervical cancer rates.
The present studies were underzken to examing this
possibility.

Herpes simplex virus type 2 (HSV-2) .05 trangmitted
venereally and Lhe immune responscs assoclated with
infections by the virus persist for many years, Thus,
the presence of antibodies o HSV-2 in sera provides a
stable biological marker for exposure o venercal dis-
gases (reviewed by Rawls and Campione-PFiceardo,
19813, In addition, seroepidemiological and cxperi-
mental evidence suggests that HSV-2 may play 2 role
mn some cases of cervieal cancer {reviewed by Gallo-
way and McDougall, 1982; Aurclian, 1984; Rawls,
19843, To examine the interrelation between sexual
bebavior, HEV-2 antibodies and cervical cancer in
greater detail, we conducted a two-part study. The first
part consisted in sampling invasive cervical cancer
cases and control women living in populations where
cancer rates were monitored by cancer registries, Sera
as well as information regarding sexval behavior were
ointained from these women. The sera were assayed
for H5V-2 antbodies and the occurrence of HSV-2
antibodies was correlated with aspects of sexval behayv-
ior and with cervical cancer rates,

The second part of the study consisted in determin-
ing the occurrence of HSV-2 antibodies in & random
sample of sera (rom females living in the Republic of
Panama and correlating antibody  occurrence  with
Provinee-specific invasive cervical cancer rates. With
he exception of one Provinee in Panama, @ good
correlation was found between cervical cancer rates
and the prevalence of HSV-2 antibodies, sugeesting
that varigtions in cervical cancer rates primarily reflect
differences in exposure o venereally  transmaned
factors,

MATERIAL AMD METHODS

Case-contrel samples

The first component of the study consisted in sam-
pling invasive cervical canger cases and control women
from 6 different popuelations, ¥We assumed that control
women wouki be represeniative, with respect to sk
factors, of the populations from which the cases were
drawn, The & populations were selected for study on
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TARLE ] - CASE-CONTHROL SAMPLES

Sy siles _"ﬁ.'u:': Suurce af cases 3 Sowrce ol cooirals Irwidenee arozs - Tiues
York County 1975- Frincess Margaret Mesghbarhaood Onizria. Canada 1975-
{ Toranto), =) Huspual, 1977
Ontario, Canada Taranm
Hearrera Provinee, Re- [974- All hospitals Meighhorhood Herrera 1974-
public of Panarm:s 1980 Friwvinee |
Hurris County 1965- Mumcipal Hosp- Mumcipal Husp- Harris Counly 1962
iHoustan, 1977 tals Houston, TX tals of Houston 1965
Texas”
Londan, UK 19746- S0 Thomas's 5t Thamas's St Thomas 1975-
LGRS Hospital Len- Hospital Health District 157
dom, UK
San Juan. 1981 University of University aof Puerno Rico 1574
Puerto Rica Puena Kico Puerio Rico Med-
Medical Center, ical Center, San
San Juan, P.R. Juan. PR,

Yancouver, Britsh 1981 - A, Maxwel] Ev- AL Maxwell Evans British Columbia 197Q-
Columbra. Canada 983 ans Cancer Cancer Clinic 1951
Clime, YWancou- Wancouver

. ver, BC. :
“The sampie from Houstea included Black women ey and cancer rahe are for blck women residing in Harrs Coney,

the basis of well-documented invasive cervical cancer
rates which covered a wide range. The characteristics
of the samples collected from these populations are
presented in Table 1. In York County, Ontario, Canada,
and Herrera Provings, Republic of Panama, study sub-
Jects were chosen by population-based sampling, em-
ploying age-matched neighborhood controls (Clarke
and Anderson, 1979; Heaves er of , 1985%, Standard
questionnaires were administered 1o obtain informa-
tion on a wide variety of putative cervical cancer risk
factors. In the other areas, cases and controls were
selected from the same health-care facility as previ-
cusly deseribed (Adam er af,, 1971 Ferrer e al,
1984). Artempls were made to select about 30 control
women in each of 4 zge groups; 30-39, 40-49, 30-59
and G0 or more years. Women with a history of cervi-
cil cancer were excluded from control groups, Only
Black women were included in the sample from Hous-
won, TX. In arcas other than Torooe and Herrera
Province, a brief questionnaire was used o clicit infor-
mation concerning the major sexval risk factors, fe.
muliiple sex partners and early age an [irst coitus. In
order to keep the questions cuiturzlly non-biased and
morally non-evaluative, we queried subjects regarding
number of marriages and ages at first marriage and
pregnancy. The minimuem age ot first coitus for each
worman was taken as the lesser of the age at first
marriage or age at first pregnancy, These risk factors
were dichotomized for analvsis into those with one
marriage or less versus those with 2 or more marriages
and those aged 20 or over at first marriage or preg-
nancy versus those under 200 Women who reporied
never baving been marricd but having had one or more
pregrancies were excluded (20 1% ) from both “nomber
of marriage” categories and from all subsequent anal-
ysis, Although some cases of dysplasia and carcinoma
it gt were included in the samples from some popu-
lations, the analysis was based on those with histolog-
ically diagnosed invasive carcinoma,

Incidence raies
[mvasive cervical cancer incidence rates in 4 of the 6
study arcas (Mancouver, Toromo, London, and San

Juan) were obtained through population-based cancer
registries (for British Columbia, Ontarie, 5t. Thomas
Health District, and Puerto Rico, respectively) which
routinely monitor cancer incidence {Waterhouse o1 af,
1976), Rates were selected to cover as nearly as pos-
sibrle the same time period as the study. [n Houston,
the rates for Harris County black women in 1962-66
were used, these vears represented the last quinquen-
mium of a period when a cancer surveillance program
was i operation (Macldonald and Heinze, 1978 In
Panama, a special population survey was undertaken
to determine the incidence of cervical cancer for all
Provinces between 1974 and (979 (Reeves er af..
1984}, Rates have been age-adjusted to the World Stan-
dard population. using 5= or 10-vear age groups, de-
pending on available incidence data. up to the highest
age group for which data could be obtained (ranging
from 60 znd over to 85 and over).

Randam serologic survey in Panama

The second component of the study consisted in
determining the occurrence of HSV-2 antibodies in
sera from randomly selected females residing in the
Republic of Panama. Information regarding sexual be-
havior was not available: however. the cervical cancer
incidence rates of the populations from which these
sera were taken were known (Reeves gr al., 19823, In
June 1978 the Ministry of Health and Gorgas Memo-
rial Laboratory conducted a random serologic survey
of the Republic of Panarna; the purpose was 1o assess
immunity to diseases preventable by vaccination such
as polio, measles, diphtheria, tetanus and pertussis.
The survey encompassed cvery Provinee with the ex-
ception of isolated San Blas and Darien and used stan-
dard methods to select the population (Serfling and
Sherman, 1963). Al the Province level, a random se-
lection of Corregimicntos (boroughs) was made within
cach District; this included at least one urban and one
rural Corregimicnto. Within each selecied Corregi-
miento, census tracts were randomly sclected and then
wilhin the chosen census traces households were ran-
domly selected so that by surveving all howschold
members approsimately 1% of the rotal population
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i TABLEIT - AGESPECIFIC CERVIC AL CAMNCER RATES
Averape sanval incidenee cates e KOG poontanee
Ape Tyears E'"-'I“ Hereera Pl-yrlu Antano St. Thismias disicicr, .-.-_I.%;:HCnlu-uhm
Caanry Prowirge AT Proveemee. Camndu Lizmbuin Provance, Doty
_IZ_'%-!-_-\-‘?-_; : =T WIL-E) {1979 1375-17) LIET5- 70 -
30-39 196.9 [42.6 .4 0.9 2.4 16.6
ah-49 119.8 119.7 3.8 4.1 7.0 4.3
3039 1313 1708 4.6 35.5 253 16.%
=60 \ 136 1834 1.8 4.7 438 9.1
Age-adjusied raes 83.1 N 9.4 13.4 kL3 8.3
would be included. The servey oBained sera from tion's cervical cancer rates, Case-control differences

0.8% of the 1978 population. Cverall compliance var-
ied from 36 to 830% and was lowest in higher socioeco-
nomic consas tracts; the lowest complianee rates were
in adult males. In order to estimate e ocourrenoe of
H3V-2 antibodies, we sclected sera from all females
older than 9 vears of age.

Assays for aneibodies (o herpes simplex virus tvpe 2
Meatralizing sntibodies were assayed by a previ-
ously deseribed micro-neotralization test (Rawls ef el
1A, Strzin KOS of HSV-1 and stram 333 of HSV-2
were used and non-neutralized virus was detected in
menclayers of Vero cells grown in miasrotiter plates.
Antibody titers to HEV-1 and HSV-2 were recorded o
the log|q and a 117 index (Rawls er af ., 1970) of 85 or
mare was considered positive for HSV-2 antibodics.
To reduoce the effects of inter-test variability, single
stocks of H3V-1 and H3V-2 were used o test sera
from cases and controls, In addition. sera wers tested
undear code and ach test included sers from different
populations. Exceptions to this were the sera from the
random sample of Pamamanian women which were
tested with another set of virus stocks in separate
assays, and sera from women residing in Toronto which
had bean previously tested (Rawls er af., 19800 Ade-
quate quantities were not available o retest all of the
serg from Torento women. Tn order to exploit the dara
from the original analvsis of these sera, we used 77
sera (24 %), of which ample quantities were available,
ter standardize the original data o the resuits obramead
in the analysis of the sera from the orther case—control
samples. This was dore By mclading the 77 sera m the
mcronentralization assays used o detect antibodies in
sera from the other areas. OF the 77 sera, 22% were
seropositive on reanzlysis while 499% had been consid-
ered seropositive in the original assay. Comparaile
SEropositivity rates for those 77 sera were obtaingd by
using IIT indices of 97 or greater as criteria for HSW-
< antibodies in the original analysis. Thos, the oeiginal
dara set obtained for sera from Toronto women was
standardized to the results of the remaining areas by
applying the revised criteria of seropositivity.

For comparizon of the occurrence of HSY-antibod-
ics with cancer rates. percentages of positiviy were
age-adjusted {using 10-year age-aroups) to the stan-
dard world pepulation for women aged 30 through 69
yEars,

Srarésrical analvsis

Stepwise linear regression was used o iovestigate
the relationship between the prevalence of risk factors
amoeng cases or coptrols and the appropriate popula-

were examinged by lomstic regression using BMPD
stanstical software (University of California Press)
with are {as & continuous variable) included noaill
muodels, For all & arcas wgether, the 3 dichotomized
risk factors of interest were entéred into the logistic
model inoa stepwise [ashion with “dummy™ variables
meluded for arcas. The risk factors included age at
{irst marriage or pregnancy of 20 or less, versus more
than 20 vears of age, less than 2 marriages versus 2 or
more marriages, and HIV-2 antibody-positive status
versuy HSV-2 antibody-negative status, [n addition, s
stepwise model which ineluded all meaningful 2-way
interactions was examined. Since a significant inter-
action between area and one of the risk factors was
apparent, regressions were performed for each area
separately including all risk factors which were signil-
icant in the all-area anzlysis. Persons with missing
valuees for any of the variables included in the models
were excluded  from all logistic regression anal-
yses. The relationship berwesn HSV-2 seroposiciviry
and sexual variables in the contrals was also examined
by logistic regression. Onee again, age and area vari-
ables were forced into the model, while the dichore-
mous variablas for oumber of marriages and age al
first marriage or pregnancy were added in a stepwise
fashion. The association Berween HSV-2 seropositivily
and cervical cancer ralgs was estimated by caloulating
the correlation coefficient,

RERULTS
Cervical cancer rafes

The rates of cenvical cancer for women living in the
study areas are shown in Table 11 The highest rates
were observed among bBlack women living in Harris
County., TX. and among women in Herrera Province,
Republic of Panama. The lowest rates wers ohserved
in women in St. Thomas Health Distriet of London,
UK., and in British Columbia. The age-specific rates
were fairly constant for the 4 age groups in Brinsh
Colurnbias however, the incidence of invasive cervical
cancer tended to incresse with ape in other popula-
tiens. [n addition, increased rates occurred in women
of the 30-39 apge aroup living in Herrera Province and
Harris County. Thus, variation in the pattern of age-
specifie incidence as well as in the absolute incidence
of cervical cancer was apparent in the populations
studied.

Comparivon af risk jactors and cenvical cancer
icidence

Multiple sex partners and early age ar first coitus
have been repeatedly shown 1o be associated with an
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OCCURRENCE OF RISK FACTORS AMONG CASES AND COMTROLS

Risk facrars

Ty or mare

Arsh Firsl marriage or pregrancy befone
S AT 20 vears of agpe
Contruls s Contiads Canes

Houston 430110 {39.13° 28/50 (4.4 QA0 (A 49057 (6.0
;I-::rrjcra Provinee T&-’IEST (24. 21"33 Eu:lqti{] I.‘?E-‘E?d iﬂ%lﬁ}] A5/55 ['.'?."_,:]

an Juan SZ6 (LA 23 38.3) G I26 (47.8) dfG2 (7420
Torona 31-'3:.'[:'1::14.“ 2A00104 (2500 -:E'."?.:’.B {22.2) ELTRI Y
Landon 13793 (140 14069 (2005 2896 0 1475 (18,7
‘-'unr_'nuv-:rr IE"I'H {14.6] 1467 (28.4) R B N 26667 (385

I‘\l'-llll'ﬂ-r wilh 2iribee over nunster ol suiects for which informanen was availaile Cpercent wirh risk Factory, - Estimaced ac lesser of age al fiest

MATiaEe O age af sl pregaancy

TABLE 1V - AGE-SPECIFIC OCCURRENCE CIF HSV-E ANTIBODIES AMONG CONTROL W‘OMEN

I“tu"ﬁl-'h:r positivesnamber tested (peroenty with I i"v -2 ancibadgics in

.ﬁ.:-_a{_ i Harrarn ¥ o Bl
lytarss Hawsion Breninie Zzn Juan Toronta Landin Vangover

20-26 — 1G/68 (27.9y 141 (iR e 007 0 (350
30-3% 11430 {36.7) 387110 (34.3) 3244125 5136 (13.9) el BC 3707
40-49 19/27 (70.3) 15/41 (36.6) 3270111 B/52 (15.4) 0413 () 1£22 (4.5
S0-549 1533 (71.4) THa (43 8 8735 (24.2) LT (1640 1r234.3% 428 (145
S04 15/24 {62.5) FE {58 [L/25 (4d) S50 (L3 620 (20,00 2il8 01ty
=T 474 w3 T 1% 3110275 T8
Ape. 59,10 (41.4) 20,2y [14.5) (740 (1L.8)

et !

% posilive )

I.'\-;'Ic-Jﬂ_il'-S'.l:d dor wormen aged 300w &8 ag indizored in " Maoresial and Methods ™.
- TABLE ¥ - .iGEE-.‘i]‘-‘l-ZI:]]_TICZ COCURRENCE QOF HEV-2 ANTIHODY ANIONG WOMEN WITH CERVICAL CANCER

£ Muinber posilivednumber r\e.ﬂE!'!_ipq:r::_:nl:] Wil HSW-2 andibedies in:

i Hoastan r_'.-r;:‘l'.f; San Juan Tareaio Lot Wanoauver
20-29 T s 34 LA 0% 29

30-39 SA2 4L 224 375 £/ 00 (4 8 313{23.1) (2R
-4 a1 {50} JE 6.5 SIR (30 829 (27.8) 8 475

-39 L3 {769 447 35T 117309282 Sa23 32 Z LT

=6l L4716 {B7. 5} 12 1¢ 16 (62 5) W2T 330 G523 (2400 AT D
All azes '*S-ﬁl:l (63,3 Z0/35 (47.3) JLB2 (5N 04 (28.8) 1673 (21.3) 20072 (278

increased risk of cervical cancer and this study mea-
sured these fuctors indirectly as number of marriages
and age of first marriage or pregnancy. The distribu-
tion of these factors in our ¢ase and control groups is
shosan in Table 111 Mean ages of case and control
groups [rom czch area wers very similar {datz not
showen), The percentage of control women married 2
or more fimes ranged from 391 for black women in
Houston, TX, w 14,0 for women in London, UK, and
the rank order roughly paralleled thar for the cancer
rates. A preater proportion of cases than contrals had
marrigd more than once in all pepulations. The rank
order of the percentages of women who were {irst
pregnant or married prier to 20 vears of age also
paralleled that For the cancer rates und, cxeept for
women in Londen. the proportion of cases with this
attribute excesded that of controls.

A third factor associated with cervical cancer is the
presence of HSWV-2 antibodies. The distribution of
HEWY-2 seropositivity sccording 1o age and area of
residence for contral women s shown in Table 1V,
The highest ocourrences of antibodies were found
among residents of Houston and Herrera Province. An

increass in prevalence of HSV-2 antibodies was asso-
clated with incressed age in Houston, Herrera Prov-
ince and San Juan. Among women in Vancouver. the
reverse was observed, with the highest rate of seropos-
ivity in women gged 20-29. The age-specific occur-
rences of H3V-2 antthodies among the women with
cervical cancer are shown in Table V. The highest
percentages of cases with HSV-2 antibodies was found
in those living in Houston while the lowest percentage
resided in London,

It is apparent from the data presented in Tables [11
to W that the risk factors are interrelated. The relation
between the proportion of women married 2 or more
times and wornen first married or pregnant before 20
years of age is depicted in Figure 1. These risk factors
correlated poorly among control women from popula-
tions with the lower cancer rates, while among women
from the populations with higher cancer cates there
Wik an INCreasing percentage with multiple marriages
as the percentage with early age at first marriage or
pregnancy increased. Among cancer cases. early age
ar first coitus correlated with multiple marriages in all
pOpLElaLions.
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Similar relationships were found when H5V-2 anti-  married or pregnant before 20 years of age (Fig. 2h)
by necurrence was compared with the 2 markers of  correlated well with the percentage having H5V-2 an-
sexnal behavior (Fig. 2). Both the percentage of women  tibodies among cases from all populations, However.
married 2 or more times (Fig. 2«) and the percentage  wmong control women these correlations were less
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TABLE VI - 0008 RATIO ESTIMATES FROM LOGISTIC REGRESSION ANALYSIS OF CERVICAL CANCER CASES AND
CONTROLS BY STUDY AREA'

Murmbscr s analyaeis

Rk Mgt

P

HEY 2 araibwadics

Area M I Mumiber ¢ iibke. 0] Aget Lal marragelpregaaney
u:;b;’ ' -;'l:.'mlbrcn-.;r ln:"?":\ nEpE, Ve pesitive . 200w --;I:La:!::lj;,.rs. ]

Hausion 53 |1 1.30 .18 (18

Herrara Province 35 251 41 1232 113

San Jugn il 126 |57 1y .53

Taranto 104 219 .22 Ia6° .24

London ) R -39 1.4 0,70,

Wanoouver o4 73 1.53 1.43 1.42°

All 4013 7 1.33° |.3$5 e

Pl areae” modal secladed terms for age and ared while rsk faeror vanables wers added sepaise.

all three risk factors.—"p 2 005 =%p < 001

Arc-specific misbals wcluded werms Sor e amd

TABLE %Il - AGT-SPECIFIC GUCURREMCE OF HEV-2 ANTIBODIES [N PANAMANIAN WM EN ACCORDING TO PROVINCE OF RESIDENCE

Chirigqus Crclz Calon Herrera L. Barzes Panams Weraiuas
A (yea73) Nomber & amber % Namber % Number | % Mumber % Sumber % Mumber @
testiad + szl = lesind +_ tesked sl + s + testid ™
10-1% 225 30 75 2.3 43 13.8 fil W.: 8t 2.3 a7 14.1 e 11
20-29 10 218 53 15.1 0 320 0 A 270 3§ 15.4 a2 NS 4l 171
n-34 00 2300 510 2400 280 520 43 295 43 314 62 9.0 48 16.7
4049 &0 367 28 214 27 533 Tz 335 2 333 3 250 39 333
S0-5% s 34 27 407 2 il 13 44l e 0.0 35 1.4 2 450
=6l a3 2840 19 &84 24 66T 24 383 18 5535 27 w27 5%
Age-
adjusted! ELN 15.1 2.0 a2.5 37.9 263 207
T positive
Ape-
adjusted 30.9 28.8 217 791 337 Id.6 45
rags”
—

15ee foonate t0 Tanle 1% -"Cepvical cancer incifenze per 100,000 populution.

apparent in populations with Tow cancer rates, The
incidence of cervical cancer in the different popula-
tiong correlated with all of the risk factors: however,
stepwise linear regression analysis suggested that the
cancer rates were best predicted by the occurrence of
HSV-Z antibodies among control women.

Logistic repression analysis of risk factors for HSV-
2 seropositivity in control women indicawed that only 2
or more marriages significantly increased the risk of
having HSV-2 antibodics with an odds ratio of 142 (p
< 0011, The wariable For age at first marriags or
pregnancy never eatered the model.
Logistic regression anadvsts of case-conrral differences

The results of the logistic regression analysis of
case-contral differences with no interaction terms in
the model are shown in Table Y1, These analyses were
based oo 1,320 of 1,375 subjects (96%) for whom
complete data were available. For all arcas wgether,
all 3 risk varables entered the model, with coetficients
corresponding o odds ratios that exceeded and dif-
fered significantly from L at the .01 level. These odds
ratios were very similar for the 3 factors. In the mode!
which included inleractions. 2 two-way interactions
were statistically significant at the U035 level, These
included arca by age at first marriage or pregnancy
and age by number of marriages. The former was dise
almost entirely o London, since here more controls
than cases had carly e at fest marriage or pregnancy
isee Table [I1.

I other areas and for the other risk factors in Lon-
dom, odds ratio estimates were remnarkably consistent
from areq o arca (Table VI

HEV-2 gueibodies and cenvion! cancer ratey

The incidence of cervical cancer was found o cor-
relate with the oceurrence of FISY-2 amibodies (see
Tabies 1, [V, and V1. Howewver, an apparcnt disparity
existed for women living in Herrera Province where
the cervical cancer incidence was 790 per 100,000
while the antibody occurrence was only 41.4% . This
disparity was investigated by using a random sample
of sera from women living in the Republic of Panama,
The age-specific ocourrence of HEV-2 antibodies from
the random sample along with cervical cancer inci-
dence rates by Provinee are shown in Table V1L The
age-specific ovcurrences of HEV-1 antibodies i the
sample of randomly sclected women resiling in Her-
rera Provinge were similar o those obtuned for neigh-
norhood controls of the case-control study {(see Table
). Thus, the disparity between rate of cervical can-
cer and HSY-2 antibody occurrence in the study con-
trol from Herrera Provinee cannot be atributed oo
spuricus sampling error.

The relationship berween the age-adjusted incidence
of cervical cancer and the age-adjusted occurrence of
H5V-2 antibodies for both the Provinoes of the Bepub-
lic of Panama and other areas sampled is shown in
Figurc 3. There was a highly signiticant correlation (1
="{).7%6) herween cancer rates and the occurrence of
HSW-2 antibodies.

Two data points shown in Figure 3 deviate substan-
tially from the regression line best describing the cor-
relation berween antibody occurtence and cancer inci-
dence. These nclude samples from Herrera Province
and from Colon Province. As noted above, Iwo sepi-
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PERCENT POSITIVE FOR HSV-Z ANTIBEQDIES
FIouRrE 2 - Scalter plor of the incidence of cervical cancer
and the percemtaze of coptral woemen with antibodies o HSY
Z. @, date From randem samples: O data Irom case-concrl
samples. Broken line represents regression line caloilated
from all points excspt 2 representing Herrera Provines,

rate samples Irom Herrera Provinee revealed a lower
occurrence of HSW-2 antibodies than expected on the
basis of cervical cancer rate. In contrast, the ocour-
rence of H3V-2 antibedies among women living in
Colon Province was higher (52%) than expected from
the cancer rate observed (21.7 per 100,000, Consid-
erable varation in cervical cancer rates was found
hetween districts of Colon Province (datz not shawn).
Thus, attempls were made to confirm this disparity by
comparing cancer rates with the occurrence of HSY-2
antibody wsing the data from Districes of the Repubiic
of Panama from which 25 or more women were sanm-
pled, One such district was in Colon Provioce and one
was in Herrera Province. The disparity berween the
cervical cancer rate and the occurrence of HSV-2 uan-
libodics was again observed for womnen living in the
Herrera Province District (data non shown). However,
for women residing in the disirict in Colon Provinee
the cervical cancer rate (314100, 0000 was similar o
that predicted by the finding of HEV-2 antibodies in
36.7% of women, Thus, for all samples excepr those
fiom wormnen living in Herrera Provinge, the ocgur-
rence of HEV-2 antibodies correlared well with the
incidence of cervical cancer,

DISCUSS =

Women with cervieal cancer have heen found 1o
differ from other women with respect to a number of
social and sexoal attributes. Women with the disense
have been over-represented in lower socio-economic
classes {Devesa and Diamond. [980) and in some mi-
norily ethnic gsroups (Graham and Schorz, 1979 Jor-
don and Key, 19811 Cancer patients have reported
more sexual pariners, earlier ages at {irst coitus, mar-
riage and pregrancy, wnd a higher prevalence of mari-
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tal breakdown and wenereal infections. ecspecially
infections with H3V-2, than control women {reviewed
by Kessler, 1981 Hulka, 1982). More recently, ciga-
rette smoking {Trevathan e of., 1983 Williams and
Horm, 1977 Winkelstein e af.. 19847 Stellman e al.,
[980: Marshall er 2f,, 1983 Vonka er al, 19844), the
use of oral contraceptives (Stern e af,, 1970; Meisels
ef al., 1977, and low dietary intake of beta-caroene
iRomney of af, 1981; Marshall e of . 1983; la-
Vecchia er af,, 1984; Orr e al., 19835) have also been
associated with cervical neoplasia, The strongest as-
sociations have been with early age at first coitus,
number of sexusl parners and infections with HSY-2
iKessler, 1981} while the weaker associations have not
always been reproducibly found or have been thoughe
te be secondary 1o the key factors. While the promi-
nence of these 3 attributes among cancer cases strongly
supports the hypothesis that cervical cancer is a lawe
consequence of venereally ransmitied carcinogens, the
roles played by the individual risk factors in the gene-
sis of the lesions are oot well understood.

An approach 1o studying the relations between risk
factors and cancer 15 to examine their interactions in
populations with different cancer rates. Models of car-
cinogeneis predict @ lincar relation berween cancer
rates and the gmount of cxposure to a carcinogen
tCrump er o, 1976), For capcers thought w be in-
duced by viruses, a relation should exist between the
proportions of populations infected with the virs and
the incidence of the cancer (Rawls, 19833, [n the pres-
ent study, we auempted o examine the relationships
between the key sexual risk factors for cervical cancer,
including infection with HSV-2, hy comparing their
occurrence in samples from populations with different
cancer rates. We found a correlstion betwean the pro-
portions of women with early age at first marriage or
pregnancy and the proportions mareied maore than once
(Fig. 1), A good correlation was evident for cases in
all populations; however, this correlation was less ap-
parcnt for control women in populations with lower
cancer rates. We also observed o correlation berween
the proportions of women with carly age at first mar-
riage or pregnancy and the occurrence of HIV-2 anti-
bodies (Fig, 21, Again, the correlation was most pro-
nounced amonyg cases inoall populations and among
control women in populations with high cancer rates,
Mot surprisingly, a similar pattern was observed whan
the proportions o women with meltiple marriaoes
were compared o those of women with HEV-2 anii-
bodees, These findings sugzest thar, althowgh the rely-
tions hetween sexual risk factors of cervical cancer are
not uniform in all populations, they are similar m
wanen who develop cervical cancer inall pogelations,

The role of the key risk [actors in the genesis of
cervical cancer is not clear, In the model Ineriminating
@ sexually rransmitted agent, multiple sexual partners
wonld merease the probability of being exposed o the
agent, while early age ar first coitus could represent an
increased susceptiality of pubertal cervical cpitheliom
to oncogenic inselt (Coppleson e al.. 1967) or a co-
variable of sexual behavior associated with multiple
sexual partners (Rawls er al., 1976 Vonka e al.,
1984a). Infection of the cervical epitheliom by HEV-2
could inittate or promole carcinogenesis. or be a cov-
ariable of sexual behavior accompanying the other 2
risk factors. A number of early stwdies suggested that
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carly age at first coiles may represent an independent
risk factor for cervical cancer (reviewed by Rotkin,
1973}, but several more recent studies have failed o
demonstrate an excess of women with carly ase at firs
coltus among cervical cancer cases after controlling
for numbers of sexual partners (Grabam and Schorz,
1979 Harris ef af.. [1980; Reeves er al., 1983), Simi-
lacly, an excess of HSV-2 antibodics among cases,
after controlling for numbers of sexual pariners, has
been reported in most but not all studies CAdam e af, .
1974 Grazham ef al | 1982, Reeves o al., 19851 We
used logistic regression analysis o assess  the
interdependence of these 3 risk factors in the samples
examined. Although there was a degres of interde-
pendence, multiple marriages, early age at first mar-
riage or pregnancy and HSWV-1 seropositivity  all
represented significant risk factors afier the other twao
factors bad been entered into the model {Table VT If
two of the risk factors were covariable to the third, a
dependence should have become apparent and adding
the third factor into the model should have abolished
the effects of the other two., Thus, our finding of a
degree of independence of the key risk factors susgess
that all 3 factors are covariable 10 vel another factor.
In the case of H5V-2, this conclusion is in kesping
with the resulis of prospective studics which have
failed to demonstrate o significant risk of intraepithe-
lial and micrainvasive neoplasia associated with HSV-
2 antibedies (Vonka e af,. 198485, Adam er af., 1985).

While our data suggest that HSV-2 15 not a cause of
most cases of cervical cancer, they do not exclude the
vitus being etiologically related 1o some of the cases.
[t could act in concert with other venercally transmic-
wl agents such as human aapil]mrmvirua (HPV). DN
sequences of HPY 16 or |8 have been found in a
majority of cervical cancer biopsies examined {Durst
etal., 1983; Boshart eraf. . 984 Prakash er af., 1985;
Scholl er al., 1985: Sehneider ef al.. 19857 and it has
been posmulated that HEV-2 and HPV act synergisti-
cally (zur Hausen, 1982).

The scxual hehavior of husbands of women who
develop cervical neoplasia has been found to differ
from that of husbands of contrel women (Buckley e
el 1981 HSY-2 is wvenereally transmitted and the
probabilicy of a woman being infected with the virus
reflects not anly her sexual behavier but also thar of
her male pariners, Interestingly, we found an excellent
correlation between the aecurrence of HEV-2 antibod-
ies and cervical cancer rares, In fact, HS3Y-2 antibodics
appearcd o be a bener predictor of cancer rates than
rhe prup{mum of women with f:l'lL.J[IFllL sexual part-
ners. This implics that the major risk tactor in cervical
cancer s exposure to venereally rransmitted agents.

There are several limitations in evaluating and inter-
preting the results of our study, One was the use of
age at first marriage or first pregnancy as an indirect
measure of age ot Nirst coitus, and wse of marcioge
nurmlber as an indirect means of counting sex partners.
This could have introduced bigs since the relation be-
tween age at first marriage and age at firse coites may
vary in different cultural seltings, However, responses
to inguiry regarding age at first ¢oitus or number of
lifetime sex partners are not verifizble, The use of aps
at first coitus and numbers of scx parners in campar-
ing cases and controls from the same cultural setting is

generally considered seceptable since no apparent re-
porting bias would be expected in relation to the de-
velopment of the cancer. However, in comparing
wormen from different cultural serings, responses o
inguiry on werifiable and morally non-evaluative aitri-
butes ‘would appear more reliable than responses 1o
nquiry about non-verifiable atribotes. Thes, we feel
the use of age at first marriage or pregnancy and
number of marriges o he valid.

Ideally, the relations between risk fzotors of cervical
cancer and cancer rates should have heen examimed
usig randomly selected women from different popu-
lations. However, we chose to select women rom the
same health care facilities or from neighborboods in
which cancer cases were identified. The representa-
tiveness of these samples with respact o cervical can-
cer risk factors is not known. 12a on the cogurrence
of HEV-2 antibodies in random samples representing
two of the study populations are available, HSV-2
antibodies were found in 41.4% and 42.2% of neigh-
bors of cancer cases and randomly selected women
residing in Herrera Provinee, respectively [(See Tables
IV and VI We found HEV-2 antubodies in 151 % of
neighbors of cancer cases in Toronto. which was sim-
ilar to the 17.3% positive for antibodics among a strat-
ified rzndom sample of 33- 0 3-vear-old women
living in Toronto (Staveaky er af,, 1983), These obser-
vations suggest that the samples were sufficiently rep-
resentative tor meaninglul comparisons.

In addition, our incidence rates are subject 0 sone
ingceuracies. Firstly, the geographic areas of the case-
control sty do not comeide exactly with incidence

rate aress except in Herrera P'UviﬂLL (g Table T In

seneral, Jrludumu rates for 2 larger gecgraphic area
than that under study had o be used. Therefore, the
rates which we have used only approximate the inci-
dence in the study population, However, it is unlikely
that major differences exist berween rates for areas
used and rates for soudy areas. Secondly, some cases
of carcinoma in sine are often included as invasive
cuncers in the registries and the magnitude of overes-
tmation of invasive cervical cancer incidence is not
known for all registries which supplied incidence data.
The degres of overestimation due w inclusion of o
st cases has been determined {or British Columbia
’Hua‘ted aral 1983 and Oncario (Clarke and Hilditeh,
1983). Ninety-gight percent of the cases from Herrera
l"rt:n'-.-lna_e were verified h]hl:}luglwlw and independent
review of a I0% random sa mple of slides confirmed
the dizgnosis of invasive cancer in 0% of the sample.
the remaining 0% being carcinoma in sire (data not
shown), a degree of misclassification similar o chat
reportad by the Canadian investigators, Although com
pleteness of registration and accuracy of the denomi-
nators undoubedly varies from regisicy to registry we
feel the rates are sufliciently accurate for meaningful
COMparison.

Finally. ¢ special problem exists for the cervical
cancer rates used for black women residing in Houwston
which s not coverad by a population-based registey,
The incidence estimales Tor those women came TTom a
special survey for which the most recent time period
wias [962-1966 (MacDonald and Heinze, 19781 In
order to assess the accuracy of these rates, other data
sources have been used o provide independent esti-
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mates o the incidence ol cervical cancer in black
wotnen tesiding in Houston, In 1960-1969, the moral-
iy rate from cervical cancer among Harris County
{Houston) blacks was (6.8 per [00.000 (Rigzan and
Muson, 19831, The ratio of corvical cancer mcidence
to mortality rates [or this cancer was 2.4 among black
pepulancns included in the Surveillance. Epideminl-
ogy and End Results (SEER) program of incidence
reporting in the Umited States in 1973-77 {Young &
al,, 19811, Thus. the incidence of cervieal cancer in
Harris County blacks in 1960-69 would be expected to
be abour 4,3 (168 = 2.4y per 100,000, This cstimare
15 less than balf the incidence rate for 1962-66 avail-
able to us from the survey. [F indeed the incidence rate
for Houston hlacks were closer 1o 40, this ares would
fit more closely w the risk factor patern observed m
other areas with the notable exception of Herrera
Province.

The exception to the correlation hetween cervical
cancer rates and the occurrence of H3V-2 antibodies
abserved for women living in Herrera Provinee is of
special interest, Twao separate samples [rom women
living in this Provinee yielded similar proportions with
HEV-2 amtibodies (see Tables [V and V1 and two
separate sueveys confirmed high cervieal cancer rates
(Reeves er af.. 1982, 1984). The cancer rate in the
Prowinoe was twice that expected on the basis of HSV-
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2 seropositivity, Nevetheless, the occurrence of HSV-
2 antibedies among these women correspondead 1o thae
expected from the percentage of women married 2 or
more ttmes (Fig. 2a), supporting the findings of a case-
control study in which no unusual auributes of sexual
behavior could be found to account for the high cancer
rates (Reeves e al., 1985), Thus. cervical cancer rates
among women living in Herrera Province appear dis-
proportionately high in relation to exposure to sexielly
transmitted agents. Clearly. investization of this un-
usual population for wnique risk factors is indicated.
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