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Squamous intraepithelial lesions (SIL) are believed to be precursors of in situ 
cervical neoplasia and of invasive cervical cancer. Though the burden of this 
disease has been greatly reduced thanks to the availability of an effective 
screening test. the worldwide morbidity and mortality remain high. 

On the basis of a classic approach to analysis of data from a prospective cohort 
study, I correlated HPV status at enrollment with subsequent risk of incident SI1 
during up to three years of follow-up among women of Brazil enrolled to the 
Ludwig-McGill cohort. 

The risk of occurrence of a first instance of SIL among women was strongly 
associated with HPV infection. After adjustment for a number of socio- 
demographic factors that have previously been established as risk factors for 
cervical cancer, the magnitude of association with high-risk HPVs remained 
unchanged while the association with low risk types was dampened, furthering 
the evidence for the role of oncogenic HPV types in the development of cervical 
cancer. 

Parity was found to have an independent positive association with cervical 
precursor lesions, after adjustment for HPV status, age. previous history of Pap 
screening, number of sexual partners, age at first intercourse. and incorne. 
lncome was also positively associated with the development of lesions. 



On pense que les lésions squameuses intra-épithéliales (LSI) sont les 
précurseurs de la néoplasie cervicale et du cancer invasif du col utérin. Même si 
le poids de cette maladie s'est considérablement allégé @ce à l'existence d'un 
test de dépistage efficace, la morbidité et la mortalité qui s'y rattachent à l'échelle 
mondiale n'en restent pas moins élevées. 

Sur la base d'une méthode classique d'analyse des données. à partir d'une 
étude prospective de cohorte, j'ai établi la corrélation entre la détection du VPH 
(virus du papillome humain) au début de l'étude et le risque subséquent de LSI 
incidente. Cette étude porte sur les trois premières années du suivi dont la 
cohorte Ludwig-McGill. cornpcsée de femmes breçiliennes. a fait l'objet. 

Le risque d'occurrence d'un premier cas de LSI est étroitement associé à 
l'infection par le VPH. Après ajustement en fonction d'un certain nombre de 
facteurs socio-démographiques qui ont été établis antérieurement comme 
facteurs de risque du cancer cervical, l'importance de l'association avec le VPH 
A haut risque est restée inchangée alors que l'association avec les types à faible 
risque a été amoindrie. soulignant le rôle des types de VPH oncogènes dans le 
développement du col utérin. 

Une association positive indépendante a été obtenue entre le nombre d'enfants 
et les précurseurs du cancer du col de I'uterus après ajustement en fonction du 
bilan VPH. de l'âge, des antécédents lies au dépistage par le test Pap, du 
nombre de partenaires sexuels, de l'âge au premier rapport sexuel et du revenu. 
Une association positive indépendante a été aussie obtenue entre les 
précurseurs du cancer du col de I'uterus et le revenu. 



Part 1 

INTRODUCTION 

This report O pens by summarizing the descriptive epidemio logy of ceMcal 

cancer and providing some historical context. The important previously established risk 

factors of cervical cancer are then reviewed, with the understanding that precunor 

lesions would be expected to share some of these risk facton. Any risk facton that are 

specific to cervical cancer and not found in association with precursor lesions could 

prove to be those that determine whether a lesion in a particular women will foliow a 

neoplastic course. This type of comparative analysis presumes characterization of the 

determinants and behavior of precursor lesions which are the focus of this report. The 

most important risk factor for cervical cancer and also for precursor lesions. infection 

with certain human papillomavinises. is presented in some depth. Description of ternis 

and procedures relevant to the full appreciation of the results presented are provided. 

The Ludwig-McGill Brazilian Cohort Study (LMB). which is the source of the data 

analyzed and presented. has been designed specifically to measure exposure variables 

and ascertain cervical status over time. This ability is crucial to a study in which the 

central hypothesis is that persistent infection with certain types of human 

papillomaviruses (HPV) provides the first step of the etiologic process in the 

developrnent of cenrical cancer. For the purpose of this report a classic approach for 

the analysis of prospective cohorts has been taken. using only the baseline measure of 

HPV infection. a single determination of exposure with which to predict an outcome 

that is measured over time. The limitations of this approach are fully recognized. 

Within several rnonths, the cohort will become vastly more informative allowing a richer 

analysis of exposures as they change with time. Such analysis will be the focus of 

future reports from the LM6 Cohort Study Group. 

Obiectives 

i) To rneasure the incidence of cervical precursor lesions in a population of women 

known to be at high risk for cervical cancer. 

ii) To examine the point prevalenœ of cervical precunor lesions and the rate of 

regression, persistenœ or progression of precursor lesions. 



iii) Using baseline data on HPV as the main predictor. the central objective of this work 

is to identify factors able to predict cervical precursor lesions out of a set of classic risk 

factors for cewical cancer. 

Rationa le 

If precursor lesions and cervical cancer truly exist on a continuum of lesions of 

ever increasing severity. then some of the risk factors for cervical cancer must be 

shared by its precursors. Identifying those risk factors which rnaintain an independent 

association with precursor lesions in the face of adjustment for the main explanatory 

variables would contribute to understanding the causal pathway of cervical cancer. 

In this cohort study I explore sorne risk factors of cervical cancer and their 

association with cervical precursor lesions in full consideration of certain HPV types as 

the etiologic agent. 



Part II 

BACKGROUND 

Descriptive Epidemioloav of Cervical Cancer 

Worldwide, 440.000 wornen (Parkin. et a1..1993; Stem and Stanley,1994) are 

newly diagnosed with invasive cervical cancer each year. Eighty percent of these cases 

occur in the context of developing countries where cervical cancer is the most important 

malignancy in ternis of both morbidity and rnortality among women (Parkin, et a1..1993; 

Pisani et a1..1993). Globally, cervical cancer is the second most frequent cancer of 

wornen. representing 11.6% of al1 female cancers. Breast cancer, which is the leading 

cancer of women represents 19% of the world's burden of cancer among women 

(Parkin. et a1.J 993). Despite the fact that cervical cancer is one of very few cancers for 

which an effective screening test exists, worldwide mortality continues to be high. In 

1985. 203,000 women were estimated to have died as a result of cervical cancer 

(Franco. 1996). Average woridwide incidence in that year was 18.111 00.00, ranging from 

a low of 5.1 in Western Asia to a high of 35.7/100.000 in Southern Africa (Parkin et 

al. 1993). 

There exist even greater disparities in incidence and rnortality between regions 

within countries. In northem Brazil there are 80-100 new cases per 100,000 women 

per year. Here a woman's lifetime cumulative risk of cervical cancer can approach that 

of a North American woman's risk of breast cancer. 10% lifetime risk (Franco.1996). 

On average. cervical cancer strikes at a younger age than does breast cancer 

and is characterized by a shorter survival time. The average age at diagnosis of 

invasive cervical cancer is 47 yean, 17 yean younger than the average age at 

diagnosis of breast cancer. 

Where health a r e  systems are able to provide mass screening. the major 

proportion of these neoplastic lesions are found at an earfy point while the disease is 

highly treatable and relatively few women will die as a result of this cancer or its 

metastases. In most regions of developed countries there has been an important 

decrease in both rnortality and incidence of cervical cancer due to cytological screening. 



but women everywhere with Iow socioeconomic status continue ta be at high risk of 

cervical cancer or pre-malignant lesions. Organized cytological screening, under which 

targeted groups of the population are actively called in for screening, seems to be more 

efficient at reducing the incidence of. and mortality due to. cervical cancer than 

opportunistic screening which allows the patient or physician to request the screen 

(Gustafsson et al., 1995). 

At least eighty percent of incident cases occur where resources do not permit a 

regular schedule of screening or adequate quality of cytology. Here cervical cancer will 

claim a high number of those presenting with late symptoms. 

Though insufficient access to screening and absence of screening prograrns are 

widely cited as the reason for high incidence and mortality, there is some evidence that 

even in those developing areas where such programs have been implernented, the 

expected decreases are not being observed. in spite of high participation and 

cornpliance rates (e.g. Costa Rica). Reasons for lack of impact seem to be related to 

the quality of vanous aspects of the prograrn (Herrero et al., 1997). 

In the United States. cervical cancer remains an important cancer among 

African-Arnerican. Native and Hispanic populations. Though statistics are reported for 

the genetal population. the 14.500 new cases of invasive cervical cancer and 4,800 

deaths due to cervical cancer per year in the US (Parkers et a1.,1997) anse largely 

among women from these high-nsk groups. In developed countries. the size of the 

population of women who truly bear the risk is rnuch smaller than the greater female 

population. 

Cervical Cancer in Canada 

In Canada. the estirnated age-standardized incidence rate of cervical cancer for 

1995 was 7.8 per 100,000 population (Gaudette and Lee, 1995) representing 1 300 

incident cases (a decrease from 1493 in 1990). The estimated age-standardized 

mortaliQ rate due to cervical cancer in the general female population is 2.2/100,000 

population (women). representing 370 deaths in 1995 due to cervical cancer among 



Canadian women (compared to 368 in 1992). This compares to a mortality rate of 

24.3/100.000 native women for the period 1973-1 984 (Hislop et al.. 1994). 

Cetvical cancer is one of three cancers for which incidence and mortality in 

Canada have decreased. leading the National Cancer lnstitute of Canada to conclude 

that the *dedine in mortality is due mainly to the decline in incidencen. In Canada, 

incidence of cervical cancer since 1969 has decreased from 21.6 to 7.8 per 100,000 

population in 1995; rnortality due to cenrical cancer has decreased from 7.4 (1967) to 

2.2 (1 995) per 100.000 population (Gaudette and Lee. 1995). 

Current Trends in Cervical Cancer 

The decline in incidence and mortality in the US observed from 1987-91 has 

slowed and a trend of increased incidence of this cancer in women less than fifty years 

of age is appearing in the North American and European populations (Franco.1996). In 

the United Kingdom. though overall rnorfality has declined between 1979-1992 due to 

screening programs. the age-specific mortality in women younger than 40 has increased 

markedly (Monsonego.1997). There is also an apparent slowing in irnprovement of the 

me-year survival rate following a diagnosis of cervical cancer (Franco.1996). 

In some populations (notably England and Finland) an increase in the incidence 

of invasive cancer arnong young wornen (age 20-35 yean) has been reported. This 

raises a concem for future incidence rates if this increase is related to a cohort effect 

(Milter et al., 1991). 

Etioloaic Acrent: Human Pa~illornavinis 

There is overwhelming biological. experirnental (Zur Hausen.1994) and 

epidemiological (Schiffman et a1.,1993) evidence to indict human papillomavirus (HPV). 

a very common cervical infection, usually transmitted sexually (Bauer et al.. 1 993). as 

the main etiologic factoor for pre-malignant and malignant lesions of the utenne cervix- 

The International Agency for Research in Cancer (IARC). in its 1995 Monograph of 

HPV states. "there is sutficient evidence in humans far the carcinogenicity of human 

papiIIomavkus (HPV) types 16 and 1%; there is ljmjîed evkience in humans for the 



carcinogenicity of some oiher HPV types; there is evidence suggesting iack of 

carcinogenicity to the cervix h hurnans of HPV types 6 and 1 In (IARC. 1995). HPV can 

be found in 90% of high grade cervical lesions (Eckert et a1..1995) and it is possible that 

the few cervical cancers found without HPV rnight refiect either the imperfect sensitivity 

of the detection techniques, the eventual degradation of viral DNA (Franco. 1995), or 

causative factots other than HPV. 

HPV is ubiquitous in human populations with some believing that this obligate 

parasite has developed in CO-evolution with its human host since earliest times 

(Arrand. 1994; Gissman and Muller. 1994). HPV infection is increasingly being looked 

upon as a necessary cause of cewical cancer (Franco.1997). but just as certainly. it is 

not a sufficient cause (Stern and Stanley.1994). Only a relatively small proportion of 

infected women develop cervical cancer. All estimates of prevaience of HPV infection 

are far greater than the prevalence of cervical cancer. It is likely that HPV represents 

the etiologic 'fint step" (Schiffman and Brinton.1995). What are the CO-factors which. in 

the presence of an HPV infection. will set the HPV infected epithelium on a course to 

development of lesions that will not regress. but rather will progress towards truly 

neoplastic characteristics? HPV type. viral load and persistence; cell mediated 

immunity, reproductive facton (particularly parity), nutritional factors, CO-infections are 

all risk factors for progression that are under study (Schiffrnan and Brinton.1995). They 

can be classified in three main categories: viral factors. host factors and environmental 

factors. What are the critical events in the progression of the neoplastic process and 

what is their timing? What does the moment of integration of viral genome mark? 

HISTORICAL PERSPECTIVE 

Though long postulated to be a sexually transmitted disease, with 

epiderniological studies showing that cervical cancer behaves as a venereal disease (La 

Vecchia et a1..1986), only recently has the virally-induced carcinogenesis of cervical 

cancer become widely accepted (IARC.1995). 

In the 1840's RigoniStern published relative frequencies of cancer by site 

according to marital status. Stem was looking for an explanation of his finding that 



women were eight times as likely to have died of a cancer as were men. He found that * 

cancers are more frequent among nuns than among ail other women in the ratio of 

5 to 1" (de Stavola.1987) Though this is an often quoted reference in introductions to 

the epidemiology of cervical cancer, Stem's conclusions focus on the increased 

incidence of breast cancer among nuns as the main contributor to these elevated odds 

for nuns. It is of historical interest that he notes an increased incidence of cancers with 

increasing age. and suggests the necessity for age-adjustment ('it is better instead to 

compare their different frequencies relative tu agen). Stem's most interesting finding 

with respect to cancer of the uterus, (which would have included cervical cancer, as this 

site was not. at that time. anatomically defined as distinct frorn the utenis) was that this 

cancer "is already very frequent behveen age 30 and 40"' while breast cancer is very 

rare at that age. occumng with greatest frequency in women after the age of 60. 

In 1886. Sir John Williams *commented on the presence of noninvasive epithelial 

abnormalities adjacent to invasive squamous cell carcinomas of the cervix" (Wright et 

a1.,1994). Williams is credited with being the first to observe and report that cellular 

changes might be prognostic indicators of eventual development of carcinomas 

(Correa. 1991). 

In the late 1920's Pernberton and Smith reported on the histological 

characteristics that would allow thern to differentiate between carcinoma in situ (CIS ) 

before it had broken through the basal membrane. and invasive cervical cancer 

(Pemberton and Smith.1929). Othen credit Broden (1932) with this discovery 

(Parkin. 1 997). 

The 1940's saw the recognition of the existence of precunor lesions and in 

1943. Papanicolaou and Traut reported that exfoliative cytology could be used in the 

diagnosis of cervical cancer (Parkin,1997). Dysplasia was the terni used for those 

lesions that had some of the cytological features of CIS. but to a lesser extent (Wright 

and Kurman,1994). In the 50's and 60's when the natural history of dysplasia was 

studied, researchen found that only a small proportion of dysplasias progressed to 

invasive cancers, while most regressed. 



In 1954 Wynder reported findings from a casesontrol study that related sexual 

adivity to cervical cancer (Wynder et al., 1954). In 1967 Rotkin found that an eariy age 

of initiation of sexual activity and promiscuity are strong risk factors for later 

development of cervical cancer (Stem and Stanley.1994) . 

Results of epidemiological research in the 70's suggested that cervical cancer 

was associated with an infectious agent that was transmitted sexually. thus providing an 

explanation for the previously determined associations with sexual behavior (Kessler 

11,1977). Studies of virgins and women in predominantly monogamous cultures show 

low incidence rates of cervical cancer (Parkin et a1.,1993). Female partners of men with 

penile cancer were more likely than controls who were married to men without penile 

cancer to be diagnosed with cervical cancer. The risk increased as their partners had 

more sex partners or had previously been mamed to a woman who had died of cervical 

cancer (Kessier 11.1977). In 1976 Zur Hausen found a parallel incidence of cervical 

cancer and genital warts. leading him to conclude that the wart-causing agent (HPV) 

might also be the cause of cervical cancer (IARCJ995). In the early 1980's work began 

to identify this sexually-transrnitted agent. After eliminating many sexually transmitted 

diseases as well as human sperm, two viruses remained the rnost likely candidates as 

etiologic agents: human papillomavirus (HPV) and herpes simplex virus II (HSVZ) (Kjaer 

et al.. 1990; Franco,l991). By the early 1990's researchen were reporting that HSV was 

not associated with cervical cancer (Peng et a1..1991). 

In the late 80'5, as reviewed by Franco (1991). some epidemiological studies 

retumed unexpected results. Sexual behavior continued to be strongly associated with 

the development of cewical cancer in al1 studies, but HPV infection was not showing the 

expeded association with sexual activity variables, which was necessary for the sexual 

activity-HPV-cervical cancer relationship to hold. The cause of this apparent lack of 

association tumed out to be misclassification of HPV exposure status due to 

measurement errors of eariy molecular laboratory techniques (Munoz et al.. 1 992). 

When polyrnerase chah readion (PCR) was first used in the detection of HPV DNA of 

cervical specimens, the prevalence of HPV infection was much higher than that 

expected of an etiologic agent. More recent laboratory methods, such as PCR protocols 



that require the use of consensus primers. or the hybrid capture assay. have reduced 

the problem of misclassification and the expected association between etiologic agent 

and disease is again being observed. 

Case-control studies of the early 90's using new generation hybridization assays 

(PCR, Virapap, and Southem blat hybridization) with protocols that minimize 

contamination have reported odds ratios of large magnitude for the association between 

certain HPV types and cervical cancer (Munoz et al.. 1992). 

PCR studies conducted in different populations do not consistently report a given 

magnitude of association between sexual activity and prevalence of HPV infection. The 

source of the variability in these results may reflect the differences between populations 

in the prevalence of certain HPV types or of some important CO-factors required for 

carcinogenesis (Franco et al.. 1995; Richardson, 1996). On the other hand, cervical 

cancer specimens from al1 over the world consistently exhibit a high prevalence of HPV 

infection, though there appears to be a great deal of geographic variability of HPV types 

(Bosch et al., 1 995). 

In 1991 Zur Hausen concluded that 'papillomavirus infection of the genital tract 

can lead to squamous cell carcinoma, particularly of the utenne cervix". 

Recently, Franco (1 996) reviewed several case-control and cohort studies that 

demonstrate the link between HPV infection and risk of cervical neoplasia. The 

cornbined relative risk (RR) for CIN obtained from pooling PCR results of those studies 

was 19.8 (95%CI: 15.2-25.8). The risk is even higher for invasive cervical carcinomas 

(ICC). Studies using PCR to detemine viral status show that women infected with HPV 

have almost 35 times the risk of developing ICC (RR of 34.5. 95%CI: 21.5-55.4) when 

compared to women who are not so infected. 

HPV is now widely accepted as the main etiologic agent in cervical neoplasia. 

Zur Hausen has said, 'expenmental as well as epidemiological data leave scarcely any 

room to doubt causaliw (Zur Hausen,1994). It is believed that the natural hîstory of 



cervical cancer is characterized by a continuum of increasingly severe precunor lesions. 

beginning with those lesions caused by cervical HPV infections nght up to invasive 

cancers (Schiffman and Brinton,1995). Several case-control studies have shown that 

certain HPV types (Le. high risk HPV 16 and HPV 18). are more often found in women 

with cervical pre-malignant and malignant lesions than in those without (Davies,1994). 

The relevant Bradford-Hill criteria for causality have been met (Franco.1996; 

Schiffman and Brinton.1995): strength (magnitudes of relative risks in the range of 20 - 
70: consistency of results among studies (al1 studies showing positive associations); 

correct temporal sequence (early results of large prospective studies of cytologically 

normal women are showing high RRs of HSIL within a few yean of viral detection, thus 

dernonstrating that viral infection precedes lesion development), specificity (HPV causes 

carcinomas of mucocutaneous epithelium): coherence (between animal studies showing 

the malignant potential of papillomaviruses and experimental evidence in which ;he 

ability of certain HPV types to transform hurnan cell lines in culture has been 

demonstrated) and (HPV epidemiology parallehg existing epidemiological knowledge of 

cervical cancer). Recent studies have shown an association with viral load, which 

would satisfy the requirement for a demonstrable biological gradient (Ho et al.. 19%; 

Villa et al., 1 996). 

Zur Hausen has proposed several criteria of causal relationships specifically for 

the case of tumoun caused directly by persistent infectious agents (Zur Hausen. 1994). 

These represent a case-specific update of Koch's postulates and are summarized as 

follows: 

1) Existence of epidemiological evidence of particular infection representing a 

risk factor for a gîven tumour. 

2) The genome of the infectious agent is 'iegularlyn found in the tumour. 

3) Proliferation of cells in tissue culture can be induced by the transfection of 

the gemme of the infectious agent. 

4) This proliferation and the subsequent malignancy of the tumour are the result 

of the adions of the DNA of the infectious agent. 



Several on-going cohort studies. including the one that is the focus of this report, 

are underway to elucidate the natural history of this viral infection and to fuliy 

characterize its role in carcinogenesis. The majority of the studies that have 

contributed to the evidence for the association with HPV are of the casecontrol type, in 

which by design, a temporal ambiguity with respect to timing of exposure and onset of 

disease exists. Those who are concerned that neoplasia rnight precede the exposure to 

HPV propose that lesions might be permissive for viral infection or proliferation. Results 

from prospective cohort studies show that the timing of the exposure to HPV is critical to 

an individual developing cervical cancer. Questions that consider the occurrence of 

disease in relation to the moment of exposure can only be addressed by prospective 

cohort studies designed specifically to study exposures that change with the. The 

prospective cohort is ideally suited to resolving the issue of temporality. 

In spite of the limits to our knowledge, our understanding of the pathogenesis of 

this cancer is far greater than for that of most other malignancies. Thanks to the 

collaboration between molecular biologists and epidemiologists in which very precise 

molecular-based tests used ta measure exposure are cornbined with classic risk factor 

analysis (molecular epidemiology), it seems likely that this will be one of the fint human 

malignancies for which the rnolecular and cellular events will be fully characterized (Zur 

Hausen, 1994). 

THE UTERINE CERVIX 

Anatomv Relevant To Cervical Cancer 

Eighty percent of cervical cancers are squamous ce!l carcinomas, as distinct 

from adenocarcinorna and adenosquamous carcinoma (Schiffman and Brinton.1995; 

Wright et al., 1994) . The epithelium of interest in cervical lesions is the non-keratinizing 

stratified squamous epithelium of the female genital tract. It is a keratinocyte Iineage 

made up of a basal layer (from which stem cells migrate). the stratum spinosum and the 

granular layer (Campo. 1994). 

The human cervix is made up of two epithelial surfaces - the ectocervix of 

stratified squamous epithelium and the endocervix, a single layer of mucin-secreting 



epithelium The transition between the ~ctocervical and endocervical epithelia is at the 

squamous columnar junction - the transformation zone. Several developmentai events 

characterke the squamocolumnar junction. During the fetal. penmenarchal and fint 

pregnancy periods, the junction undergoes squamous metaplasia (Campo.1994). It is in 

and around this transformation zone of metaplastic epithelium that the rnajority of 

cervical cancers occur (Buckley.1994). It may be that this transitional epithelium is 

particularly susceptible to oncogenic agents. 

Develoemental Events 

In a female neonate endocervical cells are present on the vaginal portion 

(exocervical or portio surface) of the cervix. forming the cervical ectopy, the size of 

which is determined by the extent of inward migration of vaginal squamous epithelium. 

At one year. the squamocolumnar junction moves towards the extemal os. The size 

and distribution of the cemical ectopy is affected by hormonal and physical fadors. 

Pregnancy and menarche are characterized by the enlargement of the cervix and the 

evenion of the endocervical epithelium ont0 the portio. During pregnancy and 

parturition the cervix undergoes morphologie changes related to the effects of elevated 

steroid hormones (Ferenuy and Wright. 1 994). 

AAer puberty the columnar epithelium of the ectopy is replaced by metaplastic 

squamous epithelium forming the functional squamocolumnar junction. The 

transformation zone is the region between the original (neonatal) squamocolumnar 

junction and this new squamous junction. Almost al1 cervical squamous neoplasia 

begins at the post-pubertal squarnous junction and cervical cancer precunors occur 

almost exclusively within the limits of the metaplastic epithelium of the transformation 

zone. Dumg the reproductive y e a n  (as well as during pregnancy). the transformation 

zone is located on the exposed part of the cervix (Ferenczy and Wright, 1994). 

Pathogenesis of HPV related cervical cancer is now understood as a 3-stage 

disease process: (1) HPV infection (2) increasingly severe grades of cemical 

intraepithelial neoplasia (GIN 1-3) and (3) invasive cancer (IARC, 1995). 



RlSK FACTORS FOR CERVICAL NEOPLASIA 

Work prior to the elucidation of the role of HPV had established certain risk 

factors for cervical cancer. In the late 1800's and early 1900's various groups were 

reporting that 90% of cervical cancers occurred in wornen who had previously delivered 

babies. The thinking of the time was that the healing process somehow triggered the 

eventual cancers (Pemberton and Smith.1929). Risk factors for cervical precursor 

lesions are very similar to those risk factors for cervical cancer (La Vecchia et a1.,1986). 

Women with low socio-economic status are at greater risk of cemical cancer than more 

advantaged women (Franco et al.. 1988). Maniage at a young age was established as a 

risk factor by early epidemiological worken, corroborated by studies which found that 

women who initiated sexual activity at an early age or had more lifetirne sexual partners 

were at increased risk of cervical cancer (Brinton et al.. 1987: Henero et al. -1 990). Over 

the past 25 years epiderniological studies consistently show that certain sexual 

behaviors are the most important determinants of cervical cancer: lifetirne number of 

sexual partners. age at first intercourse, and sexual behavior of the woman's male 

partners are considered the classic risk factors for cervical cancer. Parity has been 

shown to have a 'dose-response" relationship with increasing number of live births 

associated with an increase in cervical cancer tisk (Brinton et a1..1989j. 

Use of Oral Contraceptives 

Most studies that consider oral contraceptive use (OC) as a risk factor for 

cervical cancer show moderately elevated risk, particularly among women who are 

HPV-positive (La Vecchia et a1..1996). Others find that the timing of this exposure is 

crucial to the relationship: fint use at an early age (Daling et a1..1996), curent or recent 

use (Zondervan et al., M 6 ) ,  or increasing risk with increasing duration of use (Kjaer et 

al., 1 993). 

lnterpretation of the association of oral contraceptive use (OC) with cervical 

cancer is confounded by sexual activity (of which OC use is also a measure) and the 

increased number of deteclion opportunities (Pap smears) as a result of more frequent 

gynecologic examinations. OCs wouM likely a d  as a promoter in carcinogenesis and so 

lifetirne exposure. which is what most studies measure, rnay be less relevant than 



exposure once a lesion has become established at the cerviï. The biological action of 

OC could be the proliferation of epithelial cells. including those which have presumably 

undergone transformation, theieby hastening the process (Clarke et aIJ985). An 

alternative mechanism by which OC might be involved is the interactive effect (effect 

modification) of OC on HPV and in this case measures of recent OC use, or OC use 

concomitant with exposure to HPV wouid be of greatest relevance. It is also possible 

that OCs have a protective effect by stabilizing physiologic levels of the relevant 

hormones and rnaintaining hormonal balance (Williams and Weisburger, 1991). 

Smokinq 

In 1966, Naguib and CO-workers reported that the proportion of smoken among 

cewical cancer patients is greater than among controls without cervical cancer (Naguib 

et al., 1966). In 1977, Winkelstein identified a correlation between the distribution of 

smoking-related cancers and cervical cancers. leading him to suggest an association 

between cervical cancer and smoking (Winkelstein.1977). He updated this view in 1990 

by reviewing al1 published epidemiologicai studies. Winkelstein concluded that smoking 

is a risk factor for cervical cancer (Wnkelstein.1990). As smoking is a behavior known to 

be associated with sexual behavior. to establish smoking as an independent risk factor 

its effect must be fully adjusted for sexual behavior, which is difficult to do in practice 

(Phillips and Smith. 1994). 

Tobacco smoking provides a source of carcinogens and the cervical mucus of 

smoken has been shown to be mutagenic (Holly and Petrakis, 1986). In 1995, a British 

group of basic scientists confimed that the number of DNA adducts in exfoliated 

cervical cells was higher in srnokers than in non-smokers, but that there appeared to be 

no interactive effect between smoking and high-risk HPV types (HPVI 6) (Simons et 

a1.,1995). Smoking either acts as a direct carcinogen or by lowenng local 

irnmunocompetence. 

Smoking is thought to be capable of inducing changes in the immune system. 

reducing IgA, IgG and IgM levels and contributing to the suppression of T-cell function 

(Holt.1987). That host immune status plays a role in H W  infection and in progression 



to cenrical lesions has been evidenced in patients with immune deficiency. Study of 

incidence and progression to carcinoma of condylomata (skin warts) in 

imrnunosuppressed patients (e.g. renal transplant patients) argues in favor of the role of 

the immune systern in carcinogenesis. Women infected with human immune 

deficiency virus (HIV) have a high prevalence of HPV infection (Judson.1992) and 

cervical cancer has been added as one of the clinical criteria for diagnosis of HIV. 

Studies of squamous intraepithelial lesions (SIL) from US. UK. Kenya. Zaire and ltaly 

show a higher prevalence of cytological abnomalities among women infected with HIV 

(12.5-fold) than amongst sero-negative controls (Wright,1997). All foms of 

immunosuppression are permissive for both the virus and the replication of infected cell. 

and consequently. for the penistence of lesions (Campo.1994). Spontaneous 

regression of the HPV infection among the majonty of irnmunocompetent people is the 

norm (Schiffman and Brinton. 1995: Kiviat. 1996). 

Socioeconornic Status 

Invasive cemical cancer is known to occur more often in wornen with low socio- 

economic status (SES) (de Sanjose et a1..1996): women with low education are three 

tirnes more likely to have invasive cervical cancer than better educated wornen. Low 

SES. as measured by education or income. is associated with higher prevalence of HPV 

infection. but also with nutritional deficiencies. multiparity, and concurrent genital 

infections. al1 of which may contribute to the elevated risk (Schiffman and Brinton.1995). 

Education level has also been found to be a strong indicator of cervical cancer risk. In 

case-control studies in Colombia and Spain. HPV DNA prevalence was found to 

decrease with increasing education (de Sanjose et a1.,1996). Although in Columbia and 

Spain wornen with lower education report fewer sexual partners than do wornen with 

higher education . their partners report being more likely to have ever used prostitutes. 

An alternative, but nonexclusive explanation of the association between SES 

and cervical cancer is that SES is a proxy measure for nutritional status. with women in 

lower SES categories suffering more often from deficiencies of certain nutrients. For 

example, nutritionai deficiencies of vitamins A, C and betacarotene have been shown to 

be a risk factor for cewical cancer (Eckert et al.. 1995; VanEenwyk et al., 1992). 



Historv of Attendina Pap Screeninq 

Among the most important variables predictive of cervical cancer is a lack of 

regular Pap smear screening, explaining a great part of the higher incidence of cervical 

cancers in under-served regions. There exists a strong negative correlation between 

the intensity of Pap smear screening in a population and the invasive cervical cancer 

risk of its women (Hakama et al. .1991). 

lncreasing level of education is thought to be protective with respect to screening 

behavion. An inverse dose-response relationship has previously been shown between 

level of educational attainment and both precunor cervical lesions and cervical cancer 

(Parkin, 1991 ). 

Cervical HPV Infection 

By far. the strongest risk factor for al1 cervical precursor abnormalities. including 

low-grade squamous intraepithelial lesions. high-grade intraepithelial lesions or CIN 1-III, 

is infection with certain types of genital HPVs. with some finding a stronger association 

between certain HPV types and cervical cancer than between CIN I (considered a 

precunor lesion) and cervical cancer (Kiviat.1996). Sexual activity affects the risk of 

acquiring HPV infection. although other factors likely influence the susceptibility of the 

individual's getting that infection (Rohan et a1..1991). 

In 1986 La Vecchia concluded that 'the infectious agents implicated in 

dysplastic lesion probably differ to some extent from those causing invasive cancer" (La 

Vecchia et a1..1986). We now understand that it is largely oncogenic (high risk) HPV 

types that will, under certain circumstances lead to cervical cancer and that low and high 

risk types exhibit functional differences. 

The classic risk factors for cervical cancer are now under re-evaluation in 

consideration of the role of HPV. Those previously established nsk facton for carvical 

cancer are either correlates of HPV infection. CO-factors interacting with HPV infection or 

truly independent risk facton for cervical cancer (Schiffman and Brinton.1995). 



In a case-control study, established risk factors for CIN or SIL shown to be 

associated with cervical HPV infection are lifetime number of sexual partners, age at 

first intercoune, level of educational attainment, family incorne, smoking, use of oral 

contraceptives and parity (Schiffman et al.. 1993). 

HUMAN PAPILLOMAVIRUS 

Human papillomaviruses are strictly epitheliotropic, exclusively intra-epithelial 

viruses (Stanley,1994) whose life cycle has evolved to be well-suited to the host cell that 

it targets. the keratinocyte. It has not been observed in vitro. as only differentiating cells 

of the epithelium provide the necessary environment for HPV infection, replication and 

assembly (Stanley, 1994). In HPV-containing lesions, the viral DNA is found either in 

extrachromosomal. episomal fom or integrated into the host genome. 

HPV DNA is initially present in the host cell as an extrachromasomal episome. 

and eventually integrates into the host genome. In early cervical lesions the HPV DNA 

is most often found in the fomi of an episome; in cancer it is more often integrated 

(Cullen et a1.,1991). This two phase intra-cellular involvement is corroborated by 

rnolecular epiderniological studies of viral !oad-the early infection in which the virus is 

proliferating produces a high number of viral particles per cell. Results from our own 

study show that once the virus has been integrated into the host genome, it is no longer 

at the proliferating stage and the number of viral copies per cell is far lower in high- 

grade lesions (Villa et a1..1996) . Increasingly. the mechanisrn of carcinagenesis is 

considered to include. and possibly even require, genomic instability (either inherent or 

acquired via oncogenic agent) which is permissive for the progression of events that 

eventually result iri the "neoplastic phenotypen (Morgan et al.. 1996). 

HPVs are a family of the wider class of papillomaviruses, some of which are 

oncogenic-inducing lesions in humans and animals(Stanley,1994). Though all (except 

for BPV-1) infect epithelial cells. they are highly host-specific (1ARC.1995) and even 

hurnan types exhibit marked tissue specificity and are associated with particular disease 

manifestations. There is now reference in the Iiterature to 'genital papillomavinises', 

those found to be associated with lesions of the anogenital tract (Thierry. 1996). 



Early clinical studies focused on four HPV types: two with low oncogenic 

potential (HPV 6 and 1 1 ) and two with high oncogenic potential (Types 16 and 18). 

Campion and CO-workers (Campion et aL.1986) conducted a follow-up study in which 

26% of those with miid dysplastic lesions went on to develop CIS within 30 months- 

85% of these women were HPV-positive. In 1992 Lorincz and CO-worken suggested 

that HPV types be divided into low-risk HPV 6 group; intemediate-risk HPV type 31 

group; high-risk HPV 18 group and high-risk HPV 16 group, depending on the 

frequency with which they are found in carcinomas (Lorincz et a1..1992). HPV types 16 

and 18 are most often associated with severe dysplasia and invasive cancers (Jochmus 

and Altmann, 1996) . 

Most recently. seventy-seven different HPV genotypes have been identified (van 

Ranst et a1..1996) on the basis of sequence hornology and are being classified into 

three distinct groups based on the frequency with which they occur in malignant tumoun 

(Franco. 1996): low-risk (HPV 6.1 1,42.43,44); intemediate-rkk HPV (3l.33+35.5l,~2.S8) 

and high-risk (HPV 16.18.45.56). 

HPVs are non-enveloped. closed circular double-stranded DNA viruses with a 

genomic length of around 8000 bp (base pairs) (Eckert et a1.,1995). Early open reading 

frames (E-ORFs) encode the proteins involved in regulation of viral DNA replication and 

cell growth stimulation; late ORFs (L-ORFs) specify the proteins of the viral capsid 

(Gissman and Muller, 1994). 

Genetic variability within HPV types is restricted mostly to point mutations. so 

type classifications are considered 'tightn. The genomic evolution of a DNA virus is 

relatively slow (cornpared ta RNA vinises) and genomic variability rnay be as low as 1% 

over 100.000 years (Bernard et a1.,1994) suggesting that HPV types have been nearly 

identical since the beginning of the human species. The degree of DNA homology 

between types vanes considerably and classification of a new type is made when there 

is less than 90% sequence homology in the E6, E7 and LI genes to any known HPV 

types(Anand, 1994; Gissman and Muller, 1994). A sub-type is an isolate whose genome 

is closely related (up to 10% variability) to a previously defined type. A further 



refinement of sub-type is the molecular variant which is defined if there is 2% or less 

variance within a type. 

Epidernioloev of HPV Twes and Infection 

HPV 6 is rnost often found in CIN 1 or LSIL. HPV 16 and 18 are thought to be 

the most prevalent HPV types woridwide; these are also the types that are most often 

found in cervical cancers. The measure of prevalence of HPV infection varies rnainly 

according !O the age and sexual habits of the women tested, but also according to the 

sampling method used (swabs. scrapes, brushings) and according to the DNA detection 

method used (Schiffman and Brinton,1995). 

Sexual transmission of genital HPV infection is undoubtedly the method of 

transmission that is of interest with respect to cervical cancer. There is. however, 

evidence for another important mode of infection: vertical transmission from mother to 

baby during birth (Syrjanen, 1996). 

The Joao Pessoa survey from Brazil has shown that the association of HPV 

infection with sexual activity varies with oncogenicity; HPV infection with oncogenic type 

is strongly associated with marken of sexual activity, while nonsncogenic types are not 

(Franco, et al.. 1995). A recent study of HPV infection in university students in Montreal 

(Richardson, 1996) confirms that oncogenic and nonsncogenic HPV types differ in their 

ability to be transmitted sexually. 

Between 15 and 40% of sexually active women have cervical HPV infections, 

most of which are transient: a small proportion of these infections are thought to penist 

and it is likefy that it is only these infections that have the potential ta lead to 

carcinogenesis (Franco, 1 996). 

The single most important deteminant of HPV infection is age (FrancoJ996). 

Using various methods of detection and studying different populations. there 

consistently appean to be a decrease in prevalence of HPV infection as the age of the 

women increases. peaking in women age 16-25 (Schiffman and Brinton.1995) aml being 



found rarely in menopausal and post-menopausal women (Woodman, 1994). It is most 

frequently detected among sexually-active women between the agas of 15-25 years 

(Kiviat. 1996) with a decrease in prevalence in women after the age of 30 (Schiffman and 

Brinton.1995). This lower HPV prevalence is due either to immunologie clearance 

andfor suppression or to less exposure to new types. with a decrease in the number of 

new sexual partners. HPV infections are extremely cornmon and usually transient in 

younger women. with spontaneous clearing within a few rnonths to a few yean 

(Schiffman and Brinton.1995). It is for this reason that, presently. adjuvant testing for 

HPV infection would likely lead to high levels of over treatrnent of lesions that would 

regress on their own. Kiviat has reported that the majority of HPV infections arnongst 

young women presenting to STD clinics resolve within two years (Kiviat, 1996). without 

serious consequences. 

Bioloqical Evidence Reclardinq Oncoaenicity of HPV 

More than ninety percent (with sorne finding up to 98% of cervical cancers 

positive for HPV (Meijer et a1.,1997)) of cervical cancers biopsied contain HPV DNA. 

and protein products of the €6 and E7 gene can be found in al1 HPV DNA-positive 

cervical cancers (Zur Hausen, 1994). 

No in vitro system exists that allows the complete infectious cycle of HW. i.e. 

the virus does not undergo in vitro replication (StanleyJ 994). but in vitro studies have 

shown that transformation and immortalization of cells can be mediated by HPV DNA 

(Vousden.1994). In vitro expression cf €6 and E7 is considered to be sufficient for 

immortalization of cultured keratinocytes and cervical epithelial cells (Eckert et al.. 1995). 

Though this dues not prove that the virus necessarily induces carcinogenic changes in 

vivo. it argues strongly as to the biological plausibility of a carcinogenic effect. 

These in vitro studies led to the understanding that viral DNA has the ability to 

transfomi and immortalize cultured cells. The viral oncogenes that code €6 and €7 

proteins express viral protein products that interact with and inactivate the products of 

the p53 and retinoblastoma (Rb) genes (respectively) of the host genome. P53 and Rb 

are tumour suppressor genes. involved in cell cycle regulation. A disniption of this 



regulation can interfere with normal cellular differentiation. senescence or apoptosis 

(Vousden.1994). HPV DNA has been found to be integrated into the host genome in 

rnost cervical tumoun (Eckert et a1..1995). Though much of viral genome becomes lost 

once integrated into the host genome. the E6 and €7 genes are rnaintained and 

expressed in cervical cancers. The production of €6 and €7 rnay even be inueased 

due to the disniption (during integration) of €2. a viral mRNA regulator (Eckert et 

a1.,1995). 

METHODS FOR DETECTION OF CERVICAL LESIONS AND HPV INFECTION 

Diaclnosis of Cervical Cancer 

The cellular changes characteristic of cervical precunor lesions. carcinoma in 

situ (CIS) and invasive cemical cancer (CC), can be detected cytologically, 

histopathologically or by colposcopy. HPV-related changes can also be seen upon 

cytological analysis. HPV infection and intra-epithelial neoplasia are usually fint 

suspected following a cervical Pap smear. The Pap smear is a screening test designed 

to deted squamous intraepithelial neoplasia. or pre-invasive lesions. The test also 

detects HPV infections and the presence of cervical carcinoma. 

The nuclear abnomalities caused by neoplasia are present in the full thickness 

of the epithelium, so SIL (CIN) rnay be detected by scraping the surface of the lesion. 

The likelihood of detection is reduced by a poorly taken smear. by the withdrawal of the 

transformation zone into the endocervical canal (usual in women of 35 years of age or 

older) or as a result of a small lesion. ldeally a Pap smear contains both squamous 

cells and endocervical or squamous metaplastic cells, confirming that the transformation 

zone has been sampled (Kuman and Solornon, 1994). 

Though screening programs using the Pap smear have been highly effective in 

reducing morbidity and mortality over the past 30 yean, it is of historical and 

epidemiological interest that the Pap test has never been subjected to a randomized 

clinical trial (ParkinJ997). Pap screening programs operate at a high cost to the 

supporthg health care structure and have been criticized for failing to incorporate the 

knowledge of the role of HPV in cervical cancer pathogenesis (Kiviat.1996). 



Colposcopy and Cervicoaraphy 

If a woman is found to have some evidence of cellular abnomality on Pap 

screen. her cervix may be further evaluated by colposcopy. Colposcopy is the direct 

examination of the cervix (under magnification) which allows a directed biopsy of the 

abnomal area. If a lesion is suspected, visualization of the squamocolumnar junction is 

sometimes possible: if not. a cone biopsy may be required to assess the cervix. A cone 

biopsy is both a diagnostic and therapeutic procedure during which a conical piece of 

tissue. with its base on the ectocervix (around and including extemal os) and its apex 

extending into the endocervical canal. is removed. 

Cervicography is a cervical assessrnent technique that uses a colposcope 

connected to a camera. This is a technique for remote evaluation of cervical status. A 

cerviscope is used to visualize and photograph the endo and ecto cervix. The film is 

shipped to a central lab for reading by expert colposcopists. This procedure was first 

introduced by Stafl (1981) and would offer an excellent solution to the problem of lack of 

high-quality cervical screening to under-served populations where the cost of cytological 

screening is prohibitive or for wamen in isolated regions. 

Detection of HPV Infection 

Most HPV infections are asymptomatic and are thought to be cleared by an 

intact immune system (Stem and Stanley.1994). A latent HPV infection is not 

detectable by clinical examination. colposcopy, cytology. nor histology. since the virus 

does not cause any morphological abnomality in the infected tissue. In sub-clinical 

HPV infection. the woman is usually asymptomatic on clinical examination but the virus 

produces Rat lesions that can be seen by colposcopy or may cause cellular changes 

that can be diagnosed cytologically. Clinically apparent infections are visible to the 

naked eye and may cause symptoms in the patient, but are usually related to low-risk 

HPV types. 

The manifestation of an HPV infection that is most likely to be apparent on 

clinical examination is condyloma acuminatum, a condition known as genital warts 

(exophytic papillary lesions) which are usually the result of HPV types 6 and i l .  HPV 



infection can also cause a non-condylomatous wart (flat condyloma) that can only be 

detected by cytological analysis. Hallmark morphological changes of the epithelial cells 

caused by HPV is koilocytotic atypia (Buckley,1994) in which the nucleus is enlarged, 

hyperchromatic. with irregular outline. 

Viral culture cannot be used to diagnose HPV infection. because viral production 

depends on the differentiation of the epithelium (Walboomers et a1.,1994). Another 

rnethod for diagnosis of viral infection is identification of the genome of the pathogen or 

one of its protein products. 

Nucleic Acid Hvbridization 

HPV genetic material can be identified by nucleic acid hybridization (NAH) 

(Gissman and Muller. 1994). NAH uses the pairhg ability of complernentary single- 

stranded DNA (or RNA) to fom double-stranded hybrids and is considered the best 

diagnostic tool available for HPV detection. Efficiency of hybridization depends on the 

extent of homology in nucleotide sequence between probe and target DNA and on the 

reaction conditions. These conditions can be varied from high-stringency (under which 

only totally homologous strands form hybrids) to low-stringency, under which less 

homologous strands also hybridize (Villa et al., 1995). 

Colposcopy, histology and cytology can detect the clinical and sub-clinical 

manifestation of HPV infection, but not the virus itself. Koilocytosis is the main 

cytological and histological criterion for diagnosis of HPV infection and the "HPV 

colposcopic pattern. Neither cytology. histology nor colposcopy can distinguish between 

HPV types. Methods now considered very sensitive and specific in HPV detection are 

those that identify nucleic acids directly. including Southem blot, dot blot, hybrid capture. 

Virapap. as well as methods that first amplify the nucleic acids and then detect the 

amplification products, particulariy polymerase chah reaction (PCR) (Schiffman and 

Brinton.1995). PCR is the most sensitive of these methods and involves the enzymatic 

amplification of small amounts of target DNA. followed by hybridization to known probes. 



PCR is conducted in three main steps: the denaturation of target DNA, the 

annealing of primen to the opposite strand of denatured target DNA and primer 

elongation. PCR products can be further analyzed by digestion with restriction enzymes 

in a technique known as restriction fragment length polymorphism (RFLP) analysis for 

typing or identification of novel HPV types. Advantages of PCR include its high 

sensitivity and specificity. the need for very small amounts of target DNA and the 

possibility of using a crude ceil suspension. Material from cervical Pap smears or 

archival paraffin-embedded tissue can also be used. On the other hand. due to its high 

sensitivity, PCR is susceptible to contamination which can give false positive results. To 

avoid such contamination the different PCR steps (sample preparation, electrophoresis, 

and PCR solution preparation) need to be camed out in three separate rooms under 

strict adhereflce to the procedure that minimizes the risk of contamination. 

Seroloov 

The humoral immune response triggered by exposure to an infectious agent can 

provide a measure of lifelong exposure. In the case of HPV. however. the impossibility 

of cultivating the virus under experimental conditions means that antigenic material for 

serological assays is diffcult to obtain (Gissman and Muller.1994). Also. since HPV 

production occurs only in the differentiating part of the epitheliurn, the humoral immune 

response is not very strong. Eariy viral proteins are produced in small quantities, 

(Gissrnan and Muller.1994) and there is some question as to whether the antibodies 

produced are relevant to mucosal infection (Stern and Stanley, 1 994). Another 

complicating factor in most immunological studies is that infection with high-risk HPV 

types is found with equal frequency in symptomatic patients and asymptomatic controls 

(Davies.1994). This could mean that subtlinical HPV infections are extremely common 

and not necessarily transmitted strictly by the sexual route. HPVs can also infect the 

oral mucosa, thereby eliciting an immune response that is irrelevant with respect to the 

genital tract findings. Another explanation rnay be that the humoral immune system 

might not be capable of recognizing HPV and mounting an effective immune response. 

A further cornplexity is the fact that different HPV types might carry different levels of 

imrnunogenicity; high-nsk types rnaybe less immunogenic than low- risk types 

(Davies, 1 994), making the immunologicai effect of high-risk HPVs difficult to study . 



CERVICAL PRECURSOR LESlONS 

Cvtoloaical Classification of Ce~ ica l  Precursor Lesions 

Precursor lesions represent cellular changes on a continuum from those caused 

by productive viral infections (particularly HPV) through increasingly severe grades of 

dysplasia right up to CIS and invasive cervical cancer. 

The Pap screening test is designed to evaluate cenrical status on the basis of 

cytological analysis of a sample of ectocervical and endocervical cells. The descriptive 

nature of this process requires that cellular characteristics observed be classified 

according to some agreed-upon system. 

The çtrategy of using cytological markers as prognostic indicators of cervical 

cancer has survived three incarnations of classification from the otd World Health 

Organization (WHO) system using Papanicolaou Class I-IV to the more recent WHO 

system of classifying cervical intraepithelial neoplasia as CIN 1, II, or III, al1 the way to 

the most recent Bethesda system of classifying lesions as either Iow-grade squamous 

intraepithelial lesions (LSIL: representing the cytopathologic signs of HPV infection and 

the equivalent of CIN 1) or highgrade squamous intraepithelial lesions (HSIL: 

representing true pre-rnalignant lesions. CIN 2 and CIN 3 including CIS (Schiffman and 

Brinton. 1 995; Kurman and Solomon. 1994). The differing terminologies reflect the 

evolution of biological understanding, but ail. from the earliest to the most recent. are 

founded on some underlying spectrum of cellular changes, with the differences being 

largely quantitative rather than qualitative (Wright and Kurman, 1994). The important 

contribution of the recently introduced Bethesda system, is the recognition that sirnilar 

morphological changes at the cellular level can be the result of either productive viral 

infection or neoplastic process (Gaudette and Lee. 1995). Advances in biology are thus 

reflected in diagnostic criteria and c m  be translated into increasingly appropriate patient 

management, 

Under the old WHO system lesions were classified as either dysplasia (mild. 

moderate or severe) or carcinama in situ (including microinvasive carcinoma). This 

classification system was based on the assumption that intraeplhelial neoplasia is a 



two-stage disease and that dysplasia might regress. penist, or progress while CIS will 

inevitably develop into microinvasive carcinoma (Syrjanen et aL.1 992). see Table 1. 

Cervical intraepithelial neoplasia (CIN) is graded according to the extent of 

cytoplasrnic maturation of the cells of the squarnous epithelium of the transformation 

zone. CIN 1. CIN II. CIN III lesions are characterized by cells with decreasing degree of 

differentiation and increasing degree of nuclear abnomalities (Wright et a1..1994). The 

three grade CIN system was adopted on the basis of the conclusion that dysplastic 

changes occur on a single continuum of lesion seventy. Richart and Barron had 

conducted a follow-up study (Richart and Barron. 1969). from which they concluded that 

almost al1 cases of dysplasia would progress. becoming invasive cervical cancer given 

enough time and the absence of treatment. Richart and Barron followed 557 women 

with varying degrees of cytalogicai abnomality for 36 months and on the basis of 

statistical modeling found that within 10 years. 90% would progress to a more severe 

lesion (Nasiell et a1.,1983). This inference was made on the basis of the results of a 

study that. contrary to most other studies of the natural history of cervical lesions. found 

that CIN 1 lesions were unlikely to regress and likely to progress. Kiviat has shown that 

these results could be attributed to the latter study's specific entry criteria of a minimum 

three abnomal smean; women entered into the Richart study had al1 had multiple 

previous smears of CIN 1. It is known that CIN 1 is more likely to regress within the first 

year and that women with CIN 1 were. by previous gynecologic history. predisposed ta 

lesions that would progress (Kiviat.1996). CIN 1 is widely thought to be a precunor to 

CIN 3. This belief is supported by the observation that most of those who are diagnosed 

with invasive cervical cancer were previously diagnosed with CIN 1. 

This three-tier grading has been replaced in some health care systems by 

the Bethesda two-grade systern. in which lesion severity is classified into the more 

common, low-grade squamous intraepithelial lesions (LSIL) and the rarer, highgrade 

squamous intraepithelial lesions (HSIL). The new classification is said to answer a need 

with respect to clarification of terminology. which should result in greater clinical 

usefulness (National Cancer lnstitute Wokshop, 1989). Kurman and Solornon. (1 994) 

have said that the main contribution of the Bethesda system is the incorporation of 
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Table 1 : Equivalence of Cytological ~lassifications' 

Proportion of atypical 
OLD WHO Cytomotphological Changes WHO cells of basal layer BETHESDA 

Pap II 
pap Illa 
Pap Illb 
Pap lllc 
Pap IV 
. - - -  - 
Pap V 

normal 
infiammatory 
inflammatory 

mild dysplasia 
moderate dysplasia 

severe dysplasia 
Carcinoma in Situ (CIS) 

lnvasie Cervical Cancer (CC) 

normal 
normal 
normal 
CIN l 
CIN II 
CIN III 
CIN III 
ICC 

* Benign Cellular Changes 
**koilocytosis, HPV changes or condylomatous atypia 
' Kurman and Solomon, 1993 

BCC* 
ASCUSIAGUS 

113 of total thickness LG-IL** 
1/3-213 total thickness HG-SIL 
213-whole thickness HG-SIL 
2/3-whole thickness HG-SIL 

icc 



specific criteria for specimen adequacy. They further propose that cytological evaluation 

should not be conducted by 'blinded cytopathologistsn but rather in the context of al1 

pertinent clinical and previous history information. 

The recommendation of the participants of the 1988 workshop at Bethesda. 

was that HPV related changes be included in LSIL. though they recognized that 'HPV 

could be reported as a separate diagnostic statementn (National Cancer lnstitute 

Works hop, 1 989). The Bethesda system applies the knowledge of HPV involvement and 

is made on the basis of risk of progression. with LSIL carrying low dsk, and HSIL 

carrying a high risk of progression. Others see the distinction as LSIL being a risk factor 

for cecvical cancer and HSIL representing a true pre-cancerous or cancerous iesion 

(Schiffman and Brinton. 1995). The Bethesda classification is supported by 

epiderniological studies that have found HPV Type 16 (a type considered to have high 

oncogenic potential) frequently in CIN II and 111 but rarely in CIN 1. Cytological 

abnonalities that would previously have been classified CIN I would be classified by the 

Bethesda system as LSIL; those lesions previously classified as CIN II and CIN III 

would be classified as HSIL. those most likely to progress to carcinoma. 

The Bethesda System puts equivocal results into a category tenned atypical 

squamous cells of undetermined significance (ASCUS). This category includes cellular 

abnormalities beyond those attributable to reactive changes. but which do not meet the 

criteria for the definitive diagnosis of SIL (Kurman and Solomon. 1994). A summary of 

the equivalence of cytological classifications between systems is provided in Table 1. 

The US has adopted the Bethesda System of classification but Brazil. like 

Canada. continues to use the three-tier CIN classifications. The rationale for resisting 

the rnove to the new system is that though the Bethesda system presumes to better 

reflect current biological undentanding of the development of cervical lesions, it does 

not solve the underlying problem with histopathological reporting, that is. lack of 

objectivity in assessing intraepithelial changes. Some (Walboomen et a1..1994), 

propose that Bethesda is simply an unsuccessful attempt to solve the poor inter- and 

intra- pathologist reproducibility in cytological scoring. There remains concem that a 



proportion of LSIL (Le. particularly that HPV 16-positive smears) will progress to 

carcinoma and that a classification system that relies on incornplete knowledge of the 

causai agent is inherently flawed. Particularly for classification in epidemiological 

studies, the Bethesda system has been termed best (Schiffman and Brinton.1995); but 

othen maintain that a two-class system leads to loss of 'diagnostically and 

prognostically valuable information" (Syjanen et a1.,1992). The SIL grading system is 

used for cytological analysis. while CIN continues to be used as the histopathological 

cfassification. 

At The Level of The Individual 

In Canada. using the WHO classification. a woman who has a cytological result 

of CIN I would have repeat Pap test within 6 months and every 6 months for the next 

N o  years (Miller et a1..1991). If al1 these follow-up Pap tests are negative. she can 

return to the usual screening schedule of once per year. If any of these are positive. 

she would be referred for colposcopy. Any cytologies of CIN II or CIN III would be 

referred immediately for colposcopic evaluation. 

None of the classification systems proposed to date adequately assess the 

individual patient. Considering the heterogeneity of HPV types. a combination of 

cytology-HPV type screening would seem to be most useful in the assessrnent of an 

individual woman. Though the benefit of using HPV testing in clinical practice remains 

to be established. studies of HPV prevalence rates and cytomorphological results of 

cervical cancer screening in the Netherlands, where a good cancer registration system 

exists. suggest that a combination of HPV testing and cytology screening would allow an 

increase in the interval between Pap smean (Walboamers et al., 1994). Different 

treatments and follow-up regimens for women in different gmups, with different 

combinations of cytological results and HPV types, could eventually be established. 

This approach could lead to better identification and management of high-risk wornen. 

In 1992 a group of researchen used HPV testing to predict development of CIN 

in wornen who were refened to colposcopy on the basis of abnomal cytology, but for 

whorn colposcopic evaluation showed no abnormality (Nuovo et aL.1992). Seventy- 



eight percent of those who were HPV-positive were diagnosed with CIN within 12 

months. Repeat cytology, however, was able to conectly predict 92% of the eventual 

histological diagnoses. In the Portland cohort. Schiffman (Schiffman and 

Schatzkin,l994) found that HPV was the most predictive factor with respect to lesion 

developrnent and Kiviat has found that HPV infection is more predictive of CIN 213 

lesions than CIN 1 lesions (Kiviat. 1996). 

Prevalence of Cervical Precursor Lesions 

In the US SIL (CIN 1-3) was detected in 2.3% of patients of Planned Parenthood 

Clinics nationwide between 1981 and 1983. Prevalence was found to decrease with 

increasing age (Sadeghi et a1..1988). A Canadian study (Meisels.1992) found evidence 

of changes tha? would be classified as LSIL in 6% of the women screened. The 

National Breast and Cervical Cancer Early Detection Program recently reported (CDC. 

1997) that 4% of Pap test are abnormal (CIN 1, II, or III). 

In some populations, prevalence has been found to be increasing. In Southern 

Australia. the prevalence of low-grade lesions has been reported to have risen frorn 

0.6% in 1978 to 5.6% 10 years later (Evans and Dowling.1990). 

Procaression, Persistence, Rearession of Precursor Lesions 

60th LSiL and HSIL can and do regress; LSIL regresses more frequently, but 

7525% will progress to HSIL within 2-4 years (Schiffman and Brinton.1995). 

Regression is not considered a hallmark of neoplasia (Syrjanen et a1.,1992). The rate of 

regression. progression and penistence of cervical lesions. be they LSIL or HSIL. is of 

interest with respect to the natural history of cervical cancer and is central to optimal 

management of women's lesions, allowing the development of a set of prognostic 

indicators able to predict the likelihoad of disease progression in individual women. It is 

known that a high proportion of both low-grade and some high-grade lesions will regress 

without treatment, some will penist, yet othen will progress. Modification of patient 

management protocols would require that the characteristics of regressing and 

progressing lesions be firmly established. 



Richart and Barron found that 20% of mild dysplasias progressed to severe 

dysplasia in 1 to 3 yean (Richart and Baron, 1969). Nasiell and CO-worken found that 

16% of CIN 1 (n=555) progressed ta CIN 3 within 4 yean (Nasiell et al.. 1983). Flannelly 

and CO-workers found that 35% of mild dyskaryosis progressed to CIN 3 (n=538) within 

1-2 years (Flannelly et al.. 1994). Hellberg and co-worken found that even among 

those who have an initial cytological result of CIN 11 (n=1466) but who were 

subsequently found to be normal by colposcopy and biopsy (n=328), 22% went on to 

develop histologically confirmed CIN within the 10-year follow-up period, making this a 

group at greatly elevated risk (Hellberg et al.. 1994). 

Nasiell and CO-workers found that 55Oh of moderately dysplastic lesions 

regressed to normal and rernained normal for at least 53 months (16% persisted. 30% 

progressed to more severe lesions) (Nasiell et a1..1983). She cautioned that most 

dysplastic lesions that eventually progress become normal transiently, and that the 

length of follow-up must be sufiicient in order to apply 'regressed to normal' 

classification with any certainty. Nasiell recommends that the follow-up period to 

establish regression following abnomal (moderate dysplasia) cytology needs to be at 

least 2-3 yean to be definitive. She also proposes a definition for penisting lesion as 

one that is seen on a minimum of three cytologies. 

In a study of the behavior of mild dysplasia. Nasiell followed 555 women for an 

average of 39 months and found mild dysplasias regressing to normal in 62% of the 

women. progression to severe dysplasia. CIS or C C  in 16% and penistence of mild 

dysplasias in 22% of the women (Nasiell et a1..1983). 

LSIL is cleariy a risk factor for HSIL; Soutter and Fletcher found that women with 

LSIL were 16 times as likely as women with normal cytology to develop HSIL and 

invasive cervical cancer (Soutter and Fletcher.1994). High-risk HPV type was a better 

predictor of ClNllllll lesion than CIN Il widely considered to be the precunor of 

ClNll/lll. 



Deteminants of risk of progression from LSlL to HSIL under investigation are: 

HPV type (low oncogenic vs. high oncogenic), viral burden. immune status. parity. use 

of oral contraception, nutritional (folate, carotenoid. retinoid or vitamin C) deficiency, and 

concurrent infections with certain sexually transrnitted diseases. 

An alternative explanation to the CIN 1-II-III continuum. submitted by Kiviat. is 

that CIN I and ClNllllll represent two separate diseases diffenng in likelihood of 

detection (Kiviat.1996). She proposes that CIN I lesions may be a marker of exposure 

to HPV and not necessarily a true precunor. She found that most ClN IlIIII develops 6 

months after HPV DNA 16/18 has been detected. Since CIN 111111 is a morphological 

classification. these changes can be the result of HPV infection which will resolve when 

the infection is cleared: others will persist and develop into true precursors. Even those 

who support the continuum of disease modal question whether al1 cervical cancers 

necessarily pass through the precursor stages. All agree that the progressive potential 

of HSIL is high (though not inevitable). 

In 1995 Ho and CO-workers (Ho et a1.,1995) re-analyzed data collected 

prospectively dunng a beta-carotene intervention trial to study determinants of penistent 

SIL. They looked at persistent HPV infection, viral load, and behavioral and 

demographic characteristics in the study of the natural history of CIN. Subjects were 

followed at 6-week intervals in the first 3 rnonths and at 3-rnanth intewals thereafter for 

a total of 15 months. Persistent SIL was defined by cytological or colposcopie diagnosis 

of SIL in 2 consecutive visits. The presence. typing and quantification of HPV DNA in 

cervical vaginal lavage samples was conducted by both PCR and Southem Blot 

Hybridization. These researchen analyzed the effect of both time-dependent and time- 

independent explanatory variables (HPV positivity. types) on the risk of lesions 

penistence or progression. 

The analysis of Ho et al. indicated that women with persistent HPV infection had 

four tirnes the risk of persistent SIL of those without and that there was no progression 

in the absence of high-risk HPV types. They also found evidence of interaction between 

persistent infection and viral load. A high level of type-specific persistent infection 



confers highest risk for persistent SIL. They found that persistent HPV infection was 

associated with persistent SIL, whether the infection occurred before the occurrence of 

the lesions or at the same tirne. 

In 1996 (Syrjanen.1996) published results from the Kuopio follow-up study: 28% 

of HPV lesions regressed within 25 rnonths, 56% regressed within 57 months and 64% 

regressed within 83 months. Beyond 7 yean there was no further increase in 

regression. Sy janen showed that the regression of HPV lesions increases with length 

of follow-up. Though progression of HPV lesions to ClS does appear to increase with 

increasing follow-up time, Syrjanen reported that progression of HPV lesions to CIS 

plateaus at a rate of 14% by 15 months. 

In a review of the literature since 1950, Ostar (1993) has summarked the results 

of 17 prospective follow-up studies that reported rates of progression. regression and 

persistence of low grade lesions (mild dysplasia or CIN I ) ,  His review found that overall, 

57% of low-grade lesions (CIN 1) regressed; 32% persisted and 11 % progressed to CIN 

111. 

Deterrninants of Incident Precursor Lesions 

In 1992 Koutsky and CO-worken conducted a prospective cohort study of incident CIN 

(Koutsky et al.. 1992). They followed 247 wornen who had no evidence of CIN nor HPV- 

atypia on baseline cytological evaluation and who had no previous history of CIN. 

These women were at high risk of developing cervical lesions by virtue of presentation 

for evaluation of STD. They were followed prospectively one month after the first visit 

and every 4 months after that for an average follow-up time of 25 months. 

Demographic. sexual and reproductive history. and smoking history information was 

collected by standardized interview. The cervix was evaluated by cytology and 

colposcopy. HPV status and typing was conducted by the dot-blot method (for 1300 

early specimens) and by Wnpap (for 1389 later specimens). During follow-up 47 

women developed CIN II or III as detemined either by cytology or colposcopy. or CIN 1 

by two smean, meeting the criteria for biopsy. The outcome was detemined by 

histology in 41 of these women. The six women who refused biopsy al1 had HPV 



infections (Type 16 or 18 in 33%; Type 31.33, 35 in 33% and untyped in 33%). The 41 

who undenvent biopsy had histological results as follows: 28 (68%) with CIN 2 or 3. 

11 (27%) had CIN 1 or HPV-related atypia. and 2 (5%) were negative on histology. 

Kautsky's group found a 2-year cumulative incidence of 28% for CIN II or III from 

time of fint positive HPV DNA test (or from time of enrollment for those women who 

remained negative for HPV). compared with a 3% cumulative incidence for women 

without HPV infection (Koutsky et al.. 1992). Cewical HPV infection was the most 

important determinant of CIN IlilII. They found that younger age at first intercoune. but 

not number of sexual partners. was associated with an elevated relative risk of biopsy 

confirmed CIN II or III. They also found that even after adjusting for HPV, other STDs 

were seen to have an independent association with CIN II1III. Koutsky suggests that this 

rnay be due to decreased ability to detect HPV in those with concomitant infection. 

Being of race other than white carried a RR of 1.7 (0.8 - 3.6). high schoal education 

was protective with a RR of 0.5 (0.2 -1.1), curent smoking was protective compared 

with never smoking (RR 0.5, 95% CI (0.2-1.5)). and women who had given birth to at 

least one child were not at significantly higher risk, RR of 2.0. 95% CI (0.9 - 4.2) when 

cornpared with women who had never given birth. 

The Link Between HPV, Precursor Lesions And Cervical Cancer 

The epidemiological risk factors for HPV infection seem to be much the same as 

those for cervical cancer. This very fact provides evidence for the role of HPV in the 

causal pathway leading to cervical cancer. Determtnants of precursor lesions are now 

the object of study. It is from greater understanding of these precursor lesions that, until 

the availability of an effective vaccine, public health prograrns stand ta benefit most. 

Those who are cytologically normal but who test positive for high-risk HPV are at 

increased risk of developing severe dysplasias (Koutsky et al., 1992). 

Curent understanding of the causal pathway in carcinogenesis is that other 

factors in addition to HPV infection are needed to induce malignant transformation of the 

genital squamous epithelium (Walboorners et al.. 1994). Specifically, HPV type and 

intensity of infection, cell-mediated immunity and reproductive factors (Schiffinan and 



Brinton.1995) and more recently, persistence of HPV infection with a high-risk type, are 

being studied as possible CO-factors. The genetic constitution of the host is likely also 

among these CO-factors (Campo.1994). as are factors related to host (systemic or local) 

immune response (Kiviat, 1996). Other factors that have been suggested are number of 

sexual partnen, age at first intercoune, infection with herpes simplex type 2 (HSV-2) 

andlor other infectious agents and other CO-carcinogens such as smoking 

(Campo, 1994) From a worid-wide perspective, invasive cervical cancer seems to be 

consistently related to the integration of the HPV genome, but the important CO-factors 

may eventually be found to Vary by region (Schiffman and Brinton,1995). which rnight 

explain the disparities in incidence of cervical cancers between populations. Differential 

screening coverage and quality remain the main factors in detemining differences in 

incidence of cervical cancers. 

Incidence of Cervical Precursor Lesions 

There are few studies which have been able to report incident rates of precursor 

lesions. I conducted a review of selected studies which reported incidence rates of 

precursor lesions. This review is surnrnarized in Table 2. Only those studies which 

reported rates of both dysplasia and CIS are included. Dysplasia and CIS can in 

combination be considered equivalent to LSlL and HSlL (see Table 1). 

The range of incidence rates of precunor lesions reported from these studies is 

a low of 150/100.000 woman-years in Los Angeles (Stern and Neely,1964) to a high of 

233/100,000 woman-years in the Appalachia region of Kentucky (Friedel1 et a1..1992). 

Figures from the British Columbia Cohort are reported as a range, with a low of 

140/100.000 wornan-yean to a high of 550llûO.000 woman-years (Miller et a1.,1997). 

All studies. except the one from the UK (Parkin et a1..1982). used histological 

ascertainment of lesions. The incidence rate of precunor lesions by cytological 

ascertainment in the UK study is 156/100,000 woman-years. All rates except those for 

Appalachia and San Francisco are cnide. 
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Table 2: Studies Reporting Incidence Rates of Dysplasia and CIS 

Population Grade of Lesion CIH* Per 100,000 Woman-yeam 
-- ----- -- -- - 

B.C., canada' Dysplasia H 90 - 300 
(1 981 -1 985) CIS H 50 - 250 

United ~ i n ~ d o r n ~  Dysplasia C 23911 98 
(1 976-1 977) CIS C 69/59 

Los Angeles,  USA^ Dysplasia H 110 
CIS H 40 

Appalachia, ~entucky~  Dysplasia H 194.6 
1986-1 987 CIS H 38.2 

San F ransisco, USA' Dysplasia H 83 
C1S H 91 

' Cytological (C) Histologicat (H) Ascertainment 

' (Miller et al., 1997) 
* (Parkin et al., 1 982 

(Stem and Nealy, 1964) 
(Friedel1 et al., 1992) 
(Peritz et al., 1 977) 



Part III 

METHOOS 

The Ludwio-McGill Brazilian Cohort Study 

The data for this analysis cornes from a large. on-going cohort recruited to study 

the natural history of human papillomavirus infection in the development of cervical 

cancer (LM0 Cohort Study). The cohort has been assernbled from among a low-income 

population of women residents of Sao Paulo. Brazil. considered to be at high risk for 

invasive cervical cancer on an international basis (Villa and Franco. 1989). Sao Paulo. 

capital of Sao Paulo State. is located in Southeastern Brazil. The hospital center, 

Matemidade Escola Vila Nova Cachoeirinha (MEVNC), is a municipally run institution 

providing active screening programs to the population that it serves. 

To conduct this analysis I used information that had been gathered on 

epidemiological risk factors, assessrnent of cervical status by cytology, and detection of 

HPV infection (presence and type) by PCR analysis from women enrolled in the LM8 

Cohort Study. 

Using data available from the LM0 Cohort as of May 1997. 1 linked the 

databases containing registration records, questionnaire data gathered at the fint visit 

(see Questionnaire 1 in the Appendix). cytology results, and laboratory results. 

Questionnaire responses and laboratory results (PCR results for HPV testing and 

typing) are limited to those gathered at first visit. I used cytology data from up to the 

sixth visit. representing up to three years of follow-up. 

The Cohort Desicrn 

The cohort design penits the study of the dynarnics of cervical HPV infection in 

a given individual by taking multiple measures of viral status over time. This is crucial to 

the study of an exposure that is likely to change with time. Most cohort studies which 

follow women prospectively for cytological end-points, measure H W  status at baseline 

(b) only and use this status to predict lesion development. Due to the moment in the 

cohort at which I undertook this analysis, this report is limited to using only the baseline 

measure of exposure as well. The LMB cohort is designed to charactenze the dynamic 



nature of HPV infection and it will eventually be able to provide information on HPV 

transience and penistence; it will then be possible to detenine whether any of these 

predispose a woman to high-grade lesions or CIS. Persistence of HPV infection is 

defined for the cohort at the molecular variant level and this will allow future analyses to 

determine whether persistence is in fact the necessary precunor event. Detection of 

the exposure is conducted by advanced molecular detection techniques such as ?CR. 

molecular variant analysis. and measurement of viral load. Certain HPV types are 

expected to produce high-grade lesions, while others tend to produce low-grade lesions. 

Persistence of HPV infection by certain types is hypothesized to be a major deteminant 

of the development of cervical neoplasia (Villa et al.. 1 996). 

Studv Populatim 

The study started enrolling women in November 1993 and by March 1997 had 

enrolled 2528 women who will be followed over five years. Though recniitment was to 

have continued to the end of 1997, it has been stopped early thanks to the high 

cornpliance rate of the wornen enrolled to date. The resources of the study will now be 

applied to follow-up. 

A random systematic sample of women outpatient clients of the farnily medicine, 

gynecology and family planning clinics of the municipally operated MEVNC clinics in Sao 

Paulo, Brazil were offered participation in the study. Participation in the study was 

subject to eligibility according to the following criteria: (1) age between 18 and 60 yean. 

(2) permanent resident of the City of Sao Paulo. (3) neither currently pregnant. nor 

planning to becorne pregnant in the next year. (4) intact utenis and not currently 

referred for hysterectorny, (5) not having used vaginal medication in the previous 2 

days, (6) not having been treated for cervical disease by electrocoagulation. cryotherapy 

or conization in the previous 6 months. (7) indicating interest in complying with 

scheduled retums for at least the next 2 yean and (8) providing a signed consent form. 

Each woman who was approached for the study had her eligibility determined by the 

study nurse using a questionnaire before enrollment into the study. 



Participation, Corndiance and F ollow-UR 

Of those initially approached 46% met the eligibility criteria, agreed to participate 

in the described study and could therefore be enrolled. The majority of losses to follow- 

up occurred after the first visit, with a high percent of those who retumed to the first 

follow-up visit (Le. visit two) continuing to return for the further scheduled visits. The 

cornpliance rate at 3 yean has been 69% i.e. only 31% of the women initially enrolled 

have failed to retum for al1 6 scheduled visits expected by 3 yean of follow-up. 

Because of the importance to the study of being able to follow the study women 

for 5 years. a meal ticket incentive often used in Brazil as part of ernployee benefits 

packages was used in the study to compensate for costs (transportation. time away 

frorn work or schooi) and inconvenience caused by the clinic visits. This assures a high 

level of cornpliance with the schedule of visits. 

Data Collection 

The study was designed to accumulate six distinct types of data: (1) information 

on epidemiological risk factors, (2) assessrnent of cervical status by cytology, 

cervicography, colposcopy and histoiogy where indicated, (3) detection of HPV infection 

by HPV testing and typing, (4) molecular variant analysis. (5) viral burden and (6) 

immunologylserology. Baseline and repeat biologic specimens and questionnaire 

information were actively collected during 8 visits at 0. 4, 8. 12. 24. 36, 48, and 60 

months. At each visit cervical specimens were taken for Pap cytology and HPV testing, 

a 10-ml blood sample was drawn for HPV serology, and an intewiew based on a 

structured questionnaire was conducted. In addition each woman undennrent at least 

two cervicographies dumg the first two years of follow-up. The data were entered and 

stored in four databases. Central records holds the woman's ch ic  record, follow-up 

data, dates of scheduled next retums and telephone reminders, and record of phone 

reminders if a visit was missed. To protect the confidentiality of the study subjects, this 

database is never linked to the other three. The visit-specific questionnaire database 

holds coded responses given in separate interviews. The laboratory results database 

holds the results of HPV positivity, typing and molecular variant analysis as weil as 

serology. The cervical pathology database holds the results of local and review 



cytological analysis and cervicography. The laboratory results and visit specific 

databases are all periodically transferred, via a cornputer link. to the Montreal ofice. 

The cervical pathology database is exdusively kept at McGill where the data sets are 

periodically linked for analysis. 

Five different questionnaires in Portuguese are being used: four to be used 

during the first four visits and one that is used for each of four subsequent annual visits. 

The questionnaires were designed to retum demographic, lifestyle and behavioral 

information that allow exploration of risk factors for HPV infection and cemical cancer 

i.e. sociodemographics. reproductive health. sexual practices, smoking and diet. 

To obtain cervical specimens the Accelon sampler device (Medscand, Sweden) 

was used to collect a sample of ectocervical and endocervical cells at each visit. The 

Pap srnear was prepared onto a glass slide and fixed in 95% ethanol. The sampler was 

then immersed in a tube containing Tris-EDTA buffer (pH 7.4), the cells released by 

shaking, and the sarnpler removed. The tubes with cell suspensions were kept at 4°C at 

the clhic for a maximum of 5 days. This is the cervical sample that was used for PCR 

analysis at the Ludwig Institute. The Pap smears were fixed, stained and first read at 

MEVNC cytopathology iab. The slides were then shipped to Montreal for coding by the 

Department of Oncology, Division of Epidemiology. McGill University. and fotwarded for 

cytological review to the laboratory of Dr. Alex Ferenczy at the Jewish General Hospital. 

In order to prevent possible between-subject contamination during the taking of 

the cervical specimens, the nurses who conducted the procedure were trained to use 

sterile methods and materials. Women who were found to have a moderate dysplasia 

or wone by MEVNC cytology, HSlL or worse by Dr. Ferencry's laboratory, or any high- 

grade cervigram were recalled for colposcopy and treatment as per local and 

international standards of care. 

All cervical specimens underwent PCR analysis at Dr. Luisa Villa's laboratory of 

the Ludwig lnstitute, to detect and type HPV DNA The MYOSIMY11 protocol used in 

this study is the one originally proposed by Manos et a1..(1989) with additional 



modifications (Hildesheim et a1.,1994). Typing was done by dot blotting of PCR 

products and hybridization with radioactively labeled oligonucleotide probes for 27 types 

and an additional HPV generic probe. Those samples found to be positive undenvent 

further testing to measure viral burden (viral copies per cell) in the exfoliated cells 

(Caballero et a1.,1995). A rigorous protocol was irnplemented to prevent inter-specimen 

contamination by the lab procedures used to analyze these specimens. Sample 

processing and reaction areas were physically isolated, solutions were autoclaved. 

reagents were pre-rnixed and pre-aliquoted. laboratorj personnel used disposable 

gloves, positive displacement pipettes. aerosol-free tips and "splash-free" tubes. Both 

negative controls (DNA from cultured human tissue) and highly diluted positive controls 

were used to alert to contamination and for quality control purposes. 

The DNA from the cervical cells was extracted by proteinase K digestion and 

organic ethanoi precipitation. Testing for HPV DNA was conducted using a PCR-based 

technique which targets a highly conserved 450 bp segment in the LI viral gene (flanked 

by the MY0911 1 pnmers). 

PCR produds were hybridized with a generic probe. Those samples which 

tumed out to be positive with the genen'c probe were considered HPV positive, and were 

further analyzed for detection of HPV type. Typing of HPV positive samples was 

conducted using the Dot blot technique with type-specific HPV probes. If an HPV 

positive specimen did not hybridke with any of the type-specific probes. the PCR 

amplification products were subjected to restriction fragment length polymorphism 

(RFLP) analysis of the LI fragment in order to characterize unknown types. This 

method allows detection of 40 genital HPV types. Further PCR analysis for rnolecular 

variant identification was conducted whenever two or more specimens from the same 

women were of the same HPV type. 

Infomation gathered from the women was entered and held in four databases. 

Registration dates and dates of scheduled retum visas is in the registration database. 

Cervicography. and cytology results from both local (Brazilian) cytology and the review 

cytology are held in the œrvix database. Infomation gathered by questionaire at each 



visit is held in a questionaire database. The laboratory results database holds results of 

each woman's assessment of HPV status. testing and typing by PCR. 

Ethics - 
Each woman who entered the study was obliged to follow the consent process, 

culminating in the nurse administering an informed consent form. The study and the 

obligation of participants was described as fully as possible. The women were given 

time to make a decision before comrnitting to participation. The study pmcedures and 

informed consent have been approved by the institutional review boards of the MNNC, 

the Ludwig lnstitute for Cancer Research in Brazil. and the Faculties of Medicine at 

McGill University and University of Toronto. 

Though clearly these wornen were being subjected to a level of testing far 

beyond that which they would require simply for their own care. in the absence of this 

study it is likely that many of these women would not have received the preventive 

attention they required. In addition the study senres as an educational vehicle in this 

population with respect to the importance of Pap screening: whether a woman 

participated in the study or not. the level of awareness of the importance of Pap screen 

is likely to provide indirect and residual benefit to the community. 

Ascertainment of Outcome 

In March 1997 it was detemined that local cytology results should not be used 

for research purposes as, on 'actuarialn analysis. HPV positivity at enrollment was not 

as predictive of local cytology as it was of review cytology. Since HPV is no longer 

questioned as the etiologic agent. I decided to use results from the cytology review as 

the outcome measure. Meijer and CO-workers have even suggested that HPV testing 

can serve as a tool for quality control of Pap smear reading (Meijer et aL.1997). 

Review cytology is the cytological reading that was conducted expressly for research 

purposes and perfomed at the Jewish General Hospital laboratory of Dr. Alex Ferenay. 

The cytological review classified lesions according to the Bethesda systern. considered 

to be well-suited to epidemiological work. 



After Brazilian cytologists had conducted their cytological readings, the slides 

were packaged and shipped to Montreal. The cytological review was conducted with the 

review cytologist blinded to the results of the local cytological analysis. 

Women who were either negative or classified as ASCUS on baseline Pap 

smear according to review cytology. constituted the group who were 'at risk' of 

developing LSlL or HSIL and were selected for this analysis. 

Cohort Context 

nie context of a cohort study that collects both questionnaire data and biological 

specimens is complex in that information from different sources accumulates at varying 

rates. The main hypothesis that the LMB cohort is designed to study is that it is 

persistent HPV infections with certain HPV types that have the potential to progress to 

cemical cancer. There therefore exists a hierarchy of importance with respect to 

processing of laboratory results. In order to provide the study with depth of information 

related to the issue of persistence. HPV testing and typing results for a woman for whom 

a PCR result from an earlier visit was already available is more informative than a first 

result from a given woman. A decision was therefore made that the PCR analysis of 

HPV specimens should not proceed on a strictly sequential basis. but that these 

analyses should be conducted preferentially for those women who already had at least 

baseline PCR results. 

This decision affects this report to the extent that it restricts the number of 

women for whom information can be used in regression analysis. For bivariate analysis 

it was useful to include information fram as many women as possible and I therefore 

conducted Kaplan-Meier (KM) survival analysis on those women who were negative on 

baseline cytology (irrespective of whether or not HPV results were available on their 

specimens): Multivariable regression always proœeds on the most restricted set of 

study subjects. In this case, the numbers were restricted by the availability of HPV 

results. So that measures of precision be comparable, 1 performed crude Cox 

regressions (containing only one explanatory variable) on the group of women who were 

negative on baseline cytology and for whom HPV positivity results were available. The 



characteristics of study women presented in Tables 4 and 5 of the results section 

describe the three groups of women and attest to their similarity, Save for the availability 

of HPV results and incomes. 

lncidence Density 

lncidence rate is a measure of the rate of occurrence of disease using the 

nurnber of new events in a population at risk that occur within a certain period of time 

(Last.1995). lncidence density is a measure of the average occurrence of disease over 

time: the number of new events that occur over a cumulative amount of person-time 

from which these events have ansen (in this case woman-rnonths). To establish an 

incidence-density rate for cervical precursor lesions I divided the total number of cases 

of incident lesions (SIL) that were found during visits 2-6 by the total number of woman- 

months of follow-up among women at risk (those who were found at baseline to have no 

cytological evidence of SIL). 

Effect of Repeated Cvtolociical Testinia on Incidence-Densih Rate 

Though the protocol requires standardkation of schedule of visits and recail 

efforts. there remains some concern that the intensive cytological follow-up of these 

women might lead to an inflated estimate of incidence density. lncreased screening 

opportunities in the case of an outcorne that is known to regress spontaneously 

increases the chances of finding that outcorne. An analysis stratified by visit was 

therefare conducted to ensure that the incidence density rate of precursor lesions was 

not an artifact of the frequency of testing. A cumulative rate for each retum visit was 

calculated by dividing the number of SlLs found at that visit by the wornan-months of 

follow-up from which these lesionç arose. 

Prevalence 

The prevalence rate is the nurnber of individuals with the condition under study. 

at a specific point in tirne, divided by the population at risk (Last.1 995). In this case the 

event of interest was a LSIL or HSIL. the population at risk was ail women enrolled to 

the cohort: the point in time is t,,, the moment that each woman attends the fint visit. 

Women attending the fnst visit bring with them some level of prevalent leoions, which 



was catculated by dividing the number of wornen with SIL by the number of wornen from 

whom the fint Pap srnears were read. I aiso calculated a point prevaience for 

subsequent visits. 

Natural Historv of Cervical Precursor lesions 

As discussed previously. it is known that an important proportion of cervical 

lesions regress spontaneously with time. Using review cytology, I selected women who 

had completed at least M o  visits and analyzed the behavior of their lesions by 

comparing cytology results for pairs of consecutive visits. A woman with LSlL in a visit 

who also had such a lesion in the visit immediately following was temed a 'LSIL- 

penistor'. If in the visit immediately following the cytological result was normal, the 

wornan was considered a 'LSIL-regressor'. If on that following visit the grade of lesions 

went to HSIL. the woman was considered a 'LSIL-progressor'. 

Statistical Analvsis 

In order to study the temporal relationship between HPV infection and 

development of cervical precursor lesions. I focused the main analysis on incident 

cases of SIL. using information gathered from those women who had been found by 

baseline cytology to have neither HSlL or LSlL and who were therefore al  risk of 

developing "incidentn SIL. In this report the Bethesda classification of LSlL and HSIL is 

referred to in combination as SIL. Statistical significance is determined throughout at 

the 0.05 level. 

To establish the predictive ability of a set of potential detemiinants, I first 

analyzed each independent variable in univariate fom by classifying results into 

different categones. I then chose the best 'funcüonal fom" for each in separate 

analyses using both significance testing based on log-rank results and univariate Cox 

regression. In the interest of panimony and whenever appropriate biologically, when 

categories of a variable retumed comparable hazard ratios (HR) along with 95% CI that 

overiapped adjacent point estimates, I combined the categories. 



Kaplan-Meier Survival Analvsis 

Kaplan-Meier (KM) survival analysis provides a powerful and sensitive method 

for analysis of cohort data where the moment of occurrence of the event of interest is 

central to the understanding of the disease process. KM analysis uses information on 

al1 study subjects irrespective of whether the woman develaps the outcorne of interest or 

not (i.e. censored cases: those who fail to develop the outcome of interest during the 

study time or who are lost to follow-up). The assumptions that must be met in order to 

use KM analysis are a definite to (as in this case Visit 1) and a well-defined study 

outcome (in this case the first cytologie result of SIL during Msits 2-6). Further 

requirements are that losses to follow-up occur independently of the occurrence of the 

outcorne (i.e. random censoring) and that the risk of the outcome is independent of the 

moment in calendar time at which it occun. KM analysis uses the first moment of 

occurrence of the event as the specific point at which to assess the event rate. Each 

step of a KM curve represents the moment of fint occurrence of an outcome event 

(Krarner. 1988). 

In this study, time was measured in wornan-months from the moment the woman 

entered the study (t~ ). Each wornan was followed and contributed information until the 

development of the outcome or until the latest visit attended. I created the dependent 

variable that measures time to SIL development for each woman by joining information 

from the cytological and registration databases. This represents the time to first 

occurrence of lesion in woman-rnonths. Once a woman was found to have an SIL by 

review cytology. her contribution to the follow-up time ended: though she will continue to 

be followed for the cohort study she contributed no further information to this analysis. 

Censoring occurred at the time of the most recent visit attended for those who continue 

in the cohort without developing an SIL. or for those who were lost ta follow-up. 

The results of KM actuarial analysis for each candidate variable can be 

summanted either graphically (KM cuwes) or by appropriate statistical tests (i.e. log- 

rank). I compared cumulative rates of SIL development at 6 months and at 12 months 

in each group to the same rates in the contnst groups. This cumulative rate is 

interpretable as the probability for an individual study subject of developing SIL at a 



given point in time. I first conducted univanate analysis using KM actuarial analysis on 

each of the risk factors under study. KM analysis summarizes the differences in 

hazards between groups with respect to the characteristics under study. The slope of 

the curve represents the instantaneous potential for the occunence of the outcome. In 

this case rather than using survival curves, cunres representing cumulative hazard were 

produced, using a rare disease assumption. I confimed that this is an appropriate 

assurnption for al1 variables by comparison with a 1-s(t) plot. The log-rank test is the 

rnethod that is used for comparison of hazard curves when al1 events during the study 

period are to be equally weighted. I calculated this statistic for each variable to establish 

its overall ability to predict the outcome, time to development of iesions. The log-rank 

test compares the entire survival curve on the basis of observed number of events of 

interest in each group compared ta the expected based on the total number of events. 

(Lee, 1 980) 

Univariate actuarial analysis looks at the effect of oniy one variable on the 

outcome. Such results may be confounded by one or several covariates or the effects 

rnay be subject to modification by some characteristic. The multivariable regression 

model chosen to control for confounding and to assess interactions in this study was the 

Cox proportional hazards regression model. FÏrst introduced in 1972 (Cox,1972), the 

Cox model is best suited to the analysis of a situation in which the status of the 

dependent variable changes with time. It carries a fundamental assumption of 

proportionality of hazards that must be met by each variable to be used in the model. I 

produced log-minus-log plots to confimi that the proportionality assurnption was met by 

each of the variables used in the model (SPSS.1996). 

Cox regression uses the hazard function ta estimate the relative risk of the event 

of interest. It represents the instantaneous potential of the occumnce of this event. 

given that the penon remains at nsk until that moment. A large estimate for hazard 

ratio (HR) means that there is a high risk of occurrence of the event relative to the 

reference category of a given variable (Kleinbaum,l995). ln this analysis the crude HR 

for each variable was then adjusted for the three a prion explanatory variables age, 

exposure to HPV infection and previous history of Pap smear. 



Cox Reqression Model 

The incorporation of a variable in the Cox regression model assures that each 

covariate included in the model is adjusted for al1 others. To be included in the model 

are variables in their most informative functional foms as weli as any known 

confounden or covariates of biologic significance. 

The approach to model building taken for this analysis was a type of backward 

elimination: starting with the most inclusive model. I removed. one at a tirne. those 

variables that were least predictive of the dependent variable. I considered covariates 

eligible for entry to the first rnodel on the basis of a significant log-rank test from 

univariate analysis. not at the -05 level of significance. but rather at the 0.25 level 

according to the recommendation of Hosmer and Lemeshow (Hosmer and 

Lemeshow,l989). 60th the approach to model building taken and this more liberal cut- 

off permitted assessrnent of each covariate in the context of al1 other covariates under 

study. The ability of the rnodel to explain variations in the occurrence of SIL was 

evaluated by the likelihood ratio test. which compares the model to one with no 

covariates or to one with only a subset of covariates used in the larger model. 



Part IV 

RESULTS 

Descriptive Results 

At the moment that I conducted this analysis (May-June 1997) over 2500 women 

had been enrolled in the study . Cytology results (from review cytology) were available 

for the 2508 who had attended the first visit and for the 2035, 1651, 1325, 729, 158 

women who attended Visits 2 - 6. respectively. At first visit 33 LSIL and 21 HSIL were 

found. I identified a total of 93 incident cervical precursor lesions (SIL), 75 (80.6W) 

incident LSlL and 18 (1 9.4%) HSlL during Visits 2 - 6. 

The distribution of cytological results from Visits 1 - 6 are shown in Table 3. 

Incident lesions are those found during Visits 2 - 6 amongst those wornen who had been 

found by cytological review to be free of LSlL or HG lesions at baseline and are 

presented in bold in Table 3. 

Sociodernographic, sexual behavior and reproductive history at baseline were 

documented using the fint questionnaire; such information had been entered in the 

database for up to 1454 wornen. HPV testing (presence and typing) had been 

completed for 848 women selected for the incidence study. Figure 1 is a flow chart 

describing the status of the cohort at the moment of this analysis, summarizing the 

availability of results from the different sources of data in the study. Tables 4 and 5 

surnmarize selected characteristics of the women enrolled in the cohort and compare 

them to the women who were lesion free at baseline and to those who were both lesion 

free and for whom PCR results were available. 

I conducted KM actuarial analyses on the group of women who were free of 

lesions at baseline visit, in order to benefit from the information gathered from as many 

women as possible. Cox regression analysis was restricted to that group of women 

negative on baseline cytology and for whom HPV results were available, in order to 

obtain comparable measures of precision for each of the covariates in the models. 





Table 4: Sociodemographic Characterktics of LMB Cohort Study Women 

Froquanciam (Partant) 
Woman WH)i Nogaüva 

Varia bler Womsn Enrolled  log^' Incfdrncr Study Women* 

Aga (Yean) 

ta-24 289 (1 9.9) 282 (1 9.9) 157 (1 8.6) 
2s - 34 584 (40) 562 (39.7) 334 (39.5) 
35-44 408 (28) 400 (28.3) 257 (30.4) 
45 - 59 173 (12) 170 (1 2.0) 98 (1 1.6) 

lncome (US$ per month) 

0-1 99 376 (26.4) 366 (26.4) 299 (36.2) 
200-349 393 (27.6) 383 (27.6) 258 (31 3) 
350-549 288 (20.2) 280 (20.2) 160 (1 9.4) 

sso+ 368 (25.8) 357 (25.8) 108 (13.1) 

Ettinicfty 

mite 958 (66) 930 (65.9) 549 (64.9) 
Non-White 494 (34) 482 (34.1 ) 296 (35.0) 

%MEN WlTH N E G A M  CTTOLOGY AND FOR W O M  HW RESULTS FROM BASEUNE VlSiT ARE AVAîlABLE 



~ a b k  5: HPV Positivity. ~ e ~ r o d u c $ $  Factors. and Sexual Advity Charactenstics of LM8 Cohort Sludy Women 

Fmquancy (Perœnt) 
Womrn with Negrtîvm Inciâanca Study Womonmm 

Varhbia AII Womn Enroikd WOlog~' 
Numkr ai Prmvloum Pap S m a n  

>= 11 1 135 (78) 1 1 07 (78.4) 671 (79.3) 
Numkr of ~ n ~ n a n c i L  

7 + 149 (10.2) 143 (1 0.2) 85 (1 0.0) 
Usa of Oral Contnceptlves 

Never 239 (16.4) 232 (16.4) 140 (16.5) 
Ever 121 5 (83) 1 4 82 (84) 706 (83.5) 

Ago at Fînt lntrrcaursr 
-20 1141 (79) 1 405 (78) 654 (78) 
20+ 309 (21) 305 (22) 188 (22) 

Uhtlma Numkr of Sarurl Partnon 
0 - 1  643 (44.3) 631 (44.7) 378 (44.7) 
2,3 491 (33.8) 474 (33.5) 290 (34.3) 
4 + 31 9 (22.0) 308 (21.8) 178 (21 .O) 

Numkr of SIxual Partnam 

(Past 5 ysars) 

2+ 320 (22.0) 303 (21 -4) 181 (21.4) 
Numkr of Sexurl Partnan 

(Past year) 
O, t t 371 (94) 1335 (95.9) 785 (92.8) 
2+ 61 (4) 57 (4.6) 44 (5.2) 

HPV Rmsult 
Negetive 746 (73.1) 739 (83.4) 739 (87.1) 

Non-oncogenic HPV 53 (6.4) 52 (5.9) 52 (6.1) 
Oncogenic HPV 75 (6.0) 57 (6.4) 57 (6.7) 

'WDMEPI WTH NEGATIVE CrrOLOGY AT BASEUNE VlSK 

m NEGATIVE ~ O L O G T  AND FOR WOM HW RESULTS F R W  BASEUNE VISIT ARE AVAUAelE 



Figure 1 : Status of LMB cohort, May 1997 
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Socio-Demowaphic Characteristics 

The mean (SD) age of the study women at enrollment was 33 (9.1) yean; the 

rnedian was 32 yean. As presented in Table 4 the women are predominantly (60%) 

below age 34: 289 (20%) are 18-24 years of age and 584 (40%) are 25-34 years of 

age. Four hundred and eight (28%) are between 35-44 years of age. while only 173 

(1 2%) are between 45-59 years of age. 

During the course of the follow-up Brazil undemuent a change in currency. For 

this analysis, the two currencies were each converted into US dollars and the income 

used for analysis is reported in US dollars per month. The income reported was 

household income. with the question specifically asking for the total income of al1 those 

living in the wornan's house. The average income of the study women was US $465.61 

per month; half the women reported monthly incornes below US $332.96 with incidence 

study women (those with normal cytology at baseline and for whom PCR results were 

available) appearing to be poorer. 

Eighty-two (82%) percent of the study women (1212) had at most completed 

eiementary school; 359 (25%) have sorne, but have not completed. elementary school; 

835 (57%) have completed elementary school; 216 (15%) have completed or have had 

sorne high school education and 43 (3%) have gone on to college or university. 

Ethnicity was established by the nune interviewer who had been trained to 

classify the women according to the cfteria used by social workers in Brazil. This is 

considered the most reliable way of reporting the race of the woman as well as the least 

disruptive in ternis of rapport with the interviewer. The study population is 66% white 

and 34% non-white. In Brazil those defined as non-white are a highly heterogeneous 

group including Blacks. lndians or their descendants, and those of oriental descent. 

Six hundred and seventy one (48%) of the study women never smoked, 481 

(34%) were curent smokers (at the time of the first visit) and 255 (18%) reported 

themselves as having been former srnoken. 



Reproductive And Sexual Activitv Characteristics 

As presented in Table 5. almost eighty percent of the women remembered being 

over age 11 at menarche, as defined by first menses. In the study population 305 

(22%) of the women remembered having their first menses at less than 1 1  yean of age; 

1 107 (78%) betweeo 12-1 9 years of age. 

In this study the mean reported aga of first sexual intercourse was 18 (median 

17) yean; 380 (27%) of the wornen reported having had fint intercourse before or at 

the age of 15; 353 (25%) at age 16 or 17; 296 (21 %) at age 18 or 19; and 395 (28%) 

over age 20. 

Of the women who responded to sexual activity questions. l335/1392 (96%) 

reported either none or a single sexual partner in the past year; 111111414 (78%) 

reported either none or a single sexual partner in the past 5 years; and 63111413 (45%) 

of the women reported either none. or a single sexual partner in their lifetimes. The 

mean (SD) lifetime number of male sexual partners of these women was 3.6 (21.4), with 

a median of 2.0. 

In this study 231 (16.5%) of women report having never having been pregnant or 

having been pregnant once: 614 (44%) reported 2-3 pregnancies: 409 (29%) 4-6 

pregnancies and 143 (1 OOh) had been pregnant more than 7 times. 

Oral contraceptive use by the study women was distributed as follows: 232 

(16.4%) had never used any oral contraceptives (OC), 11 82 (84%) had used some form 

of oral contraception during their lifetimes. 

The women in the study reported on average (S.D.) 6.75 (5.8) lifetime nurnber of 

Pap smean (median 5.0) prior to enrollment to the study. Sixty-five of the women 

(4.6%) report never having had a Pap smear taken; and 1347 (95.4%) reported having 

had at least one Pap smear in their Iifetimes. 



HPV results were 

negative at entry to the 

available for 921 women. Seventy-three percent (73%) were 

study; 6.4% were found ta be infected with a low-risk type 

(defined as HPV Types 6. 11, 32. 34, 26, 40, 42. 53, 54, 55. 57. 59. 66, 67. 68, 69. 70. 

72. 73 or some novel types awaiting official classification); 6% were infected with a 

high-risk type (defined as HPV types 16, 18. 31, 33, 35, 39, 45. 51. 52. 56. or 58);and 

3.4% had samples insufficient for analysis as evidenced by inability to identify hurnan 

DNA (beta-globin negative). 

As is to be expected among women selected for their absence of lesions at 

baseline. a larger proportion (83.4%) were HPV-negative at baseline visit; 5.9% were 

infected with low-risk HPV types; 6.4% were infected with high-risk HPV types (1.9% 

were beta-globin negative). 

Prevalence of Cervical Precunor Lesions At Entv 

The highest number (and proportion) of women with SIL (LSIL and HSIL) were 

identified at Visit 1. This provided a measure of prevalence of these lesions in this 

population. The (point) prevalence rate is the number of lesions found among the 

women attending the first visit. Fifty-four lesions were found amongst 2508 women 

who attended the first visit. This represents a prevalence rate of 2.2% cervical 

precursor lesions at baseline. 

The prevalence of SIL in subsequent visits was as follows: 1.5% at Visit 2; 1.8% 

at Visit 3; 1.4% at Visit 4; 1.4% at Visit 5. Though some results were available for Visit 

6, small numbers precluded the reporting of this prevalence. 

Natural Historv of LSIL: Proaression, Persistence or Reqression 

The finding that a high propofion of cervical precursor lesions regress 

spontaneously previously reported was corroborated by the experience of the women in 

this study. Sixty-seven (67) LSlLs among women who attended at least two 

consecutive visits were found. Painvise analysis of consecutive visits revealed that 

eighty-four percent (56167) of these LSILs regressed by the subsequent visit; 7167 



(10%) persisted at least until the next visit and 4167 (6%) progressed to HSIL by the 

next visit. 

Incidence Density 

As summarized in Table 3, the cytological review found 60 incident cases of LSlL 

or HSIL which arose from 31,052 woman-months of follow-up. mis represents an 

incidence-density rate of 2.3/1,000 woman-yean . 

The sensitivity analysis confined that repeated cytological testing was not the 

cause of this apparently high incidence-density. The cumulative rates of SIL detection 

(reported per 1000 woman-rnonths) appeared relatively stable for Visits 1 - 3 (Le. 5.1, 

6.7, and 6.5, respectively). At the fourth visit the rate dropped to 3.9, possibly due to 

characteristics of the women who were long-term participants in the study. 

Determinants of Incident SI1 

Availability of HPV results limited the number of events of interest, fint 

occurrences of SIL. to twenty-nine (29). Figures 2- 8 show hazard curves according to 

HPV status, age, history of Pap screening, parity. and sexual activity variables (lifetime 

number of partners. number of partnen in the past year and past five years). This 

information is also summarized by reporting the p-value for the log-rank test and the 

cumulative hazard rate by 6 months and 12 months of follow-up in Tables 6. 7 and 8. 

The cumulative rate represents the risk of lesion for a woman enrolled in the study 

according to the length of time for which she is followed and according to characteristics 

under study. Cnide and adjusted Cox regressions are presented in Tables 9, 10, and 

11. 

The cumulative rate of SIL development in those who were HPV-negative at 

baseline was 0.5% by 6 months and 2% by 12 rnonths: for those infected with low-risk 

HPV types, this rate was 4% by 6 months and 6% by 12 months; and for those infeded 

with high-risk HPV types 6% by 6 months and 10% by 12 months. 
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Figure 2: Cumulative Incidence of SIL among women with normal Pap smear at entry 
according to HPV Status. Solid lhe: HPV negative; light broken line: infected with low- 
risk HPV types; heavy broken lhe: infected with high-risk HPV types. 



Time since entrollment (months) 

Figure 3: Cumulative incidence of SIL among wornen with normal Pap smear at entry 
according to Age at enrollment. Solid /ine:I 8-24 years: broken line 25+ years. 



Figure 4: Cumulative 
according ta previous 

Tirne since enrollment (months) 

incidence of SIL among wornen with normal Pap smear at entry 
Pap. Solid line: ever; broken h e :  never. 



Time since enrollment (months) 

Figure 5: Cumulative incidence of SIL arnong women with normal Pap smear at entry 
according to parity. Solid line: less than 4 pregnancies; broken line: 4 or more 
pregnancies. 



Time since enrollment (months) 

Cumulative incidence of SIL arnong women with normal Pap smear at entry 
according to lifetime number of sexual partners. Solid line: one or fewer lifetime sexual 
partnen; bmken lhe: 2 or  more lifetime sexual partners. 



Tirne since enrollment (rnonths) 

Figure 7: Cumulative incidence of SIL among women with normal Pap smear at entry 
according to number of sexual partners in the past 5 years. Solid line: one or fewer 
sexual partners in past 5 years; bmken line: 2 or more sexual partners in past 5 years. 



Time since enrollment (months) 

Figure 8: Cumulative incidence of SIL among women with normal Pap smear at entry 
according to number of serual partners in the past year. Solid line: one or fewer sexual 
partnen in past year; broken line: 2 or more sexual partnen in past year. 



Table 6: Cumulative Rates of SIL Developrnent in the LM6 Cohort 
According to Selected Sociodemographic Characteristics 

Frequancy Cumulative Rate 
Flmt 

inrcinu 6Months 12 months 
Variable n O~SIL (SE) (SE) pvrlw' 

Aga (Years) 
Cantinuous 

1 8-24 243 16 0.03 (O. 1) 0.05 (0.015) 0.1000 
25-34 486 13 0.004 (0.003) 0.01 8 (0.006) 
35-44 352 14 0.03 (0.009) 0.006 (0.004) 
4570 140 4 0.03 (0.01 5) 0.03 (0.01 5) 

- - 

Smoking 
Never 590 23 0.01 (0.005) 0.03 (0.007) 0.8800 
€ver 631 24 0.01 1 (0.044) 0.03 (0.007) 

Never 590 23 0.01 (0.005) 0.03 (0.007) 0.7200 
Former 41 9 18 0.01 (0.007) 0.03 (0.01 1) 
Cumnt 212 6 0.01 3 (0.006) 0.03 (0.000) 

- - -  

Ethnicity 
White 797 27 0.01 (.004) 0.023 (.006) 0.2100 

Non-White 424 20 0.015 C.006) 0.004 (.ol) 

tewl of Education 
Some f fementary 301 14 0.027 (0.01) 0.05 (0.013) 0.5400 

Elementary 709 23 0.005 (0.003) 0.016 (0.005) 
High School 178 8 0.02 (9.01 0-04 (0.01) 

Colüüniv 32 2 0.07 (0.05) 0.07 (0.05) 

€terne n ta ry 1010 37 0.01 (0.003) 0.025 (0.005) 0.4300 
High Schooi+ 210 10 0.015 (0.008) 0.004 (0.01 5) 



- - -  - . .  

Table 7: Cmuiative Rates of S1L Oevetopme~ in the LM6 Cohort Accordmg to HPV Pustwtty, and Reproductm History 

neqative 646 15 0.005 (0.003) 0.020 (0.005) 0.0001 
nonsncagenic 50 6 0.040 (0.028) 0.062 (0.034) 

oncogenic 51 8 0.060 (0.033) 0.100 (0.043) 

negative 646 15 0.005 (.003) 0.02 (.OOS) 0,0000 
posaive 101 14 0.050 (0.02) 0.000 (0.03) 

Hbtoy of Pap Screening 
Continuous 0.0000 

Never 40 5 o.os0 (0.050) 0.090 (0.05) 0.0012 
1.2 262 14 0.024 (0.010) 0.04 (0.01 3) 
3.4 258 IO 0.020 (0.008) 0.025 (0.01) 

5T09  253 6 0.004 (0.004) 0.17 (0.009) 
i O+ 366 7 0.015 (0.007) 

Never 5 1 7 0.05 (0.030) 0.12 (0.06) 0.0000 
Ever 1168 40 0.01 (0.003) 0.024 (0.005) 

History of OC Use 
Never 191 10 0.030 (0.013) 0.05 (0.02) 0.3200 

c 6  691 24 0.008 (0.005) 0.02 (0.006) 
6+ 339 13 0.012 (0.006) 0.03 (0.01) 

Never 191 10 0.03 (0.01 3) 0.05 (0.017) 0.1400 
Ever 1030 37 0.009 (0.003) 0.024 (0.005) 

Nurnber of Pmgnanciw 
0-1 188 10 0.017 (0.01) 0.034 (0.014) 0.0200 
2.3 532 13 0.008 (0.004) 0.02 (0.006) 
4 6  361 21 0.014 (0.06) 0.04 (0.01) 
7+ 126 2 0.02 (0.01 1) 0.02 (0.01 1) 

- - 

less than 4 720 23 0.01 (0.003) 0.03 (0.005) 0.1000 
4 or more 487 23 0.02 (0.006) 0.034 (0.009) 



Table 8: Cumulative Rate of SIL Development in the LM8 Cohort According to Sexual Acünty Variables 

Frequency -- Cumulative Rate 
Flnt 

Variable n O~SIL (SE) (SE) plvalue' 
Age at Flmt Intercoune 

Continuous 0.2200 

Ufetirne Number of PaHnen 
O or I 540 14 0.01 (0.005) 0.02 (0.006) 0.8700 
2 to 3 0.01 (0,006) 0.04 (0.01 O) 

4+ 0.01 (0.007) 0.03 (0.01 O) 

Number of Paitners 
(Past 5 Yean) 

0 - 1  958 26 0.009 (.003) 0.021 (-005) 0.0002 
2+ 263 21 0.024 (0.01) 0.054 (.O1 5) 

- - - - . .- - -- - - - -- . - - - -  

Number of Sexual Partners 
( Past Year) 

O to 1 1 152 40 0.01 (.003) 0.024 (.005) 0.0036 
2+ 53 6 0.04 (0.03) 0.100 (0.04) 



TABLE 9: Cox Proportionai Hazard Regression Analysis for Setected Soaodemographic Charaderistics 

WRD tuno ( 9 s ~ )  

V8fiibl. CNde Ag* Mjutud AdjuSt@d foi HPV Adjwtrd for HPV 6 Ag@ 
Aga WC-1 
Conttnwus 0.97 (0.93. 1.0 1 0.99 (0.94, 1.03) 

18-24 1 
25-34 0.29 (O. 11.0.74) 
35-44 0.43 (0.17, 1 .07) 
45-70 0.31 (0.07, 1.40) 

18 -24 1 
25+ 0.34 (O. 16, 0.73) 

Ethnlctty 
White 1 1 1 1 

Non-white 1.03 (0.08, 2.24) 1.06 (0.49.2.3) 1.12 (.51, 2.44) 1.14 ( . 5 2  2.49) 



Tabla 10: Cw Propomonel Hazards Regreuwn Analysw for HPV and Reproductnre History Vanabîeis 

HAZARD RATIO (95%CII 
Variable Crude Age Adjutmi Adjultid for HPV Adjuabd for HPV & Aga 

HPV Resulh 
Negaüve 1 1 

Non-oncogenic 5.72 (2.19, 14-92) 5.19 (1.97, 13.64) 
Oncogenic 8.03 (3.37, 19.17) 6.93 (2.86, 16.79) 

Previow Pap Smean 
Continuous 0.89(0.81,0.98) 0.92(0.83,1.02) 0.91(0.83.1.0) 0.93(0.84,1.02) 

Never 1 1 1 1 
1.2 0.27(0.08.0.93) 0.53(0.22.1.24) 0.30(0.09,1.05) 0.31(0.09,1.09) 
3.4 0.28(0.08,0.93) 0.31(0.09,1.05) 0.34(0.10,1.2) 0.39(0.11,1.37) 

5TO9 0.19(0.05,0.70) 0.34(0.10,1.17) 0.23(0.06,0.90) 0.30(0.07,1.23) 
1 O+ 0.10 (0.03,0.41) 0.15 (0.03, 0.70) 0.14 (0.03.0.56) 0.18 (0.04.0 -82) 

- -  -- 

Ever 1 1 1 1 
Never 5.4 (1.87, 15.63) 3.61 (1.18, 11.11) 4.33 (1.45, 12.98) 3.36 (1.08, 10.46) 

- P 

0-1 1 1 1 1 
2+ 0.76 (0.29, 2.01) 1.28 (0.45, 3.6) 0.78 (0.29,2.05) 1.14 (0.40, 3.2) 

< 4 1 1 1 1 
4+ 1.72(0.81.3.67) 2.78(1.2.6.38) 1.77(0.83.3.78) 2.9(1.23.6.93) 

Aga at Menarche 
Oto 11 t 1 1 1 
t2to 19 0.78(0.33,1.83) 0.90(0.38,2.15) 0.66(0.25,1.6) 0.73(0.30,1.75) 

Use of Oral Contmcrptiva 
Never 1 1 1 1 

*6 yean . 0.73(0.2?.2.0) O-85(0.31.2.37) 0.8?(0.22,1.7) 0.74(0.26,2.05) 
6+ yean 0.74(0.24,2.27) 1.24(0.37,4.13) 0.77(0.25.2.37) 1.14(0.34,3.84) 



TABLE 1 1 : Cox Proportional Hazards Regression Analysis for Sexual Activity Variables 

HAZARD RATIO (95%CI) 

Variable Clude A Q ~  AdjusW Adjusteci for HPV Adjusted for HPV b Age 
Age at Ffnt Intenourne 

~antinuous 0.96(0.86,1.06) 0.98(0.90,1.1) 0.98(0.88,1.08) 1.00(0.91,1.11) 



Age 

Of the 243 women who were 18-24 years old at enrollment. 16 (6.6%) developed 

a cervical precursor lesion during the coune of the follow-up. Of the 978 wornen who 

were 25 years of age or older. only 3% developed such lesions. 

I conducted univariate KM analysis using age of the woman at entry to the cohort 

against the time to development of lesion. The cumulative rate of SIL development was 

3% (by 6 months) and 5% (by 12 months) in the 18-24 age group and 0.9% (by 6 

months) and 2.2% (by 12 months) in the 25+ category. 

Categorizing age in low age of 18-24 and high of 25+. 1 observed a strong 

protective effect (which achieved statistical significance) of older age. The cumulative 

hazard cuwe according to age is presented in Fig. 3. There was a statistically significant 

difference between these two groups at the 5% level. 

Cnide Cox regression analysis produced a HR of 0.34. (95% CI: 0.16, 0.73), 

rneaning that a woman under 25 yean of age had more than twice the risk of a woman 

25 yean of older of developing an incident precursor lesion before adjusting for other 

factors under study. The magnitude of effect and its CI were virtually unchanged by 

adjustment for HPV infection: HR 0.46 (95% CI: 0.21, 0.99). 

HPV - 
On univariate KM analysis the main exposure variable. HPV. was strongly 

associated with time to development of SIL lesion; those who were HPV-positive with 

high-risk types at baseline visit were much more likely than those HPV-positive with low- 

risk types to develop lesions dunng the follow-up period of up to 3 yean. 

Of those who wete HPV-negative (646) at baseline visit 2.3% (15) developed 

cervical precursor lesions within the time of follow-up. Of the 701 women who were 

HPV positive at baseline (with either low-risk HPV type or high-risk HPV type), 14% 



developed these lesions during this foliow-up period. Of those infected with low-risk 

HPV 12% developed an SIL; of those infected with high-flsk HPV 14% developed SIL. 

The curves describing the difference in hazards according to HPV positivity are 

presented in Figure 2. 

Infection with low-risk types of HPV camed a HR of SIL of 5.72 (95% CI: 2.19. 

14.92). whereas (as expected) infection with high risk types had a HR of 8.03 (95% CI: 

3.37. 19.17). Though slightly dampened. the strong association between HPV and SIL 

remained after adjustment for age. 

Previous Histow of P ~ R  Screeninq 

Whether or not s women had previously attended Pap screening was found on 

KM actuarial analysis to be an important covariate for the outcome under study. Seven 

of the 51 (13.73%) women who had never had a Pap smear developed incident lesions 

during the follow-up period. In contrast. only 3.4% of those women who had previously 

had Pap screening developed cervical precunor lesions. The cumulative rate of SIL 

development for those who had never had a Pap smear was 5% by 6 months and 12% 

by 12 months; for a woman who had at least one previous Pap srnear in her lifetime, the 

cumulative rate was only 1% by 6 months and 2%. by 12 months. On the basis of crude 

Cox regression analysis. the hazard ratio in these two groups was over five. 

The best functional fom for this variable was identified as the one in which t 

classified the women according to whether they had ever or never had a previous Pap 

test. When lifetime number of Pap smears was categorized into 5 groups, the 

confidence intervals overlapped extensively. Use of the Pap variable on a continuous 

basis was not appropriate. because its relation with risk was not linear. The crude HR 

obtained from Cox regression for never having had a previous Pap smear was 5.4 (9556 

CI: 2.29, 11.46). The youngest wornen who were also at highest risk of outcome by 

virtue of age, would be least likely to have ever attended Pap screening. Adjusting for 

age reduced the magnitude of this association HR: 3.61 (1.18, 1 1 . I l ) .  The association 

between never having attended Pap screening and development of SIL thus penisted 

beyond the simple age effect. 



Historv of Oral Contraceptive Use 

Whether a woman had ever used oral contraceptives (OCs) or whether a woman 

had been a long-terni or short-tenn user was available for analysis. When I classified 

wornen according to duration of OC use on the basis of three categofles (never, < 6 

years, >=6 yean) KM analysis did not produce a more significant contrast than 

categorizing a woman's histoiy of oral contraception use on an never-ever basis. In 

fact, the log-rank statistic was more significant using the latter classification. This was 

confirmed by Cox regression. though neither crude nor age-adjusted HRs were 

significant. 

The cumulative rate of SIL development amongst the women who had never 

used OCs was J% by 6 months and 5% by 12 months; for those who reported ever 

having used OCs, this rate was 0.9% by 6 months and 2.4% by 12 months. The p-value 

for log-rank was 0.14, but suficiently significant contrast ta be entered into the full 

multivariable model. 

Smokinq 

I did not find an association between smoking and the risk of SIL on the basis of 

KM actuarial analysis. Neither categorization into ever-never or never-former-current 

showed any significant association with the rate of occurrence of cervical precunor 

lesions (see Table 6). The log-rank p-values under both approaches were non- 

significant. The crude Cox regression analysis canfimed that smoking was not a 

predictive variable (see Table 9). As described later, I did explore the ability of smoking 

to modify the HPV-SIL association. 

Ethnicitv 

On KM analysis I found no evidence for a significant difference between the 

cumulative incidence of precursor lesions according to the whether a woman is white or 

non-white. The cumulative rates for white women were 1% by 6 months of follow-up 

and 2.3% by 12 months of follow-up; for non-white women this rate was 1.5% by 6 

months and 0.4% by 12 months. The log-rank p-value was not significant (p = 0.21). 



The univariate Cox analysis codmed the lack of association between ethnicity and the 

development of SI L. 

Education 

1 initially classified women into four categories according to educational 

attainment, namely having less than complete elementary education, having completed 

elementary schooling, having at least some high school completed and having at least 

some college or university education completed. KM actuarial analysis gave evidence 

of marginally significant differences between these groups with respect to their risk of 

outcorne (log-rank p-value = 0.54). 1 subsequently re-classified the women according to 

their educational history, grouping those who had completed elementary schooling or 

less separately from those who had some high school or more. considering that this 

would be the relevant educational expenence. Again. on the basis of KM analysis 

neither of these contrasts showed differences between the groups with respect to risks 

of occurrence of lesions. 

The results from crude Cox regression analysis confimiad the lack of a 

significant difference in the risk of cervical precunor lesions between education groups: 

HR: 1 -49 (95% CI:0.63. 3.5). It does not appear that this result was confounded by age, 

as there was no evidence of a change in HR upon adjustment of the education covariate 

for age, HR: 1.42 (95% CI: 0.60, 3.35). 

Paritv 

When I classified women according to number of pregnancies (classified as <=1. 

2 - 3, 4 - 6. and 7+), KM analysis indicated that this characteristic was significantly 

predictive of the risk of lesion developrnent over time (p-value for log-rank .02). 

When I classified the women into hnro groups (those who had been pregnant 3 

times or fewer and those who had been pregnant 4 times or more), this provided an 

effective contrast as well. The cumulative rate for a woman in the low parity category 

was 1% by 6 months and 2.4% by 12 months; for a woman in the high parity category 

this rate was 2% by 6 months and 3.4% by 12 months. 



Using five categories for panty resulted in HRs that indicated an inconsistent 

dose-response relationship. Cornparhg those who had been pregnant less than 4 times 

with those who had been pregnant 4 times or more, the relative hazard (HR) was 1.62, 

approaching significance (95% CI .90. 2.92). Once adjusted for HPV and age. the HR 

rose to 2.9 (95% CI3 -23.6.93). 

Aae at First lntercourse 

Using KM actuarial analysis. I found age at first intercourse ta be associated with 

the risk of SIL development according to whether the woman had her first sexual 

experience before or after the age of 20. The p-value for the log-rank statistic 

comparing the two groups was 0.01. The cumulative rate for those who were younger 

than 20 years of age at first sexual intercourse was 1.4% by 6 months and 3% by 12 

months; for those in the older age group the rate was 0.4% and 0.9% (by 6 and 12 

months respectively) . 

Cnide Cox regression showed a statistically non-significant protective effect HR: 

0.42 (95% CI: 0.1 3. 1.4) of initiating sexual activity after the age of twenty. Neither 

adjustment for age nor adjustment for HPV resulted in statistical significance (see Table 

10). 

Number of Sexual Partners 

The fom that I used for each of the three sexual activity variables (lifetirne 

number of sexual partners. number of sexual partners in the past year and past 5 years) 

in al1 subsequent analyses is one that considers number of sexual partnen 

dichotornized into low (none or one partner) or high (two or more partnets). Figures 6, 

7, and 8 graphically present the difference between each of the two groups of women 

according to each of these variables. 

I found lifetime number of sexual partnei's to be a significant predictor of SIL on 

KM analysis (pvalue for log-rank, p = 0.02). The risk of developing an SIL for a woman 

with none or one sexual partner in her lifetime was 1.1 % by 6 months and 2% by 12 



months. In contrast. a woman with hnro or more lifetime sewual partners had a risk of 

1.3% by 6 rnonths and 4% by 12 months. 

The risk of cervical precunor lesions amongst women who reported a 'high' 

Iifetime number of sexual partnen (two or more) was more than hMce that of a woman 

who reported a 'low' (none or one) number of lifetime sexual partners; HR:2.7 (95% CI: 

1.14, 6.36). Upon adjustment for HPV the magnitude of the estimate was dampened; 

HR: 2.25 (95% CI: 1.03. 5.8). 

I also measured sexual activity by the number of partnen in the past five yean. 

On KM analysis the difference in hazard between the two groups (low vs high, as 

above) was signifhnt (p for log-rank c.0001). Those in the low category had a 

cumulative rate of 0.9% by 6 months and 2.1% by 12 months. while those in the high 

category rates of 2.4% by 6 months and 5.4% by 12 months. 

The crude HR of 2.84 (95% CI 1.34. 6.0) was comparable in magnitude and 

precision upon adjustment for age; HR: 2.39, 95% CI (1.1, 5.15). Once this variable 

was further adjusted for HPV infection, however the effect of the association lost 

statistical significance: HR: 1.93, 95% CI (0.89. 4.1 8). 

The number of reported sexual partnen in the past year was highly predictive of 

the occurrence of incident lesions; those who had two or more sexual partners in the 

past year were significantly (log-rank p-value = 0.0036) more likely to develop an 

incident lesion during follow-up as cornpared with those who had none or a single 

sexual partner. Women who had two or more sexual partners in the past year had a 4% 

risk of incident lesions by 6 months of followiip and a 10% risk of outcorne by 12 

months of follow-up. In cornparison. women with 'few' sexual partnen (none or one) 

had a 1 % risk of developing a lesions by 6 months and 2.4% risk of developing a lesion 

by 12 rnonths. 

Upon cnide Cox regression analysis. the hazard rate of women who had two or 

more sexual partnen in the past year was 3.11 times (95% CI: 1.07. 8.99) that of 



wornen with only one sexual partner. The magnitude and significance of the HR was 

retained thmugh adjustment for age, but lost when also adjusted for HPV status at 

baseline. 

lncome 

When 1 categorized income according to quartiles of US dollars per month, KM 

analysis showed a non-significant contrast (p for log-rank = 0.32) and on crude Cox 

regression produced HR with overlapping 95% CI (see Table 9). 1 therefore reclassified 

the women according to two levels of income distinguishing women whose monthly 

income was less than US $550 per month from those whose monthly income was 

greater than US $550 per month. The p value for log-rank using this approach to 

categorization was 0.09. The cumulative risk of SIL for a woman in both the low and 

high-income category was 1 % by 6 rnonths: by 12 months the high income category 

carried a risk of 10% while the low income category had a risk of 2.4%. 

On crude Cox regression analysis income was found to be statistically 

signifiant showing an elevated hazard for those in the higher than US $550 per month 

category; HR: 2.45, 95% CI (1.09, 5.64). This association remained significant even 

after adjustrnent of incarne for age, for HPV and for both age and HPV (see Table 9). 

Interactions 

Two biologically plausible interactions were considered: the effect of OC use on 

the association between HPV and SIL and the effed of smoking on the association 

between HPV and SIL. Interaction implies differences in effects of a main exposure 

variable according to levels of a third factor. I created interaction ternis for both these 

potential effect modifiers. Upon cnide Cox regression neither of these approached 

statistical significance, even by a very liberal criterion (p for Wald statistic = 0.5). The 

low numbers of events preduded the ability to study the effect of these potential effed 

modifies on the association between HPV and SIL. 



. - 
ivanale Model 

I included the 

previously established 

three covariates considered necessary a priori due to their 

ability to predict risk of cervical precunor lesions in al1 the 

models. These three covariates were HPV status, aga at baseline, and previous history 

of attending Pap screening. In the first model, as shown in Table 12, 1 also included 

history of oral contraceptive use (on the basis of potential biologic importance), number 

of pregnancies. age at first intercoune, lifetime number of sexual partners, number of 

sexual partners in the past year and past five years and income (on the basis of 

significance of KM analysis and crude Cox regression). 

When I included the sexual activity variables in the rnodel the HR for low-risk 

HPV was HR1.7 (95%CI: 0.32, 8.82); and for high-dsk HPV, HR:7.0 (95% CI: 2.53, 

19.38). After removal of this group of variables. the HR for high-risk type was 

rnaintained HFt6.9 (95% CI: 2.85, 16.74) but the HR for law-risk types increased in 

magnitude. 

The set of variables best able to predict the development of SIL was the one that 

included HPV positivity, age, previous history of Pap smear. income and number of 

pregnancies (Le.. final model in Table 12),. A woman infeded with a high-risk HPV 

type had 3.85 tirnes the risk (95% CI: 1.33. 11.13) of developing an SIL of a woman not 

so infected. controlling for al1 other variables in the model. This risk increased to a HR 

of 6.9 (95% CI: 2.85, 16.74) for those infected with high-flsk HPVs. The two other 

variables that were included as risk factors on the basis of prior knowledge also appear 

to have an independent association with cervical precunor lesions. A wcrnan never 

having had a Pap smear had 3.7 thes  the risk of someone who had had at least one 

Pap smear; and being of age over twenty five reduced a woman's risk of developing 

cervical precunor lesions by 72%. 

lncome and nurnber of pregnancies also rernained independently associated with the 

occurrence of cervical precunor lesions. A woman whose monthly household income 

put her in the high-incorne category (over US $550) was at 2.4 tirnes the risk of 

developing cervical precursor lesions of a woman whose monthly income was below this 



level, adjusting for al1 other characteristics under study. Women who had 4 or more 

pregnancies were at 3.3 times greater risk of developing cervical precunor lesions than 

women who had fewer than four pregnancies, again controlling for HPV status, history 

of Pap screening, age. and income. 



Table 12: Muitivariable Cox Regression Models 

Hazard Ratio (95% Cl) 
Full Model Final Model 

HPV 
Negative 
Cow-Risk 
High-Risk 

Pap (lifetime) 
Ever 

Never 

Use of Oral Contraception 
Never 
Ever 

Lifetime Number of Sexual Partnen 
O or 1 

2 or more 

Numbr of Partnen(Past 5 Years) 
O or 1 

2 or more 

Number of Partnen (Past Year) 
Oor l  

2 or more 



Part V 

DISCUSSION 

Due to stiil limited numbers of outcome events available for analysis from the 

cohort. I used a combination of LSlL and HSIL as the dependent variable. This likely 

dilutes the strength of associations observed. A substantial proportion of LSlL are the 

manifestation of an HPV infection and since the outcome used in this analysis gives 

equal weight to LSlL and HSIL. the magnitude of effect is likely not as strong as would 

be observed were only HSlL considered as the outcorne variable. Most natural history 

studies support the theory that LSlL is generally a benign iesion (Kiviat.1996). 

The risk of any cancer increases with age, with this very often being the 

strongest determinant. In the case of cervical cancer it has been shown on an ecologic 

basis that the severity of lesions increases with age: LSILs are usually found in women 

in their 20's. HSlLs in 25-35 year old women and ICC in women over 35 or 40 yean of 

age (Schiffman and Brintan.1995). The ability to sample from the transformation zone 

decreases at age 35 and there is a dramatic decrease in prevalence of HPV infection 

beyond age 35. 

The categorization of age into 18-24 and 25+ is coherent with a study of HPV 

and precursor lesions. The young age group is at greatest risk cf both HPV and cervical 

precunor lesions. while the older group is protected with respect to both. 

Very few of the study women had never had a Pap smear. Brarii's Ministry of 

Health recommends annual screening for sexually active women. reduced to every 

three yean following two normal consecutive srnean (Nadd et a1.,1997). Sao Paulo has 

a municipally funded screening program which provides women with Pap smean. Once 

histologicat results become available, the LM6 cohort study will be able to report on the 

relative quality of the cytological screening available in Brazil. 

Smoking remains a disputed nsk factor for cetvical cancer bot may be involved 

at an early point in the causal pathway or through an interactive effect on the HPV-SIL 



association. Though some have observed an association between smoking and ceniical 

precursor lesioos. no such effect has been observed in this study. The relevant 

exposure is most likely current smoking (i.e. concomitant with lesion development or 

HPV infection). This is an exposure that the LMB cohort will be able to report on in the 

near future, as each questionnaire asks about smoking history between visits. 

History of OC did not appear to be associated with the developrnent of SIL 

according to Our data. Future analyses will also be able to include information on recent 

and cunent use of OC. Whether the effects are protective or put the woman at 

increased risk, it is likely that the relevant exposure is that which is coincident with HPV 

infection. The LM6 Cohort Study is designed to accumulate information on use of OC 

and smoking between study visits. As information from Questionnaires 2-5 

accumulates. the effects of these exposures can be more appropriately studied. 

The high-income categary in the study represents an annual household income 

of over US $6,600: 90% of the women have incomes below US $960 per month, or US 

$1 1.500 par year. Though on the basis of the data the income leveis appear distinct 

with respect to development of SIL. it must be considered that these categories may not 

have "socialn significance. Whatever those factors related to econornic status that 

affect a woman's risk of developing SIL are, it rnay be that whether the woman's income 

is below or above US $550 per month does not make sufficient difference in her social 

reality to observe the expected association. However unlikely, based on previous 

evidence. it must be considered that there may be some unrecognized factor that is 

operating to increase the risk among women with higher income. 

Ethnic origin is often used as an indicator of socia-economic status, but this 

population is known to be quite hornogeneous in its poverty. Access to health care or 

health bahavion rnay differ with ethnicity, and there rnay be differences in history of 

attending Pap screening due diffenng cultural acceptance. Ethnicity was not a 

signifiant predictor of SIL development on crude analysis, nor was it significant upon 

adjustmant for history of Pap screening. 



Education is another measure that can serve as an indicator of socio-economic 

status and is also important with regard to screening behavion. Women who lack 

undentanding of the benefits of Pap srnears are less Iikely to attend screening. Eighty- 

two percent of the study women have at most carnpleted elementary schooling. The fact 

that these women report such a high attendance at Pap screening even prior to this 

study gives evidence that health care education can be achieved in the absence of 

fona l  schooling. 

Early age at 6nt intercourse is considered a classic risk factor for cervical 

cancer. Women whose sexual activity started at less than sixteen yean of age have 

previously been shown to have twice the nsk of developing cervical cancer of women 

who initiated sexual activity when they were over age 20 (Schiffman and Brinton.1995). 

This may be due either to the increased length of time during which exposure to HPV 

can occur or to the particularly vulnerable period of metaplasia. Along with the other 

sexual activity variables. early age at first intercourse appeared to be a marker of HPV 

infe~tion~rather than an independent predictor of cervical precunor lesions. 

The association between sexual activity and cervical cancer is well-established in 

other populations studied. The sexual activity of the women enrolled to the LMB cohort, 

as measured by number of sexual partnen and age at first intercourse. appears to be 

relatively consewative. This is in keeping with the cultural noms for this population. 

Brazilian women are highly monogamous. as is the societal expectation. 

Seventy-nine percent of the women in this study population had at rnost 3 

lifetime partners; in contrast, cohort studies recruiting from among wornen attending 

STD clinics. alrnost 94% had 6 or more lifetime sexual partnen (Koutsky et a1.J 992). 

lncreasing number of pregnancies has previously been found to be associated 

with increased risk of invasive cervical cancer (Brinton et a1.,1989). The mechanism of 

this risk factor is unknown, but it has been shown with a great deal of consistency. 

Soma mechanisms postulated are nutritional, immunologic. traumatic or hormonal. In 

support of the trauma theory, researchers have found reduced risk in those who have 



delivered their babies by c-section (Brinton et a1.3989). In this analysis parity of 4 or 

greater cames a risk of almost the same magnitude as does never having had a Pap 

smear. 

erevalence 
The prevalence in this population of SIL at entry to the study (2.15%) appears to 

be quite similaf to the rate reported by the study of American Planned Parenthoad 

clinia (2.3%) (Sadeghi et al.. 1988). This may be a reflection of the sirnilarities of the 

clinic populations from which the studies remit. Since the rate of CIN is known to 

decrease with increasing age, cornparison of prevalence rates that have not been age- 

adjusted can only serve in broadest tans. 

As expected, a majority (84%) of LSlLs were faund to regress by the next visit. 

This is an even higher rate of regression than reported by Ostar's meta-analysis 

(Ostar,1993), in which he found that 57% (n = 4.504) of low-grade lesions regressed. 

The studies that Ostar reviewed span many yean. used varying systems of 

classification and lengths of follow-up and ascertained outcomes by either cytology or 

biopsy. Though not all differences between the studies can be overcome, when the 

data are restncted to those five studies that used cytological ascertainment of outcorne. 

the average rate of regression of low-grade lesions falls to 45% (n = 971). The yean 

of follow-up in these studies range from less than one year to a maximum of six yean. 

The LM6 cohort women experienced penistence and progression rates much 

lower than the overall rates reported by Ostar. In our study 10% of women with LSIL 

had a sirnilar grade of lesions by the next visit. Though not entirely comparable, 

particularly sine lengths of follow-up times between visits are not consistent between 

the studies, the equivalent rate of peniston by cytological ascertainment in Ostar's 

review was 32%. Six percent (6%) of the LMB cohort study women who had LSlL at 

one visit wen found to have lesions of higher cytological grade (HSIL) by the next visa; 

25% of women in the studies reviewed by Ostar showed progression to CIS. 



Such a relatively high rate of regression and low rate of penistenœ as 

experienced by the women of the LM0 cohort. is somewhat surprising in the case of 

precursor lesions amongst women in whom the risk of the cancer so high. It is possible 

that a high incidence of precursor lesions in a population does not. in itself, lead to an 

elevated risk of cervical cancer. Rather the specific nature of those lesions or soma 

other host. viral or environmental factors may predispose these women to cervical 

cancer. 

An alternative explanation is that the natural history of precursor lesions is too 

ephemeral to be determined by cytological ascertainment. Previous authors have 

cautioned against condusions based on short-term follow-up. Cytological results can 

show regression transiently either due to the limitations of the test itself or due to a true 

change in lesion status. Further, because the Bethesda system of cytological 

classification of LSIL includes HPV lesions, it is expeded that the rate of regression of 

LSlL is affected in an important way by the ability of HPV to regress. 

ln future. an analysis that considen the evolving HPV status of the wornan wiil 

improve the resolution of understanding in this area. It is possible. for exampie. that 

those regresson who also become HPV-negative on follow-up will tum out to be 

persistent regresson. Perhaps the long follow-up time requirement that researchen in 

the 80's found they needed in order to conclude that a given lesion had tmly regressed 

to nomalcy will be replaced by the short-terni observation of regression of both the 

lesian and HPV status* 

Incidence rates have been reported for only a very few populations. Most 

studies that were identified for this report used histological methods to ascertain incident 

lesions andso the rates are not directly comparable. Also. the studies reviewed span a 

period of almost 20 years. so there have been changes in clinical practiœ and 

ascertainment techniques. Finally, results from different studies reflect the peculiafities 

of the classification systems of the diffetent moments, countries, and even regions. Of 

those populations that have reported incidence density rates of dyspfasia and CIS 



(combined), the range is between t40-500il00,000 woman-years (see Table 2). Using 

cytological ascertainment, the study conducted in the UK (1976-1977) reports an 

incidence rate of precunor lesions of I56ilOO.OOO woman-yean. 

The incidence density rate of 2,316/100,000 woman-years found in this study 

gives evidence that these wornen are at very high risk of incident cervical precursor 

lesions. The high risk of cervical cancer in this population rnay be related to this high 

risk of precunor lesions. The proportion of lesions that progress to cervical cancer may 

or rnay not be sirnilar to that of other populations, but having a large pool from which 

cancers anse rnight increase the incidence observed in the population. The women in 

this study are subject to more frequent Pap screening (every 4 months) than is routinely 

recomrnended in practice (annually) for healthy women. As with any special measures 

taken in a research context, there exists the risk that simply testing more frequently will 

cause over detection. Sensitivity analysis showed that this incidence-density rate is not 

an artifact of repeat testing. 

On the basis of success of screening prograrns in developed countries, the 

adequacy or completeness of Pap screening in high-nbk areas offers the first line of 

explanation for the observed rates. The elevated incidence rate in this population 

appean to be unrelated to the quality of cytological readings, as these are incident 

cases identified by review cytology. 

It has been suggested (Brinton et a1.,1989) that the high incidence of cervical 

cancer in Latin Amencan countries may be related to male sexual relationships outside 

of rnarriage and visits ta prostitutes. This has been termed the male factor and has been 

the object of study of only a few studies because of the difftculty of obtaining reliable 

information and the complicated logistics of including partnen of fernale subjects in an 

epidemiological investigation. It is possible that the elevated rates of incident precursor 

lesions are the result of the same phenomenon. 



etenniriants of In 

Women selected for this study were those 848 who were initially found to be 

negative by cytology at first visit and for whorn PCR results were available. Using a 

single cytological result to define a women as free of lesion is not as stringent a 

definition as some would require. Once the depth of information on each wornan in the 

study is increased. use of two consecutive cytological results of 'within normal lirnits' 

(WNL) would provide more stringent entry criteria. 

Women whose Pap test result was given a cytological classification of ASCUS 

were also included in the analysis. These women are at higher risk of developing the 

particular category of lesion of interest (LSIL or HSIL). Ta exclude these women would 

have reduced the number of incident lesions that were found during follow-up. 

Moreover, these women cleariy adhere to the definition of  those at risk of developing 

lesions. 

The C ~ d e  and age adjusted HRs for HPV poslivity are in the range of 5.8 - 8.0, 
far lower in magnitude than the ORS reported from case-control studies. Risk estimates 

from prospective studies are typically lower than those from case-control or cross- 

sectional studies. because HPV positivity appears to be lost more often in controls than 

in cases. Under these designs those in whom HPV infection is detected may simply be 

more likely to harbour persistent infections. 

Lifetime number of sexual partnen has been shown to effect the risk of cervical 

cancer (Brinton et a1..1987). Questionaire 1 also provided information on the number of 

sexual partners in the past year and past five yean. On crude analysis three sexual 

activity variables (lifetime nurnber of sexual partners, number of sexual partners in the 

past fnre yean and past year) were strongly associated with development of SIL. The 

crude HR of srnallest magnitude among the history of sexual activity variables was 

associated with number of lifetime sexual parîners. Next in magnitude was the HR for 

the number of sexual partnen in the past fwe yean. while the highest was the HR for 

number of sexual partnen in the past year. This suggests that the occurrence of 

precunor lesions is associated with relatively reœnt sexual activity. 



Upon adjustment for HPV, the association of partnen in the past year and past 

five yean disappeared. Further, upon inclusion of the sexual activity variable in the 

model the association of low-dsk HPV types with SI1 disappeared. while that of high-risk 

HPV types was maintained. furthering evidence that it is the sexual transmission of high- 

risk types that figures in the causal pathway of cervical cancer. Adjustment for sexual 

activity variables cannot explain away the effect of high-risk types. though it does 

explain the crude associations seen with low-risk types. 

In spite of limited power to detect effects due to the small numbers of outcome 

events. two factors appear to maintain an independent association even after 

adjustment for such extremely strong explanatory variables as HPV, age and previous 

history of attending Pap screening. The variables that were retained through the 

modeling process and appear in the most predictive model. as well as those that were 

eliminated from the model. are of interest. According to these results al1 the sexual 

activity variables. including age at fint intercourse. lifetime number of partners. number 

of partners in the past 5 years and number of partnen in the past year appear to be 

cunelates of HPV infection rather than independent predidors of cervical precursor 

lesions. This result is fully coherent with the presence of a sexually transmitted etiologic 

agent. 

Those variables which remain in the model can thernselves be considered 

explanatory variables whose effects are independent of HPV infection. In this analysis I 

found two characteristics to be independently associated with cervical precursor lesions: 

incorne and parity. That higher income is found to be associated with elevated risk of 

cervical precunor lesions is intriguing. Higher income (as a marker of socio-economic 

status) is expected to be protective on the basis of previausly established risks of 

cervical cancer,. The first model which included al1 eligible variables (including sexual 

activity variables and income) showed an even greater estimate of association between 

incorne and development of cervical precunor lesions (i.e. HR3.7 (95% CI 1.5, 9.2). 

The association betuueen income and SIL was apparently not due to greater numbeis of 

sexual partnefs among women with higher income. 



Frorn a data analysis point of view the categorization adopted for the incorne 

variable appeared to be predictive of development of SIL. It may be that this population 

was not characterired by sufficient heterogeneity in income level. I t is possible that with 

respect to the rnechanisrn involved in SES being protective. too few of these wornen 

achieved a level of incorne that would be 'socially' meaningful. A woman whose 

household incorne is as low as US $300, US $550. or even US $1000 per month may 

retain the characteristics that predispose her to the development of precursor lesions. 

As discussed previously, increasing parity has consistently been shown to be 

associated with an elevated risk of cervical cancer. That this association with cewical 

precursors rernains significazt after adjustment for HPV status. age and previous Pap 

smear suggests that this factor may be involved at a very eariy stage in the causal 

pathway. 

As always, it must be considered that the obsenred associations are attributable 

to bias. Biases in the study were rninirnized by enmlling al1 study subjects from the 

same clinic population, by having clinicians and cytologists blinded as to HPV status, by 

having review cytologists blinded to the results of Brazilian cytologists and by adopting 

uniform testing and standardized interview. Efforts to ensure that wornen retum for 

follow-up according to the standardized schedule of retum visits were. to the extent 

possible. equal for al1 wornen. 

In spite of every attempt being made in the design to minirnize its effect, 

seleclion bias must be suspected until it has been ruled out. This analysis was 

conducted on a set of wornen restricted by availability of cytological and PCR results. In 

order to assure myself and othen that the effects of this restriction are random, I have 

carefully ducurnented information on thirteen socio-demographic. sexual activity and 

reproductive history characteristics separately for women enmlled in the study, for 

women whose baseline cytology results were normal and for those for whom 

additionally, PCR results were available. Except for there being fewer women in the 

high income category in the restficted group (incidence study women) there appeared to 



be no difference between these wornen and those enrolled to the study. There does 

remain the underîying concern that the women selected for this analysis were different 

in some unmeasured characteristic. 

Aiso. not al1 wornen who were eligible to participate. accepted the invitation to 

enmll in the study. Records are being kept, to the extent that this is possible, so that 

eventually, differences between those who agreed to participate and those who didn't 

can be reported. Though, as already mentioned, the cornpliance rate haç been high for 

the scheduled visits there are some women who become lost to follow up after the initial 

visit. Information gathered by the fint questionnaire can eventually be used to compare 

these women with those who continue with the study. This analysis was conducted at an 

early moment in the history of the cohort. Information on losses to follow up was not 

sufficiently complete to produce a report on women who continued with the study and 

those who, sornetime after the baseline visit, became non-participants. 

Once sufficient data has been accurnulated from the cohort. a similar analysis 

should be conducted using HSlL as the outcome of interest. HSIL is likely a later 

precunor lesion in the causal pathway leading to cervical cancer development. 

Analyses that consider the change in HPV status during the course of the follow-up are 

already underway . 

Future study of the mechanism by which pregnancy increases the risk of cervical 

precursor lesions could lead to a furlher characteriration of the causal pathway of this, 

and possibly even other, cancers. It would also be of interest to establish the temporal 

relationship between HPV infection, the moment of pregnancy and the developrnent of 

cervical precursor lesions. 

The L M 6  Cohort Study is designed to gather nutritional information using 

subsequent questionnaires. The area of nutrient deficit as a risk factor for cervical 

cancer will provide fascinating research topics in the study of cervical precunor lesions. 



Further study of the effects of oral contraceptives and smoking will be possible as the 

study gathers information on exposure to these agents between visls. 

Once histolagical results are available, the LMB Cohort will be able to provide 

Brazil's Ministry of Health with valuable information regarding the quality of the existing 

cytological screening program. Particularly in view of the hypothesis that poor quality 

and coverage of screening programs are responsible for the high incidence rates of 

invasive cancer in developing countries. such infanation could serve towards bettering 

conditions for this population of women. 



Part VI 

SUMMARY 

It has been shown in this report that the women enrolled in the LMB Cohort are 

at high risk of incident cenrical precunor lesions in cornparison to women of other 

populations. As has been the experience in other populations. the rnajority of these 

women's SlLs regress. 

Cytology results according to the Bethesda system have been reported for the 

wornen selected into this study. A high percent had nomal cytological results even at 

the first visit (95.8%) but at visit two. three and four, this percent of normal results 

plateaus at an even higher rate (97%). Due to the important effect of age, cornparison 

of prevalence rates between studies that have flot been age-adjusted cannot be 

compared. Information on the age. monthly incarne. ethnicity. education, smoking 

history. number of previous Pap srnears. age at menarche. number of pregnancies, use 

of oral contraceptives. age at first intercourse, lifetime number of sexual partners, 

nurnber sexual partners in the past 5 yean. number of sexual partners in the past year 

and HPV status of those women who had normal cytology as gathered at baseline were 

selected as characteristics for analysis. 

An individual woman's risk of developing an SIL has been reported for up to 6 

and up to 12 months of follow-up and reported as the cumulative rate of SIL 

development aceording to each of the variables under study. In this analysis HPV 

results, history of Pap screening, age, number of pregnancies, income, age at first 

intercoune and number of sexual partners (lifetirne, past 5 year. previous year) 

appeared to be significantly associated with a woman's risk of developing SIL; level of 

educational attainment. ethnicity, history of OC use and smoking. or aga at menarche 

were not so associated, 

Using Cox regression. history of use of OCs aga at menarche, education, 

ethnicity, history of smoking and age at first intercourse were not significantly associated 

with SIL development upon cmde analysis, no? upon Cox regression adjusted for age. 

HPV or both aga and HPV. 



On the basis of cmde Cox regression among women who were cytoiogically 

negative at baseline, increasing age and even a single previous Pap srnear were 

significantly protective; infection with either low-risk or high-risk HPV, having 2 or more 

sexual partnen in her lifetirne, in the past 5 years or in the past year put a woman at 

elevated risk of SIL. as did having a rnonthly income of more than US $550. No 

significant association was seen between number of pregnancies and development of 

SIL upon crude Cox regression. 

Infection with either high- or low-risk HW, never having had a Pap smear. more 

than two sexual partners (lifetirne, past 5 years or previous year). or having a monthly 

income cf US $550 or higher remained positively associated upon Cox regression 

adjusted for aga. Upon adjustment for age. having had four or more pregnancies 

appeared to put women at significantly increased risk of developing an SIL. and this 

association continued to be observed after adjustment for both age and HPV. 

Upon extensive adjustment for a priori confounders, the magnitude of the 

association betwaen low-risk HPV and SIL was reduced. The magnitude of association 

between high-risk HPV and SIL was not altered upon this adjustrnent, furthering 

evidence that it is the high-risk HPVs that are oncogenic. 

Multivariable rnodeling confirmed that four or more pregnancies and monthly 

income greater than US $550 are ptedicton of SIL, and their effects are independent of 

HPV infection. age or previous Pap screening. Othen have noted an association 

berneen number of pregnancies and dsk of cenrical cancer. but contrary ta these 

findings the literature has overwhelmingly reported the protective effect of higher 

income. 

In addition to identifying these two independent risk facton for cervical 

precunors, this study found that the sexual activity variables, age at first intercourse. 

lifetime number of sexual partnem. number of partners in the past year and past five 

yean are ail markers for low-flsk HPV infection rather than independent fisk facton for 



SIL. The strong association between high-risk HPV types and cervical precunor lesions 

was maintained in both the presence and absence of these sexual activity variables 

further supporting the evidence that it is high-risk types that lead to cervical cancer. 



References 

Arrand J.R. Molecular Genetics of Human Papillornaviruses. in:Stem P.Land Stanley 
M .A. , Editon. Human Papiilomavinrses and Cervical CancerBidogy and 
Immunoiogy. New York: Oxford University Press; 199428-40. 

Bauer H.M.. Hildesheim A.. Schiffrnan M.H., Glass AG.,  Rush 6.6.. Scott D.R., Cadell 
D.M., Kurman R.J., Manos M.M.. Detenninants of Genital Human Papillomavinrs 
Infection in Low-risk Women in Portland, Oregon. Sex Transrn Dis. 1 993;20:274- 
278. 

Bernard H.U., Chan S.Y., Delius H., Evolution of Papillornaviruses. Cun Top Micmbiol 
Irnmunol. 1 994; 1 86:33-54. 

Bosch F.X., Manos M.M., Munoz N., Prevalence of Human Papillomavirus in Cervical 
Cancer: A Worldwide Prespective. J Nat1 Cancer Inst. ?995;87:796-8O2. 

Brinton LA., Hamman R.F.. Huggins G.R., Lehman H.F., Levine R.S.. Mallin K., 
Fraumeni J.F.. Sexual and Reproductive Risk Factors for Invasive Squarnous 
Cell Cenrical Cancer. J Nat1 Cancer Inst. 1987;79:23-30. 

Brinton LA., Reeves W.C.. Brenes M.M., Herrero R., de Britton R.C., Gaitan E., Tenorio 
F.. Garcia M., Rawls W.E., Parity as a Risk Factor for Cervical Cancer. Am J 
Epiderniol. 1 989; 1 30:486496. 

Brinton L.A., Reeves W.C., Brenes M.M.. Herrero R., Gaitan E., Tenorio F.. de Britton 
R.C., Garcia M., Rawls W.E.. The Male Factor in the Etiology of Cervical Cancer 
Among Sexually Monogamous Women. In? J Cancer. l989;U:I 99-203, 

Buckley H.C. The Pathology of Cervical Intra-Epithelial Neoplasia. Carcinoma. and 
Human Papillomavirus Infection. in: Stem M.A.. Editor. Human Papiilomaviruses 
and Cervical Cancer: Biology and Immunology. New York: Oxford University 
Press: 1994: 1-27. 

Caballero O.L., Villa L.L., Simpson A. J.G.. Low Stringency-PCR (LS-PCR) Allows 
Entirely lnternally Standardized DNA Quantitation. Nucieic Acids Res. 
1995;23:192-193. 

Campion M.J., McCance D.J.. Cuzick J.. Singer A.. Progressive Potential of Mild 
Cervical Atypia: Prospective Cytological and Virological Study. Lancet. 
1986;2:237-240. 

Campo M.S. Towards vaccines against papillomavirus. in: Stem P.L.and Stanley MA., 
editon.Human Pepiilomavinrses and Cervical Cancer: Biology and Immunology. 
New York: Oxford University Press; 1994: 177-1 91 . 

CDC.. The National Breast and Cervical Cancer Early Detection Program: At a Glance, 
US Department of Health and Hurnan Services; l99?:1-6. 



Clarke E.A., Hatcher J., McKeown-Eyssen G. E., CeMcai Dysplasia: Association With 
Sexual Behavior, Smoking, and Oral Contraceptive Use? Am J Obstet Gynecol. 
1985; 151 :612-616. 

Correa P., The New Era of Cancer Epidemiology. Cancer, Epidemiology, Biomarkers & 
Prevention. 1 991 ; 1 :5-11. 

Cox D.R., Regression Models and Life Tables. Journal of  the Statistical Society. 
1972;34: 187-202. 

Cullen AS?. Reid R., Campion M.. Lonnu A.T., Analysis of the Physical State of 
Different Human Papiilomaviruse DNAs in lntraepithelial and Invasive Cervical 
Neoplasm. J Viml. 1 991 ;65:606-612. 

Daling J.R.. Madelaine M.M., McKnight B.. Carter J.J., Wipf G.C., Ashley R., Schwarh 
S.M., Beckmann A.M., Hagensee M.E.. Mandelson M.T., Galloway DA.,  The 
Relationship of Human Papillomavirus-related Cervical Tumors to Cigarette 
Smoking. Oral Contraceptive Use, and Prior Herpes Simplex Virus Type 2 
Infection. Cancer Epidemiology, Biomarkers & Prevention. 1 996;ï: 54 1-8. 

Davies H. lmmunological aspects of cutaneous watts. in: Stern P.L. and Stanley M.A., 
edit ors. Human Papillomavinrses and Cervical CancecBiology and Immunology. 
New York: Oxford University Press; 1 994: 1 92-21 3. 

de Sanjose S., Bosch X.F.. Munoz N., Tafur L., Gili M., lzarzugaza I., lzquierdo A., 
Navarro C., Vergara A., Munoz A.-T.. Ascunce N.. Shah K.V., Socioeconomic 
Differences in Cervical Cancer: Two Case-Control Studies in Columbia and 
Spain. Am J Public Health, 1996; 86: 1 532-1 538. 

de Stavola B., Statistical Fads About Cancers on Which Doctor Rigoni-Stern based his 
Contribution to the Surgeon's Subgroup of the IV Congress of the ltalian 
Scientists on September 23, 1842. Stat Med. 1987;6:881-884. 

Eckert R.L., Agannal C., Hernbree J.R., Choo C.K., Sizemore N., Andreatta-van Leyen 
S.. Rorke E.A. Human Cervical Cancer: Retinoids, Interferon, and Human 
Papillomavirus. American lnstitute of Cancer Research. Diet and Cancer. New 
York: Plenum Press; 1 -43. 

Evans S.andDowling K., The Changing Prevalence of Cervical Human Papillomavirus 
Infections. Australian and New Zealand Journal of Obstetnc Gynaecology. 
1990;30:375-377. 

Ferenczy A.andWright T.C. Anatomy and Histology of the Cervix. in: Kuman R.J.. 
Editor. Blaustein's Pathology of the Female Genital Tract. Fourth ed. New York: 
Springer-Veriag; 1994: 1 85-202. 



Flannelly G., Anderson D., Kitchener H.C., Mann E.M.. Campbell M.. Fisher P.. Walker 
F.. Templeton A.A., Management of Women with Mild and Moderate Cervical 
Dyskaryosis. Br Med Jour.I994;308: 1399-1403. 

Franco EL., Cancer Causes Revisited: Human Papillomavirus and Cervical Neoplasia. 
J Natl Cancer Inst. 1995;87:779-78O. 

Franco E.L., Epiderniology of Anogenital Warts and Cancer. Obstet Gynecol Clin North 
Am. 1 996;23:597-623. 

Franco E.L. Statistical Issues in Studies of Human Papillomavirus Infection and Cervical 
Cancer. in: Franco E.L.and Monsonego J., Editors. New Developments in 
Cervical Cancer Screening and Prevention. UK: Blackwell Science Ltd. ; 1 997:39- 
50. 

Franco E.L. Viral Etiology of Cervical Cancer: A Critique of the Evidence. Reviews of 
Infectious Diseases. 199 1 ; 1 3: 1 195-1 206. 

Franco EL.. The Sexually Transmitted Disease Mode1 for Cervical Cancer: lncoherent 
Epidemiologic Findings and the Role of Misclassification of Human 
Papillomavirus Infection. Epidemiology. 1991 ;2:98-106. 

Franco E.L., Capos-Filho N.. Villa L.L., Torloni H.. Correlation Patterns of Cancer 
Relative Frequencies with soma Socioeconomic and Oemographic lndicaton in 
Brazil: an Ecologic Study . /nt J Cancer. 1 988;41:24-29. 

Franco EL., Villa L.L., Ruiz A., Costa, M., Transmission of cervical Human 
Papillomavirus Infection by Sexual Activity: Difference Between Low and High 
Risk Types. Journal of Infectious Disease. 1995;172:756-763. 

Friedell G.H.. Tucker TC.. McManmon E., Moser M.. Hernandez C.. Nadel M., 
Incidence of Dysplasia and Carcinoma of the Uterine Cervix in an Appalachian 
Population. J Natl Cancer inst. 1992; 1 3:30-32. 

Gaudette LA. Lee J. Canadian Cancer Statistics 7995. Toronto, Canada: National 
Cancer Institute of Canada: 1995. 

Gissman LandMuller M. Serological Immune Response to HPV. in: Stem P.Land 
Stanley M.A.. editors. Human Papiilomavimes and Cervical CancecBiology and 
immuno/ogy. New York: Oxford University Press; 1 994:132-145. 

Gustafsson L., Sparen P.. Gustafsson M., Pettersson B., Wilander E.. Bergstrom R.. 
Adami H.-O., Low Efficiency of Cytologic Screening for Cancer in Situ of the 
Cervix in Older Women. lnt J Cancer, 199S;63:804-809. 

Hakama M., Magnus K.. Pettenson F., Storm Hal Tulinius H. Effect of Organized 
Screening on the Risk of Cervical Cancer in the Nordic Countrîes. in: Miller A-B-, 
Chamberlain J., Day N.E., Hakama M., andProrok P.C., Editom. Cancer 
Screening. Great Britain: Cam bridge University Press; 1 991 : 153-1 62. 



Hellberg O.. Nilsson S., Valentin J., Positive Cervical Srnear with Subsequent Normal 
Colposcopy and Histology - Frequency of CIN in a Long-Term Follow-up. 
Gynecol Oncol. 1 994; 53: 148-1 5 1. 

Herrero R.. Brinton LA., Reeves W.C., Brenes M.M.. Tenorio F., Brittan R.C.. Gaitan E., 
Garcoa M., Rawls W.€., Sexual Behavior, Venereal Diseases, Hygiene 
Practices, and Invasive Cervical Cancer in a High-Risk Population. Cancer. 
l990;65:380-385. 

Herrero R., Schiffman M.H.. Bratti C., Hildesheim A.. Sherman ME.. Morales J., Mekbel 
S., Alfaro M., Balmaceda I., Greenberg M.. Lorincz A. Evaluation of Multiple 
Screening Techniques in a High-risk Area, The Guanacaste Project. in: Franco 
EL. and Monsonego J.. Editors. New Developments in Cervical Cancer 
Screening and Prevention. England: Blackwell Science Ltd; 1 997. 

Hildesheim A., Schiffman M.H.. Gravitt P.E.. Glass AG. ,  Greer C.E., Zhang T., Scott 
D.R., Rush B.B.. Lawler P., Sherman M.E.. Persistence of Type-Specific Human 
Papillomavirus Infection Among Cytologically Normal Women. Journal of 
Infectious Disease. 1994; 169:235-240. 

Hislop G.T.. Band P.R.. Deschamps M., Clarke H.F., Smith J.M., Ng V.T.Y., Cervical 
Cancer Screening in Canadian Native Women: Adequacy of the Papanicolaou 
Smear. Acta Cytol. 1 994;29-32. 

Ho G.Y.F.. Burk R.D., Klein S.. Kadish A.S., Chang C. J., Palan P.. Basu J., Tachezy R., 
Lewis R., Romney S.. Persistent Genital Human Papillomavirus Infection as a 
Risk Factor for Persistent Cervical Dysplasia. J Natl Cancer lnst. l995;87: i 365- 
71. 

Holly E.A.and Petrakis N.L., Mutagenic Mucus in the Cervix of Smokers. J Natl Cancer 
Inst. 1 986;76:983-986. 

Holt P.G., Immune and lnflarnrnatory Function in Cigarette Smokers. Thorax. 
1987;42:241-249. 

Hosmer D.W. and Lemeshow S., Applied Logistic Regression. USA: John Wiley 8 Sons; 
1989. 

IARC. /ARC Monographs on the Evaluation of Carcinogenic Risks to Humans: Human 
Papi/lomaviruses. Lyon. France: IARC; 1 995;Volume 64. 

Jochmus 1.. Altmann A.. Immune Response to Papillornaviruses: Prospects of an Anti- 
HPV Vaccine. in: Lacey C., Editor. Papii/omavinrs Reviews. UK: Leeds University 
Press: 1 996: 165-1 74. 

Judson F.N., Interactions Between Human Papillomvirus and Human lmmunodeficiency 
Virus Infections-in: Munoz N.. Bosch K.V., Shah KV., Meheus A.. Editors. The 
Epidemio/ogy of Cervical Cancer and Human Papi//omaviW. Lyon: IARC; 
1 992: 1 99-205. 



Kessler Il ., Venereal Factors in Human Cervical Cancer: Evidence from Marital Clusters. 
Cancer, ?977;39:l9l2-I9l9. 

Kiviat N.. Natural History of CeMcal Neoplasia: Overview and Update. Amencan Journal 
of Obstetric Gynecology. 1 996; 1 75: 1 099-1 1 04. 

Kjaer S.K., Engholm G.. Dahl C., Bock J.E.. Lynge E.. Jensen O.M.. Case-control Study 
of Risk Factors for Cenrical Squamous-Cell Neoplasia in Denrnark.lll. Role of 
Oral Contraceptive Use. Cancer Causes Contml. 1 993;6:5 1 3-5 1 9. 

Kjaer S.K., Engholm G., Teiaen C., Haugaard B.J., Lynge E., Christensen RB., Moller 
K.A., Jensen H.. Poll P., Vestergaard B.F.. deVilliers E.M., Jensen O.M., Risk 
Factors for Cervical Human Papiilornavirus and Herpes Simplex Virus Infections 
in Greenland and Denmark: A Population Based Study. Am J Epidemiol. 
1990; 131 1669-681. 

Kleinbaum DG. Sumival Analysis:a Self-Leaming Text. US:  S pringer-Verlag New York 
Inc. 1995. 

Koutsky L.A.. Holmes K.K., Critchlow K.W.. Stevens C.E., Paavonen P.A., Beckman 
A.M., DeRouen T.A.. Galloway D.A., Vernon D.. Kiviat N.B., A Cohort Study of 
the Risk of Cervical lntraepithelial Neoplasia Grade 2 or 3 in Relation to 
Papillomavirus Infection. N Engl J Med. 1 992;327: 1 272-1 278. 

Kramer MS. Ciinical Epidemiology and Biostatistics. New York: Springer-Verlag ; 1 988. 

Kurman R J , Solomon D. The Bethesda System for Reporting CewicaUVaginal CyWogic 
Diagnosis. New York: Springer-Verlag; 1994. 

La Vecchia C.L., Franceschi S.. Decarli A.. Fasoli M., Gentile A., Parauini F., Regallo 
M., Sexual Factors. Venereal Diseases, and the Risk of lntraepithelial and 
invasive Cervical Neoplasia. Cancer. 1 986;58:935-941. 

La Vecchia C., Tavani A., Franceschi S., Paranini F., Oral Contraceptives and Cancer. 
A Review of the Evidence. Dmg Saf. 1 996; 14:260-272. 

Last JM. A Oictionary of Epidemiology. New York: Oxford University Press; 1995. 

Lee E. Statistical Methods for Survival Analysis. USA: Wadswo rt h I nc. ; 1 980. 

Lorina A.T., Reid R., Jenson A.B., Greenberg M.D., Lancaster W.D., Kurman R. J.. 
Human Papillomavirus Infection of the Cervix: Relative Risk Associations of 
Fifteen Common Anogenital Types. Obstetrics Gynecology. 1992;79:328-337. 

Manos M., Ting Y., Wright O., Lewis A., Broker T., Wolinsky S.. Use of Polymerase 
Chain Reaction Amplification for the Detedion of Genital Human Papillomavirus. 
Cancer Cells. 1 989;?:2W-ZI 4. 



Meijer C. J.L.M.. Rozendaal L.. van der Linden J .C., Helmerhorst T.J. M., Voorhorst F. J., 
Wal boomers J .M .M. Human Papillomavirus Testing for Primary Cervical Cancer 
Screening-in: Franco E.L.and Monsonego J.. Editors. New Developments in 
Cervical Cancer Screening and Prevention. UK: Blackwell Scientific Ltd.; 1997. 

Meisels A., Cytologic Diagnosis of Human Papillomavirus: Influence of Age and 
Pregnancy Stage. Acta Cytol. 1992; 36:480-482. 

Miller A.B., Anderson G.. Bnsson J., Laidlaw J., Le Pitre N., Malcolmson P.. Mirwaldt P.. 
Stuart G., Sullivan W., Report of a National Workshop an Screening for Cancer 
of the Cervix. Can Med Assoc J. 1991 ; 145: 1301. 

Miller AB. Chamberlain J, Day NE, Hakama M. Prorok PC. Cancer Screening. Great 
Britain: Cambridge University Press; 1991. 

Miller A.B., Knight J.. Narod S. The Natural History of Cancer of the Cervix. and the 
implications for Screening Policy. in: Miller AB., Chamberlain J., Day N.E., 
Hakama M., andProrok P.C.. Editon. Cancer Screening. Great Britain: Press 
Syndicate; 1997: 141 -1 52. 

Monsonego J. Spontaneous Screening: Benefits and Limitations. in: Franco E.L.and 
Monsonego J.. Editon. New Developments in Cervical Cancer Screening and 
Prevention. UK:  Slackwell Science Ltd.; 1997:220-240. 

Morgan W.F., Day J.P., Kaplan M.I., McGhee E.M.. Limoli C.L.. Genomic lnstability 
lduced by lonizing Radiation. Radiat Res. 1 996; l46:247-258. 

Munoz N., Bosch EX.. de Sanjose S.. Tafur L.. kanugaza I., Gili M.. Viladiu P., 
Navarro C., Martos C., Ascunce N., Gonzalez L.C., Kaldor J.M.. Guerrero E.. 
Lorincz A., Santamaria M., Alonsode R.P., Aristizabal N., Shah K., The Causal 
Link Between Human Papillomavirus and Invasive Cervical Cancer: A 
Population-based Case-control Study in Colombia and Spain. Int J Cancer. 
1 992:52:743-749. 

Munoz N, Bosch FX, Shah KV, Meheus A. The Epidemioiogy of Cervical Cancer and 
Human Papillomavirus. Lyon: IARC; 1 992. 

Naguib S.M.. Lundin F.E.. Davis H.J., Relation of Various Epidemiologic Risk Factors to 
Cemical Cancer as Determined by a Screening Program. Obstetk Gynecology. 
1 966;28:451459. 

Nasiell K., Nasiell M.. Vaclavinkova V., Behavior of Moderate Cervical Dysplasia During 
Long-lem Follow-U p. Obstet Gynecol. 1 983;6 1 :609-6 1 4. 

National Cancer lnstitute Workshop.. The 1988 Bethesda System for Reporting 
Cervica Waginal Cytologic Diagnoses. Acta Cytol. l989;33:56?-5?4. 



Naud P., Boaetti M.C., Prolla J.C.. Becker E., Camonato A., Siegle R., Duarte T.P., 
Filho Z.P.P., Lima G.B. Screening in Cervical Cancer Prevention in Porto Alegre, 
BraziI: The Experience of a Programme in a Developing C0untry.h: Franco 
E.L.and Monsonego J.. Editors. New Developments in Cervical Cancer 
Screening and Prevention. Great Britain: Blachell Science Ltd.; l997:250-261. 

Nuovo G.J., Moritz J., Walsh L.L., Macconnell P., Koulos J., Predictive Value of Human 
Papillomavirus DNA Detedon by Filter Hybridization and Polymerase Chain 
Reaction in Women with Negative Results of Coposcopic Examination. Am J Clin 
Pathol. ?992;98:489-492. 

Ostar AG., Natural History of Cervical Intraepithelial Neoplasia: A Critical Review. /nt J 
Gynecol Pathol. 1 993; 12: 1 86-1 92. 

Parkers S.L., T.T.. Bolden S.. Wingo P.A., Cancer Statistics. 1997. CA Cancer J Clin. 
1 997;47:5.27. 

Parkin D.M. The Epidemiological Basis for Evaluating Screening Policies.in: Franco 
E.L.and Monsonego J.. Editors. New Developments in Cervical Cancer 
Screening and Prevention. UK:  Blackwell Science Ltd.; 1 997:51-69. 

Parkin D.M. Screening for Cervix Cancer in Developing Countries. in: Miller A.B., 
Chamberlain J., Day NE., Hakama M., and Prorok P.C., Editors. Cancer 
Screening. Great Britain; 1991 : 784-1 98. 

Parkin D.M., Hodgson P.. Clayden AD.,  Incidence and Prevalence of Preclinical 
Carcinoma of Cervix in a British Population. Br J Obstet Gynaecoi. 1982;89:564- 
570. 

Parkin D.M.. Pisani P.. Ferlay J.. Estimates of the Worîdwide lncidence of Eighteen 
Major Cancers in 1 985. Int J Cancer. 1993;54:595-606. 

Pemberton F.A.and Smith G.vS.. The Early Diagnosis and Prevention of Carcinorna of 
the Cervix. Am J Obstet Gynecol. 1929; 17: 165-1 76. 

Peng H.. Liu S.. Mann V., Rohan T.. Rawls W.. Human Papillomavirus Types 16 and 33, 
Heves Simplex Virus Type 2 and Other Risk Factors for Cervical Cancer in 
Sichuan Province, China. Int 3 Cancer. 1991 ;47:711-716. 

Penh E., Ramcharan J.F., Brown W.L., Huang S., Rose R., The incidence of Cervical 
Cancer and Duration of Oral Contraceptive Use.Am Jour E N .  l9iï;'i 06: 462- 
46Q. 

Phillips A.N.and Smith GD., Cigarette Smoking as a Potential Cause of Cervical 
Cancer: Has Confounding been Controlled? lnt J Epidemiol. 1994;23:42-49. 

Pisani P., Parkin D.M., Ferlay J.. Estimates of the Worldwide Mortality From Eighteen 
Major Cancers in 1985. Implications for Prevention and Projections of Future 
Burden. /nt J Cancer, 1993;55:891-903. 



Richardson, H. Risk Factors for Cervical HPV Infection in Montreal Universrty Students. 
Canada: Universite de Quebec; 1996. 

Richart P.M.and Barron B.A.. A Study of Patients with Cervical Dysplasia. Am J Obstet 
Gynecol. 1 969; 1 05:386393. 

Rohan T., Mann V., McLaughlin J., Hamish DG.. Yu H., Smith D., Davis R.. Shier M., 
Rawls W., PCR-Detected Genital Papillomavirus Infection: Prevalence and 
Association with Risk Factors for Cenrical Cancer. Int J Cancer. 1991 ;49:1-5. 

Sadeghi SB., Sadeghi A., Robboy S.J., Prevalence of Dysplasia and Cancer of the 
Cervix in a Nationwide Planned Parentohood Population. Cancer. 1988;61:2359- 
2361. 

Schiffman M.H., Bauer H.M., Hoover R.N., Glass A.G., Cadell DM., Rush B.B., Scott 
D.R., Sherman M.E., Kurman R.J., Wacholder S., Stanton C.K., Manos M.M., 
Epidemiologic Evidence Showing that Human Papillomavirus Infection Cuases 
Most Cenrical lntraepithelial Neoplasia. J Nat! Cancer lnst. 1993;85:958-964. 

Schiffman M. H .andBrinton LA., The Epidemiolog y of Cervical Carcinagenesis. Cancer. 
l995;76:l888-l9O?. 

Schiffman M.H.andSchatzkin A., Test Reliability is Cdtically Important to Molecular 
Epidemiology: An Example fram Studies of Human Papillomavirus Infection and 
Cervical Neoplasia. Cancer Res. 199434: l944s-l94?s. 

Simons A.M., van Herckenrode M., Rodriguez J.A., Maitland N., Anderson M., Phillips 
D.H., Coleman D.V., Demonstration of Smoking-related DNA Damage in 
Cervical Epithelium and Correlation with Human Papillomavirus Type 16, Using 
Exfoliated Cervical Cells. Br J Cancer. 1 995;72 :246-249. 

Soutter W.P.andFletcher A., Invasive Cancer of the Cervix in Women with Mild 
Dyskaryosis Followed Up Cytologically . Brifish Medical Journal. 1 994;3O8: 1421 - 
1423. 

SPSS. SPSS Advanced Statjstics. US: SPSS Inc; 1996. 

Stafi A., Cenricography: A new method for cervical cancer detection. Amencan Journal 
of Obstetric Gynecology. 1 98 1 ; 1 39:8 1 5-825. 

Stanley M.A. Virus-keratinocyte Interactions in the lnfectious Cycle. in: Stem P.L.and 
Stanley M.A., Editors. Human Papiliomaviruses and Cervical CancerBiology and 
Immunology. New York: Oxford University Press; 1 994: 1 16-1 3 1. 

Stem €.and Neely F.M., Dysplasia of the Uterine Cenrix. Cancer. 1 964; 1 7:508-512. 

Stem P.L. and Stanley M A ,  H u m  Papiilomavhs and Cervical Cancer. New York, 
USA: Oxford University Press; 1 994. 



Sy janen K.. Spontaiieous Evolution of lntraepithelial Lesions According to the Grade 
and Type of the lmplicated Human Papillomavirus (HPV). European Journal of 
Obstetrics and Gynecoiogy. 1996;65:45-53. 

Syrjanen K.J. Natural History of Genital Human Papillomavinis Infections. in: Lamy C.. 
Editor. Papillomavirus Revie ws: Cunen t Research on Papiiiomavirus. U K: Leeds 
Univenity Press; 1 996: 1 89-206. 

Syrjanen K.. Kataja V.. Yliskoski M., Chang F.. Syrjanen S.. Saarikosk S., Natural 
History of Cervical Human Papillomavirus Lesions Does Nat Substantiate the 
Biologic Relevance of the Bethesda System. Obstet Gynecol. 1992;79:675-682. 

Thieny Ç.. Papillomavirus Reviews: Cunent Research on Papillornavinises.in: Lacey C., 
Editor. Papillomavirus Reviews: Current Research on Papillomaviruses. UK: 
Leeds University Press: 1 W6:2? -30. 

van Ranst M.. Tachezy R.. Burk R.D. Human Papillomaviruses: A Neverending Story? 
Lacey C.. Editor. Papillomavinrs Reviews: Current Research on 
Papillornavinises. Leeds. UK: University of Leeds: 1996: 1-20. 

VanEenwyk J.. Davis F.G.. Colman N., Folate. Vitamin C, and Cervical lntraepithelial 
Neoplasia. Cancer €pidernid Biomarkem Prev. 1 992; 1 : 1 19-1 24. 

Villa L.L.. Caballero O.L.. Levi J E . .  Pena S.D.J., Simpson A. J.G.. An Approach to 
Human Papillomavirus Identification Using Low Stringency Single Specific Primer 
PCR. Mol Ce11 Probes. 1 995;9:454l8. 

Villa L.L.and Franco EL., Epiderniologic Conelates of Cervical Neoplasia and Risk of 
Human Papillomavirus Infection in Asymptomatic Women in Brazil. J NaH Cancer 
Inst. 1 989;81:332-340. 

Villa LL. Franco EL, Caballero O, Rahal P, Ferenczy A, Rohan TE. Viral Load, 
Persistent Cervical HPV Infection, and Cumulative Risk of Cervical lntraepithelial 
Neoplasia in a High Risk Area. 15th International Papillomavinis Workshop: 
1996; Brisbane, Austratia. 

Vousden K.H. Mechanisms of Transformation by HPV. inStern P.Land Stanley M.A., 
Editors. Human Papiilomaviruses and Cervical Cancer: lmmunology and Biology. 
New York: Oxford University Press; 1994:93-115. 

Walboomen J.M.M., de Roda Husman A.-M., Van den Brule A. J.C., Snijders P. J.F., 
Meijer C.J.L.M. Detedion of Genital Human Papillomavirus Infections: Critical 
Review of Methods and Prevalence Studies in Relation to Cewicai Cancer-in: 
Stem P. Land Stanley M .A., Editon. Human Papiilomavinrses and Cervical 
Cancer: Biology and Immunology. New York: Oxford University Press; 199441- 
69. 

Wlliams, G.M. and Weisburger, J.H., Chernical Carcinogenesis.in:Amdur, M.O. et al., 
Editors. Casarett and Doull's Toxicdogy: The Basic Science of PoisonsSJSA: 
McGraw-Hill; 1991 :127-200. 



Wnkelstein W., Smoking and Cancer of the Utenne Cervix: Hypothesis. Am J 
Epidemiol. 1 977; 1 06257-259. 

Winkelstein W., Smoking and Cervical Cancer: Curent Status - a Review. Am J 
Epidemiol. 1 990; 1 31 :945-957. 

Woodman W. Epidemiology of HPV and Cervical Cancer. PL. Stem and M.A. Stanley. 
Human Papillomaviruses and CeMcal Cancer: Biology and Immunology. New 
York: Oxford University Press; 1 994:72-91. 

Wright T.C. Papillomavirus Infection and Neoplasia in Women lnfected with Human 
lmmunodeficiency Vinis. inFranco E.L.and Monsonego J.. Editors. New 
Developments in CeMcal Cancer Screening and Prevention. UK: Blackwell 
Science Ltd.; l997:? 31-1 46. 

Wright T.C.. Ferenczy A., Kurman R.J. Carcinoma and Other Tumors of the Cervix. in: 
Kurman R.J.. Editor. Blaustein's Pathology of the Female Genital Tract. 4th ed. 
New York: Springer-Verlag; 1994:279-326. 

Wright T.C.andKurman R.J. A Critical Review of the Morphologie Classification Systems 
of Preincasive Leions of the Cervix: the Scientific Basis for Shifting the 
Paradigm. in: Lacey C., Editor. Papillomavims Reviews: Cunent Research on 
Papillomavimses. UK: Leeds University Press; 1 994:216-226. 

Wright TC., Kurman R.J., Ferenczy A. Precancerous Lesions of the Cervixin: Kurman 
R. J., Editor. Blaustein's Pathology of the Female Genital Tract. 4th ed. New 
York: Springer-Verlag; 1994. 

Wynder EL., Cornfield J.. Schroff P.D.. Doraiswami KR.. A Study of Environmental 
Factors in Carcinoma of the Cervix. Am J Obstet Gynecol. 1954;68:lOl6-lO52. 

Zondervan K.T.. Carpenter LM., Painter R., Vessey M.P.. Oral Contraceptives and 
Cervical Cancer-Further Findings from the Oxford Family Planning Association 
Contraceptive Study. Br J Cancer. 1996;73:1291-7. 

Zur Hausen H.. Human Papillomavirus in the Pathogenesis of Anogential Cancer. 
Vi iogy. 1991 ;184:9-13. 

Zur Hausen H., Molecular Pathogenesis of Cancer of the Cervix and its Causation by 
Specific Human Papillomavirus Types. Cun Top Micnibiol immunoi. 
t994;186:131-156. 



APPENDIX: Questionnaire 1 



QUESTIONAAIO SOBRE SAUOE FEMININA I WC-MOINC / E R S A 0  1 PAG. 

Data da entrevista: 0: M: A: H m  do inlcio: 

No no estudo: 

Quai O seu nome? 

6m que dia. m8s e ano a Sra nasceu? O: hl: k 

Portanto. quantas anos a Sra. lem? ams 

Gwpo Btnico (In terpretaçao da entrevi stadora) : 
1 ; Branca (2: Mulata 13 : Negra 14 1 Amarela 15 : lndio ou descendente 

Quai 6 O seu estado c g ?  
; 1 ( Sdteira 12: Casada 13; Viha 
141 Separada 15 1 Vive maritalmente Cluntada' ou amigada) 

Quais foram as suas acupaçoes/empregos nos IMTWS dez anos? 

Induindo a Sra. quantas pessoa~ vivern M sua casa? - 
Quai 4 a sua renda familiar, ou mji? a da Sta mais a dOb que vhrem nn sua casa? 



mue- rn esæu eiow * ~ J S  o soue soauenb p~ *t 1 

o?N 12: u!S ILI spuoppe so~m (1 
om :z; UJ!S : LI oJi#, (e 
O?N :t: uns t LI 
O N  IzI ! b! 
OFN Itl uris ILI 
OfN I z ~  u?S :I: 

Les- uie UJBI -eis r sue@ se)u!n6as sop qenp 2 1 



QUESTIONARIO SOBRE SAUOE FEMININA / ILPC-MNNC VERSA0 1 PAO. : 

30. A Sra. fumaMimou charuto ou cachimôo? il: Sim 12: Mo 

Consumo do bebidas alcoblicas 

31. A Sra. costumdcosturnava consumir beôiâas alcoblicas. mesmo que œasionahiente: 
i l: Sim 121 Numa (se nunca, v l  dire to  A p. 38) 

33. A Sra. casîurnalcostumava beber vinho? 
1 : Nio/ocasionalmente 12; no maUrno um copo por s e m  

13: de2a5porsemana 14; de6a10 ;SI 11 a30 18: maisque30 

34. A Sra. costuma/costurnava beber pinga ou cadiaça? 
1 Niio/ocasionalmente 12 1 no mdumo um copo por s e m m  

(3:de2aSporsemana ; 4 ( d e 6 a 1 0  i S ( t l a 3 û  (61maisque3û 

35. A Sra. costuma/costumava uisque. gim. vodca ou outra bebida forte? : 1 Ntio/ocasionaimente 12: no M r n o  um copo por semana 
;31dr2aSporsems~ ;4;de6alO (S i I Ia30  161maisqw30 

36. Hb quantos ms a Sra bebe essas quantidades? mos 
(as r e f  eri dus aciia?) 

Eu gostarfa agora de Ihe faaer algunas peguntas sobn sua vida 
intima. & entend0 que este & ur assunto persoal, mas conhecer 
estas infomaçbes serd de grande auxflio na nossa psquisr . Bu 
volto a leiibrcu a Sra.  que t d a .  u resportas serlo mutidas a i  
total segredo. Nunc. estes dados sarao revelddoa a aIgu48. 

38. Que idade a Sn. ünha quando menstnrai pela primeira veZ? a m  
(se nnopausada a parsu a q. 1lJ 

39. QuaMo a Sra. teve a sua Olbima mnsDuoçio? O:, M: - & 
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43. Nos Ulümos clnco anor, quantas vezes a Sra. teve commemto 
; 1 ; Nenhuma vez 2 1 Algumas vezes (1 -9) 1 3 1 Muitar vezss (IO+) 

44. J& fez ou fa t  uso de algum produto para tratamento gin8coI6gicol 
(mostrar ou l e r  a lis t a  de nomes da medi casent08 fapressa 
no verso da @gin& anterior) 

48. Nos ijlümos dols dlar, a Sra. teva conlnento, coceira ou ardor 
genitaî? Il: S h  

47a. A Sra. usM4 usou algum sistema que force dgudllquidos para o in- da 
vagina tais como duchas, bidês. etc? 
; 1 : sim, sempr 121 s h ,  frequentemente 
13 1 de vez em quando 141 numa 

47b. (se si m) C m  que produto? 

48. Ourante os perlodos menstruais a Sra. costumaicostumava lavar seus 6rgios 
enitais? ( U d r  do banho diario) 

YI : Mo 21 Sim. uma vez PQ dia 13 1 Sirn. mais de uma wz PQ &a 

49. A Sra. jd teve afguma vez feridas na vagina ou vutva? I I  : S k  12: Mo 

53. {se slm Quando foi a Qltima vaz que Mz art, exme? b , I I  No6 *mano 121 H1 mais âe um am, mas menos que tineo 
13 1 HA mais quo cinco anos 18: M o  lemka 

_. Lembre t e  : Foro f n timo a conf idenci aJidadm 

54. ' Com que iâade a Sra. teve a sue primeiua rela@o sexual? arm - (se vfrgea, v& dire to  8 q. 200, depf s dm cer t f f fcu-sa  qua 
d a  nuncu angravidou) 

55. Quantas veztws a Sn. jâ engravidan - 
(sa nunca, v4 dlrato a q. 63) 
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58. Quantas resukaram em aborto? 

S. Ern que am foi a sua i5lüma gravider3 

60. Foi uma gestaçio completal 11 1 Sin f21 M o  

61. Enquanto gravida a Sra. continuava tendo relaçdes semais corn seu 
marido/parceim? 1 1  '1'Sim :2: MO 

62. A Sra. costumalcostumava resguardar-se de rela@es sexuais apds cada parto? 
l1:Sim 12: Mo 

63. Corn que idade a Sra. começou a ter rela-s sexuais pelo menos uma ver por mi 

Aos anos 4- : se nunca foi constante - 
64. Ourantr a rua vlda Intelra, corn quantos homens a Sra. rnanteve relaws s m a &  

I 
4 (Insista para que e l a  dd uma resposta mesno q. aproximada) 

65. Quantos destes parceiros foram regulares, isto 6, corn os quais a Sra. teve re&& 
sexuais regulares durante urn periodo minimo de 6 meses, independentemente 
de morar na mesma casa? 

66. Que a Sra saiba, quantos destes parceiros sexuais Mo foram Mis, isto O. t h a m  
contato sexual corn outras mufheres'l 

67. No total, quantos parceiros semais a Sra teve rntar da 20 moa? 

68. Quantos destes parceiros (antes dos 20) tinham menos que 20 anor? 

69. Quantos destes parceiros (M tas  OS 20) tjnham mois qw 30 arm? 
Sa a pciente ti ver wnos qua 20 anos, p s s u  para a q. 1 

70. No total, quantos parceiros semais a Sa teve depoh do8 20 anor? 

71. Quantos destes pafwiros ( d o p i 8  dos t O )  ünharn mm# que 20 anos? 

72 Quantos destes parceiros (depois der 20) tinham msi, que 30 arm? 

73. Oesde O inicio de sua M a  sewd howe periodoQ etn que a Sra Mo teve rel- 
por mais que um am? Se sirn. quantos periodos (total e i  MO# J ? 

ana 

74. Gn geral. considerancio a maior prte de sua vida semal, cm qw frquencia a Si 
tem manfjdoImanteve nlaçtles seruais? (mscr.v.r r ft.qu&ncia a 
duruçlo para cada prloâo leabrudo p.la  pciente) 
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Enquanto rnenstntada, a Sra. evitdevitava tef nlaç6es seniair oom sou 
maridolparceiro? ( Taabdn consfderur a h i  tesa do marido r v l  t u )  
1 1 : Semprs evitei ou mMdo evilou I i Oe vez em qua& 
13 : S6 nos pdmeiros dirs 

c 
141 Numa 

A Sra. costvmdcostumava lwar SM enïtais antm de ter rela~aes semais? 
1 : Semprr 12: de vez em q wn&o 131 N u m  

Durante os iiHlmor cinco anor, corn qumtos homens a Sra. mantew relagbs 
sexuais? (Insista para gue e la  dO uoa resposta mesmo qua aptorfmad 

Que a Sra. saiba, quantos destes parceiros sexuais Mo foram fidis, 
isto 6, tiveram contato senual corn outras mulheres? 

Quantos destes parceiros tinham menos que 20 anos? 

Quantos destes parceiros tinham m i s  que 30 anos? 

Durante este periodo dos tiltlmor S anoa, am ue frequdnci'a a Sra teva 
relaç6es sexvais corn seu marido ou parceiro(s) 9 

/semana /mes l m  

Df ter I paciente para se lembru apenas dos bltimos 12 n s e r  

Durante os riltlmor 12 mrwa, mm quantos homens a Sm. teva rehçibs sexuais? 
( f n s i  s t a  para que ela d4 uma resposta aesro quo aproxfuda)  

Que a Sra. saiba, quantos destes parairos semais Mo f m  fié&, irto 4, tivwvn 
cmtato sexual com outras muîbres? 

Quantos destes parceiros tinham mcmos que 20 anos? 

Quantos destes parceiros tinham mais qub 30 anos? 

Durante este penodo dos lltlmor 12 miser, com que frequdnda a Sn teve 
relaçiks sexuais corn seu marich ou ~arOeiro(s)? 

Fii dus p.rguntas ciclicas 

D.talhe8 sobre os mé taï08 an ticoncepci onds usados 



(se P. A. ,  p r g u n  tar) Corn que dade a Sra cornepu a usa PA? am 

(sa P. A. ) Durante quantos anos a Sra. tem tomadoitomou PA? ana 

(Se prou ,  perguntarl Hd quanto tsrnpo parou de tomar P A ?  MOS 

Sa 1 aqueadura, pergun ta rJ  k quanîo tempo foi a laqueaduri que a &a fez? 

(Se vasectomf a do parceiro s a i s  ire 
H& quanto tempo foi a vasectornia do seu mari Yente, o~parceiro? *rguntar) anos 

(Se D . 1. U . , pergun t a r )  
Corn que idade a Sra. usou O.I.U. pela primeira vez? arm 

(se D . I .  U. ) A Sra. ainda usa D.I.U.? :11Sim 12;Ngo 

(Se condom, p e r p n t a r )  Corn que frequ4nQa seu rnarido/parceiro(s) usa@) 
camisinha? : 1 MuRo raramente 121 h vezes 131 Sempn 

(se diafragma, perguntar) com qw frequhcia a Sra. tern utilirado/uiiruw 
diahagrna? ; 1 ; MuRo raraments 12: & vezcw 13: Semprr 

(se qelhia, perguntar A Sra tem usado a eYia espeunicida de que maneira' : 1 ; Prindpalmente como m d todo dnKo 12 1 NicipaU assodado ao diafragma 
13 1 Principalmente assodado h carnisinia 

% 
tembrete: Foco fntlao O conf idencf alidada 

100. A Sra. i6 praticodpratica coito anal. isto 4. relaçio com penetraçio pelo anus? 
1 Sim. frequentementr 12: Sim. ruamente 131 Nia 

Sa mais da 1 na resposta antarior, i n i c f u  as prbximas prguntar 
enfat irando quo a antrevistada deva sa rufmrir ao puceiro coi ( 
d a  mais frequentemente praticou coito anal. 

1 0 2  O sw maridolparceiro reallravalreaka etra* va inal rm s uida ao coito 
a d  Il; !r' im # : i o  3, ~ b v e z e s  

103. (sa si i, perguntar) Antes da p e n e m o  vaginal O seu maiidolpardro ntislht 
a higiem do @th? il 1 Sirn i2: MO kvezm 



106. (S. sin, prpntar) Corn quantos parceiras a Sra. j4 praticoulpratica sexo 
oral desîa maneva? 

sa nao, v l  dirata ao f ina l  

se mais de 1 na respsta anterior, iniciar as prbxlmcis p r g u n t u s  
enfatfaando que a entrev is tada  deve S. refeerfir ao parceiro c o i  quer 
014 mais frequenteaente praticou/pratica sexo oral .  

107. (se sir, p r g u n  tar) O seu rnarido~parcei~o realiuavalreaka penetraqo 
vaginal em seguida ao sexo oraï? 
Il;  Sirn 121 Naa 13 1 As vezes 

Ri agradeco auf to a sua colaboraç~o c o i  a nossu pesqufsa. 
Se a Sra. tiver alguna pergunta, sinta-se a vontade e i  faa l - la .  
Caso queira comunf car-se comigo depois  a S r a  pode me procurar 
aqui durante a semana. 

HorMo de t&rmKio da entrevista: : 

Question&rio codificado em / / por 

üadoa digitador / 1 por 

Dado8 conforidos o i  I I por 


