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single program of research. The structure for the manuscript-based thesis must conform to the 

following: 

1. Candidates have the option of including, as part of the thesis, the text of one or more papers 

submitted, or to be submitted, for publication, or the clearly duplicated text (not the reprints) of 

one or more published papers. These texts must be bound together as an integral part of the 

thesis. (Reprints of published pa pers can be included in the appendices at the end of the 

thesis.) 

2. The thesis must be more than a collection of manuscripts. Ali components must be integrated 

into a cohesive unit with a logical progression from one chapter to the next. In order to ensure 

that the thesis has conti nuit y, connecting texts that provide logical bridges between the 

different papers are mandatory. 

3. The thesis must conform to ail other requirements of the "Guidelines for Thesis Preparation" 

in addition to the manuscripts. The thesis must include the following: (a) a table of contents; 

(b) an abstract in English and French; (c) an introduction which clearly states the rationale 

and objectives of the research; (d) a comprehensive review of the literature (in addition to that 

covered in the introduction to each paper); (e) a final conclusion and summary. 

4. As manuscripts for publication are frequently very concise documents, where appropriate, 

additional material must be provided (e.g., in appendices) in sufficient detail to allow a clear 

and precise judgment to be made of the importance and originality of the research reported in 

the thesis. 

5. When co-authored papers are included in a thesis the candidate must have made a 

substantial contribution to ail papers included in the thesis. In addition, the candidate is 

required to make an explicit statement in the thesis as to who contributed to such work and to 

what extent. The supervisor must attest to the accuracy of this statement at the doctoral oral 

defense. 
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ABSTRACT 

Introduction: Human papillomavirus (HPV) infection is now believed to be the central cause of 

cervical cancer. However, most of the epidemiological evidence has come from retrospective, 

case-control studies, which do not provide information on the dynamics of a cumulative or 

persistent HPV infection. 

Objectives: 1) To measure the risk of incident neoplastic cervicallesions over time related to prior 

cumulative and persistent HPV infections. 2) To evaluate the influence of HPV viral burden on 

les ion risk longitudinally. 3) To estimate the progression rates and sojourn time for precursor 

squamous intraepitheliallesions (SILs) and how they relate to HPV infection status. 

Design and Methods: ln 1993, the Ludwig-McGili study team began a large longitudinal study of 

the natural history of HPV infection and cervical neoplasia in the city of Sao Paulo, Srazil. Follow

up involved repeated measurements on individual subjects over time. 2462 women were enrolled 

into the study and were seen every 4 months in the first year (0, 4,8 and 12 months), and twice 

yearly thereafter for a period of up to eight years. In addition to obtaining risk factor information 

via questionnaire, cervical specimens were taken for Pap cytology and HPV testing at every visit. 

Statistical analyses entailed: 1) using different modalities for defining HPV persistence by type 

and intensity; 2) using modeling approaches that take into account the repeated measurements 

of HPV and SIL over time within individuals; 3) analyzing changes in transition states between 

different cervical les ion grades and the rate of progression from one state to the next. 

Rationale: A longitudinal, repeated measurement cohort investigation, su ch as this one, permits 

an accu rate and unbiased assessment of the relationship between cumulative HPV exposure and 

lesion incidence. An elevated relationship between persistent HPV infections and SIL incidence 

supports the proposai for the application of type-specifie molecular HPV DNA testing as a 

screening tool for the detection of cervical neoplasia. Setter understanding of the natural history 

of disease can help in developing effective and efficient public health programs in prevention for 

cervical cancer. 
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RESUME 

Introduction: Le virus du papillome humain (VPH) est considéré comme la cause principale du 

cancer du col utérin. Néanmoins l'évidence épidemiologique, montrant cette association provient 

des études rétrospectives de cas-contrôles, qui ne donnent pas d'informations sur le dynamisme 

d'une infection cumulative persistante. 

Objectives: 1) Mesurer le risque d'une lésion néoplastique cervicale incidente dûe a une infection 

de VPH persistanteantérieure. 2) Evaluer l'influence du taux de virus sur le risque longitudinal 

d'une lésion néoplastique. 3) Estimer la vitesse de progression et la durée clinique des lésions 

préinvasives. 

Designs et Méthodes: En 1993, l'équipe de l'étude de Ludwig-McGili a commencé a Sao Paolo, 

Brésil, une étude de cohorte de l'évolution historique du VPH et du cancer du col utérin. L'étude 

comprend des dépistages répétés. 2462 femmes ont participé a cette étude. Les participantes 

ont été examinées tous les quatre mois pendant la première année, et tous les six mois après 

cela pour une période maximale de huit ans. Un questionnaire, un test de VPH et un prélèvement 

de cellules du col utérin pour une évaluation cytologique ont été effectués à chaque visite. Les 

analyses statistiques comprenaient: 1) différentes modalités de définition d'une infection 

persistante de VPH; 2) une implication de différentes approches statistiques tenant compte de 

prélèvements répétés au cours de l'étude; 3) l'analyse des transitions entre les grades 

neoplastiques des lésions cervicales. 

Rational: Une étude de cohorte longitudinale avec prélèvements répétés permet ainsi de mesurer 

précisement et correctement l'association entre le VPH et le risque du cancer du col utérin. Une 

association elevée entre une infection persistante et l'incidence des lésions neoplasticques 

confirment l'utilité des tests du VPH comme méthode de dépistage du cancer. Une meilleure 

compréhension de l'evolution naturelle des lésions cervicales peut aussi aider a établir des 

programmes de santé publique visant la prévention de cancer du col utérin. 

xvi 



1. INTRODUCTION 

Cervical cancer and its precursors can follow one of two histological lineages depending upon 

whether they originate in squamous or in glandular cervical epithelium. The former type, 

squamous cell carcinomas (SCC) make up 80%-90% of ail cervical cancer cases, glandular 

adenocarcinomas make up the rest. Age standardized global rates of adenocarcinoma and other 

carcinomas between 1973-1991 were 11.4 and 12.7, respectively [253]. Given the differences 

between these two diseases in terms of their etiology, and approaches to their detection and 

prevention, epidemiological investigations tend to evaluate their natural history separately 

[reviewed in 71]. The focus of this thesis is on the natural history of preinvasive squamous lesions 

of the uterine cervix. 

The World Health Organization's (WHO) International Agency for Research on Cancer (IARC) 

released in 1995 a review of epidemiologic and biologic evidence demonstrating human 

papillomavirus (HPV) infection as the central cause of cervical cancer [110]. Asymptomatic, latent 

genital HPV infections are found in 5%-40% of women of reproductive age with most women who 

engage in sexual activity acquiring an HPV infection sometime in their lifetime. Most of these 

infections will be transient with only a small proportion initiating a cancerous lesion on the cervix 

[73;75;103;105;106;139;174;188;244). It is hypothesized that without sufficient immunity or with 

repeated exposure, infections can become persistent and more severe [106;107;171). While the 

role of HPV in the natural history of cervical intraepithelial neoplasia (CIN) is established, HPV is 

considered as a necessary but not sufficient cause of cervical cancer. Establishment of 

productive and persistent infections by oncogenic types of HPV is thought to be a key early event 

in the natural history of cervical cancer [15). 

A consistent relationship between HPV infection and the incidence of cervical cancer has been 

identified by case-control studies [110), and confirmed more recently by longitudinal studies 

[99;106;107;131;138;171;174;185;224;255;262;268). Although an HPV infection is sa id to 

produce CIN grade 1, consensus on using detection of HPV as a predictor of risk of higher grade 

disease has been lacking since most HPV infections will not lead to cervical cancer [66;202). 

Other factors, including variations in defining what constitutes a prognostically significant infection 

are starting to be investigated to improve prediction of risk for the disease. Ta understand the role 

of HPV and the pattern of the dynamic changes in the natural history of cervical neoplasia one must 

conduct studies that collect data repeatedly on both risk factors, like HPV, and on outcomes (Le., 

cervical les ions) on multiple occasions. 

When multiple measurements of the virus cannot be made, a single measure of viral burden may 

be sufficient to identify a subset of HPV infected women at higher risk of developing cervical 



cancer. Given the positive relationship between viralload and the likelihood of persistent HPV 

infection, and the strong relationship between the latter and the risk of cervical neoplasia [42], a 

single measurement of viral load in cervical specimens may be a suitable bio-marker for the 

development of CIN. Measurement of viral burden using quantitative methods has been under 

recent investigation, though preliminary results have been controversial [114;248]. 

The time dependence of the association between HPV and the incidence of precursor lesions of 

cervical cancer is still a matter of debate [16;64]. The cytopathological precursor stages of 

cervical neoplasia, squamous intraepitheliallesions (SIL), can occur repeatedly over time. The 

likelihood of a les ion persisting or progressing onto more advanced grades or to cancer may 

depend on the characteristics of HPV infections [142;224;248;252] as weil as on other co-factors 

[16;63]. The strength of the observed association is influenced by the accuracy with which the 

exposures are measured [65;72). To date, cohort studies of HPV and CIN have differed in the 

frequency with which subjects have been re-evaluated over time for exposure and outcome 

status [106;107;131;138;171;174;185;255;262], as weil as in the time between the repeated 

measurements [99;268). 

ln the natural history of cervical cancer, women can progress from a normal state where no 

neoplastic or pre-neoplastic changes are detected in the squamous epithelium, to varying states 

of cellular abnormalities in the cervical epithelium including carcinoma in situ (CIS) [154]. Women 

may develop SILs of low and high grade and progress on to CIS or regress back to a normal 

state [109]. While some research on the rates of progression and regression of cervical neoplasia 

has been done [109;152;155;162;164;187], to date no study has evaluated sojourn time 

(preclinical duration of preinvasive neoplasia), or regression and progression of precursor les ions 

according to HPV infection status. Identifying those lesions that are at high risk of progressing 

quickly to more severe stages can provide potential targets for detection by screening and 

subsequent aggressive follow-up, chemopreventive therapy or vaccination. 

1.1. Objectives 

The ove rail aim of this thesis was to investigate the time dependent relationship between HPV 

infection and cervical neoplasia incidence. This was done through an extensive analysis of 

longitudinal data from an ongoing prospective cohort study in Sao Paulo, Brazil. The specific 

objectives were: 

1. To measure the risk and cumulative incidence of SILs for women with persistent HPV 

infections determined by repeated samplings over time from cervical specimens (Paper 1); 
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2. To evaluate the predictive role of HPV viral burden on SIL incidence among HPV positive 

subjects using a true quantification method of viral load (Paper Il); 

3. To evaluate how changes in study design can affect the observed relationship between HPV 

infection and cervicallesion risk longitudinally. This involved modeling approaches that take 

into account the correlated nature of the repeated measurements within individuals (Paper 

III); 

4. To estimate the progression, regression rates, and sojourn time of precursor lesions of 

cervical cancer according to HPV infection status. This involved actuarial analysis of 

transition rates between different lesion grades (Paper IV); 

3 



2. LlTERATURE REVIEW 

2.1. Burden of disease 

Cervical cancer is the second most common neoplastic disease affecting women today. It 

comprises approximately 12% of ail cancers prevalent in women worldwide [159]. In the year 

2000,468,000 new cases of cervical cancer were detected, representing 4.7% of ail new cancers 

for both men and women combined. Cervical cancer is less frequent in industrialized countries, 

and almost 80% of ail cases occur in developing countries, where it is second only to breast 

cancer [168). In many developing regions, it is the most common cancer in women. Age-adjusted 

incidence rates (standardized according to the world population of 1960) for Sao Paulo County in 

Brazil were 27.4 per 100,000 women-years for 1993 [160]. This rate was similarto the overall rate 

for Brazil (23.8 per 100,000 women-years) [193). 

ln 2000, an estimated 233,000 deaths occurred from cervical cancer worldwide, representing 

8.7% of ail cancer deaths. In developing countries, where screening for cervical cancer is limited, 

the average 5-year survival rate following a diagnosis of invasive cervical cancer is 49% [193]. 

The North American perspective is brighter. Although incidence of cancer in Canada averages 

around 1500 cases per year, mortality is much lower compared to developing countries. [159). 

The prognosis of cervical neoplasia is good when the disease is detected and treated at an early 

preinvasive stage. However, preinvasive lesions are asymptomatic and are generally discovered 

through cytological examination using the Papanicolaou technique (or Pap test), or through visual 

inspection methods such as cervicography performed from a photographie image of the cervix 

taken during a gynecologic examination. Their presence is confirmed via magnification by 

colposcopie examination and biopsy. These follow-up examinations themselves can be rather 

invasive [71]. 

For every 50-100 cases of abnormal smears identified by Pap cytology screening consistent with 

a precursor lesion grade, one new case of invasive cancer is found [71]. In the clinical 

management of abnormal cytological smears, cases of high-grade squamous intraepithelial 

les ions (HSIL) are immediately referred for colposcopy and biopsy because of their high 

likelihood of progressing to cancer. Clinical follow-up and treatment can involve invasive 

colposcopie examination, biopsy or surgery. Altogether, atypical and SIL findings account for over 

10% of ail Pap smears that are processed in screening programs [32]. 

2.2. Natural history and etiology of cervical neoplasia 

Over the past 30 years, epidemiological research has been consistent in providing evidence of a 

progressive disease model in cervical neoplasia, with similar risk factors identified for both 
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cervical cancer and its precursor lesions. The similarity of risk factor profiles observed in different 

studies [18] has lent credibility to the natural history model specifying that the abnormal changes 

seen in the cervical epithelium follow a continuum leading to invasive cervical carcinoma. At each 

stage of the disease, there is a likelihood of spontaneous regression or remission without medical 

intervention. 

At the entrance to the endocervical canal, adjacent to the squamo-columnar junction, epithelial 

cells in the transformation zone of the uterine cervix are in a constant state of maturation and 

replacement. The transformation zone of the squamo-columnar junction and uterine cervix are 

illustrated in Figure L-1. In the normal maturation process, these cells go through several 

transitions from basal to columnar to squamous form and eventually migrate to the ectocervix 

before shedding off [154]. The natural history of cervical cancer begins as a slow process of 

disruption of the normal maturation of the transformation zone. Initially, this process of abnormal 

changes is limited to the cervical epithelium and does not involve the adjacent connective tissue. 

This preinvasive phase is known as dysplasia or an intraepithelial neoplasia. 

Figure L-1: The squamo-columnar junction and transformation zone of the uterine cervix 

* Reprinted fram Ylitala [265]. 

" Squamocolumnar .. Junctiot. 
fTransformalionZomt) . 

Ce Ils exhibiting morphological changes characteristic of dysplasia usually arise in the basal layer 

and spread up towards the squamous layer. Mild dysplasias are commonly identified by the 

presence of enlarged, irregular nuclei with perinuclear halos in the superficial or intermediate cells 

of the squamous epithelium. Otherwise known as koilocytotic atypia, such atypical changes are 
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characteristic of an HPV infection and are classified as GIN 1 under the WHO classification 

system. In North America this is classified as a low-grade squamous intraepitheliallesion (LSIL) 

under the Bethesda system [231]. Figure L-2 illustrates the principle of cytological detection 

based on the clinical progression of the disease. 

Moderate and severe dysplasias contain malignant basal/parabasal cells of different numbers. In 

these cells the cytoplasm is scarce and the nuclei are large, hyperchromatic, and irregular 

producing a nuclear/cytoplasmic ratio in favor of the nuclei. If more than a third of the squamous 

epithelium shows inclusion by these dysplastic cells, the les ion is said to be moderately dysplastic 

and is classified as GIN 2. When more than two thirds are involved, the les ion becomes GIN 3 or 

severe dysplasia [59]. If left untreated, moderate and severe dysplasia can spread the width of 

the squamous epithelium and become GIS. Subsequently, the disease may break through the 

basal lamina and infiltrate the underlying connective tissue becoming invasive cancer. Once the 

cancer has penetrated the stroma, the les ion can grow and spread through the circulatory or 

Iymphatic system to other sites in the body and become metastatic. 

Figure L-2: Clinical progression of cervical intraepithelial neoplasia 

CERVICAL nHRAEPITHELlAL UEOPLASIA 

GRADE 1 GRADE 2 GRADE S 

VERY MILO MILO MODERATE 

NORMAL DYSPLASIA DYSPLASIA DYSPLASIA 

* Modified from Meijer et al. [154]. 

2.2.1. Cytology classification 

Designed to detect morphological changes in epithelial cells of the transformation zone, cytology 

currently represents the most accepted method of lesion detection in clinical management of 
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cervical cancer. Since the Pap smear was implemented widely for cervical cytologic screening, 

incidence and mortality from cervical cancer have markedly declined in many countries with 

screening [159]. Cytologic screening has been used mainly to detect preinvasive, SILs before the 

development of cervical cancer. A substantial proportion (5%-20%) of the Pap smears read in 

cervical cancer screening programs are classified as minor grade lesions or atypias of 

undetermined significance [71]. 

Table L-1 shows the correspondence between reporting terminologies for cervical cytology and 

pathology reports according to different international classification systems for cervical 

cytopathology. A number of classification systems have arisen over the years expanding on the 

original scheme by Papanicolaou [190;203;207;208]. In 1988 a US National Cancer Institute 

(NCI) led workshop proposed the Bethesda system [231] and later revision [184] to try and 

resolve the disparity between the different classification schemes. 

The Papanicolaou system was developed as a grading scheme for cytological evaluations. Unlike 

histological analysis, it is not considered a diagnostic tool. Cytology, however, does not require 

excision of cervical tissue foir evaluation as occurs with biopsies [184;190]. According to the 

Bethesda system, combined categories were created for mild dysplasia or LSIL and for moderate 

to severe dysplasia (represented as a combined HSIL category), based on the understanding that 

morphological changes in the cervical epithelium should reflect the etiological effect of HPV 

infection [71]. HPV-associated changes in the absence of other squamous abnormalities are 

classified as LSIL and more advanced degrees of dysplasia and CIS (corresponding to 

histological CIN grades 2 and 3) are combined into HSIL as a single lesion grade. This 

classification system, however, combines koilocytotic atypia and fiat condylomas, pathological 

signs of a productive HPV infection, with mild dysplasias and dyskaryosis (histological CIN grade 

1) which represent cytopathic results of a present and productive HPV infection. A more detailed 

form of the Bethesda system is sometimes used in epidemiological studies that separates LSILs 

into those that represent koilocytotic atypia or show effects of a productive HPV infection 

(LSILlHPV) and those with mild dysplasia or squamous abnormalities (LSILlSQ) equivalent to 

CIN 1 [168]. HSILs are also subdivided into CIN 2 and CIN 3. 

The Bethesda system also created a category for equivocal atypias: atypical squamous cells of 

undetermined significance (ASCUS). This classification has no etiological basis in the disease 

continuum [231]. The aim was to resolve the ambiguity of the class Il category of the 

Papanicolaou scheme. ASCUS readings can represent from 3 to 7% of ail Pap smears tested 

[184]. In the latest revision of the Bethesda classification system, a separate sub-category, ASC

H was created for ASCUS smears where the possibility of an HSIL cannot be excluded [232]. 
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While this latter sub-category is believed to include 5 to 10% of ail ASCUS cases, it is not highly 

reliable. In this cohort study, a similar approach was adopted intraducing two ASCUS sub

categories: ASCUS favor benign atypia and ASCUS rule out SIL to distinguish the putative 

severity between these two subcategories. 

Table L-1: Disease classification according to different international guidelines 

Papanicolaou Dysplasia 
Original CIN terminology 

Bethesda system 
class system terminology (SIL terminology) 

1 Normal Normal Within normallimits 

Atypia (multiple 
Benign cellular 

Il changes (infection 
qualifiers) 

or repair) 

Il 
Atypia (epithelial cell ASCUS/AGCUS 

abnormalities) with qualifier * 
Koilocytotic atypia, fiat 

Il or III condyloma, without LSIL 
epithelial changes 

III 
Mild dysplasia or CIN grade 1 LSIL 

dyskaryosis 

III or IV 
Moderate dysplasia 

CIN grade 2 HSIL 
or dyskaryosis 

IV 
Severe dysplasia or 

CIN grade 3 HSIL 
dyskaryosis 

IVorV Carcinoma in situ CIN grade 3 HSIL 
V Invasive carcinoma Invasive Invasive carcinoma 

* Whether a reactlve or premallgnant/mallgnant pracess IS favored. Repraduced fram Franco and 
Ferenczy [71]. 

2.2.2. Performance of cyto/ogy in research 

Pap cytology was introduced as a screening tool in the 1960's and was designed to identify cervix 

cancer precursors [191]. The rationale for the use of cytology in a research setting includes the 

arguments in favor of using it as a screening tool (Le. its ease of use, reproducibility, co st and 

relative non-invasiveness). It also has the advantage of not interfering in the normal maturation 

pracess of the epithelium and natural history of early les ions by removing only the cells at the 

surface of the cervical epithelium and entrance to the endocervical canal. 

Pap cytology involves the sampling of epithelial cells fram araund the endocervical canal of the 

cervix, transfer of these sampled cells on to a glass slide, the fixing and staining of these cells to 

the slide and subsequent visualization of the cervical cells under 10x magnification by a trained 

cytopathologist. The methods for sampling cervical cells for Pap smears that exist in clinical 

practice include the cytobrush, Accelon brush (no longer commercially available), the exocervical 

spatula and endocervical (Dacron) swab, and the cervical broom. While ail of these methods are 

designed to sample both ecto-cervical and endo-cervical cells, there may be differences in the 

quality of the slides that can interfere with diagnostic performance [79;249]. More recent tools like 
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the cytobrush and Accelon brush were designed to respond to these concerns by improving the 

method of transfer of collected cells onto the cervical slide to facilitate visualization. 

Pap cytology is used almost exclusively in medical practice worldwide. As a result cytology is the 

outcome event per se wh en referring to screening studies and is an important clinical outcome for 

patient management and treatment. Screening performance of Pap cytology observed in different 

studies ranges from 60 to 80% sensitivity with a specificity of 70 to 100% [150]. Despite its 

demonstrated efficacy as a screening test, false-negative results do occur for a number of 

reasons. Reported false-negative results in the literature vary widely, from 1 % to 90%, with the 

most comprehensive studies showing results between 20% and 30% [77]. Variability in 

interpretation (depending of the severity of the lesion) of abnormal Pap smears may contribute to 

the wide variation in false-negative results [54]. In this regard, the Pap test works best when 

lesions have progressed further than desirable. However, much of the evidence has come from 

passive studies of cervical cancer screening without correction for verification bias. A recent 

meta-analysis of studies with bias-free measures of sensitivity indicated an overall performance 

of 51% sensitivity and 98% specificity [182]. While variability exists between studies as a result of 

population characteristics, sampling and evaluation methods are also suspected to influence test 

performance [71;159]. 

While biopsies represent the gold standard for diagnosis of cervical neoplasia, it cannot be used 

as a screening tool for ethical reasons or to study the natural history of SCC. The procedure is 

invasive and requires the removal of one or more samples of tissue spanning the depth of the 

epithelium. Targeted biopsy performed at colposcopy may therefore remove the lesion entirely 

and terminate the progression of the disease thus interfering in the natural history of cervical 

neoplasia. Cone biopsy procedures can remove the transformation zone entirely [168]. Cytology 

therefore, serves both as an ethical alternative for screening and follow-up of women, and a 

viable method of outcome ascertainment to study the natural history of cervical cancer. 

2.2.2.1. Alternative cytology methods 

Recently, a method of preparation and transfer of cells to the Pap smear slide has been 

introduced. Thin-layer liquid-based cytology involves the suspension of sampled cells in a 

stabilizing solution before transfer of the cells on to slides through a filter designed to remove any 

extra-cellular material [58]. This technology is thought to improve Pap cytology screening by 

producing uniformly cleaner si ides [6]. This method has undergone limited testing in 

epidemiologic studies, and large-scale prospective studies using this method are needed to 

estimate the test's diagnostic performance [69]. 
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Methods involving computer-assisted image analysis of Pap smear slides have also been 

proposed to reduce the level of variability (intra- and inter-observer agreement) observed 

between cytopathology laboratories [162]. Automated screening technologies may also help 

reduce the subjectivity inherent in Pap smear screening [reviewed in 61]. These technologies, 

however, have been used to a limited extent due to the elevated costs required to set up and run 

them and are feasible only in laboratories processing large volumes of slides. 

2.2.2.2. Visualization methods 

While cytological analysis remains by far the predominant method used for screening for cervical 

carcinoma and its precursor stages, alternate technologies based on methods of visualizing the 

cervix have also been developed. The most familiar in this category are: direct visual inspection, 

cervicography, speculoscopy and colposcopy. A potential problem common to ail of these 

methods however, is that with increasing age, the squamo-columnar junction migrates inward 

towards the endocervical canal. As a result les ions forming adjacent to the junction become 

progressively more difficult to detect. The scoring scheme used by many of these methods must 

accommodate this obstacle to visualization [an example of medical reports sheets can been 

found at http://www.nationaltestinglaboratories.coml. 

Direct visual inspection or cervicoscopy relies on detecting morphological changes conducive of 

neoplasia revealed by the application of 5% acetic acid. Variations of this test involve treatment of 

the cervix with Lugol's iodine, also known as Schiller's test, and the use of a hand-held 

magnification device. Direct visu al inspection can be performed by non-medically qualified 

screeners. Some studies have found direct visual inspection to have a lower specificity than 

cytology due to the use of aceto-whitening as the only criteria of positivity in almost ail of the 

studies [51;227;246], as weil as the presence of cervico-vaginal co-infections [51]. 

Adaptations on direct visual inspection include cervicography and speculoscopy. Cervicography 

consists of taking a static photographie image (Cervigram® Siide, National Testing Laboratories, 

MI) of the ectocervix after application of 5% acetic acid solution [235]. Speculoscopy uses a 

chemiluminescent blue-white light called a Speculite® (Trylon Corporation, CA) attached to the 

upper dilator blade of the speculum [reviewed in 163]. Such methods have been suggested to 

play a role in screening in remote locations where well-trained colposcopists cannot be recruited 

easily [98]. In a large population-based study of 8,460 women, cervicography performed poorer 

than Pap cytology with a lower sensitivity for detecting HSIL and only slightly higher for cancers 

[227]. 
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2.2.2.3. Colposcopy 

COlposcopy is normally employed to verify abnormal findings discovered by Pap cytology or 

cervicography and as a method to help direct biopsies for confirmation of screening results. 

Similar to direct visual inspection, colposcopy is performed under magnification bya medically 

trained health provider. A more invasive procedure providing the patient with considerably more 

discomfort, colposcopy is used to identify les ion plaques on the cervix for directed biopsies. The 

method also requires extensive training and more experience than other visualization 

technologies or cytopathology. Evaluation of colposcopy as a triage tool for cervical cancer is 

currently under way [218). In a meta-analysis of colposcopy performance for the diagnosis of SIL, 

Mitchell et aL, [163] found an average weighted sensitivity and specificity of 96% and 48%, 

though the discrimination of LSIL from HSIL and cancer was weaker, 85% and 69%, respectively. 

2.3. Role of human papillomavirus 

Pisani et al. [199] estimated that 15.6% (1,450,000 cases) of the worldwide incidence of cancer in 

1990 can be attributed to infection with either the hepatitis Band C viruses, the human 

papillomaviruses, EBV, human T- ceillymphotrophic virus l, HIV, the bacterium Helicobacter 

pylori, schistosomes, or liver flukes. The presence of a venereal agent in the natural history of 

cervical neoplasia was identified early on in epidemiological studies seeking a causal agent of 

cervical cancer [21 ;263]. Confirmation of the role of HPV in the natural history of cervical 

neoplasia arose with the advent of polymerase chain reaction (PCR) based techniques to detect 

the presence of HPV DNA sequences in cytological specimens. Over 95% of cervical tumor 

specimens have been found to harbor HPV DNA, of which HPV types 16 and 18 account for 50% 

and 14% of the infections, respectively [17;254). Over the past decade, there has been strong 

evidence supporting a causal relationship between HPV and cervical cancer [16;110;178;220). 

HPVs are small, non-enveloped double-stranded DNA virus particles, of approximately 55 nm in 

diameter. The HPV genome is circular, 8,000 base pairs in length and is encapsulated in an 

icosahedral protein capsid containing 72 capsomers [198]. Taxonomically, papillomaviruses are 

part of the Papovaviridae family, with HPV being highly specifie to their human hosts. The HPV 

genome consists is divided into three sections: the early (E) region involved primarily in growth 

stimulation and replication control, the late (L) region the codes for capsid formation, and the 

noncoding long control region (LCR) (Figure L-3) [110]. Different HPVs are classified as types on 

the basis of DNA sequence homology in the E6, E7, and L 1 genes. 
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Figure L-3: The HPV 16 genome map with functional characteristics 
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Although the majority of women of reproductive age acquire an HPV infection sometime in their 

lifetime [110], most of these infections will be transient, with only a small proportion becoming 

persistent [72;73; 1 05; 1 06; 139; 174;244]. Without a sufficiently strong immune response or with 

repeated exposure, infections can become persistent and more severe. Studies have observed a 

substantial increase in risk of cervical neoplasia for women who develop persistent, long-term 

infections with oncogenic HPV types [131;171]. 

2.3.1. Detection of HPV 

Over 120 different HPV genotypes have been isolated of which 40 are identified as infecting the 

genital mucosa [49;50;204;273]. Two basic methods for testing the presence of HPV DNA in 

cervical specimens exist today. These are: Hybrid capture ™ HPV DNA assays and PGR-based 

methods. 

2.3.1.1. Non-amplified DNA assays 

Initial detection and typing of HPVs employed non-amplified DNA samples and RNA hybridizing 

techniques [143]. The HybridGapture™ tube assay (HG, Digene Diagnostics, Gaithersberg, MD) 

was the first US FDA approved test that detected 9 types of oncogenic HPV (16, 18,31,33,35, 

45, 51, and 52) and 2 non-oncogenic types (6, 11) using separate probe mixtures. HG uses RNA 

12 



probes complimentary to the genomic sequence to form hybrids that are captured by antibodies 

and subsequently detected. The second-generation test, HC2, includes a further 4 oncogenic 

types (39, 58, 59, 68) and 3 non-oncogenic types (42, 43, 44). Other detection methods, including 

ViraPapTM [28;88;173] and HPVProfile™ [124], have also been used involving a similar method of 

RNA-DNA dot blot hybridization. ViraPap has since been replaced by HC. Typing, however, is 

usually not possible with these methods as the detection method employs a cocktail of probes 

that prevent differentiation among types. An additionallimitation, the threshold level for detection 

is high with HC to permit clear expression of a positive test, resulting in a high false negative rate 

for low viralload (in number of viral copies) specimens. 

2.3.1.2. PCR-based methods 

PCR-based methods rely on target amplification using generic and specifie primers to achieve 

higher sensitivity. The sensitivity and specificity of such methods vary depending on size of the 

PCR product used, the primer set, reaction conditions and the performance of the DNA 

polymerase reaction. Transport and storage of sample can also affect the sensitivity. While PCR 

is a more sensitive method and can replicate one million copies of a single-stranded DNA 

molecule after 30 cycles, care must be taken when processing to avoid cross-contamination of 

samples. PCR testing for HPV began with the introduction of the MY09/11 degenerate primer set 

[149]. This degenerate primer set yields a 450 base-pair amplicon that can detect over 40 types 

of HPV. The system incorporates one primer set designed to amplify a highly conserved L 1 

domain and a second primer set designed to amplify a domain within the E6 gene. An alternative 

primer set, the GP5/6 consensus primer set, was developed soon after [247], and was then 

expanded with the introduction of the GP5+/6+ primer set [45] which can detect 37 mucosotropic 

HPV types. The PCR-based methods using HPV specifie degenerate primers have been shown 

to be more reliable and sensitive th an consensus primers [5;84;105;201]. A more recent set 

developed by Gravitt and Manos [85] (PGMY09/11) has been demonstrated to be more sensitive, 

specifie and efficient than MY09/11 [130]. Based on a highly conservative section of the L 1 region 

of the HPV genome, these PCR-based methods can amplify many HPV types, which can then be 

typed for research purposes. 

Resulting amplification products are then either typed with type-specifie oligonucleotide probes or 

analyzed with restriction fragment length polymorphism (RFLP). Visualization of presence of 

types is generally performed by gel electrophoresis, but can be adapted to different formats, 

including dot or line blot hybridization. Amenable for use with non-amplified samples, Southern 

blot hybridization was one of the first methods used to detect and type for HPV DNA. 

Hybridization is performed with radioactive probes. The size of fragments and stringency of 

hybridization are used to identify HPV types [110]. In a study comparing several HPV 

13 



hybridization methods with Southern blot, Schiffman [219] found PCR-based methods to be more 

sensitive than Southern blot alone. 

When considering concurrent multiple infections by HPV types, HC2 does not discriminate 

between different types of HPV while PCR-based methods cano Due to the fact that different 

primers detect different HPV types in PCR-based methods, their sensitivity varies when detecting 

multiple infections [111;129]. Though research on the relationship between HPV co-infections and 

cervical neoplasia is limited, results from a case-control study have shown an increased risk 

association for multiple infections [213] Among oncogenic HPV types, HPV 16 and 18 have been 

identified in the majority of cervical tumors and precursor lesions [41;122;153;156] and are 

targeted in clinical vaccine trials [176]. 

2.3.1.3. Sera/ogy 

Other testing methods have looked at assessing immune response in women by using serology 

to measure humoral antibody response to HPV. Enzyme-Linked Immunosorbent Assays (ELISA) 

are used with virus-like particles as antigens to detect the level of response. Studies have shown 

that there is a positive association between the detection of HPV antibodies and risk of cervical 

disease [46;137;239]. This approach, however, is limited in that the presence of antibodies may 

reflect either current or past infections. Some studies have associated IgG response to HPV 16 

capsids with a lifetime exposure to HPV, while IgA response is thought be a marker of recent or 

ongoing infection [31;256]. Nonetheless, measurement of changes in HPV infection status by 

repeated sampling is required to assess temporal associations for risk of cervical neoplasia with 

HPV infection status, which cannot be evaluated through presence of these antibodies. 

2.4. Other risk factors 

Other risk factors have been associated with the natural history of cervical cancer, and act as 

mediators or remote variables in the causal pathway from HPV infection to cervical cancer. That 

is, most of the identified co-factors for cervical cancer do not confound the association between 

HPV and cervical neoplasia per se, but can instead act further downstream or upstream to the 

infection. For example, once one is detected with the virus, the role of behavioral co-factors like 

sexual activity disappears [67]. These factors include both exogenous and endogenous factors 

that, acting in conjunction with HPV, influence the acquisition and persistence of the virus and 

progression of precursor lesions of cervical neoplasia to cancer. Others are believed to act 

directly on later carcinogenic steps and may behave as confounders only through indirect 

correlation with acquisition of HPV infections (e.g. diet and reproductive health). Figure L-4 shows 

the current sequence of disease progression believed to exist in cervical cancer and the 

established co-factors involved. Co-factors can be classified as behavioral, viral or host-related. 
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Though the focus of this dissertation lies with the primary cause of cervical neoplasia, HPV 

infections, 1 review below the literature on these co-factors to illustrate how they may fall in the 

natural history of the disease. 

Figure L-4: Current understanding of the natural history of cervical intraepithelial 

neoplasia 
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While acquisition of the virus may occur primarily through sexual contact and intercourse, other 

reproductive health factors such as parity [22;23;179], use of oral contraceptives (OC) [167] and 

other sexually transmitted diseases (STD) - HIV, HSV and chlamydia - can also affect HPV 

incidence and persistence [11;175;250]. Other co-factors including: i) tobacco smoking [134]; ii) 

diet (including vitamin A, E, C, beta-carotene and consumption offruits and vegetables) [132] 

have been found to affect the progression of the disease. 

2.4.1.1. Sexual activity, parity, OC use and sros 

Early evidence from numerous studies has pointed to markers of sexual history as the most 

prominent behavioral risk factors in the epidemiology of cervical cancer. These markers of sexual 

behavior are considered surrogate measures of the sexually transmitted pathogen HPV [168]. In 

particular, two measures of sexual activity, number of sexual partners and age at first intercourse 

have shown strong associations [20;74], as weil as the sexual behavior of the woman's male 

partners [24]. The consistency of the sexually-transmitted disease model for cervical neoplasia 
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led much of the laboratory and epidemiologic research designed to identify the putative microbial 

agent or agents acting as the intermediate cause of cervical cancer [71]. Mediation analysis has 

demonstrated that apparent associations between incidence of cervical les ions and markers of 

sexual activity are explained by the presence of HPV in the epithelial cells of the cervical 

epithelium [65;67;119]. 

The association between parity and CIN is equally inconsistent and confounded by sexual 

activity. Estimates of risk from case-control and cohort studies have provided evidence of an 

association among women with multiple pregnancies compared to nulliparous women 

independent of HPV [34;179] while others failed to show a relationship [91;113;186;192]. 

Suggested biological mechanisms of risk effect have been proposed including cumulative 

traumatic or immunosuppressive effects from multiple pregnancies facilitating acquisition of HPV, 

and from the interaction between progesterone levels during pregnancy and HPV proteins 

[195;225]. Morphological changes that occur to the cervix after giving birth could also influence 

visual detection methods such as cervicography or colposcopy. 

Use of oral contraceptives has also been investigated in several case-control studies [34;167] 

though the association was seen to disappear after accounting for HPV infection, sexual history, 

and frequency of cytological screening [133;171]. The suggestion is that OC use may play a role 

in the progression of pre-malignant lesions to malignant disease through hormonal interaction 

with the E6 and E7 genes of the HPV genome [165]. 

Initial studies of sexually transmiUed vectors for cervical cancer identified HSV as the primary 

agent in cervical tu mors [151]. These studies, however, found that this association was not 

consistent when HPV infection was controlled for because of a strong correlation between 

infections for the two viruses [47;112]. In addition to HSV, studies have also shown a positive 

association between Chlamydia infection and risk of cervical cancer [47;131]. 

2.4.1.2. Tobacco smoking and diet 

Tobacco metabolites have been found in the cervical mucosa [221] while other studies indicate a 

link between smoking and immune response to HPV [134;188]. Smoking, however, is strongly 

correlated with sexual behavior making adjustment for confounding difficult. The apparent 

association between smoking and acquisition or persistence of HPV may therefore be a result of 

residual confounding due to incomplete exposure assessment [71;223]. 

Studies looking at vitamin A, C, and E in association with risk of CIN have produced contradictory 

findings. Some studies show a negative association or no association between beta-carotene, 

16 



Il 

vitamin A, C, and E with CIN risk [100;132;230;272], while others show a positive association 

between beta-carotene and risk of CIN [48]. Variations between these studies existed in the 

method collection of information on dietary factors including subjective assessment by 

questionnaire and measurement of plasma nutrient levels. 

2.4.2. Host co-factors 

Host factors include ancillary genetic factors such as human leukocyte antigens (HLA), pRb and 

p53 polymorphisms [13;146;147] as weil as level of immunosuppression [189]. 

The E6 and E7 proteins of the HPV genome interact with human tumor-suppressor genes (p53 

and pRb), leading to their inactivation and increased susceptibility to cancer. The likelihood of this 

inactivation may increase for women harboring persistent HPV infections with oncogenic types 

[57]. Results from various case-control studies that have investigated the relationship between 

p53 and CIN have been inconsistent [95;102;115]. Many ofthese studies, however, have been 

plagued by misclassification and variability in testing methods as shown by Makni et al. [147]. 

Certain polymorphisms for major histocompatibility complex (MHC) genes have been associated 

with genetic susceptibility to cervical cancer [142;257;258]. Many of the attributed polymorphisms 

are located in human leukocyte antigen (HLA) genes found in the MHC region that encodes for 

cell surface class 1 (HLA-A, 8 and C) and class Il (HLA-DR, DQ and DP) molecules. Immunologic 

responses are mediated by HLA genes that can influence the acquisition and persistence of 

certain HPV infections [145]. Previous studies conducted in different populations have obtained 

disparate results regarding MHC polymorphisms and susceptibility for cervical cancer, although 

most are restricted to HLA class Il alleles. [4;94;96;104;183;212;214;257;258]. Assessment of risk 

is complicated by interactions between alleles making up the MHC, as weil as the genotypic 

make-up. Evaluation of interactions with specific HPV types may also help to uncover why some 

subjects are more likely to harbor persistent infections and develop carcinoma [145]. 

Studies that have looked at immunosuppression have involved such patients as HIV positive 

individuals and transplant recipients [56;189;238]. 80th populations are more prone to develop 

cervical cancer [127;170]. Studies have shown that there are higher quantities of HPV the lower 

the CD4 level is in HIV positive patients [92]. 

2.4.3. 

2.4.3.1. 

Viral co-factors 

Viral burden 

Cross-sectional studies of HPV have observed an association between viralload and cervical 

carcinoma. Longitudinal studies of viralload and incidence or progression of HPV infections to 
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high-grade les ions have relied on different strategies to measure viral burden 

[35;106; 1 07; 116;268]. It is unknown whether the viral quantity is a result of one cell with a large 

number of virons or a large number with few virons. Differences in sampling methods of cervical 

specimens from which viralload is tested; varying methods used to quantify viralload; and 

differences in classifications of disease among studies have made interpretation of results and 

comparison across studies difficult. Of those studies that employed PCR methods of 

quantification, some have shown an increased risk of lesion incidence with higher viralload 

[116;248;268]. 

2.4.3.2. Viral integration 

A key event in the natural history of cervical neoplasia is the integration of the HPV viron into the 

host cell genome. While evidence of integration has been found in cervix tumors 

[60;126;144;181;196], little is known about this area of research. Changes in viralload may reflect 

this integration process and concomitant loss of episomal viral forms, and serve as a marker of 

the morphogenesis of the squamous epithelium into neoplasia and carcinoma. Integration results 

in the inactivation of tumor suppressor genes, which lead to cell immortalization [57]. Integration 

is believed to be an irreversible process. During integration E1 and E2 viral genes are frequently 

disrupted, E6 and E7 viral oncogenes are retained. Recent methods have been adapted to 

measure the ratio between E2 and E6 protein genes of HPV 16 as a marker of the degree of 

integration [181;196]. 

2.4.4. Age 

While age can also be included as a host co-factor, it is often evaluated separately. After sexual 

activity, age is the second most influential factor in the risk of HPV infection. The prevalence of 

HPV tends to fall after the age of 25-30 years and peaks again at 55 years. The first peak is likely 

related to onset of sexual activity while the second may be related to changes in hormonal status 

and immune response due to menopause [99]. Incidence rates for invasive cervical carcinoma 

have been found to be higher for older women (>50 years) [168]. However, an independent risk 

effect of CIN cannot be ruled out. In this study, the RRs of incident LSIL and HSIL differed 

somewhat with age even after considering the effect of HPV infection status [224] (Paper 1). 

2.5. Evidence of the role of HPV in the development of cervical cancer 

Most epidemiologic studies of pre-invasive cervicallesions are based on prevalence data 

collected from cytopathology case series or case-control studies [reviewed in 71], few of which 

are population-based [125]. RR estimates for the association between HPV infection and risk of 

CIN/SIL vary considerably among these studies [71], a reflection of the viral DNA detection 

methods used, HPV types tested for, method of lesion ascertainment, lesion grade evaluated, 
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case-control sampling methods, and source populations used. Nonetheless, these studies serve 

as the foundation on which use of HPV infection and preinvasive les ions as surrogate markers of 

risk for cervical cancer is based. 

Of those studies of incidence of cervical cancer that are population-based, most derive data from 

tumor registries or screening programs, where little information is collected on the incidence of 

pre-invasive lesions or CIS [71;125;255]. This only allows for a limited assessment of the 

incidence of such lesions. 

Natural history studies that have been longitudinal in nature are less prevalent, of which a few are 

based in North America [53;106;107;131;138;171], Europe [262], and a couple in developing 

countries [62;101]. These investigations obtain baseline cytologie information on specifie 

population groups and then measure the incidence of les ions among those who were free of 

abnormalities at enr,ollment. While various exposure and outcome measurement methods have 

been employed in the above studies, only a few conta in multiple measurements of either 

exposure or outcome at repeated intervals. Among these, two studies have reported on HPV 

persistence and subsequent SIL incidence over an extended period oftime [171;262]. 

2.5.1. Studies of cervical neoplasia incidence 

Estimates of the incidence rate of SIL vary across studies. Table L-2 shows the crude and age 

adjusted incidence rates estimated from case-control and cohort studies conducted around the 

world. Those that were able to remove prevalent lesions detected at enrollment by Pap cytology 

observed crude rates for dysplasia of 0.134 to 3.577 per 1000 woman-months, depending on the 

method of detection and source population [71]. Rates of CIS and those based on histology 

tended to be lower, ranging from 0.003 to 0.75 per 1000 woman-months. While previous studies 

have not calculated incidence rates of dysplasia according to HPV status, long-term studies of 

lesion incidence have shown higher cumulative risks for LSIL and HSIL among individuals with 

oncogenic HPV infections [171;262]. 

Table L-2: Summary of published crude and age-adjusted incidence rates of preinvasive 

cervicaJ malignant Jesions and associated abnormalities· 

Study reference Population, Ascertainme Outcome Incidence rate Study description 
study nt of (/1000 woman-
period outcome months) 

Stern and Neely US, Los Histology Dysplasia, 1955-64 0.092 Screening population, 
[236] Angeles CIS 0.003 ail ages 
Parkin et al. [194] England, Histologyor Dysplasia, 1976-77 0.199 Screening population, 

Leeds and persistent CIS 0.058 ail ages, N=81890, 
Wakefield abnormality estimates corrected 

on follow-up for unconfirmed 
smear diagnoses 
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Miller et al. [158] Canada, Cytology Dysplasia, 1962-81 3.577 Retrospective cohort 
Toronto CIS 0.020 within a cytopathology 

data base, ail ages, 
16053 woman-years 

Gram et al. [83] Norway, Histology CIN 3, 1980-89 0.198 Screening population, 
Troms and N=43016, ages 23-72 
Finnmark 

Kainz et al. [120] Austria, Cytology CIN,1980-84 0.361 Screening population, 
Vien na CIN,1985-89 0.72 N=12604, ail ages 

The New Zealand New Cytology Dysplasia or worse 0.742 Cohort using 
Health Study Zealand followed by lesions, 1980-86 contraception, 
Group [242] histology or N=7200, ages 20-39 

DNA ploidy 
Morrison et al. Canada, Histology CIS + invasive, 0.05, cohort 1 Screening program 
[169] British 1949-92 0.75, cohort 2 cohorts, N=119,000 

Columbia 
Bos et al. [14] Denmark, Histology CIN,1966-82 0.158 Screening population, 

Maribo ail ages, 106,000 
woman-years 

Sawaya et al. [216] US, Cytology LSIL,1991-98 0.564 Screening population, 
NBCCEDP HSIL 0.134 N=128805,15.7 

ASCUS 2.192 months follow-up, ail 
ages 

Sawaya et al. [215] US, multi- Cytology, SIL (Pap) 0.222 Hormone 
center colposcopy, SIL 0.136 replacement trial of 

and histology (colpo/histology) 1.652 postmenopausal 
ASCUS/AGCUS women, N=2561, 
(Pap) 4895 woman-years 

* Modified from Franco and Ferenczy [71]. 

2.5.2. Longitudinal studies of HPV and cervical neoplasia 

RRs for the association between HPV infection via viral DNA detection and risk of CIN or cancer 

as estimated in several epidemiologic studies conducted during the past 10 years [reviewed in 

71] are ail of high magnitude - in some studies RRs greater than 100 have been observed 

[99;140;186]. The magnitude of the association with HSIL (or equivalently CIN grades 2/3) is 

greater than that for LSIL (equivalently CIN 1). In addition, associations tend to be stronger when 

viral exposure definition is restricted to HPV 16 [186;217], the main viral genotype found in 

cervical cancers worldwide [17]. Some studies ascertained exposure to a broad spectrum of 

HPVs whereas others restricted detection to only a few of the so-called oncogenic types. In ail, 

the associations are very strong; no other risk factor for cervical neoplasia is of comparable 

magnitude. 

There are some underlying differences between the above-mentioned cohort studies with respect 

to the characterization of HPV infection status, and in particular, with respect to the definition of 

HPV persistence. The first approach involves evaluation of HPV status at two points in time: the 

first at enrollment and the second being a prevalence measure collected at the sa me moment as 

the outcome is diagnosed [138;255]. These studies are similar to cross-sectional studies where 

the time sequence between exposure and outcome is unclear. 
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A second approach involves repeated measurement of HPV before the onset of disease 

[53;106;107;131;174;224]. Ofthose studies that do follow a longitudinal approach with scheduled 

visits at repeated intervals [53;107;174], investigations are limited by small sample sizes, variable 

or less sensitive methods of HPV detection, or come from highly selected populations [174] or 

from other studies such as randomized control trials [107]. 

Some prominent studies investigating the natural history of HPV and CIN are based on high risk 

populations including women who had already received diagnoses of ASCUS or LSIL 

[106;131;142] or who were targeted for their high STD infection histories (either for HPV or HIV) 

[53;174]. As a general observation, these studies have shown higher risk associations for SIL 

outcomes for both persistent and productive HPV infections. 

2.5.3. Studies of HPV persistence 

There are a few ongoing cohort studies of the natural history of HPV infection and cervicallesions 

that are collecting data on HPV on multiple follow-up opportunities. By necessity, these studies 

are smaller. The types of study design vary considerably, as weil as the criteria to define 

persistence and transience (also called intermittence by some) of infections. 

As part of a NIH study in Portland, Oregon, Hildesheim et al. [105] followed up 393 cytologically 

normal women for a repeat cervical sample over a period of 30 months. Persistence of HPV 

infection determined by consensus PCR was found in 64 (16.3%) of these women, which 

represented less than half of ail women who tested positive at least once (141 subjects: 

cumulative positivity of 35.9%). Older age (>30 years), interval time between cervical samplings 

and presence of an oncogenic type in the first specimen were independent predictors of 

persistence. However, the authors defined persistence in broad terms, identifying specimens 

positive for one or more HPV types du ring both visits as persistent. 

Following young women with at least one positive HPV result by consensus PCR Xi et al. [264] 

found short-term persistence by HPVs 16 variants to be a frequent event, whereas long-term 

persistence was practically nonexistent after one year. Persistence is defined in the Seattle 

cohort as same-type infections. Subjects who were repeatedly HPV-16 DNA-positive over 2 to 8 

4-monthly visits showed identical single-stranded conformational polymorphism patterns at every 

visit. 

ln a study of adolescent women attending an STD clinic at the University of California at San 

Francisco [171-174] persistence of HPV infection was defined as overall positivity by dot blot 

hybridization using separate probe mixtures for non-oncogenic and oncogenic types. Among the 
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288 women aged 13-22 who were evaluated, persistence declined steadily with time since 

en roll ment. Almost ha If of those initially positive became negative within 30 months and 40% had 

new or different types than the on es detected at enrollment. With such a high variability in 

patterns of HPV positivity defined on the basis of broad spectrum probe mixtures it is likely that 

variability wou Id have been even more pronounced had persistence been defined by same-type 

infections only. 

Ho et al. [106] used a repeated-measurements, longitudinal cohort study design to evaluate the 

relationship between persistent HPV infections and risk of lesions in young women. The median 

duration of HPV infection was 8 months and by 12 months of a positive result 70% of the women 

had cleared their infections. 

Ylitalo et al. [266] used a novel single-tube nested PCR system for assessment of HPV 16 

persistence in a retrospective study of registry data from a cytological screening program for CIS 

in Sweden. Infection with HPV 16 in the two most recent Pap smears before diagnosis was 

associated with an increased risk of CIS. Viralload estimates were also performed by 

5'exonuclease (Taqman) PCR method on 478 cases and 608 matched controls that revealed a 

60-fold increase in risk of CIS among women with the highest amounts of HPV DNA [116]. 

2.5.4. Estimation of rates of progression 

A few review and meta-analytical studies have attempted to summarize rates of progression and 

regression along the continuum of cervical dysplastic changes using different criteria for selecting 

investigations and for combining natural history data. For preinvasive stages of disease it has 

been shown that less than 2% of CIN lesions (including grades 1-3) progress to invasive cancer 

and 25% of CIS cases progress to invasive carcinoma if left untreated, with the transition from 

CIN to CIS to invasive carcinoma occurring over a period of 10 to 20 years [164]. 

Several retrospective studies have examined the ongoing effects of preinvasive lesion stages 

(decribed in chronological order below). While these studies report rates of progression and 

regression, they are beset with severallimitations. First, most of the studies had small sam pie 

sizes, came from highly selected study populations, or had insufficient follow-up time to evaluate 

the progression from mild dysplasia to severe dysplasia or cancer. Second, previous studies 

report only crude rates of progression and regression without regard for proper actuarial analysis 

of cumulative risk over time. Third, several of the studies relied on pooled estimates that were 

based on variable methods for detecting les ion development during follow-up. In particular, those 

using histology to determine outcome may have altered the course of the natural history of the 

disease because frequent cervical biopsies may remove the entire lesion. These problems tend 
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to affect the comparability of results across studies [109]. Fewer studies have tried to estimate the 

mean preclinical duration of cancer or sojourn time [reviewed in 71]. None of the previous studies 

of lesion progression looked at risk factors like HPV, and few investigated the effect of age. Of 

these studies, most were based on screening program results and extrapolated data from 

different sources such as screening studies, national surveys and fee schedules, and published 

literature in order to make predictions using Markov models [8;80;180]. 

Mclndoe et al. [152] followed patients diagnosed histologically with GIS for a period of five to 28 

years. The authors observed differences in cumulative incidence of invasive carcinoma after 28 

years among subjects who displayed normal cytology following biopsy (1.5%), and those who 

continued to produce abnormal cytology (22.1 %). The majority of those in the latter category 

(95%) persisted with GIS or progressed to an invasive stage. While special care was taken to 

reduce the disturbance of the lesion at the initial diagnosis of GIS, 60% of the subjects had 

normal cytology after biopsy. 

ln a review of studies on the natural history of cervical neoplasia conducted between 1950 and 

1993, Ostor [187] looked at the progression, regression and persistence of GIN determined by 

biopsy and cytology. The results show that the likelihood of regression of a GIN 1 les ion is 57%, 

persistence 32%, progression to a GIN 3 lesion was 11 %, and progression to invasive carcinoma 

was 1 %. For GIN 2 lesions, the likelihood of regression was 43%, 35% persisted, 22% 

progressed to GIN 3 and 5% to invasive carcinoma. Of the GIN 3 lesions, 33% regressed and 

greater than 12% progressed to invasive carcinoma. Less than 56% persisted as GIN 3. The 

results demonstrated that even severe les ions regress in the majority of cases. In this review 

evidence was obtained from case studies, subjects were not followed over time at regular 

intervals, and time to regression or progression was not measured actuarially over time using 

methods such as Kaplan-Meier curves or life table analysis. 

ln a review of 31 studies by Mitchell et aL, [162] the authors derived pooled probabilities of 

regression, persistence, and progression of ail GIN grades detected by cytology of 34%,41% and 

25%, respectively. Regarding the latter progression figure, 10% of the lesions progressed to GIS 

and 1 % to invasive cancer. The studies included in the review followed untreated patients 

sequentially with Pap smears or biopsies, and were selected on the basis of their similarities in 

observed rates of progression and regression of cervical neoplasia. These studies, however, 

were affected by short follow-up, incomplete outcome assessment, loss to follow-up, and 

selection bias due to non-random subject selection and differential outcome assessment. Mitchell 

et al. observed a higher probability of regression, and less persistence or progression using 
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biopsy follow-up: 45%, 31 % and 23%. These latter values are not exclusive for biopsy, however, 

as most of studies included employed both cytology and biopsies for follow-up. 

ln a systematic review of 15 studies between 1970 and 1996, Melnikow et al. [155] evaluated the 

pooled rates of progression and regression at 24 months after an initial abnormal cytology or 

biopsy result. Studies with at least 6 months of follow-up were included. The rate of regression to 

normal from LSIL was 47% and 35% from HSIL. The rates of progression to HSIL at 24 months 

were 7% for ASCUS, 21 % for LSIL and 23% persisted. Rates of progression to invasive 

carcinoma at 24 months were 0.25% for ASCUS, 0.15% for LSIL and 1.4% for HSIL. The authors 

therefore concluded that borderline dysplasia and LSILs detected by cytology show a low risk of 

invasive cervical cancer up to 24 months. This review was limited due to the fact that the different 

studies had varying periods of follow-up from 6 months to 24 months, thereby preventing the 

calculation of time to regression or progression. This heterogeneity between source studies was 

not explained by regression analyses of study-specific variables including: performance of biopsy, 

duration of follow-up, percentage of subjects lost to follow-up, mean or median age, and a quality 

score determined from study design. Furthermore, assessment of les ion status included both 

biopsy and cytology without differentiation. 

Using cytology results from a large provincial database from Ontario, Holowaty et al. [109] 

estimated the rates of progression and regression for different severities of dysplasia before 

treatment. Overall, progression at 2 years to severe dysplasia and worse was 2.1 % for mild 

dysplasia and 16.3% for moderate dysplasia. A higher proportion of cases progressed to the next 

level within 24 months while a smaller proportion progressed after this period relative to the 

previous 2 years. With mild dysplasia taken as the referent, RRs of CIS were 8.1 within a 2-year 

period for moderate dysplasia and 22.7 for severe dysplasia. The equivalent RRs of invasive 

cancer were 4.5 and 20.7 for the latter lesion grades, respectively. However, these rates did not 

consider persistence of lesions. That is, without active evaluation of les ion status at repeated 

intervals, the study could not determine whether observed instances of progression were not in 

fact new occurrences of transient lesions. The average number of smears taken per subject was 

low (2.85) over a mean period of follow-up of 159 months. The observed occurrences of 

progression within 24 months may have been due to an under cali of the initial abnormal 

specimen. The authors could not account for censoring due to treatment and could have 

underestimated the rates of progression. Nonetheless, the results for this study [109] remain 

important for the clinical management of women with mild or moderate lesions. 

Previous studies of disease progression and regression were not able to differentiate les ions 

according to biomarkers such as HPV. In a recent study of disease regression of 136 cases of 
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CIN 1 or 2 determined histologically, Kadish et al. [118] observed increased odds of regression 

within 12 months for subjects showing an immune response to specific HPV 16 E6 and E7 

peptides. Previous evaluation of the method used to test for cell-mediated immune response to 

the above peptides showed a higher likelihood of 1055 of HPV infection [117]. While the sample 

size for the former evaluation was too small to produce significant results for ail of the peptides, 

this study indicates an effect of immune response to HPV infection on the rate of disease 

regression. 

2.5.5. Considerations for studies on disease progression 

Many of the above studies were performed in high-risk populations, such as STD clinics [174] or 

in immunosuppressed patients [53]. Other studies relied on subjects with dysplastic lesions at 

enrollment for comparison [2;171], or determined HPV status at the moment of detection of a 

neoplastic event [138;255]. Estimates derived from these studies may have limited 

generalizability. Without interviews and long-term fOllow-up, previous prospective studies were 

also not in a position to evaluate the whole natural history process from acquisition of an HPV 

infection and persistence to SIL incidence and progression. 

Earlier studies were also limited in their use of HPV detection methods that are less sensitive 

than the current state-of-the-art methods [107;131] and are more prone to misclassification 

reducing the reliability of risk estimates [65;67]. Reliance on single point assessments of infection 

status cannot determine persistence of HPV infections. Early studies of viral burden have likewise 

been limited to semi-quantitative methods such as strength of hybridization signal [89;237;240]. 

While misclassification of outcome status due to the use of cytology is also a concern in this 

study, it remains one of the more sensitive methods of SIL detection available and the most 

widely established in medical practice. Reliance on alternative detection methods in previous 

studies such as histological analysis of biopsies for confirmation, which remove tissue from the 

transformation zone, may not have been appropriate to investigate the natural history of 

precursor lesions [206]. Results from such studies therefore should be considered with discretion 

and may not provide useful recommendations for screening or general clinical management, 

which rely almost exclusively on cytology-based follow-up. 
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3. STUDY DESIGN AND SUBJECTS 

This thesis praject and the respective manuscripts included are based on a larger cohort study 

being carried out in Brazil as product of the collaboration between two research centers: McGill 

University and the Ludwig Institute for Cancer Research in Sâo Paulo, Brazil. The study design 

and methods of data collection are summarized below and repeated to some extent in each of the 

manuscripts. 

3.1. Description of cohort 

This ongoing cohort investigation of the natural history of HPV infection and cervical neoplasia in 

a population at high risk for cervical cancer in Latin America began in November 1993. The study 

population is a systematic sample of women attending a comprehensive maternai and child 

health pragram catering to low income families in the city of Sâo Paulo, Brazil, as part of a 

network of primary, secondary, and tertiary health care institutions maintained by the municipal 

health department. The study design has been presented elsewhere [62]. Women were selected 

at random from the daily lists of outpatients in the family medicine, gynecology, and family 

planning clinics. Study nurses approached each patient to determine eligibility and to explain the 

purpose of the study. Those willing to comply with ail the study requirements were then asked to 

sign an informed consent form. 

The investigation has received ethical approval fram McGill University, University of Toronto, 

University of Arizona, Ludwig Institute for Cancer Research (institutions with which the laboratory 

co-investigators are affiliated), and from the local clinic setting in Sâo Paulo (Appendix E). 

Continued approval has been granted on an nuai reviews by ail ethical boards concerned since 

1995. The criteria for eligibility were as follows: (i) age between 18 and 60 years, (ii) permanent 

city residence, (iii) not currently pregnant nor intend to become pregnant during the next 12 

months, (iv) having an intact uterus and not being a current referral for hysterectomy, (v) not 

having used vaginal medication in the last 2 days, (vi) not having been treated for cervical 

disease in the last 6 months. 

3.2. Cohort management 

Table D-1 summarizes the various study procedures and instruments used at the initial visit and 

during each of the pre-scheduled returns for ail subjects. Subjects enrolled into the study are 

being followed up over a 10-year period in pre-scheduled returns every 4 months, in the first year, 

and twice yearly thereafter. In the first 4 visits and on the an nuai returns, subjects are submitted 

to an interview using a structured questionnaire specific for the current visit and have cervical 

specimens taken for Pap cytology and HPV testing. During the semester (6 month) returns 

between an nuai follow-up visits only the cervical specimen is collected for cytology and HPV 
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testing (no questionnaire). A cervicography is performed once in the first year during any one of 

the visits, when it is mutually convenient for the patient and for the nurses. Additional 

cervicographies are performed every 2 years thereafter. 

Table 0-1: Design of the Ludwig-McGiII cohort study 

Procedures 1 Entry 4 8 1 1.5 2 2.5 3 3.5 4 4.5 5+ 
Instruments mos mos yr yrs yrs yrs yrs yrs yrs yrs yrs 
Viral markers: 
HPV testing and ./ ./ ./ ./ ./ ./ ./ ./ ./ ./ ./ ./ 

typing 
Viralload ./ ./ ./ ./ ./ ./ ./ ./ ./ ./ ./ ./ 

Molecular variants ./ ./ ./ ./ ./ ./ ./ ./ ./ ./ ./ ./ 

H PV serology ./ ./ ./ ./ ./ ./ ./ ./ 

Host susceptibility markers: 
HLA typing ./ 

p53 polymorphism ./ 

Cervical pathology: 
Local Pap cytology ./ ./ ./ ./ ./ ./ ./ ./ ./ ./ ./ ./ 

Cytology review ./ ./ ./ ./ ./ ./ ./ ./ ./ ./ ./ ./ 

Cervicography ./ ./ ./ 

Colposcopy + <-------------------------- ./ (whenever needed if HSIL) -------------------------> 
biopsy 
Questionnaire 
information: 
Sociodemographics ./ 

Diet ./ ./ 

Reproductive health ./ ./ 

Sexual behavior, ./ ./ ./ ./ ./ 
smoking 
Health attitudes and ./ 

beliefs 
Compliance 
incentive: 
Meal tickets (in 5 10 15 20 20 20 20 20 20 20 20 20 
US$) 

The study nurses telephone the patients a few days before the scheduled returns to remind them 

of the pending visits. Missed appointments are followed by phone and/or letter. These attempts at 

contacting subjects are repeated once a month until an appointment can be scheduled or the 

woman explicitly states that she will drop out of the study. The process of follow-up of subjects 

recruited in the study is illustrated in Appendix A. 

Several questionnaires are scheduled during the course of the study follow-up corresponding to 

each of the first year visits and for the an nuai follow-up returns (Appendix B). Questionnaire 1 is 

administered at en roll ment, being the most detailed with 107 questions. The information that is 

collected in these questionnaires coyer ail classes of proven and suspected risk factors for HPV 

infection and cervical neoplasia, Le., sociodemographics, reproductive health, sexual practices, 
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smoking, and diet. The emphasis on a given class of factors changes depending on the visit 

number. While co-factor information on demographics, sexual behavior, reproductive health and 

smoking were evaluated for confounding in this thesis, factors related to diet and host co-factors 

were the subject of separate projects. 

Because of the importance of retaining subjects for the entire duration of the study participants 

were told at enrollment that they would receive cash-equivalent incentives. Participants were 

offered meal tickets, which are widely used in Brazil as part of employee benefits for salaried 

workers and are honored in supermarkets in exchange for meals and groceries. The cash

equivalent incentives begin at $5 at the enrollment visit and increase $5 per subsequent visit to a 

maximum of $20, which then remains in ail subsequent appointments that are kept by the 

participant. This strategy has ensured excellent rates of follow-up compliance (see below) despite 

the complexity of the procedures used in the study. 

3.3. Study status 

As of March 2002 the following statistics applied to the study. A total of 2528 women had been 

recruited through March 1997 wh en the target sample size for the main protocol was attained 

(N=2300). Figure 0-1 illustrates the recruitment and follow-up status of the Ludwig-McGili cohort 

study. The scheduling of semester visits, however, was not introduced into the study unti11997. 

As a result, some women enrolled at the beginning of the study had missing data for some of the 

initial semester returns. Follow-up since this change in study design had kept to the 

predetermined 6-month schedules as described above. After elimination of ineligible subjects 

found after enrolment, 2462 subjects were followed over time. Actuarially calculated proportions 

of women who have been compliant with ail scheduled follow-up visits were 76%, 72%, 67%, 

64% and 55% at 12, 24, 36,48 and 60 months, respectively. A total of 17,614 clinic visits have 

been logged since enrollment, corresponding to 130,748 women-months offollow-up (means of 

9.2 visits and 53.1 months per woman). The median follow-up time is 65.5 months. In terms of 

crude proportions of visits completed including baseline, 25% had 12 or more, 50% had 10 or 

more, and 75% had 4 or more. A total of 20,999 cytology reports and 9437 HPV test results (thus 

far, the latter covering specimens collected during the first 2 years) have been entered on 

separate databases after checking for accuracy. Newly documented infections have occurred in 

the cohort at the rate of 1.32 per 100 women-months (95% confidence interval: 1.2-1.5). The 

cumulative rates of incident les ions detected by cytology documented in the cohort are as follows: 

ASCUS, 6.3%; LSIL, 4.5%; HSIL, 1.0%. These proportions are based on a hierarchical coding 

reflecting the worst cytological diagnosis found on ail cervical smears during the study for ail 

women. 
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Figure 0-1: Flow ch art of subject recruitment and compliance in the Ludwig-McGiII Cohort 

for the first three years of follow-up 
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3.4. Cervical cell specimens 

An Accelon biosampler (Medscand, Inc.) is used to collect a sam pie of ectocervical and 

endocervical cells at each of the visits. After the smear is prepared onto a glass slide and fixed in 

95% ethanol, the sampler containing the exfoliated cells is immersed in a tube containing Tris

EDT A buffer pH 7.4 and kept at 4 oC at the clinic for at most 5 days. Once brought to the 

laboratory at the Ludwig Institute the tubes are vortex-mixed to release the cells from the 

sampler, the latter is discarded, and the tubes containing cell suspensions are frozen until testing. 

The Pap smears are fixed in absolute ethanol, stained, and read at Ludwig Institute's 

cytopathology laboratory for an initial diagnosis and are then shipped to the principal investigator, 

in Montreal, Canada, where they are coded and then sent to the laboratory of Professor Alex 

Ferenczy, at the Jewish General Hospital, one of McGill University's teaching hospitals, for 

classification. Statistical analyses for this thesis are based on the Canadian cytology due to the 

initiallack of correspondence between the Brazilian and Canadian scoring. The Montreal 

cytopathology reports are based on the 1992 Bethesda system for cytological diagnoses and are 

blinded to ail other screening results for the same sample [97]. Results from the Brazilian cytology 

were initially based on the original Papanicolaou scheme. These are currently being reread and 

classified using the Bethesda system. Wherever HSIL is detected by either cytology system or by 

cervicography the woman is referred for colposcopy and biopsy by a hospital gynecologist. In two 

instances women with HSIL could not be reached until several years later, and two women were 

referred for biopsy after detection of LSIL at two consecutive visits. 

3.5. HPV DNA detection 

Ali viral testing methods were performed at the Ludwig Institute for Cancer Research (L1CR) in 

Sao Paulo. Cervical specimen DNA is extracted and purified following standard techniques. In 

brief, cells are digested with 100-ug/ml proteinase K for 3 hours at 55°C, followed by organic 

extraction and ethanol precipitation. Cervical specimens were tested for the presence of HPV 

DNA by a previously defined PCR protocol amplifying a highly conserved 450 bp segment in the 

L 1 viral gene (flanked by primers PGMY09/11) [10;105]. Typing of the amplified products was 

performed by hybridization with individual oligonucleotide probes specifie for ail 27 HPV genital 

types whose nucleotide sequences for probes within the MY09/11 fragment have been published 

in the literature [6/11, 16, 18, 26, 31, 33, 35, 39,40,42,45, 51, 52, 53, 54, 55, 56, 57, 58, 59, 66, 

68,73,82,83, and 84] [105]. Amplified products that hybridize with the generic probe but with 

none of the type-specifie probes were tested further by RFLP analysis of the L 1 fragment [12] to 

distinguish among unknown HPVs. Use of the RFLP analysis extends the range of identifiable 

HPV types to include additional HPVs 32, 34, 44, 62, 64, 67, 69, 70, 71, 72, 81, CP6108 and IS39 

plus other unknown types. To verity the specificity of the hybridizations, more than 30 type-
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specifie positive controls were included in ail membranes. In order to check the integrity of the 

host DNA material extracted from the specimens, assays also included an additional set of 

primers (GH20 and PC04) to amplify a 268 bp region of the ~-globin gene [10]. Ali HPV assays 

were done blindly on coded specimens with no identification lin king specimens from the same 

woman. Appropriate precautions were taken to reduce the possibility of specimen contamination. 

3.6. Measuring viral burden 

Ali cervical specimens found to be positive with the main PCR protocol (MY09/11) were 

reprocessed by a quantitative, low-stringency PCR to measure viral burden in exfoliated cervical 

cells [29] Using this method 1 evaluated the association between viral burden and incidence of 

cervical neoplasia in Paper II. The method uses the general primers GP5/6. This PCR protocol is 

weil known and detects a broad spectrum of HPVs [247]. The quantification protocol employs low 

stringency conditions to co-amplify the specifie HPV DNA fragment along with DNA sequences 

from the human genome present in the starting PCR mixture. The amplified DNA is then run on 

polyacrilamide gels to allow visualization of bands of HPV and human DNA and subsequent 

quantification using silver staining. Standards consisting of mixtures containing varying amounts 

of reference HPV 16 plasmid are included in duplicate in every assay added to a constant 

background of normal human DNA (corresponding to 4,20,100,500, and 2500 viral copies per 

cell). In addition, control samples consisting of DNA from two cervical carcinoma ceillines with 

known quantities of HPV copies (Hela, 20-40 copies of HPV-18; Caski, 400-600 copies of HPV-

16) are included in duplicate in every assay. The silver-stained gel bands corresponding to the 

HPV and to the constant human genome fragments are quantified by densitometry [29]. The 

logarithm of the ratio between these two bands is directly proportional to the logarithm of the 

amount of HPV DNA in the individual samples. Proper quantification is obtained by linear 

interpolation in a standard curve constructed with the results from the control mixtures. 

The viralload quantification method used in this study involves a PCR-based protocol designed 

ta detect the l1 region of the viral genome. Integrated forms of the virus should have been 

amplified along with episomal (or extra chromosomal) forms. Testing under a wide range of 

conditions has shown that the PCR-based technique used ta measure viralload in this study is 

reproducible and adaptable to large scale testing in epidemiologic studies [29]. The method has 

also been demonstrated to be reliable over repeated samplings since women harbor similar 

levels of viralload from one visit to the next [245]. Dysplastic cells found in CIN 2 or 3 lesions 

express fewer intercellular adhesion molecules than normal cells [127] and could possibly be 

sampled more readily than normal cells. The method used in this study corrects for this over 

sampling by normalizing the numbers of copies of viral DNA against the quantity of host DNA 

permitting the calculation of true viralload in terms of the number of copies per cell, thus 
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eliminating the fluctuation due to variation in cell content among specimens from different 

subjects and from the same subject over time. Furthermore, the results from the inclusion of 

cervical carcinoma ceillines as secondary controls (Hela and Caski cells) in every testing batch 

indicate that the method is sufficiently accu rate and precise in allowing a quantitative assessment 

of the number of HPV copies per host cell [29]. The dose-response relationship is linear at 

concentrations as high as 5000 copies per cell and is independent of the amount of DNA present 

in the reaction mixture, of the number of PCR amplification cycles, of staining intensity, and of the 

choice of human genome bands used as reference [29]. In ail, unlike previous methods based on 

semi-quantitative assessment of PCR signais using external standards [241] this technique 

appropriately satisfies the criteria for quantitative measurement of viral load in cervical 

specimens. That is, it is reproducible, has an adequate linear range for dose-response, and 

provides results standardized for cell content. 
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4. ST ATISTICAL ANALYSES 

A general introduction and description of the statistical methods used for the analyses in this 

thesis and the connecting manuscripts are presented below. While each manuscript includes a 

description of the individual statistical analyses performed, the sections below further discuss the 

assumptions and limitations of the respective methods and serve to compliment the manuscript 

texts. Each method is itemized according to the manuscript in which it was applied. 

4.1. Exposure definition 

The primary exposure variable evaluated in this dissertation was HPV infection status. While 

other factors have been identified in the natural history of cervical cancer and its precursors, 

these factors only served as measures of confounding or as mediators for the main etiological 

relationship with HPV that was investigated in this study. 

For the investigation reported here, HPV types were grouped by oncogenic potential. Non

oncogenic HPVs included types 6/11,26,32, 34,40,42,44, 53, 54, 55, 57, 62, 64, 66, 67, 69, 70, 

71, 72, 73, 81, 82, 83, 84, CP6108, IS39, and other unknown types. Oncogenic HPV types included 

16, 18,31,33,35,39,45,51,52,56,58,59, and 68, based on an expanded classification of Bauer 

et al. [9]. Stratification by HPV oncogenicity was hierarchical and based on mutually exclusive 

categories. 

HPV infection status was determined both at enrollment, and at the en roll ment and first follow-up 

visits combined to ascertain initial persistence of HPV infection (Paper 1). Aigorithms to define 

persistence considered the following a priori definitions of persistence: (1) Subjects with at least 

two consecutive HPV positive cervical specimens for any types during the first year. This was the 

most inclusive definition but does not provide useful information for risk association given neither 

oncogenicity nor persistence can be evaluated. (2) Subjects with at least two consecutive cervical 

specimens positive for HPV DNA of non-oncogenic or of oncogenic types during the first year, 

regardless of whether they contain the same type(s) or not. (3) Subjects with at least two 

consecutive cervical specimens positive for the sa me oncogenic HPV type during the first year. 

Statistical evaluations based on the latter two of the three algorithms were presented in this 

thesis. HPV types 16 and 18 were also treated separately in some analyses if subjects presented 

positive for either HPV type at the index visits regardless of the presence of other types. Following a 

conservative approach to exposure classification, subjects with invalid HPV test results at any of the 

visits were excluded from the analyses of persistence (Paper 1 and III) or substituted with the last 

valid result (Paper IV). Average values calculated from valid results at repeated measurements were 

used in some analyses (Paper Il). HPV persistence extended over a period of observation of three 
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visits, was also assessed in another series of analyses (Paper 1) using the third algorithm defined 

above. 

4.2. Co-factor information 

1 adjusted a priori for age and ethnicity using the following categories for age: 18-24, 25-34, 35-

44, and 45-60 years, and for ethnicity: white and non-white. The original categorization schemes 

used on the interview questionnaires were used for most of the other covariate factors. 

Categorization of continuous values such as number of sexual partners, age at first intercourse, 

number of pregnancies and years of previous OC use, were based on percentiles or on a priori 

schemes that were in line with biological implications. 

4.3. Outcome definition 

Most studies on CIN to date have considered cytology results for cervical cancer precursors using 

the Bethesda classification system with ASCUS, LSIL, and HSIL. This system was adopted for 

comparison with current North American clinical standards. 

ln the current cohort, Pap smears were also reread by the Canadian cytopathologist using an 

expanded version of this classification scheme. Each instance of Normal, ASCUS, LSIL, and 

HSIL was subcategorized into two groups to denote the severity of the diagnosis (Paper Il): 

Normal smears were classified into smears showing epithelial cells within normal limits or with 

benign cellular changes; ASCUS diagnoses were redefined as either ASCUS 'favor benign' or 

ASCUS 'favor SIL'; LSILs were separated into lesions showing changes suggestive of koilocytotic 

atypia (LSIL/HPV) or squamous abnormalities equivalent to mild dysplasia (LSILlSQ) or CIN 1; 

and HSILs were redefined as moderate (HSILlCIN2) or severe dysplasia (HSILlCIN3). This 

classification system represents a mix of cytological and histological nomenclature that has been 

adopted in other institutions [168] and allows for the creation of four actual precursor lesion 

grades (2 for LSIL and 2 for HSIL) within a spectrum of severity (from LSILlkoilocytosis to severe 

dysplasia) and two categories for ASCUS, for a total of six states of cytological abnormality for 

which risks of transition were calculated as a function of covariates. While allowing for more 

detailed evaluation of outcome stages, this classification system was used at a cost in power and 

precision and was performed only in certain circumstances. 

Another outcome looked at was the incidence of a persistent lesion. This was defined as the 

occurrence of two or more visits positive for any SIL event detected by cytology during follow-up 

allowing for one negative or non-SIL interval visit. As such, subjects with SIL detected at two 

separate instances within three subsequent 4-month or 6-month interval visits were considered to 

have a persistent SIL event. 
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4.4. Cohort analyses (Papers 1 and Il) 

The following analytical methods were applied to the statistical analyses of Papers 1 and II. While 

ail methods are summarized in the included manuscript texts, they are explained in more detail 

below for reference. Ali statistical analyses were pertormed using the statistical program PEPI 

version 2.07 (Abramson, Jerusalem, Israel), SPSS® version 10.0 and 11.0 (SPSS, Chicago, IL), 

STATA® versions 6.0 and 7.0 (StataCorp, College Station, TX), and S-PLUS® for Windows 

(Insightful, Seattle, WA). 

4.4.1. Incidence of lesions 

Incidence of SIL was estimated both by les ion severity (first confirmed SIL event of any grade and 

first occurrence of HSIL), and by persistence of SIL for two or more consecutive visits allowing for 

at most one negative intermediate visit representing a period of 6 to 12 months (Paper 1). 

Prevalent cases of les ions detected at enrollment were excluded from ail longitudinal analyses. 

The incidence density rates for the entire follow-up period at time of analysis was calculated for 

first incidences of either any SIL, only HSIL or persistent SIL. Calculation of incidence rates was 

based on the following formula for closed populations [128;209]: 

. 'd No. disease events 
zncz en ce rate = " 

~flt 
persons 

where the No. of disease events refers to occurrences of a first SIL outcome event, and 

t ;::; the length of time spent at risk for each participant. 

Lesion incidence rates were calculated by summing the number of first occurrences of event 

divided by the total accrued women-months of follow-up. Person-time (ô.t) was defined as the 

sum of ail individual units of time spent in the study of subjects at risk until incidence of a disease 

event, censoring or loss to follow-up. Due to the ongoing nature of the cohort study, subsequent 

manuscript analyses (Papers II-IV) included longer periods of person-time as the time of 

censorship was extended as a result of longer follow-up time for uncensored subjects. 

The calculation of incidence rates under this method assumes the source population is closed. 

That is, although recruitment may have occurred over a period of four years, no new subjects 

were added after recruitment was terminated and losses can only arise due to the occurrence of 

an event, death or loss to follow-up [209]. 
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4.4.2. Cox proportional hazards regression 

1 analyzed the risk of post-enrollment occurrence of SIL as an incident finding in relation to HPV 

infection status at enrollment and during the first two visits (Paper 1 and Il). The longitudinal rate 

ratios (RRs) were estimated using proportional hazards ratios (HRs). Respective 95% confidence 

intervals (Cls) of incident cervicallesions over time were modeled by Cox regression [39;87]. 

Time to event was measured from enrollment to the first instance of a les ion event or to the last 

recorded return visit date for censored subjects. This created a moving baseline time that 

followed the recruitment process from study initiation in 1993 to the last scheduled enrollment 

visit in March 1997. While follow-up is ongoing, right censoring could occur due to loss offollow

up before incidence of a cervicallesion. Therefore, disease-free time following these visits is not 

known. Censorship could have occurred either from loss of follow-up or due to unavailability of 

cytology results at the time of analysis. Ali time-to-event analyses included complete follow-up 

time for ail subjects regardless of censoring. 

To deal with such time-to-event data as a function of explanatory variables, Cox [38] introduced 

the concept of the hazard rate thought of as proportion al to the instantaneous probability of an 

event at a particular time (see Appendix C for formulas). 

Two important assumptions must be made when using Cox proportional hazards models: 1) 

event observations must be independent of one another, and 2) while the hazard function can 

vary over time, the ratio of the hazards for two contrasted units of observation should be 

proportional over the period of estimation. Evaluating time to occurrence of a first SIL event of 

interest as defined above, the assumption of independence between individual outcome events is 

maintained. Ilater allowed for the occurrence of repeated outcomes within subjects using variants 

of the Cox proportional hazards model, which are described later. 1 verified the assumption for 

proportional hazards over time using a graphical method. This involved plotting graphs for log(

log(survival at time t)), In(-ln)S(t), over time from onset of study according to the stratification 

variables for HPV infection described below. Parallelism between graphicallines was taken as 

evidence of proportionality. 

The handling of ties was based on the Breslow method [19] wh en outcome events were detected 

at the same point in time. This method assumes that the risk pool for the tied failure events 

corresponds to the largest risk set of each of the failure events including both event observations. 

This method has the advantage of being easier to handle and approximates the exact marginal 

likelihood when there are few tied events. Given the ra rit y of SIL events in this cohort study, this 

assumption was believed to be safe. 
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4.5. Analysis of repeated measurements (Papers Il and III) 

Due to the transient nature of both outcome and exposure, a woman can transit through a series 

of precursor stages of neoplasia form LSIL to HSIL before developing cervical CIS or cancer, or 

transit directly to a HSIL (Figure S-1). At any given lesion grade, a woman can also regress back 

towards a normal state. Likewise, a woman can test positive for HPV at any given visit and can 

then either eliminate the infection by the next visit or remain with a persistent infection. The 

situation resulting can be illustrated by the following example for the follow-up of a woman who 

presents without a les ion at enrollment (to) but then develops a lesion at the first return visit (t;). 

She may then persist with the les ion until the next visit (t;+1) or eliminate it at the next. Therefore, 

though the data layout treats observations independently, the correlation between observations 

within each subject must be taken into account wh en comparisons are made between 

populations (Le. based on covariate patterns defined by their exposure history). 

By considering such data as a general second level structure we can apply a standard set of 

marginal modeling techniques that allow any pattern of measurements while providing statistically 

efficient parameter estimation (Paper III). An illustration of the application of such methods is the 

repeated measures design as described above where measurements are 'nested' within 

individual subjects. These methods contrast with traditional regression models where each 

summary variable is analyzed simply as a function of covariates. Marginal regression models for 

multiple outcome events were employed since in clustered observations within individuals 

variation tends to be greater between individuals than between events within individuals [82). 

Figure 5-1: Repeated measurement of exposure and outcome over study follow-up 

4.5.1. Cox regression for time-dependent variables 

Il 
iT ... 

72 
Months 

The partial likelihood function for the Cox model also allows for the inclusion of time-dependent 

variables [93]. Time-dependent Cox proportional hazards models can incorporate the transient 

nature of HPV infections by readjusting the HPV results over the course of follow-up to reflect the 

latest infection status observed at the previous visit. For the evaluation carried out on this study, 
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HPV status for each individual was allowed to change for the first six scheduled follow-up visits, 

corresponding to the end of the second year of follow-up (Paper III). HPV DNA test results from 

subsequent visits were not available for evaluation. As a result of the inclusion of time-dependent 

covariates, an expanded formula for hazard rates was used [128]. The formula used to derive the 

time-dependent hazard estimates is presented in Appendix C. 

1 evaluated the effect of HPV as a time-varying exposure based on a function of time since 

measurement. Time-varying hazards for non-oncogenic and oncogenic types declined with 

increasing time to event (data not shown). A test for proportionality of hazards was then done 

using Schoenfeld residuals (Figure A-1, Appendix D), and fit models for non-proportional hazards 

using the extended Cox model (Paper III) [243]. This statistic represents the sum of score 

process arrays across individuals plotted over time where a non-linear pattern of residuals is 

indicative of non-proportionality. With increasing duration of follow-up, a decrease in the 

magnitude of the HRs for the associations described above was observed with each new cohort 

update. While the log(-Iog) survival curves showed parallel relationships over time between HPV 

groups, the p-value for the test of proportionality of hazards using Schoenfeld residuals was 0.08, 

suggesting possible non-proportionality over time. This statistic was borderline, however, and 

more likely a result of a small number of events than effect modification. 

Two additional assumptions are made when dealing with time-dependent covariates [86]. First, 

the models implicitly assume the exposure (HPV in this case) does not effect any covariate used 

to create st rata or evaluated as a confounder. Second, there should be no confounding within 

st rata or within levels of other covariates in the modal. This becomes a problem if the covariate 

plays an intermediate role in the causal relationship between the exposure under evaluation and 

the disease. As demonstrated by prior studies of HPV and cervical neoplasia, most of the 

covariate risk factors analyzed in this thesis would not fall into this category (i.e. p53, HLA, 

smoking, OC use, parity, and age). Furthermore, given the blinding to HPV results of subjects at 

interview, it is also unlikely that changes in reporting or sexual behavior, sociodemographic 

status, smoking or reproductive health practices occurred as a result of changes in HPV status. 

While time-dependent Cox models do not generally allow individual predictive time-to-event 

curves, as do fixed models, the exponentiated coefficients give the instantaneous RRs of SIL 

over time as a function of the current HPV status. 

Implicitly a temporal relationship is maintained in a time-varying modal. That is, while the 

measurement of exposure may be allowed to change as a step function at repeated evaluations, 

it should not coincide in time with the outcome assessment. Consequently 1 linked measures of 

HPV status with ascertainment of cervicallesions at a subsequent visit in the longitudinal 
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analyses. Ali prevalent cases of SIL detected at enrollment from ail these analyses were 

excluded. 

4.5.2. Generalized Estimating Equations for marginal models 

Generalized Estimating Equations (GEEs) have been adapted for use with longitudinal type data 

[271]. These models, based on the generalized linear model method are used to make inferences 

at the population level by modeling marginal means of repeated outcomes while taking into 

account the clustering within individuals (see Appendix C for formula). Although the correlation 

structure between outcomes can be parametric, it is treated as a nuisance parameter. Inference 

is then based on the coefficients for the covariates in the model that can be time-dependent, such 

as HPV infections, or time-independent (age and race) as defined above [78]. 

ln a recurrent outcome event situation, the data can impose a time series structure to this 

correlation that is translated into an autoregressive function. In the context of this study. women 

with les ions may be more likely to persist until the next visit, and the strength of this correlation 

will decrease with time or as the number of interval visits between reference visits increases. 

Additional correlation structures were also evaluated including an exchangeable matrix structure 

assuming equal correlations between interval comparisons and an unstructured matrix that allows 

for separate estimations of correlation between intervals. Choice of correlation structure was 

initially based on biology. The resulting regression model coefficients were compared for 

consistency. 

GEE models require that the data conform to a particular balanced structure. Broadly speaking, 

these procedures require that the measurement intervals and number of intervals be consistent 

across individuals. Visit returns in this study were always scheduled every 4 months. for a tirst year 

cohort visit (a total of four visits), or every 6 months for visits tive and beyond. If a subject returned for 

her next visit after the scheduled date, the following interview was delayed to allow a complete 

programmed inter-visit period (4 or 6 months) to elapse. This management approach helped 

decrease the irregularity in visit interval times. Under these situations, however, GEE models can 

lose efficiency and the correlation structure between outcomes becomes less precise, as follow

up continues, if more individuals are measured irregularly. As a result, estimation of elaborate 

correlation structures is difficult, but can be partially circumvented by specifying an exchangeable 

or autoregressive correlation structure. 

A second assumption for the GEE model is that missing data must be missing at random [52]. As 

described above, the occurrence of missing data was minimized in this study by allowing for 

delays in returning for a given appointment. While observations of missing HPV and cytology data 
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at different return visits in this dataset were excluded, their occurrence was rare. Furthermore, the 

testing procedures used in this study were highly sensitive and underwent standardized 

procedures for quality control. Missing values were generally considered as a separate dummy 

variable category in multivariate regression analyses if the variable was not measured. 

ln addition to the above, a third assumption for GEEs is that the outcome events do not influence 

subsequent exposure status. Two methods were used to reduce this affect. First, exposure status 

(HPV testing) was ascertained blindly without knowledge of either the previous outcome result or 

previous HPV result. Second, highly sensitive and objective PCR techniques were used to ascertain 

HPV positivity and viral burden. Therefore, the potential for false negative results was minimized. The 

situation may arise, however, where a prior event may serve as a predictor of a next event or viral 

infection through its association with an underlying pathological process initiated by a previous 

infection. As a result, although it may appear as if the above assumption is violated, the change in 

baseline risk is not considered to be a consequence of the outcome event or the biology of the 

disease. Furthermore, this correlation between outcome and exposure may be offset by the 

adjustment for relevant covariates. Therefore, in the case of an association between HPV at any 

given visit and repeated occurrences of SIL, the assumption should hold given that the changing 

profile of HPV infection is known and adjusted for in the models used on this data. Removing 

subjects with lesions at enrollment also reduces the potential influence of unmeasured covariates 

such as HPV infections before the study started. 

4.5.3. Marginal models for multivariate in complete fai/ure time data 

Since not ail women have yet completed the maximum number of scheduled visits, due to 

insufficient follow-up time or loss to fOllow-up, the number of repeated observations for each 

individual may vary. Also, although every attempt is made to ensure quality of specimens, some 

cervical smears and HPV tests are inadequate and constitute missing or censored data. 

Therefore, time to development of multiple ordered neoplastic events was evaluated using 

survival analysis techniques for marginal data (Paper III) [33;243]. Marginal regression models 

adjust for correlation between observations in a way analogous to GEE. That is, the estimates are 

determined first by fitting the model ignoring the correlation and then correcting the variance by 

taking into account the clustering by individual. To look at the relationship between HPV status at 

repeated visits and recurrent instances of SIL, 1 considered several marginal models for Cox 

regression [3;200;259]. The main differences between these models exist in how they follow 

repeated observations and condition on repeated events. 

A first marginal model approach, proposed by Andersen-Gill (AG) [3] assumes that the repeat 

outcome events are independent but conditional on the covariate pattern. That is, the occurrence 
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of one event does not predict a second. This assumption holds provided that ail relevant 

covariates are included. Omission of important risk factors can lead to an underestimation of the 

standard error (SE) of the coefficients. Preliminary HRs for occurrence of SIL (both incident and 

repeated events) generated by the AG model did not change much compared to the traditional 

time-dependent Cox proportion al hazard estimates for a first SIL event published in Paper III, 

although the gain in precision for the AG estimates was negligible (data not shown). The lack of 

viable results for HSIL events with this method suggested a lack of power to estimate the hazards 

for different repeat HSIL events due to the fact there are few subjects with multiple such events. 

Additional methods for multiple ordered data that have been proposed include the Wei-Lin

Weisfeld (WLW) model [259]. Based on the Cox proportional marginal hazards assumption, 

information from the kth recurrent event time is used to estimate Pk' An alternative model 

proposed by Prentice, William and Peterson (PWP) [200] also conditions on the entire event 

history of subjects with recurrent SIL outcome events [243]. This model assumes that a subject 

cannot be at risk for a (Kh 
) recurrent event until the k_1 st event has already occurred. The Cox 

models are stratified to allow the baseline hazard functions to differ for the covariate groups 

identified. Strata are assigned for each repeated time-to-event observation. A consequence of the 

stratification, however, is that these models require a larger number of individuals with repeated 

outcome events than are present in the latest version of this cohort study. Regression model 

fitting procedure for both SIL and HSIL outcomes failed to converge. 

Based on the approaches described for the above models by Therneau and Grambsch, 1 created 

a repeated events data structure to conform to the requirements of a marginal hazards modal. 

The objective of the analysis was to evaluate the relationship between HPV infection status at 

any given visit with les ion incidence at different follow-up visits while allowing for repeated 

observations within individuals. Observation periods consisted of two points of assessment, one 

for HPV exposure and the other for outcome lesions that were measured at different follow-up 

visits. As such, subjects could have multiple periods of observation. The duration of each 

observation period was dependent on the interval times between visits as defined by cohort study 

design, Le., for the evaluation of HPV infection at any given visit and the occurrence of SIL 4-

months later, subjects cou Id have contributed up to three separate periods of interval observation 

(between enrollment and visits 4,8 and 12 months). A layout of the data structure used in this 

analysis is presented in Figure S-3 and in Paper III. The primary difference between this model 

approach and the previously described marginal models is that instead of stratifying by event, 

stratification was performed on time (periods of observation). In addition, HPV status was also 

allowed to change for each repeated observation period using the HPV test results obtained at 

each index visit (to). 
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Figure 5-2. Follow-up design and layout of marginal data model for repeated observations 

of HPV infection status at any given visit and occurrence of SIL at different interval returns 

HPV testing Cytology results 

.done h~ ~ tbtained h~ 

Using increasing stringency in exclusion of prevalent lesions, 1 refit the marginal Cox model 

described above on (i) ail subjects regardless of baseline status by cytology, (ii) on a subset of 

subjects after removing prevalent cases of SIL at en roll ment, and (iii) restricting for periods of 

observation with no les ions at the baseline visit. The latter approach removes observation periods 

that have a detected lesion by cytology at the beginning of the period, Le., at each baseline (to) 

visit where HPV exposure is assessed, forcing repeated events to occur after an interval period 

without SIL. For the second level of restriction, women with lesions at enrollment are removed in 

order to exclude those women who may have entered the study manifesting a more extensive or 

untreated lesion. Thus, while women with incident lesions were allowed to contribute to analyses 

of next visit associations, these are more likely to be at the beginning of the disease process. 

Subjects could have had repeat events if there was an event at to' and at to". Point estimates of 

RR were consistent across the three groups of subjects (see Figure A-2, Appendix 0). Inclusion of 

prevalent les ions at each baseline visit tended to produce slightly higher point estimates away 

from the null compared to the other model estimates. However, differences in HR between the 

three models were small. 

The above sensitivity analyses were also performed using GEEs. A similar stratification on 

observation period order and clustering on individual procedure was used according to the 

requirements for GEE modeling (Appendix C). Repeated events at each time period were also 

permitted. Correlation between repeated events was accounted for using an exchangeable 

correlation pattern. The consistency in point estimates for the different sensitivity analyses using 

varying levels of restriction also indicated that the occurrence of prior events do not affect the 

prediction by HPV indicating that the third assumption for GEEs holds for this data. 

Point estimates derived by both methods, including the latter marginal hazards model presented 

above and GEE, were very similar. This was anticipated since, by design, the follow up time is 

stipulated for everyone (4 months, 6 months, etc) and the grouping of the risk sets over time 

created by the survival analyses is tight. Point estimates derived by GEE using the above selection 
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criteria were also very similar across sub-groups showing little difference whether subjects with 

prevalent les ions were included or if ail baseline les ions were excluded at the beginning of each 

observation period (Figure A-3, Appendix 0). 

A robust variance was applied in ail models with correlated data [259]. This approach estimates 

the variability of the coefficients directly from the observed correlation structure of the residuals in 

the sub-populations using a sandwich estimator rather than relying on the binomial or Poisson 

regression likelihood estimate of variation, which is coupled with equal correlations. This method 

should provide valid SEs even if the correlation between groups is not as hypothesized by the 

specified correlation structure in GEE [271]. 

4.6. Estimation of disease progression and sojourn time (Paper IV) 

Sojourn time, the time spent in the preclinical detectable phase for chronic diseases, plays an 

important role in the design and assessment of screening programs. For the analysis of sojourn 

time, actuarial methods were applied to measure the average time to regression or progression 

within the spectrum of preinvasive les ions of cervical neoplasia. Based on the proposed natural 

history of cervical cancer, the possible transitions that can exist between the different les ion 

states willlikely follow the course shown in Figure S-4. From a modeling point of view this 

involved modeling the length of time spent in each precancerous transition state, relating this to 

both constant factors such as an individual's age at entry to the study, and to dynamic time 

dependent factors such as HPV infection status. Given the delay in collection and recording of 

HPV test results and questionnaire data, the last recorded value for each was used. 

The recorded dates at interview and cervical sampling for cytology were used ta mark the start 

and end points of transitions between outcome grades. This was deemed equivalent to using 

mid-point values of interval periods. While duration will be somewhat overestimated due to the 

use of interval-censored data, this was not thought to be significant because of the short interval 

times (4 ta 6 months) used in this study. Estimates of mean and median duration were derived by 

actuarial methods for cumulative survival probability (Appendix C). 
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Figure 5-3: Potential transition states of cervical lesions 

The cumulative probabilities of remaining with a les ion or progressing to a next stage were 

estimated by actuarial analysis [121] as a function of the length of follow-up for HPV type or 

grouped infection, among women who had no detected les ion at enrollment (Paper IV). The 

proportion of subjects remaining with a lesion or abnormal cytology result without regressing or 

progressing to a next stage at 6, 12, 18 and 24 months were calculated by life table analysis [38). 

Cumulative risks of les ion incidence over time were also illustrated by Kaplan-Meier survival 

curves depicting the actuarially estimated cumulative incidence over the entire follow-up period 

from four months to six years post-enrollment stratified according to HPV infection status at 

enrollment and first follow-up return (Paper 1). 

ln addition to the latter actuarial estimates of mean duration of preinvasive lesions an alternate 

formula was also used based on the epidemiologic tenet that, within a stationary population and 

in the absence of migration (Appendix C). 
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5. METHODOLOGie ISSUES 

Unlike most other cancers, in which multiple environmental, biologie, and lifestyle determinants 

contribute independently or jointly to carcinogenesis, cervical cancer has been shown to have a 

central causal agent, HPV infection. The following sections describe the generallimitations and 

strengths of the cohort study. Methological issues related to each manuscript analysis are also 

discussed in the respective manuscript texts. 

5.1. Selection bias 

The subjects in the Ludwig-McGili cohort were recruited from a well-defined source population of 

residents living permanently in Sao Paulo city and attending a comprehensive maternai and child 

health program catering to low income families from neighborhoods located in the northern sector of 

the city (population: 12,000,000). Recruitment was done randomly without preference for age, 

ethnicity or sexual behavior from daily lists of outpatients in the family medicine, gynecology, and 

family planning clinics at the "Vila Nova Cachoeirinha" municipal hospital. 

Selection criteria restricted enrollment to women at risk of HPV infection and incident cervical 

neoplasia, that is, they were sexually active, had an intact uterus and cervix, had not or were not 

scheduled for a hysterectomy or received treatment for cervical disease, and had not recently 

used vaginal medication. Ali women in the study (save one) had initiated sexual activity by the 

time of their first follow-up visit interview, and therefore had potentially been exposed to HPV 

through sexual transmission. Pregnant women and those planning to become pregnant within a 

year of enrollment were also excluded due to the concern that hormonal changes during 

pregnancy would influence the natural history of the disease. Selection of subjects and testing of 

samples for both HPV and cervical neoplasia was performed irrespective of age or risk of 

developing cancer. 

Given the prospective nature of this cohort study, the opportunity for differential selection of 

subjects based on exposure and outcome status is reduced. Nonetheless the potential for 

selection bias due to loss to follow-up remains a possibility. Reports on the rate of loss to follow

up is lacking in many of the previous studies on the natural history of precursor lesions [109;162]. 

Comparison of the distribution of demographic factors for participants who dropped out of the 

study after the enrollment interview compared to those who remained in the study and returned 

for repeat interviews during the first year of follow-up showed no marked differences in 

distribution by age, ethnicity, sexual behavior or reproductive health characteristics (Table A-1.1 

to A-1.3, Appendix D). Likewise, those who returned for second and third interviews only, 

returned for ail four first year return visits, or remained in the study past the first year series of 

interviews, did not show substantial differences in distribution of demographic factors or other risk 
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factors for cervical cancer. To some extent, this may reflect the procedures that were 

implemented to encourage adherence to the follow-up schedule (Appendix A). The nurses called 

the patients a few days before the scheduled returns to remind them of the pending visits. Missed 

appointments were followed by phone calls and/or letters. These attempts at contacting subjects 

were repeated once a month until an appointment could be scheduled or the woman explicitly 

stated that she would drop out of the study. Therefore, the accrual of long-term test results 

presented in this study come mostly from those entering the cohort during the first two years of 

follow-up and who had long-term follow-up. It is unlikely, however, that subjects with delayed 

visits are more likely to manifest HPV or SIL. Return rates for scheduled follow-up returns were 

75%,70%,65%,62%,61%, and 59% at 12, 24, 36,48,60 and 72 months, respectively; 11.2% of 

the subjects dropped out after the enrollment visit. 

The point prevalence of HPV infection measured at each visit has ranged from 14.6% to 15.7%. 

Table M-1 shows the HPV prevalence rates among participants without lesions at enrollment for 

the first two years of follow-up. Excluding prevalent cases of SIL at enrollment, the prevalence of 

HPV among participants who had returned for the indicated visits were similar across visit 

returns. Testing for HPV past the first two years is currently under way. 

Table M-1: HPV infection status at different scheduled returns for the first two years of 

follow-up 

HPV status Enrollment 4 months 8 months 12 months 18 months 24 months 
(N=2026) (N=1937) (N=1858) (N=1793) (N=568)* (N=1232) 
No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) 

Negative 1669 (82.4) 1592 (82.2) 1525 (82.1) 1500 (83.7) 475 (83.6) 1053 (85.5) 
Only non- 129 (6.4) 142 (7.3) 142 (7.6) 121 (6.7) 36 (6.3) 76 

oncogenic types 
Any oncogenic 167 (8.2) 163 (8.4) 144 (7.8) 144 (8.0) 52 (9.2) 98 

types 
Beta-globin 61 (3.0) 40 (2.1 ) 47 (2.5) 28 (1.6) 5 (0.9) 5 

negative 
* N=568 represents only the portion of participants who had not reached the 18 months follow-up 
point before the introduction of semester visits in 1997. 

5.2. Information bias 

Due to the prospective nature of the study, recall bias with respect to ancillary factors such as 

sexual activity, reproductive health and diet is unlikely. Subjects were unaware of their HPV 

infection status or cytological results at any given visit reducing the potential for subject's disease 

status affecting recall of co-factor information. Subjects presenting with HSIL were informed by 

phone after their interview when the cytopathologists' reports were received. In addition, while 

data on sexual activity are based on recalled data, reports of current sexual partners referred to 

recent (within 4 or 6 months) behavior. Likewise, history of OC use and smoking refers to both 
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lifetime exposure and recent behavior. As a result, misclassification of recent exposures due to 

recall error should be small, and non-differential. Even if residual effects were to remain after 

accounting for HPV status, such markers of sexual activity should not be considered as 

confounders in the natural history of cervical cancer. 

ln none of the interviews was ethnicity directly asked; the nurse checked the category most 

closely reflecting the ethnic group of the respondent among the main racial groups in Brazil 

(white, mulatto, black, oriental, or Indian des cent) that are widely used in official census statistics. 

Early in the study nurses were trained to differentiate among these categories based on 

physiognomic criteria used by social workers. The reasons for not collecting information on self

reported race or ethnicity are as follows: First, many women in Brazil deem questions about racial 

background offensive. Asking the woman directly or even showing a list of possible choices wou Id 

have disrupted the climate of non-judgmental rapport established between the nurse and the 

respondent. This could have made a respondent less cooperative and frank in completing the 

interview. Secondly, previous experience in conducting epidemiologic studies in Brazil indicate 

that a respondent's self-appraisal of race or ethnicity is frequently wrong [251] because many 

black or mulatto women identified themselves as being white. 

Testing of HPV DNA in cervical specimens and cytopathology evaluations were done blindly with 

respect to each other and with respect to results from prior assessments for the sa me women. 

Differentiai information bias with respect to the main risk factors (i.e. HPV status and viral load) is 

improbable as the collection of the markers of HPV infection was done using objective laboratory 

methods. 

5.2.1. Misclassificafion of HPV status 

Non-differential misclassification can be more or less of a concern depending on what laboratory 

method oftesting for HPV is used. While this was a more serious problem with first generation 

detection methods [65;67], the method used in the Ludwig-McGiII study is highly sensitive and 

specific. The PGMY09/11 consensus primer set targets conserved sequences in the L 1 gene and 

can amplify a wide spectrum of HPV types [36]. This method is capable of detecting a very small 

quantity of DNA. Stringent standardized quality control protocols were employed in the study to 

avoid cross-contamination. PGMY primers are the most recent PCR primer set currently used in 

epidemiological studies. The increased molecular sensitivity and specificity of these primers over 

existing methods has been demonstrated [85] reducing the likelihood of exposure 

misclassification. 
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The occurrence of residual misclassification was minimized using a consensus primer PCR 

detection method. The method can discriminate between 40 different HPV types including recent 

types 81, 82, 83, 84, CP6108 and IS39. A generic probe was also included in ail HPV assays. 

Amplified products that hybridized with the generic probe but with none of the type-specifie 

probes were tested further by RFLP analysis of the L 1 fragment [12] to distinguish among 

unknown HPVs. Positive specimens for remaining unknown types were also included in ail 

analyses as non-oncogenic types. 

Despite the considerable improvement in laboratory techniques for the detection of HPV DNA, 

there is one important source of misclassification of HPV exposure status that cannot be readily 

corrected for by methodological advances: that caused by the fluctuation in viralload over time. 

Infections with low viral load may be labeled erroneously as HPV negative, and those with mildly 

productive transient infections at the time of testing will be classified as HPV positive. Fluctuations 

in viral load and specimen cellularity may also affect the comparison of risk factor profiles 

between HPV-positive and HPV-negative CIN case subjects by influencing the false-negative rate 

in specifie groups. HPV infections may be cleared and exist only transiently in cervix epithelium or 

may become latent and exist in the basal squamous epithelium below the threshold of detection 

of even PCR [71]. Making multiple measurements of HPV over time therefore reduced the 

potential for such misclassification. However, the definition of a persistent infection was based on 

detecting viral DNA of the same taxonomie type using a consensus PCR protocol. Fluctuations in 

viralload below the detection threshold of PCR may have caused some cases of persistent infection 

to be misclassified as transient due to false negative results. In addition, it is impossible to ascertain 

via HPV DNA detection alone if test positivity is equated with true (active or latent) viral infection. On 

the other hand, it is reassuring to note that PCR typing alone may be sufficient for defining persistent 

infections. Longitudinal testing for molecular variants of HPVs 16 and 18 (which was performed in 

this study), while providing an enhanced level of taxonomie detail for ascertaining true 

persistence [73], indicated that persistently detected HPVs 16 or 18 were of the same molecular 

variant in each case [252). This observation suggests that persistent detection of the same viral 

type may truly represent a persistent infection. 

5.2.2. Misclassification of HPV viralload 

The possibility of misclassification is more of an issue for the detection of viralload, which is 

based on an older method (GP5/6) of HPV DNA detection. While confirmation of HPV presence 

was established by PGMY09/MY11 in this study, measurement of viral burden may be more 

prone to error. The higher threshold value of the GP5/6 method may therefore have resulted in a 

higher rate of false negatives or underestimated the quantity of viral copies for samples with low 

viralloads. In the present study, these values are grouped into categories to increase precision in 
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risk estimates though the misclassification likely contributed to attenuation of the RR association. 

Other methods of viralload measurement exist including both non-quantified methods (HC), 

discrete definitions based on dichotomous test results for HPV detection using two tests of varied 

sensitivity [107), and true quantification methods such as real-time PCR. Earlier studies have 

used estimates of level of chemoluminescence released by bound antibodies in the HC assays to 

estimate viral burden per sample volume. Other methods of true quantification are more recent, 

including a real-time PCR method with Taqman® [135]. This latter method uses HPV 16 specifie 

hybridization probes for L 1, E2 or E6 with quantitative PCR that employs the 5'-exonuclease 

assay and real-time detection of the accumulation of fluorescence. The viral load quantification 

(copies/IJI) is achieved by comparison of the threshold cycle number (Ct) for the sam pie (which 

represents the PCR cycle number at which the fluorescent signal exceeds the baseline signal) 

with the Ct for a range of samples with known starting copy numbers. Quantification in the 

Ludwig-McGill study has the advantage of being based on the L 1 gene, which is more likely to 

give a reliable measure of viralload than methods based on E2 or E1, since this gene (L 1) is 

preserved throughout the natural history of cervical neoplasia, with few exceptions. 

Viral load measurements are also dependent on the cellular composition of the cervical 

specimens the testing is based on. As a result, even though the viralload quantification methods 

can produce a collective estimate of the number of virons per cell, there is no way to determine 

whether this measure represents few cells with high viral titer or many cells with lower viral 

numbers. Furthermore, the specimens were obtained from cervical smears, which may contain 

very few cells representative of a high-grade lesion amidst a large number of normal or even 

productively infected cells, in which episomes (extra chromosomal non-integrated DNA) are 

expected to predominate over integrated viral genomes, and replicate actively. Moreover, at least 

in the case of ASCUS and CIN2, misclassification can occur that additionally complicates the 

interpretation. Although the biasing effect of HPV misclassification may not be completely ruled 

out with new detection methods, the ultimate effect under conditions of perfect measurement of 

outcome (CIN versus non-CIN) would be to bias the estimates of RR to unity. The incremental 

effect of exposure misclassification in epidemiological studies of HPV and CIN has been 

demonstrated [68]. 

5.2.3. Mise/assifieation of eyt%gy 

While the influence of the false positive rate on incidence and prevalence estimates is important 

for public health, for clinical management the occurrence of false negative results by cytology is a 

concern. Due to the low prevalence of the cervical neoplasia in most populations, slight increases 

in false positive rate by cytology compared to histology can result in elevated prevalence and 

incidence estimates for the disease. While incidence rates by cytology can range from 400 to 
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4000 per 100,000 woman-years, rates determined by histology are a hundred-fold lower [71]. 

However, follow-up diagnostic methods employed after a positive cytological assessment can 

also entail their own concerns for the patient with respect to medical, financial and emotional 

implications. Colposcopy and biopsy procedures subject the patient to discomfort, carry the risk of 

complications including bleeding and inflammation, and can place a substantial burden on the 

local health care system [55;234;270]. 

The merit of using tissue samples for outcome ascertainment instead of Pap smears is debatable. 

A primary concern of using biopsies to study disease progression is the potential of removing 

completely the lesion under evaluation and thus changing the natural history of the disease 

[206;269]. Among those with HSIL, the effect of biopsy on rates or regression was evaluated 

separately (Paper IV). While biopsy results represent the gold standard for diagnosis in cervical 

cancer, it would have been ethically untenable to follow-up women with histology from biopsies in 

such an epidemiological study. 

It has been postulated that unless tissue extraction is done with the intent of sampling from the 

whole area of the endocervix and is performed using Schiller staining and colposcopy to direct 

biopsies, the gain in sensitivity or specificity will be negligible [162]. However, increases in rate of 

progression and reduction in sojourn time may be observed due to the delayed detection of 

lesions by cytology. 

5.3. Confounding 

ln other epidemiological models of cancer, most identified risk factors are neither necessary nor 

sufficient causal factors of disease and therefore are usually investigated in conjunction with other 

covariates to isolate their independent role. This is not the case for HPV, which has been 

identified as a "necessary cause" of cervical cancer [16]. As studies are able to more precisely 

measure HPV, many established risk factors for the cervical neoplasia, including sexual behavior 

and smoking have been explained by HPV infection status [168]. Nonetheless, 1 investigated the 

potential effect of confounding by education, smoking history, ethnicity, feminine hygiene 

practices, parity, oral contraceptive use, condom use, menopausal status, age at first intercourse, 

number of sexual partners, history of sexually transmiUed diseases, and occurrence of other 

genital infections that could influence the development of SIL using a change in point estimate 

cutoff of 10% [148]. Collection of information on these co-factors was done by comprehensive 

questionnaires at enrollment. 1 adjusted a priori for age using four groups contrasted as dummy 

variables (18-24, 25-34, 35-44, and 45-60 years), and two groups for ethnicity (white and non

white); no other variables were identified as confounders. To satisfy requirements for the first 

journal submission (Paper 1), adjustment for ethnicity was included using the dichotomous 
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variable. Participants were predominantly white Hispanics. Of those in the non-white category: 

12.4% were black, 20.9% mestiza, and 0.8% other. However, this covariate is not a likely 

candidate for confounding of the relationship with persistent HPV or viralload as no independent 

association with risk of cervical neoplasia exists. Differences in incidence rates for cervical cancer 

observed between geographic regions and ethnie groups taken from registry data are likely 

explained by differences in health care systems, intensity of screening programs, and exposure to 

HPV [168]. Nonetheless, RR estimates across studies from populations ofvaried ethnicity or 

geographic location have shown consistent risk associations for HPV with CIN lesions 

[16;71 ;11 0]. 

It is conceivable that increased sexual activity with a plurality of partners and higher levels of 

cigarette smoking both may have facilitated the establishment of more productive lesions, which 

are less likely to be missed in a single testing opportunity. Burger et al. [26] found that women 

with HPV-positive CIN had more sexual partners and tended to smoke cigarettes more than HPV

negative patients with CIN. Under the sexually transmitted disease model, markers of sexual 

activity serve as intermediate variables on the causal pathway of cervical neoplasia. The 

statistical association between these factors and risk of cervical neoplasia should only be present 

in analyses that do not adequately control for HPV status [67]. This situation is less likely in a 

study involving repeated assessments of exposure such as this. Long-term smoking has been 

found ta increase the risk of CIS in younger women [267] indicating that an interactive association 

between metabolites of smoking and HPV DNA on the risk of SCC could exist. This association, 

however, was not the focus of the project and was not investigated. 

5.4. Effect modification 

To assess effect modification by age, incidence rates and RRs of SIL were evaluated for younger 

women and older women separately using different cut-offs of 30 and 35 years to form two age 

groups. Incidence rates of first episode SIL (any-grade) were highest in women between 18 and 

24 years (2.44 per 1000 women-months, 95%CI: 1.7-3.2) and lowest for women 35-44 years of 

age (1.01 per 1000 women-months, 95%CI: 0.6-1.4) and then increased marginally to 1.08 per 

1000 women-months (95%CI: 0.4-1.7) in women 45-60 years. There was a downward trend in 

incidence rates of persistent SIL that continued to the oldest age group, decreasing gradually 

from 0.58 per 1000 women-months (95%CI: 0.2-0.9) for 18-24 year-olds to 0.19 per 1000 

women-months (95%CI: 0.1-0.5) for 45-60 years olds (p-value for trend = 0.037). 

We also investigated whether RRs of first episode SIL differed for younger and older women by 

stratifying on age at enrollment. Separate analyses were performed for women ::;30 and >30 

years of age. Higher RRs of incident HSIL were observed for older women with persistent 
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oncogenic infections at the first two visits (RR=29.35; 95%CI: 7.3-118.0) compared to younger 

women (RR=5.26; 95%CI: 1.0-27.1). Women 30 years and younger who harbored persistent 

infections for oncogenic HPV types during the first two visits were more likely, albeit non

significantly, to develop persistent SILs (RR=19.87; 95%CI: 5.0-79.5) than older women 

(RR=13.85; 95%CI: 3.7-52.4). There was no effect modification between age and HPV infection, 

regardless of outcome definition. Using a different cut point (25 years) for defining the two age 

strata yielded similar conclusions. 

5.5. External validity 

The Ludwig-McGili study was started in a population of low income women in Sao Paulo, Brazil, 

one of the highest risk areas worldwide for cervical cancer. However, no selection was performed 

based on risk level (i.e. restricting to women with high rates of STD infection, prevalent HPV 

infections or LSILs). Women with prevalent lesions at enrollment were excluded from the 

analyses. The age range for women in the study was also wide and weil distributed from 18 to 60 

years of age. The mean age at enrollment was 33.1 years (median age: 33) with most women 

(64.7%) being white and of European ancestry. Over 81% of the women had not attended high 

school and 82% were married or living in a corn mon law relationship. These proportions are 

similar to those in other studies performed in Brazil [251]. 

Among HPV types, HPV 16 is the most prevalent oncogenic type in cervical cancers [17]. While 

the magnitude of the associations may vary between studies, the estimates of rates and RR from 

this study should be generalizable to other populations. However, given the unique algorithms 

used to define HPV over time and the time-dependent relationship with les ion incidence, these 

estimates need to be confirmed by other international studies for such inference to be 

substantiated. 

5.6. Chance 

The size of the cohort and prevalence of HPV exposure yielded good statistical power in most of 

the analyses. Nonetheless, the finding of statistically significant results in this study, based on 

two-sided tests at the 0.05 level, do not mean chance can be ruled out. The level of precision in 

estimates was represented by 95% confidence intervals wherever possible while p-values for 

two-sided tests were used to indicate statistical trend. Tests for trend were primarily performed for 

RR estimates of ordinal categories of viral burden to evaluate dose-dependency. The results for 

RR of incidence of SIL were significant and consistent across studies for the most part, although 

precision decreased for estimates of incidence of rarer severe outcomes such as HSILs. 
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5.7. Sam pie size and power 

The initial objectives of the Ludwig-McGiII cohort study were to investigate the natural history of 

cervical neoplasia and the factors, such as HPV persistence, involved in the risk of lesion 

incidence in a high-risk population. A sample size of 2400 was calculated to provide ample (80% 

or more) statistical power to address these objectives. The development of this longitudinal study 

for my doctoral thesis was introduced after recruitment was stopped for the primary study. 

Therefore, while the framework of the cohort cou Id permit evaluation of these additional 

objectives for this thesis, statistical power was limited to the available sample size for the original 

cohort. 

5.7.1. HPV persistence and SIL incidence 

Expected rates of persistent HPV infection using the molecular variant definition were available 

only from preliminary analyses of the Brazilian cohort. Estimates of the cumulative rate of HPV 

persistence were 17%, for algorithm 1, and 5%, for algorithm 3 above. Ali cases classified as 

persistent based on algorithm 3 in the study had only one and the same molecular variant in ail 

specimens over time [73]. Using these two figures as a range (5%-20%) and considering the first 

of the specifie aims (assessment of HPV persistence), the cohort size required included 1821 

subjects ta measure rates of HPV persistence with adequate precision (an absolute error of at 

most 2%) at a confidence level of 95% (5% alpha error). The statistical analyses in this thesis are 

based on 2462 eligible subjects who have enrolled in the study since initiation the cohort of whom 

1883 have already returned for 4 or more follow-up visits. 

Of primary interest in this study in accordance with objective 1 was the attainable study power 

with respect to the analysis of cytologie endpoints. Assuming a 2-year risk for developing HSIL 

among low risk women (HPV negative) at 2% (from preliminary analyses), and also assuming 

that ratios of ASCUS:HSIL and LSIL:HSIL are 5:1 and 4:1, respectively [from the National Breast 

and Cervical Cancer Early Detection Program (NBCCEDP) 32], the cumulative frequency of 

subjects with incident cytological abnormalities in this study (assuming 1600 subjects with 

complete follow-up at 5 years) would be about 44%, or 700 women, considering only the women 

who are cytologically negative at enrollment. Of these, approximately half, or close to 350 women 

should be SILs, as per the expected ratios of the NBCCEDP [32]. Based on these assumptions, 

for analyses of HPV persistence as a determinant of incident SIL, the statistical power was 

greater than 95% and 99% to detect a doubling in risk of incident SIL, for persistence assumed at 

5% and 20%, respectively. Power was greater than 95% to detect a mere 50% increase in risk of 

SILs (RR=1.5) for a determinant present in 25% of the subjects' histories. Expectedly, however, 

power was somewhat less for the analysis of HSIL as an outcome (5% cumulative rate), Le., 85% 

for persistence estimated at 20% and a RR=2, and 70% for persistence at 5% and a RR=2.5. 
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5.7.2. Progression rates and sojourn time 

Previous studies looking at risk of cervical cancer and progression to invasive carcinoma have 

required large numbers of patients and long-term follow-up to allow for the time needed for 

development of cancer. As a result these studies have relied on registry data and retrospective 

follow-up [109;162;266]. Using preinvasive lesions as surrogate measures of cancer risk, a 

smaller sam pie size and less follow-up wou Id be needed to measure differences in time to 

occurrence of an outcome event with a similar degree of statistical power. 

Accrual rates as of 2002 indicated a cumulative incidence of 115 SIL events of which 19 are of 

HSIL among women with no prevalent lesions at enrollment. It is hypothesized that sojourn time 

should be shorter for women harboring HPV infections than for those with negative or transient 

infections. Preliminary results indicate that among women who develop SIL, those with persistent 

HPV infections (N=18) developed SIL two months sooner than those with negative HPV results. 

This difference in sojourn time (using log transformed data) can be found to be significant at 

p=0.05 (two-sided) with over 88.5% power. Currently comparison of sojourn time between HSIL 

cases with persistent infections and those with only transient or no HPV infections can be 

performed with 47% power at the 5% (two-sided) level. We would require 8 instances of HSIL 

among women with HPV persistent infections to detect the sa me difference in sojourn time at 

80% power. 
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6. MANUSCRIPT RESUL TS AND DISCUSSION 

6.1. Preface to Manuscript 1 

Positive predictive values of HPV testing are low in most asymptomatic women because of the 

relatively high prevalence of subclinical HPV infection in the general population [71], particularly 

among sexually active women [27] and those less than 30 years of age [9;205]. Most of these 

infections are transient and are probably of little significance. The concern resides, however, in the 

small proportion of women who harbor persistent HPV infections. While the central role of certain 

HPV types in the causal pathway of cervical cancer is generally accepted, it is seen as a 

necessary but not sufficient factor in the natural history of the disease [16;177]. This is the first 

study to appropriately place HPV persistence in a time perspective. 

Previous studies evaluating the association between HPV persistence and incidence of CIN have 

been limited in study design with respect the intervals between repeated sampling, length of 

follow-up and precision with which they could determine viral persistence. Collection of a single 

cervical specimen at the time of enrollment in a cohort study or at the time of diagnosis of CIN or 

of invasive cervical cancer in a case-control study provides little assurance that the laboratory 

determination of HPV positivity of that specimen accurately reflects the relevant past exposure to 

HPV infection that the subject may have had. Furthermore, a biological model for HPV 

carcinogenesis from an enduring HPV infection implicates the necessity for evaluation of a type 

specific infection. This requires testing by type-discriminate HPV assays and frequent repeated 

assessments of infection status. 1 therefore investigated the risk of developing cervical lesions in 

the presence of persistent cervical human papillomavirus (HPV) infection using a highly sensitive 

HPV detection method for data from the Ludwig-McGill cohort study. The analysis in the following 

manuscript represents the first of a series of investigations of the longitudinal relationship of HPV 

and CIN and is based on data collected until June 2000. 
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ABSTRACT 

Context Human papillomavirus (HPV) infection is believed to be the central cause of cervical 

cancer, although most of the epidemiological evidence has come from retrospective, case-control 

studies that do not provide information on the dynamics of cumulative or persistent exposure to 

HPV infection. 

Objective To assess the risks of cervical neoplasia related to prior persistent HPV infections. 

Design and Setting Longitudinal study of the natural history of HPV infection and cervical 

neoplasia in women residing in the city of Sao Paulo, Brazil, which was conducted between 

November 1993 and March 1997 and involved repeated measurements of HPV and lesions with 

follow-up until June 2000. 

Participants A total of 1611 women with no cytologicallesions at enrollment and HPV test 

results available from the first 2 visits. 

Main Outcome Measure Cervical specimens taken for Papanicolaou cytology and HPV testing 

every 4 months in the first year and twice yearly thereafter. Incident cervical cancer precursor 

lesions ascertained by expert review of ail cytology smears. 

Results The incidence rate of squamous intraepitheliallesions (SILs) was 0.73 per 1000 

women-months (95% confidence interval [CI], 0.5-0.9) among women free of HPV at the 2 initial 

visits and 8.68 (95% CI, 2.3-15.1) among women with HPV type 16 or 18 infections persisting 

over both visits. Relative to those negative for HPV oncogenic types at both initial visits, the 

relative risk (RR) of incident SIL was 10.19 (95% CI, 5.9-17.6) for persistent infections with any 

known oncogenic HPV types. The equivalent RR of incident high-grade SIL was 11.67 (95% CI, 

4.1-33.3). The RRs of lesions were considerably higher for persistent infections with HPV type 16 

or 18. 

Conclusion A strong relationship exists between persistent HPV infections and SIL incidence, 

particularly for HPV types 16 and 18. 

* This manuscript was published in JAMA. 2001;286:3106-14 
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INTRODUCTION 

Human papillomavirus (HPV) infection is believed to be the central cause of cervical cancer, 

although most of the epidemiological evidence has come from retrospective, case-control studies, 

[110] which do not provide information on the dynamics of cumulative or persistent exposure to 

cervical HPV infection. The social and economic implications of cervical cancer for public health 

programs worldwide and the recent interest in the development of HPV vaccines have compelled 

the initiation of prospective, long-term multidisciplinary studies of the natural history of cervical 

cancer to investigate the role of HPV infection in the development of preinvasive cervicallesions. 

To date, several studies have reported results on the prospective relationship between HPV 

infection and the incidence of squamous intraepitheliallesions (SILs) 

[106;131;138;171;174;255;262;268]; however, only 2 ofthese studies have reported on HPV 

persistence and subsequent SIL incidence over an extended period of time. [171;262] 

ln 1993, we began a longitudinal investigation (the Ludwig-McGill Cohort Study) of the natural 

history of HPV infection and cervical neoplasia in the city of Sao Paulo, Brazil, a high-risk area for 

cervical cancer. Women enrolled in this study were followed up over a period of several years at 

scheduled return visits during which they were screened concurrently for cervical les ions and 

HPV infection. This allowed us to assess the risks of SIL related to prior cumulative and 

persistent HPV positivity. We were also able to focus on persistence of HPV types 16 and 18, 

which have been linked with increased incidence of high-grade lesions [131;138;262;268] and 

higher probability of lesion persistence. [107] 

METHODS 

Subject Recruitment and Follow-up 

Since 1993, we have carried out a cohort study involving repeated measurements on women 

attending a comprehensive maternai and child health program catering to low-income families 

living in neighborhoods located in the northern sector of the city of Sao Paulo, Brazil (population, 

12 million). Using rosters of outpatients in the family medicine, gynecology, and family planning 

clinics at the Vila Nova Cachoeirinha municipal hospital, 2 nurses specifically trained for the study 

selected a systematic sample of 4990 women to be approached for interview. Of these, 3589 

initially met the eligibility criteria, were given a detailed overview of the study, and were invited to 

participate. Setween November 1993 and March 1997, a total of 2528 women were enrolled into 

the study, representing a response rate of 70.4%. Another 66 women who did not fit the eligibility 

criteria were excluded after enrollment. Subjects entered the study only after giving signed 

informed consent. The study protoGol was approved by institutional ethical and research review 

boards of the participating institutions in Canada and Brazil. 
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Women were eligible to participate if they (1) were between 18 and 60 years of age; (2) were 

permanent residents of Sao Paulo (city); (3) were not currently pregnant and had no intention of 

becoming pregnant during the next 12 months; (4) had an intact uterus and no current referral for 

hysterectomy; (5) reported no use of vaginal medication in the previous 2 days; and (6) had not 

had treatment for cervical disease by electrocoagulation, cryotherapy, or conization in the 

previous 6 months. In addition to these criteria, women were considered ineligible if they were not 

interested in complying with ail scheduled returns, at least for the subsequent 2 years. 

Ali participants were seen every 4 months in the first year (0,4,8, and 12 months) and twice 

yearly thereafter. Delays in returning for a given appointment were allowed, with information and 

specimens collected during any post due visits being assigned to the delayed follow-up return, 

which precluded the occurrence of missing interval visits. Cervical specimens were taken for 

Papanicolaou cytology and HPV testing at every visit. An in-person interview was also performed 

at enrollment to collect information on risk factors for HPV infection and cervical neoplasia, 

including sociodemographics, reproductive health, sexual practices, smoking, and diet. For the 

analyses reported here, follow-up continued until June 2000, the development of SIL, death, or 

loss to follow-up, whichever occurred first. A detailed description of the design and methods of 

the study has been published. [62] 

Cervical Cell Specimens 

A cervical Papanicolaou smear was performed using an Accelon biosampler (Medscand, Inc, 

Hollywood, FL) to collect a standardized sam pie of ectocervical and endocervical cells. After the 

smear was prepared on a glass slide and fixed in 95% ethanol, the sampler containing the 

exfoliated cells was immersed in a tube containing Tris-EDT A buffer (pH 7.4) and agitated to 

release the cells. Samples were th en sent to the laboratory at the Ludwig Institute for Cancer 

Research (Sao Paulo) for storage and HPV testing. The cervical smear si ides were read locally 

and then shipped to Montreal, where they were coded and read specifically for the study by an 

expert cytopathologist (A. F.) who was unaware of any other results from the subjects. 

Cytopathology reports were based on the Bethesda system for cytological diagnoses. [231] For 

the purpose of this analysis, the following categories were used: within normal limits or benign 

cellular changes (normal); atypical squamous cells of undetermined significance (ASCUS) or 

atypical glandular cells of undetermined significance (AG US); low-grade SIL (LSIL); and high

grade SIL (HSIL); or cancer. Ali detected events of HSIL were referred for colposcopie follow-up 

and biopsy if required according to National Institutes of Health approved guidelines. 

HPV DNA Detection 

59 



DNA was extracted from ail cervical specimens using digestion with 1 OO-jJg/mL of proteinase K 

for 3 hours at 55°C, and the DNA samples were then purified by spin column chromatography. 

Cervical specimens were tested for the presence of HPV DNA by a previously described 

polymerase chain reaction (PCR) protocol amplifying a highly conserved 450-base pair (bp) 

segment in the L 1 viral gene (flanked by primers MY09/11). [10; 1 05] Typing of the amplified 

products was performed by hybridization with individual oligonucleotide probes specifie for 27 

HPV genital types. [105] The PCR amplification products that hybridized with the generic probe 

but with none of the type-specifie probes were tested further by restriction fragment length 

polymorphism analysis of the L 1 fragment [12] to distinguish among unknown HPVs. To verify the 

specificity of the hybridizations, we included more than 30 type-specifie positive controls in ail 

membranes. To check the integrity of the host DNA material extracted from the specimens, 

assays also included an additional set of primers (GH20 and PC04) to amplify a 268-bp region of 

the ~-globin gene. [10] Ali HPV assays were done blindly on coded specimens with no 

identification lin king specimens from the same woman. 

Statistical Analysis 

Lesion incidence rates were calculated over the accrued women-months of follow-up according to 

the HPV infection status determined at the enrollment and first follow-up visits combined to 

ascertain initial persistence of HPV infection. Human papillomavirus types were grouped by 

oncogenic potential: nononcogenic HPVs included types 6/11, 26, 32, 34, 40, 42, 44, 53, 54, 55, 

57,62,64,66,67,69,70,71,72,73,81,82,83,84, CP6108, IS39, and other unknown types; 

oncogenic HPV types included 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68, based on an 

expanded classification of Bauer et al. [9] Stratification by HPV oncogenicity was hierarchical and 

based on mutually exclusive categories. We also treated HPV types 16 and 18 separately in 

some analyses. Following a conservative approach to exposure classification, subjects with 

invalid HPV test results at any of the visits were excluded from the analyses. 

We analyzed the risk of postenrollment occurrence of SIL as an incident finding in relation to HPV 

infection status at enrollment and during the first 2 visits. The longitudinal relative risks (RRs) and 

respective 95% confidence intervals (Cls) of incident cervicallesions over time were modeled by 

Cox proportional hazards regression and graphically represented by Kaplan-Meier curves 

depiding the aduarially estimated cumulative incidence over the entire follow-up period from 4 

months to 6 years postenrollment. Time to event was measured from enrollment to the first 

instance of a les ion event or to the last recorded return visit date for censored subjects. We 

investigated the potential effect of confounding by marital status, education, smoking history, 

feminine hygiene practices, parity, oral contraceptive use, condom use, menopausal status, age 

at first intercourse, number of sexual partners, history of sexually transmitted diseases, and 
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occurrence of other genital infections that could influence the development of SIL using a change 

in point estimate cutoff of 10%. We adjusted a priori for age using 4 groups contrasted as dummy 

variables (18-24, 25-34, 35-44, and 45-60 years of age) and for ethnicity (white and nonwhite); no 

other variables were identified as confounders and so were not included. Incidence of SIL was 

estimated both by lesion severity (first confirmed SIL event of any grade and first occurrence of 

HSIL) and by persistence of SIL for 2 or more consecutive visits allowing for at most 1 negative 

intermediate visit. Ali incident cases of SIL were compared with subjects who had no detected 

lesions or ASCUS during the entire period of follow-up. Prevalent cases of les ions detected at 

enrollment were excluded from ail longitudinal analyses. 

Extending the period of observation of HPV status to 3 visits, we also assessed the effect of loss 

of a persistent HPV infection. Subjects with persistent HPV positivity over 3 visits were compared 

with subjects persistent for the same HPV types at the first 2 visits only. Adjusted odds ratios 

(ORs) of incident SIL events occurring within 2 years of assessment of HPV status at the third 

visit were evaluated by unconditional logistic regression using subjects with no infections at ail 3 

visits as the reference group. 

We performed tests of trend by including categorized risk factors as ordinal variables in the 

multivariate models. Relative risks of incident SIL events by HPV infection status during the first 2 

visits were compared by age group, stratifying for subjects 30 years of age and younger vs older 

than 30 years at enrollment. Interaction between age and HPV was assessed by comparing 

multivariate models assuming independence of effects to the same models further incorporating a 

cross-product term for interaction using log likelihood ratio tests based on the x? distribution with 

df equal to the number of parameters of interest. Ali statistical analyses were performed using the 

statistical program SPSS, version 10.0 (SPSS, Chicago, III). 

RESULTS 

Subject Characteristics 

At the time of analysis, valid HPV typing results (excluding ~-globin-negative samples) were 

available for the enrollment and up to 3 follow-up samples of 1862 women. Among the 1791 

women with typing information at enrollment, 286 (16.0%) were found to be positive for at least 1 

HPV type. Table 1-1 shows the descriptive statistics on the primary factors that could influence the 

relationship between HPV persistence and cervical les ion incidence for the 1789 women with 

HPV test results and a complete questionnaire at enrollment. Ali women in the study (except 1) 

had initiated sexual activity by the time of their first follow-up visit interview and therefore had 

potentially been exposed to HPV through sexual transmission. The majority of women had only 1 

to 2 partners in their lifetime. The mean age at enrollment was 33.1 years (median age, 33 
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years). The actuarial proportions of women who have been compliant with ail scheduled follow-up 

visits were 89% at 12 months, 84% at 24 months, 79% at 36 months, 74% at 48 months, and 

69% at 60 months. 

Fort y-one women were found to have cervicallesions at enrollment, and smears from 4 women 

were deemed inconclusive or were lost. Among women free of lesions at en roll ment, the mean 

age at diagnosis of a first SIL was 32.7 years (SO, 8.9), whereas the mean age at first diagnosis 

for HSIL was 32.1 years (SO, 9.3). 

Incidence Rates of SIL Events 

Table 1-2 shows the frequencies and incidence rates of SIL by HPV infection status during the 

first 2 visits (including enrollment visit) for 1611 women with valid HPV test results at both initial 

visits and no cytologically detected lesions at enrollment. Subjects with invalid HPV test results at 

either of the 2 visits were excluded from the analyses. Rates of any-grade SIL were high among 

women testing positive for oncogenic HPV types at enrollment and higher for those who tested 

positive for either HPV types 16 or 18 (data not shown). These rates further increased when 

infections persisted to the second visit for the sa me HPV types. For the most part, the patterns 

were similar for HSIL and persistent SIL. No HSIL or persistent SIL cases were observed for 

women testing positive only once for HPV type 16 or 18. 

Rates of any-grade SIL were highest in women between 18 and 24 years of age (2.44 per 1000 

women-months; 95% CI, 1.7-3.2) and lowest for women 35 to 44 years of age (1.01 per 1000 

women-months; 95% CI, 0.6-1.4), then increasing marginally to 1.08 per 1000 women-months 

(95% CI, 0.4-1.7) in women 45 to 60 years of age. The downward trend in incidence rates of 

persistent SIL continued to the oldest age group, decreasing gradually from 0.58 per 1000 

women-months (95% CI, 0.2-0.9) for 18- to 24-year-olds to 0.19 per 1000 women-months (95% 

CI, 0.1-0.5) for women 45 to 60 years old (P value for trend = .04). 

Cumulative Risks of SIL Events 

We evaluated the cumulative incidence of cytologically detected SIL over time in women free of 

lesions at enrollment. Figure 1-1 illustrates the cumulative risk of any-grade SIL as a function of 

HPV infection status at enrollment alone (Figure 1-1A) or during the first 2 visits including the 

enrollment visit (Figure 1-1 B). Subjects with oncogenic HPV infections at enrollment were more 

likely to develop SIL compared with those with nononcogenic infections or those who were HPV 

negative (Figure 1-1A). The cumulative risk was somewhat more pronounced for women with HPV 

types 16 and 18 at entry compared with those who had other oncogenic types, but there was 

substantial overlap between the 2 curves. Persistent detection of HPV types 16 or 18 at the 
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enrollment and first follow-up visits was associated with a greater cumulative incidence of SIL 

compared with persistent infections with other types or transient infections. The cumulative 

detection of SILs among women with both initial visits positive for HPV types 16 or 18 

approached 40% after 4 years (Figure 1-1 B). 

Relative Risks of First Instance of SIL Events 

Using Cox regression we estimated age- and ethnicity-adjusted RRs of a first instance of any SIL, 

HSIL, or persistent SIL over the entire period of follow-up among the 1611 women free of lesions 

at enrollment (Table 1-3). The highest RRs for any SIL and HSIL were observed for women 

testing positive for oncogenic HPV types at enrollment and first follow-up visit compared with 

women testing negative for any HPV type at both visits. These RRs increased slightly when 

restricted to women with persistent infection with HPV types 16 or 18. Relative risks tended to be 

higher for persistent SIL compared with any SIL events, when considering persistence for 

oncogenic types except 16 or 18. Subjects with missing HPV test results at either visit, grouped 

as a separate category, showed slightly elevated RRs compared with the referent group only for 

any SIL (data not shown). 

Human papillomavirus persistence was also defined using a less stringent method that grouped 

types by level of oncogenicity rather than by taxonomie classification. We distinguished subjects 

positive for oncogenic types at both enrollment and first follow-up visit from those displaying 

persistent infections with the same type at both visits. Although the RR of SIL was high for 

women with 2 positive visits with different oncogenic types, no cases of HSIL or persistent SIL 

were observed. Comparatively, elevated RRs for any SIL were also observed for women with 

transient infections involving an oncogenic HPV type at one of the visits and a nononcogenic one 

at the other. Most subjects (64/68) with oncogenic types detected at both visits, however, 

consisted of persistent infections with the same HPV types. We were also able to distinguish 

subjects with transient infections but positive at both visits for different HPV types. Twenty-five 

subjects were classified as having repeatedly positive visits, with one of them revealing an 

oncogenic type. 

We also investigated whether RRs differed for younger and older women by stratifying on age at 

enrollment. Separate analyses were performed for women 30 years of age and younger and older 

than 30 years. Higher RRs of HSIL were observed for older women with persistent oncogenic 

infections at the first 2 visits (RR, 29.35; 95% CI, 7.3-118.0) compared with younger women (RR, 

5.26; 95% CI, 1.0-27.1), but this difference was not significant. Women 30 years old and younger 

who harbored persistent infections for oncogenic HPV types during the first 2 visits were more 

likely, albeit nonsignificantly, to develop persistent SILs (RR, 19.87; 95% CI, 5.0-79.5) than older 
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women (RR, 13.85; 95% CI, 3.7-52.4). There was no interaction between age and HPV infection, 

regardless of outcome definition. Using a different cut point (25 years) for defining the 2 age 

strata yielded similar conclusions (data not shown). 

Risk of SIL Events with Long-term HPV Infection 

To measure the effects of longer-term persistence and of loss of the initial 2-visit persistence of 

HPV infection, we distinguished the 1611 women with persistent infections for the first 2 

scheduled visits according to their HPV status at the third visit if available (Table 1-4). Odds ratios 

estimated by logistic regression for women with persistent infections and testing positive at the 

third visit were compared with those derived for women with the sa me persistent infections but 

showing no HPV DNA at the third (referent, no HPV at visits 1-3). Only events occurring within 48 

months following the ascertainment of long-term HPV persistence (visits 1-3) were included. The 

OR of incident SIL of any grades for women remaining HPV positive following a persistent 

infection for oncogenic types was 6.69 times (22.02/3.29) that for those eliminating their infections 

at the third visit. This effect was also observed among women with infections for HPV types 16 

and 18 at both initial visits, though to a lesser degree, for whom the OR was 1.15 times 

(12.27/10.71) that of nonpersistors. Conversely, there was no incremental risk associated with 

continued positivity after a persistent nononcogenic infection (3.25/3.55). Corresponding ORs of 

developing a persistent les ion for women maintaining HPV infections after being initially 

persistent were also high. No HSIL or persistent les ion events were observed for women 

eliminating their infections by the third visit regardless of HPV classification. 

COMMENT 

The traditional epidemiological study designs of single-opportunity assessment of exposure and 

outcome do not allow questions of viral persistence or regression of cervical lesions to be 

addressed. [72] To understand the role of HPV and the pattern of the dynamic changes in the 

natural history of cervical dysplasia, studies that collect data repeatedly on risk factors (HPV) and 

screen for cervicallesions on multiple occasions during follow-up must be conducted. In our 

study, we have provided evidence that persistent HPV infection, particularly with oncogenic types, 

is associated with a much greater risk of incident cervical cancer precursor lesions than when 

HPV positivity is defined on the basis of a single-assessment measurement at enrollment. 

Our study has a number of strengths and weaknesses. Among the former we include more 

elaborate algorithms to define type-specific viral persistence (and loss thereof) on the basis of 

multiple initial visits in the cohort and the assessment of long-term incidence of initial and 

recurrent SIL as a function of HPV persistence. However, the definition of a persistent infection 

was based on detecting viral DNA of the sa me taxonomic type using a consensus PCR protocol. 
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Fluctuations in viral load below the detection threshold of PCR may have caused some cases of 

persistent infection to be misclassified as transient due to false-negative test results. In addition, it 

is impossible to ascertain via HPV DNA detection alone if test positivity is equated with true 

(active, albeit latent) viral infection. On the other hand, it is reassuring to note that PCR typing 

alone may be sufficient for defining persistent infections. Longitudinal testing for molecular 

variants of HPVs 16 and 18, while providing an enhanced level of taxonomie detail for 

ascertaining true persistence, [73] indicated that persistently detected HPVs 16 or 18 were of the 

same molecular variant in each case. [252] This observation suggests that persistent detection of 

the same viral type may truly represent a persistent infection. 

Misclassification of lesion outcome history is a noteworthy weakness since our results were 

based on cytological ascertainment, however carefully conducted in a reference laboratory 

following a strict quality control protocol. We opted for an intensive, expert cytological follow-up 

every 6 months of ail SILs found in the study to avoid having to perform unnecessary biopsies, 

which wou Id have interfered with the natural history of early lesions. It is conceivable, however, 

that the magnitude of the associations would have been much greater if we had used histological 

ascertainment of aillesions detected in the study, an observation that we will make at a later 

phase of the investigation after we are able to define HPV persistence using algorithms that 

encompass at least 2 or more years' worth of follow-up visits with complete HPV testing and after 

more lesions are documented during long-term follow-up. Differentiai misclassification is unlikely 

because ail HPV and Papanicolaou tests were performed blindly with respect to each other and 

by different laboratories. Therefore, being nondifferential, it is unlikely that the putative lesion 

misclassification bias would have elevated the observed associations. [72] 

The HPV measurements in our study were collected at several return visits over a period of 1 

year, allowing us to be more stringent with our definition of exposure to a persistent infection. 

Previous studies have relied on only 2 points of measurement, sometimes over a period of 

several years until a diagnosis of SIL. [138;255] The restriction to prevalence measures in case

control studies produces similarly elevated risk associations for concurrent HPV infection and 

les ion development.1 When we emulated this restricted approach by ascertaining persistence 

using HPV test results taken at enrollment and at the time of diagnosis for an incident SIL during 

the first year of follow-up, our ORs increased to 94.9 (95% CI, 27.6-325.7) for "persistent" 

oncogenic infections and to 56.3 (95% CI, 16.5-192.6) for "persistence" of nononcogenic types. 

We even observed an increase in OR for transient infections to 24.1 (95% CI, 10.1-57.7) when 

relying on such an algorithm for HPV exposure. 
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There are some underlying differences between our study and previous cohort studies with 

respect to defining HPV persistence. The first approach is that described above where HPV 

status was evaluated at 2 points in time, the first at enrollment and the second being a prevalence 

measure collected at the same moment as the outcome is diagnosed. [138;255] A second 

approach is that HPV was measured at repeated intervals before the onset of disease, 

[53;106;131;171;174;262;268] although Ho et al [106] used a time-dependent algorithm for 

exposure assessment similar to that of the above studies. A variation on this latter method is to 

take into account the transient nature of precursor les ions in the cause of cervical neoplasia 

allowing for a woman to contribute more than once to the analysis. [107] Potentially more efficient 

when multiple events occur, this approach must take into account the sequential 

interdependencies between repeated events within subjects as they are followed up over time. 

However, a repeated analysis approach does not lend itself to an evaluation of severe outcomes 

such as HSIL because of the need for intervention. 

Among those studies that evaluated oncogenic HPV infection status through consecutive 

scheduled visits, [106;131;171;174;262;268] few investigated the RR association for incidence of 

cervical neoplasia following a repeated HPV infection. [131;171;174;262] Using a nonamplified 

hybridization method for typing HPVs, Koutsky et al [131] observed an RR of 26 (95% CI, 6.5-

112) for incident HSIL among women with multiple positive visits for HPV. Relative risk 

associations for single-point infections with oncogenic HPV types 16 or 18 were lower (RR, 11; 

95% CI, 4.6-26). We observed a similar dose-response relationship in ORs with level of 

oncogenicity for persistent infections, although our RR associations, extended over a longer 

period of time, were lower. This observation has been part of a trend in decreasing RRs with 

increasing interval period between HPV exposure and SIL incidence in our study (data not 

shown). In 2 studies on populations of adolescent women, Moscicki et al [171] and Wood man et 

al [262] also observed a decreasing cumulative risk with time since first exposure to HPV. It has 

been suggested that latent SIL events occurring several years following an HPV infection found at 

baseline may correlate better with more recent infections yet to be detected. [255;268] This 

remains to be confirmed by continued follow-up and HPV typing at repeated visits. 

Persistence of HPV infection was monitored by detection of individual HPV types by PCR, which 

provides a much finer level of detail than that afforded by a commercially available HPV testing 

method such as the Hybrid Capture assay (Digene Corporation, Gaithersburg, Md), the only HPV 

assay approved by the US Food and Drug Administration. Studies that rely on the Hybrid Capture 

test are limited to testing for multiple oncogenic HPVs collectively without distinguishing among 

types. Among those with repeated positive test results, we found that persistent HPV infections 

for both nononcogenic and oncogenic types were associated with substantially elevated RRs for 

66 



SIL incidence and persistence. Such risk associations would have been missed if only the 13 

oncogenic types had been tested for, in combined form. Furthermore, considering subjects with 

nononcogenic infections as negative would have diminished the strength of the associations 

between HPV infections and lesions. Interestingly, for women with repeated positivity for 

oncogenic types (one of the highest risk categories in our study), almost ail harbored persistent 

infections with the same types. No instances of HSIL were observed among women with 

nonpersistent (implying different type) yet with repeatedly positive HPV test results. 

Some studies have demonstrated elevated RRs associated with HPV types 16 and 18 detected 2 

years [131;142] or more [262;268] prior to the development of a high-grade lesion. In this study 

we were able to give particular attention to persistence of HPV types 16 and 18 and its 

relationship to incidence of HSIL. We found that the RR associations intensified with repeated 

detection of HPV 16 and 18 both in Cox regression analyses and by actuarial analysis for ail SIL 

events. Ellerbrock et al [53] observed similar increases in RR for persistent HPV type 16 or 18 

infections (RR, 11.6; 95% CI, 2.7-50.7) after adjustment for HIV seropositivity. 

We also looked at the risk of developing a persistent les ion after an HPV infection. We noted 

particularly high RRs for persistent infections by oncogenic types. Of the 29 women with 

persistent lesions, 13 (44.8%) involved a diagnosis of HSIL. Due to the small number of subjects 

with persistent lesions, we could not speculate on the relationship with HPV type 16 or 18 

infections. Other studies have attempted to look for predictors of les ion persistence or regression 

[107;123] basing their comparisons on a control group of women with previously detected lesions. 

Ho et al [107] observed ORs above 1 for lesion persistence among women who were positive for 

HPV at 2 prior consecutive visits, although they were not able to differentiate between oncogenic 

and nononcogenic HPV types. 

The increase in ORs for incidence of SIL in women harboring long-term oncogenic HPV infections 

adds to the evidence for HPV persistence as a key determinant of les ion development. Although 

few SIL events were available for analysis after restriction for HPV positivity at the first 3 

scheduled visits, proportionally fewer lesions were found in women who eventually eliminated 

their infection within 8 months. No persistent SIL cases or incident HSIL events were detected 

among those who cleared their infection at the third visit in the study. In a study of adolescent 

women with HPV infection at enrollment, Moscicki et al [174] observed an OR of 14.1 (95% CI, 

2.3-84.5) for the incidence of HSIL in women positive for oncogenic HPV at 3 of 4 preceding visits 

compared with those who lost their infection after en roll ment into the study. 
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ln our study, we do not know the proportion of HPV-positive women identified at enrollment who 

were already harboring persistent infections before entering the investigation. Loss of persistence 

at the third visit could merely indicate that the 2 previous positive visits were of a transient nature, 

whereas those with the initial 3 visits being positive for oncogenic HPVs might have represented 

true long-term persistence that began before they entered the study. As we extend typing to 

subsequent follow-up visits in the study, we will be able to more accurately evaluate the effects of 

long-term persistence and of loss of positivity to HPV on the subsequent development of SIL. 

ln conclusion, our study adds to the body of evidence strongly implicating persistent HPV 

infections, particularly with oncogenic types and more prominently with HPV types 16 and 18, in 

the cause of SIL. Using a longitudinal, repeated measurement cohort investigation we were able 

to assess more refined algorithms of cumulative HPV exposure with respect to their prognostic 

value in determining les ion outcome history. However, further analyses for repeated measures 

remain to be done to evaluate the transient nature of the disease and to investigate the long-term 

natural history of HPV infection and cervical intraepithelial neoplasia in our cohort. Our results, 

however, would support the proposai for the application of repeated type-specifie HPV DNA 

testing in screening and for the potential use of vaccines for HPV types 16 and 18 to prevent the 

development of clinically relevant cervicallesions. 
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Table 1-1. Distribution of selected characteristics among 1789 subjects with HPV test results 

at enrollment. 

Demographie Variable Categories No. of Percent 
subjects* 

Age (years) 18-24 343 19.2 
25-34 700 39.1 
35-44 538 30.1 
~45 208 11.6 

Ethnicity White 1158 64.8 
Non-white 630 35.2 

Education Less than elementary 412 23.1 
Elementary 1046 58.5 
High School 280 15.7 
College/University 49 2.7 

Marital status Single 167 9.3 
Married or living together 1468 82.1 
Divorced or widow 154 8.6 

Smoking Never 884 49.4 
Current 601 33.6 
Former 304 17.0 

Age at first intercourse (years) s15 486 27.2 
16-17 456 25.5 
18-19 371 20.7 
~20 476 26.6 

Lifetime number of sexual partners 0-1 799 44.7 
2-3 624 34.9 
4+ 365 20.4 

Duration of oral contraceptive use Never 281 15.7 
s 5 years 980 54.8 
> 5 years 528 29.5 

Number of pregnancies 0-1 275 15.5 
2-3 769 43.3 
4-6 546 30.8 
~7 184 10.4 

Menopausal status Pre- or perimenopausal 1724 96.4 
Post-menopausal 65 3.6 

Condom use Never 716 40.0 
Rarely 629 35.2 
Frequently or always 444 24.8 

Douching Never 1191 66.7 
Occasionally 413 23.1 
Frequently 182 10.2 

History of sexually-transmitted Not reported 1372 77.0 
diseases 

HPV-associated 87 4.9 
Other diseases 322 18.1 

* Subjects with missing information excluded. 
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Table 1-2. Frequencies of new cases developing cervical lesions after extended follow-up according to HPV infection assessed at the first 

two visits* 

Definition of persistent HPV No. of 
infection based on tirst 2 visits subjects 

Negative 1268 
Positive either visit for any 
type§ 

198 

HPV types 16 or 18 once 36 
Positive on 2.visits for same 47 
non-oncogemc types 
Positive on 2 visits for same 
oncogenic types except 16 or 38 
18 
HPV types 16 or 18 (same) 
both visits 

24 

Women
months:t: 

61948.7 

9638.2 

1434.4 

2212.5 

1867.6 

1037.8 

Any SIL High Grade SIL 

No. of events 
(%) 

44(3.5) 

29 (14.6) 

3 (8.3) 

7 (14.9) 

12(31.6) 

7 (29.2) 

Rate/1000 N f t Rate/1000 
0.0 even s 

women-months (0i< ) woman- months 
(95%CI) ° (95%CI) 

0.73 (0.5-0.9) 9 (0.7) 0.15 (0.1-0.2) 

3.40 (2.2-4.6) 6 (3.0) 0.64 (0.1-1.1) 

2.25 (0.0-4.8) 0 (0) 0.0 -

3.52 (0.9-6.1) 0(0) 0.0 -

8.27 (3.6-13.0) 2 (5.3) 1.08 (0.0-2.6) 

8.68 (2.3-15.1) 2 (8.3) 2.06 (0.0-4.9) 

* Excluding subjects with squamous intraepitheliallesions (SIL) detected at enrollment or missing HPV test results. 

t Two or more visits with SIL during follow-up allowing for one negative interval visit. 

:t: Total study follow-up time for ail enrolled women. 

§ Includes women with two positive visits but different HPV types in each, except types 16 or 18. 
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Persistent SIL t 
No. of events 

(%) 

12 (0.9) 

6 (3.0) 

0(0) 

3 (6.4) 

Rate/1000 
woman- months 

(95%CI) 
0.19 (0.1-0.3) 

0.64 (0.1-1.2) 

0.0 -

1.39 (0.0-3.0) 

6 (15.8) 3.51 (0.7-6.3) 

1 (4.2) 1.00 (0.0-3.0) 



Table 1-3. RRs and corresponding 95% Cis of cervicallesions over five years of follow-up 

according to HPV positivity during the first two visits* 

Any SIL High Grade SIL Persistent SIL t 
Definition of HPV infection No. of 
status based on first 2 subjects RRt 95% CI RRt 95% CI RRt 95% CI 
visits 
Emphasis on same-type persistence 
Negative 1268 1.0 (referent) 1.0 (referent) 1.0 (referent) 
Positive either visit for any 

198 4.23 (2.6-6.8) 4.08 (1.4-11.7) 3.53 (1.3-9.5) 
type§ 
HPV types 16 or 18 once 36 2.69 (0.8-8.7) 3.85 (0.5-31.1) 0.00 
Positive on 2 visits for 
same non-oncogenic 47 4.49 (2.0-10.0) 0.00 7.93 (2.2-28.3) 
types 
Positive on 2 visits for 
same oncogenic types 38 9.92 (5.2-18.9) 9.68 (2.6-36.2) 18.89 (7.0-51.1 ) 
except 16 or 18 
HPV types 16 or 18 

24 11.15 (5.0-24.9) 12.27 (2.6-57.5) 7.40 (1.0-57.3) 
(same) both visits 

Persistence based on oncogenic 
types 
Negative 1268 1.0 (referent) 1.0 (referent) 1.0 (referent) 
Positive at only 1 visit 197 2.92 (1.7-5.0) 2.64 (0.8-8.7) 2.78 (1.0-8.0) 
Positive both visits for any 

53 4.89 (2.3-10.4) 2.48 (0.3-19.7) 7.26 (2.0-25.9) 
type 
Positive both visits with an 

25 10.57 (5.0-22.5) 5.24 (0.7-41.8) 5.47 (0.7-42.4) 
oncogenic type in one 
Positive both visits with 

4 24.55 (5.8-103.5) 0.0 0.0 
different oncogenic types 
Positive both visits for the 

64 10.19 (5.9-17.6) 11.67 (4.1-33.3) 14.92 (5.8-38.3) 
same oncogenic types 

* Excluding subjects with squamous intraepithelial lesions (SIL) detected at enrollment. Missing 

categories not shown. 

t Two or more visits with SIL during follow-up allowing for one negative interval visit. 

t RR estimates and 95% CI by Cox proportional hazards regression adjusting for age and 

ethnicity. 

§ Includes women with two positive visits but different HPV types in each, except types 16 or 18. 
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Table 1-4. ORs and corresponding 95% Cls of incident cervical lesions within two years 

following a persistent infection for HPV according to infection status at the third visit* 

Assessment of HPV infection Any SIL Persistent SIL t 
Status at Status at Lesion 

OR:j: 95% CI 
Lesion 

OR:j: 95% CI 
visits 1 and 2 visit 3 INo les ion INo lesion 
Negative ail three visits 25/1046 1.0 (referent) 8/1008 1.0 (referent) 

Positive for 2 visits 
with same non- Negative 1/12 3.55 (0.4-28.5) 0/10 
oncogenic types 

Positive 2/25 3.25 (0.7-14.5) 2/21 12.03 (2.4-60.8) 

Positive for 2 visits 
with same oncogenic Negative 1/12 3.29 (0.4-26.5) 0/12 
types§ 

Positive 7/13 22.02 (8.1-60.2) 4/12 41.16 (10.7-158.3) 

Positive for 2 visits 
Negative 1/4 10.71 (1.1-101.2) 0/4 

for HPV 16/18 
Positive 3110 12.27 (3.2-47.6) 1/8 17.21 (1.9-158.4) 

* Excluding subjects with squamous intraepitheliallesions (SIL) detected at enrollment or first 

follow-up visit. 

t Two or more visits with SIL during follow-up allowing for one negative interval visit. 

:j: OR and 95% CI by logistic regression with analyses restricted to events occurring within 48 

months of assessment of HPV persistence adjusting for age and ethnicity. 

§ Excluding HPV types 16 or 18. 

72 



Figure 1-1. Kaplan-Meier estimates of cumulative incidence of any grade of SILs 

Legend Mutually exclusive categories for human papillomavirus (HPV) infection among women 

free of cervicallesions at enrollment are displayed. A, HPV positivity at enrollment by 

oncogenicity among 1746 women, and B, HPV persistence for the first 2 visits by oncogenicity 

among 1611 women. Women with lesions detected at enrollment or missing HPV test results are 

excluded trom the analyses. 
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6.3. Preface to Manuscript Il 

Most HPV infections are transient and only a small proportion of women infected develop cervical 

neoplasia and cancer. Persistence of HPV infections seems to be an essential intermediate event 

for cervical carcinogenesis. An association between high viralload and HPV persistence has also 

been observed [25;63;105;107;142]. When multiple measurements of the virus cannot be made, 

a single measure of viral burden may be sufficient to identify a subset of HPV infected women at 

higher risk of developing cervical cancer [114;248]. 

Unlike previous studies on this subject, 1 report in the next manuscript results using true viral 

burden as a precursor event in the genesis of cervical neoplasia among HPV positive women 

analyzed in a prospective fashion. Owing to the longitudinal, repeated measurement design and 

to the highly sensitive methods of HPV quantification of this cohort study 1 believe that the present 

manuscript provides critically important new data to the notion that only a subset of women 

infected with HPV will go on to develop cervicallesions. With the recent advances on HPV 

vaccine technology phase III trials are about to start in different populations and the discussion of 

using HPV testing as a screening tool for cervical cancer, this study provides baseline data on the 

definition of HPV viral burden and associated lesion risks that cou Id be used for the planning of 

vaccine trials or screening programs. As per the underlying theme of this thesis 1 explored the 

time effects of viralload using models that accommodate the longitudinal nature of the data. 

These models allowed for the evaluation of the predictive effect of lesion risk by viralload at a 

previous visit. 
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ABSTRACT 

HPV infections are believed to be a necessary cause of cervical cancer. Viral burden, as a 

surrogate indicator for persistence, may help predict risk of subsequent SIL. We used results of 

HPV test and cytology data repeated every 4-6 months in 2081 women participating in a 

longitudinal study of the natural history of HPV infection and cervical neoplasia in Sâo Paulo, 

Brazil. 473 women were positive for HPV DNA by the MY09/11 PCR protocol during the first two 

visits. We retested ail positive specimens by a quantitative, low-stringency PCR method to 

measure viral burden in cervical cells. Mean viralloads and 95% Cis were calculated using log

transformed data. RR and 95%Cls of incident SIL were calculated by proportional hazards 

models adjusting for age and HPV oncogenicity. The risk of incident lesions increased with viral 

load at enrollment. The mean number of viral copies per cell at enrollment was 2.6 for women 

with no incident lesions and increased (trend p value = 0.003) to 15.1 for women developing 3 or 

more SIL events over 6 years of follow-up. Compared to those with less than one copy per cell in 

specimens tested during the first two visits, RRs for incident SIL increased from 1.9 (95%CI: 0.8-

4.2) for those with 1-10 copies per cell, to 4.5 (95%CI: 1.9-10.7) for >1000 copies per calI. The 

equivalent RR of HSIL for >1000 copies per cell was 2.6 (95%CI: 0.5-13.2). Viral burden seems 

to have an independent effect on SIL incidence. Measurement of viralload, as a surrogate for 

HPV persistence, may identify women at risk of developing cervical cancer precursors. 

* This manuscript was accepted for publication in the Int J Cancer, October 2002 
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INTRODUCTION 

Establishment of productive infections by oncogenic types of HPV is a key early event in the 

natural history of cervical cancer. Given the positive relationship between viralload and the 

likelihood of persistent HPV infection [211] and the strong relationship between the latter and risk 

of cervical neoplasia [42], a single measurement of viralload in cervical specimens may be a 

suitable bio-marker of either a transient infection or the likelihood that an instance of HPV DNA 

positivity may represent a persistent infection or one that may become persistent over time and 

lead to the development of cervical SIL. In the latter case, little is known, however, about the 

relationship between level of viral burden and les ion incidence or les ion grade severity in the 

natural history of CIN. HPV DNA viralload has been identified as a biomarker for cervicallesions 

in women [116;268], primarily with minor grade cytological atypia [228]. However, only a few 

studies have evaluated the predictive effect of viralload on the incidence of cervical cancer 

precursors [35;107;108;116;268]. 

A few methods of viralload estimation have been evaluated in epidemiological studies. Although 

several cross-sectional studies have examined the association between the HPV viralload 

measured by HC and the presence of SIL [40;44;89;226;237], HC cannot accurately quantify 

HPV DNA in cervical specimens because of the variable exfoliated cell content of such samples. 

The correlation between HPV viralload and grade of lesions is dependent on HPV type [240], HC 

identifies multiple types altogether making quantification difficult to interpret. Other studies have 

used semi-quantitative PCR protocols to measure the HPV viral load 

[44;89;107;108;127;226;261]. However, 2 factors that influence estimates of viralload, namely 

PCR inhibition and the cell content of samples, were not taken into account in these 

investigations. Recently, Joseffson et al. [114] described an accu rate measure of viralload by 

employing a real-time PCR protocol. 

ln 1993, we began a longitudinal investigation (Ludwig-McGiII Cohort Study) of the natural history of 

HPV infection and cervical neoplasia in the city of Sao Paulo, Brazil, using a PCR based method for 

viralload quantification. The focus of the analyses reported here was to assess the long-term risk 

of incident CIN as a function of viralload, as weil as to evaluate the potential use of viralload 

measurement as an aid to the clinical management of HPV positive women. The study 

participants were followed for up to 8 years, during which time they were screened concurrently for 

cervicallesions and HPV infection at scheduled return visits. 

MATERIALS AND METHODS 
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Subject recruitment 

Two nurses, specifically trained for the study, systematically selected women attending a 

comprehensive maternai and child health program catering to low income families in of Sao Paulo, 

Brazil. Subjects entered the study only after giving signed informed consent. The study protocol was 

approved by institutional ethical and research review boards of the participating institutions in 

Canada and in Brazil. A detailed description of the design and methods of the study has been 

published previously [62]. 

Women were eligible to participate if they: (i) were aged between 18 and 60 years; (ii) were 

permanent residents of Sao Paulo (city); (iii) were not currently pregnant and had no intention of 

becoming pregnant during the next 12 months; (iv) had an intact uterus and no current referral for 

hysterectomy; (v) reported no use of vaginal medication in the previous 2 days; and (vi) had not 

had treatment for cervical disease in the previous 6 months. A total of 2528 participants were 

recruited into the study between 1993 and 1997. 

Ali participants were seen every 4 months in the first year (0,4,8 and 12 months), and twice 

yearly thereafter. Follow-up has been ongoing for over eight years with a response rate at each 

visit of approximately 70%. Cervical specimens were taken for Pap cytology and HPV testing at 

every visit. 

Cervical cell specimens 

An Accelon biosampler (Medscand, Inc., Holywood, FL) was used to collect ecto- and 

endocervical samples. After the cells were smeared on a glass slide and fixed for cytology, the 

sampler containing the residual exfoliated cells was immersed in a tube containing Tris-EDTA 

buffer (pH 7.4). The tube was agitated to release the cells from the sampler, which was then 

discarded. Samples were then sent to the Ludwig Institute for Cancer Research in Sao Paulo for 

storage and testing. The Pap smears were shipped to Montreal, where they were reread by one 

of the authors (A.F.). The cytopathology reports were based on the Bethesda system for 

cytological diagnoses [97] and were blinded to HPV results for the same samples. 

HPV DNA detection 

Cervical specimens were tested for the presence of HPV DNA by a previously described PCR 

protocol amplifying a highly conserved 450 bp segment in the L 1 viral gene (flanked by primers 

MY09/11) [10;105]. Typing of the amplified products was performed by hybridization with 

individual oligonucleotide probes specific for 27 HPV genital types whose nucleotide sequences 

for probes within the MY09/11 fragment have been published in the literature [6/11, 16, 18, 26, 

31,33, 35, 39,40,42,45,51,52,53,54,55,56,57,58,59,66,68, 73, 82, 83, and 84] [105]. 
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Amplified products that hybridized with the generic probe but with none of the type-specifie 

probes were further tested by RFlP analysis of the L 1 fragment [12] to distinguish among 

unknown HPVs. Use of the RFlP analysis extended the range of identifiable HPV types to 

include additional HPVs, Le. 32, 34,44,62,64,67,69,70,71,72 and 81, as weil as CP6108 plus 

other unknown types. To verify the specificity of the hybridizations, we included more than 30 

type-specifie positive controls in ail membranes. In order to check the integrity of the host DNA 

material extracted from the specimens, assays also included an additional set of primers (GH20 

and PC04) to amplify a 268 bp region of the f3-globin gene [10). For the investigation reported 

here, HPV types were separated into 2 groups by presumed oncogenicity (Le., oncogenic and 

non-oncogenic). Oncogenic types included HPVs 16, 18,31,33,35,39,45,51,52,56,58,59, 

and 68; ail others were considered non-oncogenic. Ali HPV assays were done on coded 

specimens blinded to any identification linking specimens from the sa me woman. 

Measuring viral burden 

We retested ail cervical specimens found to be positive with the main PCR protocol (MY09/11) by 

a quantitative, low-stringency PCR to measure viral burden in exfoliated cervical cells [29]. The 

method uses general primers (GP5, GP6) from a weil known PCR protocol that detects a broad 

spectrum of HPVs [247]. The quantitative PCR protocol employs low stringency conditions to co

amplify the specific HPV DNA fragment along with DNA sequences from the human genome 

present in the starting PCR mixture. Standards consisting of mixtures containing varying amounts 

of reference HPV 16 plasmid (corresponding to 0, 4, 20, 100, 500, and 2500 viral copies per cell) 

were included in duplicate in every assay added to a constant background of normal human DNA. 

ln addition, control samples consisting of DNA from 2 cervical carcinoma ceillines with known 

quantities of HPV copies (Hela, 20-40 copies/cell of HPV-18; Caski, 400-600 copies/cell of HPV-

16) were included in duplicate in every assay. The silver-stained gel bands corresponding to the 

HPV and to the constant human genome fragments were quantified by densitometry [29]. The 

logarithm of the ratio between these 2 bands is directly proportional to the logarithm of the 

amount of HPV DNA in the individual samples. Proper quantification is obtained by linear 

interpolation in a standard curve constructed with the results from the control mixtures. The dose

response relationship is linear at concentrations as high as 5000 copies per cell and is 

independent of the amount of DNA present in the reaction mixture, of the number of PCR 

amplification cycles, of staining intensity, and of the choice of human genome bands used as 

reference [29]. Samples with viralloads near the limits of detection (5000 copies per cell) were 

diluted and re-run to ensure accuracy. Assessment of viral burden via this protocol represents a 

combined measure for any HPV types present in the specimen that are identifiable by the GP5/6 

primer pair. Quality control data using Hela and Caski controls from ail test runs in this study 
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indicated good reproducibility and accuracy. Means were 52.5 (95% CI 40-66) and 801 (95% CI 

633-969) copies per cell for HeLa and Caski, respectively. 

Statistical Analysis 

To evaluate the long-term risk of SIUCIN in association with viralload we focused on 465 women 

positive for HPV at enrollment and after four months for whom cervical specimens were tested for 

viralload. Mean viralloads and 95% Cis across these visits were calculated using logarithm 

transformed data. We analyzed the risk of an incident SIL diagnosed by cytology occurring in 

women free of SIL at enrollment according to viralload at enrollment and during the first 2 follow

up visits. Histology was not performed for diagnostic ascertainment. 

RRs of incident cervical les ions over time were modeled by Cox proportional hazards regression 

over the entire 8 years of follow-up for women free of SIL at enrollment. Time to event was 

measured from enrollment to the first instance of a les ion event or to the last recorded return visit 

date for censored subjects. Incidence of SIL was estimated by lesion severity (first confirmed SIL 

event of any grade and first occurrence of HSIL), and by further taking into account the different 

sub-categories of les ion grades. This corresponded to stratifying LSIL into those that showed 

predominantly cytopathic effects of productive HPV infections (LSIUHPV) and those that showed 

squamous abnormalities (LSIUSQ). Similarly, HSIL findings were also separated into those 

lesions consistent with moderate dysplastic changes (equivalent to CIN2) and those with more 

severe dysplastic features (equivalent to CIN3). Ali incident cases of lesions were compared with 

subjects with no detected lesions or with atypical squamous cells of undetermined significance 

(ASCUS) during the entire period of follow-up. 

To assess the potential clinical value of quantitative viral measurements we examined the 

strength of the association between viralload and les ion risk at the same and in consecutive 

visits. Allowing for repeated assessments of HPV exposure, we evaluated the association 

between viral load and concurrent and subsequent cervical les ion status for 1441 HPV positive 

cervical specimens collected at six consecutive scheduled visits during the first 2 years of follow

up. We calculated average viralloads for each HPV positive subjects using results from the tirst 2 

follow-up visits to reduce the level of misclassification in assessing viral burden. A total of 10863 

person-visits and cervical specimens were recorded during this period. We used the GEE 

regression approach to estimate marginal ORs as estimates of the RR of any SIL or HSIL at the 

same visit and at the next visit according to viralload at any given point in time. This technique 

allowed us to account for the correlation between repeated events within subjects by adjusting for 

the intra-subject correlation using an exchangeable correlation matrix. This approach produced 

the most conservative estimates of effect for the OR estimates. Whenever an exchangeable 
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correlation matrix cou Id not be estimated after stratification, repeated events were assumed to be 

independent. Prevalent cases of lesions detected at the previous visit were excluded from the 

analysis of les ion incidence at the next visit. 

We adjusted a priori for age using 4 groups contrasted as dummy variables (18-24, 25-34, 35-44, 

and 45-60 years), and for HPV infection status at the index visit (only non-oncogenic types and 

any oncogenic types). We investigated the potential effect of confounding by marital status, 

education, smoking history, feminine hygiene practices, parity, oral contraceptive use, condom 

use, menopausal status, age at first intercourse, number of sexual partners, history of sexually 

transmitted diseases, and occurrence of other genital infections that could influence the 

development of SIL; no other variables were identified as confounders based on a change in 

estimate criterion [148]. We performed tests for trend by including categorized risk factors as 

ordinal variables in the multivariate models. Statistical analyses were performed using the 

statistical programs SPSS® version 11.0 (Chicago, IL) and STATA® version 6 (StataCorp, College 

Station, TX). 

RESULTS 

Of the 2081 women who provided cervical samples for cytological and HPV analysis, 473 (23%) 

women tested positive for HPV at least once at either of the first 2 visits. Of these, 40 subjects 

presented with prevalent les ions detected at enrollment, 1 Pap smear was inadequate for 

evaluation. Viral load estimation could not be made for a further 15 women positive for HPV at 

either of the first two follow-up visits, leaving 417 women available for inclusion in the analyses. 

The mean follow-up time until censoring or incidence of HSIL for HPV positive subjects with less 

than 1 copy per cell, low viralload (1-10 copy per cell), moderate (11-100 copies per cell), high 

(101-1000 copies per cell) and very high viralload (>1000 copies per cell) were 63.1, 61.1, 51.2, 

58.4 and 58.6 months, respectively. 

To investigate the role of viralload in the natural history of cervical les ion development, we 

analyzed viral load measured at either of the first 2 visits according to the number of subsequent 

positive Pap tests during follow-up (Table 11-1). Compared to women who remained cytologically 

negative during the follow-up period, viralload was higher for women with at least 2 positive Pap 

tests at 6.2 copies per cell and increased with the number of positive Pap tests to 18.7 copies per 

cell in women with 3 or more subsequent SIL by cytology. The viralload in the latter women was 

significantly higher (p = 0.001) than in those with no positive Pap tests (mean = 2.2 copies per 

cell). A statistically significant weighted dose response relationship was observed between log 

viralload and increasing number of incident SILs (p for trend < 0.0005). 
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We examined the relative increase in risk of developing any SIL and HSIL over time with 

increasing viralload among women who were HPV positive at either of the first 2 visits (Table 11-

2). There was a dose-response trend for an increase in RRs with higher average viral copy 

frequency from less than 1 to over 1000 copies per calI. However, this trend was statistically 

significant only for incidence of any SIL (p < 0.001). A less strong relationship was seen when we 

restricted the viralload exposure assessment to the first visit only (data not shown). There was no 

dose-response trend in viralload - lesion risk relation for HSIL events among those with no 

prevalent HSIL at enrollment but this analysis was based on fewer cases (n = 15). Nevertheless, 

risk of HSIL was elevated for those in the highest viralload category. 

We repeated the analysis shown in Table 11-2 separately for women less than 35 and those 35 

and over. A similar trend in increasing RR of any SIL was observed with viralload for younger 

women with point estimates increasing from 3.1 (95%CI 1.2-8.0) for women with specimens 

containing 1-10 viral copies per cell, 5.8 (95%CI 2.5-13.6) for 11-100 copies per cell, 4.3 (95%Ci 

1.8-10.3) for 101-1000 copies per cell, and 9.9 (95%CI 3.8-25.9) for >1000 copies per calI. RRs 

of SIL for older women were lower but not significant due to the small number of subjects with 

high viralload. RRs of incident HSIL were also higher for younger women: 1.4 (95%CI 0.1-13.2) 

for 1-10 copies per cell, 4.4 (95%CI 0.9-21.8) for 11-100 copies per cell, 2.4 (95%CI 0.4-14.8) for 

101-1000 copies per cell, and 5.9 (95%CI 0.9-36.9) for >1000 copies per calI. Due to small 

sample sizes, point estimates were not estimable for older women. 

When we expanded the les ion categories to distinguish between different grades of LSIL (with 

and without koilocytosis) and HSIL (Table 11-3) we observed consistently elevated RRs for women 

harboring higher mean viralloads at the first two visits after adjustment for age and HPV status. 

The RRs for those with >100 copies per cell decreased somewhat with increasing lesion seve rit y 

from LSILISQ to HSILlCIN2 and CIN3 although the RRs for the latter were based on fewer events 

and thus lacked precision. 

We also evaluated the potential use of viralload measurement as an aid for clinical management 

of HPV positive women, by calculating RRs of lesions according to high, intermediate, or low viral 

loads assessed at the same visit, as a cross-sectional association, and at the 2 previous visits, as 

prospective associations (Table 11-4). In ail there were 1525 HPV positive cervical samples from 

the 2081 women tested during the first 2 years offollow-up. Ofthese, 81 HPV positive specimens 

were not quantifiable for viralload. 1444 valid samples were quantifiable for viralload and were 

included in the analyses. Increasing viralload correlated strongly with overall prevalence of LSIL 

and HSIL cross-sectionally. The association was weaker for HSIL than for LSIL with viralload 

levels above 100 copies per calI. The same pattern of effects was seen for incident LSIL events 
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occurring at the next visit (4 to 6 months after viralload assessment) as weil as for events 

occurring 2 visits after viralload ascertainment (corresponding to an interval of 8 to 12 months). 

However, the magnitudes of effect were decreased somewhat compared to those for the cross

sectional associations. RR estimates for HSIL alone were less consistent but there was evidence 

of a stronger association, which was maintained for higher viralload levels, ascertained by 2 

visits prior to the cytological assessment (8 to 12 months apart). 

To determine if cytological status at the visit in which viralload was assessed affected the 

associations described above, we conducted analyses of any SIL events by restricting 

observations at the viral load assessment visit to women with either normal or benign cellular 

changes, as one stratum, and to those with ASCUS, as a second stratum (Table 11-5). This 

stratified analysis indicated that regardless of the time of les ion ascertainment, either 4-6 or 8-12 

months post viralload assessment; viralload was only predictive of SIL occurrence among 

women with smears within normallimits. There was no prognostic value in knowing viralload 

levels among women with ASCUS smears. 

DISCUSSION 

Relying merely on simple HPV type detection as a bio-marker of increased risk of subsequent 

cervical neoplasia suffers from several practicallimitations. Fluctuations in viralload below the 

detection threshold of screening tests can lead to misclassification of some infected women as false 

negative. This can be a problem with non-PCR based techniques [226]. In addition, it is impossible to 

ascertain via HPV DNA detection alone if test positivity is equated with an active, persistent viral 

infection. For practical purposes, one can ascertain persistence via repeated testing 6 to 12 months 

apart, which improves substantially the ability to predict cervicallesion incidence [224). However, 

assessment of persistent infections cannot be a solution for screening and management algorithms 

because it would require a high patient compliance with scheduled return visits. Poor compliance 

with repeat tests is one of the greatest pitfalls of current cervical cancer screening programs [166]. 

The amount of viralload could conceivably serve as a proxy for persistent infections. We therefore 

attempted to evaluate the independent effect of viral burden on the development of SIL in a large 

cohort of women using a PCR-based technique for viralload quantification. While our study is one 

of the largest currently evaluating the influence of viral burden on the incidence of CIN, we 

recognize that the design has some limitations. 

Misclassification of les ion outcome history is a potentiallimitation in this study since our results were 

based on cytological ascertainment only. We opted for intensive, expert cytologie follow-up every 

four to six months of ail ASCUS and LSILs found in the study to avoid having to perform 

unnecessary biopsies, which would have interfered with the natural history of cervicallesions. 
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Nevertheless, it is conceivable that the magnitude of the associations would have been greater if we 

had used histological ascertainment of alliesions detected in the study. Colposcopy-oriented 

biopsies in expert hands can miss 20% to 30% of HSlls [163]. Differentiai misclassification is unlikely 

because ail HPV and Pap tests were performed blindly with respect to each other and the 2 tests 

were performed by different laboratories. Women were referred immediately for colposcopy 

whenever an HSll result was detected by either the local or review cytology readings or by 

cervicography. The results of colposcopic follow-up and biopsies of such cases are currently 

being reviewed and will form the basis for a future analysis when the entire cohort completes a 

minimum of 5 years of follow-up. 

Testing under a wide range of conditions has shown that the PCR-based technique used to 

measure viral load in this study is reproducible and adaptable to large scale testing in 

epidemiologic studies [29]. The method has also been demonstrated to be reliable over repeated 

samplings since women harbor similar levels of viralload from one visit to the next [211]. 

Abnormal cells found in CIN 2 or 3 lesions express fewer intercellular adhesion molecules than 

normal cells [127] and could possibly be sampled more readily than normal cells. Our method 

allows for this by normalizing the numbers of copies of viral DNA against the quantity of host DNA 

permitting the calculation of true viral load in terms of the number of copies per cell, thus 

eliminating the fluctuation due to variation in cell content among specimens from different 

subjects and from the sa me subject over time [29]. Furthermore, the results fram the inclusion of 

cervical carcinoma celllines as secondary contrais (Hela and Caski cells) in every testing batch 

indicate that the method is sufficiently accu rate and precise in allowing a quantitative assessment 

of the number of HPV copies per host cell [29]. The dose-response relationship is linear at 

concentrations as high as 5000 copies per cell and is independent of the amount of DNA present 

in the reaction mixture, of the number of PCR amplification cycles, of staining intensity, and of the 

choice of human genome bands used as reference [29]. Unlike previous methods based on semi

quantitative assessment of PCR signais using external standards [241], this technique 

apprapriately satisfies the criteria for quantitative measurement of viral load in cervical 

specimens. It is reproducible, has an adequate linear range in dose-response, and pravides 

results standardized for cell content. 

We further attempted ta reduce the level of misclassification in assessing viralload by including 

measurements fram the 2 initial follow-up visits. Expectedly, this seemed to imprave the magnitude 

of the associations with lesion risk but in general, a single testing opportunity (e.g., the enrallment 

specimen or the ones at any other follow-up visit) carries substantial risk prediction value for both 

short- and long-term incident lesions. 
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Our results indicate that among HPV-positive women viral burden seems to have an effect on 

LSIL and HSIL incidence that is independent of that contributed by age and HPV types grouped 

by oncogenic potential. Women with multiple positive Pap tests during follow-up were also more 

likely to have harbored higher viralloads at the beginning of the study than those who remained 

lesion free throughout follow-up. A dose-response relationship with increasing viralload was also 

observed for the risk of an incident LSIL event over time, indicating that women with greater viral 

burdens are more likely to develop LSIL. While less significant, the presence of high viralload 

also appears to serve as a predictor of incidence of HSIL among women with no such lesions. 

Measurement of viral burden may help in the clinical setting to identify HPV positive women at 

greater risk of developing moderate or severe dysplasia but its greatest value is in predicting the 

initiation of the dysplastic process. 

Few truly quantitative PCR assays have been developed for HPV viralload measurement. Other 

groups have utilized real-time PCR assays for HPV DNA load determinations 

[114;116;127;240;248;268]. In one study, cervical CIS occurred in women with consistently higher 

HPV-16 DNA load [268], and higher HPV16 viralload at baseline was found to predict the risk of 

CIS over a period of 7 years [116]. Van Duin et al. [248] found higher viralload for HPV16 to be 

associated with incidence and progression of CIN 2 and 3 in women with both normal and 

abnormal cytology at baseline. In the latter 2 studies, sam pie accuracy was assessed by 

measuring the relative expression of human f3-actin or f3-globin gene in samples to normalize 

HPV results for cellular content by expressing quantities in copies per cell [116;127;248;268]. 

Such correction is necessary to avoid introducing a bias in viral load measurement since more 

cellular material can be obtained from sampling HSILs, potentially generating artificially higher 

HPV viralload [127]. The measurements, however, were restricted to HPV types 16 or 18 without 

consideration of the overall burden of infection nor do they consider other HPV types of differing 

oncogenic potential. Viral load quantification in our study was undertaken irrespective of HPV 

type, and represents an average, ove rail viral burden. While we could not determine the relative 

contributions to the overall viralload of different HPV types in specimens harboring infections with 

multiple types, we attempted to control for such effects by adjusting for HPV types grouped by 

oncogenic potential in ail analyses. Nonetheless, we realize that this adjustment is incomplete 

and estimates may have been attenuated. On the other hand, use of our technique removes the 

need for testing for viral burden with type-specifie assays, which wou Id make testing in screening 

conditions more time-consuming and expensive. 

Cross-section al studies using HC-II have shown mixed associations between viralload and lesion 

severity, particularly for HSIL samples [228;237]. Others [35] have found it unreliable in predicting 

HSIL up to 3 years later. Using a semi-quantitative PCR technique, Schneider et al. [226] found 
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viralloads in HPV-positive smears of prevalent CIN 2/3 to be significantly higher than in incident 

CIN 2/3 lesions (p = 0.0005). 

Our results show that the risk prediction ability of viral load measurements is less for incident 

HSIL than it is for LSIL, at least within the duration of follow-up accrued in our study to date. This 

may be indicative of a correlation between the degree of proliferation associated with the 

underlying HPV infection and lesion grade, with the reductions in magnitude of the associations 

between high copy number and HSIL being consistent with a tendency for viral integration to 

become a dominant feature as high-grade les ions develop. Our analysis of sub-categories of 

lesion grades seemed to corroborate these findings. Sherman et al. [228] observed a similar 

decline in viral load measured by HC-II with increasing les ion severity defined by colposcopy or 

histopathology. 

We further observed that while viralload has substantial value as a risk stratifier for incident LSIL and 

less for HSIL, the short-term (4 to 12 months) predictive value is influenced by the underlying 

cytological abnormalities. The associations were present for those with smears within normallimits 

and notably absent for those with ASCUS in their specimens. The lack of prediction by HPV viral 

load among women with ASCUS results by cytology may be because some of these classifications 

already represent an initiation of a lesion disguised as ASCUS. Therefore, these results may be a 

reflection of the aforementioned hypothesized relationship, that while viral burden may increase the 

likelihood of initiation of a dysplastic event, it may not play as strong a role in the subsequent 

malignant transformation of infected cells into neoplasia [260]. 

ln conclusion, in women who do not already exhibit morphological changes by cytology, 

measurement of viralload, as a surrogate for HPV persistence, may identify women at increased 

risk of developing cervical lesions. However, the clinical utility for measures of viral burden 

remains to be confirmed by histological evaluation in screening studies. 
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Table 11-1 - Mean viral load and 95% CI in HPV-positive cervical specimens according to 

incident SIL persistence over 8 years of follow-up 1 

Number of 
Incident SIL 

women 

No occurrence 352 

Only 1 positive Pap test 44 

Two positive Pap tests 8 

Copy 

frequencl 

2.2 

8.9 

6.2 

95% CI p3 

1.7-2.8 

3.9-20.6 0.0003 

1.1-33.2 0.2117 

ThreeormorepositivePaptests 13 18.7 3.1-112.6 0.0014 

1 SIL ascertained by cytology at return visits over 8 years, excluding prevalent cases of SIL at 

enrollment. 

2 Viralload (copies/cell) calculated as the average between viralloads at enrollment and first 

follow-up visit. 

3 T-test statistical significance for pooled data with comparison to the mean viralload in women 

with no SIL events. 
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Table 11-2 - RR and 95% CI of any incident SIL during 8 years of follow-up according to 

average viral load in 2 initial specimens 1 

Average 
Any SIL Only HSIL 

viralload2 Lesion Lesion 

(copies/cell) event! RR 95% CI event! RR 95% CI 

No lesion No lesion 

<1 23/224 1.0 Referent 7/243 1.0 Referent 

1-10 8/39 1.87 0.8-4.2 1/48 0.67 0.1-5.4 

11-100 15/40 3.38 1.8-6.5 3/55 1.71 0.4-6.7 

101-1000 12/38 2.94 1.5-5.9 2/57 1.16 0.2-5.6 

>1000 7/11 4.47 1.9-10.7 2/21 2.59 0.5-13.2 

P for trend 0.000 0.309 

1 RR and 95% CI derived by Cox regression excluding prevalent at enrollment cases of SIL and 

human papillomavirus (HPV) negative women. Adjusted for HPV types grouped by oncogenic 

potential and age. 

2 Calculated as the average between viral loads at enrollment and first follow-up visit. 
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Table 11-3 - RR and 95% CI of different sub-categories 1 of SIL during 8 years of follow-up according to average viralload in the 2 initial 

cervical specimens2 

Average 
LSILlHPV 

viralload3 LSILISQ HSILlCIN2 HSILlCIN3 

( copies/ce Il) Numberof. Numberof Number of Numberof 
RR 95% CI RR 95% CI RR 95% CI RR 95% CI 

samples samples samples samples 

<1 226 1.0 Referent 229 1.0 Referent 230 1.0 Referent 230 1.0 Referent 

1-100 82 2.32 1.3-4.1 82 1.79 1.0-3.2 86 1.38 0.7-2.8 89 1.23 0.6-2.5 

>100 57 2.48 1.2-5.3 63 4.17 2.2-7.7 69 2.97 1.2-7.2 71 2.23 0.9-5.8 

1 According to the dominant cytological feature: cytopathic effects (LSILlHPV), mild squamous dysplastic component present (LSILlSQ), moderate 

dysplasia (HSILlCIN2), and severe dysplasia or worse abnormalities (HSILlCIN3) 

2 RR and 95% CI adjusted for HPV types grouped by oncogenic potential and age by Cox regression excluding prevalent at enrollment cases of 

SIL and HPV negative women. 

3 Calculated as the average between enrollment and first follow-up visit viralloads. 
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Table 11-4 - Marginal OR and 95% CI for the prevalence and incidence of LSIL and HSIL 

according to viral load assessed at the same or at 1 or 2 previous visits1 

Timing of viral 
LSIL HSIL 

load 

measurement Viralload Number of Number of 
OR 95% CI OR 95% CI 

(copies/cell) samples samples 

At same visit <1 820 1.0 Referent 809 1.0 Referent 

1-100 272 3.91 2.2-7.1 264 5.73 2.4-13.9 

>100 248 9.32 5.2-16.7 198 3.90 1.5-10.2 

At previous visie <1 653 1.0 referent 658 1.0 referent 

1-100 194 3.71 1.7-8.1 197 2.26 0.6-8.7 

>100 161 5.56 2.6-11.7 178 1.27 0.2-7.1 

Two visits prior3 <1 682 1.0 referent 678 1.0 referent 

1-100 201 1.53 0.7-3.3 207 4.50 0.8-26.7 

>100 156 2.74 1.2-6.0 174 7.62 1.3-43.6 

1 OR and 95% CI adjusted for HPV types grouped by oncogenic potential and age using GEE 

regression models correcting for intra-subject correlation among HPV positive women (see text 

for details). 

2 HPV load at previous visit, excluding prevalent cases of SIL at index visit for exposure 

assessment. 

3 HPV load 2 visits prior, excluding prevalent cases of SIL at index visit for exposure assessment. 
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Table 11-5 - Marginal OR and 95% CI for the incidence of any SIL according to viral load: 

results stratified by cytological status at the viralload assessment visit1 

Cytology status at viralload measurement visie 

Within normallimits ASCUS 
Timing of viral 

load Viralload Number of. Number of 
OR 95% CI OR 95% CI 

measurement (copies/cell) samples samples 

At previous visie <1 637 1.0 Referent 18 1.0 Referent 

1-100 180 3.13 1.4-6.8 17 1.94 0.3-11.7 

>100 144 5.02 2.4-10.4 18 0.89 0.1-8.3 

Two visits prior4 <1 665 1.0 referent 18 1.0 referent 

1-100 190 1.76 0.8-3.9 12 0.38 0.04-4.0 

>100 145 3.72 1.7-8.0 14 0.18 0.01-2.1 

1 OR and 95% CI adjusted for HPV types grouped by oncogenic potential and age using GEE 

regression models correcting for intra-subject correlation among HPV positive women (see text 

for details). 

2 Restricted to subjects with corresponding cytological classification at index visit for exposure 

assessment: 'within normallimits' includes normal smears and benign cellular changes; ASCUS: 

atypical squamous cells of undetermined significance. 

3 HPV load at previous visit, excluding prevalent cases of SIL at index visit for exposure 

assessment. 

4 HPV load 2 visits prior, excluding prevalent cases of SIL at index visit for exposure assessment. 
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6.5. Preface to Manuscript III 

Most epidemiologic research on the natural history of HPV infection and cervical cancer has been 

based on only one measurement of exposure to the virus and its determinants or cofactors and on 

one measurement of cervical lesion end points. Case-control and cohort investigations have 

relied on different approaches to determining the baseline status for HPV and other factors and 

lesion outcomes, simultaneously, retrospectively, or prospectively. Statistical modeling by logistic 

and proportional hazards regression methods has enhanced the ability to probe associations in 

epidemiologic datasets by allowing control of confounding, assessment of interaction among 

variables. However, it is only with multiple repeated assessments that methodological errors in 

sampling and cytology testing, and effects of temporal fluctuations in detectability of HPV du ring 

the course of infection, can be corrected for. 

It has been demonstrated that, in traditional epidemiologic designs, incomplete measurement of 

cumulative exposure to HPV may make it unreliable to use the magnitude of the RR estimates for 

the association between HPV and cervical neoplasia to evaluate the degree with which HPV acts 

as a necessary cause of the disease [72]. Sources of misclassification of HPV can arise in two 

ways: 1) methodologic or laboratory error in assessing the true cervical HPV infection status of a 

given cohort participant, due to problems arising from cervical sampling, specimen processing, or 

accuracy of testing, or 2) erroneous measurement of cumulative exposure to HPV infection on the 

basis of testing of a single specimen only. Many previous studies on HPV and CIN incidence 

have been retrospective in design and did not collect information on exposure to HPV on more 

than one occasion. As a result such studies are unable to examine consistently the magnitude of 

effect of HPV on CIN, nor can they determine when during the natural history of the disease the 

virus plays an active role in the carcinogenesis of the squamous epithelium. 

ln this paper 1 investigated the pitfalls of traditional epidemiologic approaches to measuring the 

role HPV infection in cervical neoplasia by exploring in detail the time-dependent characteristics 

of this association. In particular 1 try to show that although the observed differences in magnitude 

of RR observed in previous cohort studies can be due to the use of imperfect methods of 

outcome classification, the effect of mismeasurement of CIN may not be the main culprit in cohort 

or case-control studies. Even with highly sensitive PCR-based methods of measuring the 

presence of HPV DNA in cervical specimens, the delay with which exposure assessments are 

made with respect to the time of disease ascertainment can affect considerably the magnitude of 

effect by HPV. This problem becomes more serious when one relies on single measurements of 

exposure. 
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ABSTRACT 

We studied the time-dependent association between human papillomavirus (HPV) infections and 

squamous intraepitheliallesions (SIL) among women enrolled in a cohort study using repeated 

measurements for SIL by cytology and HPV testing by polymerase chain reaction. We investigated 

different Cox regression modelling appraaches to assess the effect of varying interval times by 

mimicking alternative cohort study designs embedded into the repeated measurements 

investigation. Associations between HPV status and early les ion events were of high magnitude. 

The age-adjusted hazard ratios (HRs) for the association between HPV status at enrollment and 

any-grade SIL decreased gradually with time until 72 months for both oncogenic (HR=4.12, 95% 

CI: 2.7-6.3) and for non-oncogenic HPV types (HR=2.39, 95% CI: 1.4-4.1). The HR for incident 

high grade SIL (HSIL) remained constant over time ranging fram 7.15 (95% CI: 2.0-25.1) at 12 

months to 6.26 (95% CI: 2.7-14.5) at 72 months for oncogenic HPV types. With HPV as a time 

dependent predictor, the HR for the association of oncogenic types with incident SIL and HSIL 

events were 14.2 (95% CI: 8.7-23.1) and 32.7 (95% CI: 8.4-127.3), respectively. We may 

underestimate the prognostic value of HPV detection using designs that rely on HPV 

ascertainment at a single point in time. The waning in HRs should be considered in the 

implementation of screening programs based on HPV detection. 

* This manuscript was submitted for publication to the Amer J Epidemiol, November 2002 
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INTRODUCTION 

The association between HPV DNA and cervical cancer has been weil documented worldwide 

[16]. In the natural history of the disease, preinvasive lesions of cervical neoplasia can be 

transient and reoccur over time. Women may develop low and high grade squamous 

intraepitheliallesions (SILs); LSIL may progress on to HSIL or may regress back to a normal 

state [109]. Human papillomavirus (HPV) infection is the main etiological agent in the initiation of 

this process [16]. While the likelihood of a lesion persisting or progressing to cancer can be 

dependent on the characteristics of HPV infections [142;185;248;252], the strength of the 

observed association with HPV can be influenced by methodological issues such as the 

measures of cumulative exposure that are used in the study design and analysis [67;72]. 

To date, cohort studies of HPV and SIL have differed in the frequency with which subjects are re

evaluated over time for exposure and outcome status [106;107;131;138;171;174;185;255;262], 

as weil as in the time elapsed between these two measurements [99;268]. While ail of these 

studies support a causal relationship between HPV and incidence of SIL, there is a lack of 

consensus on the magnitude of the effect and liUle is known about the possible waning of the risk 

association over time. Furthermore, studies that rely on single measures of HPV infection may be 

more susceptible to misclassification of viral exposure given the transient nature of many HPV 

infections [106]. 

Longitudinal studies with repeated measures present a unique challenge for the statistical 

analysis of observation al data and the investigation of disease associations due to the inherent 

correlation between measures [52;243]. The newer statistical approaches that have been 

developed for the analysis of such data contrast with the simplistic approach, which involves 

collapsing the information on repeated events into one or two summary measures [81]. The latter 

approach does not make use of ail available data collected at repeated intervals for each 

individual and ignores the time dependence of the epidemiological association between events. 

ln the study reported here, we analyzed data from an epidemiological investigation involving 

repeated measurements of HPV infection status and cervical les ion outcomes over time among 

women attending a comprehensive maternai and child health program catering to low income 

families in the northern sector of the city of Sao Paulo, Brazil. Using algorithms that mimic different 

study layouts embedded in our cohort investigation we analyzed the longitudinal relationship 

between HPV and cervical neoplasia to examine the strength of this association overall and as a 

function of time between exposure assessment and outcome events. 

METHODS AND MATERIALS 
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Subject recruitment 

A detailed description of the design and methods of the Ludwig-McGili cohort study and 

characteristics of subjects have been published previously [62;224). From November 1993 to 

March 1997, two study nurses selected a systematic sam pie of women to be approached for 

interview from daily lists of outpatients in the family medicine, gynecology, and family planning 

clinics at the "Vila Nova Cachoeirinha" municipal hospital. Eligible women were given a detailed 

overview of the study and invited to participate. Eligibility criteria included: (i) age between 18 and 

60 years; (ii) permanent residence of Sao Paulo (city); (iii) not currently pregnant and no intention 

of becoming pregnant during the next 12 months; (iv) having an intact uterus and no current 

referral for hysterectomy; (v) no use of vaginal medication in the previous 2 days; and (vi) not 

treated for cervical disease in the previous 6 months. In addition to these criteria, women were 

considered ineligible if they were not interested in complying with ail scheduled returns, at least 

for the subsequent 2 years. 

Subjects entered the study only after giving signed informed consent. The study protocol was 

approved by institutional ethical and research review boards of the participating institutions in 

Canada and in Brazil. Ali participants were seen every 4 months in the first year (0, 4, 8 and 12 

months), and twice yearly thereafter. Cervical specimens were taken for Pap cytology and HPV 

testing at every visit. The study nurses also performed a detailed interview to collect information 

on sociodemographic factors, reproductive health, sexual activity, smoking, and diet at enrollment. 

Information on sexual activity and reproductive health was also collected at each return visit 

during the first 12 months and at subsequent yearly returns. 

Cervical cell specimens 

An Accelon biosampler (Medscand, Hollywood, FL) was used to collect an ecto- and endocervical 

sample at each of the visits. After the cells were smeared on a glass slide and fixed for cytology, 

the sampler containing the residual exfoliated cells was immersed in a tube containing Tris-EDTA 

buffer pH 7.4. Samples were then sent to the Ludwig Institute for Cancer Research for storage 

and testing. The Pap smears were shipped to Montreal for coding and classification by an expert 

cytopathologist (AF). The cytopathology reports were based on the 1992 Bethesda system for 

cytological diagnoses [97]. Readings were blinded to previous cytology outcomes and to HPV 

results for the same women. 

HPV DNA detection 

Cervical specimens were tested for the presence of HPV DNA by a standardized polymerase 

chain reaction (PCR) protocol [10;105). Typing of the amplified products was performed by 

hybridization with individual oligonucleotide probes specific for ail 27 HPV genital types whose 
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nucleotide sequences for probes within the MY09/11 fragment have been published in the 

literature [105]. Amplified products that hybridized with the generic probe but with none of the 

type-specifie probes were tested further by restriction fragment length polymorphism (RFLP) 

analysis [12] to increase the number of identifiable HPV types. To verify the specificity of the 

hybridizations, we included more than 30 type-specifie positive controls in ail membranes. In 

order to check the integrity of the host DNA material extracted from the specimens, assays also 

included an additional set of primers to amplify the l1-globin gene [10]. HPV types were separated 

into two groups by presumed level of oncogenicity. Oncogenic types included HPVs 16, 18,31, 

33, 35, 39, 45, 51, 52, 56, 58, 59, and 68; non-oncogenic types included 6/11, 26, 32, 34, 40, 42, 

44,53,54,55,57,62,64,66,67,69,70,71,72,73,81,82,83, 84, CP6108, plus other unknown 

types. Ali HPV assays were done on coded specimens with no identification linking specimens 

from the sa me woman. Appropriate precautions were taken to reduce the possibility of specimen 

contamination. 

Statistical Analyses 

For the analyses reported here, follow-up continued until March 2002, the development of neoplasia 

requiring treatment, death, or loss to follow-up, whichever occurred tirst. Time to event was 

measured from the date of enrollment to the date of first occurrence of a les ion (as defined below) 

or to the last recorded return visit date for censored subjects. 

ln order to assess the time dependence of the association between HPV and lesion outcomes we 

evaluated different analysis approaches based on distinct design layouts that were conceivable 

as part of the repeated measurement dataset of the Ludwig-McGili cohort (Figure 111-1). We tirst 

looked at the association between HPV infections at en roll ment and the occurrence of cervical 

les ions that could be documented exclusively within a specified period of time, with follow-up 

ending (i.e., ignored) after that date (Figure 111-1, Model A). A second approach involved initiating 

follow-up for outcome events later in the study, after a period of delay had elapsed, and 

associating HPV infection status at enrollment with the occurrence of cervicallesions occurring 

only after a specified period of time (i.e., outcomes occurring before that time were ignored) 

(Figure 111-1, Model B). Models A and B assume traditional cohort analyses of single point 

assessment of exposure at enrollment and a first documented instance of outcome based on the 

respective layout restrictions (model B addresses the possibility that the outcome was present at 

the time that exposure was assessed). The traditional Cox regression model was used for this 

purpose. 

ln order to produce a cumulative estimate of association over time while accurately representing 

the transient nature of HPV infections, this model was extended to incorporate a time-varying 

98 



measure of HPV infection by modeling the hazard for changing HPV status at each visit (Figure 

111-1, Model C). The constraint with ail of the previous three models is that instances of SIL after 

the first event are not considered. Therefore, a fourth model approach (Figure 111-1, Model D) was 

used, which involved correlating HPV infection status and les ion incidence at different, fixed 

follow-up returns. This was performed using two points of assessment; one for exposure 

corresponding to time to and the other for outcome assessed a specified number of months later 

at time to'. In this layout, subjects cou Id contribute multiple periods of observation for each time 

span combination, in which both the exposure and outcome assessment visits were allowed to 

vary to make up st rata of equivalent follow-up duration. The diagram in Figure 1 depicts an 

example of model D with a period of observation of 12 months. Two approaches, generalized 

estimating equations (GEE) [271] and marginal hazards regression [243], were used to estimate 

relative risks (RRs) of SIL while taking into account the clustering within each individual implied in 

model D. In the GEE approach, correlations between outcome events are treated as nuisance 

parameters, thereby allowing for inference based on the coefficients for the covariates in the 

model that can be either time-dependent or time-independent - in this case, HPV infections and 

age at en roll ment, respectively. Ali models incorporated an exchangeable or equal correlation 

pattern for the repeated events. We used the marginal hazards regression model to verity the 

consistency of estimates resulting from the GEE approach. We adapted this model [243] to the 

analysis of pairwise comparisons between HPV results at any given visit and occurrence of SIL at 

different interval returns (Model D). Stratification in this model was performed to allow the 

baseline hazard to vary with each period of observation defined by the index visit where HPV was 

tested. The hazard function [h(t,X[t])] at time t for an individual with the vector of explanatory 

variables X(t) is described by the following formula: 

p 

h(t, X[t]) = hO} (t) x e'~l fJiXi(t) 

where =holt) is an arbitrary and unspecified baseline hazard function for each period of 

observation (j); {3i is the regression parameter associated with the ith explanatory variable, and 

Xi[t] is the ith explanatory variable, i=1, ... ,p (Le. HPV status at time t). 

Different restriction criteria for excluding lesions at baseline visits were assessed in Model D 

analyses using the above approach. In the least restrictive analyses ail subjects were included, 

regardless of baseline status by cytology. A second set of analyses used a subset of subjects 

after removing prevalent cases of SIL at enrollment. The most restrictive analyses included only 

pairwise arrangements in which the baseline visit did not reveal cytological abnormalities. A 

robust variance was estimated in ail models, clustering on each individual. 

For ail models (except GEEs), we estimated the RR of les ion occurrence given HPV infection 

status by computing hazard ratios (HR) and respective 95 percent confidence intervals (CI). We 
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examined proportionality of the hazards for the traditional Cox regression models using 

Schoenfeld residuals, and fit models for non-proportion al hazards using the extended Cox model 

[243]. Statistical analyses were performed using the statistical programs SPSS® version 11.0 

(SPSS, Chicago, IL), STATA® versions 6 and 7 (StataCorp, College Station, TX) and S-PLUS® for 

Windows version 6.0 (Insightful, Seattle, WA). 

RESULTS 

Between November 1993 and March 1997,2528 women were enrolled into the study, 

corresponding to a 70 percent response rate. Women who were found not to fit the eligibility 

criteria after recruitment (N=66) were excluded after enrollment. The remaining 2462 women 

participating in the study were followed up at repeated scheduled returns for a period of up to 8 

years. Fifty-one (2.1 percent) women presenting with a prevalent lesion at enrollment and six 

women with inconclusive cytology results were excluded from the analysis. The total follow-up 

time for subjects with no les ions at enrollment was 128,129 women-months. Taking into account 

time-to-event follow-up data used in the Cox regression models, the total follow-up time 

decreased to 122,299 women-months. After excluding only cases of HSIL at enrollment, the total 

follow-up time was 128,624 women-months. 

A decrease in the effect of HPV over time was evident when we looked at the association 

between HPV infections at enrollment and the occurrence of SIL over time (Table 111-1). This 

approach is analogous to performing different prospective cohort studies with varying periods of 

follow-up from 4 months to 72 months in which multiple cervical samplings were made within the 

assumed study duration (Figure 111-1, Model A). When we consider ail incident SIL events that 

occur over time after enrollment until the indicated time has elapsed, we see a decreasing trend 

in HR with time from 6.49 for non-oncogenic HPV types after an interval of 4 months to HR=2.39 

after 72 months. A similar trend is observed for oncogenic HPV types, with HRs decreasing from 

7.15 to 4.12, over the sa me time intervals. Point estimates for different periods of follow-up return 

were higher for the association with incidence of HSIL over time. Although the initial association 

for oncogenic HPVs was very high over the first 8 months of follow-up, the HR then decreased 

and remained between 6.26 and 7.83 for study periods reaching from 12 months to 72 months 

follow-up. While HRs for non-oncogenic HPV were lower, a similar pattern of risk was observed 

with increasing follow-up time. 

A second cohort analysis approach involves initiating follow-up of subjects later in the study after 

a period of delay (Table 111-2). This approach mimics a study design with delayed initiation of 

follow-up whereby occurrences of SIL are associated with an HPV test result taken several 

months or years earlier (Model B). The magnitude of the association between HPV infection at 
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enrollment and SIL is lower than that seen in equivalent intervals in table 1 and decreases as 

model B analyses lengthen the interval between exposure and first assessment of outcome. 

When we looked at the risk effect of a persistent oncogenic infection, defined as being positive for 

the same oncogenic types at both enrollment and first follow-up visits (data not shown), the HRs 

decreased from 8.35 (95% CI: 5.0-13.9) after 4 months to 5.60 (95% CI: 1.6-19.8) after 48 

months. The effect was weaker for persistent non-oncogenic infections (HR=3.14, 95% CI: 1.6-

3.9 and HR=1.87, 95% CI: 0.2-14.3 for 4-month and 48-month delays, respectively). For the 

occurrence of HSIL, no decreasing trend in HR was demonstrated with increasing interval delay. 

While the stability of the point estimates decreased with interval period, the HR for oncogenic 

HPV remained high at 5.4 (95% CI: 2.3-12.6) after a delay of only 4 months, and stayed at the 

same level (HR=5.6; 95% CI: 0.5-59.4) even after a delay of 60 months. 

Cox proportional hazards models with time-dependent covariates incorporate the transient nature 

of HPV infections by updating the HPV results over the course of follow-up to reflect the latest 

infection status observed at the previous visit (Model C). The maximum follow-up that occurred 

was 3 years because HPV testing results were available only for the first two years of follow-up. 

Compared with the previous analyses using a single HPV assessment, table 3 shows 

substantially higher HRs for SIL events, with HRs of 5.7 for non-oncogenic types and 14.2 for 

oncogenic types. The equivalent associations with HSIL were of much greater magnitude. 

Model D analyses considered multiple measurements of HPV infection and les ions within 

individuals. Among those with no indication of a prevalent lesion by cytology at enrollment, 38 

had two or more SIL events during the period of follow-up. The number of subjects contributing 

multiple HSIL events was lower (8 people) and events were concentrated in only a few people (of 

the 8, 6 had two events, one had 4, and one had 7). Although correlations between multiple 

events are unspecified we allowed for a varying baseline hazard for each observation period 

depending on which follow-up visit is considered. This approach was judged to be statistically 

more conservative than stratifying on event order. We observed associations of similar magnitude 

for the occurrence of cervicallesions 4 or 6 months after a positive HPV result (Table 4) to those 

observed by the traditional analyses for first occurrence of SIL. Effect estimates by the two 

regression models (GEE and marginal hazards) were generally comparable although they 

differed in definition, i.e., odds ratios for GEEs and HRs for Cox regression for marginal data. 

RRs begin somewhat higher for oncogenic HPV types than for non-oncogenic types after an 

average period of 4 months followed by a drop in RR at 8 months. A similar drop is seen at an 

average follow-up time of 6 months after testing for non-oncogenic HPV types. More importantly, 

table 4 also shows a trend of decreasing RRs for both non-oncogenic and oncogenic HPV types 

as cohort interval time increases. We also repeated ail models in table 4 by using more or less 
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stringent criteria for restricting subjects with les ions at baseline. Point estimates using both GEEs 

and marginal hazards were comparable to the on es shown in table 4, regardless of whether subjects 

with prevalent les ions were included or when ail baseline les ions were excluded at the beginning of 

each observation period (data not shown). The latter method was the most restrictive since it only 

included in the analyses time segments of exposure-outcome observations in which no les ions 

existed at the time of exposure assessment, effectively forcing repeated events to occur only after an 

interval period without SIL incidence. 

DISCUSSION 

Using the repeated measurements made over time in our study, we were able to analyze the 

dynamic status of cervical lesion outcomes with respect to similar changes in status over time for 

HPV testing results. Previous studies of the natural history of HPV and cervical cancer have also 

used statistical methods for longitudinal data, to a limited extent, to analyze either HPV infections 

[1] or precursor lesions [107] as outcomes [141;262]. Although potentially more powerful, such 

statistical approaches have sorne additional conditions and assumptions that are not required in 

traditional cohort study designs [33]. 

The objective of this study was to evaluate the time-dependence of the association between HPV 

infections and the risk of SIL incidence by decomposing our cohort data to mimic different cohort 

study designs. First, we replicated traditional cohort designs of baseline assessment of exposure 

and delayed outcome incidence with increasing durations of follow-up that either assumed a 

termination date (outcomes after that date being ignored, i.e., Model A) or imposed a specified 

period of time during which no outcome ascertainment was made (outcomes before this period of 

time being ignored, i.e., Model B). These two approaches are based on a single time assessment 

of HPV exposure (i.e., at enrollment) and tirst incident les ion (at a given interval restriction), and 

thus they ignore most of the exposure and les ion information collected during the study. We th en 

resorted to models that supplemented the enrollment HPV status with the post-enrollment HPV 

testing data and correlated the resulting combined information with risk of incident les ions (i.e., 

Model C). Finally, we used longitudinal designs with repeated assessments of HPV and SIL over 

time and varying time intervals between exposure and outcome (Model D). 

The hall mark of our findings is the decline in the magnitude of the association between baseline 

HPV and risk of subsequent SIL with increasing duration of follow-up. RRs might be attenuated 

by the occurrence of remote SIL events (i.e., events later in the study) as a result of new HPV 

infections occurring after enrollment. As a result, traditional cohort analyses that rely on single 

measures of exposure may underestimate the HR when we try to associate prevalent HPV 

infections with SIL events several years later (Model A). The hazard associated with initial HPV 
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status is high early on but declines with time, suggesting that HPV status at baseline is c10sely 

associated with early events but almost unassociated with later events. The slight association 

with exclusively distant events (Model B) could be ascribed to the correlation between current and 

new HPV infections after the primary visil. We cannot exclude, however, the possibility that the 

point estimates may be influenced by false negative HPV tests as HPV infections are transient, 

for the most part. 

When we evaluate the pairwise associations between a measurement for HPV and SIL at 

different points in time following an HPV measurement (Model D), we see the magnitude of the 

association drop at 6 to 8 months after HPV assessment for non-oncogenic HPV types and at 8 

months after HPV assessment for oncogenic types. A return to initiallevels of association does 

not occur until after 12 months follow-up for either type. The model D approach was also useful in 

testing the hypothesis that the quality of the HPV testing in our study did not change over time. 

Although we used a standard PCR protocol for ail tests, small technical variants have been 

introduced over the long time span (nearly 10 years) involving laboratory work in this project. 

Enrollment HPV results were generated 1-4 years before HPV tests done in later follow-up 

specimens. The fact that model D results largely replicated the findings from models A and B 

suggest that the quality of our viral testing did not drift over time. 

Traditional cohort analyses that rely on a single measure of HPV exposure obtained on 

enrollment present a design situation analogous to nested-case-control studies carried out on 

registries of passive screening data derived from a passive follow-up (Model A). Two such studies 

by Wallin et al. [255) and Liaw et al. [138] observed odds ratios (ORs) of 15.0 (95% CI: 0.8-1541) 

for the incidence of cervical cancer an average of 6 years after an HPV-DNA positive normal Pap 

smear and 12.7 (95% CI: 6.2-25.9) for incident HSIL within 5 years of follow-up after an HPV 

positive normal Pap smear, respectively. Taking an alternative follow-up approach, we witness a 

similar decline in HR associations as the time interval between positive HPV results and cervical 

lesion incidence becomes longer. That is, the likelihood of a new SIL or a repeat LSIL event 

decreases as the opportunity for detecting such events by cytology is delayed. This method 

reproduces the situation encountered in studies with passive [35;268] (Model D) or delayed 

follow-up of subjects [142] (Model B). We observed decreasing HRs associated with SIL 

occurring later during follow-up for both oncogenic and non-oncogenic HPV infections at 

enrollment. Considering persistent type-specific oncogenic HPV infections for the first four 

months of follow-up, the association with incident SIL or repeat SIL events continues for a longer 

period of time with appreciably higher HRs being observed for incident events 48 months later. 

This is not seen for non-oncogenic persistent infections (data not shown). 
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A second important observation in this study is the divergent pattern of risk association observed 

for HSIL compared to any SIL. While point estimates for HSIL were less stable due to the small 

number of events, they were indicative of a constant risk relation over time for both HPV infection 

variables. The majority of incident HSIL events were preceded by an LSIL or ASCUS smear 

(18/27). The magnitude and persistence of the HR over time is consistent with a causal 

hypothesis. Other studies [262] have observed a decline in risk of HSIL by cytology in relation to 

time since first detection of HPV fram less than 6 months (RR: 25.33, 95% CI: 8.81-72.83) to over 

12 months (RR: 6.42, 95% CI: 2.10-19.65). Ylitalo et al. [268] showed decreasing ORs acrass 

levels of HPV 16 viralload measured over one to nine years before diagnosis of CIS from 

histological samples. Even though previous studies have shown oncogenic HPV types to be more 

likely to persist than other types [105;210] we cannot discount the raie of false positive and 

negative test results in these associations and those of previous studies. 

Studies have tried to address this attenuation in effect with time by incorporating time-varying 

measures of HPV status into their statistical models of cervical neoplasia (Model C) 

[106;141;171]. Use of statistical methods that allow time-dependent covariates (e.g., GEEs) in 

these studies demonstrate a clinical utility to HPV testing for predicting the incidence of new or 

recurrent cervical les ion following a recent HPV infection. In similar cohort studies by Ho et al. 

[106] and Moscicki et al [174], the authors observed elevated ORs for SIL following a positive 

infection for oncogenic HPV types detected 6 months and 4 months earlier, respectively. 

A recommendation of GEE and marginal models is the assumption that the data conform to a 

particular balanced structure. These models lose efficiency if, as follow-up continues, more 

individuals are measured irregularly. Furthermore, while the correlation matrix can differ fram 

subject to subject, missing data must be missing at random [52]. The occurrence of missing 

values has been minimized as much as possible in this study as delays in returning for a given 

appointment were permitted although this created longer interval periods for some subjects. We 

observed similar point estimates by both regression approaches, Le., GEE and marginal hazards, 

which gives credence to the validity of the findings by either model. 

Although outcome assessment was carefully conducted in a reference laboratory following a strict 

quality control protocol and without knowledge of exposure status, cytological misclassification may 

have resulted in an attenuation of the RR estimates. We opted for an intensive, expert cytological 

follow-up every four to six months of ail Pap smears collected in the study to avoid having to perform 

unnecessary biopsies, which may interfere with the early natural history of lesions. The inclusion of 

intensive repeated cytological testing over time also permitted us to evaluate recurrence of les ion 
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events. However, we cannot be sure that a repeat detection of an event represents a recurrence or 

persistence of SIL, even if no les ion is detected at interval assessments by cytology. 

ln epidemiological studies such as this we rarely know the disease history of women following a tirst 

exposure to HPV in cohort studies of SIL. As a result, we and others often exclude prevalent cases 

detected at enrollment from the analysis [30;106;131;138;174;224;266] and assume that women 

with negative cytology lesions at enrollment are at similar risks of lesion incidence. The majority of 

the SIL events in our study began as LSIL. While the progression of LSIL to HSIL to cancer may 

depend on other factors in conjunction with HPV, the detection of SIL could sim ply fluctuate with 

HPV status. The short-term association observed between HPV and LSIL may result from the 

relatively easy recognition by cytology of the cytopathic effects induced by HPV [83;229;232]. 

However, a relationship between HPV and incidence of SIL over an extended period of time has also 

been observed [171] suggesting that there exists a temporal risk effect. Wh en estimating the 

association between HPV and SIL events, we can gain precision by taking into account the 

transient nature of the disease. The incorporation of repeat SIL events in our analyses, achievable 

due to the length of follow-up in this study, marginally improved the model power (as indicated by the 

narrowing of the CI) without changing the estimation of effects (data not shown). 

ln conclusion, we observed a decrease in the magnitude of the association between baseline 

HPV detection and SIL over time. However, allowing for the dynamic nature of both the exposure 

and outcome yielded larger RR estimates for corresponding time points. As a result, use of 

traditional cohort design and analysis techniques relying on ascertainment of exposure at a single 

point in time may result in an underestimation of the effects of HPV, even when one is testing 

only for high risk, oncogenic viral types. Future assessments of the empirical effects of HPV 

infection in long term follow-up studies may require more complex algorithms to quantify past 

exposure to the virus (e.g., inclusion of viralload, long term persistence and type-specifie 

information). In addition, future implementation of screening programs based on HPV testing will 

have to consider the waning of the predictive value of viral testing over time in detecting clinically 

significant lesions. 
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Table 111-1: HRs and 95 percent Cls for the association between non-oncogenic and oncogenic HPV infection at enrollment and any 

grade SIL detected within specified periods of follow-up* 

SIL detected Non-oncogenic HPV Oncogenic HPV 

within No. events Any SIL HSIL No. events Any SIL HSIL 

SIL! HSIL SIL! HSIL 

Enrollmentt 3/0 5.29 (1.4-20.3) 35/16 46.27 (20.9-102.4) 49.5 (16.1-152.2) 

4 months 5/1 6.49 (2.1-19.8) 9/3 7.15 (2.7-18.8) 

8 months 9/1 4.46 (2.1-9.7) 10.65 (0.7-172.8) 14/3 5.14 (2.6-10.0) 23.53 (2.3-238.5) 

12 months 11/1 3.77 (1.9-7.5) 1.92 (0.2-16.5) 19/5 5.46 (3.1-9.7) 7.15 (2.0-25.1) 

24 months 13/2 3.82 (2.0-7.2) 3.00 (0.6-14.5) 22/7 5.41 (3.2-9.2) 7.83 (2.7-22.8) 

36 months 14/3 2.78 (1.5-5.0) 3.78 (1.0-14.4) 27/8 4.65 (2.9-7.4) 7.57 (2.8-20.5) 

48 months 14/3 2.41 (1.3-4.3) 2.85 (0.8-10.3) 29/10 4.32 (2.8-6.7) 7.15 (3.0-17.1) 

60 months 16/3 2.45 (1.4-4.2) 2.67 (0.7-9.5) 30/10 4.06 (2.7-6.2) 6.69 (2.9-15.7) 

72 months 16/3 2.39 (1.4-4.1) 2.50 (0.7-8.8) 31/10 4.12 (2.7-6.3) 6.26 (2.7-14.5) 

* Traditional Cox Proportion al Hazards model with robust variance for events occurring by the scheduled return visit adjusted for age, excluding 

prevalent cases at enrollment. Events up to and including the indicated scheduled visit considered according to model A (see text for details). 

t Logistic regression for the cross-section al relationship between HPV and cytology determined at enrollment (adjusted for age). 
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Table 111-2: HRs and 95 percent Cis for the association between non-oncogenic and oncogenic HPV infection at enrollment and any 

grade SIL detected after specified periods of postponement in follow-up* 

SIL detected Non-oncogenic HPV Oncogenic HPV 

after No. events Any SIL HSIL No. events Any SIL HSIL 

SIL! HSIL SIL! HSIL 

4 months 14/3 2.11 (1.2-3.7) 2.42 (0.7-8.6) 28/9 3.76 (2.4-5.8) 5.35 (2.3-12.6) 

8 months 12/3 2.15 (1.2-4.0) 2.64 (0.7-9.4) 21/8 3.45 (2.1-5.7) 5.23 (2.1-12.9) 

12 months 7/2 1.49 (0.7-3.3) 1.95 (0.4-8.8) 18/8 3.55 (2.1-6.1) 5.81 (2.3-14.6) 

24 months 4/2 1.05 (0.4-2.9) 2.78 (0.6-13.2) 9/4 2.27 (1.1-4.7) 4.30 (1.3-14.5) 

36 months 3/1 1.02 (0.3-3.3) 2.20 (0.3-19.0) 7/4 2.34 (1.0-5.3) 6.96 (1.8-26.4) 

48 months 2/0 1.45 (0.3-6.3) 3/3 2.28 (0.7-7.9) 14.89 (2.4-91.8) 

60 months 1/0 1.12 (0.1-8.7) 1/2 1.15 (0.1-9.0) 5.61 (0.5-59.4) 

* Traditional Cox Proportional Hazards model with robust variance for events occurring only after the indicated follow-up time adjusted for age, 

excluding prevalent cases at enrollment. Interval SIL events after en roll ment but before the indicated period of follow-up were not considered 

according to model B (see text for details). 

107 



Table 111-3: HRs and 95 percent Cis for the association between current status for non

oncogenic and oncogenic HPV infection at a given visit and first instance of SIL over the 

first 3 years of follow-up 

HPV status at given visit Traditional time-dependent Cox model* 

First SIL event First HSIL event 

Negative 1.0 (reference) 1.0 (reference) 

Only non-oncogenic type 5.68 (3.0-10.7) 11.33 (2.2-57.3) 

Any oncogenic type 14.20 (8.7-23.1) 32.69 (8.4-127.3) 

* Cox Proportional Hazards model for the first les ion event at any scheduled return visit with time

dependent variables for HPV status adjusted for age, excluding prevalent cases at enrollment 

according to model C (see text for details). 
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Table 111-4: RR estimates and 95 percent Cis for the association between non-oncogenic and oncogenic HPV infection at a given visit 

and any grade SIL detected at scheduled follow-up returns* 

Marginal hazards model* GEE regression modelt 

SIL detected at Non-oncogenic HPV Oncogenic HPV Non-oncogenic HPV Oncogenic HPV 

HR (95% CI) HR (95% CI) OR (95% CI) OR (95% CI) 

o months (sa me visit) NA NA 31.09 14.2-67.8 48.57 23.7-99.5 

4 months 6.14 (3.1-12.1) 13.03 (7.6-22.5) 6.60 (3.2-13.5) 15.76 (9.0-27.5) 

6 months 4.39 (0.7-25.8) 14.32 (4.6-44.9) 1.92 (0.1-42.1) 10.60 (3.2-35.5) 

8 months 3.08 (1.3-7.4) 5.33 (2.8-10.2) 3.13 (1.2-8.0) 5.74 (2.7-12.1) 

12 months 5.56 (2.5-12.2) 11.81 (6.4-21.9) 4.10 (1.8-9.3) 10.60 (5.6-20.1) 

18 months 6.97 (2.8-17.2) 8.95 (4.0-20.1) 6.78 (2.7-16.9) 9.94 (4.5-22.2) 

24 months 3.85 (1.6-9.5) 7.34 (3.6-15.1) 3.19 (1.3-7.7) 5.58 (2.5-12.4) 

30 months 1.90 (0.4-8.9) 7.78 (3.8-16.0) 1.46 (0.2-8.7) 8.29 (4.0-17.3) 

36 months 2.62 (1.0-6.7) 3.35 (1.6-7.0) 2.24 (0.8-6.1 ) 2.57 (1.1-6.1) 

42 months 2.47 (0.8-7.4) 5.69 (2.9-11.3) 2.48 (0.8-7.7) 5.78 (2.8-11.9) 

48 months 2.63 (0.5-13.0) 4.40 (1.6-11.8) 2.32 (0.5-10.6) 4.47 (1.7-11.9) 

54 months 4.23 (1.3-13.6) 1.98 (0.5-7.4) 5.07 (1.8-14.2) 1.82 (0.5-6.7) 

60 months 0.73 (0.1-6.3) 3.37 (1.0-11.1) 1.13 (0.2-7.2) 2.30 (0.5-10.8) 

* Marginal hazards Cox regression analysis for repeated outcomes over unequal intervals of time with robust variance adjusted for age, excluding 

prevalent cases of SIL at enrollment. Interval SIL events before or after the indicated retum visit are not considered according to model 0 (see text 

for details). 

t Generalized estimating equation (GEE) regression analysis with logit link for binary outcomes adjusted for age (exchangeable correlation 

between repeated events), excluding prevalent cases of SIL at enrollment. 
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Figure 111-1: Graphical representation of different potential cohort analyses for varied study 

designs with staggered and repeated assessments of HPV infection and SIL outcomes by 

cytology 
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6.7. Preface to Manuscript IV 

ln the natural history of cervical cancer, women can progress from a normal state where no 

neoplastic or pre-neoplastic changes are detected in the squamous epithelium, to varying states 

of cellular abnormalities in the cervical epithelium including GIS [154]. Women may develop SILs 

of low and high grade and progress on to GIS or may regress back to a normal state [109]. While 

some research on the rates of progression and regression of cervical neoplasia has been done 

[109;152;155;162;164;187], to date no one has evaluated sojourn time (preclinical duration of 

preinvasive neoplasia), or regression and progression of precursor les ions according to HPV 

infection status. 

The analyses in the previous manuscript demonstrated a predictive effect of the presence of HPV 

DNA in cervical specimens prior to incidence of LSIL and HSIL. HPV persistence and high viral 

load increases the risk of developing a les ion over time. However, the association with HPV is 

reduced once the epithelium begins to show signs of koilocytosis or dysplasia. The time 

dependence of the association between HPV infection and SIL incidence indicates a progressive 

relationship between onset of infection and development of neoplasia over time. 1 therefore 

attempted to measure the differences in time to progression and regression according to HPV 

status prior to or on the date of detection of a cytological abnormality for subjects followed in the 

Ludwig-McGili cohort study. In context to the other manuscripts in this thesis where 1 focused on 

the magnitude of the various time-dependent relations of interest, the present article deals with 

actual time measurements obtained by Kaplan-Meier and life table analysis. 
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ABSTRACT 

Background: The duration of cervical cancer precursor lesions according to human 

papillomavirus (HPV) infection status is unknown. We estimated the rates of progression and 

regression and the sojourn time of cervical squamous intraepitheliallesions (SILs) according to 

HPV status. 

Methods: We used data from a longitudinal study of the natural history of HPV infection and 

cervical neoplasia in the city of Sao Paulo, Brazil. Cervical specimens were taken for Pap 

cytology and HPV testing every 4-6 months over a period of 8 years. We employed actuarial 

analysis to measure the differences in time to progression and regression and to investigate the 

rates of disease progression and regression according to HPV infection status in index lesions. 

Results: The study included 2404 women. Among those with no lesions at enrollment, 

respectively 119, 24, and 174, incident LSIL, HSIL and ASCUS events were detected. Of those 

with incident LSIL, 11 (9.3%) progressed to HSIL or worse with a mean time to progression of 

85.7 woman-months. Time to progression for those with oncogenic HPV DNA in the index Pap 

smear was shorter compared with those with no infection (70.3 versus 83.5 women-months). Half 

of ail LSILs regressed within 6 months. Mean time to regression to a normal result was longer for 

those with oncogenic HPVs compared with women with no HPV infection (17.3 versus 8.7 

women-months). Similarly, a longer time to regression was observed for women with HPV 

infection and ASCUS or HSIL smears. 

Conclusion: Precursor les ions of the cervix persist longer and are more likely to progress in 

women with oncogenic HPV infections. Using PCR testing for oncogenic HPVs may help in 

identifying those lesions that progress more rapidly. 
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INTRODUCTION 

The natural history of cervical cancer involves changes in the cervical tissue from a normal state 

where no neoplastic changes are detected in the squamous epithelium to varying states of 

cellular abnormalities leading ultimately to cervical cancer [154). This sequence forms the 

premise on which cytological screening for cervical cancer is based and corresponds to an 

underlying multistep carcinogenic process in the development of cervical intraepithelial neoplasia 

(GIN) [162]. Women with low-grade squamous intraepitheliallesions (LSILs) may progress to 

high-grade SIL (HSIL) and invasive cervical cancer or may regress back to a normal state [109]. 

Few studies of cervical neoplasia have evaluated les ion recurrence [107;262] or disease 

progression over time [109]. 

Identification of a biomarker that can influence the rate of progression or regression and the 

duration of the preinvasive stages of cervical cancer could be used to devise a strategy for 

targeted screening or chemoprevention. While human papillomaviruses (HPV) are the main 

etiological agents in the initiation of cervical neoplasia [16], to date no study has evaluated the 

regression or progression of cervical neoplasia precursor lesions and their duration as a function 

of HPV infection status. 

Beginning in 1993, we initiated a cohort study involving repeated measurements of HPV infection 

and cervical cytology in women attending a comprehensive maternai and child health program 

catering to low income families living in neighborhoods located in the northern sector of the city of 

Sao Paulo, Brazil. By restricting ourselves to the detection and follow-up of precursor les ions for 

which treatment is generally not prescribed in this population, we were able to evaluate 

prospectively the occurrence of SIL events at regular intervals over time. In particular, we sought 

to measure the rate of progression, regression and duration of precursor lesions (sojourn time) in 

cervical cancer according to HPV status. 

METHODS AND MATERIALS 

Subject recruitment 

Using patient rosters two study nurses selected a systematic sam pie of 4990 women to be 

approached for interview from daily lists of outpatients in the family medicine, gynecology, and 

family planning clinics at the "Vila Nova Gachoeirinha" municipal hospital. Women who were 

potentially eligible were given a detailed overview of the study and invited to participate. 

Women were eligible to participate if they: (i) were aged between 18 and 60 years; (ii) were 

permanent residents of Sao Paulo (city); (iii) were not currently pregnant and had no intention of 

becoming pregnant during the next 12 months; (iv) had an intact uterus and no current referral for 
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hysterectomy; (v) reported no use of vaginal medication in the previous 2 days; and (vi) had not 

had treatment for cervical disease by electrocoagulation, cryotherapy, or conization in the 

previous 6 months. In addition to these criteria, women were considered ineligible if they were not 

interested in complying with ail scheduled returns, at least for the subsequent 2 years. 

Subjects entered the study only after giving signed informed consent. The study protocol was 

approved by institutional ethical and research review boards of the participating institutions in 

Canada and in Brazil. A detailed description of the design and methods of the study has been 

published previously [62]. Ali participants were seen every 4 months in the first year (0, 4, 8 and 

12 months), and twice yearly thereafter. Delays in returning for a given appointment were allowed; 

the visit sequence was maintained even where subjects returned for their follow-up after the 

scheduled date with information and specimens collected being assigned to the pending follow-up 

return to retain the same number of scheduled visits, which precluded the occurrence of missing 

interval visits. Cervical specimens were taken for Pap cytology and HPV testing at every visit. The 

study nurses also performed a detailed interview to collect information on sociodemographic 

factors, reproductive health, sexual activity and smoking at enrollment. Information on sexual 

activity and reproductive health was also collected at each return visit during the first 12 months 

and at yearly returns after that. 

Cervical cell specimens 

An Accelon biosampler (Medscand, Inc.) was used to collect an ecto- and endocervical sample. 

After the cells were smeared on a glass slide and fixed for cytology, the sampler containing the 

residual exfoliated cells was immersed in a tube containing Tris-EDTA buffer pH 7.4. Samples 

were then sent to the Ludwig Institute for Cancer Research in Sao Paulo for storage and testing. 

The Pap smears were shipped to Montreal for coding and classification by an expert 

cytopathologist (AF) who was blinded to previous cytology outcomes and to HPV results for the 

same and previous samples. The cytopathology reports were based on the 1992 Bethesda 

system for cytological diagnoses [97]. 

The progression and regression states were classified by lesion severity (LSILs and HSILs), and 

by further taking into account the different sub-categories within these les ion grades. This was 

done by stratifying LSILs into lesions that showed predominantly koilocytotic atypia or effects of a 

productive HPV infection (LSIL/HPV) and those that showed signs of squamous abnormality 

(LSILlSQ) equivalent to mild dysplasia or CIN1, as judged by blind review cytology. Similarly, 

cytological HSIL findings were also separated into those lesions consistent with moderate 

dysplastic changes (equivalent to CIN2) and those with more severe dysplastic features 

(equivalent to CIN3). 
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HPV DNA detection 

Cervical specimens were tested for the presence of HPV DNA by a standardized polymerase 

chain reaction (PCR) protocol [10;105]. Typing of the amplified products was performed by 

hybridization with individual oligonucleotide probes specific for 27 HPV genital types whose 

nucleotide sequences within the MY09/11 fragment have been published in the literature [105]. 

Amplified products that hybridized with the generic probe but with none of the type-specific 

probes were further tested by restriction fragment length polymorphism (RFLP) analysis [12] to 

extend the range of identifiable HPV types. To verify the specificity of the hybridizations, we 

included more than 30 type-specific positive controls in ail membranes. In order to check the 

integrity of the host DNA material extracted from the specimens, assays also included an 

additional set of primers to amplify the r..-globin gene [10]. HPV types were separated into two 

groups by level of oncogenicity. Oncogenic types included HPVs 16, 18,31,33,35,39,45,51, 

52, 56, 58, 59, and 68; non-oncogenic types included 6/11, 26, 32, 34, 40, 42, 44, 53, 54, 55, 57, 

62, 64, 66, 67, 69, 70, 71, 72, 73, 81, 82, 83, 84, CP6108 plus other unknown types. Ali HPV 

assays were done on coded specimens with no identification linking specimens from the same 

woman. Appropriate precautions were taken to reduce the possibility of specimen contamination. 

Statistical Analyses 

For the analyses reported here, follow-up continued until March 2002. Subjects with an incident 

cytologically abnormal result (ASCUS, LSIL, or HSIL) were eligible for inclusion in each risk set at 

the time of their first detected result. Prevalent cases at enrollment were excluded from the risk 

set at baseline. Time to event in the analyses was measured from the first instance of a non

normal cytological result (date of index visit) to the first detected transition to a more or less 

severe state (for estimates of progression or regression, respectively), or to the last recorded 

return visit date for censored subjects. This represents interval-censored data as the exact date 

of HPV infection and SIL incidence are not known. Subjects who received biopsies were 

censored at the time of their biopsy if no transition event had occurred prior to the biopsy date. 

Women who dropped out of the study were censored at their last visit date. The time to a 

regression event from HSIL or LSIL was defined as the time until the first follow-up visit when a 

subject presented with a LSIL, ASCUS or normal Pap smear (depending in the regression 

endpoint of interest), whether or not a worse cytological event was detected during that period. 

Incident cases of progression or regression were evaluated for the overall group at risk, by age 

and ethnic group, and stratified by HPV status at the last available visit (either at the same visit in 

which the index les ion was first detected or the next earliest valid HPV result prior to the index 

event). 

116 



The estimates of incidence rates for a given les ion event included only women at risk of acquiring 

a lesion. Cumulative probability of remaining in the same les ion stage or progressing to the next 

was estimated by actuarial analysis using Kaplan-Meier curves [121] as a function of the length of 

follow-up, among women who had no les ion detected at enrollment. The life table method was 

also used to estimate the proportion of women who remained positive for a precursor lesion 

detected by cytology according to their HPV status at the index visit when the lesion was first 

detected [38]. 95% confidence intervals (Cls) for the actuarial estimates were calculated directly 

by using the standard error of the cumulative probability at the end of a particular interval where 

an event occurred [197]. Statistical comparison of les ion sojourn times between HPV positive 

subjects and HPV negative subjects was performed by log-rank test. Statistical analyses were 

performed using SPSS® version 11.0 (SPSS, Chicago, IL). 

ln addition to the latter actuarial estimates of mean duration of preinvasive lesions we used a 

standard formula based on the epidemiologic tenet that, within a stationary population and in the 

absence of migration, the prevalence proportion (P) is a function of the incidence rate (1) and of 

the mean duration (0) of the condition. Therefore, the average duration can be estimated with the 

general formula O=P/[I x (1-P)], where prevalence was calculated as a weighted average of the 

point prevalence over time for each lesion grade. This formula holds provided that the point 

prevalence within each stratum is less than 0.1 [76], a condition that was met for ail individual 

les ion grades analyzed in the study. The incidence rate was derived for subjects with normal 

cytology at enrollment. These estimates were stratified by the cumulative HPV status over the 

first year of follow-up as per the following hierarchical categories: (i) subjects with no HPV ONA 

detected at ail 4 visits, (ii) those with only non-oncogenic types in any of the visits, (iii) those with 

any oncogenic HPV types except HPV 16, in any of the visits, and (iv) subjects with HPV 16 at 

any of the visits. 

RESULTS 

3589 women initially met the eligibility criteria and were invited to participate. Between November 

1993 and March 1997,2528 women were enrolled into the study, representing a response rate of 

70.4%. A further 66 women who were found not to fit the eligibility criteria were excluded after 

en roll ment. Fifty-one (2.1 %) women presented with prevalent lesions at en roll ment and 7 women 

had inconclusive cytology results. Among the 2404 remaining women, there were 131 (5.4%) 

women with incident SIL events, of which 24 were HSIL, and 119 were LSIL. There were also 174 

incident reports of ASCUS within the 8 years of follow-up. The prevalence rates for oncogenic 

and non-oncogenic HPV types were similar across visits and varied between 7.8% to 9.2% for 

oncogenic types and 6.2% to 7.6% for non-oncogenic types. 
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--II 

: 

The majority of ASCUS and LSIL events detected by cytology regressed to normal (Table IV-1). 

Actuarial analyses showed that ha If of these events regressed within 6 months ot tirst detection. 

The overall mean duration of a cytological state was shorter for ASCUS than for LSIL. The mean 

duration of incident LSIL events was also shorter when regression was assumed to either ASCUS 

or a normal result than when the regression definition was restricted to a normal smear, although 

the difference in estimates was small. In general, the mean duration of an index abnormality 

regardless of grade was longer for les ions with oncogenic HPV types than for those with non

oncogenic HPVs or negative specimens. However, the differences in regression times were not 

always statistically significant and the median durations differed little. The mean time to 

regression for abnormalities with oncogenic HPV types was generally longer than those with non

oncogenic types or HPV negative specimens. There were no appreciable differences in 

regression rates for the subcategories of LSIL across levels of HPV status. 

We also calculated mean duration based on the non-actuarial formula described above stratified 

by cumulative HPV status over the first year of follow-up. The mean duration for ASCUS smears 

for women HPV negative at ail four visits was 7.9 months. The mean durations increased to 10.5 

months for subjects with only non-oncogenic HPV types, 15.4 months for those with any 

oncogenic types exciuding HPV 16, and 13.4 months for those positive for HPV 16 at any visit. 

The equivalent mean durations were similar for LSILs: 8.9, 10.3, 12.2 and 13.4 months for HPV 

negative, non-oncogenic, oncogenic and HPV 16 positive subjects, respectively. For HSILs the 

mean durations were 7.6, 5.7, 15.6 and 57.0 months, as per the aforementioned HPV categories. 

With respect to progression to a higher preinvasive les ion grade, we observed the reverse 

increase in trend with respect to HPV infection status (Table IV-2). That is, subjects with no HPV 

detected in the index specimen took longer to progress than those with oncogenic HPV. Few 

HPV 16 positive ASCUS or LSIL specimens progressed to a higher grade. The mean sojourn 

time for LSILs showing signs of squamous abnormality (LSIL/SQ) equivalent to CIN 1 (time to 

progression to HSIL or worse) was 89.2 (95%CI 84.2-94.2) and 86.4 months (95%CI 81.9-90.9) 

for LSIL smears with only koilocytotic atypia (LSIL/HPV). Rates of progression for ail groups were 

low, however, and differences in mean time to progression were not significant. 

We estimated the differential rates of progression separately for younger and older women. On 

average, women 31 years of age and over progressed to HSIL from an incident LSIL smear 

earlier (mean time to progression=77.9 mos, 95%CI 71.1-84.6) than younger women (88.4 mos, 

95%CI 82.6-94.1). Little difference in mean time to progression to HSIL was observed between 

older and younger women for ASCUS smears (90.4 mos, 95%CI 87.7-93.2 and 87.8 mos, 95%CI 

77.9-85.6, respectively). When stratified by HPV status, older women with oncogenic infections 
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had a higher cumulative risk of progression to HSIL regardless of baseline abnormality (Figure IV-

1). Mean time to progression from LSIL to HSIL or worse for women with oncogenic infections 

was 68.4 mos (95%CI55.1-81.7) in women aged 31 and over, and 75.6 mos (95%CI65.3-85.8) 

in women aged less than 31 years. A similar difference in mean time was observed for 

progression from ASCUS smears. 

We also evaluated the rate of regression and progression for subjects with respect to ethnic origin 

(data not shown). Due to the small number of non-white subjects whose ethnic background was 

different than African Brazilian, ethnicity in this study was classified as white (n = 1542) and non

white (n = 856). The regression density rates of incident ASCUS, LSIL and HSIL Pap smears to 

normal for whites versus non-whites were: 10.8 (95% CI 8.7-13.4) vs. 11.4 (95% CI 8.9-14.5) for 

ASCUS smears; 10.2 (95% CI 7.8-13.0) vs. 7.8 (95% CI 5.7-10.4) for LSIL; and 3.9 (95% CI 1.6-

8.1) vs. 8.6 (95% CI 0.4-42.4) for HSIL per 100 women-months, respectively. As observed for 

rates of regression, we saw little difference in rates of progression to HSIL or worse between 

ethnic groups: 0.07 (95% CI 0.02-0.2) vs. 0.06 (95% CI 0.01-0.2) for ASCUS smears; and 0.23 

(95% CI 0.1-0.5) vs. 0.18 (95% CI 0.06-0.4) for LSIL per 100 women-months, respectively. 

Table IV-3 shows the estimated rates of regression as detected by cytology for subjects with 

incident HSIL. Referral to colposcopy was based either on the results of local or review cytology 

reports, or on the basis of the cervicography, which was performed once every two years. 

Biopsies were done at a colposcopy referral visit if lesional tissue cou Id be visualized. During the 

follow-up of the women with incident HSIL included in the regression analyses, 23 received a 

biopsy, which were performed an average of 27.9 months after first detection of HSIL by cytology. 

As the study progressed, recommendations for biopsy became more aggressive, but some 

lesions appeared to regress during follow-up before biopsy could be performed. We therefore 

evaluated rates of regression among women separated into twO groups depending on whether 

the date of biopsy occurred before or after regression was determined by cytology. While the 

number of les ions with (N=12) or without (N=12) possible biopsy interference was small, those 

receiving a biopsy before regression retained their lesion longer than those whose biopsy 

occurred after regression. The mean duration of lesion persistence after receiving the biopsy 

(calculated by subtracting time to biopsy trom time to regression) was 5.6 months. 

DISCUSSION 

The cumulative evidence to date on the natural history of HPV and cervical neoplasia suggests 

that a relationship between the likelihood of precursor lesions persisting and progressing to 

cancer is dependent on the characteristics of HPV infections [16;107;142;224]. However, to date, 

few studies have investigated rates of progression and regression of preinvasive les ions with 
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respect to risk factors for cervical cancer [109;152;155;162;187]. Following a large cohort of 

women in Brazil at repeated intervals, we found that precursor les ions of the cervix detected by 

cytology persisted longer and were more likely to progress in women with oncogenic HPV 

infections. Before we consider the study's implications there are a number of strengths and 

weaknesses that should be mentioned. 

Using aggressive repeated screening by cytology we were able to evaluate the regression and 

progression of cervicallesions over time on a more systematic fashion than previous studies based 

on registry data and screening programs, which are based on passive data collection. However, 

given that our outcome ascertainment was based on cytological analysis, misclassification of lesion 

outcome history is a potentiallimitation of the study, even though the cytological assessments were 

carefully conducted in a reference laboratory following a strict quality control protocol. We opted for 

an intensive, expert cytologic review every 4 to 6 months of ail subjects in the study, and referred ail 

instances of HSIL for colposcopy. This approach reduced to likelihood of unnecessary biopsies, 

which wou Id have interfered with the natural history of early lesions [206]. Nonetheless, the 

occurrence of false negative tests by cytology may have resulted in overestimation of regression 

time. Alternatively, false negative Pap smears could have either increased or decreased time to 

progression depending on whether these occurred at lesion outset or during the sojourn period. In 

a prospective study of cases of carcinoma in situ (GIS) diagnosed by histology, Mclndoe et al. [152] 

found 60% of the cases had normal cytology after biopsy with only one case developing invasive 

carcinoma within four years. We therefore censored subjects at the time of their biopsy, 

anticipating that the procedure could influence the rates of disease determined by cytology. 

Misclassification of HPV status was less likely as we employed a highly sensitive PGR-based 

testing method. We tested for HPV DNA in the sa me specimen used in to perform Pap cytology 

with the assumption that the HPV finding in incident lesions is a proxy for prior HPV infection 

states that led to the lesion. 

Studies using both histology and cytology to follow the natural history of cervical neoplasia have 

observed no effect of superficial sampling by biopsy on the short-term course of dysplasia [269]. 

ln a review of 27 studies of GIN, Mitchell et al. [162] observed similar probabilities of regression, 

persistence, and progression based on biopsy evaluation versus cytology. For those subjects 

identified as having HSIL, we investigated the effect of time of biopsy on the rate of regression to 

ASGUS or normal. We found that HSILs persisted on average 5.6 months following a biopsy. 

Although it is more likely for persistent les ions to be biopsied prior to regressing than those of 

short duration, it was not evident if administration of a biopsy interrupted the natural history of 

HSIL in this study. While more aggressive standards for biopsy were adopted later in the study by 

the local colposcopists following our recommendations, we cannot exclude the possibility that the 
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biopsy procedures performed earlier were as a result of visualization of a more severe les ion at 

colposcopy that would have taken longer to regress regardless of the biopsy sampling. 

We calculated the mean duration or sojourn time of incident cytological lesions using two 

methods. Estimates of mean duration based on actuarial probability estimates indicated that 

les ions with oncogenic HPV infections appeared to be more persistent than those with non

oncogenic infections. The average duration estimates based on the non-actuarial formula were 

similar although mean duration of HSIL was longer for subjects with HPV 16. The prevalence

incidence relation method is appropriate to estimate average duration of incident iIInesses, such 

as cytological abnormalities consistent with ASCUS, LSIL or HSIL, which rarely go over 10% in 

most clinical settings [76]. ASCUS diagnoses were relatively rare in our cohort but overcall of les ion 

status by cytology may have decreased estimates of the rate of regression while overestimating time 

to progression. On the other hand, the non-actuarial formula does not account for censored data 

(Le., incomplete observations due to non-cleared lesions at study closing date or losses to follow

up). In addition to the small number of observations, it is also possible that our incongruous 

results showing a shorter mean time to regression for HPV 16 lesions was due to insufficient 

follow-up to reveal the actual time to regression. In such cases, actuarial estimates of median 

time to regression, where obtainable by Kaplan-Meier analysis, may provide more appropriate 

estimates of duration. For our evaluation of time to progression, estimates were restricted to the 

longest follow-up time regardless of event status. As a result mean times were underestimated 

where the largest observed analysis time was censored. 

It is conceivable that a more intensive cytologic follow-up with shorter screening intervals could 

have revealed more closely the actual duration of the les ion sojourn times. In this study, between

test intervals were increased to 6 months after the first year in order to make follow-up consistent 

with that of cytology-based screening programs. As a result, the reduction in follow-up frequency 

may have increased the observed sojourn time. However, this effect would have been equal across 

HPV groups as ail cytology and HPV evaluations were carried out blindly with respect to previous 

results for the same subject, making comparisons valid on a relative scale. Furthermore, even 

though visits were scheduled according to the study design, the interval delays between 

subsequent visits for participants were varied, ranging from 2.9 to 81.3 months apart. 

A few review and meta-analysis studies have attempted to summarize rates of progression and 

regression along the continuum of cervical dysplastic changes using different criteria for selecting 

investigations and for combining natural history data. Cstor [187] observed that the average 

probabilities of regression were 57% for CIN 1, 43% for CIN 2, and 32% for CIN 3 using 

histological data. Probabilities of progression to CIS were 11 % for CIN 1 and 22% for CIN 2. 
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Mitchell et al. [162] observed probabilities of regression, persistence, and progression to any 

higher grade lesion of 34%,41% and 25%, respectively. Regarding the latter progression figure, 

10% of the lesions progressed to CIS and 1% to invasive cancer. Melnikow et al. [155] calculated 

weighted average rates of progression to HSIL at 24 months according to baseline cytological 

abnormality: these were 7.1 %,20.8%, 23.4% for ASCUS, LSIL, and HSIL (persistence). The 

cumulative proportions of progression to invasive cancer at 24 months were 0.3% for ASCUS, 

0.2% for LSIL, and 1.4% for HSIL. Average rates of regression to a normal Pap smear were 

68.2% for ASCUS, 47.4% for LSIL, and 35.0% for HSIL. Using mild dysplasia taken as referent, 

Holowaty et al. [109] found RRs of CIS of 8.1 for women with moderate dysplasia and 22.7 for 

those with severe dysplasia within a 2-year period. The equivalent RRs of invasive cancer were 

4.5 and 20.7 for the latter les ion grades, respectively. 

Holowaty et al. [109] observed an increase in rate of progression during the first two years 

following a positive Pap smear relative to the rate of progression in subsequent years. This was 

interpreted to be a result of undercalling of the original smear. The recommendation was 

therefore that the initial repeat smears should be done within 6 months of a first smear rather than 

one year. We concur with this recommendation concerning the appropriate interval between 

repeat Pap smears for this and for additional reasons. Specifically, ha If of ail mild to moderate 

dysplasias in our study regressed to normal within 6 months. Repeat screening with a shorter 

delay would therefore detect a substantial proportion of lesions that would regress spontaneously. 

This wou Id be a concern particularly in health care settings that recommend colposcopy referral 

and biopsy after two LSILs. However, given a mean time to progression observed for LSILs of 

85.7 months, most repeat cytology screenings before 1 year would not detect whether a les ion is 

more likely to progress. 

ln this study, presence of oncogenic HPV in LSIL smears seemed to provide some discrimination 

of whether a lesion will progress faster. Holowaty et al. [109] examined the influence of parity, 

age, OC use and number of dysplastic smears but found these did not alter the relative risk of 

progression for LSILs. While the mean time to progression was not statistically significantly 

different between age groups, we found that the effect of harboring oncogenic HPV types was 

stronger in older women over the age of 31. This finding would support the recommendation for 

aggressive screening of older women at risk of cervical cancer [136;157]. We also observed a 

shorter time to progression for specimens of ASCUS with non-oncogenic and oncogenic HPV 

relative to HPV negative specimens. This provides further evidence of the importance of following 

up women with ASCUS smears that have been found to be HPV positive for oncogenic types 

[233]. 
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ln conclusion, using screening tests for oncogenic HPVs may help in identifying those lesions that 

progress faster to more advanced stages. HPV testing of abnormal Pap smears may therefore 

help to identify women who might benefit from aggressive follow-up and identify candidates for 

chemopreventive treatment or therapy. The ability to identify subjects whose lesions will take 

longer to progress could also be cost-saving by reducing clinical follow-up and morbidity resulting 

from potentially unnecessary invasive therapeutic and diagnostic procedures. 
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Table IV-1. Actuarial estimates of time to regression of first incident cervical abnormality events stratified by HPV status. 

Baseline HPV status in No. Women Regression Median time to Mean time to Proportion§ (%) remaining with abnormality at (SE) 
les ion and baseline events months of density rate (per regressiont regressiont 
regression sample* /Totalt follow-up 100women- (95%CI) in (95%CI) in months 6 months 12 months 18 months 24 months 

event months) (95%CI) months 
ASCUS to normal 

Overall 147/174 1325.9 11.2 (9.5-13.1) 6.1 (5.9-6.2) 9.2 (7.4-11.0) 57.1 (3.9) 19.3 (3.3) 6.7(2.1) 2.7(1.4) 

Negative 105/117 827.5 12.7 (10.4-15.3) 6.1 (6.0-6.2) 7.6 (6.9-8.4) 58.0 (4.7) 14.8 (3.5) 4.2 (2.0) 0(0.0) 
Non-oncogenic 19/24 151.3 12.6 (7.8-19.3) 5.8 (5.3-6.4) 7.7 (5.2-10.2) 45.5 (10.6) 15.2 (8.6) 7.6 (6.9) 7.6 (6.9) 
Oncogenic,-r 17/23 270.1 6.3 (3.8-9.5) 6.2 (5.8-6.7) 17.0 (6.6-27.4)++ 70.7 (10.1) 43.5 (11.4) 16.3 (8.6) 10.9 (7.2) 
HPV 16 6/8 71.2 8.4 (3.4-17.5) 5.8 (5.4-6.2) 10.5 (5.6-15.5) 33.3 (17.2) 33.3 (17.2) 16.7(14.6) 16.7(14.6) 

LSIL (any) to normal 
Overall 102/119 1137.9 9.0 (7.4-10.8) 6.0 (5.8-6.2) 11.5 (8.5-14.1) 52.4 (4.7) 26.9 (4.3) 12.6 (3.4) 8.8 (3.0) 

Negative 37/44 346.9 10.7 (7.6-14.5) 6.1 (5.8-6.3) 8.7 (7.4-10.1) 57.7 (7.6) 23.6 (6.8) 6.7 (4.5) 0(0.0) 
Non-oncogenic 27/28 208.7 12.9 (8.7-18.5) 5.3 (3.7-7.0) 7.8 (5.3-10.2) 32.1 (8.8) 17.0 (7.2) 8.5 (5.6) 4.3(4.1) 
Oncogenic,-r 30/38 503.5 6.0 (4.1-8.4) 6.3 (0.0-13.7) 17.3 (10.6-23.9) 61.6 (8.1) 38.2 (8.2) 24.9 (7.6) 21.3 (7.3) 
HPV 16 7/7 67.2 10.4 (4.6-20.6) 11.8 (0.0-27.1) 9.6 (6.3-12.9) 57.1 (18.7) 28.6 (17.1) 0(0.0) 

LSIL (any) to ASCUS or normal 
Overall 104/119 1057.8 9.8 (8.1-11.9) 6.0 (5.9-6.1) 10.5 (8.1-12.9) 48.9 (4.7) 22.3 (4.0) 10.0 (3.1) 7.5 (2.8) 

Negative 37/44 304.5 12.2 (8.7-16.6) 6.0 (5.9-6.1) 7.6 (6.4-8.7) 50.6 (7.7) 16.0 (5.9) 4.0 (3.8) 
Non-oncogenic 27/28 208.7 12.9 (8.7-18.5) 5.3 (3.7-7.0) 7.8 (5.3-10.2) 32.1 (8.8) 17.0 (7.2) 8.5 (5.6) 4.3(4.1) 
Oncogenic,-r 32/38 471.5 6.8 (4.7-9.5) 6.1 (4.7-7.4) 14.9 (8.9-20.8) 58.9 (8.1) 32.4 (7.9) 19.4 (6.9) 16.2 (6.5) 
HPV16 7/7 61.4 11.4 (5.0-22.6) 6.0 (5.4-6.6) 8.8 (5.5-12.1) 57.1 (18.7) 28.6 (17.1) 0(0.0) 

LSIUHPV** to ASCUS or normal 
Overall 47/56 547.5 8.6 (6.4-11.3) 6.1 (5.7.6.6) 12.1 (8.2-15.9) 54.1 (6.8) 25.5 (6.1) 15.3 (5.4) 12.3 (5.1) 

Negative 15/20 136.0 11.0 (6.4-17.8) 6.0 (5.8-6.2) 7.8 (5.9-9.7) 52.6 (11.5) 15.5 (8.9) 15.5 (8.9) 
Non-oncogenic 14/15 137.2 10.2 (5.8-16.7) 6.5 (3.1-9.8) 9.7(5.3-14.2) 53.3 (12.9) 32.0(12.3) 16.0 (10.1) 8.0 (7.6) 
Oncogenicll 14/17 238.0 5.9 (3.4-9.6) 7.1 (0.0-17.9) 16.5 (7.2-25.9) 57.6 (12.2) 30.5 (11.8) 22.9 (11.0) 22.9 (11.0) 
HPV16 3/3 30.4 9.9 (2.5-26.9) 11.8 (2.1-21.4) 10.1 (5.8-14.4) 66.7 (27.2) 33.3 (27.2) 

LSIUSQ** to ASCUS or normal 
Overall 63/72 598.5 6.9 (4.3-10.5) 6.0 (5.9-6.1) 9.9 (6.9-12.8) 49.4 (6.0) 19.1 (4.9) 8.7 (3.6) 5.2 (2.9) 

Negative 25/29 198.5 12.6 (8.4-18.3) 6.0(5.9-6.1) 7.8 (6.2-8.6) 50.0 (9.5) 16.7 (7.5) 0(0.0) 
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Non-oncogenic 15/15 86.6 17.3 (10.1-27.9) 5.8 (5.2-6.3) 5.7 (4.8-6.7)++ 26.7 (11.4) 0(0.0) 
Oncogenic~ 19/23 276.5 6.9 (4.3-10.5) 6.1 (5.7-6.4) 15.3 (7.2-23.3) 62.8 (10.4) 33.8 (10.3) 24.2 (9.4) 
HPV16 4/4 31.1 12.9 (4.1-31.1) 5.8 (3.6-8.0) 7.8 (2.7-12.9) 50.0 (25.0) 25.0 (21.7) 0(0.0) 

HSILlCIN2** to ASCUS or normal 
Overall 13/16 152.1 8.5 (4.8-14.2) 6.1 (6.0-6.1) 11.6 (5.7-17.5) 66.7 (12.2) 14.8 (9.6) 14.8 (9.6) 

Negative 6/6 41.8 14.3 (5.8-29.8) 6.0 (5.7-6.3) 7.0 (5.0-8.9) 66.7 (19.3) 0(0.0) 
Non-oncogen ic 2/2 17.9 11.2 (1.9-37.0) 6.1 ( - ) 8.9 (3.3-14.6) 100 (0.0) 0(0.0) 
Oncogenictt 5/8 92.4 5.4 (2.0-12.0) 6.0 (0.0-13.2) 17.1 (4.1-30.1) 57.1 (18.7) 38.1 (19.9) 38.1(19.9) 

* Baseline sam pie defined as the first detected event of the stated cytological abnormality. 

t Number les ions regressed / total number of index lesions. HPV stratum specific number of samples may not add up to the overall number if valid 

HPV results were unavailable. 

+ Estimates from actuarial analysis using the Kaplan-Meier technique. Prevalent cases at enrollment were excluded. 

§ Proportion remaining with lesion at end of interval period (6, 12, 18, 24 months) derived by life table analysis corresponding to survival at time t 

[S(t)]. 

~ Oncogenic HPV types excluding HPV 16 in baseline smear. 

** LSIUHPV: LSIL with koilocytotic atypia induced bya productive HPV infection; LSILlSQ: LSIL showing squamous effects equivalent to cervical 

intraepithelial neoplasia grade 1; HSILlCIN2: HSIL with moderate dysplasia equivalent to cervical intraepithelial neoplasia grade 2. 

tt No HPV 16 positive specimens were identified. 

:t::t: Significant for log rank test (p<0.05) using HPV negative as comparison group. 
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Table IV-2. Actuarial estimates of time to progression of first incident cervical abnormality events stratified by HPV status. 

Baseline les ion HPV status in No. Women Progression Mean time to Proportion§ (%) progressing to worse 
and progression baseline events months of density rate (per progression:/: abnormality at (SE) 

event sample* /Totalt follow-up 100 women- (95%CI) in months 6 months 12 months 18 months 
months) (95%CI) 

ASCUS to LSIL 
Overall 15/174 6879.5 0.2 (0.1-0.4) 84.4 (80.3-88.4) 3.7 (1.5) 7.2 (2.1) 7.9 (2.2) 

Negative 6/117 4992.2 0.12 (0.05-0.3) 88.0 (84.3-91.7) 0.9 (0.9) 3.9 (1.9) 3.9 (1.9) 
Non-oneogenie 5/24 756.5 0.7 (0.2-1.5) 67.9 (51.9-83.9):/:+ 9.8 (6.6) 21.5 (9.6) 21.5 (9.6) 
Oncogenie~ 4/23 954.1 0.4 (0.1-1.0) 71.9 (58.9-84.9):/::/: 13.6 (7.3) 13.6 (7.3) 18.4 (8.3) 
HPV 16 0/8 170.8 0.0 (0.0-1.8) 

ASCUS to LSIL or worse 
Ove ra Il 18/174 6867.3 0.3 (0.2-0.4) 82.7 (78.4-87.1) 3.7 (1.5) 7.9 (2.2) 8.6 (2.3) 

Negative 6/117 4992.2 0.12 (0.05-0.3) 88.0 (84.3-91.7) 0.9 (0.9) 3.9 (1.9) 3.9 (1.9) 
Non-oneogenie 5/24 756.5 0.7 (0.2-1.5) 67.9 (51.9-83.9):/::/: 9.8 (6.6) 21.5 (9.6) 21.5 (9.6) 
Oncogenie~ 6/23 954.1 0.6 (0.3-1.3) 66.2 (52.2-80.1 ):/::/: 13.6 (7.3) 13.6 (7.3) 18.4 (8.3) 
HPV 16 1/8 158.7 0.6 (0.03-3.1) 42.7 (29.3-56.2) 0(0.0) 18.2 (16.5) 18.2 (16.5) 

LSIL (any) to any HSIL or worse 
Overall 11/119 5365.5 0.2 (0.1-0.4) 85.7 (80.8-90.6) 1.7(1.2) 3.6 (1.8) 6.5 (2.4) 

Negative 2/44 1676.3 0.12 (0.02-0.4) 83.5 (78.0-89.1) 0(0.0) 0(0.0) 2.8 (2.8) 
Non-oneogen ie 1/28 1563.8 0.06 (0.0-0.3) 91.3 (85.1-97.4):t::t: 0(0.0) 3.6 (3.6) 3.6 (3.6) 
Oncogenie~ 8/38 1729.5 0.4 (0.2-0.9) 70.8 (60.9-80.6) 5.4 (3.7) 8.3 (4.6) 14.3 (5.9) 
HPV 16 0/7 378.2 0.0 (0.0-0.4) 

LSIUSQ to HSIUCIN3** 
Overalltt 4/72 3482.6 0.11 (0.04-0.3) 89.2 (84.2-94.2) 1.0(1.0) 1.4(1.4) 3.0 (2.1) 

LSIUHPV to HSIUCIN3** 
Overalltt 2/56 2266.5 0.09 (0.01-0.3) 86.4 (81.9-90.9) 1.8 (1.8) 1.8 (1.8) 1.8(1.8) 

* Baseline sample defined as the first deteeted event of the stated eytologieal abnormality. 

t Number lesions progressed / total number of index lesions. HPV stratum specifie number of samples may not add up to the overall number if 

valid HPV results were unavailable. 
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:t: Estimates from actuarial analysis using the Kaplan-Meier technique. Prevalent cases at enrollment were excluded. Median time to progression 

was not estimated as less than 50% of the index lesions progressed. Mean times were restricted to the longest follow-up time regardless of event 

status and may be underestimated where the largest observed analysis time were censored. 

§ Proportion progressing at end of interval period (6, 12, 18 months) derived by life table analysis corresponding to one minus survival at time t [1-

S(t)]. 

11 Oncogenic HPV types excluding HPV 16 in baseline smear. 

** LSIUHPV: LSIL with koilocytotic atypia induced bya productive HPV infection; LSIL/SQ:LSIL showing squamous effects equivalent to cervical 

intraepithelial neoplasia grade 1; HSIUCIN3: HSIL with severa dysplasia equivalent to cervical intraepithelial neoplasia grade 3. 

tt Ali baseline (index) LSIL events were oncogenic HPV positive. 

:t::t: Significant for log rank test (p<0.05) using HPV negative as comparison group. 
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Table IV-3. Actuarial estimates of time to regression of incident HSIL events to an ASCUS or normal state detected by cytology stratified 

by HPV and biopsy status. 

Date HPV status in No. Women Regression Median time to Mean time to Proportion§ (%) remaining with lesion 
biopsy index sample* events months density rate (per regression:t: regression:t: (SE) at 

performed /Totalt offollow- 100women- (95%CI) in (95%CI) in 6 months 1 year 18 months 
up months) (95%CI) months months 

After date of regression 
Overall 11/12 99.4 11.1 (5.9-19.2) 6.1 (6.0-6.1) 8.3 (5.8-10.8) 66.7 (13.6) 16.7 (10.8) 5.6 (7.4) 

Negative 5/5 35.9 13.9 (5.1-30.9) 6.1 (6.0-6.1) 7.2 (4.9-9.4) 80.0 (17.9) o (0.0) 
Non-oncogenic 2/2 17.9 11.2 (1.9-37.0) 6.05 ( - ) 8.9 (3.3-14.6) 100 O. (0.0) o (0.0) 
Oncogenic1f 4/4 41.5 9.6 (3.1-23.2) 6.0 (0.0-13.8) 10.4 (3.8-17.1) 50.0 (25.0) 50.0 (25.0) 16.7 (21.0) 
HPV 16 1/1 4.1 24.2 (1.2-119.1) 

Before date of regression 
Overall 8/12 159.2 5.0 (2.3-9.5) 11.9 (11.8-12.1) 16.9 (7.9-25.9) 81.0 (12.1) 34.7 (16.0) 23.1 (14.3) 

Negative 2/2 17.7 11.3 (1.9-37.3) 5.8 ( - ) 8.9 (2.8-15.0) 50.0 (35.4) 0.0 (0.0) 
Non-oncogenic 0/0 0.0 
Oncogenic1f 4/7 118.5 3.4(1.1-8.1) 11.9 (11.7-12.2) 23.2(9.4-37.0) 83.3 (15.2) 41.7 (22.2) 41.7(22.2) 
HPV16 2/3 23.0 8.7 (1.5-28.7) 6.7 ( - ) 9.4 (4.1-14.7) 1 (0.0) 50.0 (35.4) 0(0) 

Irrespective of biopsy status 
Overall 19/24 258.7 7.4 (4.6-11.3) 6.7 (0.0-15.1) 12.8 (7.6-18.0) 73.3 (9.3) 24.4 (9.5) 13.6 (7.8) 

Negative 7/7 53.6 13.1 (5.7-25.8) 6.1 (6.0-6.1) 7.7 (5.5-9.8) 71.4 (17.1) 0(0.0) 
Non-oncogenic 2/2 17.9 11.2 (1.9-37.0) 6.1 ( - ) 8.9 (3.3-14.6) 100 0(0.0) 0(0.0) 
Oncogenic1f 7/11 160.0 4.4 (1.9-8.7) 11.9 (7.0-16.9) 19.4 (9.0-29.9) 70.0 (14.5) 46.7 (16.6) 33.3 (16.4) 
HPV 16 3/4 27.1 11.1 (2.8-30.1) 6.7 (2.9-10.6) 8.1 (3.7-12.5) 71.4(17.1) 0(0.0) 

* Index sample defined as the first detected high-grade squamous intra-epitheliallesion (HSIL) event. 

t Number HSIL regressed / total number of index HSIL. HPV stratum specifie number of sampi es may not add up to the overall number if valid 

HPV results were unavailable. 

:t: Estimates from actuarial analysis using the Kaplan-Meier technique. 

§ Proportion remaining with les ion at end of interval period (6, 12, 18 months) derived by life table analysis corresponding to survival at time t 

[S(t)]. Prevalent cases at enrollment were excluded. 

11 Oncogenic HPV types excluding HPV 16 in index smear. 
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Figure IV-1. Kaplan-Meier graphs for time to progression to HSIL (in months) of incident 

cervical abnormality detected by cytology according to HPV oncogenicity at baseline and 

age group 

Graph A, Progression of LSIL to HSIL in women 16-30 years; Graph B, Progression of LSIL to 

HSIL in women 31-65 years; Graph C, Progression of ASCUS to HSIL in women 16-30 years; 

Graph D, Progression of ASCUS to HSIL in women 31-65 years. HPV status: Negative (dotted 

line), Non-oncogenic (dashed line), Oncogenic (solid). 
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7. IMPLICATIONS AND FUTURE RESEARCH 

7.1. Public health impact 

The results from this project cou Id have the following public health implications: 

Pap test screening guidelines vary widely across countries. The WHO recommends that every 

woman should have a Pap test between ages 35 and 40 years. If the resources are available, 

frequency of screening should be increased to every 10 years starting at 35 years of age and 

then every 5 years for women aged 40-55. In Canada this screening interval is considerably 

shorter (once every 1-2 years), with more aggressive follow-up if an abnormal test is detected. 

Given that the introduction of screening in developed countries has reduced cancer incidence 

80% [159], knowledge about the etiology of the disease and its progression can help policy 

makers and public health practitioners develop more efficient screening programs. This could 

occur: i) by allowing for appropriate screening intervals; ii) by targeting high-risk groups with more 

intensive screening and follow-up. One scenario that would be supported by the results in this 

thesis would be the introduction of different screening intervals for women with oncogenic and 

non-oncogenic HPV infections given the differences in les ion progression rates seen for these 

HPV types. 

Furthermore, recognition that infection with certain types of HPV [110] are the central cause of 

cervical neoplasia has created new research fronts in primary prevention (Le. vaccination against 

HPV infection) [222] and in secondary prevention of this disease (Le. HPV testing as a screening 

tool) [43]. Therefore, understanding the remote causes of persistent infection with the clinically 

relevant HPV types and the dynamics of les ion development is an important first step in the 

direction of implementing more effective public health programs aiming at risk reduction. 

Evidence on the time-dependent relationship between acquired HPV infections and the risk of 

preinvasive les ions presented in this thesis could be used in such evaluations of the effectiveness 

of screening programs using HPV testing and in defining intermediate outcomes to be measured 

in clinical trials of vaccines. 

7.2. Implications for future research 

7.2.1. Measures of viral integration 

Some recent studies have proposed using viral load quantification methods to evaluate 

integration of HPV into the human genome as a marker of progression of cervical neoplasia [126]. 

The procedures suggested have targeted twO HPV genes in particular to try and measure this 

process (E6 andE2). While E6 is similarly a good target for quantification as is L 1, E2 can be 

disrupted as the lesion progresses, and could be used as a marker of integration in conjunction 

131 



with E6 measurements. Integration can occur at random sites, the disruption in the genome 

usually occurs at the E1/E2 sites involved in viral replication and transcription. Building on this 

characteristic of the HPV virus, sorne studies have suggested trying to correlate cytology results 

with physical status defined by the ratios E2/E6 and E2/integratedE6 [181;196]. 

There are sorne additional characteristics to consider when comparing methods measuring viral 

burden. First, the specimens are obtained from cervical smears, which may contain very few cells 

representative of a high-grade les ion amidst a large number of normal or even productively 

infected cells, in which episomes (Le., extra chromosomal, noon-integrated forms of the virus) are 

expected to predominate over integrated viral genomes, and replicate actively. Moreover, at least 

in the case of ASCUS and CIN, misclassification of les ion outcomes can occur, additionally 

complicating the interpretation. Quantification based on the L 1 gene, however, wililikely give a 

more reliable measure of viralload, since this gene is preserved even after the virus integrates 

into the host genome, with few exceptions. 

7.2.2. Misclassification of HPV 

The observed reductions in association with time since HPV exposure assessment may be 

reflective of misclassification with respect to exposure, Le., HPV status, as HPV infection is, for 

most part, transient. It is not as if the effect of HPV exposure at baseline is decaying overtime. 

Ignoring HPV status in the intervening time leads to misclassification hence dilution of effect as 

"recent" HPV status is more relevant for the accrual of viral exposure information, even though it 

may be less biologically pertinent with respect to the occurrence of SIL. 

Likewise, clinical trials of HPV vaccines may fail to demonstrate an effect from vaccination if HPV 

testing is done without discrimination for type, with using simplistic measures of viral burden, or at 

the point in time where the virus initiates carcinogenesis, Le. at integration, using probes for non

conserved regions such as E2. 

7.2.3. HPV type persistence and co-factors 

Inflammation due to co-infections and other factors may also play a role in the promotion of 

persistent HPV infections and cervical carcinogenesis through inhibition of cell-mediated 

immunity [30;90]. Therefore, future studies could evaluate if this translates into differential rates of 

disease development at incidence of HPV infection between subjects with single or multiple 

STDs. 
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ln addition, other factors such as OC use and presence of genetic polymorphisms in tumor 

suppressor genes [147] could be investigated as effect modifiers of the rate of progression or 

regression of precursor lesions of the cervix. 

7.2.4. Repeat and adjunct testing in cervical cancer screening 

ln addition to new technologies, alternatives to traditional screening strategies involving repeated 

testing by cytology have also been proposed to improve the test performance [70]. In a 

longitudinal study using histology to confirm the results from repeat cytology, Mitchell et al., [161] 

found no improvement in detection of HSIL by early repeat testing of Pap smears that initially 

lacked endocervical cells. The question of whether HPV testing should be adopted in cervical 

cancer screening has also been raised in several consensus and conference meetings, where 

researchers have concluded that there is enough justification to evaluate HPV testing as an 

adjunct to Pap smear screening. 

For adjunct diagnostic techniques to be effective screening tools, there must be a demonstration 

of an improvement in sensitivity and specificity above what would occur by chance [70]. That is, it 

is inevitable that complementary tests used in tandem will improve the sensitivity of a screening 

program. Therefore, for such an approach to be effective, there should be a demonstration that 

the specificity is improved as weil, and that both sensitivity and specificity of the screening test 

combination are better than either test augmented by a random adjunct test. Screening with a 

combination of cervicography and cytology in a randomized control trial reduced the incidence of 

new lesions by 30% one year later compared to what was observed in the cytology arm only [7]. 

The result was not significant, however, indicating perhaps that cervicography may be detecting 

more transient lesions than cytology. 

133 



8. CONCLUSION 

ln Summary, the following conclusions can be made from the results of the above manuscripts: 

• The incidence rates for SIL and HSIL are higher in subjects harboring a persistent oncogenic 

HPV infection measured by type-specifie PCR. 

• Relative to women consistently negative for HPV, the risk of risk of SIL, HSIL and persistent 

SIL was substantially higher in women with persistent HPV 16 or 18 infections. 

• Women with high viralload are at higher risk of incident SIL compared to those with less than 

one viral copy per cell in cervical specimens. 

• The predictive effect of a viralload 4 to 6 months earlier decreases in subjects also 

presenting with an abnormal (ASCUS) cytology at the sa me visit. 

• The magnitude of RRs of incident SIL decreases as the time interval between a positive HPV 

result and cervical les ion incidence increases. 

• Relative risks of incident HSIL are higher for older women. Women 31 years of age and over 

also progress to HSIL from an incident LSIL smear earlier than younger women. 

• The observed time to progression of precursor les ions is shorter for women with oncogenic 

HPV infections compared to those with no HPV infection. 

• Although the majority of LSIL and HSIL lesions regress with time, the mean duration of 

lesions is longer in women with oncogenic HPV and HPV 16 infections. 
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10. APPENDICES 

10.1. Appendix A: Ludwig-McGiII study follow-up chart 

Initial visit or follow-up 
return 

1 

Clinic record Questionnaire Cervical cell Pap cytology Cervicograph 
specimen smear y 

Follow-up Data entry + Films shipped 
data updated checking (SP) DNA Local report to Fenton, 

extraction Mo. 

Schedule File transfer HPV DNA Siides Reports 
next return to Montreal testing by shipped to mailed to 

PCR Montreal Montreal 

Telephone HPV typing if Reference E-mail 
reminder positive diagnosis abnormal 

results to SP 

Phone+letter Variant E-mail Data entry + 
if late to analysis if abnormal checking (Mtl) 
return sa me type results to SP 

Data entry + Data entry + 
checking (SP) checking (Mtl) 

File transfer 
to Montreal 

Central Visit-specific Lab results Cx Pathology 
record Database Database Database 

Database 
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10.2. Appendix B: Summary table of questionnaire data 

Questionnaire Question 
and color code Numbers 

1 1-18 

(white) 

2 
(blue) 

19-30 
31-37 

38-53 

54-62 

63-87 

88-99 

100-107 
1-6 
7-8 

9-16 

17-24 

25-26 

Information sought 
age, ethnicity, marital status, job titi es last 10 yrs, schooling, religion, income, 
household goods, neighborhoods of residence and where subject lived for the 
longest time. 
tobacco consumption: frequency, type, duration, cessation. 
alcohol consumption variables: specifically type of beverage, frequency, and 
duration. 
age at menarche, last menstrual period, type of menstrual absorbent, 
gynecologic symptoms and treatments, hygiene habits, sexually-transmitted 
diseases, previous Pap smears. 
age at first intercourse, number of pregnancies and outcomes, sexual practices 
during pregnancy and after delivery. 
numbers and types of sexual partners, frequency of sexual activity during 
various periods in the subject's past. 
contraceptive methods: history of oral contraceptive use, frequency of condom 
use and other barrier methods. 
practice of anal and oral intercourse. 
age, ethnicity, marital status. 
smoking and drinking since last visit. 
last menstrual period, type of menstrual absorbent, recent gynecologic 
symptoms and treatments, hygiene habits. 
age at first intercourse, lifetime and recent numbers of partners, frequency of 
sexual activity, contraceptive methods, practice of anal and oral intercourse 
since last interview. 
frequency of consumption of selected food items and vitamin supplements 
during the last 5 years. 

* Questionnaires for enrollrnent and tlrst follow-up visits used ln the Ludwlg-McGIIi Cohort Study 
appended at end of thesis 
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10.3. Appendix C: Description of statisical formulas used in analyses 

10.3.1. Cox proportional hazards model 

The hazard rates were calculated using the following formula for Cox praportional hazards for 

time-independent variables [38]: 

where h(t,X) = the hazard function at time t for an individual with the vector of explanatory 

variables X, 

ho{t} = an arbitrary and unspecified baseline hazard function, 

(3i = the regression parameter associated with the ith explanatory variable, and 

Xi =the ith explanatory variable, i=1, ... ,p. 

The ratio of two hazards, or HR, can then be derived to compare two units of observation with a 

constant hazard function that depends on their covariate values. Estimation of these HR is based 

on a partiallikelihood function that cancels out the unspecified baseline hazard function, hart), 

and accounts for right censoring of survival time [37]. The point estimate, {3i, similarly to the 

logistic regression estimate, is interpreted as the hazards for subjects with a covariate Xi 

indicating a particular exposure status compared to subjects with the covariate Xi at its non

exposed, referent category, assuming ail other covariates are held fixed. The exponentiated 

coefficients give the instantaneous RR for an increase of one unit for the covariate in question. By 

virtue of how covariates are constructed in regression models as described above, one can 

derive RRs fram the ratio of the hazards using the following formula where the nuisance 

parameter ho{t} for the baseline hazard of both units of observation cancels out: The result is the 

exponent of an additive regression equation similar to the binomiallogistic model [128]: 

h(t,X*) 

h(t,X) 

p 

LfJiXi* p 

ho(t)Xe~1 Lf3i(Xi*-Xi) 
p =ei~l 

LfJiXi 
ho(t) x e~l 

where (3i(Xi) = the regression parameter associated with the referent dummy category, Xi = 1 for 

the ith explanatory variable, 

(3i(Xi*) = the regression parameter associated with the dummy comparison category, Xi* 

= 2, 3, ... n, of the ith explanatory variable, and 

ho{t} = the equal arbitrary and unspecified baseline hazard functions in the numerator and 

denominator cancel out. 

Ali incident cases of SIL were compared with subjects with no detected lesions or ASCUS during 

the entire period of follow-up. 
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10.3.2. Cox proportional hazards model for time-dependent variables 

To allow for the inclusion of time-dependent covariates, the Cox proportional hazards model can 

be expanded using the following formula [128]: 

where h(t,X(t)) = the hazard function at time t for an individual with the vector of time-dependent 

or independent explanatory variables X(t), 

ho{t} = an arbitrary and unspecified non-negative baseline hazard function, 

f3i = regression parameter associated with the ith explanatory variable, 

Xi = the ith explanatory variable, i=1, ... ,p, 

oj = regression parameter associated with the r time-dependent explanatory variable, 

and 

)(jet) =the /h time-dependent explanatory variable, j=1, ... ,p. 

The resulting HR, represented by, oj, is interpreted as the hazards for subjects with a time

dependent covariate )(j compared to subjects without the covariate Xi, at given time t, assuming 

ail other covariates at the given time are held constant. 

10.3.3. Generalized Estimating Equation 

The computation process used in GEEs is based on the marginal or population average 

regression model approach, which involves a two-step process [52]. That is the estimates are 

determined first by fitting the model ignoring the correlation and then estimating the variance in a 

separate function. Outcomes can be continuous, binary or rates and are modeled using a 

generalized linear model method. This involves modeling the marginal expectation or average 

response, E(Yij), over the sub-population sharing a same exposure (xij), as a function of the 

explanatory variables (Pij). In the binary outcome circumstance log[E(Yij)/(1- E(Yij))) is translated 

into a linear function through the use of the logit link function: 

Log it(,uij) = 13· + xij 'fJ 
The second step, the marginal variance is generalized as a function of the marginal means: 

Var(Yij) = v(,uij)<jJ 

Where individuals are indexed by i, i=1 , ... ,n, , 

observations on individuals are indexed by j, j=1 , ... ,ni 

Yij is the outcome on individual i at time j, 

, 

Yi = (Yi1,···, Yini) is a vector of responses for subject i, 

Var(Yij )= is a matrix Vi , 

v is a known variance function, and 

<jJ is a scale parameter which may need to be estimated. 
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Estimation is then done solving for the equation: 

~{~ )var(y,r'(y, - fi,) = 0 

The correlation between outcomes COV(Yii 1 Yij) is a function of the marginal means and can also 

be modified by additional parameters. This correlation matrix is th en collapsed into a single 

measure p(t). Kendall's tau is used to calculate the correlation estimates in the data. GEEs model 

this dependence structure and the marginal distributions separately. 

When carrying out GEE analysis, a link function (Iogit for binary outcome data, log for counts, or 

identity for continuous responses), a correlation structure (independent, unstructured, 

exchangeable or autoregressive), and a clustering variable are defined. In the case of repeated 

response data, clustering is defined by the subject id. 

10.3.4. Marginal hazards model for multivariate fai/ure time data 

To further take into account the repeated occurrences of SIL over time, the Cox proportional 

hazards model for time-dependent variables can be modified to deal with the non-independent 

nature of repeated events within subjects. These marginal hazards models are described in detail 

by Therneau and Grambsch [243]. Based on the published models for marginal hazards the Cox 

models are stratified to allow the baseline hazard functions to differ for the covariate groups 

identified. The resulting hazard function [h(t,X)] at time t for an individual with the vector of 

explanatory variables X was described by the following formula: 

p 

If3:X: h(t,X) = hOj(t)Xe=1 Il 

where halt} = an arbitrary and unspecified baseline hazard function for each stratum (j) (e.g. 

period of observation), 

f3i = the regression parameter associated with the ith explanatory variable (Le. HPV status 

at start of period of observation), and 

Xi = the ith explanatory variable, i=1, ... ,p. 

The nuisance or baseline hazard function and the regression parameters may vary with j. The 

joint distribution of ail the 13/s can be assumed to be normal with a covariance matrix that can be 

estimated. Evaluation of exposure differences is obtained by linearly combining the 13/s. In the 

case of the analyses for this project (see Paper III) stratification was performed to allow the 

baseline hazard to vary with each period of observation defined by the index visit (ta) where an 

HPV test was performed. Computationally, this is accomplished bya counting process style with 

each interval period being assigned to a separate stratum. 
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10.3.5. Cumulative survival function 

The cumulative survival probability if the probability of suriving from 0 up to time q121] The 

method is based on a non-parametric approach for the calculation of the overall probability of 

survival in a given population. The cumulative survival function or probability, S(t), is derived for 

the exact times at which each failure event is measured by cytology by calculating the product of 

1 - (minus) the number of k events at time f, over the number of subjects at risk just prior to the 

kth failure. This function, S(t), is illustrated by the following formula: 

Set) = TI (l-ki/ni) 

Censored observations at time fi reduce the number of subjects at risk (ni) by ki, the number of 

failure events, but do not change the cumulative survival probability at time fi. The plot of the 

cumulative survival probabilities against time is known as the Kaplan-Meier survival curve. The 

cumulative distribution of outcome events over time are shown by plotting 1-S(t) over time since 

initiation of follow-up in the study. The median time was taken when 50% of the cases at baseline 

had transitioned to the outcome event. 

Statistical comparison of the survival functions between exposure groups, Le" HPV positive 

versus HPV negative subjects, can be performed using the log rank test. Under the null 

hypothesis of no difference between groups, the number of expected events (ei) over time in each 

group, is defined as the sum of expected events at time fi where ei=(ki X ni) / ni. Based on the 

Mantel-Haenszel equation, the log rank test statistic can be obtained from chi square distribution 

function for 1 degree of freedom, assuming a pairwise comparison of two exposure groups: 

10.3.6. Mean duration 

ln addition to the latter actuarial estimates of mean duration of preinvasive les ions an alternate 

formula was also used based on the epidemiologic tenet that, within a stationary population and 

in the absence of migration. The average duration can be estimated with the general formula: 

mean duration (D) = P 
[1 * (1- P)] 

where P = the prevalence proportion at each visit, 

1 = the incidence rate over the period of follow-up, and 

D = the mean duration of the preinvasive lesion. 

This formula holds provided that the point prevalence in each strata is less than 0.1, a condition 

that was met for ail precursor les ion analyzed in the study [76]. 
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10.4. Appendix D: Additional Statistical Analyses 

Figure A-1: Beta estimates* and Schoenfeld residuals over time in months since 

enrollment to first SIL event for non-oncogenic and oncogenic HPV infection at enrollment 
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* Beta estimates over time in months by Cox regression analysis adjusted for age, excluding 
prevalent cases of SIL at enrollment. Figure A: no-oncogenic HPV at enrollment, Figure B: 
oncogenic HPV. Beta estimates (sol id line), 95% confidence intervals (dotted line), Schoenfeld 
residuals (circles). 
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Figure A-2. Consistency of point estimates (hazard ratios) over time derived by marginal 

hazards regression for oncogenic HPV (top graph) and non-oncogenic HPV (bottom graph) 

using different exclusion criteria for prevalent lesions 
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Figure A-3. Consistency of point estimates (odds ratios) over time derived by GEE 

regression for oncogenic HPV (top graph) and non-oncogenic HPV (bottom graph) using 

different exclusion criteria for prevalent lesions 
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Table A-1.1: Socio-demographic and risk behavior characteristics collected at enrollment 

and first return visit for study participants according to compliance with scheduled visits 

over time 

Socio-demographic Enrollment Second or Ali first First two Twoor Total (%) 
characteristic visit only third visits year years of more years (N=2457)* 

(%) (N=276) only (%) visits (%) visits (%) of visits (%) 
(N=303) (N=112) (N=115) (N=1651) 

Age at enrollment 
18-24 65 (23.6) 72 (23.8) 28 (25.0) 27 (23.5) 318 (19.3) 510 (20.8) 
25-34 111 (40.2) 127(41.9) 36 (32.1) 44 (38.3) 657 (39.8) 975 (39.7) 
35-44 65 (23.6) 77 (25.4) 39 (34.5) 33 (28.7) 488 (29.6) 702 (28.6) 
45-70 35 (12.70 27 (8.9) 9 (8.0) 11 (9.6) 188 (11.4) 270 (11.0) 

Ethnicity 
White 186 (67.4) 185 (61.1) 79 (70.5) 65 (56.5) 1067 (64.6) 1582 (64.4) 
Nonwhite 88 (31.9) 118 (38.9) 33 (29.5) 50 (43.5) 584 (35.4) 873 (35.5) 
Missing 2 (0.7) 2 (0.1) 

Level of education 
<Elementry 68 (24.6) 84 (27.7) 26 (23.2) 31 (27.0) 345 (20.9) 554 (22.5) 
Elementry 144 (52.2) 172 (56.8) 65 (58.0) 64 (55.7) 990 (60.0) 1435 (58.4) 
HighSchool 49(17.8) 40 (13.2) 14 (12.5) 18 (15.70 275 (16.7) 396 (16.1) 
College 15(5.4) 7 (2.3) 6 (5.4) 2 (1.7) 40 (2.4) 70 (2.8) 

Smoking 
Never 115 (41.7) 133 (43.9) 48 (42.9) 55 (47.8) 817 (49.5) 1168 (47.5) 
Current 108 (39.1) 125(41.3) 37 (33.0) 39 (33.9) 552 (33.4) 861 (35.0) 
Former 53 (19.2) 45 (14.9) 27 (24.1) 21 (18.3) 282 (17.1) 428 (17.4) 

Frequency of smoking since enrollment 
None NA 173 (57.3) 64 (59.3) 69 (60.5) 1064 (64.5) 1370 (63.0) 
<=10/day NA 65 (21.5) 21 (19.4) 30 (26.3) 349 (21.2) 465 (21.4) 
>10/day NA 64 (21.2) 22 (20.4) 15 (13.2) 237 (14.4) 338 (15.5) 

Total 276 (100.0) 303 (100) 112(100) 115(100) 1651 (100) 2457 (100) 
* The total number of participants includes only those who met the eligibility criteria (N=2462) 
minus five subjects did not complete the interviews. 

165 



Table A-1.2: Reproductive health and hygiene characteristics collected at enrollment for 

study participants according to compliance with scheduled visits over time 

Reproductive health Enrollment Second or Ali first First two Twoor Total (%) 
and hygiene visit only third visits year years of more years (N=2457)* 
characteristic (%) (N=276) only (%) visits (%) visits (%) of visits (%) 

(N=303) (N=112) (N=115) (N=1651) 
Age at menarche 

0-11 59 (21.4) 70 (23.1) 24 (21.4) 26 (22.6) 369 (22.4) 548 (22.3) 
12-19 217 (78.6) 233 (76.9) 88 (78.6) 89 (77.4) 1275 (77.2) 1902 (77.4) 

Use of hygienic tampons 
No 238 (86.2) 270 (89.1) 97 (86.6) 103 (89.6) 1445 (87.5) 2153 (87.6) 
Yes 38(13.8) 33 (10.9) 15 (13.4) 12 (10.4) 206 (12.5) 304 (12.4) 

Use of non-commercial feminine hygiene absorbents 
No 183 (66.3) 195 (64.4) 66 (58.9) 73 (63.5) 1050 (63.6) 1567 (63.8) 
Yes 93 (33.7) 108 (35.6) 46 (41.1) 42 (36.5) 601 (36.4) 890 (36.2) 

Presence of genital sores 
No 241(87.3) 260 (85.8) 92 (82.1) 99 (86.1) 1403 (85.0) 2095 (85.3) 
Yes 35(12.7) 43 (14.2) 20 (17.9) 16(13.9) 248 (15.0) 362 (14.7) 

Vaginal discomfort 
No 180 (65.2) 195 (64.4) 75 (67.0) 71 (61.7) 1087 (65.8) 1608 (65.4) 
Yes 96 (34.8) 108 (35.6) 37 (33.0) 44 (38.3) 564 (34.2) 849 (34.6) 

Genital discomfort in pervious 2 days 
No 180 (65.2) 195 (64.4) 75 (67.0) 71 (61.7) 1087 (65.8) 1608 (65.4) 
Yes 96 (34.8) 108 (35.6) 37 (33.0) 44 (38.3) 564 (34.2) 849 (34.6) 

Vaginal douching 
Never/ 250 (90.6) 269 (88.8) 102 (91.1) 105 (91.3) 1483 (89.8) 2209 (89.9) 
Occasionally 
Frequent 26 (9.4) 34(11.2) 10 (8.9) 10(8.7) 168 (10.2) 248(10.1) 

Oral contraceptive use 
Never 61 (22.1) 55(18.2) 21 (18.8) 20 (17.4) 243 (14.7) 400 (16.3) 
<6yrs 131 (47.5) 172 (56.8) 63 (56.3) 73 (63.5) 908 (55.0) 1347 (54.8) 
>6yrs 84 (30.4) 76 (25.1) 28 (25.0) 22 (19.1) 500 (30.3) 710 (28.9) 

Total number of pregnancies 
0-1 61 (22.1) 47(15.5) 22 (19.6) 16 (13.9) 270 (16.4) 416 (16.9) 
2-3 115(41.7) 111 (36.6) 45 (40.2) 45 (39.1) 723 (43.8) 1039 (42.3) 
4-6 69 (25.0) 107 (35.3) 34 (30.4) 36 (31.3) 491 (29.7) 737 (30.0) 
7 or more 27 (9.8) 33 (10.9) 9 (8.0) 17 (14.8) 161 (9.8) 247 (10.1) 
Missing 4 (1.4) 5 (1.7) 2 (1.8) 1 (0.9) 6 (0.4) 18(0.7) 

Total 276 (100.0) 303(100) 112(100) 115 (100) 1651 (100) 2457 (100) 

* The total number of participants includes only those who met the eligibility criteria (N=2462) 
minus five subjects did not complete the interviews. 
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Table A-1.3: Sexual behavior characteristics collected at enrollment and first return visit 

for study participants according to compliance with scheduled visits over time 

Sexual behavior Enrollment Second or Ali first First two Twoor Total (%) 
characteristics visit only (%) third visits year years of more years (N=2457)* 

(N=276) only (%) visits (%) visits (%) of visits (%) 
(N=303) (N=112) (N=115) (N=1651) 

Age of first intercourse 
<=15 78 (28.3) 89 (29.4) 33 (29.5) 36 (31.3) 439 (26.6) 675 (27.5) 
16-17 65 (23.6) 90 (29.7) 29 (25.9) 30 (26.1) 416 (25.2) 630 (25.6) 
18-19 54 (19.6) 69 (22.8) 21 (18.8) 24 (20.9) 349 (21.1) 517 (21.0) 
20-50 79 (28.6) 55(18.2) 29 (25.9) 25 (21.7) 447 (27.1) 635 (25.8) 

Number of new sexual partners since enrollment 
0 NA 281 (93.0) 90 (83.3) 99 (86.8) 1527 (92.5) 1997 (91.9) 
1 or more NA 14 (4.6) 7 (6.5) 8 (7.0) 54 (3.3) 83 (3.8) 
Unknown NA 7 (2.3) 10(11.2) 7 (6.1) 69 (4.2) 94 (4.3) 

Number of recent sexu'al partners since enrollment 
0 NA 26 (8.6) 10 (9.3) 11 (9.6) 139(8.4) 186 (8.6) 
1 NA 269 (89.1) 94 (87.0) 95 (83.3) 1467 (88.9) 1925 (88.5) 
2 or more NA 7 (2.3) 4 (3.7) 7 (6.1) 41 (2.5) 59 (2.7) 

Lifetime number of sexual partners at enrollment 
0-1 125 (45.3) 120 (39.6) 41 (36.6) 51 (44.3) 750 (45.4) 1087 (44.2) 
2-3 92 (33.3) 118 (38.9) 44 (39.3) 39 (33.9) 563 (34.1) 856 (34.8) 
4 or more 59 (21.4) 65 (21.5) 27 (24.1) 25(21.7) 337 (20.4) 513 (20.9) 

Number of sexual partners in the 5 years prior to enrollment 
0-1 207 (75.0) 222 (73.3) 75 (67.0) 89 (77.4) 1307 (79.2) 1900 (77.3) 
2 or more 67 (24.3) 81 (26.7) 37 (33.0) 26 (22.6) 342 (20.7) 553 (22.5) 

Number of sexual partners in last year prior to enrollment 
0-1 260 (94.2) 285 (94.1) 104 (92.9) 110 (95.7) 1569 (95.0) 2328 (94.7) 
2 of more 9 (3.3) 12 (4.0) 6 (5.4) 3 (2.6) 71 (4.3) 101 (4.1) 
Missing 7 (2.5) 6 (2.0) 2 (1.8) 2 (1.7) 11 (0.7) 28 (1.1) 

Oral sex 
Never 141 (51.1) 144 (47.5) 49 (43.8) 63 (54.8) 741 (44.9) 1138 (46.3) 
Ever 135 (48.9) 159 (52.5) 63 (56.3) 52 (45.2) 910 (55.1) 1319 (53.7) 

Condom use 
Never/occasio 266 (96.4) 289 (95.4) 105 (93.8) 111 (96.5) 1594 (96.5) 2365 (96.3) 
nally 
Always 10 (3.6) 14 (4.6) 7 (6.3) 4 (3.5) 57 (3.5) 92 (3.7) 

Anal intercourse 
Never 189 (68.5) 191 (63.0) 67 (59.8) 65 (56.5) 1030 (62.4) 1542 (62.8) 
Ever 87 (31.5) 112(37.0) 45 (40.2) 50 (43.5) 621 (37.6) 915 (37.2) 

Report of sexually transmitted disease (STD) at enrollment 
NoSTD 219 (79.3) 234 (77.2) 78 (69.6) 80 (69.6) 1268 (76.8) 1879 (76.5) 
HPV-related 14 (5.1) 12 (4.0) 9 (8.0) 7 (6.1) 64 (3.9) 106(4.3) 
Other-STD 42 (15.2) 56 (18.5) 23 (20.5) 28 (24.3) 314 (19.0) 463 (18.8) 

Total 276 (100.0) 303(100) 112(100) 115(100) 1651 (100) 2457 (100) 

* The total number of participants includes only those who met the eligibility criteria (N-2462) 
minus five subjects did not complete the interviews. 
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10.5. Appendix E: Ethics certificates and questionnaires 

Il 
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.~ McGill 
Facultv of Medicine 

June 18, 2002 

Dr. Eduardo Franco, Director 
Division of Epidemiology 
McGiII University 

Dear Dr. Franco: 

Faculté de médecine 

We are writing in response to your request for continujrg review for the study A07 -M29-95 entitled 
"Mo/ecu/ar Epidemi%gy of Persistent Cervical HP;:V /tflection (Natura/ History of HPV Infection and 
C/N in a High Risk Area), [former/y "Mo/ecu/ar Epidemi%gy qf Persistent Cervical HPV /nfection"]. 

~,' 
; 

The progress report was reviewed and we are pleased to inform you that full board re-approval for 
the study was provided on June 17, 2002, valid until July 2003. The certification of annual review 
has been enclosed. We note that the current consent form is dated Ju/y 16, 1996 

We ask you to take note of the investigator's responsibility to assure that the current protocol and 
consent document are deposited on an an nuai basis with the Research Ethics Board of each 
hospital where patient enrollment or data collection is conducted. 

Should any modification or unanticipated development occur priorto the next review, please advise 
the IRB prC?mptly. 

Yours sincerely, 

/' J. Lawrence Hutchison, M.D. 
Chair 
Institutional Review Board 

cc: A07 -M29-95 
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McGIII F~culty of Medicine 
Institutional Revlew Board 

-Contlnuing fteview-

Principallnvestigator: Dr. Eduardo L Franco Departmentllnstitution: Oncology 1 McGIII University 

IRB Review Number: A07-M29-BS Study Number (If any): __ _ Review InleNal Annual 

TItIe cf Reœard'l study: Molecular Epldamiology of Persistent Cervical HPY Infection 
o (Natural History of HpV Infection snd CUl! in a HiQh Risk Area) 

Date of initiallRB approval: May 6, 1995 Date of prevÎous continuing review (if applicable) May 28,2001 

INTERIM REPORT (PLEASE CHECK OR SPECIFY) 

current StBlus of S1udy: 

Active Study: ___ .... .J __ _ On Hold: _____ - __ _ Closed to Enrolment: __ -J_ 

Interim Analys\s: ___ "'.!..... __ Final Anal)'sis: ______ _ SM)' Not Activated": __ 

"U Il1O llUa~ nas na lIaI:I:InD ~ BI McGIU, pl_ 'proulde c;g",spandenClila explaln; 8f\dOSSll:'--________ _ 

Mc:GiU hospltal(s) where stlJdy has reœived approvlIl elf IDeal Research Ethlcs Board(s) (if applicable): 

JGH: D 

RVH: 0 

MCH; CI 

SMH: 0 

MGH: 0 

Other: 0 

MNH/MNI: 0 

MeGiU hespital(s) where study has not reœived approval of local Research Ethlcs Board(s) (if applicable): NIA 

If 51udy sponsorship or finandal suppolt has changed, pleiilSl!! provide correspondenœ to explain; enclosed: N lA 

Nwnber of subjeC15 to be enrolled at McGiII: NIA Number of McGill subjeds enrolled ta date: ~ lA 

Number of McGiII subjects enrolled since last relliew: N lA Halle McGiII subjects withdrawn from the study?: N lA 

Has the study been revised sines the last review?: N lA Halle the study rellisions been approved by the IRB?: y.!'.§ 

Hu the alnsent fD~tJeen revised sines the last revieW?: N lA Date of the current consent form; July 16, 1996 

Are there new data sinœ the la9t relilew that could influence a subject's willingness tel provide c.ontinuing consent?: NO 

Have there been any serious adwer.oe experienœs (SAEs)?; NO 

Have 811 serious adverse ell:perlences (SAEs) and saraty IiIpOrts IiIlavant to the stucly been reported to the IRB?: N lA 

SIGNATURES: 

Date: _.!2_3....;......j/1~1 o_rL __ Principallnvestigato 

IRB Chair: __ 
~ i:J B JUN 20021 Date: ______________ _ 
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LUDWIG 
Il\:STITUTE 

FOR 

CANCER 

RESEAltCH 

sAo PAULO 

BRUSSELS 

LAUSANNE 

LONDON 

MELBOURNE 

NEW YORK 

SAN DIEGO 

STOCKHOLM 

UPPSALA 

ZURICH 

July 8, 1998 

Dr. Eduardo L. Franco 
Prof essor and Director 
Division of Cancer Epidemiology 

JUL 1 0 ma 

Re: Annual Renewal ofIRB approval for project ROI CA 70269 
(SPA# S-13400-01 and related identifiers) 

Dear Dr. Franco: 

1 refer to your letter of June 1 with a progress report on your study 
entitled "Molecular Epidemiology of Persistent HPV infection." 1 am 
pleased to infonn you that your report was judged satisfactory by this 
institution's Ethical and Scientific Review Board. As the !RB 
president, 1 hereby extend the approval granted to your project for 
another year, until July 1. 1999. 

Please note that this is the only notice of renewal concerning the 
continued ethical approval for your project. Since our !RB serves aIso 
your other study site it applies to both local Single Project Assurances 
granted to your project. 

Sincerely yours, 

fttJ~ 
Humberto Torloni, MD 
President, 
Ethical and Scientific Review Board 

cc: Dr. LLVilla 
Dr. RR Brentani 
Dr. MV Renaud. 

INSTITUTO LUDWIG DE RUA PROF. ANTONIO PRUDENTE 

PESQUISA SOBRE 0 CÂNCER 109-4~ ANDAR 

01509.010, sAo PAULO, SP. BRASIL 



12-03-1997 11:30 
12/03/97 11:29 

4169781490 
"aUIS lI7l ZOlO 

i University of Toronto 

~ OFFIce OF RESEARCH SERVICES 

PP.OiOCOL REFBP.ENCE /lJ07i 

DeceInber 2, 1997 

Dr. T. Rohan 
Dept. of Public Hea1ù', S\iicu~cll 

Dea: Dr. Rohan: 

uNIVERSITY OF TORONTO 
ORS 

R.e: Research protocol cntitled, "Molccular Epidœmiology of Persistent HPV Infection" 
(ROl CA70269, Assurance ID #1 M-SOOl-34) 

Wc arc writing to advise you that a Review Committee composed oiDrs. L. Marrett, 1. 
McL1Ughlin and ProfeEtOr B. Diokens 110.9 grnntcd npproval to the amcndment to the above
named research studI'. 

The approved revir;ed addendum to tho consent form 1s atta.ched. Subjcets sh,:,uld l'ceelve ~\ 

cap)' of their consent ronn. 

During the course orthe research, ilny significant deviations From the approved protocol 
(that Is, an)' deviatloD whlch would lead to :tD lDerease iD risk 0)' u detrea.e ln benefir to 
hUm!D 5ubJects) and/or any unanticipatcd deve)opmcnts withill the resenrch should be 
brought to the attention of the Office ofResearch Services. 

Yours sincerely, 

t,~~~~ 
Sus~ll~-
Executive Officer 
Human Subjects Review Committee 

SP/mr Enclosure 
cc: Prof essor H. Slcinnsr 



QUESTIONARIO SOBRE SAUDE FEMININA IILPC-MEVNC 1 VERSAO 1 1 PAG. 1 

Data da entrevista: D: M: A: -- -- -- Hora do infcio: --

1. N° no estudo: ___ _ 

2. Registro M.E.V.N.C: _____ _ 

3. Quai 0 seu nome? ______________ _ 

4. Em que dia, mês e ana a Sra. nasceu? D: M: A: 

Portanto, quantos anos a Sra. tem? an os 

5. Grupo étnico (Interpretaçao da entrevistadora): 
11 1 Branca 121 Mulata 131 Negra 141 Amarela 151 Indic ou descendente 

6. Quai é 0 seu esta do civil? 
11 1 Solteira 121 Casada 131 Viuva 
141 Separada 151 Vive maritalmente riuntadall ou amigada} 

7. Quais foram as suas ocupaÇôes/empregos nos ultimos dez anos? 

8. Até que grau escolar a Sra. estudou? 
11 1 Analfabeta 12: Primario incompleto : 3: Primario completo 
141 Secundario incompleto : 51 Secundario completo 
\6\ Técnico-profissionalizante \7\ Superior 

9. Quai a sua religiào? 
11 1 Cat6/ica 121 Crente 131 Protestante 14: Judia (Israelita) 

151 Espfrita 161 Umbandista 171 outra (quai?) ____ _ 181 nao tem 

10. Incluindo a Sra., quantas pessoas vivem na sua casa? ___ pessoas 

11. Quai é a sua renda familiar, ou seja, a da Sra. mais a dos que vivem em sua casa? 

CR$ cruzeiros reais ----------



QUESTIONARIO SOBRE SAUDE FEMININA / ILPC-MEVNC / VERSAO 1 / PAG. 2 

12. Quais dos seguintes itens a Sra. tem em casa? 
a) geladeira 1 Sim :2 Nào 
b) T.V. a cores 1 Sim :2 Nào 
c) telefone 1 Sim :2 Nào 
d) video-cassete 1 Sim :2 Nao 
e) carro 1 Sim :2 Nao 
f) carros adicionais 1 Sim :2 Nao 

13. Em que bai rra a Sra. mora: ----------------

14. Ha quantos anos a Sra. mora nesse local? ___ anos 

15. Onde a Sra. nasceu?: Cidade:-..---------- Estado ---

16. Essa cidade era: : 1 : are a rural : 2: ârea urbana : 3: suburbio : 8: nào sabe 

17. Onde a Sra. morou a maior parte de sua vida? 
(apôs os 12 anos de idade) Cidade: -------- Estado ---

18. Esse local era: : 1 : ârea rural : 2: are a urbana : 3: suburbio : 8: nào sabe 

19. A Sra. fuma ou jâ fumou? : 1: Sim :2: Nunca (se nunca, va direto à questào 31) 

Se sim, fazer as perguntas referentes a cada tipo de tabaco: 

Cigarros de papel industrializados 

20. Quantos cigarros a Sra. fuma/fumava em média par dia, aproximadamente? 
: 1 : no maxima 1 : 2: de 2 a 5 : 3: de 6 a 10 : 4: 11 a 20 :5: mais que 20 /6: mais que 40 (2 maços) 

21 . Que tipos de cigarro a Sra. fuma/fumava? 
: 1 : somente cam filtra : 2/ principalmente cam filtra, as vezes sem filtra : 3: principalmente sem filtra, as vezes cam filtra : 4 :. somente sem filtro 

22. Cam que idade a Sra. começou a fumar regularmente ? anos 

23. (Se ainda fuma, perguntar) Ha quantos anos a Sra. fuma? an os 

24. (Se parou, perguntar) Dura~te quantos anos a Sra. fumou? an os 

Cigarros de fumo de corda, de palha ou papel 

25. Quantos cigarros de fumo de corda ou palha a Sra. fuma/fumava em média par 
dia, aproximadamente? 
: 1 : no maxima 1 : 2 / de 2 a 5 /3: de 6 a 10 : 4: 11 a 20 : 5: mais que 20 : 6: mais que 40 "(2 maços) 

26. Corn que idade a Sra. começou a fumar regularmente? anos 

27. (Se ainda fuma, perguntar) Ha quantos anos a Sra. fuma? an os 

28. (Se parou, perguntar) Durante quantos anos a Sra. fumou? anos 

29. (Se parou, perguntar) Ha quantos anos a Sra. parou? anos 
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30. A Sra. fuma/fumou charuto ou cachimbo? :1: Sim :2: Nào 

Consumo ·de bebidas alco6licas 

31. A Sra. cestuma/costumava consumir bebidas alceélicas, mesme que ocasionalmente? 
l1 : Sim :2: Nunca (se nunca, vâ direto à q. 38) 

32. A Sra. costuma/costumava beber cerveja? 
: 1 : Nào/ecasionalmente \2\ no maxime um copo por semana 
: 3: de 2 a 5 por semana : 4: de 6 a 10 : 5: 11 a 30 : 6: mais que 30 

33. A Sra. cestuma/cestumava beber vinho? 
: 1 : Nà%casionalmente \2\ no maxima um co po por semana 
: 3: de 2 a 5 por semana : 4: de 6 a 10 : 5: 11 a 30 : 6: mais que 30 

34. A Sra. costuma/costumava beber pinga ou cachaça? 
: 1 : Nà%casionalmente : 2: no maxima um cope per semana 
13: de 2 a 5 por semana : 4: de 6 a 10 : 5: 11 a 30 : 6: mais que 30 

35. A Sra. cestuma/costumava uisque, gim, vedca ou outra bebida ferte? 
11 : Na%casionalmente 12: no maxima um copo por semana 
/3/ de 2 a 5 por semana 141 de 6 a 10 15: 11 a 30 16: mais que 30 

36. Ha quantos anos a Sra. bebe essas quantidades? anos 
(as referidas acima?) 

37. Ourante quantos anes a Sra. bebeu? anos 
(Se parou de beber, perguntar) 

Eu gostaria agora de lhe fazer algumas perguntas sobre sua vida 
intima. Eu entendo que .este é um assunto pessoal, mas conhecer 
estas informaçoes serâ de grande auxilio na nossa pesquisa. Eu 
volto a lembrar a Sra. que todas as respostas serac mantidas em 
total segredo. Nunca estes dados serao revelados a alguém. 

38. Que idade a Sra. tinha quando menstruou pela primeira vez? anos 
(se menopausada e passar a q. 11) 

39. Quando a Sra. teve a sua ultima menstruaçàe? D: _ M: _ A: _ 

/ _ / Puérpera 1 1 Lactante 1-1 1_1 Menopausada 

40. Quando esta/estava menstruada, a que a Sra. usa/usava coma absorvente Intimo? 

a) abservente tipo "MODESS" camercial 
b) absarvente interna tipa OB/Tampax 
c) tealhinha de pane 
d) outre (quaI? ) 

\1 / Sim 
:11 Sim 
11: Sim 
/1/ Sim 

/2: Nao :2: Nào 
/2: NàO 
/2/ NàO 

41. No~ ultimos cinco anos, quantas vezes a Sra. sentiu coceira na regiao 
genital? 
: 11 Nenhuma vez : 2: Aigumas vezes (1-9) : 3 / Muitas vezes (10+) 

42. Nos ultimos cinco anos, quantas vezes a Sra. sentiu dar/ardor na regiao 
genital? 
11 : Nenhuma vez 12: Aigumas vezes (1-9) /3/ Muitas vezes (10+) 
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43. Nos ultimos cinco anos, quantas vezes a Sra. teve corrimento vaginal? 
\1/ Nenhuma vez /2/ Aigumas vezes (1-9) 13\ Muitas vezes (10+) 

44. Ja fez ou faz uso de algum produto para tratamento ginecol6gico? 
(mostrar ou 1er a lista de nomes de medicamentos impressa 
no verso da pagina anterior) 

45. A Sra. ja utilizou algum produto que nào seja de farmacia para tratamento 
ginecol6gico? 
\1\ Sim (qua1: ) 121 Nào 

46. Nos ultimos dois dias, a Sra. teve corrimento, coceira ou ardor na regiào 
genital? 11 1 Sim 121 Nào 

47a. A Sra. usa/ja usou algum sistema que force agua/lfquidos para 0 interior da 
vagina tais. como duchas, bidês, etc? 
11 1 sim, sempre 121 sim, frequentemente 
\3\ de vez em quando 141 nunca 

47b. (Se sim) Com que produto? _________ _ 

48. Durante os perlodos menstruais a Sra. costuma/costumava lavar seus 6rgàos 
genitais? (Além do banho di ari 0) 
11 1 Nao 12\ Sim, uma vez por dia 131 Sim, mais de uma vez por dia 

49. A Sra. ja teve alguma vez feridas na vagina ou vu/va? 11 1 Sim 12\ Nao 

50. Aiguma vez a Sra. soube por um(a) médico(a) que tinha uma doença venérea ou 
sexualmente transmissivel? (se sim, qua1?) 
11 \ Gonorreia \21 Cancro 13\ Crista de gale ou condiloma 141 Sifilis 
15: Herpes \6: Tricomoniase \7\ Candidiase 8 Nunca teve 

51 . A Sra. ja fez um exame de prevençào do câncer de colo de utero, também chamado 
Papanicolaou ou citol6gico ou citologia onc6tica? \11 Sim \21 Nao 

52. (Se sim) Quantas vezes? ___ vezes 

53. (se sim) Quando foi a ultima vez que fez este exame? 
\1 \ No ultimo ana : 2: Ha mais de um ano, mas menos que cinco 
\3: Ha mais que cinco anos : 81 Nao lembra 

Lembrete: Foro intimo e confidencialidade 

54. Com que idade a Sra. teve a sua primeira relaçào sexual? anos 
(se virgem, va direto a q. 100, depois de certificar-se que 
e1a nunca engravidou) 

55. Quantas vezes a Sra. ja engravidou? ___ vezes 
(se nunca, va di,reto a q. 63) 

56. Quantas destas gestaÇôes resultaram em partos normais? __ _ 

57. Quantas foram por operaçào cesariana? __ _ 
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58. Quantas resultaram em aborto? ---
59. Em que ana foi a sua ultima gravidez? __ 

60. Foi uma gestaçào completa? 

61. Enquanta gravida a Sra. continuava tendo relaÇôes sexuais corn seu 
marido/parceiro? 11 1 Sim : 2: Nào 

62. A Sra. castuma/costumava resguardar-se de relaÇôes sexuais apés cada parto? 
11 1 Sim 12: Nào 

63. Corn que idade a Sra. começou a ter relaçoes sexuais pelo menas uma vez por mês 

Aos ___ anos -> : _1 se nunca foi constante 

64.\ Durante a sua vida inteira, corn quantos homens a Sra. manteve relaÇôes sexuais? 
,J 

(Insista para que ela dê uma resposta mesmo q. aproximada) ___ _ 

65. Quantos destes parceiros foram regulares, isto é, corn os quais a Sra. teve relaÇôes 
sexuais regulares durante um periodo minimo de 6 meses, independentemente 
de morar na mesma casa? 

66. Que a Sra. saiba, quantos destes parceiros sexuais nào f.oram fiéis, isto é, tiveram 
contato sexual corn outras mulheres? 

67. No total, quantos parceiros sexuais a Sra. teve antes de 20 anos? __ _ 

68. Quantos destes parceiros (antes dos 20) tinham menas que 20 anos? __ _ 

69. Quantos destes parceiros (antes dos 20) tinham mais que 30 anos? __ _ 

Se a paciente tiver menos que 20 anos, passar para a q. 73 

70. No total, quantos parceiros sexuais a Sra. teve depois dos 20 anos? __ _ 

71. Quantos destes parceiros (depois dos 20) tinham menas que 20 anos? __ _ 

72. Quantos destes parceiros (depois dos 20) tinham mais que 30 anos? __ _ 

73. Desde 0 inicio de sua vida sexual houve periodos em que a Sra. nào teve relaçoes 
por mais que um ano? Se sim, quantos periodos (total em anos)? 

____ anos 

74. Em geral, considerando a maior parte de sua vida sexual, corn que frequência a Sra. 
tem mantido/manteve relaçOes sexuais? (Descrever a frequência e 
duraçao para cada periodo lembrado pela paciente) 



75. 

76. 

77. 

78. 

79. 

80. 

81. 

82. 
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Enquanto menstruada, a Sra. evita/evitava ter re/aÇôes sexuais com seu marido/parceiro? ( Também considerar a hipôtese do marido evitar) : 1 : Sempre evitei ou marido evitou : 21 De vez em quando : 3: S6 nos primeiros dias 14: Nunca 

A Sra. costuma/costumava /avar seus genitais antes de ter relaÇôes sexuais? 11 1 Sempre 121 de vez em quando : 3: Nunca 

A Sra. costuma/costumava lavar seus genitais de pois das relaÇôes sexuais? : 1 : Sem pre 12: de vez em quando : 31 Nunca 

Durante os ultimas cinca anas, cam quantos homens a Sra. manteve relaçôes sexuais? (Insista para que ela dé uma resposta mesmo que aproximada) 

Que a Sra. saiba, quantos destes parceiros sexuais nào foram fiéis, isto é, tiveram contato sexual com outras mulheres? 

Quantos destes parceiros tinham menos que 20 anos? 

Quantos destes parceiros tinham mais que 30 anos? 

Durante este periodo dos ultimas 5 anas, com que frequência a Sra. teve relaÇôes sexuais corn seu marido ou parceiro(s}? 

__ " -J/semana ----'mes 

Dizer à paciente para se lembrar apenas dos (1.1 timos 12 meses 
83. Durante os ultimas 12 meses, com quantos homens a Sra. teve relaÇôes sexuais? (Insista para que ela dé uma resposta mesmo que aproximada) 

84. Que a Sra. saiba, quantos destes parceiros sexuais nào foram fiéis, isto é, tiveram contato sexual com outras mu/heres? 

85. Quantos destes parceiros tinham menas que 20 an os? 

86. Quantos destes parceiros tinham mais que 30 anos? 

87. Durante este periodo dos ultimas 12 meses, cam que frequência a Sra. teve relaçôes sexuais com seu marido ou parceiro(s}? 

----'semana ---'mes ---.Jano 

Fim das perguntas ciclicas 

Detalhes sobre os métodos anticoncepcionais usados 
88. Quais sào os métodos que a Sra. ou 0 seu marido/parceiro(s) tem usado/usaram para evitar filhos? (assinalar todos os mencionados) 

: 1 : paula anticoncepcional 121 laqueadura 131 vasectomia :41 D.I.U. 151 condom 161 diafragma 171 Geléia espermicida 181 Coito interrompido/tabelinha/muco cervical 191 Outro: 1101 Nào sabe 
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89. (Se P.A., perguntar) Com que idade a Sra. começou a usar P.A.? ___ anos 
90. (Se P.A.) Durante quantos anos a Sra. tem tomado/tomou P.A.? ___ anos 
91. (Se P. A.) Durante este(s) perfodo(s) a Sra. obedeceu os intervalos regulares de descanso recomendados pelo médico? : 1 : Sim : 2: Nào 

92. (Se parou, perguntar) Ha quanto tempo parou de tomar P.A.? an os 

93. (Se laqueadura, perguntar) 
Ha quanta tempo foi a laqueadura que a Sra. fez? anos 

94. (Se vasectomia do parceiro mais frequente, perguntar) Hâ quanta tempo foi a vasectomia do seu marido/parceiro? anos 

95. (Se D. I. U., perguntar) . 
Com que idade a Sra. usou D.I.U. pela primeira vez? anos 

96. (Se D. I . u.) A Sra. ainda usa D.I.U.? :1: Sim 

97. (Se condom, perguntar) Corn que frequência seu marido/parceiro(s) usa(m) camisinha? 11 1 Muito raramente 12: As vezes 131 Sem pre 

98. (Se diafragma, pergun,tar) corn que frequência a Sra. tem utilizado/utilizou diafragma? : 11 Muito raramente : 2: ,As vezes : 3: Sempre 

99. (Se geléia, perguntar) A Sra. tem usado a geléia espermicida de que maneira? 11 1 Principal mente coma metodo unico 12: Principal/ associado ao diafragma 131 Principalmente ass.ociado à camisinha 

Lembrete: Foro intimo e confidencialidade 
100. A Sra. jâ praticou/pratica coito anal, isto é, relaçào corn penetraçào pelo anus? 111 Sim, frequentemente 12: Sim, raramente 131 Nào 

Se nao, va direto à questao 105 

101. (Se sim, perguntar) 
Corn quantos parceiros a Sra. jâ praticou/pratica coito anal? __ _ 

Se mais-de 1 na resposta anterior, iniciar as prox~mas perguntas enfatizando que a entrevistada deve se referir ao parceiro com quem ela mais frequentemente praticou coito anal. 

102. 0 seu marido/parceiro realizava/realiza penetraçào vaginal em seguida ao coito anal? : 1: Sim :2: NàO 131 As vezes 
103. (Se sim, perguntar) Antes da penetraçào vaginal 0 seu marido/parceiro fazia/faz a higiene do pênis? 11 : Sim 121 Nào 131 As vezes 

104. (Al ternati vamente) Se 0 seu marido/parceiro usava/usa camisinha para 0 coito anal, antes da penetraçào vaginal ele a retirava ou trocava/retira ou troca? 11\ Sim :2: Nào :3: As vezes 141 Nào usava/usa camisinha 

105. 0 seu marido/parceiro tinha/tem 0 habita de praticar sexo oral na Sra., ou seja, contato da boca ou Iingua dele nos se us genitais? 11 : Sim, frequentemente : 21 Sim, raramente 131 Nào 
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106. (Se sim, perguntar) Com quantos parceiros a Sra. jâ praticou/pratica sexe 
oral desta maneira? 

Se nao, va direto ao final 

Se mais de 1 na resposta anterior, iniciar as prox~mas perguntas 
enfatizando que a entrevistada deve se referir ao parceiro com quer. 
ela mais frequentemente praticou/pratica sexo oral. 

107. (Se sim, perguntar) 0 seu maride/parceiro realizava/realiza penetraçao 
vaginal em seguida ao sexo oral? 
: 1: Sim :2: Nao :3: As vezes 

Eu agradeco muito a sua colaboraçao com a nossa pesquisa. 
Se a Sra. tiver alguma pergunta, sinta-se a vontade em fazê-la. 
Caso queira comunicar-se comigo depois a Sra pode me procurar 
aqui durante a semana. 

Horarie de término da entrevista: ___ _ 

COMENTARIOS DA ENTREVISTADORA: 

Enfermeira: ----------------

Questionario codificado em ____ / ____ /____ por ______________________ __ 

Dados digitados em, ____ / ____ / __ . __ por ____________________________ _ 

Dados conferidos em ____ / ____ /____ por ____________________________ _ 
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Data da entrevista: D: M: A: Hora do infcio: ---
1. N° no estudo: ___ _ 

2. Registro M.E.V.N.C: _______ _ 

Esta é nossa segunda entrevista, mas levaremos menos tempo desta vez, porque muitas das 

informaç5es ja saO conhecidas. Como antes, nao ha respostas corretas ou incorretas, 

portanto a Sra. nao precisa se preocupar corn 0 que diz, 0 mais im~!Jrtante é a sua 

sinceridade e um esforço de meméria. Lembro à senhora que todos os dados fornecidos sac 

mantidos em total segredo. Eles jamais serao revelados à ninguém. Aigumas quest5es podem 

parecer que sac repeticoes da nossa entrevista anterior. Elas sac importantes para se 

conhecer mudanças que podem ter ocorrido nos ultimos quatro meses, isto é, desde a nossa 

ultima conversa. N6s agradecemos a sua compreensao. 

3. 56 para confirmar, quai 0 seu nome? _________ _ 

4. Em que dia, mê~ e ana a Sra. nasceu? 0: ___ M: ___ A: __ _ 

5. Grupo étnico (Interpretacao da entrevistadora): 
: 1 : Branca : 2: Mulata : 3: Negra : 4: Amarela : 5: Indic ou descendente 

6. Quai é 0 seu estado civil atual? 
11 1 Solteira 121 Casada 131 Viuva 141 Separada 151 Vive marital mente 

Perguntas sobre Îumo e âlcool 

7. Desde sua ultima visita, a Sra. fumou cigarros de papel ou outras formas de tabaco 
comercializado? Se sim, corn que frequência? 
: 1 1 no maximo 1 por dia : 21 de 2 a 5 
141 11 a 20 151 mais que 20 
171 nao fumou no perlodo 

131 de 6 a 10 
161 mais que 40 (2 macos) 

8. Também desde sua ultima visita, a Sra. consumiu bebidas alcoélicas? Se sim, corn que 
frequência? 
11 1 Nao .: 2: no maxime um copo/dose por semana : 3: de 2 a 5 por semana 
141 de 6 a 10 141 11 a 30 15: mais que 30 

Eu gostaria agora de Ihe fazer algumas perguntas sobre sua vida Intima. Eu entende que 

este é um assunto pessoal, mas conhecer estas informac5es sera de grande auxRio na 

nossa pesquisa. Como da ultima vez, eu lembro a Sra. que todas as respostas serao 

mantidas em total segredo. Nunca estes dados serao revelados a alguém. Desta vez, esta 

parte da entrevista nao sera tao longa! 
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Usar a forma apropriada, dependendo do caso, por ex.: marido, namorado, 
os respectivos plurais) 

9. Quando foi a sua ultima m~nstruacào? 0: ___ M: ___ A: __ 

1 1 Lactante 1_1 LI Menopausada (se menopausada, passar à q. Il) 

10. Desde sua ultima visita, 0 que a Sra usou quando menstruada, como absorvente Intimo? 

a} absorvente tipo "MODESS" comercial 
b} absorvente interno tipo OBfTampax 
c} toalhinha de pano 
d) outro (quai? ________ _ 

111 Sim 
:1: Sim :1: Sim 

12: Nao 
12: Nao 
121 NàO 

11. Desde sua ultima visita, corn que frequencia a Sra. sentiu coceira na regiào genital? 
111 Nenhuma vez 12: Aigumas vezes (1-9) :3: Muitas vezes (10+) 

12. Desde sua ultima visita, corn que frequencia a Sra. sentiu dor/ardor na regiao 
genital? 
:11 Nenhuma vez :2: Aigumas vezes (1-9) :3: Muitas vezes (10+) 

13. Desde sua ultima visita, corn que frequência a Sra. teve corrimento vaginal? 
111 Nenhuma vez : 2: Aigumas vezes (1-9) : 3: Muitas vezes (10+) 

14. Desde sua ultima visita, a Sra. us ou algum produto para tratamento ginecol6gico? 
Gostarfamos de saber também se alguns desses produtos nào foram adquiridos em 
farmacia (mostrar ou 1er a lista de nomes de medicamentos). 

1 S. Nos ultimos dois dias, a Sra. teve corrimento, coceira ou ardor na regiào genital? 
11: Sim . :2\ Nào 

16. Desde sua ultima visita, a Sra. usou algum sistema que force agua/lfquidos para 0 
interior da vagina tais como duchas, bides, etc? 
: 1 : sim, sempre '2 ,sim, frequentemente 
131 de vez em quando 141 raramente '5: nunca 

Lembrete: Foro intimo e confidencialidade 
---..." 

17: Corn que idade a Sra. teve a sua primeira relaçào sexual? 
(Se virgem, va direto à q. 21) 

___ anos 

18. Durante a sua vida inteira, corn quantos homens a Sra. manteve relaçôes sexuais? 
(Insista para que ela dê uma resposta mesmo q. aproximada) 

19. Desde sua ultima visita, corn quantos homens a Sra. teve relaçaes sexuais? 
(Insista numa resposta mesmo que aproximada) 

20. Nestes ultimos 4 meses, ou seja, desde a sua ultima visita, a Sra. teve relaçaes 
sexuais corn algum parceiro novo? 

Se sim, quantos? ____ _ 
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21. Desde sua ultima visita, corn que frequência, em média, a Sra. teve relaçOes sexuais corn seu marido ou parceiro(s)? 

__ --'/semana ou __ --J/mês ou __ ---'/no perlodo 

22. Quais sio os métodos que a Sra. ou 0 seu marido/parceiro(s) usaram nestes 4 meses para evitar filhos? (assinalar tadas os mencionados) 11/ pOula anticoncepcional 121 laqueadura 131 vasectamia 141 DJ.U. 151 condom 161 diafragma 171 Geléia. espermicida 181 Caita interrampido/tabelinha/muca cervical 191 Outra: 11 0 1 Nia sabe 

23. Desde a ultima visita, a Sra. praticau caita anal, isto é, relaçaa com penetraçio pela ânus? 
11 1 Sim, a1gumas vezes 121 Sim, pela menos uma vez 131 Nia 

24. Desde a ultima visita, a seu marida/parceiro praticau sexo oral na Sra., ou seja, cantata da baca ou Ifngua dele nos se us genitais? 11/ Sim 121 Nio 

Agora falaremos mais do passado' e nia mais dos habitas recentes. Eu gostana agora de 
Ihe fazer algumas perguntas sobre seus habites a1imentar~s, particularmente nos ultimas 
5 anas. Eu compreende que lembrar-se de tatos cemo consumo de alimentos no passade é 
dlficil. Procure fazer um esforço de mem6ria, escelhende as alternativas apresentadas 
que sia mais pr6ximas da realidade. Uma respesta aproximada é sem pre melhor do que 
nenhuma. Talvez se a Sra. se lembrar de a1gum fate de sua vida acontecido ha mais ou 
menos 5 anos, sera mais facil precisar na mem6ria as outras caisas. 

25. Em média, durante os ultimas 5 anas, com que frequência semanal ou mensaJ a Sra. tem consumida os alimentas que eu vou citar a seguir: 

A.Laranjas: a pr6pria fruta ou em forma de 
sucas: 

11 Nunca ou menas que 1 vez/ana 
12 Menos que 1 vez/mês, mais que 1/ana 13 1 vez/mes, em media 
14 2-3 vezes/mes 
15 1-3 vezes/semana 
16 4-6 vezes/semana 
17 Diariamente ou mais frequentemente 

B. Umio, em forma de sucos ou limonada: 

: 11 Nunca ou menos que 1 vez/ano 121 Menos que 1 vez/mês, mais que 1/ano 131 1 vez/mês, em media : 4: 2-3 vezes/mes 
: 5: 1-3 vezes/semana 
16: 4-6 vezes/semana : 7: Diariamente ou mais frequentemente 

C. Cenoura, qualquer que seja a forma de 
prepara: 

: 11 Nunca ou menas que 1 vez/ano 
121 Menos que 1 vez/mês, mais que 1/ana 131 1 vez/mes, em media 
141 2-3 vezes/mes 
151 1-3 vezes/semana 
: 6: 4-6 vezes/semana : 7: Diariamente eu mais frequentemente 

D. Ab6bora, qualquer que seja a forma de 
preparo: 

: 1 : Nunca ou menas que 1 vez/ano : 2: Menos que 1 vez/mês, mais que 1/ano : 3: 1 vez/mes, em media 
: 41 2-3 vezes/mes 
151 1-3 vezes/semana 
16\ 4-6 vezes/semana 
171 Diariamente ou mais frequentemente 
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E. Mamao: 
11 1 Nunca ou menos que 1 vez/ano 
121 Menos que 1 vez/mês, mais que 1/ano 
131 1 vez/mes, em media 
141 2-3 vezes/mes 
151 1-3 vezes/semana 
161 4-6 vezes/semana 
171 Diariamente ou mais frequentemente 

F. Couve, qualquer que seja a forma de 
preparo: 
111 Nunca ou menos que 1 vez/ano 
121 Menos que 1 vez/mês, mais que 1.Iano 
131 1 vez/mês, em media 
141 2-3 vezes/mes 
151 1-3 vezes/semana 
161 4-6 vezes/semana 
171 Diariamente ou mais frequentemente 

G. Espinafre, qualquer que seja a forma de 
prepare: 
111 Nunca ou menos que 1 vez/ano 
121 Menos que 1 vez/mês, mais que 1/ano 
131 1 vez/mes, em media 
141 2-3 vezes/mes 
151 1-3 vezes/semana 
161 4-6 vezes/semana 
171 Diariamente ou mais frequentemente 

H. Br6coli, qualquer que seja a forma de 
preparo: 
11 1 Nunca ou menos que 1 vez/ano 
121 Menos que 1 vez/mês, mais que 1/ano 
131 1 vez/mes, em media 
141 2-3 vezes/mes 
\5\ 1-3 vezes/semana 
161 4-6 vezes/semana 
171 Diariamente ou mais frequentemente 

1. A1faee: 
111 Nunca ou menos que 1 vez/ano 
121 Menos que 1 vez/mês, mais que 1/ano 
131 1 vez/mes, em media 
141 2-3 vezes/mes 
151 1-3 vezes/semana 
161 4-6 vezes/semana 
171 Diariamente ou mais frequentemente 

O. Outras verduras (acelga,agriao,rucula,escarola) 

11 Nunca ou menos que 1 vez/ano 
12 Menos-que 1 vez/mês, mais que 1/ano 
13 1 vez/mês, em media . 
14 2-3 vezes/mes 
15 1-3 vezes/semana 
16 4-6 vezes/semana 
171 Diariamente ou mais frequentemente 

J. Ovos, incl. alimentos cIo bolos e 
massas: 
11 1 Nunca ou menos que 1 vez/ana 
121 Menos que 1 vez/mês, mais que 1/ano 
131 1 vez/mes, em media 
141 2-3 vezes/mes 
151 1-3 vezes/semana 
161 4-6 vezes/semana 
171 Diariamente ou mais frequentemente 

K. Leite e iogurtes: 
111 Nunca ou menos que 1 vez/ana 
121 Menos que 1 vez/mês, mais que 1/ano 
131 1 vez/mês, em media 
141 2-3 vezes/mes 
151 1-3 vezes/semana 
161 4-6 vezes/semana 
171 Diariamente ou mais frequentemente 

L Cueijo: 

111 Nunca ou menos que 1 vez/ana 
121 Menos que 1 vez/mês, mais que 1/ano 
1311 vez/mês, em media 
141 2-3 vezes/mes 
151 1-3 ve.zes/semana 
161 4-6 vezes/semana 
171 Diariamente ou mais frequentemente 

M. Manteiga: 
111 Nunca ou menos que 1 vez/ana 
121 Menos que 1 vez/mês, mais que 1/ano 
131 1 vez/mês, em media 
141 2-3 vezes/mes 
\5\ 1-3 vezes/semana 
161 4-6 vezes/semana 
171 Diariamente ou mais frequentemente 

N. Figado: 
111 Nunca ou menos que 1 vez/ana 
121 Menos que 1 vez/mês, mais que 1/ano 
131 1 vez/mês, em media 
141 2-3 vezes/mes 
151 1-3 vezes/semana 
161 4-6 vezes/semana 
171 Diariamente ou mais frequentemente 
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26. Ainda nos ultimos 5 anos, em média, a Sra. tomou complexas vitaminicos ou vitaminas 
isoladas sob forma de comprimidos, capsulas, drâgeas, ou comprimidos efervescentes 

(par ex.: durante periodos de gestaçao)? Se sim, a Sra conseguiria precisar a tipo e 

a numero de dias no total em que os consumiu? (somando mental mente todos os dias em 

que fez usa do medicamento nos ultimos 5 anos). 

A. Vitamina C, isoladamente: 
111 Nenhuma vez 121 Algumas « 30 dias) 131 Frequentemente (> 30 dias) 

B. Vltamina E, isoladamente: 
111 Nenhuma vez 121 Aigumas « 30 dias) 131 Frequentemente (> 30 dias) 

C. Complexa B, isaladamente: 
111 Nenhuma vez 12l Aigumas « 30 dias) l31 Frequentemente (> 30 dias) 

D. Complexas multi-vitaminicas (geralmente durante gravidez): 
111 ~enhuma vez 12l Aigumas « 30 dias) 131 Frequentemente (> 30 dias) 

E. Outras vitaminas/indeterminada: 
111 Nenhuma vez 121 Aigumas « 30 dias) 131 Frequentemente (> 30 dias) 

Eu agradeço muita a sua colaboraçao corn a nossa pesquisa. Se a Sra. tiver alguma 
pergunta, sinta-se à vontade em fazê-Ia. Conta em re-encontrâ-Ia daqui a 4 meses, 
novamente. 

Harârio de término da entrevista: ___ ' __ _ 

COMENTARIOS DA ENTREVISTADORA: 

Enfermeira: _______ _ 

Questionâriocodificado em ___./----1 ____ por ________________ _ 

Dados digitados em -1 __ 1_ por ____________ _ 

Dados conferidos em ___ 1 ____ 1____ por _______________ ___ 
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