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ABSTRACT

. Cancer of the cervix is the second most common form of cancer
in women worldwide. The natural history of cervical cancer is thought
to involve sequential ghanges-frdm.varying grades of precufsot intra-
epithelidl lesions called CIN. However, little is known of the risk
factors that can prédict the oncogenic potential of a pérticular'CIN
‘lesion.-Based An their preferential occurﬁence in cer&ical cancers and
their poteﬁtial onicogenic properties, the human papillomaviruses (HPV)
partiqularly“the genotypes 16, 16, 31,‘33,‘35 and 42 have been impli-
catéé in the etiology of invasive ceévical cancer. However, these
A”wviruéés could occur as either secondary pathogen of cancer or as pre-
dictor of those-CIN lééions that are Ei&ely to progress to invasive
disease. The hypothesis that was verigggd in this study was that HPV
16,33 and 18 are likely to be predictive of CIN lesions that progress
to invasive canger} | .
First of all, in order to characterize the prevalent type of
HPV in the tgrget study populatibn 6f B.C:, a'cross-sectional.study_
was conducted and the presence of specific HPV types ascertaineé by -
the tissue in §i§gihybridizatio£. The frequency of HPV.types 16, or
33, was found to vary with thevseverity of the CIN gradeé, in contrast
to the frequency of HPV types 6/11 and 18 that segregated indepéndent-”‘

1y of the CIN grades.
Next, a case-control study was undertaken to verify the main
hypothesis of HPQ being predictive‘oﬁ CINvlesién progression to inva-

sion. It was reasoned that the particular HPV would occur at higher
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frequency in CIN biopsies of cervical cancer cases than in CIﬁ biop-
siestbf honcasé§f(confrols). A total.of 47 Eases and‘94 controls were
enfolled from patients'registered by the Cancer Control Agency of the
Prov1nce of British Columbia. A case was defined as a postupubertél i
woman with invasive disease and who had a CIN dlagn051s at leagt two
“years prior to the invasive disease. For each case an attempt was made
to enrol two control matched on grade” of CIN and year of diagnosis.
Oon each subject attempt was made to gather demdgraphié’informatidns'
that are known td;be associated with cer&icalvcahcer. The HPV probeé
that were.ﬁsed included HPV 16/33 and HPV 6/11. The rélativé ffequency.
of occurrence of specific HPV in the preinvasive b10p51es of cases and‘
controls were as: folow. HPV 16/33 occurred in ‘10.6% of controls and
12.8% of cases; HPV 18 was found 1n 3.2% of controls and 8.7% of cases-
“and HPV 6/11 in 2.2% of controls and B:7% of cases. Conditional Chi-
. square ana1y51s 'showed that the difference in the proportions of HPV
p051t1v1ty between .cases and controls wa compatlble with sampllng
varlation. Hence, W1th a statistical pow;j\;?\approxlmately 60%, it
was concluded that- particular HPV could not be predictive of CIN
lesions progress1on in the sample of populatlon that was studied.
However an excess risk for incurring cervical cancer, by belng
exposed to particular HPV at the CIN stage, was noted. The relative
risk for HPV 16/33 was 2.34, [95% CI 0.70. to 7.66); for HPV 18 wés-
2.45, [95% CI 0.22 to 27.80); for HEV 6/11 2.19, [95% CI 0. 39 to
12.42] or for all HPV combined wvas 1.87, [ 95% CI 0.55 to 6. 281t
. Interest1ngly, a comparlson of the frequency of HPV
occurrences in the casé—control.study with that in the cr055rsectional

study revealed a lower rate of HPV positivity in the case-control

component. This could possibly be due to a cohort effect.
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I.0.0. Importance of cervical cancer.
: N ‘ | ) ’
Cancer of the cervix is the second most common_cander in women
worldwide. When both maleg and_female cancers are considered together,
it ranks tenth amang all cancer cases in deyeloped countries and first
in developing countries (Parkin et al., 1988). The impact- of cancers
of the genital tract on North American_women Has changgd: dramatiéally
ovér the pasﬁ SGEyearS. In 1930, uteriﬁe cancer was the 1eading cause
'ofrdeath‘ambng women. Today, only apéroximéteiy 35,000 cancef deaths
are annually due to cancer of ﬁhg cervix (Pickle et al., 1987). This
, dramatié decreasekisl due,'in. part, to screening cytology which has
also contributed to our-knowledge*bn the pathogenesis and epidemiology
of the disease. However, despite extensiVe studiés, gaps still exist
in our understanding of the natural history and’ causes of cervical
cancer. The focus‘of this thesis will be on the possible role of cer-
tain human papillomavirdses (HPVs) which have been recently impiicqted
in the etiology of cervical cancer (zu; Hausen, 1985). Since the
pathogenesis of cancer of the cervix takes into.account function as
well as structure, it is of interest to first. look at'sqme df _the

functional features of this organ.

. I.1.0. The normal cervix.

The human cervix ' is a continuation of the lower end of the -
corpus uteri. It is ¢ylindrical in shape and extends from the level
of the internal os to the wall of the vagina. Histologically, it is

L'
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3
divided into three recognizable areas; the portio, the endocervical
canal and the transformation zone (Stern, 1973). See Figure I.1. The

portio of the cerv1x, also called the portlo vaglnalls or ectocervix,

~ projects into the vagina and is covered By stratified squamous

epithelium. The epitheliuh is composed of five distinct cell layers;
the basal layer, the parabasal cell zone, the 1ntermediate cell layer,
intraepithelial zone and the superf1c1al cell layer (see Figure I.2.}.
The endocervical canal, also known as the endocervix, extends from the
iﬁternal os to the external os and is lined by tall, mueous-eecreting
columnar epithelium. The endocervical |

cervical canal also contains numerous glands that are lined with mucus
secretlng columnar cells and located in the subeplthelzal layer The
transformatlon zone, also termed the squamo-columnar Junctlon, is the

junctlon of the two types of eplthellum which generally c01nc1des with

- the locatlon of the external os in most women. It has been' observed

'that the immature metaplastic cells of the transformation zone abpear

to have a ﬁnique sensitivity for neoplastic events (Fenoglio et al.,

© 1982). - "

The normal cervix is histologically characterized by epitheli-
al cells  undergoing normal mitotic activity. These cells are of

uniform sizes and shapes and are arranged in a deflnlte archltectural

pattern, Varlable areas of exposed cerv1cal mucosa of the portio

| vaginalis are covered w1th glandular endocerv1ca1 mucosa at birth - or

after parturition.‘ These everted endocerV1cal ‘glandular surfaces are

less resistant to 1nfect10n or 1rr1tat10n and, consequently, the

subepithelial layers are’ 1nf11trated by chronlc inflammatory cells.
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Under conditions of chronic irritation, the exposed glandular

Jepithelium undergoes metaplasia: The columnar mucus secreting surfa-

ces are replaced by stratified squamous epithelial surface. Metaplasia
and chronic cervicitis are common morphological findings in women w1th

normal reproduction. cycles (Kraus, 1985).

I.1.2. The dysplastic cervix
. ) ~
Histologically, dysplasia of the cervix - comprises a loss in
the uniformity as well as a loss in the architectural orientation of
the normally situated or ‘metaplastie squamous epithelium (Robbins et
al., 1981). 1t is cheracterized by three features: nuclear abnormali-

ties, increased mitotic activity and-a lack of order in the degree.of

maturation or differentiation. The grade of dysplasia can be

ascertained by the amount of the epithelium involved in the process
{Anderson, G.H., 1985). See Figure I.3.
In mild dysplasia; maturation of the squamous epitheiial cells

is confined to the superficial two thirds of the squamous mucosa while

undlfferentlated cells are present in the lower one third. The nuclei

of the cells in the superf1c1al two thlrds of the mucosa show some
enlargement and hyperchroma51§:
Moderate djsplasia‘is marked by the superficial one third to

two thirds of the squamOUS'mUCosa showing meturation of the cytoplasm.

- Undifferentiated cells occupy the lower one third to two thirds of the

micosa: Loss of polarity throughout the mucosa is more apparent than

in the previous two categories.
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In severe dysplasia more than two thirds of the thickness of
the Squamous micosa is Occupied'by undifferentiated cells which show
nuclear hyperchromasia and loss of polarlty. Mitotic figures may be
found in the lower two thirds of the mucosa.

Carcinoma in situ (CIS) is characterized by the entire thick-
ness of the epithelium being eccupied by neoplastic cells. These
cells show evidence of differentiation mostly in the superficial
layers. Mitotic figures may be found at all levels of the mucosa.

Based on .the observation that pnly the epitﬁeiium layer is‘
involved in éysplesia; Richart (1987) ﬁas.coined the term: cervical
_ ihtraepithelial neoplasia or CIN to describe the whole spectrum of
dysplastic cTanges including CIS. The corresponding CIN classifica—
tion for mild dysplasia. is CIN 1;  for moderate dysplasia, CIN 2 and
for severe ‘dysplasia including CIS, CIN 3. See Figure I.3. The chief
objection to the CIN classification is that it does not d15tingu1sh
between severe dysplasia and CIs (Anderson, G. H:Q' 1985). . However,
since there is no consensus for d15t1ngu1sh1ng between CIS and severe
7 dyspla51a, such dlstlnctlon has been rather arbitrary and the CIN

R
classification is widely used.

I.1.3. The neoplastic cervix

Tumours of the cervix may be classified as benign or malig-
nant. By far the most common tumour of the cervix is the squamous cell
carcinoma which accounts for 80-95% of the cases. Adenocarcinomas

‘make up 4% to 8% of the total and the remaining few include sarcomas, -
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lymchomas_and -melanomas (Anderson, M.C., 1985). Adenocarcinomas
originate. in the glandular epithelium while squamous cell carcinomas,
the topic of this study, have their origin at or near the squamo-
colummcr junction of the ectocervix. .
A staging system has been established to indicate the degree

of invasion of the sqdamcus cell carcinoma which may spread through

the adjacent tissues, the lymphatics, veins, perineural space or

nerves. Stage 0 is characterized by the carc1noma being strictly con-

fined to the cervix. It is divided into a clinically unrecognizable
stage IA and ¢linically recognizable stage IB. The stage IA is further
subdivided into micrcinvasive carcinoma and occult carcinoma (Van
Nagell et al, 1983). Microinvasive carcinoma is characterized by a
smali discrete foci .or invasionm extending to a depth of no greater
thanlS mn - through the - basement membrané. Histolcgically; occult
carcinomas show a greater depth of stromal invasion (Coppleson, 1985).
Stage II invclves carcinoma that has progressed beyond the cervix but
not extended into the pclVic wall, When the carcinoma has extended

into the pelvic wall and the lower third of the vagina, it is classed

as stage III. Finally;'stage 1V is marked by extension of the carcin--

oma beyond the pelvis and may include involvement cf_the muicosa of the
bladder or rectum. However, as has been discussed by Ferenczy (1977),

there are some controversies in the present classification.systems.

-

I.2.0. Natural history of cervical cancer.

The natural history of cervical cancer.cén be traced as the

1)

u
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evolution of the disease from a preclinical-phase ‘to the™ invasive
stage. The widely cited working model of cervical cancer is that it
evolves as a sequential process from varying grades of preinvasive
dysplasias to invasive cancer (Richart, 1984). However, the study of
natural history of cervical neoplasia is cohstrained by.the nature of
the end-point of the disease. If invasive cerv1cal c%ncer is taken a"
the end—p01nt it is unethical not to treat women before the end—poi;t
is reached. 3y nece551ty then, knowledge of the nat?ral history of
cervical cancer has been largeiy derived from a highly sélected suﬁ—

, group of patients who have escaped treatment throﬁgh refusal, missed !
diagnosis or loss to contact. fThe basis for the model of cer&ical
cancer as obtained from a number of_observational studies on different
populations:is réviewed below, .

Richart and Baron (1969).foliowed 462 patients‘with a cyto-
logical diagnosisAof severe dysplasia for 1 to 3 years. To follow the
natural course of the disease, no biopsies wefe‘ taken until the
patients developed cIs. They observed that the mean period of éiogrés-
'sion from severe dysplasia to CIS was 12 months. The average“rate of
regression to normality was only 1.3%; of progre551on to CiS was
20. 3%, and per51s%ence was 78.3%, By contrast, Johnson et al, (1968)
observed a regression rate of 50.4% in; dysplastic patlents who Jere
followed by cytology and b1opsy over periods of 10 years. In- this
interval oniy 1.4% progressed to CIS. Unfortunately their results

“were not analyzed according to seQerity of. dysplasia; When Galvin et
al. (1955) looked at the grades of dysplasia, they found that of 93

-‘caSes of the mild dysplasia 53.9% tggressed to normality; 44}7%
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persisted and 1.4% progressed to Cis. In the group of 63 patients
: Qith moderate dysplasias, 44% regressed to normality; 32% persisted
and-24%‘progressed to CIS. ' In contrast from the category of severe
dysplasia, only 17.1% of the subjects regressed to normality; however,
14.6%° persxsted and 67.7% progressed to CIS. This tendency for milder
forms of dysplasia to regress spontaneousiy, and for seﬁere ones to
progress to a‘more advanced state, has also been noted by other inves—
tigators. Thus, Stern and Nelly (1963)hfound that among 94 women with
éysplasia, 48% were still dysplastic 1 to 7 years later; 40% tegressed
to normality, and 12% progressed to CIS. Hall and Walton (1968)
'reported a 29% progression rate of severe dysplasxa to CIS over a 1-14
vear peried. The natutal history_of cervical dysplasia is summarized -
) inETable 1.1. Based‘ion these and 'other‘similar' data, it hae ‘beeou
estiﬁated that dysplasia is ‘most coﬁmonly diaghosed among  women in
their 20s and CIS, in women between 30-39 years (Task Force, 1976).

The mode of evolution of 1nva51ve cancer from CIS is, of
prognostlc 51gn1f1cance for intervention of 1nvasive cancer. The best
ev1dence for ‘a relationship between CI1s and invasive squamous‘ cell
carcinomas was obtained by Petersen (1955) who, over a period qf 9
yea?%}\followed 127 untreated Danlsh ‘patients with c1s lesions. The

- following progress1on rates to cervical cancer were _observedf 4% )
“after one year, 11% after 3 years,, 22% after 5 years and 33% after 9
years. Koss et al. (1962) followed, 67 patlents with initial diagnoses |
oflCIS or "borderline" cytological abnormality over a period of 6

months to 10 years. They observed that among those with.an ‘ioitial '

CIN diagnosis, 25.4% regressed to normality; 61.2% persisted and 5.9%

L}
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. Table I.1,
Summary of main studies_showing the natural history of dysplasias

Diagnosis of

dysplasia . -
Sample Starting  End Percent at Period of Reference
Point Point end point follow-up
93 mild " normal 53.9 - 4 Galvin et al. 1955
mild 44,7 e ,
Cis 14
63 . moderate, normal - 44
' moderate 32
. CIs 24
41. severe normal - . 17.1
\ . o severe 14.6
| 1/; CIS 67.7 N _
97 ‘slight  normal 6250 1-14  Hall & Walton, 1968 |
slight 35.6 : =
r CIs 13.4
85 moderate  normal 32.9
moderate 48.7 _
24 severe ’ normal '._19.1 Y
severe 33.3 -
: c1s 47.6 ‘
“119  unspe- / normal  50.4 10 Johnson et al. 1968 -
3 cified CIs 1.4 e
persisted 48.2 >
462~  severe normal 1.3 1-3 Richart et al. 1969
CI1s T 20.3 -
‘Sevele - 78.3
94 unspe- unspecified 48  ° 1-7 ' Stern & Nelly, 1962
cified normal . 40 . : '
’ Cis 12 ‘ ' B
\ B ;
o)
CIS, carcinoma in situ. | )//T“ ' ' ' o 8
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progressed to invasive cervical carcinomas. When the assessment of
folloﬁ up was confined to lesions with "borderline" abnormalities, it
was observed that 38.2% regressed to normal cytology; 15.4% per51sted
and 3.8% progressed to 1nva51ve carcinomas. = Kottmeir (1961) reported
that of 30 women who had been followed for at‘least 12 yeats, 22 {17%)
developed invasive disease. Green and Donovan (1970) reported on a
.large series of women who had diagnoses of CIS made by cone biopsy;
In this study, only 0.17% developed invasive carcinoma after 11 years
of follow up The last observatlongapparently 1nd1cates that there is
llttle Or no relationship between CIN and invasive carcinoma; however,
these flgures may have been biased downwards because of the curative
effect of the biopsy. To overcome this dlfflculty, Kinlen and Spriggs
(1978) traced 52 women who had abnormal pap smears diagnosed@ at least
two years prev1ously but who had not had any biopsies or treatment.
Nineteen - percent. developed invasive cancer and  36.6% showed ho
apparent abnotmality. These data on the evolution of invasive cancer
from pfesumed\CIs precurSor are summarized in Table I.2.

The flgures quoted for the progression of CIN lesions to
invasive carc1noma thus vary between 0.17% and 70% At least three
possible explanatlons may be advanced .for this variation: (a) an
1ncept10n cohort was not assembled, (b) the variation 1n the sensitiv-
ity and specificity of the diagnostic assays was not deflned and (c)
cervlcal_cancer may exist in more. than one form.

If an inception cohort is not assembled to study the .natural
history of the disease, then the - various sﬁbjects under observation
will be at different stages of the disease and, ‘consequently, will

nt
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Table I.2

Surmary of Main Studies Showing Evolution of Invasive Clinical
- _Cervical Carcinoma from Presumed Precursor Lesions.

Sample Starting Percent showing Length of Reference '
Size points’ ' end point follow-up
' (clinical carcinoma)

31 C1Ss 71 ' ) 7 years  Kottmeir et al.
- : 1961 '
94 Unspecified 11 ) 1-7 years  Stern & Nelly, 1962
dysplasia . ' -
127  Unspecified 4 1 year Petersen, 1955
. precancerous 11 3 years
lesions 22 : 5 years
: 33 9 years
© 180 CIs 0.55 ' 1 year Jordan et al. 1964
1.1 . 2 years ‘
l.6 "3 ‘years —
67 - IS 5.9 1/2-10 yéars Koss-et al. 1963
26 "borderline" 3.8 1,2-10 years )
576 CIS 0.17 2 years Green, 1969
53 Pat{ smeay 13 2-8 1,2 Kinlen and Sprigg,

VNV . - years 1978

CIS, carcincma in situ.
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reach the end point at varying times. The mean duration of CiIS stage
is particularly relevant in this context. | Cytologic (Richart and
Barron, 1981), or epidemiologic (Fidler et al., 1968; Green and
Donovan, 1970) observatioos indigate that €IS has a mean duration of
10 years. Statistical modeliing puts forward a range of 3—10 'yeers
(Baron et'al i978). Thus, the mean progression from CIS to invasive
‘cancer for nost women will be between 3-10 years but a few will
_invariably fall at the two extreme ranges of the distrlbution curve of
the length of the. natural histosy for CIS. -Given that CIS is general-
ly diagnosed in women between 30-39 years of age, it seems feasonable
to speculate that some may never progress in thei lifetime while
others may have a very rapid onset. Inclu51on of these patients in a '
study may thus obscure the true rate of progression of CIS to invasive
cancer. : . ' ‘
The sensitivity aBd specificity of the diagnostic tests, if
‘not aco;iately defined, will equivocally affect any studies relying on
such methods for defining the: starting point and the end point of _a’
given disease. ~ Cervical cytology and histology show considerable
variations end there seems to be a.lack of .objective criteria for
scoring such ossays‘in the past (Miller, 1986). Use of these assays
| could account for false positive and false negative results in the
_follow&uprstudies and distort the £rue rate of evolution of cervical
neopiasia. | : ' - —
It is conceivable that not all cases of invasive cervical

cancer have a CIN precursor. “Based on the observation that the

age-specific incidence curve of cervical carcinoma shows two poorly
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defined peaks at about age 50 and age 70, some investigators have even
postulated two vasiants Hf squamous cell carcinoma (Ashley, 1966;

‘Hakama et al., 1981). | The commoner form is thought to occur in
younger women and has a recognlzable preinvasive phase; the other is
found in older women and does not appear to be preceded ‘by a CIN

' precursor. Recently, a converse pattern has been observed, the
rapidly progr9551ng invasive cancer is seen in younger patlents and
the slower evolving one is confined to the older patients (Berkely et

_} 1980) While the existence of two forms of squamous carcinomas

~of the cervix remains a possib;iity, it must be pointed out that this’
is not a unique explanation as the age-related peaks in the incidence
curve could be duer to a cohort effect. Different birth‘eohorts may
haVeldifferent ekpectations of acquiring this disease if environmental

factors are involved in the genesis of thevdisease (Editorial 1981).

Since most of the studies were -conducted off older cohosts in the 19505'

and 19605, when the disease was more prevalent, it is wunclear whether

the same natural history would be expected in younger cohorts today.

I.3.0. The epidemiology of cervical cancer

8 _
I.3.1. Methodological issues

Generally, a risk factor for cervical cancer indicates a vari-
able that is believed to be related to the probability of an individu-
~al developing cervical cancer. A number of risk factors have 'been

identified for cervical cancer and ‘their magnitude assessed by

epldemlologlcal studles - However, ' the strengths of the sepqclusion S

-0 -
L

B
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depend on the type _of‘stody designs that were used to investigate
these relationships. Hence, it is relevant to briefly review the main
types of epidemiologic designs before examining the risk factors. _

Ba51c epademlologlc designs can be e1ther observatlonal . or
analytic 1n nature, ~ The case-series study is an, example ‘of an
observational design while the case—control and the cohort studies are
two examples of the most common analytic de51gns used in studylng the
etlology of cancer (Kleinbaum .gtﬁ_al 1982). The case series or
cross—sectlonal design consists of a one-time examination of the
exposute and outcome variables. Although widely used in prevalence
stndies it is of limited value in establishing temporality as both the
outcome and the exposure variables are concomlttantly examined. There-
fore, 1t ~ cannot be used to d15t1ngu1sh between rlsk factors which
increase the risk of getting a disease and prognostic onés which
increase the probability of a case developing a certain outcome. . The
case contiol 'study design depends on the assembly of a group of
patients with cervical neoplasia (cases) and a matched non-disease
group (controls). Cases and controls are then compared with respeot
- to previous exposure to the suspected etlologlc agents and the r1sk
~ can be assessed as odds ratlo Case—control stud1es generally cannot
establlsh temporallty as 1nformatlon on the risk factors is obtalned
after the dlagn051s of cancer An alternatlve de51gn is the prospecn
tive cohort in which information of the exposure varlable is known for
all subjects at the beginning of the study period. The risk of devel-
oping cancer is then measured as‘relative risk at the end of the study
period. .The cohort study'permits the demonstration that the hypothe-
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'_ sized cause preceded the diacnosis of cancer.-
The strength of the conclusions that cao.be drawn from these

designs varies. .A numbor of inaccuracies ot‘biases‘can distort the

results of all these study designs and show either an indirect or
Vlspurious‘association between a given risk factor and cervical - cancer,
One principal source of inaccuracy is a confounding factor, an extran-

_eous variable affectzng the\causal relationship being studzed Factors ,
~ such ac age, sex or race can all act as confounders and may totally or
partially'account for the apoarent effect of the obsefved exposure
factor. Altcrnatively; they may mask the association oetween cervical

cancer and the exposure variable.

.1.3.2, Rey risk ‘factors for cervical cancer

9t

Because,of the lack of cert;inty‘concerning the probability of
an individual developxng cerv;cal ~ cancer, epldemlolog1c studles have
initially measured risk factors as opposed to causal factor (Klelnbaum
_gt_gl.,_lQBZ). The key rlsk factors wh;ch have been 1dent1f1ed for
cervical cancer “‘include " socioeconomic ones, oarital and sexual
factors, smoklng, use of oral contraceptive and infectious agents

Several observational and analytic studies have demonstrated
that cervical cancer is hore‘,prevalent in women in L1ower social
classec. Generally, the risk fof cerV1cal cancer is about five times
greater for women in the lowest soc1a1 class than those in the highest
classes (Stocks, 1955; Fasal gt;gl., 1981).

Cne of the first risk factors identified for cervical cancer
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was age at which a woman was married. The odds ratio reported in
several case-control studies indicated that a woman who marries before

“age 20 has twice the risk of developing cervical cancer when compared'
to a woman who marfies after age 20 (Martin, 1967; Terris et al.,
1967) - As more 1nvestlgat10ns were conducted, it was found that age
at first coitus was-a st:onger correlate of risk than age at first
marriage (Rotkin, 1967). | | x '

A related risk factor for cervical cancer-is the number of
sexual partnets for a woman. The risk of developing’the disease is
greater for those with -higher numbers of sexual pertners than those-
with fewer numbers of sexual partners. Women with two or -more sexual

partners, often indexed by multiple marfiages, separations . or

1

'hdivorces, have a‘twofold to threefold increase in risks when compared

to women with only one or no sexual partners (Rotkin, 1967). Recently,
‘the sexual behaviour of the male partner has also been recognlzed to
1nfluence a woman's risk of cervical cancer. In many studies it ‘has .
been demonstrated that the husbands of cases ‘have significantly more
sexua} partnets than those ofr'centrbls‘ (Buckley et al,, 1981;
Zunzunegi et al., 1986). ' ‘

B The role of‘smoking as an etiological faetor in the "develop-
ment of cancer of the uterine‘cetvix has been controversi;i. Epidemi-
ologic studies using either the case—controllor the_prespective cohort
approaches have demonstrated that current or long term smokers are at
1ncreased risk for ‘both pre1nvas1ve and invasive cerV1ca1 dlsease

(Harrls et al., 1980 Clarke et al., 1982; Greenberg et al., 1985).

Unfortunately, these results‘ might have been confounded by sexual
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\behavioor producing an 'arrefactual association in older women,

However, recently a multi-centre case-control study from the U.S.

indicates that smoking may be an independent variable. A relatlve

risk of 1.5 was found after adjusting for age at first 1ntercourse and
.the number of sexual partners (Brinton et al., 1986b). ‘

‘ The relatlonshxp between use of oral contraceptives and
fVlcal neoplasia, like that of smoking, has been a controversial

one ‘However,'the results of two case-control studies hava been

partlcularly informative. The degree of confounding produced by.

sexual life-style or screening history waS‘appropriately controlled in
‘1

a51arge multi-centre case~control study conducted by the World Health

Organization (WHO collaborative study of neoplasia and oral contracep—

. tlve 1985). In this study, an adjusted relative rlsk of 1.2 was

observed for any pill user and this risk increased to l 5 for users of.

Sjof more years. Similar trends have also been noted by a multi-centre

case-control stooy done in the U.S. (Brinton et al., 1986¢c).

1 . The epidemiologic obervations on the‘key risk factors indicate
that cervical neoplasia has many of the attributes of a venereal dis-
ease, This‘has‘prompted a search for sexually transmitted infectious
agents ‘capable of causing cervical cancer (Rotkin, 1973; Kessler,

1981). Numerous * viruses, bacteria, chlamydiae, parasites and fungi

ere known to be sexually transmitted. However, viruses have remained

the principal candidate since. they are capable of ihducino cellular
;fransformation. This phenomenon sppears roughly analogous to natural-
ly‘occurring tumours since the virally. transformed cells share many
traits in commod with the tumour cells. Furthermore, viruses. can

1
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transmit newlgenetic information that may be required for the mainten~
ance of the neoplas@io phenotypes of the transformed cell (Fenoglio,
1982a). The plausibility for the role of viruses in the etiology of
cervical cancer is thus a biologic one, however, a number of pitfalls

exists in epidemiologically'linking a suspected virus in the etiology

of .a chronic disease such as cervical cancer. onsequently,uin this

: thesis, the model for causality in such an 1nstance will be considered

next, before the epidemiologic ey1dence for the particular viruses

will be presented. .

I.3.3. Models of causality | | -

Cla551cally the definition of causality may be derlved from
the formal logic theory of pure determ1@1sm It formulates a constant
unique and perfectly predlctable connection between two factors, X the
causative one, and Y the effect (Kleinbaum et al., 1982). Two import-
ant corollarles of this logic are the specificity of cause and the

specific1ty of effect. The speC1f1c1ty of cause implies that the

‘cause must be a necessary and sufficient element in bringiné abgut the

effect. The 5pecificity. of effect in turn ing?ies. that‘only‘ oﬂé_
effect is ascribed to the cause.

The iogic of pure'determinism has been successfuily applied to
acute infectious dieeasee with short latency period (Rothman, 1981).

However, the rigorous application of these concepts to a disease of

long latency such as cervical cancer is-limited. Many of the risk

factors, including the viruses, have a multiplicity of effects thus
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\\\\\\%H‘ig;;?idatingthe specificity of effect. Finally our knowledge of the

natural history of the disease is incomplete as very little is known
'about,the'initiation process or the oncogenic potential of a precursor
lesion. In view of these limitations, epidemiologists working on the
etiology of chronic diseases rely on alternative strategies  that
'1ncorporate some of the concept of pure determinism as well as
concepts derived from empirical observations (Lillienfeld, 1959;
Lilienfeld et al., 1979; Evans, 1978; Susser, 1986 and Yerushalmy et
al., 1959 and Sartwell, 1960). Before etiologically linking a virus
tc_a chronic"'disease jthe ‘evidence is graded by a set of seven
diagnostic rule";fTrout,_IQBi). These are, strength of association,
dose-response effect,' lack of temporal ambiquity, consistencY' of
findings, biologic plausibility of the hypothesis, epidemiologic |
coherence of the evidence, and -specificity of issociation. These
rules will be applied to rev1ew the evidence implicating the candidate

human papillomaviruses in the genesis of cervical cancer.
A

/

I.3.4.0. The candidate human papillomaviruses

' ) ; _ ' L .
A role for HPV in the genesis of cervical cancer had been

eatli:? postulated by zur Hausen (1974)'who based his atgnment on the
presence of these viruses in genital watts. This‘argumen.has— been
strengthened by the finding that significantly more patients with
genltal warts show dyskaryotic changes of CIN than those w1thout warts
(Francheschi et al., 1983). °ﬁﬁ§ecently, with the advent of molecularﬁ

cloning and the availabllity of viral probes this 1nterest has been

D
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reviyedl(iur ngsen, 1985). _

The-papillomaviruses (PV) belong to a sub-group of papovaviri-
dae (Tooze, 1980). All of the viral genet1c information is contained
within a small, circular, double—stranded DNA genome of about 8000
nucleotide base pairs (Danos and Yanlv, 1983). These viruses are
normally species gpeciflc,l producing hyperplasia and neoplasia in
their natural‘hostsﬁ In humans, over 45‘different types of HPVs have *
betﬁdi‘r}tified and isolated from such diverse clinical conditions as
cutaneous warts, laryngeal papiliomas, cervical intraepithelial:
lesions, aﬁogenital warts, squémoﬁs caréinomas and epidermodysplaéia

rverruciformis (Pfister, 1984; zur Hausen, 1977; Jenson ét al., 1984)
Spec1f1c HFVs have been 1mp11cated in the genesis of - cerv1cal
'neoplasia (Richaft, 1984 and.1987; Flétcher, 1983; Fuji et al., 1984;
Koss, 19%;).  lInfection due .to HPVS is thought to result'in' three
‘growth patterns on the cérvix; the exophytic condyloma, inverfed
papilloma éné‘ the so-called flat condylomé. The most'commop form
appears to be flat iesions-that originate within the transfordatioﬁ -
zone and dlsplay the c11n1cal and colposcoplc appearance of the

c1a551ca1 CIN spectrum of dlsease (Rlchart, 1984},

5\4};;{5.0. Epidemiologic evidehce linking-HPV with cervical cancer

: R ‘
'I.3.5.1. Consistency of the observation between the association of .

. particular HPVs and cervical cancer

The evidence for a causal relationship is strengthened when
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several studies, conducted at differeﬁt times, with different settings: .

and with different patients all come to the same conclusion {Trout,
1981). | p

 The possible role of HFVs in gen1tal ‘neop1a51as were first
derived from cytologic studies. Numerous case—se;xes and prospective
cohort studies showed_thst between 50 to 70% of‘condyiomatous lesions

were associated with CIN lesions (Meisel et al., 198la End 1981b;

Syrjanen 1980; Syrjanen et et -al., 1981, Reid et al,, 1982a,'1982b and

1583; de Brux et al 1981).° In mogt of these studies approximately

10% of lesions, dlagnosed by dEﬁonstratlng HPV. koilocytes or < HPV

: antlgen, progressed to more severe CIN, Unfortunately, due to the

limitation of- thev cytologic' diagnosis it iﬁg.not possible to
incriminate any particu'ar types of HPV-in the process.

The application of“"cloned viral DNA for type 5pec1fic 1dent1—

fication of HPV revealed that subtypes of HPVs are associated with

specific disease {zur Hauskn, 1985; PflStEf, 1984; Koss, 1987). The

{ - ‘
* genotypes of HPV predominantly infecting the genital tract include HPV
types 6, 11, 18{ 38, 33 and 35. “Among these, HPV types 6 and 11

generally segregate in preinvasive lesions and the remaining genotypes

are confined to ‘advanced CIN lesions and or invasive lesions. Inter-

estlngly, the relative frequency of these wviruses vary in dlfferent

reports.

Gissman et al:. (1982) first observed that HPV 6, and  its

homdlogqusly related HPV 11, viral DNA sequences were present in about
’ - . A
95% of genital wart samples and about 18% invasive carcinoma samples

from German-pétients. Various other subsequent reports have confirmed

/—-.\\ . /
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Table I.3 Summary of Occurrence of HPV 16
‘ i 1n Squamous Cervical Carcmomas
Assay Hybndlzatlon Sample Percent Conflaence Reference
Strmgency Size “Positive Interval
DB S 30 -~ 53 34,71 Choo et al. 1986
. v o 8 : ;
sB S 13 46 19,75 diLuca et al. 1986
s8 NS 18 61 . 35,82 Durst et al. 1983
' . 23*x 35 16,57 -~
sB s - 7. 14 0,57  Fukushima et al.
: 1985
SB . NS 11 73 39,93 Lancaster et al, -
o . 1986
8 ms 13 92 63,99  McCance et &l. 1985
SB NS 9 89 51,99  McNab et al. 1986
sB S R v R 66 50,79 Meanw/e"ll et al.
: S ~ 1986 C
sB Ns C 20 60 36,80  Prakash et al. 1985-
el _ pod
SB NS 11- 45 16,66 Reid et al. 1987
sB s " 11 45 16,76  Scholl et al. 1985
DB s .8 50 11,88 Shirasawa et al.
' 1986
SB - 9 33 7,70 . Tsunokawa et al.
| _ o \ 1986 T
. i
i s 50 36 22,50 Yoshikawa et al.
S S 1985 -
! S,
of

~ 5B:” Southern blot; DB: Dot blot; NS: Non—strmgent S: Stringent

* German; ** Ken an/Brazﬂ:Lan :
Y

t
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the presence of these HPV in condyloﬁa acuminata (Yoshikawa et al.,

1985; Beckman et al., 1985; Stoler et 51., 1986; Tomita et al., 1986;

Reid et al., 1987). The oecurrence of%HPV type 6 and 11 DNA sequences
in CI? lesions appeafé to be inversely related to the .séverity of the
lesichs. Thus, Wagner gE_Jgi. (1984) found’ HPV 6 and 11 §equence; to
be present in 30% of CIN I/II lesions and in only lB%_,ef/EiN- III
lesions. Most otﬁef studies have confirmed this téénd (ééhneider et
al., 1985, Kadish et al., 1986). Similarly, Reid et al. (1987) found
HPV 6 and ll'sequeﬁces in 33% of CIN I lesioné; 15% of CIN II lesions

and only §.5% of CIN I11 ¥Asions.

M

: LN
The occustence of HPV 16 DNA sequences was first reported by

Durst et al. kﬁ§ﬁ3). TQZQ'found that 61.1% of cervical cancer samples.
from German and 34.8% from Kenyan and Brazilian patients contained HPV
16 sequences. Most other studies have found the pé?ﬁtivity rates to
";vary in‘these ranges. Thus, the observed positivity rates are;, 92%
(McCance et al., 1985a); 60-65% (Prakash et al., 1985; Meanwell et
al., 1987); 45% (Scholl et al., 1985, di Luca et al., 19@5); 50-55%
(Shirasawa_g;_g}:, 1986; Choo gg;gl.,’1987); and about ~35r% (Yoshikawa
et al., 1985, Tsunokawa et al., 1986)? Some ‘other studies have found
the positivity rate to be as low as 14% (Fukushima et al., 1985),

These rates, together with the appropriate confidence intervals, have

been summarized in Table I-3.

The occurrence of HFV 16 in dysplasias seems to vary directly
with the severity of the disease a widé_;ZSge has been™~reported
50 far. The-relative. frequency oiqg;gllﬁ éeguences in CIN I lesions
h en cbserved to  be 0% by Pater et al. (1986); 16.6% by Reid é; '
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Table I.4 summary of Occurrence of HPV 16 -

in Cervical Intraepithelial Neoplasias (CIN)

27

Assay Hybridi~ Sample CIN _ Percent 95% CI Reference
zation Size - grade Positive
Stringency
TISH S 18 - unspeci~ 55,5 30.6,78.4 Crum et al.
fied ' 1986 :
SB 8 4 TII/III 75.0 19.4,99.3 diLuca et al,
- ' ' 1982
SB NS 20 unspeci- 10.0 1.2,31.7 Gismann et al,
. fied ‘ ' 1983
9. III. 22.2 2.8,60.6
SB NS 1 1 50 6.2,93.2 Kadish et al.
12 1z 15 2.0,48.4 1986 .
6  III 26 - 4.3,77.7
SB NS - 200 I - 55,0 22.2,77.8 McCance et al.
30 II 66 40.6,77.3 1985
28 11 71 51.3,86.3
SB s 6 I 66.6 22.2,95.6 Murdoch et al.
- i0 II 60.0 26.2,87.8 1988
5  III  80.0  28.3,99.5 ,
sB s , 6 I 0.0 Pater et al.
30 II 3.0 9.9,42.3 1986
54 I1I 50.0 36.0,63.9 :
SB s 18 I 16.6 3.6,41.4 Reid et al.
: 15 II 39.4 24.0,56.5 1987
22 III 72.7 49.8,89.3

TISH: Tissue in situ hybridization; SB: Southern blot;

S: Stringent; NS: Non-stringent
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al. (1987); 50% by Kadish et al. (1986); 55% by cCance et al. (1985a,
1985b and 1985c); and 66% by Murdoch et al. (1988}. The occurrences
in CIN II lesions have similarly been found to have a wide range of
15% (Kadish et al., 1986); 23% (Pater et al,, 1986; 35.4% {Reid et al.
(1987); 60% (Murdoch et al., 1988) and 66% (McCance et al. (1985). In
CIN III lesions theltates have been estimated td be 22% (Gissmann et
g;., 1983); 26% (Kadish et al., 1986); 50% (é;ter et al., 1986); 71%
(McCance et al., 1985); 72.7% (Reid et al., 1987); and 80% (Murdoch g;
ugl., 1988). These }ates, together with the apprdpriate ~confidence
+ intervals, have been summarized in Tabie I.4.

Boshart et al. (1984) first observed that HPV 18 DNA sequenées
were present in 25%°of cervical carcinoma samples from African and
Braziliah patients and in 15% of cervical carcinoma ‘samples - " from
German patients. Subsequent reports have found that approximately 5%
(Yoshikawa et al., 1985) and 22% (Tsunokawa et al.; 1986) of invasive
cancer samples contain HPV 18 sequences. -

The occurrence of HPV 18 sequences in various grades of dys-
plasias seems t§ be independent of the severity of the lesions. Ho&—
ever, the respective rates_.vary in different reports. Reid et al.
(1987) observed 5% of CIN I, 2% of CIN IT and 4% of CIN 111 to_coqﬁain
HPV 18 sequences while Pater et al. (1986) found these HPV sequences
to occur in 23% of 'CIN I, 20% of CIN II and 26% of CIN. III lesions. An
extreme observation is.tha; of Kadish et al. (1986) who found approxi-
mately 25% of mild and moderate dysplasias .(CIN I/11)and no CIN III
lesions to contain HPV 18 sequences. Other investigators have studied

the ioint bccurrence of HFV 16 and 18 sequences by the use of a mixed
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probe (Wagner et et al., 1984; Schneider et al .y 1985) In such studies
it has been observed that HpPV 16,18 sequences seem to preferentially
segregate in higher grades of dyspla51as than in lower grades How-
ever, it is difficult to distinguish if the observed effect is due to
the HPV 16 probe in the mixture. '

The occurrence of the newly discovered genital HPV 31, 33 and
35 has not been as extensively studied. HPV 31 has been originally
reported to be present in approximately 20% of mild and moderete
dysplasias and 6% of invasive cancers (Lorincz et et al., 1986, 1987a and'
1987b). Reid et al. (1987) found that HEV 31 sequences occurred in
11% of CIN I lesions, 13% of CIN II. le51ons, 13% of CIN III lesions
and 9% of invasive cancers. Beaudenon et et al. (1986) have detected HPV
33 sequences in 4 8% of CIN 1951ons and cerv1cal invasive carcinomas.
The joint prevalence of HPV 16/33 sequences has been found to be 83%
in'penile intraepitbelial lesions (Barosso et al., 1987). Finally,
: HﬁV 35 sequences have beeb found.in 1% of anogenital intraepithelial
. neoplasias and 4% of anogenital cancer (Lorincz et al., 1987b)r
| The prevalence data thus indicate' a definite assdciation
between certain HPV. and cervical cancer., In particular the association
between HPV 16 and cervical cancer is fairly consistent as - summarized
in Table I.3. Nonetheless, considerable varlatlon in these rates has
been Ebserved; the reasons are not known bhut a number of explanations
_.are possible. ‘First, these variations could reflect one in diagnostic
assays. As will be-discuSsed in Chapter II, a number of different

assays are available for the detection of HPV sequences and variation

in the performance of these assays will inherently lead to different
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,resnlts. It is evident from Table I.3 that different types of assays
and hybridization conditions have been used for the detection of HPV
sequences, Secondly, different selection biases may accordingly dis-
tort the observation. It is difficult to compare the prevalence data

" from the various studles as the referral pattern and demographlc char—
acterlzatron of the study subjects have been insufficiently defined
Thirdly, the number of study subjects has generally ranged from 7 to
50 and the confidence intervals on the HPG 16 positive proportions are
eery large With such overlapping and wide confidence intervals
derived from small sample size, it is precarious to comment on the
signfficance.gf the apparent geographic variations (Munoz et al.,
1988). Nonetheless, the possibility of a true geegraphic ;difference

cannot be presently excluded.

1.3.5.2. Specificity of association between particular HPV and

. cervical cancer

If specific types of HPVs are causally 'related tor'i;rvicél
cancer, then the oceurrences of these viruses mieht exhibit ~seme
degree of specifieity. - Consequently, they should be present at a
higher freqﬁency in-cervical cancer cases than in non-“cervical cancers
or normal tissues. It has'been‘observedl from virtually all prevalence
studies, that HFV 16 is preferentially” aespciated with invasive
cancers. However, between 60-to. 80% of Samples from precancerous

squamous cell conditions such as Mobus Bowen and Bowenoid papulosis

(Ikenberg‘et al., 1983),‘Qr vulvar intraepithelial lesions (Reid -et -
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al., 1987) as well as 33% of adenocarcinomas (Yoshikawa et al., 1985b)
are found to contain"HPV 16 or 18 sequences. Other non-cervical
squamous cancers have also been éhown to contain HPV sequences. These
1nc1ude 80% of samples from vulvar carc1nomas (Reld et al., 1987); 49%
of penlle cancer (McCance et al., 1986b); 60% of anal squamous carcin-
omas (Palmer et al.,1987); 4.1% of anaplastic lung rcarcinomas
(Stremlau.gg_g;., 1984); 46% (Méitlaﬁd-gg_gl., 1986} and 1.6% (Lonig
et al., 1985) of oral carcinomas; 28% of human tongue carcinomas.w(de
Villiefs eﬁ et al., 1985) and 2% of carcinomas of head and neck (Ostrow o
‘:gg;g}.;-1987) In addltlon, about 25% of samples from squamous . cell
. carcinomas of the esophaqus have been found to react to mixed probes
containing HPV 16, 18, 11 and 13 (Kﬁlski ég_g}., 1986) and about 30%
of samples from bronéhial'squamous cell carcinomas have been found to
react to mixed probes contafgang HFV 16, 18, 11 and 30 (Syrjanen et
al., 1987). )
The ‘occurrence of HPV 16 and 18 in.hormal cervical tissues is
not accurately Rnown, Estimates of these sequences Qary from 0% to
n48%.r Thus, O%lhas béen reported by Waéner et al. (1984) and Scholl et
al. (1985); 1.75% by Schneider et al., (1985); 3.3% by Fuchs et_al.
(1988); 11% by McNab et al. (1986) and Toon et al. (1986); 20% by Burk
et éi. (1985) and‘48% by Murdoch et al. (1988). -When ‘age matched
controls have been used the estimate of HEV 16 sequences has been
'-found to be 28% (Meanwell et et al., 1987) and that of HPV 16 and 18
sequences between 18-64% dependlng on the age and geograph1c locatlon'

of the patlents (Reeves et et al., 1987) One possible explanation -for

this discrepancy is that most studies have used statistically small

y
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) .
\\\‘\numbers of unmatg;;;:oontrols Furthermore, the sampling method for

the cases and controls have varied; Meanwell et al. (1987) and Murdoch

et et al. (1988) have collected full depth blopsggéﬁizziuding the basal
(

layers from paired matched internal control
4§ . -
normal cervices). - It is. not always possible- to ascertain which

histologically
e,

sampling methods were used by other investigators.
Taken together, these data seem to indicate an apparent lack
of spec1f1city for HPV 16,18 sequences in cervical cancer. While thel
specificity arqument enhances the plausibility o¥ causal inferencer
lack of it should not negate it (Susser,‘1986).' Departure from the
ideal will occur if other factors including HPVs are posed as causes
of cervical concer or, alternatively, if HPVolG and 18 are considered
as the causes of-many cancers. Indeed, zur Hausen (1982) has argued
that HPVs act in synergism; wirh other co-factors in the genesis of :
cervical cancer. Based on the prevalence data, i£ is plausible that
qus could alsg’ be involved in the genesis of nonoeryicol .sgoemous

carcinomas.

I.3.5.3. Dose response relationship of the association between

particular HFV and cervical cancer

A dose response relatlonshlp is present when varylng amounts
of the ‘putative causal factor are d1rectly related to varylng amounts
of the effects (Weiss, 1981)% Th1s effect can be- assessed either as a
functlon of 1nten51ty of exposure or duratlon of exposure. Both types

of exposure can be measured at the individual or the population

£
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rlevels Therefore, an 1nd1v1dual who is exposed to the partlcular HPV

by eitheg\type of exposure should have an increased risk of developing

~cervical cancer. Such exposure could occur by venereal means as there
. is compelling evidence todelieve that the HPVs found in the genital

tract are venereally transmitted. Prevalence studies point to the-

ubiquity of these viruses in both the male and the female genital
tracts (Reid et al.,~1987); McCance et al 1985¢); de villiers et

al., 1987 Grussendorf-Conen et et al., 1986a and 1986b). The presence

- of HPV has(also been reported in semen (Ostrow et et al., 1986) and the)

presence of HPVs also correlates with that of other venereally trans—
mitted agents, thus suggesting that the HPV share a common mode of

‘transmission with sother venereally transmitted agents (Syrjanen et

al "' 1984) Consort studles have also demonstrated that these v1ruses

are transmltted from female to male (Stein, 1980; Levine et et al., 1984;

 Barosso et al., 1987 Schneider et al., 1987b). Based on the fact that

a moman's gsexual lifestyle is a risk factor for cervical cancer, it is
plausible to postulate that the more a woman is exposed to venereally

lransmitted HEV the higher is her probability of developing cervical

cancer.. By virtue of its venereal etiology, cervical cancer is bound °

to be associated with sexually transmitted agents. However, if a
sexually transmitted HPV is etio;ogically related_to cervical cancer,
then these HFV must show an association- which is much stronge:r than
the other sexually transmitted agents. Unfortunately, the present
state of knowledge does not enable one to dlstlngu1sh if HPV and
cerv1ca1 cancer are simply covariables of sexual behaviour

The application of the dose-response concept for viral infec-
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tion at ‘the population level has been reviewed by Rawls (1982). The
relationsnip between the incidence o virus induced cancers in a
population, in which the cancers are occurring at a spontaneous rate,
can be mathematically formulated. Under these circumstances, the
incidence of cervical cancer attributable to HPV shculdrbe lineariy
related to the fraction of the population exposed to the HPV. In two
studies that have addresskd this issue, the evidence has been conflic—
ting. A study by Kjaier et al. (1988) compared the prevalence of HPV
16/18 in Denmark ‘to that in Greenland a region where the incidence of
cervicad cancer is 5.7 tlmes hlgher than that in Denmark. Surprising-
ly, the age adjusted prevalence rate of HPV 16/18 in Greenland was
only 67% that of Denmark, thus not supporting a role for these viruses
in the 1nc1dence of cerv1cal cancer. By contrast, some support for

the dose- response concept is derlved from the observatlon that Latin

Anerican populations with a hlgh 1nc1dence of cervxcal cancers (Reeves

.
et al., 1982) have a high proportion of the populatlon exposed to HPV

(Reeves et al 1987). Since.both studies used the same assay, the

most likely explanation faor the - observed difference is one of

different HBV types being involved in the two different populations.

I. 3 5.4.- BlOlOglC plau51b111ty of the association between particular

HPV and cerv1cal cancer

Bioiogic plausibility rests on the assertion that cause and
effect are consistent with fhe current pathogenic mechanism of the

disease,.berft at a ..cellular level or from an enimal model (Fletcher
SN )

s

-#
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et al., 1982). Currently postulated experimental models of wviral
carcinogenesis assert that the initiating virug persists in the
induced tumours either as DNA, RNA or transforming proteins (Bfanton'
et al., 1985). 1In addition the virus must be able‘tdlinduce cellular

transformation in wvitro and  such . cells should induce tumours when

inoculated in experimental animals. E : ol

This paradigm has been fulfilled to a large extent in the césé
of HPV 16 and, to a lesser extent, in the case of HPV 18. Most studies-
.show that over 50% of invasive cervical tumours hérbor HPV 16 and in .
many instances thé particular HPVs appeéf‘ to be integrated in the
tumour cell (McNab et al., 1986; Choo et al”, 1987; Shirasawa et al.,
1386; Meanwell et al., 1987; McCance et al., 1985b; Yoshikawa et al.,
+ 1985b; Tsunokawa et al., 1986; and diLuca et al., 1986). In only one
instance, however has it been demonstrated that the HPV 16 DNA is
unambiguouély inteé}ated in the host cell genohe (Durst et al., 1985).
In the 'other instances the possibility - of experimental variation
accounting fof'the apparent integratioh cannot be exclu (Maiéland
| gg_gl.ﬂ 1987). Studies mapping the integfation sitgs of HPV 16/18 on
'specific chromosomes have shown. that the viral"sequences are

~, .
integrated on'differentfchromosomes. For the sample studied, the in-

‘tegration of HPV 18 occurs in the 5'-end-of the c~myc proto—onc;;;ﬁes
(Popescu\gg_gl., 1987a and 1987b; Durst et al., 1987). In the case of
the established cervical epithelial cells the intégrat{on patterns
show remarkable spe~ificity in opening the circular viral DNA within

the early genes 1 and 2 (E1-E2) open'fE;aE;a\frames (Schwarz et al,;
. 1985). In addition, the E6-E7 open reading frames of HPV 16/18 are




specifically transcrlbed or expressed as proteinl in cervical cancer

cell lines and in most of the primary tumoutﬂLlopsy specimens tested
so far (Schwarz et al al - 1985; Pater et al., 1985, Smotkin EE?_EE-'
1986 Smotkin et al. 1987, Schneider-Gadicker et al., 1586;_ Seedorf
et al., 1987, Androphy et al., 1987, Alwagdy'gg_ﬁgl., 1987; Choo et
al., 1987; Spence et al., 1988;!Banks et ;_.,‘ 1987). The expression
of, the E6/E7 proteins suggests that they may funation as transforming
proteins in'the maintenance of the cancer phenotypes.

The phenomenon of in vitro cellular transformation by HEV 16
has been studied . in some detall. HPV 16 has been shown to 1ﬁduce

mallgnant transformat1on of NIH 373 cell lines (Yasumofa et al., 1986;

- Tsunokawa et al., 1986}; to 1mmortaluze prlmary human ' keratinocytes

(Pirisi et al., 1987) or to induce oncbgenic transformation of primary
rat cells in cooperation with ras oncogenés (Matlashew8ki t al.,

1987).

The concept of oncdgenic_ potential of HPV is furtperl'strengw

. ' L A
thened by parallel studies from animal papillomaviruses or other

_malignant human disease. éotht;ﬁeg\ﬁyope ‘papillomavirus in cottpﬁ
tailed rabbit and.bovire papillomavirus (BPV) in cattle have been
shown to have oncogenic potential under natural' and' experimental
condltlons (Lancaster and Olson, 19@39 In the case of BPV, an early
-gene product E§, 51m11ar to that of HPV 16, has been" fouag to be
‘expté%sed in the transformed cell lines (Yang. et al., 1985). Shope

pap1110mav1rus normally gives rise to self—limiting.Ebnign ‘ﬁapillomas '

tha¥ genérally regress spontanecusly except in about .25% of cases.

Under these circumstances, transformation to squamous cell carcinoma

v,
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is observed and a certain proportion of ‘the episomal PV genomes is
f}found to be integrated in the cellular DNA (Wettstein and Steven,

1982). 1In the human, epidermodysplasia verruciformis (EV), a skin
condition predisposing to malignancy, has been linked to certain HPVs.

It is currently believed that HPV type 5, 17 and 37 may act as a

co-factor in malignantly converting sun-exposed areas of EV patients

(Orth, 1977)

1.3.5.5. sStrength of association between particular-HPV and cervical

N
cancer

A strong association between a cause and an effect is general-
ly accepted as better evidence for a causal reiationship than a weak
one (Evans, 1978) Estimate of the strength of the association between”
HPV 16" and 18 and cerv1cal cancer .1s,fraught with many problems and
inaccuracies. = Uncontrolled case—sefies observation has fouhd' a:
‘relative risk of i3.9 for having invasive cervical oancer‘and HPV 16
(Prakash gt‘ g}.,.IQSS). "A case control_study of Australian women
teported a relative risk of 16 for cervical cancer and HPV‘koilocytic
cells (Mitchell et al., 1986). Unfortunetely, no specific HPV can be
incriminated in this study as koilocytes are a relatively insensitive
indicator of ‘specific HPV infections. Odds ratio estimate from a
.case-control study of Latin Amerjcan women found that the rlsk for HPV
varied The odds ratlo for HPV 16 and 18 was 5.8 for women below 30
Years and 1.6 for women between 30 to 49 years (Reeves et al., 1987),

This trend is also supported by the observation of Meanwell et al
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(1987) who found no significant difference between cases 'and controls

when the age of the subjects was controlled.

-

I.3.5.6. Temporal relatlonshlp of the association between partlcular

HPVs and cerv1ca1 cancer

The correct sequence of_ events for a causal relatiqnehip
necessitates that cause should precede effect Therefore, if HPV 16
and 18 are related to cerv1ca1 cancer, infections by these particular
viruses should “precede the outcome of cancer. Varlous prospectlve

cohort studles have shown that untreated cervical HPV lesions - evqlve

* +

like CIN lesions (Syrjanen-et al., 1985a). Epldemlologlc cbservations
show that HPV 16, and to a 1esser extent HPV 18 sequences, prefgren-

tially segregate in invasive cervical cancer than in CIN lesions.‘

However, this observatlon is open to two equally plau51ble interpreta—

tions. Flrst, it 1s p0351b1e that the partlcular subset of patients
who are 1nfected W1th these HPV at the CIN stage w111 eventually
progress to cervical cancer. Alternatlvely, it is equally p0551ble

v

that the 1nva51ve cancer patlents have an 1ncreased Susceptlblllty to

-superlnfectlon by these viruses. To date there is only one documented

case-report of an HFV antlgen positive patient progressing from CIN

stage to cerv1ca1 cancer (Syrjanen et al .,1985b}, By virtue of the

" inherent limitations of the case-series designs, it is not possible to

-~ B
distinguish if these viruses causally precede the cancer or ' are

L . . .
secondary, opportunistic pathogens of thé cancer state.
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1.3.5.7. Epidemioligic coherence of the association between

particular HPVs and cervical cancer

~

ThekagLertion that these particular viruses are etiologicéily
related to cervical cancer is compatible with both the biolegic prop-
erties of these viruses and the natural historg‘of cervical cancer,
Furthermore, an association betweon -HPV 16 and cefvical‘cancer has
been consistently demonstrated in all the studies. ' However, the
temporal rélationship of these Virusés to disease has not been demon-
strated'since no study to date has shown that the presence of these
viruses predicts the deﬁélopment of cancer.

 Epidemiologically, the concept of specificity of cause implies

that the cause must be a necessary and suffi.lent element in bringing
about the effect. If HPVs dre necessary cause of cerv1cal cancer,

then all cases of ce;v1ca1 caﬁzors should have the viruses. But the
prevalence data so far do not support this contention. It has oeen .
argued that the HPV negative cervical' cancer cases are due‘to'hitherto
undisoovered HPVs (zur Hausen, 1985). 1f HPVs are sufficient in
cau51ng cerv1ca1 cancer, then noncases of the disease should not have
the v1rus This contentlon is ‘again not supported by the prevalence
data so far.‘ It has been arqued that HPV per se hay be insufficient
in causing cervical cancer and that'cofactors such as’ smokiog or
Herpes simplex Qirus type II may be synergistically required in the
genesis of cervicai cancer. (zur Hausen, 1982). However, this
coo;ention, probable as it may be, ig not supported ‘by either

epidemiologic (Brinton et al., 1986b) or molecular evidence (Prakash
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et al., 1985; McNab ot 9_1.?"19865,- Kjaler et al., 1988).

. Taken together, the epidemioiogic and molecular data are too
spar;e for one to unequivocally conclude whether the association
between HPVs and cervical cancer represengs one of major causallty,fh
risk factor or covariability of sexual behaviour. Clearly more

defined epldemiologic studies are required to delinea@gfthe exact role
of particular~ﬂ\\f in the genesis of cer&ical cancer.

I.4.0. Hypothesis - ST f
.

Thg natural history of invasive squamous cell carcinoma of the
‘cervix ig thought to invoyﬁg/;\gfadual progression from an initiation
evént.through preinvasive gtage to invasive cancer. Based on the body
of evidence implicating particula;' HPV in the genesis of cervical
cancer, together witﬁ the potential oncogenic properties of these
viruses, it is hypothesized that certain types of HPV initiate neo-
plastic changes Wthh progress to invasive cancer, Available evidence
suggests that a number of types of HPV may 1nduce//changes of the
cervix called CIN,: but only thoie associated with HPV 16, 18, 31, 33

-

or 35 are likely to progress to invasive cancer. <

I.4.1 Aims of the study : - //”
' _ |
4

It is proposed to verify this hypothesis by means of a retro-

spective, matched case-control study design. By comparing the relative
. : £ X
frequency of these particular HPV in the preinvasive biopsies of cases

@y



and appropriately matched controls, it could be possible to establish
whether the p;esence of HPVs predicts the developent of cervical
«ancer. If particular HPVs are predlctive of cervical cancer, then
the occurrence rates of these viruses should be higher in the pre-
invasive biopsies of cases than in those of controls. By contrast, if
the HPVs aré éecondary to the cervical cancer th;;f‘the relative
frequency of these viruses would be equal in the preinvasive biopsies
of cases and controls. However, the feasibilitg of this study heavily
depends on the ability to ‘detect viral - mérkers in retrospective
specimens., This issue is adéfessed in chéptéi II, and the study
design is elaborated in chapter III. The results and discussion of
the case-controls study are presented in chapter IV;

The uniqueness of this‘study is the Examination of preinvasivé
biopsies of cervical cancer cases and controls for exposure to
specific HPVs. To date no published studies have been so desigﬁed.
Thus, the conclusion that can be derived from this étudy would also
contribute to new knowledgehon the possible association between HpPV
and cervical cancer. It will distinguish whether or not these viruses
are predictive of the disease or are secondary pathogens of the.

diseased state.



CHAPTER II

* LABORATORY DETECTION OF VIRAL MARKERS -
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II.1.0. Biology of human papillomaviruses.

‘The papillomaviruses (PV) belong to genus A of the family'
papovaviridae while the polyomaviruses constitute genus B (Tooze,

1

71980) These two genera differ in important genome composition and
biological properﬁies. hﬂcharacterization of the PV virions has been
hampered by the lackﬁgf suitable in vitro systems for culturlng these
viruses or the avallablllty of sufficient virions from natural hosts.
The notable exceptions are the Bovine papilloma viruses (BPV) and the
HPVs inducing warts in human. Consequently, most of the ‘knowledge of
- the genetic organization and expression -of the Pvs have been derived
from BFV in productively’ 1nfected fibropapilloma ang in the abortively
transformed mouse, C127 cell llne. In humans, the HPV causing deep
‘palmo-plantar ‘wart has been a ready source of virions for
characterization of the HpPV. M ”

The basic organization of all the PVs so-far examined seems to
be similar. The naked v1r16ns are, composed of a 55 nm icosahedral
capsid that encloses a double §tranded, c1rcular DNA genome spanning
'app;oximatelf'eooo nucleotide pairs in length and having a ﬁolecular
weight of 5X106. In virions or iﬁfected cells, the'PV genome‘normally
ex1sts in three forms called form I, II and III (Jenson et al., 1984)
Form Iisa covalently closed, circular, supercoiled molecule with a
sedlmentatlon coefficient of 23s; form II is an open c1rcu1ar molecule
' w1th a sedimentation coeff1c1ent of 178 and form III is a llhéar
- molecule with a sedlmentatlon coe£f1c1ent of 165. All three forms of

/ . . -
DNAs . appear to exist as episomal, non-integrated, replicating plasmids

, ﬁ\l !
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in both benign and malignant lesions (Jenson et al., 1984).
’ | Molecular cloning and hﬁcleotide sequence'determination have
shown Lhat all the genetic information of Pyé, in contr;ét‘to the
polyoma virus, is encoded in only one strand of the geﬁome.- ihis is
coﬁsistent with the unique polarity of the viral mRNAs detected in
many éystems (Stenlund et al., 1985). By analogy to the polyoma
viruses, the coding strand has been functionally divided into early
(E) and late (L)'domains, - The early domain, encodiﬁg functions
required pribr to DNA'felication, is transcribed in BPV transformed
cells and consists of 8 open reading frames, designated El to E8. The
late domain, encoding functions required_for viral capsid synthesis,
is transcribed in productively infectéd boviﬁe .fibfopapiilﬁma and
consists of 2 open réading frames, L1 and/ L2 (Howiéy, 1983, Baﬁer,
1987). By convention, the corresponding doméins offéll FVs are cal}ed
E anﬂ L region in reference to thé?BPV genome (banoswgg al., 1982,
1983). In addition, a non-coding region (nrc). is located ih each
papilldmavirus.genomé between the étop codon of L1 and the first sﬁar;_
codop of the E6.‘ .mgor the BPV, functions-impiicated in gencme
replication and gene expression are controlled by -the non:éodinj—
region. The 3" end of this domain'bontaihs a polyadenylation signal
for the transcript of L region, . while the 5’ endﬂcoﬁtaiﬁs typical

promoter elements for polymerase 1I transcription. The early region

domain is required to establish and maintain viral control over the.

ihfected cell (Baker et al., 1987.) and probably contains information
for the virus replication (Lusky et al., 1983, 1984, and 1985) and

' .transférmation functions (Dimao et al., 1986a and 1986b, Yang et al.,

=
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- 1985). The late domain is involved in capsid protein synthesis and
virion asseﬁbly. The Li ORF, = encoding hajor capsid component, is
highly conserved among the Pvs and this is consisﬁent Qith the.
observed crqssi:;activity of the genus specific. antisera directed
against disrupted virions (Jenson et al., 1980, Schiller, 1987, Nakai
et al., 1986). The L2 ORF is léss conserved among PVs and probably
encodes a type specific, minor capsid component-(Komly:EE al., 1986).
The HPVs _are believed to encode similar’ functions, although the
evidence is indirect (Giri and Danos,1986). The genetic organization
of HPV type 16 genome, based on the BPV genome organizaton, is shown
in Figuré II.1. The polyadenylation signal for the L1 transcript is
indicated by the letter A, |
i . PVs are cléséified into types andzsubtypes based dn species
specificity and polynucleotide sequence homology. Virus isclates ‘are
considered new types if there is less than 50% nucleic acid homology
with existing known fypes; PV with greater than 50% but less than 100%
‘nucleic acid homc;logy are classified Qas subtypes (Coggin and zur
Hausen, 1979). Thus, réassoﬁiation kinetics haQe shown thqt HPV 11
" and 6, which were originally defined as.different subtypes, share 82%
of.homoi;gy (Giri and Danos,1986). Similarly, heteroduplex analysis
combined .with genome sequencing have shown tﬁat the E1, E2, E6, E7, L1
and L2 ORFs of HPV 16 and 33 share between 65 and 75% homology and
hence could be regarded as éﬁbfype of the same virus (Cole -and
Streeck,1986).
PVs are host specific and show a high degree.of epithelio-
tropism (Jenson et al., 1984, Orth et al., 1978).. They are unique inJ.

1 . -

[



Fig. II. 1.

Genome organization of HPV 16 based
on Seedorf et al., 1985
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that virion assembly is linked - to the cellular events of  squamous’
differentiation and keratinization. All three_typés of epithelia
namely; cutaneous, mucosal and . metaplastic ones are susceptibie to

“infection by PVs. In productive wart infection, ggetative viral DNA

synthesis can be detected = in differentiating,ceils oiRthe epithelium

-but not in the basal layer or the underlying fibrobl S. Viral

capsid production and virion assembly occur in the ‘upper, terminally‘
dlfferentlated layer (Orth et al., 1971). The phenptypic expression
~ of most cutaneous warts qnd‘mucosal papillomas a;é belieyed to be
similar. Productive HPV infection is characterized by proliferation
of the prickle cells (acanthosis), cytoplasmic vacuolization
(koiloéytosis), nmuclear alteration (atypia or pyknosi;) and the
production of excess keratin. In flégvcéndyloma of the cervix,
prihcipally associated with HPV16, hyperplasia, -koilocytosis and

cytological atypia are commonly observed (Richart and Crum, 1984).

IT.1.1. The detection of HPV markers.

The accurate diagnosis of HEFVs depends on the presence of

suitable viral markers. The most common viral markers are one of the

whole v1r10ns or viral DUCIEIC ac1d sequences. In addition,the
resence of HPV k01locytes has also been used as a means of dlagn051ng
HBV. The relative sensitivity and specificity of these markers will

vary according to the clinical condition because the expre551on of

these viral markers are 1nt1mately linked to the state of the cellular
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differentiation,

Little is known of HPV serotypes to enable serodiagnosis of
these viruses. The;efore, the detection of antibodies to specific HPV
is not feasible; a notable exception being HPV 1 which replicates to
high copy numbers in cutanecus warts. Virions for imﬁunological
studies can.be readily purified from these warts (Komly et al., léBG).
However, detection of viral antigen' may be possible under certain
circumstances. The L1 open reading frame of all PVs appears to encode
a major group specific antigen that/can e detected by appropriate
'immunochemical means (Nakai et al., 1986). By contrast, the assay
for detecting Ll antigen has two serious limitations. First of all it
is an insensitive indicator of specific HPV infection by virtue of

being shared by all ﬁVs. Secondly, the expression of these late

‘-pgptéins is intimately tied with the state of differentiation of the

infected cell. Thus, poorly differentiated neoplastic cells of CIN 3

or invasive lesions will not permit completion of the viral iZE;T
cycle, and hence will be negative Afor viral L1 proteins. Current

estimates of the rate of detecting HPV L1 antigen vary betweeq 50-70%

in plantar wart (Jenson et al., 1980), §0-60% in verrucae (Jenson et
al., 1982) and 4B-70% in mild dysplasia (Jenson et al., 1984).

~ Diagripstic antisera to the putative pfotein of L2 open ‘reading
belie%ed to contain type sﬁecific epitotype is not currently
available,

The detection of complete virion particles can be done by
electron mic;dscopy (Almeida et al., 1962). This assay, however, will

again.be seriously limited as in the case of the viral antigen. First
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of all, all Pvs are morphologically indietin ishaﬂie, hence no
+specific types of HPV can be identiiiedby this Eéchnique. Secondly,
the assembly of complete virions wM1 be absent in CIN 3 or invasive
cervical cancer cells. The sensitivity of electron mlcroscopy for the
detection of HPV virions varéfs between 20-45% (Pilotti. et al., 1984,
Laverty, 1979, Meisel et al, 1981 and 1985).
The'presence‘of koilocytes is considered to be pathognomonic

for HEV infection (Koss, 1987). Although, the evidence is indirect,

studies using electron microscopy (Laverty, 1979), immunoehemistry

(Jensen et al. ,1980) "and in situ hybridizatio

————

1986), have shown that about 50% of samples with koilocytes contain

et al.,

virions, viral anﬁigen or viral DNA. Gross et al., (1982) have
suggested that the morphology of the koilocytes may predict the
particular ﬁype of HPFV involved. However, like the deteetion of
virions or viral antigen, there a:;, inherent problems in using
koilocytes as a viral marker (Booﬁ et g;.;w1985). Since virally
ihduced changes require a certain .degree of cellular maturity for
expression, the expression of koilocytes will decrease as the severltyl
of t‘p CIN increases (Winkler et al., 1984). Hence, the absence of
koilocytes may not necessarily reflect the absence of VLrus? - This
has been observed with types 6,11 and 42 that haee been-lisolated
from 44% of intraepitlfelial lesions without cleaf koilocytosis
(Barrosso et al., 1987). Furthermore, 'koilocyfosis may be the
pathologic manifestation of some HPV i:ieftion and not of all HPVs,
Finally, koilocytes may'be. an insensie ve marker - of specific viral

markers and the histologic diagnosis of koilocytes have been shown to
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be,}nherently prone to a high degree of inter~ and 1ntra—observer
variations {Horn et al ., 1984), . | -

| The most accurate .and senskFive_yay of detecting specific
HFV, to date, is‘ by the technique of molecular hybridization. This
assay depends on the use of ‘single -stranded (denaturedigjanown
molecularly cloned HPV DNA as probe to anneal to identically denatured
target HPV sequences in a suitable hybridization reaction. The
ppndi%ions of hybridization can be varied so as to detect only
hémologous HPVs  (stringent) or partialiy ~ homologous =~ HEVs
(non—stringenf) The stringency of the hybridization reaction is
largely controlled by how nﬁ:;;D below the theoretical meltlng‘
temperature (T,) is the hybridization reaction performed, - Generally,
the lower the reaction‘ temperature from the Th,‘the lower is the
stringency (Heilman et al,, 1980). The lowéring of the T can be
échieVed by altering the incubation temperature of the Eéaction and
+ the use of chemicals such as formamide or salt in ﬁhe ﬁybridization
reaction. Three hybridization méthods are currently used, these are;

4
Southern blot, fllter in 51tu and tissue in situ.

{Before the analytic, case-control study could be carrled out,
it was pg/gssary to establish the validity of the assay to be used for
measuring the presence of HPV sequences. The validation of an assay
requires extensive 1aborat0£y characterization prior. to use. The
chief features of validation studies include determination of
sensitiQity, speqificiéy, ‘and the range Sf normal values for that
‘test. T é‘ sensitivity of an assay is defined as the prqportion of
subjects with the disease and positive test result, while the

, _ ;
. —

-
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specificity of an assay. isl_defined as the proportion of subjects
without a disease and a negative test result (Fleies, 1981). ° Thus,
these two test parameters will' deflne the true positive and the true
negative and delzneate the range 'of normal ¢ Other  important
parameters of such studles are _ adequate sample size, control for
important confounders such as age or - severity of cervical neoplasia
and the reliability of the 'assay.'~The reliability of an assay i.e.
the degree of constancy .when the assay is repeatedly applied to the
same individuals can also potent1ally affect selection in a
case-control study ( Fleiss,1986). ' . |

The choice of an assay for conducting the case-control study
was dictated by the retrospective nature. of the etudy. It was
neceesary to use the tissue‘in situ hybridizaionfnethod to detect the
presence of HFV sequences.in formalin fiked cervical biopsies that had

been preserved over the years. Although, the tissue in situ

hybridization method has been used for the detection of HPV sequences,

it has not been properiy validated. The flrst aim, therefore was to

characterlze the tissue in situ hybridization in relation to two most
eommonly used hybrldlzatlon methods viz the Southern blot method and
the filter in situ .hybrldlzatlon For this purpose, a pllot study,
consisting of a mlxed population with varlous disease categories, -was

used. Once the maln laboratory parameters of the tissue in situ

- hybridization were determined, a cross—sectional study of the target

population in British Columbia was undertaken to determine the . main

- parameters of this assay at a population level.



11.2.0.0. Materials and methods.

11.2.1.0. pilot study population for comparison of assays.

The choice of study subjects for the pilot study was depegaent
" on the availability of appropriate patients who could be éampied‘ for
all three assays. Three categories of patients -“from two - different
populatiéns Were'sampled. The first category consisted of 26 Canadian
patiénté having éenital condylomas, and seen at Unidersity affiliated
+clinics in Hamilton. " Clinical specinens from 6 penile iesions, 6
vulvar lesiops, 2 groin lesions and 12 cervico-vaginal lesions were
collected. The second category consisted éﬁ.23 Panamanian women with
newly diagndsed cerviéal cancers. The third category consisted of _ii
Canadian and 12 Panamanian patients who had undérgone hyste;ectomy fég
diseases other than neoplasia. Histologic examination confirmed the
diagnoses of condyloma or invasive ﬁe:vical cancer in the first‘ and
second categories and thé.absence °f. these lesions in the third
category. Although the third category was cohsidered “nofmélf“for the
purpose of this study, histologic examination revealed 9 patients,wiﬁh
- cervicitis, 11 patients witﬁicervical7meta§1asia and 13 patients with

unremarkable cervices.

I1.2.1,1 Target study population ) o =

The characterization of the tissue in situ hybridization assay

at a population level was done in the target population of patients® -
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who reside in the province of British Columbia. These women had been
evaluated for cervical disedse,_at some'point of their lives, by the
gynecological cytology screening laboratory of the Cancer~ Control
Agency of the Provinoe of British.Columbla (CcaBC}.

The CCABC offers free Province w1de cytology service to
hospitals, clinics and private pract1t1oners " Out of the 600,000
smears that are annually examined, 90% of the materials are- referred

by the general practitioners. . A complete follow-up is available on
V1rtually all patlents including those hav1ng susp1c1ous or pos;tlve
cytology Follow-up on the latter cases.is achieved by writing
letters to the docﬁors. with a request for repeat smears at ahnuel
intervals. If the smears are not received on the date requested two
subsequent letters are sent at two ﬁopthly intervals and if there is
still no response the Public Health Nurses contact the patients
directly asking them to go to rheir physicians (Fidler et al., 1957}).

The cooposition of the population served byIEhis- facility,
based on information provided by the Provincial Division of vVital
Statistics, has been detailed elsewhere {Boyes et al., 1970 Boyes
et al., 1981). The proportion of women ever screened by the Agency
was assessed in l96§. It was found that approximately 78% of all women
in the Province and over the age of 20 were screened by the Agency,
“In 1983 there were 1,023,400 women over age 20 years in British

Ai Columbla and 490,407 smears were evaluated, 1nd1cat1ng that approég-
mately 48% of the women are screened. annually. - Even though the
patients served by the fac111ty vary from 14 to 75 years in age, the
bulk of the pat1ent5 fall within the 25 to 29 year age group. The

A
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mortaiity rates and thes incidence of cervical neoplaoia over the past
three decades are slown in Table II.1 & 1I.2, respectively. From this
population, approximately 40 patients from each oflthe following his-
tologically diagnosed disease catqu;} were sampled. These included
CIN I, II, III, migcroinvasive, occult invasive and clinically invas-
ive. Biopsies from the CIN group were obtained from patients attend-
ing the colposcopy clinic for the invegtigation of abnormal Pap smear
or colposcopic examination The collection of biopsies from the CIN
categories were continuously carried out over a three week period
until the required number was reached. ;nattempt was made to select
samples on the basis of koilocytosis or any other selection criteria.
Biopsies from the invasive groups, i.e. microinvasive, cccult invasive
and clinically invasive categories, were obtained by cdoing a computer
search for all such patients treated at the CCABC and then locating
the avallable pathology specimens from the various hospitals In ad-
dition, approxlmately 40 biopsies were obtalned from women undergoing
hysterectomies for reasons other than cervical neoplasia. The histo-
logicall rmal cervices were derived from one of the, following
sources; cone biopsies, routine histologic biopsies or hYsterectomy
biopsies. Histologicalﬂexamination for thb latter category revealed
that 20 patients had normal squano-columnar'junctions or unremarkable
cervices; 14 had cerv1c1t15, 3 had atypia and 5_had metaolasia. Based
on the published prevalence of HPV sequencg'giﬁhinvaeive, cervical
cancer and CIN lesions, a sample size of 40 patients per histolegic
diagnosis was chosen in order to establish whether or not the observed |
differéhces in ' the ;argous disease categories are due to sampling

I

variation

(Fleiss,1981).
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Table II.1. Summary of Mortalit¥ Rates and Incidence Rates
of Cervical Carcinoma in Br sh Columbla

Refined Mortality Rates for Squambus Carcinoma
of the Cervix in British Columbi .

<

Year Popﬁlation No. of Deaths Rate per

— in thousands 100,000
over age 20 :

1958 473.0 ' 54 1.4
1962 503.4_ _ 65 12.9
1967 .592.4 T 38 6.4
1972 713.1 43 . ' 6.0
1977 - 846.4 ' 40 : 4.7
1983 1023.4 34 ‘ 3.3

Incidence of Clinical Invasive Squamous Carcinoma of the Cervix
Uteri in Women Over 20 years of Age in British Columbia

Year Population in Total Incidence -

Thousanids . Cases per 100,000
x - .
1955 a9 . ' 120 - 28.4 -
1962 .503.0 T © 15.5
1967 592.4 85 . 14.3
1972 713.1 66 9.2
1977 845.5 ® 64 7.6

. 1983 1023.4 71 6.9




56

. ' 1
Table I1I.2 Cases of In Situ Carcinoma and Preclinical
Invasive Carcinoma Detected in B.C.

Yﬁar Cases In Situ In Situ With OCCUltJ % Age Micro
Screened Carcinoma Micro-Invasionf Invasive - and Occult
: : Carcinoma
N v
1949-54 21,593 o111 6 9 13.5
1955-59 . 114,250 - 506 o 33 . 21 . 10.7
1960-64 500,626 1,506I 109 105 13.9
1965-69 1,055,626 | . 3,158 140 160 9.5
1970-74 - 1,718%894 3,926 - 96 142 6.1
| 1975-79 2,462,733 7,510 103 112 2.9
1980-83 1,954,620 6,893 103 n 2.5
‘Total 7,728,620 23,645 90~ 620 5.5
[ » §
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I1.2.1.2, Study designs'and specimens-collection.'

An unmatched case—serles study design was used for both parts
of the 1nvestlgat10n From each patient whose samples . were used for
the pilot comparative studies, an attempt was made to' collect cells
from the lesions for filter in situ hybridization and then to - obtain
two biopsies of the‘lesions. This was net achieved in all cases. For
the filter in éiEE hybridization method, cells from the cervical oz or
cervical lesions were collected by - means of a cotton tipped swab and
resuspended in 4 ml of phosphate buffered saline (PBS). The number of
- eelle was couﬁted in a he@ocytometei and the ¢ells were stored at
-20°C uﬁtil tested. The cell counts ranged from 1x104 to '1x107
.epithelial cells per sample. BlOpSles intended for the Southern blot
analy51s were snap-frozen in liquid nitrogen and transported to the
laboratory where they were subsequently_stored at -70°C until tested.

Biopsies for histopathological examination and tissue in  situ

hybrldization methods were fixed in 10% buffered neutral formalin and
processed by routine hlStOlOglC methods.

From each patient whose biopsies were to be used in the tissue
in situ hybridizatiee method, sections were cut at 5 um thickness from
paraffin-embedded blocks. The eections were placed on poly-D-lysine
(Sigma Chemical Co., St. Louis, MO) coated glass slides, fixed by

baking at 60°C overnight, and'shipped to ﬁcMaster University as such.
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I1.2.2.1. Preparation of Probe DNA.

‘Cf o

containing HPV tjpe 6C (de villiers et

. Recombiﬁant plasmid
al., 1981); HPV type ¥I (Gissmann et al., 1982); HPV type 16 (Durst et
gl.,‘1983) and HPV Lype- 18 (§oshartfg§ al., .1984) were kindly provided
by Dr. L. Gissmann and Dr. E. devVilliers (Deutsches Krebsforschung
Zentrum: Heidelberg}; those containing HPV 33 (Beaudenon et al., 1986}
-were obtained from Dr. G. Orth (Institut Pasteur, Paris). - The HPV

DNAs were used to transform E. coli for. producing sufficient

quantities for probes.

11.2.2.2. Transformation of E. colj.

The strain LE392 of E. coli, Ampicillin and Tetracycline .

‘Sensitive, was transformed by the Calcium Chloride procedure (Maniatis
et al., 1982) as follows: A culture of E. coli in the logarithmic
phase (0.4 to 0.6 Optical Density at 260 nm, approximately equal to 6
X 107‘ cells/ml) g:dwn ;in Luria broth {10 g/L Bactotryptone, 5 g/L
Bacto-yeast extrac£ andflO g/L NaCl} was chilled on ice for lo'hinutes'
then pelleted\at 4,000 g for 5 minutes. ‘The bellet was re-suspended
in 1/2 the original volume in transformation buffer (50 mM CaCl2 -and
10 mM Tris-Cl, pﬁ 8.0}, heid at 4°C for 15 minutes then the cells were
pelleted and re-suspended in 1/15 the oriéinal volume in transforma-
tion buffer and held at 4°C 6vernight. Approximately 100 ng of the
recombinant HPV plasmid was added to the CaCl,-treated cultures which

were heat-shocked at 42°C for 2 minutes'to maximize the efficiency of
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DNA uptake. The cultures containing the appEOpriate antibiotics wéfe
then heated for 45 minutes at 37°C to allow the bacteria to recover
and tenfold dilutions of the bacterial culture were plated on Luria
agar cbntaining Ampicillin at a concéhtration of 15 wg/ml.

Insertion of wviral DNA into the Bam HI site of the pBR322
1nact1vates the Tetracycllne resistance gene, Several picked colonies
growing on the Ampicillin agar were replica- plated on separate agar
plates contalning Tetracycline and Amp1c1111n respectively. Only
those colonies showing Ampicillin resistance and Tetracycline
sensitivity were selected for further analysis.

II.2.2.3. small scale analytical purification of plasmid DNA from E.

Coli. -

The method of Birnboim and Doly (1979) was used for rapid
isolation of plasmid DNA from E. ‘Egli. T™wo ml of an overnight
culture, Qrown'from a single colony @n Luria broth containing 25 4g/ml
- of chloramphenicél, was centfifuged fér one minute in an Ebpendorf
tube and the'pellet re-suspended then digested for 10 @inutes with 5
#g/ml of lysozyme in 100 4! of an ice—cold lysozyme buffer (50 mM
glucose, 10 mM  EDTA, = 25 ;M Tris—Cl) pH 8.0}. The bacteriél
spheroplasts so formed were lyzed and the DNA concomitantly denatured
with a 200 4l solution of 0.2 N NaOH and 1% SDS. The bacterial DNA
was then selectively precipitated, with 150 41 of 3 M potassium .
acetate at pH 4.8 and was removed by centrifugation for 5 'minutes.

The plasmid DNA was precipitated from the supernatant with 2 volumes
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of absolute ethanol at room temperature and pelle£ed by centrifugation
as before. The pellet was washed once with 70% alcohol and dissolved
in 50 ul of Tris—EDTA { TE) buffer (10 mM Tris~cl pH 8.0, 1. mM EDTA,
pH 8.0}.

11.2.2.4. . Large scale isolation of plasmid DNA for radiolabelling.

The HPV DNAs were - purified by the cesium chloride banding .
technique for the pﬁrpose of 'unambiguous restriction analysis and
labelling (Maniatis et al., 1982). A scaled-up version of the
Birnboim and Doly procedure was used and the DNA was extracted from
the plasmidé as in the previous Section with thq\e;céption that 500 ml
of bacterial culture was initially used. . After dissolutioﬁ-in TE
buffer the .DNA iwas further purified by cesium chloride-ethidium
bromide density gradient. One gram of cesium chloride per ml of DNA
sq}ution was used and 0.8 ml of ethidium b?omide {10 ug/ml) was added
per 10 ml of DNA solution. This solution was centrifuged.in_a Beckman
type-50 rotor at 45,0b0 rpm for 36 hours at 20°C. The band containin;
plasmid DNA was collected and the Ethidium brbmide removed by 5
. extraction cycles with a solution of equal volume of 1-butanol
saturated with iso-amyl alcohol (Maniatis et al., 1982). The aqueous
phase was extensively dialysed against several changes of TE buffer

and the amount of DNA estimated by absorbance value at 260 nm (1.0 D

‘unit 260=50 pg/ml DNA, (Davis et al., 1986).
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I1.2.2.5. Restriction enzyme analysis of HPV clones.

All HPV clones were characterized| by digestion .with the
restriction enzyme P&tl according to stanéard:procedure (Maniatis et
al., 1982). The digested DNA was then analyzed by two kinds of ' gel
electrophoresis-the mlnlgel and vertical gel (Maniatis et al., 1982),
In both types, 1l to 1.2% agarose gel was used; in the minigel,
electrophor951s was carried out at 60V for 2 hours wh11e in -the
verlical gel, elctrophoresis was carrled out for 10 hours at 25vV. 1In
both cases, the electrophoresis buffer was TBE buffer (0.089 M
" Tris-borate, 0.089 M boric acid and 0.0l M EDTA). The DNA was stained

with ethidium bromide, at a concentration of 0.5 CMg/ml, and

photographed using UV illumination.

I1.2.2.6. Radiolabelling of Probe viral DNA.

For ﬁse as probes in the filter in Situ - and Southern blot
hybridigation method ,the HPV DNAs were excised from the plasmids to
avoid possible false positive reactions due to the presence of pBR322
sequences in some ciinical speciméns (Ambinder et al., 1986, Barbacid,
1984). These DNAS were radiolabelled by the Egl{ﬁn" reaction
procedure. The HPV.DNAs were not excised from plasmids when used as
probes in the tissue in situ hybridization in order to enhgnce the
signal associated yith the probe (Singer et al., 1986). These DNAs
were radiolabelled by the nick translation procedure:

A commerical nick . translation kit (Bethesda Research

i/



Laboratofies, Gaitheréburg, MD}, based on the method of Rigby et al.,

(1977) was used to label the DNA by nick translation. One pg'of DNA
was inCubated for one hour Iat 13°C in a 50 yl reaction mixture

‘containing Nick translation buffer (50 mM Tris-cl, pH 7.2, 10 m
MgSOd, 0.1 mM dithiothreitol, 50 wpg/ml bovine serum albumin (FSA),

0.25 ng of DNase I. in'0.15 M'Nacl, 10 mM of each of the following
nucleotides dATP, dTTP and dGTP, 6 units of E."coli DNA polymerase I

and 100 4Ci of either o[32pldcTP, or o(3%S]dcTP (New England
Nuclear,; Lachine, Quebec, Specific activity 300 - 600 ci/mMol). The
reaction was stopped with 25 yl of 250 mi EDTA;pH 7.9 and the final
volume brought to 100 41 with TE buffer. The labelled DNA was
separated from. the unincorporated nucleotides by spinning the mixture
(1600 g, 4 minutes at 4°C) in a Sephadex G—50 column (bed volume 0.9
ml) that has previocusly been equilibriated in TE buffer (Maniatis et
al., 1952). 7 '

Probe DNA was also labelled by the "oligo" reaction using the
method of Feinsberg and Vogelstein (1983). Approkimately 50 ng of
restriction endonuclease treated, gel purified HPV fragﬁent DNA was
denatured by boiling in 5 ul of distilled water. After cooling for 15
minutes, a solution containing 25 mM of Tris-HCI, 2.5 mM MgCl, 5 mM
of ijercaptoethanol (pH 8.0), and 100 uM of each of the following
_ nucleotides dATP, dGTP, dTTP in 1 mM Tris-EDTA (pH 7.5) containing 90
optjcal density un;é;ml of a random oligonucleotide was added to the
reaction and mixed by vortexing gently. The reaction was started by
adding 1 ug of nucleic acid grade BSA, 100 uCi of é:[3SS]dCTP and 2,%

units of large fragment DNA polymerase I (Kornberg pblymerase); The

.
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tube was gently mixed and incubated at room temperature overnight.
The reaction was' then stopped and the labelled DNA was separated as
for the n1ck—translat1on method. ' .

A specific activity of greater than 108 cpm/ug -DNA  was
achieved for each probe. Two types of probes were used in all the
hybridization methods used in the laboratory characterization of the
assays; (a) a mixed probe composed of HPV 16 and 18 DNA and, (b) a
mixed probe composed of HFV 6C and 11 DNA. In order to'determine the

prevalent type of HPVs as detected by the tissue in situ hyhridization

in the target population, individual p:fbe for HPV. 6,‘16, and 33 and
a mixed probe for HPV 11 and 6C were uskd. The choice of mixed HPV 11
and 6C probe in this instance was justified by the fact Ahat these two

viruses share extensive homologies (Wagner et 85).

'II.2.2.7. Filter in situ hybridization method.

@

For the ‘filter in situ method, the clinical samples were
thawed, the cells pelleted at 2 ,000g for 10 minutes and resuspended in
400 ul of a DNA dlluent buffer consisting of 5 4#9/ml of denatured
salmon sperm DNA in 6X SSC (1X SSC = 0.15M° sodlum chlorlde and 0.015M
sodlum citrate, pH 7.0).

Filter in situ hybrlglzatlon was performed by a mod1f1cat10n
of the methods of Wagner et al., (1984) and that of Grunsteln .and
Hogness (1975) Samples consisting of 100 ul  were applled under
vacuum to a nltrocellulose filter by means of a 96-well manifold

-

apparatus (Schleicher and Schuell, Keene, N.H.). Cell lysis and DNA
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denatﬁration were effected by placing Ehe filter for 5 minutes onto 3
MM Whatman ﬁaper which had been previously soaked 'in 1M NaCl/0.5M
NaOH. The procedure was repeated once. Tﬁe filters’ were then
neutralized by overlaying them twice for 5 minutes onto 3 MM Whatman’
filter paper previously soaked in 1.5M NaCl/0.5M Tris buffer (pH 7.4).
In order to digest cgllular'debris and mucus, the filters were then
air-dried for approximately 15 minutes, placed into a plastic bag, andi
treated w1th 2 mg/ml of proteinase K in 10Jﬂﬂ__ﬂ5&5—+pﬂw7 8), 0.5%
sedium dodecyl sulfate (SDS) and 0.5 mM EDTA. - The filters were washed
three times in, chloroform (5 minutes eaéh) and given one final wash in
~2X SSC to remove loose cellular debris. The DNA was fixed onto the
filter by baking az 80°C for %'hours. The HFV DNA sequences were
detected by almodificiatién.of the method described by Thoﬁas (1980).
The filters were prehybridized for 2-3 hours at 42°C in a
prehybridization buffer consisting of 50% formamide, 5X 88C, 50 mM
sodium phosphate, ﬁH 6.5, 250 ug/ml of soﬁicated, denatured salmon
sperm DNA and 5X Denhardt’s solution, containing 0.02% each of B3n,
Ficbll and'poLyvinylpyrrolidone. The hybridization buffer consisted
of 4 parts. of prehybridization buffer, 1 part of 50% (w/v) dextran
sulphate and 5X10 cpm/ml of 32P—labelled spec1fic¢DNA probes. Prior
_ to use, the hybridization cocktail was b;iléd for 5 minutes at iOO?C
and then cooled on ice to achieve denaturation af the probe DNA.
Following previously published reports (20, 28),. hybridization‘ was
,carried out’ under stringent conditions at 42°C (Tm—17°C) overnight and
the filters were washed four ' times under ndﬁ—stringent COﬂdlthﬂS

.{Tm-42°C) at 42°C in‘2X SSC containing 0.1% sDS, each wash lasting for
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1 hour. The filters were enclosed in Saran wrap and expdsed for 1-3
days to'xéray filﬁ' at ~70°C using a Kodak intensifying screen. 'The
filters were subsequently washed under stringent conditions (Tm-17°cC)
using the conditions of non—stringeht wash except that the procedure
was carried at sabc A final wash in 0.1X SSC and 0.1% SDS was
carrled out at room temperature for 15 minutes and autoradloé;ephy was
done as before. . All autoradiograms were 1ndependently scored by three
observers ahd those specimens. recorded as p051t1ve by two or more
observers were considered as positive, ' .

The specifieiky of the hfbridization reaction was. controlled ‘
by testing serial d:lutlons of Caski cells which contain 500 copies of -
HPV-16 per cell (Yee et al., 1986) and similar dilutions of human
embryonic flbroblast cells which do not contain HPV DNA. The limit of
detection of thls hybrld:;atlon method was determlned by a
reconstruction experiment in which “tenfold dilutions of HPV 16 DNA

ranging from 100 pg to 10 ng were added to 106 human embryonxc

flbroblast cells. .

I1.2.2.8. " Southern blot hybridization method.

The frozen biopsies were thawed washed in phosphate—huffered
saline (PBS) and resuspended in a small volume of 50 mM Tris-HCl
pH 7.5, 150 mM NaCl, 2 mM Na, EDTA. The specimens were minced
thoroughly with - scissors and -digested for 24 hr at 37°C with
Proteinase K at a. ,ﬁcentratmn of 500 pg/ml, in the presence of 13
V (wVV) sodlum _ dodecyl™ sulphate (SDS) After 2 extractlons with
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re—distilled phenol saturated with 100 mM Tris-HCl pH 8.0, 10 mM Na,

EDTA, the aqueous phases were pooled and extracted twice with water

saturated anhydrous ethyl ether. Nuoleic acids were then precipitated

from solution at -20°C by addition of two volumes of 95% ethanol in
the presence of 0.3M sodium acetate, pelleted (15,000 g for 15 min at
4°C),‘ rinsed briefly with 95% _ ethanol, drained thoroughly and
re-dissolved in 50 mt Tris-HCl pH 7.5, 100 m4 Nacl and 2 mM Na, EDTA.
This solution was incubated first for 2 hr at.3l°C .in theﬂpreeence of
50 pg;ml RNase A (from bovine pancreas) and then for“r24 hr with
100 49/l proteinase K Phenol ektraction, ether extraction and
ethanol preCipitation were repeated ‘and the DNA pellet was gissolved
in 10 mM Tris-HC1 pH 7.5, 1, mM Na2 EDTA (TE buffer). ~

The concentfation of DNA was'determined by optical density ‘

(OD) at 260 nm. Complete digestion of each sample, as estimated by
staining with Ethidium Bromide, was obtained with 10 units of

restriction endonuclease Bam Hl per yg of DNA in a reaction mixture

containing 50 ‘mM Tris-HCL pH 7.5, 16 mM MgCl,, 50 mh Nacl, 1 mM

dithiothreitol'}Cleland*s Reagent; DTT}, 1 mM spermidine and 100 w1/ml
nuclease-free ‘BSA, for at least 5 hr at 37°C. ‘Phenol extraction,

ether extraction and ethanol precipitation were again repeated and the

resulting DNA pellet was dissolved 4in TE buffer at a concentration of

0.5 mg/ml. Gel electrophoresis on 1% (w/v) agarose gels was performed
using 20 pg aliquots of the digested DNA sample-in _a volume of 40 ul.
Following electrophoresis, the gels were stained with 1 ug/ml ethidium

bromide for ultraviolet visualization. ;The transfer of DNA from the

gels to nitrocellulose membranes was. accomplished'by the Southern .
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situ hybridization method.
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blotting method (Southern, 1975). The DNA containing oel was soaked
in an excess of 50 mM NaOH for 40 minutes then neutralized with a
solution'containing 3 M NaCl, 0.5 M Tris-Cl, pH 7.4 for ong hour and
transferred to‘nit:ocellulose filtef as follows. The Qel'was placed

on 2 sheets of Whatmann 3 MM chromatography paéer saturated with 20X

~ S8C (Standard Saline Citrate) "and the borders sealed with plastic

Saran wrap. The nitrocellulose filter paper (Sartofius) was plaoed on-
the gel which was overlaid with Whatmann 3 MM paper, followed by a.
stdck of paper towels and a light weight. Transfer was’ déne overnight
then the_fllter was‘flxed by baklng for 3 hours at 80°C and stored in
sealed plastic bags until used for hybridization. Pfehybridization
and hybridization were then done as for the filter ih situ method.

However, in keeping with standard practlce to 1n1t1ally 1dentify

. partlally homologous HPV (Burk et al., 1985, Crum et al., 1985,»Durst.~

et al., 1983, Gissmann et al., - 1983), prehybridization and
hybridization were carried out in 20% formamide _atl 425C under”
non-stringent conditions (Tm—42°c) In order 'identify eny
homologous HPV, the filters were first wgehed at non-stringent
conditions, then washed at strlngent condition to identify only-
spec1f1c types of HPV. For iﬁe purpose of comparison, the results
obtained under stringent wash for the Southern blot were regarded as
being co rable to those obtalned under- strlngent hybrldlzatlon and‘
wash for | the remaining two assays (Gissmann et al., 1983). . The

o . S
autoradicgrams were scored by three observers as for the filter in

£
The limit of detection of \Phe -SOuthern'-blot -method was
® : ' -



e

68
determined by a reconstruction experiment'foqgaining 100. to 1 genome

equivalent of HEV 16 DNA per cell. . \\\
/

b

I1.2.2.9. Tissue in’situ hybridization.

\'\A modification of, the method of Haase et al.,(1985) was used
for the tissue in situ hybridizationr Tissue sections were deparaf-
finized in iylene' and”sequentiaily hydrated in descending grades of
alcohol ranging from 30% to 100%. Each nydration step lasted 5
minutes. The DNA was denatured’ in situ by treating.tne section in

0.2N HC1 for 10 minutes. " 1n order to facilitate diffusion gf the

probe the sections were treated with a 25 gg/ml of proteinase K in

'0.05M Tris-HCl, pH 7.4, for 10 minutes at 37°C The sections were

then fixed in a 4% paraformaldehyde solution in PBS and washed in PBS
containing 0.2% (w/v) glycine for.l5 minutes to remove thé . parafor-

maldehyde. Tpis was followed by a final wash in PBS. The sections

were then dehydrated in ascending. grades of alcohol and air-dried fori o1

at least 30 minutes._ Hybridization cocktail contained 2X SsC, 400*

pg/ml.of denatured salmon. sperm DNA and varying conoentrationsl of
formdmide. Formamide concentration of 108 (M-42°C} and 50% (TM-17°C)
were}used for non—etringent andh‘stringent conditions, respectively,
To the hybridizatibn solution was.added 1x10° cpm/ml of [35S]-labelled

specific HFV DNA. The whole hybridization cocktail-was denatured by

- boiling for & minutes for. @n00°c chilled on 1ce and adjusted to a

concentration of 10 mM in dithiothreitol. Hybridizatlon was carried

4

out at 37°C for 18 hours and the sections were washed as follows: one

7
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hour wash at room temperature in 2X ssc containing 1mM D;;\$ollowed by
one 30 minute wash in 2X-85C, The slides were then washed for 10
minutes in two changes of'a high wash buffer containing'SU% formamide,
2% SSC, 0.01M Tris-HC1, pH 7.4, and 0.001 M EDTA. Fiflally, the slides
were. rinsed two times for 15 minutes -in 2X $5C and dehydrated in
aecending gradeé of aICOhol.. Autoradiography was carried out by
dipﬁing the slides in melted Kodak NTB2 nuclear track emulsion which
was diluted in distilled water as directed. by the manufacturer -(Kodak‘

Canada Ltd., Toronto) The slides were dried iﬁ the dark for 1/2 hour

and exposed at 4°C for 4 weeks in a light-proof plastic box contalnlng

.calcium sulfate a% de551cant Before developing, the slides were

equ1115?ated to room temperature and immersed for 3 m1nutes in Kodak

- D-19 developer, followed by 1 mlnute in 1% acetic acid and 3 minutes

in Kodak fixer. After 10 mlnutes washing in dlStlllEd water, the
sections "were lightly stalned by hematoxylln then eosin  and
independehtly scored by three readers as for the two previous

hybridization methods' Cytopreparatlon of Caski cells &hd Siha cells

.re5pect1Yely harborlng 500 and 10 coples of HPV-16 (Yee et al., 1986)

‘were included to determine the lowest copy number of HPV genomes
detectable by this method. ' The spec1f1c1ty of the hyhridization
signals was controlled by the following procedures. The specificity

of the DNA signal was demonstrated by digestingﬁgﬁe proteinese K 4

_treated sections with 200 #g/ml of DNase (Sigma). in 20 mM Tris (pH |

"7.4) for 60 minutes at 37°C The ‘specificity of the RNA s1gnal was

demonstrated by treatlng the proteinase K digested sectlons with a

solutlon of 100 wg/ml of DNase—free rlbonuclease A and 10 units of

r
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ribonuclease T1 (Promega) in :X285C for 30 minutes at 37°C. 1In both
cases the slides were then washed in X2 SSC and post-fixed in
paraformaldehyde and hybridized as before. The sequence specificity
of the HPV probes was determined by performing the hybridizetion with
the heterologous plasmid vector {pBR-322) probe or an adenovirus type -
12 probe which ‘shows no known specificity for cervicai tissues.

I1.2.2.10. Statistical analysis. -
. ‘ ' ¥

' The reliability of the hybridization methods in the diagnosis
of HPV was examined by the :pefcent agreement and by using an
unweighted Cohen’s .kappa statistic ‘(Fieiss, 198i). &he pereent
agreement is- the number of samples for which two ‘nethods yielded
identjcal results relative o the total nuﬁber of samples examined
The ppa statistic is an attempt to correct the percent agreement for
agreement occurring - by chance alone. The.association of HPV with
cervical neoplasia was characterized by contingency - table type

‘anelysis and the Chi Square test for independengé'nf the row and
column variabies (Everriti 1977). 1In addition, the log-linear model
~ was used to test whether the association between HPV and cervical

-~

neoplasia depended on a third variable such as the age of the patient.‘
_ x
Chi Square analysis and the kappa statistic were done on the ~ HP3000

mainframe computer at the health science computational centre,

»

McMaster University, using in—hoyse"fbrtran algorithms The remaining
A

data handling and statistical analy51s were done by means of the SAS

commercial statistical package (Ci;ey, North Carolina) on the VAX and

the IBM mainframe computers. !
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I1.2.2.11. Scoring criteria.
Each of the assays considered here is subject ro interprétive
procedure and thus prone to intersand intra—observer variation ‘hias.
Td adjust for such potential biases the consenus readings of three
"independent raters were Used for each of the assay. 1In addition, for
the tlssue in situ assay, the following set of objective criteria was
developed and independently used by each of -the three readers. A scale
of 0 to 8 was used whereby 0 denoted_negative; 1, doubtful; 2 denoted
lvpositive cell in the entire section; 3 denoted ‘between 2-3 cells ﬁer -
section; 4 denoted a weak positive; 5 denoted between 6-10 positive
cells per section; 6 denoted between 11- 25 p051t1ve cells per section;
7 denoted a classic positive usually consisting of m;}e than 25 cells
per section, and 8 denoted an unsatisfactory epécimen. These criteria
were applied irrespective of whether the signals. were in  the
epithelium or in thelstroma, ;however,qfhe histbgicai locetion of the

reactions were carefully noted in each case.

II.2.3.0. Results of the hybridization methods.

1I.2.3.1. Filter in situ hybridization method. .

The type of hybrldlzatlon 51gnals observed in c11n1ca1 samples
“by the f11ter in situ hybridization method is shown in ;ggure II. 2.
~ This method appears capable of detecting HPV sequences within

- aggregates of-cells (Wagner é@ al., 1985 ), giving rise to a discrete

-



Figure II.2. Autoradiogram obtained.by the filter in situ

hybridization method.

Exfoliated epitﬁelial' cells from the cervix were trapped on nitro-
cellusose paper, lysed with proteinase K and hybridized to HPV l6/18 |
probes under strlngent conditions as descrlbed in the text. Rows A to
H, columnns 1 to 9 contained clinical samples. The inset (rows A to D,
columns il and 12) shows that there was no hybridizatfon signal when a
ten-fold‘dilutiop of human célls ranging from-10,000 to 10 cells per
weli was included as negative control. A positive control consisted of
similar dilutuion of Caéki cells which harbour HPV 16 sequences ( rows
E to H, columns 11 and 12 ). Any samples showing signals comparable to
or weaker than those in rows H (Columns 11 and 12 ‘were scoréd
negative; any signals stronger than those were. recorded as positive.
A clearly pdsitive signal is exemplified by the signal in roﬁ A column
3; a cleérly negative, by that in row A,coumn 1, and boderline (;/-)

signals in row A column 6.

s
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dot filling the whole well, as exemplified by semples in rows D and G, §
column 9 of figure II.2 or samples in rows F and G, coiumns‘11 and 12,
However, no correlation was observed between the number of cells
initially present in the saméles and the intensity of the signal,
suggesting that the nember of infected cells was probably more
important than the absolute number of cells. when varying dilutions
of HPV-16 DNA containing Caski ce}ls were used (rows E-H, columns 11
and 12, Figure II1.2), hybfidization signals were clearly identifiable
in wells rpceiving as few as 100 cells (row G, columns 11 and 12),
However,hen similar experiments were done with an HPV heéative human
fibroblast ce}l lines, no detectable hybridization signals  were
observed even at the higﬁest‘cbncentretion of cells that was tested
(rows A-D, columns 11 and 12, figute II. 2).

" As shown in Table‘II 3., the fllter in situ hybndlzatlm
method detected HPV sequences in 62% of samples from condylomas. Of
these, 35% reacted with HEV types 11/6; 12% with HPV types 16/18; 4%
with all HPV probes and 12% were untypeble. Among the 89% of HEV
detected in ieVasive cancer casee, 22% comprised of HPVG/il; 4 of
HPYV 16/18 and 22% reacted with both types of probes. The specimens
from the histologicallycnormal cervices'were found to contain to a
lesser extent; only 9. 5% were found to contam HPV‘(of type 6/11
‘Interestlngly, all were from cervices with h15tolog1ca1 evidence of .

metaplasia. ' - : | ?

.pﬁgfi'2_3.2. The Seuthern'Blot Method
: - X g

The Southern blof method could detect as low as 0.2 pg of HPV

. ‘W_" .
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Table II.3. Occurrence of HPV type by'clinical conditions

Hybridization
Assay

Histologic No. positive/No. tested (%) for the
Diagnosis following HPV types:
6 and II™ 16 and 18 Other Total

In situ filter

Southern blot

Condyloma 9,26 (35) 3/26‘(12) 3/26 (12) 16/26 (62)

Invasive ,
cancer 4718 (22) B/18 (44) 0418 (0) 16,18 (89)
Normal 2/21 (9.5) 021 (0) 0,21 (0) 2/%$i§9'5)
h 4

Condyloma 8,17 (47) 1,17 (6) 3/17 (18) 14,17 (82)

Invasive ' o .
cancer 020 (0) 13/20 (65) 1,20 (5) 1420 (70)

Normal - 1/31 (3) 1,31 (3) 231 (6) 431 (13)
In situ tissue Condyloma 13,25 (52) 3,25 (12)  (0) 18/25 (72)
Invasive ' ‘ ) |
cancer - 2/23 (7) .3,23 (13)  (0) 7/23 (30)
%5 Normal 2/33 (6) 0,33 (0) (0) 2/33 (6)
¢
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Figure 1I.3, :Antoradiogram of Southern blot hybridization analysis.

16

High mplecular weight DNA was ext}acted from cervical biopsies;
cleaved with the restriction enzyme, ﬁam H1, aﬁd fractionated by gel
electrophqfesis then transferred to nitrocellulose paper by the
method of Southern. The '~ target DNA on the nitrocellulose paper was
hybridized under non-stringent conditjons then washed under
non-sringent conditions, ﬁ}£EI‘ A~~iilustrates a reconsfructioﬁ

experiment to determine the er limit of detection by this methed. ‘
Varyihg concentrations of HP:716 DNA  were added to 5 ug of salmon

sﬁerm DNA. Lane 1 to 7 respectively contained 500 pg, 250 pg, 125
P9, 50 pg, 25 pg, 20 pg, and 10 pg of ﬁPV 16 DNA. Lane 8 contained
0.2 pg of HPV DNA cérresponding to 0.2 to 0.3 HPV genome per cell and
is stili positive. ' Panel B illustrates the.types of " hybridization
signalé seen in clinical‘ samples, Lanes 1 to 4_contained DNA  from
condylomatous lesions ahd laﬁes 5 anq 7, DNA  from invasife canéer
cells. The typical episomal HPV molecule is exemplified by the
'sample_in lane’ 1 while* the signals in lanes 5 and 7 could be
consistent with‘éither-the‘HPV._DNA being integrated in the cellular

genomes or the existence of oligomer%? forms of DNA.
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DNA, corresponding to 0.2 to'6.3 HPV genome per cell( Figure II.3.a).
When the Southern blot method was applled to c11n1ca1 samples a
varlatlon was the pattern of HPV DNA was observed, The HPV DNA from
- condylomatous lesions existed as episomal molecules; This was
exemplified by the .appéarance qf an 8 kb fragment after diéestion
with the single cut enzyme,” Bam HI (Figure II.3.b. , lanéﬁiT;) Similar
analysis of HEV DNA extracted from invasive cerv1ca1 cancer
sometimes y1elded a series of bands (Flgure II 3. b , lanes 5 and 7).
This feature could be consistent with elther the HPV DNA being
integrated into the cellular DNA or the exiftepce of oligomeric forms
of HPV DNAS. | ‘ : ‘ ‘ ’
The Southerﬁ blot assay ,shcwed. that' 82% of ‘samples from

condylomas were positive for HPV. sequences. Interestingly, 47% were

HPV 6/11; 6% were HEV 16/18; 12% réacted with both probes and. 18%

were untypable. It was observed that 170% of samples from invasive

disease contained HPV sequences - compr1sed of 65% type 16/18 and 5% -

untypable.k\ihe percentage of samples from normal cervices reactlng ,A'

with HPV was found to be 13% which &Qﬁuplsed of 3% type 6/11 3% type
16/18 and 6% were untypable ’

s

11.2.3.3. The tissue in situ hybridization method ~— ™

L ) : ) ’
JFor the tissue in situiiybridization assay the following

parameters were .investigated:- hod of labelling-the probe DNA,

stringency of the hybridization reaction’ and wash, length of exposure |

of the‘.autorédiographic _slides, sequence specificity of Bhe HPV

-

7/
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Fijure II.4. Parameters of the t1ssue in situ hybridlzation method.

. e
Tissue sections from paraffin-embedded biopsy samples were treated by

standard hlStOlOglC technlque of deparaffinization and dehydration 1“.
varying grades of alcohol. The DNA was denatured by treatment W1th
HCl, the sections digested with Proteinase . K, and hybridized with
3SS-labelled HPV probes. Panel a illustrates the stronger signals
observed when using probe labelled by the nick—tranSlation procedure.
as compared to panel b which 1llustrates the weaker s1gnals obtalned

w1th probe labelled by the "oligo" reaction method. Panel ¢ _

'illustrates the stronger signals observed by performing the reactions

at hon—stringent condition (Tm—4i ag) compared to Panel d which
illustrates the weaker signals obtained by performing the reaction at

stringent coRditions (Tm-17). The final magnification for all”’

~ photomicrographs was X250. The final 1magnification for all

photomicrographs was X2%.
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Fioure II.5." Parameters of the tissue in situ hybr1dlzation method.

Tissue sections from paraffin—eqbedded biopsy samples were treated by

standard-histologic technlque of deparafflnization and dehydration in

varying grades of alcohol. The DNA was denatured by treatment with

HCl, the sections dzgested w1th Protelnase K, and hybridized with

S- labelled HPV probes. Panel a 1llustrates the non—spec1f1c signal

observed when 10 mM DTT was. omxtted from the hybrldlzatlon reactlon

l . and panel b illustrates the loss of signals when the hybnids were -

washed in high wash buffer at 50 0 C. Panel c illustrates the

- stronger 51gnals observed after 3 to 4 weeks of exposure as compared-

to Panel d which illustrates the weaker signals obtained after one

week of exposure. The final magnification for all photomicrographs

-
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probes and the llmlt of detectlon of thls hybrldlzatlon method. The

most easily scored hybrldlzatlon signal was observed when the probe

DNA was labelled by the nick-translation technique using the whole

HPV genome - linked to. the vector, pBR-322 DNA (Fig II.4.a ). By.

contrast, a weaker signal was observed when the probe DNA consisted
of only HEV fragment labelled by the "oligo" reaction method (Fig
II.4.b). It was .observed that hybridization reaction perfermed in

20% formamide resulted in strbnger signal (Fig II.4.c) than that in

' 50% formamide (Fig*II;4.d). When 10 mM DDT was oqtmfed from the

' hybr1d1zat10n reaction, a fair degree of non-specific reactions .was
observed (Fig 11.5.aJ. Furthermore, washing in high wash buffer at
50°C, led to essentlally all of the autoradxographlc signals belng

‘lost (Flg II.5. b). The best exposure time for the detectlon of the

'.autoradiographlc 31gna1 was found to be between 3-4 weeks (Frg

II 5 c) and ‘the weakest 51gnals were seen after one week (Fig

'II 5.d). The sequence specrf1c1ty of the ‘partlcular HPV probe was
demonstrated by the lack of srgnificant hybridization when an HPV
6/11 containing conleeme'specimen”was hybridized to the hererologous
plasmid vector pBﬁ-322 (Fig I1.6.a) or to an adgpovirus-probe with no

known seqﬁenée speciricity for cervical tissue-(?ié ‘II.6.b}. ' The

speciﬁicity"df the. . hybridization signal for nucleic acid sequences .

‘was demonstrated by nuclease drgestlon The bulk of the sequences

appeared to be DNA as noticed by its RNase re51stance (Figure II1.6, c)

and by its sensitivity to DNase (Figure 1I.6.d). The 1limit of

detection of the tissue in situ hybridization method was estimated

by using Caski and Siha cells which contain approximately 500 and 10

83 -
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Figure II.6. Charapteristics of the tissue in situ hybridization
| * method.

' Tissug.sectioﬁs from paraffih—embedded biopsy samples were treated by
standard hi%tologic tédh?ique of'deparaffinization and dehydration in
varying grades of alcohol. The DNA was depatured by treatment- with
HC1l, the sections digested with Proteiﬁase K and hybridizéd‘with 35
labelled HPV probes. ‘Panel a 1ilu;;;;EEs the lack of. hybridizatlon
signals observed w@bn an HPV 6,11 positive specimen was hybridize? to
the- heterologous PBR-322 probe Panel b 1llustrates the absence of
hybrldlzatlop signals when the 'specimen was hybrldlzﬁ to an
unrelated adenovirus probe. Panel c illustrétes-that the signais
obtained with HPV probe was resistant to RNase digestion . Panel d
illustrates that the bulk of the hybridization signals was.sensitive
to DNase digestion; The final magnification for all photomicrographs

was X250.

~
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Figure II.7. Parameters of the tissue in situ hybridization method

and illustration of signals seen in c&hdylumatous

tissue.
Tissug sections froﬁ paréffin—embeddéd biopsy samples and chtions of
cell cultures embedded in paraffin block were treated by staﬁaard
hlStOlOglC techn1que of deparafflnlzatlon and dehydratlon in - varying
grades of ?lcohol The DNA was denatured by treatment with HCLl, the
gectlons digested Wlth Proteinase K, and hybridized with 35S—labelled B
HEV probes. | Panel ‘a illustrates that Caski cells coﬁtéining-'SOO'.
copies’ of HPV 16 genomes per cell were positive by the assay. Panel b
illustrates the absence of hybridization éignals in Siha cells
cont;ining 10 copiés of HFV 16-genomes per cell. Panel ¢ illustrates
that the strongest signals were séen at fhe.terminally differentiated
epithéliai layer of a conéylomatous tissug. Panel d illustrates that
the hybridizétion signals were_locatédfin the koilocytic cells of the
‘condyloma. The final magnifications for the photom;crographs were

X400 for panels a and b; ;X80 for panel ¢ and X250 for panel d.

N
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copies of HPV genomes respectively (Yee et al., 1986). The Caski

cells were positive(Fig II.7.a) but thé Siha cells were negative(Fig

I.7.b).  Thus, the lower 1limit of detection of this method was

estimated to lie between 10 and 500 copies of HPV genomes per cell.

From these observations, the conditions of the tissue in ‘situ
hybridization assay wefe optimized as follews. Tﬁe probe bNA was
labelled by the nick~translation procedure and the - hybridization
reaction was carried in 20% formamide me—42°C) conta{eing 10 mM DTT.
Excess probe wae washed‘eff in high wash buffer at room temperature

and the hybrid exposed for 3—4nireeks before developing. When the

‘ tlsspe in situ hybridization method was used for the detection of HPV -

Sequences in samples from condylomatous lesions, the positive ‘silver
‘ greins,were obseryed to- be unevenly distributed in the different
Tayers of the Epithelium. The siggale were weakest 'in_ﬁhe..basal
layers and . progressively increased in iptensity. towards the
termiﬁelly differentiated .eéithelia}L cells (Fig 1II.7.c) and the

~ koilocytes (Fig 1I.7.d), which showed the strongest signals.  The

type of hybrldlzatlon 51gnals observed in CIN lesions exhzblted .some

1nterest1ng variation according to the diseaseccategory. Spec1mens
from CIN 1 lesions showed a weak hybrldlzatlon 51gnal (qu_ II 8.a).

By contrast stronger hybr1d1zat1on 51gnals were observed in lesions
,ifrom CIN 2 (Fig I1I.8.b) and CIN 3 (Fig II.B.c).u *In the CIN Iesions,
‘like in the condylomatous ones, the most intense nuclear staining wes

seen in the superficial, well differentiated areas usually containing

‘koilocytic ‘atypia. Even in the cases where the positively staining

nuclei were present in a few cells, the signals were still located in

LX)

——
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Figure II1.8. Illustration-of autoradiographic signals seen in

samples from lesions of cervical 1ntra—ep1the11a1

-

neoplasia (CIN) and histologlcally normal cervix.

Tissue sectlons from paraffln—embedded blopsy samples were treated by
standard hzstologlc technlque of deparafflnlzatlon and dehydration in
Tvarylng grades of alcohol. The DNA was denatured by treatment with
HCl, the sections dlgested w1th‘Prote1nase K, and hybridized With
'355—1abelled HPV 16 probes. Paﬁél a\;llustraées that the signals
observed in CIN 1 lesions were weaﬁg;t Panel b illustrates the
stronger hybr1d1;at1on 51gna15'1p CIN 2 lesions. Panel c illustrates"
that the pattern of signals seen in. CIN' 3 lesions. Panel d
illustrates _that sample from histologically normal cervix did not
show any significant hybridization signal. The final magnifications
for the photomicrographs were X400 for panel a; X250 for panels b and

¢ and XBO for panel d : . _ , -
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the niost superficial epithelium where maturation is more likely to
- occur., ' However, in contrast to the condylomas, the.intensity of
staining in some areas varied from cell to cell eveQr within~the'same_
layer .of epithelium (Fig 1I.8.c). .

Essentially no hybridization signal was‘seeh in the majority;
of tissues from histologically normal patients (Fig II&EZd): the
morphologically normal epithelium of ‘the  columnar cells or the
‘underlying stromaefrom condylomatous aqd2CIN patiente)f‘Occasionally,
focal- positive signals were seen in the underlying stroma of some
samples from GIN iesions In such instances, -the location of the

_hybr1dlzat10n signals was noted and separately analyzed However,

_these spe01mens also reacted with morgﬁ'than one HFV probe and the

vector probe% but not against the unrelated adenov1rusﬂprobes under -.

stringent conditions of hybridization and wash.

Sbmetime sections from cancer cases appeared to show strong “
'ﬁf2t1v1ty in and about cells at the periphery. of the ipvasxve
sgquamcus cell carc1noma 1slands( but most of the invasive celle ‘were
negative. This. pattétn was seen with invasive cells from occult-
invasive (Fig 1I.9.a)," microinvaeioe"(Fig II;Q;b) or clinical
‘invasive samples (Fig II.9.c).  However, marked focal positive
signals were ’ofteh seen in the underlying ‘stroma and in area ofﬁ-
Iiinfiamatory infiltrates (Fi; iI 9.d). Many of these specimene also
reacted agalnst the heterologous pBR—322 probe. The Iocation of the
hybrldlzatlon reactlon was noted as stromal or eplthellal\for -each

“

case and separate1§ analyzed i {

An important issue pertaining to the specificity of the
P .

’ e
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Figure II.9.. Illustration of autoradiographic signals seen in

samples from invasive lesions.

Tissue sections from paraffln—embedded blopsy samples were treated by
standard hlStOlOglC technlque of deparafflnlzatlon and dehydratlon in
varying grades of alcohol. The DNA was denatured by treatment with
HC1l, the sections digested with Proteinase K, and hybridized with.
355_~—1abe_ll_ed HEV prqbes...Panel a and panel b respectively illustrate
that samples from microinvasive and occult invasive cancer-did ndt‘
show any significant hybridization signals. Panel c¢ illuétrates that
the pattern of signals seen in invasive iesions with-the _signals
. being located in cells at the periﬁhety of the cancer and the bulk of

_the invasive cells were negative. ‘Papel d illustratgs the marked
. fdtal positive signals often seén'._the stroma or the inflamatory
infiltrates from invasive lesions. The finai.magnification for all

photomicrographs was X250.
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hybridizét;;n reaction was the nature of the stromal reactions.
Their distribution according to disease categories and HPV é&pes ié
shown in Fig IT1.10. Preliminary Chi Square analysis showed that the
association between the distribution of the stromal reactions and the
diagnosis of the patients was not due to sampling variation. In the
case 'of HPV 18, a significant association was also noted with the agé
of the paﬁient. Therefore, the relationship between these three
variables ye:e invésfigated by the use of log-linear modelling-— al
statistical technique that céﬁ simultaneously examine the relation-
ship between more than two variablés { Everitt,1977). fhe results are
summagized in Table 1II.4. Wwhen all disease types were considered
together,it was found that all HPVs -combined (i.e. types '
16/18/33/6/11) were strongly associated with the diagnosis of- the
patients (p%0.006) and a significant interaction was noted between
the age of the. patient and the diagnosis éf the patients (p=0.01).
When this association was partitioned into specific types of HPVs;‘
the following thrée observations were made: In the case of HPV type
§ both the association with diagnosis-aﬁd the interaction between age
and diagnosis disappeared. 1In the case of HPV 16 and 33 the
"associaticn_With diagnosis still persisted éut the interaction with
age and‘diaénosis disappeared. For HPV 18, the original association

with diagnosis and the int

faction between age and diagnosis were
still noted. Interestinglyi When the‘subsé£ of the invasive patients
was exclude ‘from the analysis, the stromal reactions associated with
HPV‘typeg 16, 6 andf333 disappea;ed altogether. The gnalysis, thus,,.

suggested that the effects with thesé HPV types were associated with
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Figure II.10. This f%gure illustrates the frequency distribution lof
positive hyb'ridiz'a'tion reactions that were located in the stroma of
tissues from cervical nepplasi.a.'“ It wa# observed that hybridization
with probes of HPV 16 or 33 .gave minimal reactions in contrast to
hybridizatién with probes of HFV 6 or 33.

»



FIG 11.10.DISTRIBUTION OF STROMAL
REACTION BY DISEASE TYPE
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Table II.4. ~ Summary of log-linear modelling for the association of

stromal reaction with cervical neoplasia.

"HPV - Parameter Chi-Square dafe@ p values
Disease : Type
All" age 1.93 1 0.1645
diagnosis - = 14.22 -4 0.006

age*diagnosis - 12.53 4 0.0138

16 age - 1,20 1 0.2735

" diagnosis 14.71 4 0.0053

- age*diagnosis 1.11 1 0.8924

18  age ©3.33 1 0.680

diagnosis ©.19.07 4 0.0008

age*diagnosis 11.21 4 0.0243

ALL 6/11 age 0.34 o1 0.557
HISTOLOGIC diagnosis 6.41 4 0.1707
TYPES , age*diagnosis 2.56 "4 0.6337
33 - age 1.46 1l 0.2273

diagnosis 10.96 4 0.0270

age*diagnosis 2.95 4 0.5665

aAll age 2.65 1 0.1035

- diagnosis g.31 3 0.0254

age*diagnosis. 2.99 -3 0.3926

16 age 0.72 . 1 0.3959

: diagnosis 4.09 3 0.2516

. age*diagnosis 1.10 -~ 3 0.7775

CIN o

ONLY 18 age . 3.94 . 1 0.441

o diagnosis 8.09 3 0.047

. age*diagnosis 2.10 3 0.5512

6,11 age 0.01 1 0.9408

diagnosis 2.62 3 0.4544

: age*diagnosis 0.78 3 0.8551

33 - age 0.00 1 0.9821

oen . diagnosis 1,520 3 0.3123
age*diagnosis 0.02 3 0.9122

bdf = degree of freedom
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the diagnosis of invasive cancer. For HFV 18 the interaction between
age and diagnosis disappeared. Since the association with diagnoeis
still persisted for HPV 18, in contrast to the remaining ‘viruses, it
was concluded that this was a pecularity of the HPV 18 probe.
: Therefore; the location of the autoradiographic signals were
carefully noted during reading the results of the tissue in situ
assay. However, in the results that follow only the epithelial
reactions were considered. |
| As shown in Table " II.3. data from the tlssue in situ assay
demonstrated that 72% of condyloma samples from patients in Hamilton
contained HPV sequences. Among these, 52% were of type. 6/11; 12% of
type 16/18 and 8% of mixed types. In histologically normal cervices
of patients from Hamilton, 6% of samples were positive for HEV %/11
sequences. It was also observed that 30% of samples from 23 innasive'
cases of Panamanian-patients"_were positive for va eeguences; 7%
- being HPV type 6/11; 11% being HPV type 16/18 and 11% being of mixed
. types. - '
ﬁhen the tissue in situ assay was used to detect HPV
sequences in the populatlon sampled from British Columbla, it - was
seen that the occurrence of HPV 1ncreased as d1d the severity of the
CIN 1e51ons and then decreased in the invasive lesions. ~This is
illustrated in Fig II.11. Thus, HPV 16.sequenées were found in 4.8%

[95% CI 0,16%] of samples'from histologically normal.cervices; in

-—
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Figure II.11. This figure illustrates the frequency distribution oﬁ‘

specific HPV types in different histolagic tissues of cervical
neoplaiig from British Columbia. . The prevalence of HPV 16 or 33
increased with the severity of the grade of CIN, in contrést to that-
of HFV 6 or HFV 18 that segregated independenfly of CIN grades. The

detection rates of all HFV declined in the invasive category.

™y
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16% [95% CI 6,30%] of samples from either CIN 1 or CIN 2 lesions and

‘in 35% [95% CI 23,46%] of samples frdm CIN 3 lesions. However, they

were found found in only 19% [95% .CI 8,36%] of samples £from
microinvasive lesign, 18% [95% CI 6,353] of samples from occult
lesions and 21% féS%rCI 10,36%] of samples from invasive lesions.
By contrast, the occurrence of HPV 18  sequences ‘seemed to be

independent of the severity of the CIN lesions: It was observed that

9% [95% CI 2,22%] of samples from histologically normal cervices

contained HPV 18 sequences as did 11% [95% CI 3,24%] of‘ those witlni
CIN 1 and'éIN. 2 lesions and 9% [95% CI 3,18%] oﬁ those wltp CIN 3
lesions. Although, no HEV lé seguences were deteated in samples from
microinvasive lééions, 3% [95% CI 0,11%) and 14% [95% CI 5,28%) wera

respectively found in samples from occult and invasive lesions The

" distribution of HEV 6/11 sequences showed a similar trend to that for

HPV 18. It was found in 7% [95% CI 1,19%) of samples from
hmstologlcally normal cerv1ces, 9% [95% CI 2,21%] of those from CIN 1

1e51ons, 11% [95% C1 3, 24%] from thase w1th CIN 2 le51ons and 7% [95%

:CI 2,16%] of thqse_from CIN 3 le31qn§;_ However, it was found in only-

6% [95% Ci 0.7,19%] of samples from mfcroinvasive diSeasg;'12% [95% .

CI 3,28%] from those with occult invasive disease and in 9% [95% CI

2 22%]‘of those with cl1n1cal 1nva51ve dlsease The.distributiOn of

i
HPV 33 paralleled that of HPV 16, although a. dlfferent rate’ was-

observed.  HPV . 33 vas found to occut in 5. 2% (95% CI-0.6,17%] of

cL"

V amples'fiom hlstologlcally normal cervices, in 20% TQS% C11,9,35%]

from those of CIN{ 1 or CIN 2 lesions and 308 [95% CI 20,43%] ' from-

those with CIN 3 lesions. In the invasive group 'only 11% {95% cr
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3,26%) of samples from those of microinvasive or occult'invasive and
16% [95% CI 6,30%] of samplés from clincal invasive disease were
positive for HPV"33 sequences. The éollective occurrence of all the
HPV types steadily increased with the severity of the CIN lesions.
For instance, 11% [95% CI 3,25%] of samples from ;histdiogically
normal cervices coﬁtained any. HPV, as did 27% [95% CI 14,42%) of
those from CIN -1 lesions; 48% [95% CI 34,63%] of those from CIN 2
lesions and 56% [95% CI 40,68%] of those from CIN 3 lesions. When
a}l CIN lesions were considered together, it was observed that HPV 16
was found in 23.75% of . the samples; HPV 18 in 10.1% of the samples;
HPV33 in 24.8% of the samples; HPV 6/11 in IO.G%_of the samples -and.
all these HPV combined togethef accounted for 46.3% of the positiviﬁy
of the CIN lesions. The rate of detection of HPV in invasive
lesions was reiaéively consfant, béing 27%;t95%-CI 13,44%] in samples
frbm microinvasive or thésé’from occult invasive and 30% [9B% CI-
' 17';46%]. in those from élinical invasive disease.

-

11.2.4.0 Sensitivity and specificity of the various hybridization

assays. S &

The sensitiQity'and séecificity "of each hybridization.-method
were first_computed with respect to disease. The sensitivityiof a
test is defined as the proportion of subjects wi;h the disease and a_
positive fest result, while theﬂﬂspedificity of a.test is defined ' as
the proportion of-subjects without am‘disease and é negative test

result (Fleiss,lgsl). “In the Computation of these test parameters,
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CIN 3

Table'II;S Sensitivities and specificities of different :
hybridization assays in detecting HPV sequences
in various clinical conditions.

Hybridization Diagnosis Source n tested éénsiti— Specifi-

Assay : vities (%) cities (%)

Southern blot Condyloma Hamilton ] 82 87

Invasive  Panama 43 70 87

Filter Condyloma  Hamilton 32 62 90

in situ .

Invasive Panama 39 89 90

Tissue Condyloma  Hamilton 38 72 94

in situ . —

Invasive = Panama 39 30 94
Invasive B.C. 43 30 88
Micro- B.C. 37 27 88-
Invasive : _
) i
Occult B.C. 36 27 88
Invasive :
CIN 1 B.C. 44 27 88
CIN 2 B.C. 47 48 88
B.C. 71 56 88
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the analysis was restricted only to autoradiographic signals located
in the epithelium The results of such an ana1y51b are summarized in
Table II.5. The Southern blot method exhibited a sensitivity of 82%
and specificity of 87% in condylomatous tissues from Hamilton; in
invasive samples from Panama it showed a sensitivity of 70% and
specificity of 87%. The - sen51t1V1ty of the tissue ig‘_ situ
hybridization varied according to the disease condrtlon in all of the
population examined. Thus, in the case of clinical invasive disease
from Panama or B.C. it had an estimated sensitivity of 30% with a
specificity of 94% in Panama and 88% in B.C. Furthermore, in
microinvasive and occult invasive its sensitivity was 27%. In the
case of cqﬁdylomatous samples from patients in Hamilton it;
sensitivity wes 72% and its specificity was 94%. Interestingly, the
sensitivity of this assay varied directly with the severity of the CIN
lesions increased in the target pbpﬁlation in B.C.“'in CIN 1 lesions
it had a sensitivity of 27%; in CIN 2 lesions it had a sensitivity of
48% and in CIN 3 lesions it had a sensitivity of 56%. The spec1f1ty
of the assay “in this population was estimated to be 88%

Wherever p0551b1e, the . relative sensitivity, specificity and
rellablllty of the hybr1d1zat10n methods in detecting HPV sequences
were estimated. U51ng the Southern blot method'es the standard, the
Filter in situ method had a sensitivity of 66% and a specificity of
88% and showed significant agreement beyond chance (Kappa - 0;54,
p<0.0001). With respect to the Southern blot method, the tissue -in
situ method has a sensitivity of 61% and a specificity of 86% and

showed significant agreemenr (Kappa = 0.50, p<0.0001). Pairwise
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comparison of the filter in situ and tissue in situ methods similarly

showed significant agreement (ﬁbppa = 0,55, p<0.0001).

-

11.2.4.1 Characteristic of the tissue in situ hybridization assay in

oo AN

The primary aim in characterizing the tissue in situ hybridi-

the target population

zation method was to val}date it in the target population with respect
to prevalent types of HPV. . Hence further statistical analysis was
- undertaken to characterize whether or;not‘the associétion between HFV
and the CIN lesions .was due to sampling variation. Thé resulté are ,
summarized in Table 11.6. Chi Squaré anaiysis showed that there was‘a
éggnificant éssociation between cervical neoplasia‘land HPV types 16
" (p=0.015); HPV 33 (p=0.026) or any HPV tested (p=0.00). The occurrence
of HPV 18 and that of HPV 6/11 was observed to be independent of $the
"CIN lesjon.or invasive disease. In those instances where a sigﬁificant
association was noted, a Chi Square.for'trend analysis was done to see’
if there was any .dosage effgct yith inc;easing severity of disease.
Since the sensitivity of the tissue in §i§g‘ass;;'was found to be low
in samples from tﬁe invasive diseeses, such samples were excluded from
the trend analysis; A significant linear trend was detected for HPV
16 (x%=13.9, 4 ,p=0.00); HEV 33 (x?ldf=8;879, p=0.003) or any type Of
'HPV (ledf=26.96, p=0.00). Hence, it was coqpluded that the occur-
rence of these types of HPV increased steadily with the severity of

CIN lesions. "

The reliability of the tissue in situ hybridization assay in
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Table II.6. Summary of Chi-square analyéis for the association of
: HPV with cervical intraepithelial neoplasia {CIN and
cervical invasive disease. .

-~

Diagnosis HPV type Chi-Square Degree p values
' of
freedom
CIN .16 14,781 3 0.002
lesions — ‘ :

only 18 0.142 "3 | 0.986
- 3 10.074 3 0.018
6/11 0.563 - 3 0.905
all - 127.609 ’ 3 0.000
CIN 16  15.803 6 1 0.015

and . ]
invasive 18 6.578 6 . 0.362
_ 33 14.6]2 6 - 0.026
. 6,11 1.588 6 0.953
- All 31.900 6 1 0.000

CIN grades I,II and III were considered for CIN bhly, and all the CIN
grades and invasive diseases were considered for CIN and invasiv?.

.
-
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Table II.7. Reliability of the tissue in situ assay in
sampling cervical biopsies for HPV
Sampling method Number Number . Percent positive
tested ' positive :
_ 1 Biopsy 170 70 - 41.2
2-3 Biopsies 29 8 27.5

J\

2

X°=1.920, p=0.166.

r
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detecting ﬁPV sequénces was investigated on multiple samples collected
on the séme patients. Table II.7. shows that of the total 199 pétients
that had more than che-biopsy, 170 had a single biopsy and 29 had two
to three biopsies. When the HPV positivity was compared in ;sﬁch
samples, some surprising observations were made: Contrary to ekpéctam '
tion{ the positive réte for the category with one biopsy was 41.2% and
that for the category with two to three biopsies was only 27.0%. Thus,
increased sampling did.not lééd" to a higher likelihood of a positive’
test result, probably reflecting the fact that a colposc;bicali
directed bidpéy was likely to capﬁure an overt HPV‘lesion in a single
sampling.

‘The clustering of HPV tyﬁes in CIN lesions was investigated to
lidéntify which.HPV types mést frequently occurred togther, It was
noted that 2.4% of samﬁles reécted'with all HPV types. If this -is
taken as a non—sPecifiE reaction, and the remainiﬁg figure accordingly
" adjusted, it is observed that 1.9% of all positive éamples contained
~ HPV 16/18 sequences; 5.5% _contained HPV 16/33 ‘sequences; 1.3%, HPV
18/33 sequences; 0.3%, HEV 16/18/33 sequences; 0.4%, HPV . 16/18/6,/11
sequences and 0.3 %, HEV 33/6/11 sequences; Thﬁs, the mogt common
combinagion was HPV 16 and’ HFV 33. However, from the subset. of
patients whose specimens reacted with HPV 16 ofrﬁé§“33,it was_ fonud
that 3.8% of saﬁéles contained HPV. 16 sequénEes only and 7.5%
‘ cOntéiﬁéd HPV -33 sequences only. Since onlyES.S% of the.sampies wefe
ifounato conLain'both types of Qiruses together, i£ was cqncluded;that
these two viruses react differently, although clustering together more

often than the remaining types. . ’
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Age could be an important confounder in the évaluation“of an

assay. The age profilé bf the study population was.as_follows | The
mean age of the whole study population was found to be 36.6 years; of
those with histologically normal cervices was 40 years; of those with
CIN 1 iesions was 32 ;ears; of those with CIN 2 lesion was 35 years
.and of those with CIN 3 lesions wgs 30 years. Patients with micro-
inQasive diagnbsis HadAa mean age of 39 yeérg while those with occult’
invasive had a mean age of 37 years and those with_clinical'.ithsive
had a mean age of 47 years. In Erder to . detect any significant
associatizn between the age of the patients and tHe'prgvalence of“:
specifi;.HPV, the data were collapsed over CIN and thé Chi Square
" analysis was repeated. No significant associa;ion wsg noted between
aé /and the prevalence of.agy type.of‘HPv.‘- Since the Chi Square test
had too many degrees of freedom and therefore it might haVé‘_been
) inSénsitive to detect any asséciation, a log-linear .approaéh was
unde:ta}én. In order to have adequate samﬁle size per cell ané based
on the modal age of the study p;;ulat;on, the pafiients were divided
into two agé groups; one with less than‘34'yéars' and oné greater than
_34 years?,The results of the loé—linear analysis showed that there was. .
‘no signif}cant éssociétion with age and thef prevalence of HPV.- The
only significant associations in this analysis_were between the
diagnoses of the, patients and HPV 16 (p=0.02); HPV33 (p=0.01) or any

~ HPV (p=0.0001); thus confirming_theninitial CRi Square analysis.
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IT.5.0 Discussion.

The aims of the laboratory investigation Qere to compare the
sensitivities, specificities énd reliabilities of molecular hybfidiza—‘
tion methods in detecting HPV 'sequences in various clinical condi-
tions. Towards this end, the Southern blot, the filter in situ
hybridization and the tissue in situ hybridization methods were ap-
plied‘to specimens of cervicafnswabs and bicpsies from histologiéally.
"normal" cervices, 'condylomas, CIN lesions and invasive cervical
cancerg from patients in Hamilton, Panama and the target population in
British Columbia.

The evaluation of a test-aééuracy.rests on its relationship to
" some way'of knowing. whether the disease is truly present or not. The
respective sgnsitivity and sﬁecificity of each of the assay‘ were
evaluatéd with respect to histologic evidence for disease; Considering
invasivé disease the filter in situ hybridization method gave the
highgstlsensitivity (89%) followed by the Southern blot method (70%).
In the invasive diseases, the least sensitive was the tissue in .gigg
methed (30%). A  converse pattern was seen for the specificity; the
_most specific assay was the tissue in situ method (94%) followed by
the filter in situ method (90%) and the Southern blot method (87%)..
The sensitivity of the tissue in situ methed, however; varied between
different disease categories: It was 72% for .samples of condylomas;
27% in samples from CIN 1 lesions; 48% in those from CIN 2 lesions and‘

Lo

56% in those from CIN 3 lesions. In this instance the specificity of
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the assay was estimated 'to be 883. In the computaticn of these
sensitivities and specificities histology was taten as tte "gold"
standard for asseesing the presence or' absence of diseases.
Unfortunately, the reliability of histolegy in the diagnosis CIN
lesions is prone to inter- and intra-cbserver variation (Koss, 1987).
Furthermore, the'aSsumption that all CIN lesions are caused by HPV may
not be a valid one. As a .consequence of this imperfect standard of
validity, the assays were compared with each other using the Southern
biot ae the standard ‘since this is ccnsicered superior by most
investigators in the field (Munoz et al., 1988).

. The accuracy of one method Yeteus another was expressed in
terms of relative sensitivity and specificity. When the Southern blot
method was used as a reference to evaluate the other methods in the
detection of HPV DNA, the relative sensitivity and specificity of the
£ilter and tissue in situ metﬁcds were not different from each other.
Percent agreement beyond_chance! as computed by the unweighted Cohen’s
Kappa statistic, showed good agreement (Kappa = 0.50, p<0. 0061) How-
ever, (lt is apparent that agreement was not achieved in a sSubstantial _
.number of cases. This re51dua1 1ack of agreement could be " explained
by a variety of factors such as: limit of detection -of the method or
observers and sampling variations T

Relative copy’ number of the HPV genomes in the various samples
may serlously affect the limit of detection by the ‘hybridization
methods: A reconstruction experimeﬁt indicated that the,Soﬁtbern blot
‘ methodicould detect 0.2 pg ofAHPJ'DNA, corresponding 0.2 to 0.3 cqpies

of HPV' DNA per cell (Prakash et al., 1985). The . filter in sity
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hybridization method, on the other hand could detect 0;1 pg of HPV'
DNA, an amount that is not identifiable by the Southern blot method
(Wagner et al., 1984, McCance et al., 1986a). This could account for
a slightly higher pbsitivity rate for samples from cancer cases by the
£ilter in situ hybridization method than by the Southern blot method.
It is difficult to directly estimate the limit of detection of the HPV
genomes by the tissue-ig‘ situ hybridizatton assay. Even though this
method is theoretically capable of ‘detecting a single positive cell
containing-multi-copy of the HPV genomes, it may be unable to detett
10 or 1less coptés of HPV genomes per cell. In hsupport for this

~argument is the observation that Siha cells, containing 10 copies of

r * HPV-16 genome by the Southern blot method (Yee et al., 1986), were

negative by the tissue in situ hybridization method Howevgr, with
the 1ength of exposure used in this study, 500 copies of HPV “genomes
could be detected as observed by u51ng Caski cells that have been
estimated to contaln 500 copies of HPV 16 genomes by the Southern blot
method (Yee et al., 1986). This limit of~detection is slightly better
than that observéd by Crum et al. (1987) who could detect 800 copies
- of HPV genomes'initéeir system. Taken together, it could be concluded
that thé lower limit of detection of the tissue in §itg_hybﬁidization
is about,lOO;ZOO fold lower than that of either/the_Souther; blot or
the filter in situ hybridization method.:

There are at least two other main types of errors that are
commonly encountered'”in the assays which were -inveStigated. These

include sampling errors in which material representatlve of the lesion

is not included in the specimen and 1nterpret1ve errors in reportlng
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the results ef the assay. There- is a degree of subjectivity in
interpreting the results of the h&bridization techniques need and an
lattempt to minimize this was done by accepting the consensus opinions
of three independent observers. The tlssue in situ hybridization
method showed that the HPV DNA is predom;nantly conflned to the upper
cell layers of the epithelium. For the filter in situ hybr;dlzatlon
method,-;nlike the biopsy, the surface of the lesion is‘ sampled; thus |
a endocerV1ca1 swab should capture those pOSlthe cells. .Any sampling
- method m1551ng a lesion Wlll yield a low positlve rate, irrespective
of the limit of detection- of the hybrldlzatlon method used for 'the -
testing of such samples. The tissue in situ assay is theoretically
the most vulnerable to this sampling nariation because the lesions can
be missed both during the. process of taking a biopsy from ‘the
patients and during sectioniné 'the biopsy. Thus, to test the
‘.hypothesis that sampling variation could accountl account for
rdiseoncordent results, multipie samples from the same patients were‘
.anelyzed for likelihood of obtaining a positive tissue in gitg assay
result. Surprisingly, it was observed that the rate of HPV pqsitivity |
did not increase with the number of specimens e?amined. on the
contrary, the positivity rate dropped with increased sampling. Other
1nvestlgators have observed that increased samp11ng leads to higher
detectlon rates when either the filter in situ hybrldlzatlon (Peng et |
~al, 1988) or the Southern blot method (Scheinder ‘et al:, 1988) “has
beer used. One possible expianation for this apparently contradictoky‘
,obseriatlon is that the colposcoplcally dlrected b10p51es were able to |

capture an overt HPV le51on, in contrast to the 51tuat10n of the other

6
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investigators who might:have‘been studying occult.HPV infection (Nuovo
et al., 1988). ' -

Taken together, the sensitivity of the in situ asay can thus
be taken to be a function of both the relative abundance of the HPV
sequences and sampling variation. ?he Soutﬁern-blot assay have shown
that the'rate of detection of HPV sequences steadily increases - from
increasing grades of CIN to invasive diseases (Reio et al., 1987,
Burke et al., 1985). The 1limit of detection of the Southern blot was
shown to be superior to that of the tissue in situ essay in this study
as well as those of others (Crum gﬁ al.,1986)., A direct corollary of
these two observations is that the distribution of HPV sequences in
invasive caﬁoer is such that it limits.the sensitivity of the tissue

in situ ~assay. The present observation that a number of cancer cases

were positive by the Southern . blot method but negatlve by the tissue

in 51tu hybrldlzatlon method suggests that the majority of cancers in

‘some lesions mlght be harboring less than 500 genome copies of HPV

‘genomes per cell Alternatlvely, the distribution of HPV genome may

not be uniform in the tumour
The spe01f1c1ty parameter of an assay dictates _that the assay

should be negative when disease is absent. This was essentially found

“to be the case with the tissue in situ assay.  Nonetheless, cougrary

to the currently known biology of the virus (Orth et al.,1971); in

- some cases, the the 51gnals were located in the stroma of the cervical
. tlssue . The presence of such stromal reactions has been reportedby

.Gupta et al. (1987) and Ostrow et al.( 1985). ﬁowever, these

investigators found that these specimens reacted with all types of HPV
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probes as well as with the heterologous pBR-322 plasmid probe.  In the
present instance, seaction to pBR-322 probes were noted but reactions
 to all HPV probes were not observed in every case. When log-linear

modelling was ~used to characterize these stromal Areaotions, it was
found that the invasive specimens were more likely to be positive for
stromal reaction with HPV and pBR-322 probes, suggesting that the
-stromal infiltrates were probably responsible for such reactlon. - It
is possible-fhat a cross reaction was taﬁing place between the pBR-322
orobe and bacterial infettion in the cancer cells as has been observed
.in ?he ‘case of ﬁepatocarcinoma cells (Barbacid '1984,; Ambinder et
3;.,1936).‘ However, some degree of non—spec1f1czty cannot be - ruled
~out as the stromal reaction associated with HPV 18 probes was noted
across all disease cateqgories. Non—specific reaction, due to the
sulfur moiety of the probes have been reposted by Brandllow et é}
(1987) who investigated the celluier location of nerve growth factor
synthesis.by the in situ hybridization assay. To test the hypofhesis
that such reactions might have been.due torthe sulfur moiety of the
| HPV probe a completely unrelated adenovirus DNA was Yabelled with the
same isotope and hybridized~ to random samples? of specimen showing
stromal reactions; The stroma remained knegative, suggesting the’
absence of this possibility. While thenexgct'nature ofk these stromal
reactions deserves *further elaboration, their presence must be
carefully noted asJZhey could give rise to a false positive reactlon
An altenative approach. could be the use of HPV probe that has been

excised from the pBR-322 component. However, in such instances the

signals were observed to be weaker, confirming an earlier observation
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demonstrating the need for plamid linked DNA to form a lattice that
enhances the v1sual1zat1on of autoradlographlc signals (Singer et

al.,1986). / N

The application of the tissue in situ hybridization method for

the detection of HPV sequences in the population served by the CCABC

led to some interesting obse;vations.' There is no previously reported
large study using. this  technique. on cervical neoplasias. The

observation that ‘only 56% of samples from CIN 3 population were

‘;peéitive for HPV éequences is slightly below that reported in studies .

‘using the Southern blot technlque {Reid et al.? 1987; Pater et al .,
1986). However, the present flndlngs are not surprising in view of
the observatlons that -the t;ssue in situ hybridization technique is

less sensatlve than. the Southern blot method (Caussy et al , 1988). A

study using the tissue in 51tu hybrldlzatlon method has been reported

by Crum et al., (1986), who observed that 10 out of 18 (55%) of.

unspecified grades of CIN 1e510ns to contain HPV 16 DNA.  However,
their samples were selected on the basis of k01locyt051s and thus may
not be comparable to the present study where no- preselectlon criteria
were used.

_ ' An interesting observation in the nopqlation sampled in
" British Columbia was the unusually high occurrence of HPV type 33
sequences in CIN lesione; The occurrence of HFV sequences shows
‘apparent geographlc variation and that of HPV 33 has been insuf-
'f1c1ent;y characterlzed._JThe highest estimated preva%ence of HPV 33
in cervival neoplaeia, has been found to be between - 4-8% by the

‘Southern blot technique (Beaudenon et al.,1986) and the joint

N
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prévalence of HPV 16/33 has been founa to be about 83% in penile
intraepithelial lesions (Barroso et al.,1987). This cross-sectional
study demonstrates that the estimated point prevalence of HPV 33 in
the sampled population is different‘(roﬁ previousiy reported ones. The
HPV 33 viral sequence was found in 30% of samples from CIN 3 lesions
and HPV 16,/33 sequences were found in 35% of those‘frbm CIN 3 lesions.
However, with respect to HEV 18, the finding 6f this. study is
corroborated with that of Pater et al., (1986)‘ who found that HPV 18

“sequences segregated independently of the grades of CIN lesions.
 The effect of_ age on the_ prevalence of HPV has been
insufficiently sﬁudied and is still an unresolved issue. Thus, dé
Villiers et al., (1987), using the filter in situ hybridization assay,
noted the HPV‘detection rate to be indepengent of age in a sample of
9295 smears.. from histologicalii normal cgivices, CIN . and invasive
lesions. However, Yoshikawa et al., (1985b)]using‘the Southern 'blotl
method, observed that the occurrence of HPV 16 was higher in cérvical
cancer patients below age 60 than those above age 60, similariy,
Meanwell et al.; (19875, using the Southern blot method, Qbservgd that
HPV 16 sequences Qas ﬁoré prévalent in cervical cancer cases or
matched cohtfois in patient less than 40 years of age than those above
age 40. Fiﬁaily, Reeves ‘et al. (1987), using the: filter in situ
hybridization assay, found that the occurrence of of HEV 16 and 18
increased with increasing age in control women but was age independént '
iﬁ cervical céncer cases. The finding of the present study,.based on
the tissue'{n §iﬁg assay for the detection of HFV se@uences, was that

the prevalence of HPVs was’ independent of the age of the patients.
( ,
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While this confirms the observation of de Villiers et al., (1987), a
strict compafisop of the varioue studies cannot be made because the
sensitivity and specificity of ﬁhe diffe;ent assays are not.known. |
-. In conclusion, the tissue in situ hybridization method was
found to have its edvantages and disadvantages. The simplicity of
°this assay add its ability to detect HPV DNA- sequences in paraffin-
embedded sectiens lend itself reedily to retrospective studie;.' Its
chief drawback is that it may be of limited sen51t1v1ty in detectlng
HPV sequences in a substantlal portion of inva51ve cervical cancers.
However, the main research question in this study dege?ds on the
demonstration of HPV sequences in CIN lesioﬁe, In such instances the
assay exhibited a sensitivity of 56%, while.not ideal it is still of
sufficient sensitivify to answer the main resee}ch question (Sackett

and Holland, 1975). ' i
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III.1.0. othesis  + \

[

: sl
The natural history of invasive squamous cell cervical carcin-

~ oma qf the cervix is thou;K;:to inyolve a gradual progression from an
initiation event through preinvasive stages to invasivé cancer. Based
gn the bddy_of evidence impiicating particular HPV in the genesis of.
cervical cancer;'together with the known oncogenic potential'sf" these
‘ai*\~i viruses, it is hypothesizéd that certain types of HPV initiate
- neoplaspic chan&és wh}ch aré more' likely to progresé &to invasive |
' céncér than those initiated by other HPV types. Awailabip evidence
suégests'thati é _numbet.of‘ types of HFV may %nduée morphological
_'.changes'ﬁf the cervix called CIN, but that only those changés associ-

ated with HPV 16, 18 or 33 are likely to progress to invasive cancer

- Mrorines, 1987b).

4

: 5 '
I1I.1.1. Research questiJA.
~ |
. o
N "Is the presence of HPV types 16, 18 and 33 sequences in the

'”?' preinvaéive cervical lesions of sexually active women predictivé of
.cervical cancer devglopment?“ _

. The primary research question is‘based on the above underlyfng
hypothesis derived *from the body of evidence reviewed in section
~I1.4.0. {page 38). A workihg hypothesis is wusuvally defined as a-
predict{ve _stzfement about associations betweeﬁ independent ‘and
f‘dependént yariables (Schlesselman, 1982). In this instance, exposure
to the particular HPVs is defined as the independent variable and

: ceryicai-cancer is the postulated dependentrvariable. |

Iy

S



CIN lesions

‘IT1I.1.2 Design architecture. -

! ~ ) Rl- " N
5o : :
A direct test of the hypothesis would be to identify a cohort

of women with CIN lesions containing HPV-16/18/33 DNA (putatively

- oncogenic) and a cohort yith CIN lesions containing HPV-6C/11 DNA.

.(pﬁtatively nonéoncogenic) and folldw them to determine the rates  of
1

progression to invasive cancer. A study to directly test this hypoth—

esis is, however, not fea51ble because it would be’ uneth1ca1 to w1th—
T

hold treatment for women. with advanced CIN and to permit the lesions
-

to progress to invasive disease. The only ethically feasible design,

then, is a study of women with CIN who have not received curatlve

treatment through refusal missed dlagn051s, treatment failure or loss

to follow-up. There} e, a retrospectlve, case-control study was used

to compare the occurrence rates of HPV-16/18/33 DNA in CIN lesions of

women who subsequently developed invasive canger (cases) with matched
Ve :

women who did not progress to invasion (controls). The

HPV specifici -was controlled by determining the occurrence of

HPVLGC/ll DNA in the 1e81ons of both cases and controls

I11.1.2, Place of case-control studies in’epidemiologic research.

*~

Classically, a case-control study consists of the assembly of

 a group of patients who have the disease in question (cases) and a

‘nondiseased or control group. Cases and controls are then compared

for previous exposure to the suspected etlologxc agent(s) The ch01ce
and"implementation of a case-control study design .are primarily

govekned by three'”import%ﬂt considerations.  These include: (i)

// : e

. - .
- d . ) i
. N Y : M ‘ -

e
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internal validity and freedom from biases{‘(ii) external valiﬁity. or
generalizibility of the 'design and, (iii) the feasibility of the
design (Kleinbaum et al., 1982). '

The case-control. study design. has been widely adopted in
epidemioloéy becqgse.of ite rapidity.and efficiency in evaluating a
hypothesis. It also has greater feasibility and lower cost than a
cohert study.  However, a case-control study design may be of limited
use ‘in eStablishing temporality,ras informatioh on the risk factor is
obtained after the éiagnesis of cancer. .Furthermore, the validity of
thlS kind of design could be undermined by a number of factors ~chief
among which are selectlon bias, information bias, confgunders and
sampling variation or chance.

A selecﬁion bias could resuit\if the casesqend the controls
are incorfectly assembled from two‘diffefent séﬁpling frames (Sackett,
1979). The streegth of a case-control study is dependent on "the ’
choiée of an apprepriate control-group The ' selection of control
. group is an ongoing debate  and there seems to Be no consensus on the

best control group to use for a particular case group. (Lilienfeld and
_Lilienfeld, 1979;F'Stavraky and Clarke, 1983; ). There qre many
EPidemielogists who arguecfhat cases and centfbls should be comparable .
i.e. free from selectlon biases: (Miettinen, 1985; Cole,1980).. On- the
other hand, some ep1dem1010g1sts have argqued that in *achieQing
' comparablllty the study subJects mlght be restricted thus leading to

‘overmatchlng ~and lack of generallzzb;llty (Axelson, 1985;
'Schlesselman, 1985; _Spiteer, 1985;). To eompeesate for the potential
overmatching problem and 'still achieve comparability: it has been

suggested that controls from two different sources be used whenever



7

123
possible. For inStance, in a hospital based case-control study this
could be achieved By the inclusion of a ne}ghbourhood as well as a -
hospital pontrol group (Feinstein, 1985b; Pcole, 1986; Poole, 1987;
Schlesselman,‘1987). ’ ‘ .

The chief type of information bias is due to measurement
errdr. Misclassification error due to measurement coyld result from
either biased data collection or the appliéation of inqorrect'

diagnostic: criteria.  This is more likely to happen if the
intgrvieﬁers or data abstractors ére aware of ei(her ‘the study
hypothesis or ,the sﬁbject's case-control status. -AQ addition, an
- honest coging{ferrogg will also lead to misclassification. Fleiss
(1981) haéruéhown that misclassification. errors result in \biased-‘
estimatgs of thg association in quest%én. in generai; rquom and
inerendent errors due to misclaésification tend to diminish an
apparent degree of aséociazzzgryetween two variables. The net effect
of such e;rors is to bias the _odds ratio tdyards unity
(SchleSselman,lQSZ). ; ‘

The term confounding refers to.the effect of an extraneous:
variable that tofally or partiélly accounts for the effect'of the
stuay exposure or that masks an underlying true assbéiation
(Schlesselman;1982). a confbunding factor is an extraneous . variable
that meets the following two conditions: (1)} it is a risk factor for.
the =tudy disease; and (15 it is assdtig&gd with the study eib;sure
but it is not a consequence oﬂ(svposure Thus, factof““§Uch as age,
race, severity of dlSEase and - type of treatment could be potent1a1

’/,*\Ebnfqunders if they are related to both exposure to HPV and the rxsk'

of cervical cancer. The estimate of an association couldL?lso be
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d%storted as a consequence of random variation, or chance in sampling
caseé and controls. 'Therefore, taken together, these biases,
confounders and chance could partiallf or totally account. for an
' apparent increased risk for cervicai cancer and exposure to HPVs.
Alternatively, they could mask the association between cervical cancer
and exposure to HPVs. While certain of these limitations are
inherent in the design-of the case-control architecture, the validity
and statistical efficiengy of the case-control studi‘could still be
enhanced if certain methodologic standards are applied to the design
(Horwitz.and Feinstein, 1979). |

The methodologic standards that have been advocated to enhance
the design of case control study are as follows. Clearly defined
starting points (point-zero) and end-points; predg;grﬁined method for
the selection of cases and controis; defined exposure to suspected
etiologic factors; unbiased data collection; avoidance of unegual
constraint in caseé and controls; equal diégnostic examinapion; eqﬁal -
medical surveilfance and equal demog?gphic and clinical susceptibili-
ties (Horwitz and Feinstein, 1979; Feinstein, 1985a). ”Additional
factors wﬁich increase the” strengths ' of the case-control design
inciude adéqquy of sample éiée and correct statistical analyses.
Finally, matching is another feature éhat enhances the validity of a
design: It is a typefbf'potential constraint in the selection of one
or more control for making the controls and the cases similar with
respect tégone orr more potential confounding factors (Fleiss, 1981).
However, once a given factor is matchedjin a design, that féCtor,
should it be an ‘impoftant etiolog%c one, can no longer be exémined.

Alternatively, the statistical efficiehcy of the case-control

A



125
architecture can be enhanced, at the ianalysié: stage, by either'
post-stratification or the use of multivariate.analysis techniques.

- The majbr étrength of a éarefully designed case-control stuay
is that it enables one to gauge the'strength of the association of an.
exposure variable and an outcome vafiable. .Case;control_studieé do
not directly measure the risk of developing an outcome in the exposed
or nonexposed subjects. However, Cornfield (1951} has shown that the
’ ;elgtiye risk, the ratio of risk in the exposed and the unexposed ’
subjects, can be approximated from _thé odds ratio {(OR) of the
case-control study. Since the OR is defined as the ratio of the
"odds" of the exposed perséﬁ developing the disease and the "odds" of
the nonexposed developing the‘disease, this ratio.yill have a value of
unity when the eﬁposure,and .the outcome variables are not related.
Alternatively, if the OR differs from unity then the exposure variab{g
.is associated with risk of disease. For OR greater thén unity, the
association is positive and for OR of less than uh@ty thé association .

is'negative (Schlesselman, 1982).

I1¥.2.0. Case-control study protocol for determining the predictivej

value of particulaf HPV in the development of cervical

cancer.

I1.2.1. Study population. -

The study population was drawn from patients who resided in

the Province of British Columbia. Women who had been evaluated for

cervical disease, at some point . of théifklives, by the gynecological
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cytology screening laboratory of the CCABC cdhstituted appropriate
cases and control;. The charactgristics of thé population in terms of
referral pattern, methods of - follow up, incidénce of cervical
neoplasia and other demographic variables have been .described in
- section IX.2.1.1. As described in section I1.2.3.2, a>pildt.study was
undertaken to estimate the prevalence of specific types"of HPV in all
grades of CIN lesions by the in situ hybridization technique, The
pooled es;imated prevalence rates from stratified samﬁiing, without
weighting for grade of CIN, were as follow: It was found that HPV 16
occurred in 23.75% of the samples; HPG33, in 24.3% of the sémples; HEV
18 in 10.6% of the samples; HPV 6/11 in 10.2%‘95 the samples and

HPV16,/33 in 37.6% of the samples and 46.3% of women were positive for

more than one HPV type.

II1.2.2. Definition of eligibility criteria for study subijects.

The definition of a "case" or "control” involves two distinct
specifications: {1} a statemenf of predetermined eligibility criteria
for the selection of individuals for the study; and (2) establishment
of 'objective criteria for the diagnosis of cervical neoplasia
(Schlesselman, 1981). o |

. For the purpose of this study a "case" was definedh as a woman
with invasive cancer andrwhﬁ had a diagnosis of CIN made twa\or more
yeér§ before the invasive disease was diagnosed.  The eligibility
criteria for the cases were as follows: (a) women who were posﬁ—
pubertal female, béﬁween 15 and 75 yearsrold, (b} had at 1east a two

‘year lapse between the diagnosis - of CIN and invasive cervical cancer

\/
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) had thg preinvasive biopsy with the CIN 1esions'available for HPV
sequence analysis and ,(d) had been reported to the Cancer Control
Agency of British Columbia (CCABC).

For fﬁe purpose of this study a "control" was defined as a
' ﬁoman wﬁo had no recorded_history‘of cervical cancer during the latent
period of her case. The eligibility criteria for the controls were as
follows: (a) women who were post-pubertal female, between 15 and 75
yea;é old, (b) had been diagnosed at the same CIN stage at about the
same time as‘her‘case and followed for the same duration, {c¢) had
availaﬁility of the cervical‘biopies for HPV sequence analysis in CIN
lesions and, (d} had been reported to the CCAEC. Women were excluded
from the study if they had undergone partial or complete hysterec—
" tomies subsequent to the diagnosis of CIN.
‘ To ensure completeness of the histologic or cytologic
diagnoses, a set of objective_qpiteria were followed. These criteria
are given in Appendix III.1. In instances where a given biopsy'showed
‘more than one grade of . CIN lesiﬁn,'the more advanced gradél was used.
To minimize interobserver variation all the histologféal biopsies were

reviewed by Dr. A.J. Worth of the CCABC. ‘

II1.2.3. Selection of study subjects
The method used for the selection of cases and controlé were
-as follows. A search of the records at the CCABC revealed that of the

3400 women who were treated for invasive cervical cancer over the past

) - .
‘20 years, 108 had a recorded diagnosis of CIN two or more years prior

y

to the diagnosis of invasive cancer. A search for avaibility of these
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CIN biopsies revealed that 54 patients had no tissue block available;
1 was from out of Province; 4 had no dysplastic lesions left in the
tissue and 7 were initially misdiagnesed as having invasive cancer.
This left only 47 of the 108 poteht;al cases that met the eligibililt&c
criteria.
The selection of controls was done after the cases we:e&

located. Thus, in an. attempt to end up with at least two controls per

case, three women who had the same grade of CIN dlagnosed the same

_year as the .CIN lesion of the case wefe initially selected as

controls. However,_not all " the controls thus selected - had a CIN
blopsy that could be used for HPFV testlng Hence, sometimes the

case: control ratios were 1:1 or 1 2 or 1:3.

III.3.0. Ascertainment of exposure to specific HPVs.

-

To ensure standardization of exposure for cases and controls

the presence of specific HPV sequences was determlned by laboratory

procedure - The ava11ab111ty of only formalln fixed b10p51es that had

been stored over the Yéars serlously limited the ch01ce to only the

- tissue EE situ hybridization assay. 'This assay has been used for the

detection of both animal and human papillomaviruses (Crumﬂgt al.,
1986; Beckman et al., 1985; Gupta et al., 1985; Sytjenen et al., 1987;
Orth et al., 1971} Caussy et al., 1988; McDougal et al., 1986; Nagai
et al., 1987; Grusseﬁdorf et al., 1979). The relative sensitivity ofy
the assay seems to very according to the disease conditione'(Caussy et
1., 1988). Aas described in sectlon 11.2.4.0., the sensitivity of the

assay in detecting any HPV was 27% for samples from CIN I lesions; 48%

i)
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' for sampg;;::érom CIN II lesions, and 56% for samples from CIN III

129

lesions. Since only 11% -of histologically normal 'samples from the
B.C. population contained HPV, the specificity of the assay w?s
fstimated to be 89%. | |

Based on the result of the pilof, prevalence. study the

following specific HPV probes were used: (1) HFV 6C/11 as a mixed

probe since these two viruses share extensive homologies (2) HPV 18,

and, (3) HPV 16/33. The justification for ‘;‘Jsi'ng a combined HPV 16,33
probe was based/ﬁon the fact that these two viruses share extgnsive
homdlogiés (Beaudenon et gl:, 1986) and they were the most cdmmon type
of viruses clustering together in the prevalence study. The assay was
performed under non-stringent conditioh'df hybridization and washed
under-stringeﬁt conditign as detailed in section II.2.2.9.

Each sliée was read by three different readers, includiné a
patholggist.o The final result on a subject was based on the

concordant results of at least two readers. In order to minimize .

inter-observer variation which could distort the results of the in

situ hybridization, a set of objective criteria was developed for

scoring each slide. The criteria; whiqh are based on the nunber  of
ﬁositive cells and the location of the positive grains within a
particular tissue are given in section I1I1.2.2.11. The cﬁt off ‘poiht,
of positivity was any score equal to or greater than five; any score
less than five was scored negative.  These results were entered . in
the spécial Qorkshegt developed for key-punching and entry in .fhe
computer (Appendix IiI.Z). _ R
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{31.3;1. eata collection. » : e
7 The non-laboratory component of this study constltuted an
1ntegral part of %he planning and execution of this design. i«"
‘The criteria for the aElECth? of all subjects have been
already‘discu95ed in eection IIi.z.l. To achieve this end, the
information was abstracted from _the relevant patients’ records and
entered in the special work sheet that was developed for the purpose
ofgphls study (see Appendlx I11.3). Such informatlon was maintained
on a computerized data base system for easy retrieyal and statistical
analysis. Key information that was sought was related to fiek factors
known to be associated with cervical cancer as well es faetors thought
to influence progression of CIN. | ‘ |
In eddition to identifying information, data were collected on
age (bifthday), parity, marital status, and number of marriages. For
the latter wvariable ‘information regarding change in surname or
‘divorce status .was abstracted. = Medical information- on oral

contraceptive use and history of venereal infections were also

collected. The date of diagnosis of the initial CIN lesion was

recorded, as was the histologic type and severity of the disease (as |

originally diagnosed). fTﬁe date and tYpe of treatment administered
was recorded as was information on the dates and outcome of follow-up
gynecological examinaﬁions.‘ In addition, for the cases;ethe date of
diagnosis ef-invasive cancer was recorded as was the‘histologic type
of lesion, clinical stage, treEtment method.fand‘fgllow~up outcome.,
Most of this information was obtained‘from the cemputerized records of

patients rgegistered with the CCABC; others were obtained by contacting
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the.family physicians either by p?zne or by mail.

III.3.2. Sample size éonsideration.

The association between particular HPVs and cervical cancer,

as illustrated in Figure III.1, could take one of two forms:-- These

HPVs could occur secondary to the invasive disease as opportunistic
pathogens; or they could occur in the preinvasive stage of cervical
cancgr-an& be_predictive of progression to invasive disease. If ey"
are secondary t6 the cervical cancer, then the occu:rénce ofi these
particﬁlar HFV sequences should occur with equéi frgqu;ncy in the CIN
‘lesions of cases and céntrols since cases and controls are matdhéd on
grade of CIN, If they are ‘predictive of progrgsgion'to invésivzﬁ
disease, then it follows‘that the frequency of occurrence of these HPV

sequences should be digher in the CIN lesions of cases than in those

of controls. = Thus, a comparison of the prevalence rate in the

preinvasive biopsies of  cases and controls will enable one to

distingquish which of the two possibilities‘is tr@e.

The main hypothesis to be verified was that the prevalehce
rate of particular HPV would be higher in the CIN lesion§ of cases
than in those of controls. To statistically test whether.or not the
difference in thése_'two rates (binomial proportions) are due to

sampling variation, the chi-square statistic will be used. Further—

more, this case-control study will also enable one to determine i€

o

particular HPVs represent an increased risk for incurring cervical

can'é:er(:q Consequently, the magnitude of the risk will be estimafed by -

the relative risk. 1If exposure to particular HPV represents an

r - "
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increased risk for progression to cervical cancer then the relative
risk would be greater than unity. For. both the glnomlal proportion
and the relative risk estimate, in statistical terms, it was the null
hypothesis, denoted by Hy, that was to be rejected. The null
hypothesis for the binomial proportion would be one of no differehce
in the prevalence rate of patticolar HPV in the cases and the
controls; the ' null hypothesis « for the relative risk would be that
relative risk for exposure to particular HPV aod cervical cancer 1is
1.0, 1If the-null hypotheses could be rejected, then the alternative
hypotheses, denoted by H,, can be accepted The” object*of\sample sﬁze
calculation was to determine with what certalntf‘%he full hypothesis
~ could be rejected or accepted. Ft ‘ : o \sJ/’-

. > e

There are two possible sources of errors. First of all, it i

possible to rejeCt'H0 when HU is true. Secondly, it i s%}ble £

accept Hyr when H0 is not true. The probability of making the Tfirst

type of error is called the type I error and is commonly denoted . by

"o o; "Pa" and is often referred to as the p-value in a significance
3

testing situation. This kind of error is usually due to small sample

size and random variation in sampling cases and controls. The

probability of making th d k1nd of error is denoted by "ﬂ" or

“PB“. This kind of error is dh only due to insufficient sample size.
Ih-either case, the probability of making the corregy decision Ts
given by the complement of these errors. Thgs, l-a denotes the
probablllty of acceptlng Ho when Hy is true; QSE 1—B,‘aalso callgd the
power of the study, is the probablllty of re;ectlng Hy when H0 is not
‘fgue. In the present study, the sample size was ctfistrained by the

avaibility of 47 cases and- 94 matched controls. The two parameters,
. ‘ . N
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for which the power was calculated, were the b1nom1al proportions
(prevalence rates) and the relatzve risk.

The power for comparing two binomial proportions was based on
the equation Qf Fleiss (1981), The defermination of the éower depends
on four parameters: (1) the relative frequency of exposure among the
controls in the target populatlon (2} the meanlngful d;fference in the

prevalence rates to be determined (3) the desired level of

significance, and (4) the available sample size. The equation for the

~ power calculatfon is given below:

: 2
co/2 2PQ - szw— Plj n - |P2 - By |

1-B= 3.1

POy + By,
Where (1-B) = power of the study . . )
?q/z = the critical value cutting off the proportion a/2 inj
the upper tail of the normal curve - -
Pl = exposufe rate in the controls

P2

I

-exposure rate in the &ases

Q

o

.(l—P)

The powef for the binomiél proportions was‘determinéd based on the

. . L
prevalence level of HPV in various grades of CIN in the target

pbpulation and the e§pected positive rate in the invasive cancer cases

~ from B.C. The prevalence of HPV6/11 or HPV18, in all combined grafes

of CIN lesions, was 10.1% and that of HPV16/33 was 37.6%. Since the

~tissue in situ assay 1is relatively insensitive in detecting HPV
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sequences from invasive specimens, the prevalence of HPV in invasive

cervical cancers from B.C. was assumed to be the same as, those
' : ' / . . .

“reported bY‘ using the Southern Blot method, on other pOPUIatiOng AP

(Prakash et al.; 1985, Durst et al; 1983). The best estimated figure
is about 60%. According to the null h?potheéis Hy to be rejected
hefe,'the prevalence oflall types of HPV at the earlier CIN stage in
the cases are predicted to.be 60%: ‘Similarly, in the controls, it wés
-ﬁtedicted that the prevalence réte for HPV6/1l and HPV 18 would be

10.1%, while that for HPV 16/33 would be 37.6%.  Based on these

" assugptions, and o=0.05, the power for calculating the binomial

proportions was estimated to be as fqllows. Fof HFV 6/11,%or HPV1S8,
the Study had 90%~ bower to detect a diffefence~ of 50% in the
fespective prevalence tatés. In the case of HPV16/33|the study had 65%
power to detect a difference of 22% in the respective prevalence rates
(Fleiss, 1981). -

TheLpowef for calculating the relativé risk was based oﬁfﬁgge
équation of Schiessélman (1982); The determination of this power, like
that for the binomial proportions, depends- on the’égécification of
four valugs: (1) the relative frequency of exposure among controls in
the target population, P, (2) a hypothesized odds ratio to be

;determined (3) the desired level of significance «, and (4? the
évailable sample ';ize. These parameters are given_ by equation

3.2 (Schlesselman, 1982).

R=1+ (8B +(AB')2 4 2(1 + €) ACt] /€' vuvinevnenenns 3.2
where _ _r E
- ‘*A = (zZe + ZB)2
B = } + 2cp0

\o
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Cr = 2'Cpo[ntl - Py) - Ap,] |
¢ = number of controls per case
p4 = proportion of contrgls'"exposed“
n = total number of cases ’

2Zo = unit normal deviate for siénificance test at level « for
_ | a one sided test.
- Zf = unit normafrdeviate for test with péwer (i -~ Bl.
The term R represents ‘the largest ﬁulation relative risk less than
1.0, or the smallest populatlon relative risk greater than 1.0, that
can be detected_for spec1fled values of n, c, Py o and B.

To calculate the power for the relative rigk, similar
assumptlons to thg blnomlal-proporﬁions were madé; It was estimated
that the study had 80% power to defziie a :elétive risk, of 3.5 in
the case of HPV6/11 or HPV18 and B0% r.to detéct a relative rlsk.
ratlo of 4 5 for HPV16/33 at a 51gnlflcance level of 0.05 and one
tail probability test (Breslow and Day 1987). -

’*

I11.4.0. Data analysis.

Before the study was completed, at the planning stage, the
following”anal§sis strateéy was envisaged. Since this was a matcﬁed
design, it was neessary to use statistical techniques that maintaiﬁed
the matching scheme. Breslow and Day (1980) have shown that uncondi-
Eional-analysis of matched data could result in biased estimates . of
the test statistics. The study variables to be employed in the data
analysis'are summarized in Table III.1. fhe presence or absence of

— kfrvical cancer was identified as the sole dependent variable. The
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Summary 'of study variables to be employed

in data analysis

Pl

vVariable name - Source of variable

v

Type of variable

. . j
I. DEPENQENT VARIABLE
B 2 - ’ . f

Cervical cancer . Histologic investigation Nominal

' ) . - S

I1. INDEPENDENT VARIABLE T‘

Exposure Factors - : Y-
HPV 16/33 /\A In situ hybridization Nominal
HPV 18 ' In situ hybridization Neminal

. : ' LY
HEV 6C/11 " In situ hybridization Nominal
History of venereal ‘
~ disease Patient record Nominal
Number of marriages Patient record or

. interview ' Ratio

Hormdne use at time J/

of smear Patient record : Ratio
Confounding factors;- '
Age Patient record C Ratio
Parity Patient record Ratio
Severity of CIN " ﬁf’”

lesions Patient record - ominal
No. of pap smears Patient record Ratio
Type of treatment at :

CIN stage Patient record Nominal
. B

&
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table includes 11 independent variables of which 6 were identified as
exposure factors and the remaining as possible confounding factors.
The test statistic to be employed would be the chi-squate; the rela-
tive risk would be estimated. The chi-square would be used to rteject
the null hypothesis for the binomial proportion of no difference in
the prevalence rates between the cases “and controls, while the
relatlve risk would be used to estimate the level of excess risk, if
any, of incurrlng cervical cancer when specific HPV sequences are
present in the CIN lesions Next stratified analysis could be used to
investigate possible confounding and the adjusted chz—square and odds
ratio accordingly calculated. The data would finally ke analyzed by
multiple logistic regression techniques.

If particular HPV are predictive of cervical cancer, then the
- prevalence rates ot HPV in the cases will_be higher than those in the
controls. This difference will be tested for statistical siqpificance
by-the chi-square statistic, a procedure that will then permit the Hy
to be .rejected in favour of H;. With twp controls matched for each
case, the data may be tabulated in the form of matched case-control
triplets (case, control 1, control 2!; there are Aeigﬁt possible
- .outcomes for a triplet when exposure to HFV is dichotomous (+ or -).
The computation of this chi-square will be done by the method of
maximm likelihood (Breslow and Day, 1980) using the MCSTRAT procedure
of the SAS statistical package that first tabulates the approprlate
matched pairs of cases and controls* for each of the exposure
varlablesi Slmllarly for the relative risk estimate, if particular
HPVs are‘associated with cervical cancer then the odds ratio estimate

will be greater than unity. However, various sources of bias such as
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inapﬁkopriaée selection of,glsubjects or misclassification and
confounders could also give rise to elevated chi-square or odds ratio
. values. Alternatively; these factors may completely mask a real
chi-square value or an odds ratio greater than unity{ Therefore, this
possibility would be explored by stratified analysis. _ |

A 'strétif;ed analysis for various combinations of independent
variable# {risk factors) would be carried out if sufficiént numbers
exist for each stratum. From the contingency table of overall
association, individual tagles would be constructed for each stratum
of the risk factors sepafately. To test the-homogeneit& of the oddé
ratio, appropriate component of chi-square would be computed'by the

. Mantel-Haenszel procedure.f The degree of confounding may be estimated
from a égﬁparison of the adjusteé odds ratio with the crude odds ratio
(Kleinbaum and Kupper,-1982). | _

The stratified“analysis may be complicated by ﬁhe inability to
stratify on many variables at once, since -this procedure can result in
insufficient numbers in thé respective strata. Furthermore, the
existence of non-uniformity of ﬁhe effect measure over the.strata may

__f“;also preclude the use of an overall chi—squagé test (Kleinbaum and
Kupper, 1982). | Attempts to circumvented these problems will be
undertaken by using a multipié logistic regression approach that can
control for several con?ounders simultaneously in a moderate sample
size (Breslow and Day, 1980). The logistic regression technique also
provides a direct estimate of the odds rétio, The logistic model
specifies that —the probability of developing cervic;l cancer .
(depende;t variable) is_linearly and additively relaﬁed to ; set of .

ihdependent regressor variables_ denoted by Xy xi} X3 e xp
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(Schlesselman, 1982)}. The independent variables may - represent
. potential risk  factors for disease, confounding factors or
interactions of these factors. The equation describing the. legistic
model for case-control study is given below (Schlesselman, 1982)

1n px/q = 5 0 + Bl 1% - +8B xﬁ&? .................. (3.3)
where B 0" 1in ul/u + BO

;QU
I

= probability of disease

probabilité.of no disease

x-ﬂ
|

’

n, = number of cases

n, = number of controls

'
[ |

independent regressor variable

kel
!}

llogistiC‘regression coefficient
The log ratio of a disease is a linear ‘function of the regressor
variable Xy eeen xp. Hence the model assumes that effect of ény
independent variable Xy does not depend bn the réméiﬁiﬁé‘mindependént
\_variables, a featufe which enables the 1bgistic regression _technique
to c?ntrol for a baseline difference in a large number of variables at
the same time. iQ order to estimate the-bdds ratio, the nglSth
regressxon coeff1c1ents would be estimated by the maximum llkellhood
u51ng a standard statistical package such as SAS (SAS Inc., .Carey,
NC). The odds ratio for the regressor variable would be estimated by
equation 3 4 below.

¥ = exp(B) ... (3.4)
In order to maintain the magcﬁing scheme it was proposed to use 'the,
conditional, stratified, iogistic regression proéram MCSTRAT (froh the
SUGI library.éf the SAs Inséitute. Adjusted odds ratio for one level

of a particular risk factor relative to another é;vél would be

9
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eotimated by keeping the other regressor variable constant. This
pfocedure would sﬁow if any confounding is present. If particular
HPVs are associated with cervical cancer, odds ratio greater than
unity should be observed. The precision of the odds ratio estimates
will be gauged by computing the 95% confidence intervals. Theso
values wili indicate the loﬁest and highest true odds ratio that is

likely to be compatible with the sample observation.

I1T1.4.1. Resources needed,

5.

The organizational structure of the study wao as follows. Res-

- ponsibilities wefe equally " shared by the collaboratofs{*'Dr. Worth,

the research co-ordinator at the CCABC, Dr. Rawls and Dr. Marrett and )
myself. This study examined the medicaf records, located the biopsies
and recorded the laboratory results of about 141 patients and
therefore had to be coordinated by a research personnel. The research
coordinator,'in oonoultation with .Dr. Rawls and Dr.r Worth, was
responsible for doing the computer search ‘and locating the relevant
biopsioé.. Dr. Worth was sponsible for verifying the ;reggnQE' of
lesions in fhe biopsies prior to their being shipped to McMastér
‘Univesity where they were analyzed for the prééence of HFV sequenceé
by me. The .research co-ordinator was also responsible for abstracting
thé‘relevant demographic information from the patient histofy display
sheets of the CCABC or by contactlng the phy51c1ans' office. The
patient material and requds at CCABC were reasonably accessible. )
This 1ncluded a careful follow-up of treated patients, thus selegt1on‘

of treated 'CIpratientsr who have not developed cancer or controls °
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could be accomplished witH: fair confidence. . The facility of the
Computational Services of the Health Sciences Department from McMaster
University was used for data entry. The setting up and management of
the patient data base as well as statistical analyseé‘wére done by me
in close liaison with Drs. Rawls and Marrett.

A pilot study had also ‘been carried in the target population and
the prevalént types‘of HPV were known as weli as the relative sensi;
tivity and the specific%ty of Ehe tissue in situ hybridization  assay.
No major technical difficulty was foreséen at the planning stagé.

This study received the approval of the Ethics Committee of
McMaéter University and was financially supported by graﬁ&s _from
Health and Welfare, Canada and _thé National Cancer Institute of
Canada. | _ o : . ]

|
I11.4.2. Significance

In general, demonstratindnan apparent‘é;iologic‘role of a virus’.
in human Canceré has two practical implicatons. These include the
possible development of a vaccine and the use of 'viral'markers to
identify groups at which preventive measures can be directed. éoth

- preventive measures have been used for the association of Hepatitis B

virus and primary liver carcinomas (Beasley et al., 1981).

~
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APPENDIX III.1. HISTOLOGIC CRITERIA FOR THE DIAGNOSIS OF PREINVASIVE
AND INVASIVE CERVICAL CARCINOMA.

PREINVASIVE NEQPLASIA OF THE CERVIX,

MILD DYSPLASIA (CINL).

- Two thirds of epithelium show good differentiation.

- Abnormality of the nuclei is mild and most marked in the basal
third of the epithelium.

.. = Mitotic figures are present but not numerous.

MODERATE DYSPLASIA (CINZ).

Upper half of the epithelium shows dlfferentlatlon and maturation.
Nuclear atypia confined to the surface.

Abnormality of the nuclei is more pronounced than in CIN 1.
Mitotic figqures are present in the basal two thirds of the
epithelium, <

~

INVASIVE SQUAMOUS CELL CARCINOMA. . '
STAGE 1A MICROINVASIVE CARCINOMA.

- Early stromal invasion. ' '

- Depth of invasion 3.0 mm or less below the base of the eplthelia

- No evidence of lymph-vascular space.

STAGE 1B OCCULT INVASIVE CARCINOMA.

- Frank invasion by confluent masses of neoplastic cells.

- Lesions usually unifocal.

— Lesions cannot be diagnosed by cllnlcal examination.

GREATER THAN STAGE 1B.

- Lesions can be cllnlcally dlagnosed

- Staging based on standard classification dependlng on extent of the
primary tumour and metastases. _

INVASIVE ADENOCARCINCMA.

- Car01noma of the glandular epxthellum of the ‘cervix.
- Subclassification depends on types of cervical cells, mu01n,
endometrial clear cells or mixed adenosquamous type.



Ty

144

APPENDIX III.2. B.C. CASE-CONTROL STUDY HPV RESULTS FOR ALL Bx

A, INFORMATION COLLECTED FROM THE PATIENT HISTORY SHEET AT THE CCABC

CODING COLUMNS

1.0 PATIENT NAME/CCABC NUMBER - : S 1-8
2.0 HPV STUDY UNIQUE ID o ©9-11
001 case

002 control -
003 control

.0 DATE OF BIRTH oo ' 12-17
DD/MM/YY - .
99 UNKNOWN

4.0 DATE OF FIRST TIME ZERO BIOPSY  18-23
- DD/MM/YY
99 UNKNOWN

5.0 DIAGNOSIS OF FIRST TIME-ZERO BIOPSY 24
| NORMAL .

CIN/1

CIN/2

_CIN/3

CIS

MICROINVASIVE-

OCCULT INVASIVE

UNKNOWN

OAhUsa WO

6.0 DIAGNOSIS OF FIRST END POINT BIOPSY 25

. 0 NORMAL -

1 cina
- 2 CIN/2

3 CIN/3

4 C1s

5 MICROINVASIVE

6 OCCULT INVASIVE . '

7VINVASIVE STAGE 1 - ‘ﬁ?
8 INVASIVE GREATER THAN STAGE 1

9 UNKNOWN

CODING SCHEME o
_First column subject id: 1 case, 2 control, 3 control.

Next two columns biopsy id: 1-5 time zero bx in numeric order.

6-10 end-point bx (6 = first, 7 = second 8 = third, 9 = fourth, 10 =
fifth, 00 = No specimen.

Next column HPV results (epithelial reactions).

Next column HPV results (stromal reactions)._

HPV code: 0 = negative, 1 = doubtful, 2 = 1 cell in whole field, 3 =
2-3 cells in entire field, 4 = weak positive, 5 = positive »6 cells
in field, 6 = pos1t1ve more than 10 cells, 7 = classic positive, 8 =
unsatlsfactory specimen, 9 = m1551ng or unavailable,

t



7.0 HPV 16 RESULTS

8.0

O @ 9~ w e W N

FS TV

v ©® -~ O

HPV 18 RESULTS

-~

s

e
o
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CODING COLUMNS
26-30
31-35
36-40
| 41-45
46-50
51-55
© 56-60
61-65
66-70
71-75

75-80

8185
85}90
91-95
96-100
101-105
106-110
111-115
116-120
121-125
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9.0 HPV 33 RESULTS - | CODING COLUMMNS
1 “ f E A 126-130
2 ) 131-135
3 ‘ 136-140
1 o " 141-145
5 " N 146-150
6 | 151-155
7 - . - 156-160
8 | | 161-165
9 166-170
10 . 171-175
10.0 HPV 16,33 RESULTS ‘
i - . ~ 176-180
T2 ' - 181-185
3 7 | | - | . 186-190
4. | : - | 191-195
5\ s 196200
6 | 201~205
7 _ - | 206-210
8 | | 211-215
9 B 216-220
o - ’ 221-225
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,) " APPENDIX III.3. B.C. CASE-CONTROL STUDY UESTICNNATRE

A. INFORMATION COLLECTED FROM THE PATIENT HISTORY S_{IEET AT THE CCABC

s o CODING COLUMNS

1.0 PATIENT NAME/CCABC NUMBER . - 1-8

2.0 HPV STUDY UNIQUE ID. | @ 9-11

001 case
002 control
003 control

3.0 DATE OF BIRTH _ 12-17

DD/MM/YY
99 UNENCWN

4.0 DATE OF TIME ZERO BIOPSY) 18-23

BD/MM/YY
99 UNKNOWN

5.0 DIAGNOSIS AT TIME ZERO BIOPSY 24

NORMAL |
CIN/1 1
CIN/2

CIN/3 | .
cIs _

MICROINVASIVE

OCCULT INVASIVE

INVASIVE

OTHER

UNKNOWN

Lo~ UL whEO

6.0 DATE OF END POINT ' _ ’ 25-30

DD/MM/YY
99 UNKNOWN

\



N

7.0 DIAGNOSIS AT END-POINT
0 NORMAL '

1 CIN/A _

2 CIN/2 . .

3 CIN/3 .

4 CIs

5 MICROINVASIVE

6 OCCULT INVASIVE

7 INVASIVE

8 OTHER

9 UNKNOWN

8.0 HISTOLOGIC DIAGNOSIS AT END POINT ) .32

1 SQUAMOUS .CELL CARCINOMA
2 ADENOCARCINOMA .

3 NORMAL

9 UNKNOWN

9.0 NUMBER OF PAP SMEAR (between point-zero/end point) 33-34
1-98 (actual number)

Iy

99 unknown
10 NUMBER OF COLPOSCOPIC EXAMINATIONS 35-36

(between point-zero and end point)
1-98 (actual number)
99 unknown

B. INFORMATION COLLECTED FROM THE PHYSICIAN’S OFFICE.

11 NUMBER OF PREGNANCIES , ' 37-38

1—30 (actual number) '
99 unknown C

12 AGE AT FIRST PREGNANCY o | 39-.40

- (actual years)
93 UNKNOWN .

13. USE OF ORAL CONTRACEPTIVE,/DURATIGN 4;—42

1 YES 1 1-2 YEARS (short. term)
2N 2 3-5 YEARS (medium term) o
9 UNKNOWN 3 MORE THAN 5 YEARS (long term)
. 9 |

%
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15,

CODING

HISTORY OF GENITAL INFECTION

1 GENITAL HERPES | ' 43

+*

2 SYPHYLIS b 45
3 GONORRHOEA _ C 4]

4 OTHER ‘ ‘ T

9 UNKNOWN - 51

SMOKING. HISTORY,/DURATION
A. SMOKING AT TIME ZERO
1 YES

2N0

9 UNKNCWN

B. EVER SMOKED N
1 YES - R : ;

" 2 NO

16.

9 UNKNCWN
C. DURATION IF EVER SMOKED

1 1-2 YEARS (short term) _ : ;
2 3-5 YEARS (medium term)
3 ‘MORE . THAN 5

9 UNKNCMN

HISTORY OF MEDICAL TREATMH\IT/DURAT.ION

A. CONE BIOPSY © - )

1. YES :
2. NO .
9. UNKNOWN

1 AT TIME ZERO

2 AT END-POINT

3 IN THE INTERVENING PERIOD
4 =12AND 3

9 UNKNCWN h

COLUMNS

NO

44

a6

48

50
52

53

54

55

56

57
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CODING COLUMNS

?

B. CAUTERY ' 58
1. YES .

2. NO ‘

9. UNKNOWN : s

IF YES. \ ‘ ' ' 59

1 AT TIME ZERO

2 AT END-POINT .

3 IN THE INTERVENING PERIOD
4 =1 AND 3 ‘

9 UNKNOWN | o - /—_\\ ‘

C. RADIOTHERAPY ‘ ) 60
1. YES : S
2. NO

9. UNKNOWN

IF YES : .8l

. 1 AT TIME ZERO ' Ve
2 AT THE END-POINT

3 IN THE INTERVENING PERIOD

4 =1 AND 3

9 UNKNOWN

D. CHEMOTHERAPY . ' 62

IF VES ' . ' ‘ 63

AT TIME ZERO : .
AT THE END-POINT |
IN THE INTERVENING PERIOD

= 1.AND 3

UNKNOWN

(Yo R N FT I N I ]

E. PARTIAL HYSYTERECTOMY - 4
YES | S ,

IF YES - A ' - 65



F. TOTAL
1 YES
2 NO
9 UNKNCWN

STERECTOMY

IF YES

1 AT TIME ZERO

2 AT THE END-POINT

3 IN THE INTERVENING PERIOD
9 UNKNOWN

G. CRYOSURGERY
1 YES

2 NO

9 UNKNOWN

IF YES

1 AT TIME ZERO

2 AT THE END POINT

3 IN THE INTERVENING PERIOD
41AND 3

9 UNKNOWN

H. OTHER (SPECIFY) \
1 YES
2 NO

. 9 UNENOWN

IF YES '
"f{ AT TIME ZERO

2 AT THE END POINT
3 IN THE INTERVENING PERIOD

41 AND 3

<

9 UNKNOWN

I. MARITAL STATUS

1 SINGLE.

2 MARRIED ?

3 WIDOWED

4 DIVORCE/SEPARATED
9 UNKNOWN

J FLAG FOR # F SEX PARINERS
1 MORE THAN GNE MARRIAGE

2 PREVIOUS SURNAME _
3 OTHER PARINERS

4 NONE OF THE ABOVE

9 UNKNOWN

-

151
.CODING CHLUMNS
66

67

68

69

.70

71

' PREVEN

72

73
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CHAPTER IV

ANALYSIS OF THE CASE-CONTROL STUDY
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JIv.l Characteristics of cases and controls.

-

A search of the records at the Cancer Control Agéncy of

British Columbia revealed that of 3400 women who weré trerated for

.invasive cervical cancer over the past 20 years, 108 had a recorded

diagnosis of CIN two or more years prior to the diagnosis of invasive
ST .
cancer. The procedures used for the selection of cases are summarized

in Table IV.1. Of the 108 potentially eligible cases, 54 patients”had

no tissue samples left; 1 had moved out of Province; 4 had no dysplas-

tic lesions lefE in'th; tissue and 2 were initially misdiagnosed as
having“invasive cancer. This left 47 cases who met the eligibility
criteria. According to the dégign, each case was to be matched with
at least twobcontrols chosen for the same year of diagnosis and grade
of CI?f In practice, there were 20 sets of 1l:1 case: control; 31
sets of 1:2 case: control and 4 sets of 1:3 ﬁase: control. It is seen
from Table IV.2 that 63. 8% of cases and 69.1% of the controls had a
histologic diagnosis of CIN grade 3 at the time of enrolment in this
study. Although the orlglnal design consisted of selectlng the index
biopsy with a diagnosis of CIN, this criteria could not be met for
4.7% of the cases who had an index biopsy with ahormal histologic

dlagn051s.

-

The demographlc variables” that were collected are summarized

in Table 1V.2. Approximately 53% of the controls ‘could not be

contacted due to diverse reasons such as change of family physicians,

change of address and refusal or no response from the physicians.

Therefore, except for ginformatlon on age, no other demographi

L3
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Table.IV.1. Summary of procedures used for the selection of cases

Procedure : ' : Number Percent

A. Initial record search

for invasive diagnosis . 3,400
B. Initial identification of.
eligible cases by computer search . ° 108 3.18 (of A)
C. Hospital contact for availability | o
of biopsie§ 54 50.00 {of B)
‘D, Change of residence | 1 0.92 (of B)
E. Misclassification due to original N ‘
diagnosis ' 2 1.85 {of B)
F. No histologic evidence of disease 4 3.70 (of B)
G. Eligible cases left : 17 43.5 (of BY
-
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Table IV.2 Distribution of selected characteristics among

47 cases and 94 controls ‘

Characteristics _ Cases Controls
iﬁf:yﬂistologic diagnosis
of index biopsy '

Normal 4.3(%) 0.0(%)

. CIN I ©12.8(%) 20.2(%)

CIN II 19.1(%) 10.6(%)

CIN III 63.8(%) 69.1(%) .

Mean age at diagnosis
of index biopsy,
yvear + SD

Marital status

- single
married

widower/separated/divorced

unknown

Mean age at first pregnancy
year+Sb
unknqQwn

Mean Number of pregnancy+SD
unknown :

38.5 + 12.8 36.1 + 11.1

12.8(%) 18(%)
60(%) 30(%)
B 23(3) 6.0(%)
4.3(%) 45.7(%) \

21.8 + 4.3+ 23.4 + 4.5

19(%) 53.2(%)
3.8+2.8 2.1+1.5
2(%} 45.6(%)
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information were available on these patients. The mean age of the
cases was 38.5 years and that of the controls was 36.1 years. The
difference was not statistically significant. Based on the available

- information, the cases were more likely to be either married or have
been married than the controls. Cases were also more likely to be
‘}pregnant at an earlier age or have a higher number of pregnancies than
the controls However, these differences were not statistically
significant In this study, 14.8% of cases were deceased and 4.3% of
the cases did not consent to releasing the demographlc variables.
'

IV.2.0. Univariate Analyses.

IV.2.1. Non-viral exposure factors

The overall associations between cervical cancer and non-viral
exposure factors are described in Table: IV.3.' Information was
coliected on the following four variables; smoking, contraceptlve use,
hlstory of genital infection and estlmated probable number of sexual
partners Based on the information obtalned cases were more likely
not to smoke or not to use oral contraceptlve than the controls
However, due to the 1nab111ty to obtain complete information on more
than half of the controls, no solid conclusions could be drawn This
point is dramatically illustrated in the history of genital infections.
where such information was available on only 10 cases and 3 controls,
Furthermore, the probable number of sexual partners was indexed by

surrogate variables, such as previous surnames; more than one
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Table *IV.3. Overall association between cervical cancer and non-
viral exposure factors in 47 cases and 94 controls
Characteristics Values Cases/ Chi squares ﬁ values
Controls
Smoking history ever 14,23 1.968 0.162
: never 21/18
unknown 12,/53
Smoking duration - 1-5 yrs 3/3 0.058 0.810
> 5 yrs 17,21
unknown 27/10
Contraceptive use ever 23,40 8.970 0.0Q§
never 102
"~ unknown 14/52
'Conﬁraceptive
duration 1-5 yrs 12,/9 2.385 0.122
> 5 yrs 9,17 y
unknown . 26/68
History of genital
infection yes 11 0.965 0.326
no 9/2
unknown 37/91
Probable number of
sexual partners >1 " 20726 0.417 0.519
at least one 26,26
. unknown 1742
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Table IV.4 Medical surveillance and treatment of 47 cases and
| 94 controls
A
Characteristics Values Cases/ Chi Squares P values
Controls
, No. of papsmear 0-8 © 29,81 8.317 0.004
' g - 20 8,4
unknown 10,9
Conization ves 28,60 0.261 . 0.609
: no 17/30
unknown 2/4
Any biopsy yes 46,88 1.203 0.273
no 1/4 : .
unknown 0,2
Colposcopic biopsy  yes 29,81 9.320 0.002
no 18/59 :
unknown - 0/4 /
Cautery/cryosurgery yes 2/11 2,282 0.3
no 45/79

~unkn®wn 04
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marriage; more than 1 partner, and current marital status. Even aftet
collapsing all the surrogate variables together, such information was
still missing on 42 controls, o

The relative medical surveillanoe or treatment of cases and
controls is summarized in Table IV.4. It was observed that controls
were more likely than cases to have 8 or fewer pap smears during the
latent period of the,cases (p = 0.0004). “The only available complete
information for medical treatment was that performed by biopsy. Cases
and controls were similar with respect to conization; however, cases

were more likely to have had colposcopic biopsies than the controls

(p = 0.002).

IV.I.3.0 Viral exposure factors.

-IV.I.3.1. Reliability of the tissue in situ assay in sampling cervical

biopsies for HPV sequences.

An important issue concerning the ascertainment of exposure to

“HEVs is the reliability and Qalidity of the assay used. The reliabil-

ity of an assay, i.e. its degree of constancy when repeatedly app11ed
to the same 1nd1v1dua1 can potentially affect selection in a case-
control study (Fleiss, 1986?. The tissue in situ assay could be prone
t6 sampling variation. Due to the focal and'occult nature of the HPV
infection, one might miss an infected lesion either during sectioning
or sampling at a time when the virus is not beiog expressed (Nuoeo et

al., 1988).A‘The validation study done in Section 11.2.4.1. showed

.



Table 1V.5.

/

Reliability of the tissue in situ assay in sampling

—

~ cervical bidhsies for HPV sequences

160

Sampling method Number Number * Percent

. Available Positive Positive
One/two biopsies 79 11 y 13.9
Three biopsies 26 9 26.9
Fodr biopsies 27 5 . 18.5
Five biopsies ﬁ\\z,)9 2

22.2

i

* On one or more occasions for the corresponding number of bropsies

ha
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that when multipie sechions wére taken from the same individual at the
same time, the rate of positivity was not significantly different.
- This observation indicates that in a colposcopically directed blopsy
lthe HPV lesion is llkely to be dlagnosed in a single biopsy. However, -
this observation does not exclude the p0551b111ty of 1nterm1ttent

secretion or expre551on of occult HPV viruses. The latter possxbllty

\
was 1nvest1gated in the case- —control study due to the avallagfllty of

multlple biop51es collected from the same patients over a per1od of 2
to 5 years. The results are summarized in Table IV.5. It was observed
that the rate of positivity, in one of more biopsies, 1ncreased from
13.9% for the category with one or two biopsies to ,26.9% for those
w1th three b10p51es and then remained steady at about 22% in the
remaining categorles. Nonetheless, chi-square analysis revealed that

the difference was not statistically significant, However, despite

the chi-square test, there was a definite ttend for increased.

positivity from 13.9% in those with 1 to 2 b{/p%les to 24. 9% in those

»~
with more than 2 biopsies.

vAll the available biopsies were tested for exposure to HPV—
This was based on the fact that increased sampling over time led to a
moderate increase in the probability -ef ép positive test result.
':Furthermore, as shown in Table IV.6, the distribution of biopsies in
cases and controls was significantly.differedt (p=0.0001). Howeher,
in order to maintain the original'scheme.qf the case-control study
design,. two strategies of ahalysés were %hdertaken. " The first

consisted of restricting the analysis to the matched.index_biopsies in

cases and conttols. The second approach was to include the results;df

J
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Table IV.6. Distribution of multgiple biopsies in cases and controls
Biopsy Number Controls
Number Percent - Numberx Percent

One R 0 0 1 1.1
Two - 15 31,9 68 72.3 .
Three i0 21.3 16 17.0
Four ] 14 29.8 8 8.5
Five 8 17.0 1 1.1

»

2



FIGURE IV.1.
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This figure illustrates the frequency distribution of
specific types of HPV in the index biopsies of cases and
controls. Although the rates of positivity for specific
HPV were different, Chi-square analysis showed that this

difference could be accounted for by samplihg variation.
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* - ,FIGURE IV.1 DISTRIBUTION. OF SPECGIFIG HPV
SEQUENGES IN INDEX BIOPSIES
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all the hiopsies in order to controM™ for the possible distorting

effec€ of sampling.ovef_time{ In the latter approagh, appropriate

steps were taken to adﬁust for the difference in the ‘number of
b} .

biopsies between cases and controls. . -

IV.I.3.2. Occurrences of HPV sequences in cases and controls.

IV.I.3.3. Occurrences of HPV sequences in the matched index

. biopsies &ases and controls.

-

The occutfrences of HPV types in the matched 1nda&,b10p51es of

cases and controls are illustrated in Flgure IV.1. It is seen that

6:4% of cases and 3.2% of contro;s_contained HPVlB sequences; 8.7% of
cases and 2.2% of controls contained HPV6/11 sequences; 12.8% of cases
and 10.6% of controls contained HPV16/33 sequences and 14. 9% of cases
and 13.8% of controls contalned any HpPV sequences

‘The occurrences of spec1f1c HPV types in cases and contqp

r

accordlng to grades of CIN, were dlfferent at the time of enrolme t.'

-

Five percent of samples from CIN 2 lesions and 5. 35 of samples from

ﬂT/CIN 3 lesions contained HPV18 sequences *By .comparison, only 6.6% of

samples from CIN 3..1e51ons contalned' HPV6 /11 - sequences. The,

occurrences of HPV16,/33 sequences wete found to-be 4% in samples from

CIN 1 lesions; Ss 1n those from CIN 2 le51ons and in 14% those fro;‘
CIN 3 lesions. The @Fcurrences of all HPFV tybes steadily 1ncreased as
the severity of the CIN lesions increased. Thus, they were found to
occur in 4% of samples from CIN 1 lesions;*in 10% of samples from CIN

.');J

2 lesionstand in 17.2% of samples from CIN 3 lesions.
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This figure illustrates the frequéncyhs}Ftribution of
specific types of HPV in all the preinvasive biopsies of
cases and toqtrols. Although the rates of poéitivity”
for specific HPV were different, #hi-square analysis
~ showed that this difference could be accounted for by

* sampling variation. -
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IV.I.3.4. Occurrences of HPV sequences in all the preinvasive

biopsies of cases and controls

The occurrences of HPV types in all the available preinvasive
biopsies of eases and controls are illustrated in Figure 1v.2. It is
seen that 8.5% of cases and 3.2% of controls: contalned HPV18 sequenc-
es; 8, 7% of cases and 2.2% of controls contained HPVG/ll sequences;
23.4% of cases and 10.6% of controls contained HPV16,/33 sequences and
25.5% of cases and 13.8% of controls contained any HPV sequences

.The occurrences of specific HPV types in cases and cbntrols:
according to grades of CIN, were different at the time of enrolment.
Ten percent of samples from CIN 2 lesions and 5.3% of samples from CIN
3 lesions contained HPV1E sequences By compaé&son, only 6.6% of sam~
ples from CIN 3 lesions contazned HPVE /11 sequences. The occurrences
;of HPV16/33 sequences were found to be 8% in samples from CiN i
lesions; 10% in those feoﬁ CIN %%lesionskend 17.2% in those from CIN 3
lesions. The occurrences of all HPV types steadilu increased as the
severiti;?f the CIN lesions increased. Thus, they were found to.occur
in 8% © samples from CIN I lesions; in 155 of samples from CIN 2
lesions and in 20 436 of samples froﬁiCIN 3 le51ons

The comparison .of HEV rates in the index b10p51es w1th that in
the multiple biopsies is also shown in Table IV.7. It is seen that
rlncreased sampling over time led to a moderate 1ncrease in the detec-
tion rates of HPV 18 and HPV16/33 However, the detection rate for
HPV 6/11 remained the Same by both sampling procedures. These obser-

vations indicate thatn occult HPV infection or intermittent  HpV
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Table IV.7.. Comparison of HPV prevalence rates in the index biopsy

and miltiple biopsies of cases and controls

HPV type Index biopsy Multiple biopsies
CINI CINII CIN III CINI CIN IT CIN III

(Percent Positive) (Percent positive)
6/11 0 0 6.6 0 0 6 .6
18 0 5.0 5.3 0 10 5.3

i :
16,33 4 5.0 14 8 10 0 17.2
HPV 4 10 17.2 8 15 20.4
/’/

w0
o | !
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Table IV.8. Comparison of HPV Sequences in the case-cont/rol

and the prevalence study ' \

e
Wt

Popula~ Disease Mean yr Mean Mean yr HFV1B8  HPV6 HPV16/33 HPV

tion of birth age of diagn (% positive)
Case- '
coentrol CIN I 1941 35.6 1977 0.0 0.0 -1-8:¥ 8.0
CIN II 1931 41.8 1977 0.0 0.0 »-10.0 15.0
. *  CIN III. 1946 36.6 1981 5.4 6.6 "17.2 .. 20.4
: all CIN - 1939 ' 38.0 1978 5.0 4.4 «*14.5 17.5
invasive 1939 38.0 ‘197# 0.0 0.0 0.0 0.0
Prevalence .
‘ CIN I 1955 °  32.0 1987 11.0 9.0 27.2 27.0
CIN II 1953 35.1 1987 11.0 11.0 - 40.4 48.0
CIN III 1957 30.6 1987 9.0 7.0 53.5 56'.0
all CIN 195 32.1 - 1987 10.0 B.8 37.6 46.2
‘Invasive 194 47.0 1985 6.6 9.0 25.0 28.0
- i \
\
- 4
\
ok
V(. .
~ y
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expression was probably more common with HPV 1‘8 and HPV .16/33 than
with HPV 6/11.

) 4
IV.I.3.4. Comparison with an external referrent group.

The . reports on prevalence of HPV have been found to vary

widely according to disease type ‘and geographic locations. However,

the currently published observations are _derived. from undefined
populations using unvalidated assays (Munoz at al., 1988). ’'In the

pregént study, the possibilty of variation in HPV rates with time was

compared in the same population and the use of the tissue in situ

hybridizati’on‘ assay which has. been previously validated (Caussy et

al., 1988). For this‘mrpose, the L’madjusted, overall rates of HPV in

‘the cases and controls were Eompared with the HPV rates in the general

populations from the. prevalence study of section. I1.2.3.3, The

results of such a comparison are shown in Table IV.8. In both popula-

tions it was seen that the prevé{lence of any HPV tested showed"'a .
similar trend of inpcreasing rates with increasing severity of CIN
disease. Furthermore, the most prevalént.-HPV types were |HPV16/33 in
both -populations. However, the overall HPV rates for the cphse-control |
subjects were signifirantly lower than t'hose for sthe prevalence ones,
At least four possible explanations can be advanced rfor this observa-
tion. This could be due to an age effect, a cohort effect, a‘}period

effect or a decay of the detectable HPV sequences during long-term

' stofage of thHe tissues.

-
L&, )

“An.age effect is present when the HPV rate varies with the age

[
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of the _patients, irrespective of the. year of b’ig Log-linear
_rnodellmg showed that there was no s:.gmflcant effect of age on the
prevalence of HPV, conflrmmg the observation made’ from the prevalence
ustudy of section 11.2.4.1.

A cohort effect is present Awhen HPV rate varies by year of
birth, regardless of age. It is segn from Table Iv.8 that for the
case control study, the average year of birth for patients with CIN
dlsease was 1939 whereas the correspondmg cnie for the prevaléme/
study was 1955, 'I‘hus, a cohort effect could be a, 'poe51b1e
explanation, _ ¥ | . . _ J

A i_)eriod effect is present when the HPV rate varies by
calendar year of d1agnos:.s (perlod), 1rrespect1ve of age or year of
' bJ.rth Table 1IV. 8 shows that for the case control subjécts, the mean
year of CIN olagn051s was 1978 whereas the co?réponding one for the
prevalence subjects was 1987; Therefore, a period effect could also
explain the observation. iiowever, the possibility of a joint cohort:
and period effect cannot be ruled out. It is interesting to note that
a previous ecologic study to determine the time trend prevalence of
HPV did not observe any period effect (Armstrong et al., 1986). The
latter study relied on the use of koilocytes as a marker for HPV
infeotion. However, }suoh markers are relatiwely 'insen(sitive |
indicators of specific HPV infection.

Storage of formalm—flxed biopsies over the years could.
potent:.ally lead to a significant loss of HPV sequences ©If this i%

true, then the detectable rates of HPV for the case—control subjects

is bound to be loweq{;., than that of the general popula&mn because the

-
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tissues for_the case-controls gubjects were stored for a peried of

approximately ten years.

IV.II.0. Subgroup analysis of HPV and other exposure factors,

In order te investigate whether the occurrences of HPV
sequences were unevenly istributed orer the various démograph?é and
exposure variables,a,suzgroup analysis was undertaken. The results
of such an analysis are shown in Table IV.9. It was seen that HPV1S
was significantly associated with progress1on to 1nvaszon in women who
were pregnant after age 18 (p 0.044); had less than 9 pap smears (p
= 0.009), and used.contraceptlves for_l to 5 yeérs.(p = 0.002). By
contrast, HPV 6/11 sequences occurredﬁﬁore frequently in smekers (p =
0.654); in women who were pregnant after age 18 (p = 0.009) and, those
who used orel contraceptives for 1 to 5” years k(p = (.000).
Interestingly, HPV16/33 sequences were signiﬁieahtly aesociated with
women who used oral contraceptlves for 1 to 5 years (p = 0.008).
However, nd great - blologlc importance can be attached £o these
associations since relevant demggjlphlc informations were m1551ng from

over 50% of the control subjects
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Table 'IV.9. Subgroup analysis of occurrence of HPV with other risk
, factors in 47 cases and 94 controls.
e .
Factor value  HpV type Case/ Fisher’s p values
- Control  Exact Test .
Smoking no 18 3/2 1.175 0.278
‘ 6711 2/1 1.122 . 0.289
> 16/33 171 1.378 0.240
» yes 18 3/0 2.714 0.099
" 6/11 4/10 3.705 0.054
16,33 . 8/5 0.137 0.711
Age of ' :
pregnancy < 18 18 2/0 0.1885 0.170
6/11 2/0 1.870 0.171
16/33 3/3 0.042 . 0.88
> 18 18 5/1 4.045 o 0.044
6/11 570 6.735 - 0.009 "F‘f
16,33 118 2.000 0.157
) 4 pap smear 0 - 8 18 5/3 6.795 1 0.009
. 6/11 . 372 3.466 0.063
j ‘ 16,33 9,17 1.969 0.16l
- i > 8 18 . 3/0 1.587 £ 0.208,
- B/11 2/0 1.833 0.176
: 16,33 4.0 1.1000 0.294-
. A - ‘ ,
Duration of contra- . ;
: ceptive use 1-5 yr 18 8/3 9.226 ORZ
' . 6/11 9/2 13.411 0.000
- . 16433\ 17/17 7.012 - . 0.008
| \ : . >5 yrs 18 10. . 1.09 0.296
‘ . . 6/11 0,0 ' not computable
16,33 1/11 0.000 - 1.000
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Iv. III 0. Determining the predict1ve'values of particular HPV to

“_f .answer the main research question

IV.III.1 Chi-square analysis on the matched index biopsies of cases.

and controls _ ' f“*\:)
‘ﬁ . The main research question of the case control study design

was to determine whether the rates of partlcular HPFV occurrences in
the preinvasive b10p51es of cases were 51gn1f1cant1y higher than those

in the controls. $ubstant1at1ng this hypothesis would enable one to

conclude ngther the presence of specific HPV sequences is likely to

be predictive of invasive cervical cancer'onset. The hypothesis to be

rejected was H, : of no difference in the prevalence rates of specrflc

HPV in the/faﬁes and the controle‘ ‘As explained in Chapter III, the -

test statistics was the chJ.—square for d1str:.‘butlon of HPV m the

c;;es and the controls. 1In order to maintain the matching scheme of

the deEan the appropriate matched ¢Sets were used for compyting the

chi-~square statlstlc by the d&nymn Likelihood - Method (Bresloe and
aDay, .1980) ' -

The results of the chi-= square analysls,gg the matched index

" biopsies of cases and controls are summarlzed in Table IvV.10. It 15

seen that values of the chl—square statlstlc were not s1gn1f1cant for
\ ,
any of the HEVg tested Henge, the chi- square}analy51s did not perm;t
¥
the null hypothesis to be rejgcted. This observatlon translates 1nto
P~

no detectable difference in the HPV‘brevalence rates between the cases

and the controls. In turn, this indicates that partlcular‘HPVs could

-

—)

+
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Table 1v.10. Stmmary of ch1 Square analysis for detemmmg
the predlctwe values of spec1f1c HPVs in the index bmps1es
“ of cases and controls
HFV type Matched chi squares p values
HPV 6,11 - 2.922 0.096 &
HEV 18~ 1.24 0.88
_) }
. o
HFV 16,/33 0.1398 "0.708
Any HPV 0.3052 0.586
>
L4
B
.
TP



q-‘.-\
- Al

177
not be predictive of invasive cervical onset in the sample of

population that was investigated. "

IV.IIT.2 Chi-square analy51s on the all pre—1nvasxve b10p51es of

cases‘and contrgls

- e

The results aﬁ section IV.I.3.1' indibated that testing a.

single blopsy for HPV may sllghtly underscore the p051t1v1ty of the

tlssue in situ assay. To cvercome such possible bias, the predictive

values were re—determlned on all the avallable pre;v;7s1ve biopsies.

The crude chi-square values are summarlzed in-Table 11. The values

of tﬁe chi-square statistic 1nd1cated that the prevalence of HPV16/33

, sequences was, 31gn1f1cant1y different in the cases and the controls (p

r= (), 0387) Hence,mln this 1nstance, the resulks permltted the null

,f“P—-;;Esth951s to be rejected in favour of the alternative hypothe51s By

7 i ‘
contrest, for HPVG/ll, HPV18 or all HPV combined, the chifsquare

analysis supported the. null . hypothesis of no association betwéen
: 3

" _‘'exposure to specific HPV and ‘the onset of cervical ‘cancer. This

translateé into ro detectable difference im the prevalence rates of

HPV between the case$-and the controls.. .

Although °"the above crude chi-square test “indicated that _

. : ' : G
particular HPVs  could be ‘predictive of cervical cancer, this
-y

conclytion may be invalid because of the'uneveQ%number of biopsies in

the cases and controls. The first attemp®) to adjust “for the
difference was to ‘use the Mantel—Haenszel chi-square “test fter

stratlfylng on two groups of patients. One group con51sted of patlentsa

oy
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Table IV.1l. ,Summary of unadjus;ted chi square analysis for

determin_ing the predictive values of -sped,ific HPVs

in all the preinvasive biopsies of cases and controls

‘u
-

T
HPV .t},.fp:e' 5 _Matched.chi squares . ‘ p values
 HBV 6/11 3.114 - :h_ 0.0780
HPV 18 | 2.70 - 0.0918
HPV 16,33 , 4.27 0.0387
Any HPV \ 3.64 | ~0.0563

v
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with one to three ‘biopsies and the second group consisted of patient
with four to five biopsies. The results are summarized in Table

Iv.12. | It is seen that after such adjustment,‘ the nbll hypothesis
| could not be rejected for any of the HPV tested. A direct corollary
of these observations was that none of the HPV types could be predic-
tive of cervical cancer onset for the -safmple of patients ehat was
investigated. AHou{ever, the 'validify of the stratified analysis in
£h?"5. instance could be questioned due to less than 5 subjects in some
of the strate used (Kleinbaum and Kupper,1982). To overcome this
problem, the number of biopsies was adjusted by means of the loglstlc
regress:.on technique which can control for possible confounders in a
moderate sample 51ze The chi-square statlstlc was again computed by
the maximum llkellhood estimate  (Breslow and Day,1-980'). The results
~are smnmarized in'Teble IV.13. It is seen that after such adjustment,
the null hypothe51s could not be rejected for any of the HPV tested,
Thls translates mto no detectable diffefence in the HPV _brevalence

6‘11
ra_te_s between cases and -controls A direct corollary of this

observatlon was \that none of the HPV types could be predlgtlve of . -
cerv1ca1 cancer onset on the sample size of patients 1nvestlgated 9
This observation conflrmed the f1nd1ng of the stratified analysis and i
Athat obtamed from the matched index biopsies. Fu-rtherx\nore, it
demonst'_.rated'the _fact_: that unadju'sted- 'number_ of biopsies was acting as

a confounder accounting for the elevated chi-square.
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Table IV.13. Summary of adjusted chi squar:e analysm for detennining
the predlctwe values of specific HPV's

HPV type Matched;chi squares- - . P values
HPV 6/11 - 3.26 _ o 0.079
HEV 18 0.526 - | ) 0.468
HPV 16/33 ™.9016 0.167
Any HPV

1.009 - | 0.315
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IV.III.1l. Risk estimates for various HPV types and cervical

cancer on the matched index biopsies.

'I‘he failure to deteot a significa@)/difference between ‘the
rates of detectable HPV 1n cases and controls may be.due to the small
sample size and the llmlted power of the study., A useful: parameter to

‘estimate the strength of the association between an exposure ‘-vanable
and an outcome variable is the relative risk (Cole,1980). This para-
meter can be 'ekpressed as ao approximeted. odds ratio which is defined
as the ratio of the per:son exposed to HPV having cervical cancef
versusizlnon—exposed ‘person haV1ng the dlsease The null hypothe51s to
be rejected was that ‘the relatwe- nsk for exposure to HPV and
cervical cancer was 1.0, i.e. there was no increased risk between -
exposure to spec1f1c HPV and incurring cerv:Lcal cancer., A s:.mllar#
strategy to the chi-square analysis. was adopted for .the risk estlmate-
The results of the matched ‘index biopsies were flrst analyzed followed
by the results on all the preinvasive blopmes "~ Adjustment’ for the
dlfferences in the number of biopsies was done by ‘the conditional.
' regressmn techmque, using the MCSTRAT procedure of the SAS package.
The results' of the relatlve risks on the index blopsms,
estlmated separately and 1nd1V1dually by unlvarlate technlques, are
summarized in Table IV.14. It is seefi that relative rlsk values of
greater than one were associated w1t_h the HEV 6/_171 and HPV 18;
however, for HPV 16/33 or any of the genotypes of HPV that were tested

the risk was close to unity. Hence, the null hypothesis could be

rejected for HPV 16/33 ot any HPV. The precision of the relative
u - '
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Table IV.14. Summary of relative risk estimates for specific HPV's

and cerV1ca1 cancer in the index b10p51es

of cases and controls _

-

" HPV type - . Matched * 95% Confidence
' : : Relative Risk L Bounds
HPV 6/11 © | 6.95 0,75, 64.17
HPV 18 - B TR 0.32, 43.44
HEV 16,33 : 1.23 O 0.42, 3.62
Ay HBV . - | ©1.05 : : .'0.35,- 3.16

N
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’

‘risks estimates was measured by computing the 95% confidence
intervale. Thé lower 95% confidence limit of the relative risk for
HPV 6/11 was 0.75 and the upper 95% confidence limit Qas 64.17; the
corresponding ones for HEV lé were 0.32 and 43.44 respectively, while
those for HPV 16,33 were 0. 42 and 3.63 respectlvlyly These w1de/
confldence 1ntervals reflect the imprecision of the estlmates derived.

~—

from the small sample size of thlS study. -

-~

IV.III.2. Risk estimates for variods HPV types and cervical cancer

on all the preinvasive biopsies
e o . . .
The results of the risks estimates obtained from all the
prelnva51ve bloples of the cases and controls’ are summarized in Table
IV.15. It is seen that. relatlve risk associated with the HPV 6/11

remained the same whereas those associated with the remaining HPVs

were raieed. The relative risk for HPV 16,33 was 2.89 that for HPV 18 -

was 5.86, and that for all HPV. types was 2 60 TheSe results enabled
.the null hypothesis to be rejected in favour of the alternatlve
hypothesis. A direct corollary of these observatlons was that there
- was an increased risk of incurring cervical cancer if partlcular HFV
sequences were present in the CIN lesiong, However, the values of
the 95% conf1dence 1ntervals for these risks were wide and reflect the
degree of uncertainties in estlmatlng the risks. The relative risk
p .

estimate for any HPV was relatively more precise than the rest because

it had the narrowest 95% confidence intervals of 0.95 to 7.45.

-

~
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Table IV.15. Summary’of relative risk estimafes '

~ for specific HPV and cervical cancer in all

L1

the preinvasive biopsies of cases and controls

d\-
' \ ‘ ' 95% Confidence
HPV Type Methed \’ Relative Risk Bounds
~ - =
HPV 6/11° Crude* 4.29° 0.75, 24.33
Adjusted+* 2.19 0.39, 12.43
HPV 18 ~ Crude 5.86 0.59, 57.43
Adjusted 1 2.45 0.22, 27.50
HPV 16/33 Crude 2,89 1,10, 7.96
' Adjusted 2.34 0.70, 7.86
HPV Crude 2.60 0.95, 7.45
Adjusted 1.87 0.55, 6.28
*  Unadjusted risgk, irréspective of biopsy number per cases and’
contiols, ‘ : : o :

L2

Adjusted for differences in the number of biopsies between cases
and controls. : . o

i
7

&
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The observed elevated risks éould }Ee- dué, to the unequél
distribution pf biopsies in cases and controls. Ehis difference was
adested by bartitioniné the number of biopsies into three-strata and
the usé-éf conditional regression technique. Based on the freqﬁeﬁcy
distribution of Table 1IV.6., the first stratum consistedIOE 1l to 2
biopsies;_the.second stréEUm, of 3 biopsies and the third stratum, of
4 to 5 biopsies. As shown in Table IV.15, Eﬁe overall relative risks,
~ “after adjusment for all strata, were 2.19 for HPV 6/11; 2.45 for.:HPV.
~18; 2.34 for HPV 16,33, and 1.87 for é%} HPV combined.'The coméutation
| of the 95% confidence intervals indicatéd_that the risk estimates were
highly imprecise for HPVE/ii and relaiively leés‘ imprecise for
combined HPV. A comparison 'of the crudé relative risks and the
adjusted relative risks shows that the risks estimated by the two
" methods were not equal for HPV 6/11, HPV 18 and any genotypes of HPV.7f
Hence thg fumber of biopsies €onfounded the relative risk estimate for

cervical canéer and HPV 6/11, HPV.18 and any genotypes of HPV. This
confounding was_ﬁbt observed for HPV 16/33 as the risk estimates were
the same before or aftereadjustmentf

IV.III.3. Multlvariate analyses. - '

The risk estimates'ﬁy using, separate HPV regreésér variable

indicated that a cisk‘ﬁf above 1.0 was associated with all of the HPV

. types. " To determine the possible independent prognostic effects of
each type of HEV type a conditional multivariateVlogistic'regressipn

technique was employed (MCSTRAT, SAS, Institute Inc., Carey N.C.).
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Table IV.16.

Summary of multivariate'analysis to determine the

relative risk of specific HPV’'s for cervical cancer

AN

HPV type . ' Matched . 95% Cohfidehce'
. Relative Risk Bounds
HPV 6/11 16.69 0.78, 356.5
. 4 HPV 18 | © o0.1883 . 0.01, . 4.95

HFV 16/33 : 2.21 0.58, 8.42
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However, if a high degree of colinearity exists between the regressor
variables this may undermine the multivariate analysis (Breslow and
Day, 1939). ' %n analysis for the most common combinations of HpY -
occurring together revealed that of the subset of 18.5% of patients
thae was positive for any genotypes of HPV, 12.3% of specimens
coﬁtaineq'_only HPV16/33-_whereas . 2.2% of samples concomitantly .
contained HPVB/ll; HPV16,/33 end HPV1B. By contrast, 0.7% contained HPV
16/33/18 ' 0.7% contained, HPV 18 only and 0. 7% contained HPV 6,11 only
Thus, no high degree of collnearzty existed. The results of a full
- model 1ncorporat1ng all HPV variables are showh in Table I?Qi?. It is
seen that the values of the adjusted relative risk for HPV 6/11 was
16.69 and that,forvHPv16/33 was 2.21; however, the risk essociated
with HPV18 was reduced to 0,1883, It was concluded that the’original
observed effect for HPV 18 was probably due to the small number ofi
p051t1ve samples that were also correlated w1th HPV16,/33 p051t1v1ty
The imprecision of the relative rlsk estimate for HPV&/ll was. agaln
reflected by the wide 95% confidence interval of 0.78 to 356.5. By
contrast, the estimate for any HPV was more precige since the 95%
confidence interval was from 0.58 to 8.42. The results of the
miltivariate analysis thus indicated that HPV16,33, and possibly HPV
6/11, were more prognostic of,cereicalh;ancer onset than HPV 18.

IV.IV.0. Discussion \.
««  The primary aim of the case—contfol'study was to determine. if

particular type of HPV could be predictive of invasive cerVical‘Cancer
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v

onsec. Towards this end, a retrcspectlve case-control study, _
L consmt:.ng of 47 cases and 94 matched controls, ‘'was conducted in

patients derived from the Cancer Control Agency of British Columbla

(CeRBC). . ) | . -{' . ~ .

The main hypothesis was that particular HPVs are predictive
of invasive cefvical cancer, hence cccucring at hfgher frequency in
the preinvasive biopsies of cases than in those of controls. The
results of this study indicated that the nul%_ hypothesis of no

- - bl
difference in the HPV prevalence rates of cases and conétols could not

~be rejected for any of HPVs that was tested. Hence, the alternative
hypothesis could not be accepted However, this study also enabled.
one-to estimate the excess risk associated with partlcular HPV and CIN
lesions that are likely to become invasive. The the null hypothesis
was that the relative risk would be 1.0, in contrast to the altefna%
tive hypothesis of the relative risk being gréater than unity It was
observed that ‘the presence of HFV 16,33 and 6/11 was associated with
‘excess risk for cerv1cal cancer because the values of the relative
risks were hlgher than unity. 'ﬂHence, in this 1nstance, the null -
hypothe51s cculd not be rejected leadlng to acceptance of the
alternative hypothe31s Furthermore, these relative risks increased
in values as the number of biopsies tested increased. Multivariate -
analysis to determine the felative prognostic value of individual
HPVs showed that the risks associated 'with HPV 16,33 and HPV 6/11\,»
per51sted whlle that associated W1th HPV 18 disappeared. Thps, it was
concluded that HPV 16,33 may be more prognostic of ceryical cancec_

~onset than HPV 18. However,in the case of HPV 6,11, it could"not_be
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unequivocally determingd whether the risk was genuine or spyrious.

The number of sample being positive for this virus was small and zero

1

yalue existed in ‘some of the strata that was used for the ﬁultivariate

[
AR
‘n.

analy51s, this could ea51ly lead to statlstlcal artefact (Breslow and

Day, 1980) .

2l
Y

w L

IV.IV.2. Limitations of the present study design

r

e There are two ma1n sources of alfflculty in interpreting these
- data. The first is a diagnostic one due to the biology of the virus
and the second is an epidemiologic one. The diagnostic one concerns
the validit§ and reliability of the assay used to measure exposure to
'HPV. The epldemlologlc llmltatlons are due to. the effects of play of
‘chande? when ‘only small number of events are studied and the -
incompleteness of the available demographic data on many patients.

- IV.IV.2.1. Diagnostic considerations

. . _ -
The ascertainment of exposuze to particular HPVs was done

by. the tissue in situ h&briqizatien technique. The validation studies
of section I1.2.4.1., on colposcopically_eirected biopsies obtained
fromithe target population, revealed that the assay.had an overall
sensitivity of 46.3% in detectlng HPV sequences in CIN lesions ang a
specificity of 88%. 1In order to estlmate sampllng variation, multlple

biopsies from the same patlents were examlned In—the prevalence

study, - it was observed that, when_tgoPSLes were taken.at the same -
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time, " the first biopsy was positive in 46% of the samples and the
eubsquent,biopsies'were positive in only 22% of the samples. . This
was probably due to the fact that the biopsies'were colposcopicaily
- directed and overt HPV lesions were likely to be captured in one

sampllng However, 1n_ the case-control study, very few of the
biopsies were colposcopicallyidireeted. Hence, a focal lesion could
have been missed. Furthermore, in the case—control study, analysis of
multiple biopsies collected from the same subjects over a period of 2
‘to 5 yeare showed that the detection-rate increased from 13.9% for the
first two biepsies to 24.5% for the ‘subsequent biopsies. This
“probably reflected the pattern'of virus expression or shedding from
occult HPV lesions (Nuovo et al., 1988). Hence, the biology of these
viruses may preelude_their eccurate detection.

"The rate of detecting HPV sequences in the case-control study
~was considerably lower than in the prevalence study. _While tﬁis ‘
difference is compatible with f’%Stort or period‘effeet, a limitation
of the assey cannotqbe unequivocally ruled out. It is poss1b1e that
longer storage of biopsies of the case-controls subjects led to a loss
of detectable HPV sequences. In order to qlnmmlze any inter-batch
veriation in the assay, the cases and the‘centrols were tested in the
same batch. Nonetheless, inter-batch variation between the prevalence
stuay.end the case¥control‘study is still a conceivable possibility.
Howeverpxihe reactivity of the positive controls (standards) in all
the batches renders this possibility rather remote. '

| -Taken together then, the inherent l1m1tat10n.s of the assay

“could partially account for the%failure'to detect a difference in the
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prevalence rates of cases and controls. Such an’ effect could be due
to misclassification of the wupv exposure status. However, such
misclassifications are likely to affect cases and controls‘equally and

therefore could not exclusively explain. the results of this study.

IV.IV.2.2, Epidemiologic Considerations

-

. The major sourceé of errors in 'studies. of this type are:
~ chance; biases in the selection of cases and'controls; bias or éeneral
inaccuracy in the ioformation about the patients medical history and
confounding. A

The pIay of chance can affect the findings of this study. As
explained in sectron III 3 2 of. chapter two, there are two main types
of errors in a hypothesis testing study. Jn_a type I error, one
rejécts a true null hypothésis and in a type II error, one -could
accepts a nulf hypothesis that is not troe.~.

' Type I error, usualiy called the significance.of the test is
commonly due to small sample size and random variation in ﬁampiing.
In the present stud&, caseo and controls were chosen from the same
sampliﬁg frame. Except for potential confounders, cases and controls
were unlikely to héve different likelihood for exoosure to HPV. The
null hypothes1s of no difference between HPV prevalence rates of cases
and controls could not be rejected for any of the HPV at a significant
level of 0.05 and a one tail probablllty. The probablllty‘of this
béing the correct decision was 92% for HPV6/11; 83% for HPV 16/33; 47%

for HPV18, and 68 % for any UPV. Hence, it is seen that the play of

N

]
a .
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.chanee on a small -sample size could account for the failure to teject
the null hypothesis. However, for the null hypothesis of no increased
risk in incurring cervical cancer and exposure to HPV at the preinvas-
ive stage, the relative risks value indicated that the null hypothesis
could not be rejected at a significahce level of 0.05, with a one tail
probability test.

Type II error is usually due to insufficient sampie size and a
high exposure rate to HPV in the control population. The power of a
test predicts the certainty with which ehe can accept-the alternative
hypotheSis as beiggjtrue. With the sample size.of 47 cases and 94
matched controle and the various exposure rates to specific HPVs, this
study had only 60% poweplto detect the projected difference in the
prevalence rates of HPV16/33 between cases and‘contfols. It had less
than 50% of power .to detect a similar difference in the prevalence
rates of HPVE /11, or HFV18 (Fleiss, 1981). Hence, it is not surprising
that the null hypothe51s could not be rejected in this. study.

| -The present study had 60% power to detect a relative risk of

2.5 for HPV16/33 and 803 power to detect risk of greater than 3.5 for
HPV18 and ﬁva/ll (Breslow and Day,. 1987) These risk estimates were
reallzed by univariate conditional logistic regre551on technlque, |
however, the 95s confldence intervals 1nd1cated that these risks
-estlmates were hlghly imprecise. Thus, the most imprecise estlmate,

after adjusment for the number of b10p51es was that for HPV 6/11 with

“'a lower 95% confldence interval of 0.39 and an upper 95% conf;dence

interval of 12.42 Therefore, it is 11kely that the risk associated

with HPV6/11 was a statistical artefact due to the play of chance on
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the small number éf saméles being poéitive for this virus. By
contrast, the lower 95% confidence interval for HPV 16,33 was 0.70 and
the ﬁppe; confidence interval was 7.86, and the most precise estimate
was for any HPV with a lower 95% confidence interval of 0.55 and an
upper 95% confidence interval of 6.28. Hence, the relative risk
estimates for these viruses appear relatlvely more reliable,

Selectlon b1as occurs when cases and controls are assembled
from two different sampling frames (Sackett 1979). " In the” §ent
study, both cases and controls were derived from the reglstry of the
CCABC that serves patients in the entire Province of British Columbia.
The composition of this population has been detailed by Boyes et al.,
(1982) In 1969, the proportlon of women ever screened by the Agency
was assessed to be approximately 78% of all women over the age of 20
In 1983 it was estimated that 48% of the female population of B.C. was
screened annually (CCABC annual report, 1983). Out of approximately ~
. 3400 patients that werE'freated for invasive cefvlcal cancer ovef the
past 20 yeafs, only 108 (3.176%) eligible cases_ﬁere found. Eligible
case and controls not included in this study were excluded Ebr diverse
- reasons such as unavailability of preinvasive biopsy containing.CIN
lesions; misdiagnosis or move away from the region. It is unlikely
‘that such reasons led to any substantial dlfference in the exclusion
of eligible cases .compared with controls. Furthermore, ‘fhe
combarabilitx of ‘cases and controls was ensured by matching for grade
of CIN lesipﬁgband year of diagnosis. This matchihg'could control for‘

a cohort or a period effect in the prevalence of HPV. Comparison of

the HPV rates in the subjects from the case-control study with that
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from the general population of the prevalence stody showed that the
rates of HPV were not similar. This lack—otncohparablllty could be
explained By a cohort or period effect, although a previous report
has not documented this phenomenon (Armstrong et al., 1986).

Alternatively, in trying to achieve cooparibility‘of cases and
controls in this study, the design might have resulted in over-
matchlng. Based on the ev1dence reviewed 1n sectlon I.2.0 of ohapter-
1, it is plausible to arque that the factors which cause CIN will also
likely be causative for invasive cervical disease, A prevalent view
among pathologists is that CIN is caused by HPV'(Koss et él-r 1987;
Richart, et al., 1987).. Thus, by matching on grade of CIN, 'the‘.
exposure rates to causative HPV would have been equalized leading to
overmatching If true, thlS could also explain why no 51gn1f1cant
difference in the HPV prevalence rates could be establlshed between
the cases and the controls.

Information bias is due to general inaccuracy in measurement.
To avoid such potential biases a structured questionnaire waslused to
collect demographic informations from the patieots orﬁtherphysician's
office. In order to avoid any diagnostic suspicion bias during the .
reao:ng of the tissoe ig situ assay, the identity of the cases and
controls were'conCealed frgm the raters. Finally, as elaborated in
‘cection iv.rj.z.l, misclaseification of HPV exposure due to limitation *
of the assay, though possible, is unlikély. _

| ' One situation where confounding may occur is when cases and
controls are chosen froh two populations that differ on domains other

than HPV exposure. Factors such as age, severity of disease, type of



C e

196

treatment and sexual life-styles could all'potehtially confoﬁnd the
finding of this study. As already mentioned, the severity_of.CIN
disease was controlled for by metching, a process which also resulted
in a fairly close match on thé‘aée of the patients. Similérly, the
treatment oﬁ'the cases and controls with respect to conization was not
significantly different. However, the unknown differences in the sex—
ual behaviouf of the subjecte remained a major potential eonfounding
factor. |
varieus epidemiologic studie? have shown that the attributes
which predispose a woman to cervical cancef’are eerly age of coitus
‘and numher of sexual partners (Rotkins, 1973; Kessler, 1981). Age of
first coitus could not be-directly estimated in this study. When age
of fifst pregnancy was used as a surrogate to estimate age of coitus,
‘it was observed that the cases were more likely to be pregnant at an
earlier age than the controls. However, eﬁch information was missing
from about 53% of the controls, making the validity of any such
conclusion questionable. An éttempt to estimate the probable number
of sexual partnefs was made by indexing on prior surname, marital
status, and other partners. However, the results were not _very
conclusive as such 1nformat10n was missing from approxlmately 45% of
" the controls. | Therefore, different sexual behav1our of cases and
controls remained the single most importaht potential confounder to
distort the-observed finding of the study{
| In the present stedy, the unequal distribution of hiopeies in
cases and controls acted as a confounder for the computation of the

chl—square statlstlc and the determination of relatlve risks. Attempt
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to control the the degree of confoundlng was done by stratified
analysis and 1oglst1c regression technique. = However, it - is
conceivable that the high risk "estimates in the stratum with 4 to §
biop;iés are due to residual confounding effect that could not be
adequately controlled by categorizing the data into three strata. The
possibility of an interactibn-between HPV and the number of biopsies

could not be explored due to the small sample size of this study.

-

Iv.IV.I. Implications for causality
* |
The conclusion of the present study that the presence of
specific HPV sequences in the preinvasive biopsies of Caées may not be
predictive of cervical cancer is corroborated by' both the current .
blologlc properties and epldemlologlc features of these viruses. For
the HPV 16/33 pair most of the knowledge is derived from studies oh'
HPV16. Héwevef, the extensive genetic similarities between HPV16 and
HPV33 (Bééudénon et al., 1986) enable tﬁem to be regarded as éubtypes
(Coggins and zur Hausen, 1979) that may share thé same biologic
properties; |
The biologic propérties of HPV16 are, compatible with its being
a pdtential oncogenic agent, albeit. an .incomplete one. Various
studies have éhown that HPV16 DNA can induce in vitro cellular
transformafion, a process tgat is analogous to tumour initiation.
Among the CEll'types which can Be‘tran5formed ére NIH 3T3 (Yasumoto et
al., 1986); primary human keratinocytes (Pirisi et al., 1987) and

primary rat cells (Matlashewski et g}!, 1987). However, other studies
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have shown that cofactors such as oncogenes (Matlashewski et al.,
1987) or steroid hormonesl (Pater et al., 1988) can enhance the
transformation efficiency of the HPVL6 DNA, Similarly; there is
evidence to suggest that HPV 6 also has potential oncogenic property.
Thus, the E6 and E7 regions of HPV 6 has been reported to transform
secondary rat embryo fibroblasts in co-operation with the v-ras onco-
gene (Chesters and McCance, 1988). Taken together, these observations
support the argﬁmeﬁt that HPV is a probable co-factor rather than aﬁ
;ndependent etiologic one in Ehe genesis .of cervicalycancer.

- The epidemiélogic evidence linking HPV to cervical Eancegthas
been'reviewed.in section 1.3.5.0 of Chapter I. Aithough.the evidence
" is ccmpelling, sefious gaps exist in linking HPVs with cervical cancer

{Munoz et al., 19885. The'pfesehce of .HPV 16 in cervical éapcers'has ‘
been demonstrated‘in virtually éll the_studie;; Howevef, éonsiderable
~variation in the rates has also been detected.' A dose-response
relationship, at .a population Jlevel, has not been):adequately
‘established (Kjaier et al., 1988). Although these viruses mostly
‘segregate in cervicalfcancers, they also.occur in other forms of
neoplasias ( zur Hausen,1985) .. Finally, the correct temp®rality for
HPV 16/33 and cervical cancer has not been established. The
~ epidemiologic evidence implicd{ing HFV 6/11 in the genesis of cancer
is circumstantial as HPV 6/11 have been infrequently associated with
human carcinomas. HPV 6 was 'originally isolated from ‘Condzlomé
acuminata and HPV 11 was isolated fmn; benign laryngeal papilloma
(Pfistar, 1984). Subsequently, there has been_two lines of evidence

to indicate that they may be involved in squamous carcinrmas: (a) HPV
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6/11 has been isolatéd_from 18% of invasive cervical cancer (Gissmann:
et al., 1983); from verrucous carcinoma, a non-metastasizing invasive
tumour of the cervix (Okagaki et al., 1984}; from carcinéma of urethra
in man (Grussendorf-Conen, 1986a); HPV il hgs been isolated %fﬁm
squamous carcinomas of the lung.( Byrne et al., 1987), and a subtype
of HPV 6 has also been isolated from invasive vulvar carcinoha (Rando
EE g}.,lgaé), (b) prévious epidehiologic observation has shown that
women with genital warts, now identified to be associated with HPV
6/11, have a relative ris$ of 518 for CIN disease than app;opfiately
matched controls (Franceschi gg é;;; 1983). A diréct corollary of all
these observations is that these HPV sequences per se are insufficient
to be predictive of_invasive cervical cancer, However,'taken'tbgether,,_
the evidence does not rule out a role for HEV1E,/33 and.HPV‘s/ll as a
risk factor far ce;yicél cancer. Indeed it hés been suggested that

4

HFV per se may be insufficient in causing cervical cancer and other
co-factors may be'requiredilo act in s}nergism (zur Hausen, 1982).

| The strength of the assdciation between HEV and cérvical
‘cancer, in this study, was calculated by univariate analysis after
adjusting for the number of biopsies. The values of the relative risk
wés 2.34 [95% Cr 0.70,7.86} for HPV16,33; 2.45 [95% CI 0.22,27.50] for
HPV18 and 2.19 [95% CI 6.39;12.42] for HPV6/11. These valués are
rather quest as Cole (1981) has éuggested that only relative fisk
above 5.0 may reflect a causal association in a case—control study.
Multivariate analysis showed that the relative risk for HPV 16/33 was
incteasgd to 2.21 and that for .,HPFV 6/11 to 16.69. However, the

respeétive ~confidence intervals indicated that there were less
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uncertainties associated with the rigk estimate for HPV 16/33 than
that for BPV 6/11. The wide confidehce interval for HPV 6/11 may also
reflect a statistical artefact due to the small number of samples that
was "posiﬁive for these viruses.l If the causal relationship is
favoured then, with the existence of subtypes of HPV 6 (de Villiers.gg
al., 1981;.Ranao et g}.,l986), the possibility of a prevalent onéo—
genic subtype in thé B.C. population éannpt be ruled out. Unfortunate—
;y, the fissue'ig éiég hybridization cannot distinguish between sub; A

types of the virus. =

It is équally plausible to argué that HPV 6/11 and HPV16/33
represent covaéagbles of Fexual behaviour. A number of bfevalence
studies point to the ubiquity of the HPVs in the male and the female
genitél tracts (Reid'gg al., 1987; McCaﬁcé gﬁ al., 1987; de villiers et
a., 1986; Grussendorf-Conen et al., 1986b). The presence of HﬁVs also
correlates with ﬁhe presence of other venereally-transmitged agents
(Syrjanen'gg al .,1984).‘Several consort studies have also demonsf:a—
ted that these viruses are tranémitted from female to male (Stein,
1980.}‘Levine-gg‘§l., 1984; Barroso et al.,1987). Finally, a casé—
conﬁrof'étudy to determine the risk fattors for patientslwith genifal.
candylomas has been recently published (Brisson et al ;g 1988). In the
latter stuﬁy it was found that thelrisk for having genital condylomas
increased from 1.0 to 2.0 as Ehe number of sexual partners increased
from 1 to 4 or more. If these HPVs éré'éausally associated vﬁth
cervical cancer then they must show an association much stronger than

that for other sexually transmitted agents. “Such'information was,

unfortunately, not available for all the studylsubjects,,hence this
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'argunent can ne neither refuted nor substantiated. ~Thus, compelling
as che evidence may be, the relative risk values remained confounded _
by possible differences in the sexual behav1ours of the cases and

controls.

IV.IV.3. Concluding Remarks

In response to the main research questlon, it is concluded
that this study dld not have suff1c1ent power to show that the
presence of HPV- sequences in the . preinvasive biopsies could be
predictive of invasive cervical cancer onset. Nonetheless, this study
identified a moderate risk of incurring ceryical cencer,aSSOciated
with the presence of HPV 16,33 and with HPV 6/11 in CIN biopsies. The
values of the relative risks are more'consistent with these viruses
being-a risk factor rather than an independent etiologic one. However,_
due to the small number of samples reacting to HPV 6,11 it was not
p0551ble to- unequivocally conclude if the rlsk associated with HPV
6/11 was real or spurious. In elther case, these conclusions are
potentially confounded by differences in the sexual behaviours of the
cases and controls. .
| ,Future studles, possibly using pap smears for testing excosure
to HFV is warranted If the sample size is large encugh one would be
‘able to, control for extraneous variables and determine the true
predlctlve values of these viruses Recently, a more sensitive assay
for detectlng HPV sequences in  fixed tlSSUES have been introduced

(Shibata et al., 1988). Once the spe01flclty of this assay is
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determined, it could be used to increase the detection rates of HEV

sequences in retrospective studies.

.
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