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ABSTRACT

Background: The Canadian Women’s HIV Study (CWHS) enrolled HIV-positive and
high-risk HIV-negative women in a longitudinal cohort. This analysis considered the
effects of HIVV and HAART on HPV persistence and cervical squamous intraepithelial
lesion (SIL).

Methods: Longitudinal cytopathology and HPV-DNA results were analyzed using multi-
state models. States of cervical SIL were defined as absent, present and treatment; HPV
states as negative or positive. Demographic variables and markers of sexual activity were
considered predictors. Results were calculated based on transition probabilities and
reported as hazard ratios.

Results: The CWHS followed 750 HIV-positive and 323 HIV-negative women between
1993-2002. 467 and 456 women were included in the longitudinal cervical
cytopathology and HPV-DNA analyses, respectively. HIV-positive women had
increased prevalence (46.6% vs. 28.7% p<.0001), increased acquisition (HR=2.3,
p=0.03), and decreased clearance (HR=0.4, p<0.001) of oncogenic-HPV compared to
HIV-negative women. Oncogenic HPV infection predicted progression of cervical
dysplasia from normal to abnormal SIL (HR: 2.8, p=0.002). Among HIV-positive
participants, HAART increased the likelihood of regression (present to absent) of
cervical SIL (HR: 3.3, p=0.02) and increased the clearance of oncogenic HPV types
other than HPV16 or HPV18 (HR=2.2, p=0.01).

Conclusion: This analysis demonstrated beneficial effects of HAART on cervical SIL in

HIV-positive women.
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INTRODUCTION

It is now well established that high risk human papillomaviruses (HR-HPV) are
the causative agents of invasive cervical cancer (ICC).[1-3] Twelve HR-HPV types are
identified and 14 additional types considered probable carcinogens.[4-6] In North
America, HPV16 and HPV18 are responsible for 55.2% and 21.3% of cervical cancers,
respectively, and together account for about 70% of cervical cancers worldwide.[4-7]

The disease burden of HPV is further confounded by co-infection with HIV,
particularly in resource-constrained settings. All HPV-related urogenital malignancies
(including ICC, vulvar cancer and anal cancer) are more prevalent in populations with
high HIV prevalence.[8, 9] Although studies have shown that HIVV-infected women are at
high risk of HPV infection, increased HPV prevalence alone does not account for the rate
of cervical disease observed.[9-12] It is hypothesized that HIV infection and the
consequent immunodeficiency negatively affects HPV clearance time [10, 13] and
prolonged persistence accounts for the development of cervical high grade SIL (HSIL)
and the increased risk of ICC seen in this population.[1, 9, 14-16]

Type-specific distributions of HPV in HIV-positive women differ from HIV-
negative women in that the former display a broader range of genotypes that are more
likely to include HR-types, [1, 17, 18] and be multiple-type infections. [19] New
evidence also suggests there is less association of HPV16 with cervical SIL/ICC in HIV-
positive women than the general population.[19-21] It is speculated that the natural
history and prolonged persistence of HPV16 and HPV18 could behave independently of
HIV-serostatus [22] and CD4 count [23], whereas other HR-HPV types (e.g. 51, 52, 58),
multiple types, and co-infection with low-risk types may be more prominently featured

in ICC in HIV-positive women.[19, 20]
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The effect of immune suppression on HPV infection is unclear. In some studies,
low CD4+ counts and increased HIV viral loads have been independently associated with
the incidence and delayed clearance of HPV infections, as well as with the risk of
progression of cervical SIL [11, 12, 24-26]. Since highly active anti-retroviral therapy
(HAART) is known to improve CD4+ counts and decrease HIV viral loads, it was
expected that HAART would improve outcomes of HPV infection. Patel demonstrated no
significant change in the overall incidence of cervical cancer and an increase in anal
cancer among HIV-positive individuals between 1992 and 2003, and reported that
antiretroviral therapy (ARV) significantly decreased the risk of cervical cancer but not
anal cancer.[27] Conversely, earlier epidemiological evidence has failed to show a
decrease in the incidence of ICC since the introduction of HAART in 1996.[28, 29] This
may be explained by the increased longevity of antiretroviral treated HIV-positive
patients allowing time for increased exposure to oncogenic mutations and for the
progression of HPV-related disease[9] or to increased awareness and surveillance in this

population.

The Canadian Women’s HIV Study (CWHS) was a prospective, multi-centered
cohort study of HIV-positive and high risk HI\VV-negative women conducted between
1993 and 2002.[12] The period of data collection covered the beginning of the HAART
era, enabling a unique opportunity to provide evidence-based data of the impact of
HAART on the natural progression of HPV in HIVV-positive women. The objective of this
analysis was to determine the effects of HIV status, HAART use, CD4 cell recovery and

other factors on the acquisition/clearance of HPV and the progression/regression of SIL

by cytology.
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MATERIALS AND METHODS

Participants: HIV-positive and high risk HIV-negative women aged 15-44 were
followed in the CWHS. In brief, this multi-centered prospective cohort study collected
data from 1993 to 2002 at 28 institutions across Canada. Ethics approval was obtained
from each participating institution. The cohort has been previously described in more
detail. [12]

Recruitment: HIV-positive participants were recruited from community-based or
tertiary care centers while high risk HIV-negative women were recruited from sexually
transmitted infection (STI) clinics or birth control centers. HIV-negative women were
required to have >3 lifetime sexual partners. Questionnaires, administered by study
nurses at enrollment and semi-annually, collected data on demographics, gynecologic and
reproductive history (including sexual history). For HIV-positive participants additional
questions addressed symptomatology, AIDS related illnesses, and HIV and non-HIV drug
treatments. Routine clinical HIV blood work, including CD4 counts and HIV viral load
tests, were recorded from local sources when available.

All participants were sampled semi-annually with conventional Pap cytology
and vaginal HPV testing. Cytology smears were reviewed at a central reference
laboratory and classified according to the 1991 Bethesda classification system.[30] As
per local standardized guidelines, women with abnormal cytology were referred for
colposcopy and biopsy and treatment as appropriate.

HPV sampling was conducted by use of vaginal tampons and/or cervicovaginal
lavages (CVL) and processed as previously described.[31] Sample lysates were tested for

HPV detection with MY09/MY 11/HNBO1 primers and radioactive probes for 14 types
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including 12 oncogenic types (16, 18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58) from 1994 to
2001, and with the PGMY -line blot assay (Roche Molecular Systems, Alameda,
California, US) for 27 types including 12 oncogenic types (16, 18, 31, 33, 35, 39, 45, 51,
52, 53, 56, 58, 59) from 2001 to 2003.[12, 31, 32] We reported previously a concordance
of 99.8% between these assays of genotyping results.[32]

Statistical Analysis: Patient characteristics were summarized by HIV status using
medians with interquartile ranges for continuous variables, and frequencies with
percentages for categorical variables. Continuous variables were compared between
groups with the Wilcoxon test and categorical variables were compared between groups
with the chi square test or Fisher’s exact test, as appropriate. We report unadjusted p-
values for the pairwise comparisons for the prevalence of each HPV type.

Multi-state time-homogenous Markov models were used to analyze the
longitudinal cytology and HPV results. Generally, these models can be used to model bi-
directional transitions through different disease stages by individuals over time.[33, 34]
The two basic assumptions for time-homogenous multi-state models are the transition
rate from one state to another is constant over time, and the probability of a transition
between two states depends on the time between observations, not the specific time of the
observation. We applied this modeling strategy to the progression and regression of
cervical SIL and the acquisition and clearance of HPV types over follow-up. Covariate
effects are reported as hazard ratios calculated from the estimated transition intensities
under a time-homogenous assumption.[35] Although planned, multivariate modeling

was not carried out due to the low number of observed transitions.
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Cervical Squamous Intraepithelial Lesion (SIL)

For the progression and regression of SIL we considered a 3-state Markov model.
Cytopathology results from each visit were categorized as Absent (A) and Present (P).
The Present category included atypical squamous cells of undetermined significance
(ASC-US), LSIL and HSIL. Low rates observed in each category precluded modeling a
less heterogeneous grouping. Treatment (T) for SIL and invasive cancer (IC) was a
unique absorbing state. All subsequent cytopathology results for women following
treatment for SIL were censored at the date of treatment initiation. Cytopathology results
were also censored after any non-SIL-related ablative or excisional cervical procedures
(e.g. hysterectomy for other diagnosis). Participants were included if they had at least 2
Pap test results or 1 Pap test result followed by SIL treatment. Since the actual cervical
disease status of women with an ASC-US result is unknown, sensitivity analyses were
conducted with ASC-US included in the Absent results, ie. ASC-US was grouped with
normal results, restricting Present results as LSIL, HSIL and IC.

Hazard ratios were estimated for transitions from absent-to-present states, present-
to-absent states, and from present states to treatment. The observed absent-to-treatment
transitions were assumed to have progressed through unobserved absent-to-present and
present-to-treatment transitions. That is, the probability of a transition from a normal state
to treatment was a priori set to 0.

Acquisition and Clearance of HPV

A 2-state Markov model was used to assess acquisition and clearance
probabilities of HPV over time. We considered 3 outcomes: (1) presence of 1 or more
oncogenic HPV types; (2) presence of HPV16; (3) presence of at least 1 oncogenic HPV

other than 16 or 18. Participants were included if they had at least 2 HPV genotype
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results prior to any cervical procedures including those for SIL. Only results from the
cervicalvaginal lavage samples were used and observations after any cervical procedures
were excluded.
Covariates

Variables considered for association with multi-state transitions were: HIV status;
age; ethnicity (white versus non-white); number of lifetime sexual partners (<5 versus >
5); and, for HIV-positive women, CD4+ count and antiretroviral (ARV) treatment
(HAART: yes/no). Current ARV therapy was recorded at every visit, and HAART was
defined according to the contemporary definition of 2 nucleoside reverse transcriptase
inhibitors (NRTI) and at least one of the following: a protease inhibitor (PI), a non-
nucleoside reverse transcriptase inhibitor (NNRTI), or an additional NRTI. HAART was
set to no when a participant was not on any ARV or a pre-HAART era ARV regimen.

Statistical summaries were conducted using SAS Statistical Software, version 9.3
by SAS Institute Inc, Cary, NC. Multi-state models were fit using the msm package for R

(http://www.r-project.org).

RESULTS
Study Population

In total, 1073 women were enrolled in the CWHS between 1993 and 2002.
Approximately 70% of the cohort was HIV-positive. The HIV-positive and HIVV-negative
populations differed on many characteristics (Table 1). HIV-negative women were
younger, more likely to be white, less likely to be an immigrant from an HIV-endemic
country, more likely to have a smoking history and were more likely to have ever used

illicit drugs. HIV-positive women had fewer lifetime sexual partners and were more
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likely to have one or more oncogenic HPV types detected in the first available vaginal
sample.

Among HIV-positive women, the median age at HIV diagnosis was 30 years
(IQR: 25-35) and median duration of HIV infection was 2 years (IQR: 1-5 years) at the
time of enrolment. Median CD4 at enrollment was 336 cells/mm?® (IQR: 180-515). Of the
54% on ARV (n=408), 38% were on NRTI-monotherapy, 26% were on NRTI-dual
therapy and 35% were on HAART. By the end of the study 64% of all HIVV-positive
participants had documented HAART use.

In this cohort, 307 (29%) did not return after enrolment (Supplemental Figure 1).
Only 456/870 women with at least one cervical Pap result had sufficient data for
inclusion in the multi-state model for progression/regression of SIL. There were no
clinically important differences in those excluded due to insufficient data. Only 467/930
women with at least one HPV result had the >2 results to permit inclusion in the multi-
state model for acquisition/clearance of HPV. Although no difference in the number of
oncogenic HPV types identified at their first visit, participants with insufficient follow-up
for inclusion in the HPV transition models had worse baseline cervical cytology results
and were more likely to have previous abnormal cytology results.

Demographic differences between the HIV-positive and HIVV-negative groups
noted for the entire sample were similar to those in the data subsets in the cervical SIL
and HPV transition models.

Cervical SIL

Four hundred fifty-six participants (130 HIVV-negative/326 HIV-positive) were

included in the longitudinal analysis. Median (range) follow-up was 24 (5-109) months

for HIV-positive women compared to 14 (5-51) months for HIV-negative (p<0.001).
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During ollow-up 23 (5%) women had treatment for SIL, 86 (19%) had progression of SIL
(ie. higher grades of SIL observed in follow-up), 299 (66%) had stable SIL results and 48
(10.5%) had regression of SIL (ie. lower grades of SIL were observed in follow-up)
(Table 2).

Multi-state model

The 456 participants contributed 1572 PAP results (or 1116 transitions; shown in
Table 3) to the multi-state model. The median (interquartile range; IQR) time between
cervical exams was 243 (195, 391) days; about half of the women (52%) only had 2 PAP
results, 19% had 3 results, 10% had 4 results, and the remaining 18% had between 5 and
15 results.

In univariate multi-state models, cytological progression (absent to present
transitions) was more likely among women with > 5 lifetime sexual partners (HR=1.70,
p=0.04), coincident HPV16 infection (HR=2.50, p=0.04), or any other coincident HR-
HPV other than 16/18 (HR=2.76, p<0.01). Cervical SIL regression (present to absent
transitions) was more likely among women with > 5 lifetime sexual partners (HR=2.07,
p<0.01). Transitions to the treatment state were more likely among those with HPV16
present (HR=3.21, p<0.01). HIV-positive women on HAART were found to have a
higher likelihood of cervical lesion regression compared to HIVV-positive women with
similar characteristics but not on HAART (HR=3.32, p=0.02). (Table 4)

The sensitivity analyses that grouped ASC-US within normal cytology yielded

similar results (data not shown).
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HPV

Each of the 11 oncogenic HPV types tested was more prevalent among HIV-
positive than HIV-negative women and statistically significant differences were detected
in 8 types (HPV-31, 33, 35, 39, 45, 52, 56 and 58) (Figure 1). Although HPV16 was the
most prevalent, found in 10.8% of samples, there was no difference in HPV16 prevalence
between the HIV-positive and HIV-negative women. Among HIV- positive women the
prevalence of oncogenic HPV was 39% among those on HAART at enrollment compared
to 48% among those not on ARVs or on a pre-HAART regimen (p=0.09).

Multi-state model

467 participants (134 HIV-/333 HIV +) with 1531 HPV genotype results (or 1064
transitions) were included in the model, as shown in Table 5. In the multi-state models
for acquisition (from none to detection of one or more oncogenic HPV types) and
clearance (from one or more oncogenic HPV types to none) (Table 6), acquisition was
more likely among HIV-positive women (HR=2.28, p=0.03) and less likely as age
increased (HR=0.70 per 10 years, p=0.03). Clearance was less likely among HIV-positive
women (HR=0.41, p<0.001). When considered separately, the likelihood of HPV16
acquisition decreased with age (HR=0.47, p<0.001) but was higher among white women
(HR=2.31, p=0.04) and HIV-positive women with CD4 cell counts <200 cells/mm?
(HR=4.82, p<0.01). Clearance of HR-HPV types other than 16/18 was less likely among
HIV-positive women (HR=0.32, p<0.001) but more likely among HIV-positive women
on HAART (HR=2.20, p=0.01).The low prevalence and frequency of HPV18 transitions

precluded model-fitting for this outcome.
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DISCUSSION

This study conducted over a period of transition into HAART, shows that in a
context of adequate access to cervical screening and treatment, HAART is associated
with a greater rate of regression of cervical SIL as determined by cytology. Similar
cohort studies have reported trends toward improved outcomes for cervical disease with
HAART, although many failed to reach statistical significance.[36, 37]

Despite the causal link between HPV and cervical disease, improvement in HPV
clearance in the presence of HAART have not been widely observed.[36] Paramsothy
demonstrated HAART increased the likelihood of clearing HPV among women with
LSIL at study entry.[37] Although a non-statistically significant trend towards improved
HPV clearance was noted for women with normal or ASC-US cytology at baseline, Fife
demonstrated a small decline in the proportion of subjects in whom at least 1 HPV type
was detected from 66% at baseline to 49% 96 weeks post-HAART initiation, and a
significant decrease in HR-HPV types from 62% to 39%.[38]

Overall, our study revealed higher acquisition and reduced clearance of oncogenic
HR-HPV among HIV-positive compared to HIV-negative women. The effect estimates
were similar in the subset of non-HR-HPV 16/18 types and for the acquisition of HPV16,
but not the clearance of HPV16 alone. One strength of our study is that the current ARV
regimen was recorded at each visit, and we demonstrated that HAART improved
clearance of non-HR-HPV 16/18 types. The effect size was smaller and non-significant
when all HR-HPV types were grouped, possibly because the interaction between HAART
and HPV16 clearance is different than other HR-HPV types. This hypothesis is

supported by data published by Strickler, who reported that HPV16 prevalence was more
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weakly associated with immune status (as measured by CD4 cell counts) than other HPV
types. [23]

Our decision to censor all HPV results after any cervical procedure resulted in the
exclusion of women who had worse cervical cytology prior to and at the beginning of
follow-up (data not shown). However, sensitivity analyses which did not censor this
data, gave similar effect estimates for HIV status and HAART.

The validity of our models is strengthened by the fact that the estimates indicated
that progression of cervical disease (absent to present transitions) increased in the
presence of HR-HPV. The lack of a relationship between HPV18 and progression may be
due to the low prevalence of this HPV type in our cohort. HPV16 was significantly
associated with present-to-treatment transitions. Physicians were not aware of the real
time type-specific HPV results during the study, so treatment decisions were made
independently of knowing that this HR-HPV type was present.

Our findings also demonstrated the probabilities of a progression from normal to
abnormal cytology result and of regression from abnormal to normal cytology increased
with the number of sexual partners. This effect was no longer significant in the
sensitivity analysis where ASCUS results were grouped in the normal cytology category
suggesting the relationship between the number of sexual partners and cervical cytology
transitions was largely driven by changes between normal and ASCUS.

There are limitations to this analysis. In this cohort, only 71% of participants
attended >1 follow-up visits and among those, many had insufficient HPV or cytology
samples to be included in the longitudinal analysis. The median follow-up for HIV-
positive participants was approximately 10 months longer than HIV-negative

participants. This differential follow-up means that we cannot ascertain if a) HIV status
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would become a significant predictor of any transitions in the cytopathology multi-state
models or b) the significance of HIV status in the HPV models would be reduced if the
HIV-negative women had been followed for the same amount of time.

Further, only cervical cytology results were available and we lack the gold
standard histological diagnoses. Clinical decisions regarding the timing of treatment for
cervical disease may have been different for HIV-positive and HIV-negative women.
This may have resulted in a biased estimate for the abnormal cytology-to-treatment
transition for this covariate in the multi-state model, however the estimate in our model
does not reflect such a bias.

Finally, as HIV viral load monitoring was introduced after our cohort study
began, many early observations did not have these data available, precluding an
assessment of viral load suppression as a predictor of cytological transition.. We used
multi-state models because we believe they are reflective of the patterns observed for
individual participants where cervical cytology may show worsening and improvement of
SIL and the acquisition and clearance of HPV over follow up. However, these models
also have limitations. The power of their analysis depends not only on the number of
observations, but specifically on the number of transitions between states. Only 15-20%
of the observations available for analysis were between state transitions. This precluded
fitting multi-variable models and may explain why a relationship between HAART and
HPV16 clearance or acquisition was not observed. Although other authors have noted
that the time homogeneity assumption for multi-state models was not valid for HPV, this
was deemed adequate when assessed for our sample.[39, 40] The grouped HPV
outcomes (any HR-HPV and any not HPV16/HPV18 HR-HPV type) were

operationalized as “any positive” versus “all negative”, which does not take any unique

€10z ‘, A2\ uo 1s8nb Aq /Bio'seulnolpioxo pily:dny woly papeojumoq


http://jid.oxfordjournals.org/

16

HPV type acquisition and/or clearance into account. While this may have underestimated
the total number of transitions among all HPV types, we proceeded with this definition in
order to classify visits where one HPV type was acquired and a different one was cleared.
Hense our outcome reflects the presence or absence of any HPV type at each visit.
Although a priori we planned to analyze HPV18 transitions, the low prevalence of this
genotype precluded fitting a multi-state model to this outcome.

This study provides additional evidence that HAART has a beneficial impact on
the outcome of cervical SIL. This analysis further supports the growing evidence of
differential prevalence of HR-HPV types in HIV-positive women compared to HIV-
negative women. Our results demonstrate the favorable impact of HAART on non-16/18
HR-HPV but not on HPV16, underscoring the importance of primary prevention of
HPV16 but also the potential impact of including women in this high risk population into
currently available vaccination programs using genotype-specific vaccines containing
HPV16 and HPV18 virus-like particles. In light of the recognized need to increase
accessibility to HPV vaccines in countries with poor access to cervical cancer screening
and treatment, it is critical to understand the potential effect that all types of HR-HPV
have in HIV-positive women, particularly HPVV16 and HPV18. Further research is
required to better clarify HPV genotype-specific characteristics in women with HIV
infection in order to inform effective strategies to prevent cervical cancer in this

population.
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Table 1: Baseline demographic and clinical characteristics of the CWHS cohort

Variables HIV-Positive  HIV-Negative p-value
n=750 n=323
Age 33 (28-38) 26 (22-33) <.0001
Race/Ethnicity
White 430 (57.4%) | 279 (86.7%) | <.0001
Black 242 (32.3%) | 25 (7.7%)
Aboriginal 46 (6.1%) 0 (0.0%)
Other 32 (4.3%) 19 (5.9%)
Married 314 (42.0%) | 105 (32.4%) |<.01
Total Years of Education 12 (10-14) 15 (12-17) <.0001
Birth Country <.0001
Canada 435(58.0%) 274(84.8%)
Endemic Country 233(31.1%) 15(4.6%)
Non-Endemic Country 82(10.9%) 34(10.5%)
Risk Factors for HIV
Heterosexual Contact 629 (83.9%) | 308 (95.4%) | <.0001
Injection Drug Use 109 (14.5%) | 3 (0.9%) <.0001
Blood Product 168 (22.4%) | 75 (23.1%) 0.77
Sex with other women 7 (0.9%) 23 (7.1%) <.0001
Unknown 35 (4.7%) 9 (2.8%) 0.15
Ever smoked 432 (57.6%) | 217 (67.2%) |<.01
Drink alcohol in the last 6 months 404 (53.9%) | 280 (86.7%) | <.0001
Ever used illicit drugs 356 (47.5%) | 209 (64.7%) | <.0001

17
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Variables HIV-Positive  HIV-Negative p-value
n=750 n=323
Used illicit drugs in the last 6 months | 187 (24.9%) | 87 (26.9%) 0.49
14 or older at first menses 253 (34.9%) | 85 (26.5%) 0.01
Age at first sexual relationship 17 (15-19) 17 (16-18) 0.37
Ever pregnant 636 (84.8%) | 164 (50.8%) | <.0001
# of lifetime sexual partners 5(3-12) 7 (5-14) <.0001
Condom Use <.0001
Always in the past 6 months 187 (24.9%) | 244 (75.5%)
Inconsistently in past 6 months 268 (35.7%) | 53 (16.4%)
Not currently sexually active 264 (35.2%) | 25 (7.7%)
Number of Oncogenic HPV types in <.0001
first sample
0 338 (53.4%) | 211 (71.3%)
1 171 (27.0%) | 60 (20.3%)
2 71 (11.2%) 18 (6.1%)
3 or more 53 (8.4%) 7(2.4)
Any abnormal cytology results prior to | 259 (34.5%) | 138 (42.7%) | 0.01
study entry
Cytology Results on first sample
Normal 419 (73.5%) | 230 (76.7%) | 0.05
AS-CUS 53 (9.3%) 38 (12.7%)
LSIL 78 (13.7%) | 25 (8.3%)
HSIL 20 (3.5%) 7 (2.3%)

18
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Table 2: Frequencies of worst cytology result or treatment for SIL during study follow-up by cytology result at first visit

First Worst Cytology Result during Study Follow-up

Cytology Treatment for

Result Normal ASC-US LSIL HSIL IC SIL Total
Normal 264 (76.7%) |34 (9.9%) 36 (10.5%) |3 (0.9%) 1(0.3%) |6 (1.7%) 344
ASC-US |24 (46.2%) |13 (25.0%) |10 (19.2%) |1 (1.9%) 0 4 (7.7%) 52
LSIL 15(29.4%) |6 (11.8%) |19 (37.3%) |1(2.0%) |0 10 (19.6%) |51
HSIL 1(11.1%) 0 2 (22.2%) 3(33.3%) |0 3 (33.3%) 9
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Table 3: Number of Transitions between Cytopathologic States by HIV Status

20

HIV-Positive PAP Result at Next Visit (i+1)
SIL Present
Normal AS-CUS LSIL HSIL IC Any
Treatment
Normal 685 41 39 2 1 7
= ASC-US |42 12 11 1 0 7
> LSIL 36 10 23 2 0 9
=
§ HSIL 3 0 4 6 0 4
X
a IC 0 0 0 0 0 1
=
HIV-Negative PAP Result at Next Visit (i+1)
SIL Present
Normal ASC-US LSIL HSIL IC Any
Treatment
Normal 120 9 4 0 0 2
= ASC-US 14 5 1 0 0 1
> LSIL 7 1 3 0 0 3
=
5 HSIL 0 0 0 0 0 0
L
o IC 0 0 0 0 0 0
<
o
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Table 4: Univariate Hazard Ratios (95% Confidence Intervals) for cervical cytopathology multi-state models

SIL Absent -> SIL Present

Hazard 95% Confidence

SIL Present -> SIL Absent

Hazard 95% Confidence

SIL Present-> Treatment

Hazard 95% Confidence

Ratio Limit Ratio  Limit Ratio Limit

HIV-positive 0.93 (0.43-2.03) 0.60  (0.30-1.19) 0.77 (0.31-1.91)
Age (per 10 years) 0.80 (0.58-1.09) 0.83 (0.56-1.23) 0.61 (0.35-1.04)
More than 5 sexual partners 1.70 (1.03-2.80) 2.07 (1.25-3.44) 0.61 (0.29-1.27)
White Ethnicity (vs all others) | 0.90 (0.55-1.46) 1.48 (0.85-2.56) 0.61 (0.3-1.24)
Presence of any oncogenic 2.79 (1.46-5.34) 0.54 (0.28-1.03) 1.61 (0.63-4.08)
HPV

Presence of HPV16 2.50 (1.07-5.86) 1.57 (0.66-3.75) 3.21 (1.37-7.53)
Presence of HPV18 3.16 (0.57-17.41) 1.72 (0.34-8.81) 1.88 (0.53-6.70)
Presence of any other 2.76 (1.42-5.36) 0.52 (0.26-1.01) 1.7 (0.71-4.12)

oncogenic HPV (not 16/18)
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SIL Absent -> SIL Present

Hazard 95% Confidence

SIL Present -> SIL Absent

Hazard 95% Confidence

SIL Present-> Treatment

Hazard 95% Confidence

Ratio Limit Ratio  Limit Ratio Limit
Among HIV-positive Women
HAART 1.02 (0.4-2.59) 332 (1.22-9.04) 1.15 (0.38-3.48)
CD4 Cell count
>500 cells/mm?(Reference) 1.00 1.00 1.00
200-500 cells/mm® 1.07 (0.58-1.98) 147  (0.73-2.93) 0.50 (0.19-1.36)
<200 cells/mm® 1.38 (0.66-2.90) 0.89 (0.39-2.04) 0.49 (0.16-1.55)
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Table 5: Number of Transitions between HPV States by for HIV Status

HIV-Positive Women

0=Negative No HPV: Acquisition: Clearance: Persistence:
1=Positive 0 at visit(i) -> | Oatvisit(i) -> | 1atvisit(i) -> | 1 atvisit(i) ->
0 visit(i+1) 1 atvisit(i+1) | O atvisit(i+1) | 1 at visit(i+1)
Any oncogenic
419 75 79 295
HPV type
HPV16 754 34 35 45
HPV18 826 13 10 19
Any other
oncogenic HPV | 485 56 65 262
(not 16/18)
HIV-Negative Women
Any oncogenic
130 9 28 29
HPV type
HPV16 178 5 5 8
HPV18 189 0 6 1
Any other
oncogenic HPV | 142 9 23 22

(not 16/18)
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Table 6: Univariate Hazard Ratios (95% Confidence Intervals) for Acquisition and Clearance Transitions for HPV

HIV-positive

Age (per 10 years)

More than 5 sexual partners

White Ethnicity (vs all others)

Any Oncogenic HPV

Acquisition

Hazard Ratio

(95% Cl)
2.28
(1.09-4.77)
0.70
(0.52-0.96)
0.73
(0.46-1.16)
0.84

(0.52-1.35)

Clearance

Hazard Ratio

(95% Cl)
0.41
(0.25-0.65)
0.88
(0.67-1.15)
1.14
(0.76-1.72)
153

(0.99-2.37)

HPV16

Acquisition

Hazard Ratio

(95% Cl)
2.03
(0.75-5.52)
0.47
(0.28-0.79)
1.38
(0.69-2.76)
231

(1.04-5.13)

Clearance

Hazard Ratio

(95% CI)
1.36
(0.52-3.62)
0.78
(0.55-1.11)
0.99
(0.50-1.95)
1.90

(0.83-4.38)
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Other Oncogenic HPV

(Not 16/18)

Acquisition

Hazard Ratio

(95% Cl)
1.56
(0.73-3.32)
0.74
(0.53-1.02)
0.90
(0.54-1.51)
0.70

(0.41-1.18)

Clearance

Hazard Ratio

(95% CI)
0.32
(0.19-0.55)
0.77
(0.56-1.07)
1.28
(0.82-2.00)
1.32

(0.84-2.07)
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Among HIV-positive Women

HAART
CD4 cell count
>500 cells/mm?>(Reference)

200-500 cells/mm?®

<200 cells/mm?®

Any Oncogenic HPV

Acquisition
Hazard Ratio

(95% Cl)

0.56

(0.25-1.27)

1.00
0.98
(0.52-1.85)
1.78

(0.85-3.74)

Clearance
Hazard Ratio

(95% Cl)

1.50

(0.84-2.68)

1.35
(0.76-2.41)
1.13

(0.53-2.42)

HPV16

Acquisition
Hazard Ratio

(95% Cl)

0.52

(0.15-1.81)

1.00
1.20
(0.41-3.56)
4.82

(1.51-15.41)

Clearance
Hazard Ratio

(95% CI)

0.69

(0.28-1.70)

2.80
(1.06-7.36)
2.97

(0.78-11.28)

Other Oncogenic HPV

(Not 16/18)
Acquisition
Hazard Ratio

(95% Cl)

0.94

(0.41-2.16)

1.00
0.84
(0.42-1.71)
1.01

(0.39-2.60)

Clearance
Hazard Ratio

(95% CI)

2.20

(1.22-3.98)

1.09
(0.59-2.02)
0.92

(0.42-2.03)
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Figure Legend

Figure 1: Prevalence of HPV types at the first study visit
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14 Il -1V Positive
7] [ HIV Negative

4 —
2_
0-
18 31 33 35 39 45 51

HPV Type 16 52 56 58
pvalue 027 041 0014 0005 0012 0004 0038 075 0012 0.009 0.0004

% of participants
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