The impact of HIV infection on cervical cancer presentation and survival in Uganda

Emily S. Wu

A thesis
submitted in partial fulfillment of the

requirements for the degree of

Master of Public Health

University of Washington

2017

Committee:
Corey Casper
Stephen M. Schwartz
Renata R. Urban

Program authorized to offer degree:

Epidemiology



©Copyright 2017
Emily S. Wu



University of Washington

Abstract

The impact of HIV infection on cervical cancer presentation and survival in Uganda
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Chair of the Supervisory Committee:
Corey Casper, MD, MPH
Epidemiology, Public Health

Objectives: To determine how HIV infection impacts cervical cancer stage and overall survival
(OS) among Ugandan women.

Methods/Materials: Women diagnosed with cervical cancer were followed between 2013 and
2015 at the Uganda Cancer Institute (UCI). A Poisson regression model was fit to calculate
prevalence ratios (PR) for the association between HIV infection and late stage at cancer
diagnosis. The association between HIV infection and OS after cervical cancer diagnosis was
evaluated using a Cox proportional hazards model.

Results: 53 HIV-positive and 96 HIV-negative participants were enrolled. Median age at
diagnosis was 44 years (IQR 39-48) for HIV-positive and 54 years (IQR 47-62) for HIV-negative
participants. 77% of HIV-positive participants were receiving antiretroviral therapy. Median
baseline CD4 count was 373 cells/mm3 (IQR 300-502) for HIV-positive participants versus 926
cells/mm3 (IQR 639-1045) for HIV-negative participants. Thirty-two percent of HIV-positive
participants were diagnosed with late stage cervical cancer (llI-1V) versus 39% of HIV-negative

participants (p=0.4).



After adjusting for age, number of live births, and cost of transportation, no association was
found between late stage at cancer diagnosis and HIV status (PR 1.03, 95%CI 0.60-1.78,
p=0.9). Most women presenting for care received treatment (85% of HIV-positive versus 75% of
HIV-negative), though almost half who received radiotherapy did not receive adequate
treatment. There were 35 deaths among HIV-positive and 45 among HIV-negative participants.
The median OS was significantly shorter for HIV-positive participants (14.7 months vs 24.3
months for HIV-negative participants, p=0.05). After adjusting for age and stage, HIV infection
was weakly, but not statistically significantly, associated with OS (HR 1.35, 95%CI 0.83-2.17).
Conclusions: Cervical cancer remains morbid and often incompletely treated in Uganda. HIV
infection was not associated with the stage of cervical cancer at diagnosis, but may be weakly
associated with shorter survival, although our limited sample size prohibits definitive statistical

evidence.



Introduction

Cervical cancer is the fourth most common type of cancer in women worldwide, and the most
common cancer in women in East Africa.’ It was recognized as an “AlDS-defining cancer” early
in the HIV epidemic, in large part because of the higher incidence of cervical cancer among
HIV-positive individuals.? Even in the era of antiretroviral therapy (ART), the incidence of
cervical cancer is at least four times higher among HIV-positive than HIV-negative women.3*
Taken together, today the burden of cervical cancer is most extreme in Sub-Saharan Africa,
where the high prevalence of HIV has contributed to an elevated incidence of and mortality from
cervical cancer.’

Almost all cases of cervical cancer are caused by oncogenic strains of the human
papillomavirus (HPV).” The majority of sexually active adults will acquire an HPV infection at
some point in their lives,? but only a minority will develop cervical cancer.® While women with
healthy immune systems are likely to clear HPV infections over time, women with HIV are more
likely to experience persistent HPV infection.'®'" They are therefore more likely to experience
cervical dysplasia and exhibit more rapid progression to cancer.'>'? Some studies also suggest
that women with HIV present with cancer at a later stage compared to women without HIV
infection.'>'* Although there are few studies investigating the relationship between HIV infection
and cervical cancer treatment or survival, they suggest that once diagnosed with cancer, HIV-
positive patients may be less likely to complete treatment, more likely to experience toxicity from
treatment, and less likely to survive.'>-'® Programmatic interventions, such as integrating
cervical cancer screening into HIV care, could reduce some of the observed differences
between HIV-positive and HIV-negative women. Yet these strategies may not compensate for
the immune dysfunction and T-cell depletion that characterizes HIV infection,® or subtle
functional immune deficits that may potentially exist and persist in women whose HIV infection
is optimally treated.20-21

There currently exist sparse data regarding outcomes, and therefore optimal management of
cervical cancer in lower resourced settings—which is where cervical cancer is most prevalent
today and where maximal resources to treat cervical cancer are not available. While an
estimated 85% of new cervical cancer cases occur in less developed regions of the world,’
clinical trials in cervical cancer treatment have occurred in high-resource settings with low HIV
prevalence and often exclude HIV-positive women.?>-?* The widespread availability of ART has
improved the life expectancy and changed the mortality profile of people living with HIV.25
Consequently, it is increasingly important to better understand whether, and in what way,
diagnostic and treatment approaches should be modified in HIV-positive individuals—
particularly in lower resource settings where there is delayed access to ART, less widespread
cervical cancer screening, and difficulty obtaining definitive cancer treatment.2®

Uganda is a low-income economy?” with an estimated adult HIV prevalence of 7.1%.28 Unlike
many other low-income economies, it has a well-respected national cancer center that has had
the ability to provide surgical, radiotherapy, and chemotherapy services. However, similar to
many other low-income economies, the healthcare system and its patients often lack the
resources to initiate or complete treatment after a cancer diagnosis. Understanding the
presentation and outcomes of cervical cancer in patients who do seek care in these
environments can help inform better care delivery. The secondary aim of this study is to
compare cervical cancer stage at diagnosis between HIV-positive and HIV-negative individuals
and to describe features of HIV infection and sociodemographic characteristics that may be
associated with late stage at diagnosis. The primary aim of this study is to characterize the
relationship between HIV disease and the prognosis of invasive cervical cancer in Uganda.



Materials and methods

Study design and participants

We conducted a prospective cohort study of cervical cancer patients diagnosed between August
2013 and August 2015 at the Uganda Cancer Institute (UCI) in Kampala, Uganda, which is the
country’s only national cancer referral hospital. Adult women undergoing diagnostic workup for
suspected cervical cancer were referred to the study for assessment. Patients were eligible for
inclusion if they 1) had pathologically confirmed cervical cancer, 2) underwent at least their
initial evaluation at the UCI, 3) were able to provide written informed consent, and 4) were able
to commit to attending all study visits during the three-year observation period.

Data collection

On enrollment, a standard set of assessments was made for each participant, including medical
and demographic history, physical exam, blood draw, and tumor biopsy. Participants returned
for follow-up visits to review treatment history and health status 6, 12, 24, and 36 months after
enroliment. Patients were contacted by phone if they missed their follow-up visit, and were
considered lost to follow-up if no contact had been made with them in person or by phone after
15 months. Treatment information was abstracted from UCI medical records using structured
data abstraction forms. All biopsy specimens were reviewed at the same pathology laboratory in
Kampala. Cancer stage was assessed using the International Federation of Gynecology and
Obstetrics staging system with a clinical exam at enrollment by the study gynecologist.?® As part
of their care at the UCI, patients also underwent a chest x-ray and abdominal ultrasound prior to
initiating treatment. Hemoglobin measurements obtained as part of each patient’s routine care
at the UCI were recorded, and considered a baseline hemoglobin if within two months prior to
and one month after enrollment. Grade 3-4 anemia during treatment was defined as hemoglobin
less than 8.0 g/dL, according to the Common Terminology Criteria for Adverse Events version
4.0.%° Patients who received treatment were considered to have received adequate radiation
therapy if their combined external-beam and brachytherapy equivalent dose (EQD2) was at
least 73.75 Gy. This is the EQD2 dose for 45 Gy of external beam radiation delivered over 15
fractions followed by 25 Gy of low-dose rate brachytherapy delivered in one fraction, which is
the minimal dosing used in definitive treatment regimens at the UCI. The cost of patient
transport was the amount patients were reimbursed for transport to and from each study visit.
All patients received at least 20,000 Ugandan Shillings (USh), with additional amounts provided
by the study based on the patient’s reported cost of transportation from her home.

Statistical analysis

Demographic, clinical, and treatment characteristics were summarized using descriptive
statistics. The primary exposure of interest was HIV serostatus, which was assessed on
enroliment blood draw. The secondary outcome of interest is FIGO stage at diagnosis. Stages |
and Il were considered early, and stages Ill and IV were considered late. The primary outcome
of interest was overall survival (OS), which was the time period from enrollment to the date of
death or last known contact with this study or the UCI. Patients were censored at the time of
their last known contact.

For the secondary outcome of interest, a Poisson regression using robust standard errors was
used to calculate prevalence ratios (PR) as measures of the association between HIV
serostatus and late stage of cancer at diagnosis, adjusted for age, number of live births, and
cost of transportation to the UCI. These covariates were chosen due to their hypothesized
relationship with stage at diagnosis and the potential for targeted interventions in the future. The



cost of transportation to the UCI—rather than distance to the UCl—was used because cost was
found to be closely correlated to distance but felt to be the more concrete reflection of the
logistics involved in seeking cancer care. Univariable associations between these covariates
and stage at diagnosis were also assessed. Descriptive statistics were used to describe HIV-
specific treatment characteristics by stage of cancer diagnosis among the HIV-positive patients.

For the primary outcome, the Kaplan-Meier method was used to compare OS in HIV-positive
and HIV-negative cervical cancer patients using the log-rank test. A Cox proportional hazards
model was used to determine the adjusted association between HIV serostatus and OS. A
directed acyclic graph (DAG) illustrating causal assumptions between key clinicopathologic
characteristics was developed to determine the role of each in this analysis and reason for
which each characteristic should be included in a multivariable Cox model (Figure 1). As seen in
the DAG, only age at diagnosis met criteria as a potential confounder. While stage at diagnosis
does not meet the criteria as a potential confounder, it was also included in our model to confirm
or refute its role as a mediator. Because the maijority of cervical cancer tumors in Uganda are
squamous histology and poorly or undifferentiated grade, these factors were not included in the
final model.

To characterize the precision of PRs and hazard ratios (HRs), 95% confidence intervals were
calculated using robust standard errors. STATA version 13 (StataCorp) statistical software was
used for all analyses. This study was approved by the Institutional Review Boards of the Fred
Hutchinson Cancer Research Center, Makerere University School of Medicine Research Ethics
Committee, the Mulago Research Ethics Committee and the Uganda National Council for
Science and Technology.

Results

From August 2013 to August 2015, 149 women enrolled in this study. There were 53 (35.6%)
HIV-positive and 96 (64.4%) HIV-negative participants. The demographic, clinical, and
treatment characteristics of the study population are shown in Table 1. The HIV-positive group
was younger than the HIV-negative group (median age 44 and 54 respectively) and had fewer
live births. The HIV-positive group had a higher level of education and more of the HIV-positive
group had the minimum transport cost to the UCI. The cervical cancer stage distribution was
similar, and the majority of tumors were of squamous histology and poorly or undifferentiated
tumor grade. HIV-positive individuals had lower median CD4 count at enroliment (373 versus
926 cells/mm?3) and lower baseline hemoglobin (10.5 versus 12.0 g/dL) compared to HIV-
negative individuals. Notably, the majority of HIV-positive individuals with data available were
enrolled in care for their HIV, were using ART, and had undetectable viral loads.

HIV associations with stage at diagnosis

Seventeen (32.1%) HIV-positive and 37 (38.5%) HIV-negative patients presented with late
stage cervical cancer. Table 2 shows the unadjusted and adjusted prevalence ratios (PRs) for
late stage at cancer diagnosis for HIV serostatus, age, number of live births, and cost of
transportation to the UCI. The unadjusted PR for late stage at cancer diagnosis comparing HIV-
positive with HIV-negative participants was 0.83 (95%CI 0.52-1.33); the adjusted PR was 1.03
(95%CI1 0.60-1.78). These, in addition to the prevalence ratios for age, number of live births, and
transport cost to the UCI, were not statistically significant, although the PRs increased with
increasing transport cost (unadjusted trend p=0.02, adjusted trend p=0.34).



Table 3 shows HIV-specific treatment characteristics by cervical cancer stage at diagnosis
among the HIV-positive patients. Persons presenting with late-stage disease tended to have
lower CD4 cell counts, but the quantity of HIV in plasma was similar. Among those who
presented at an early stage, a somewhat higher percentage were enrolled in HIV care services
compared to those who presented at a late stage (91% vs. 82%).

Treatment characteristics

Among patients for whom treatment status was known, a greater proportion of HIV-positive
individuals received cancer treatment compared to HIV-negative individuals (85% and 75%
respectively), although among those who received radiation as part of their upfront therapy, a
similar proportion received adequate radiation therapy (57% and 58% respectively). The
majority of patients who received treatment received definitive radiation and/or chemotherapy.

Among those who received treatment, the median interval from study enrollment until treatment
initiation was 41 days (IQR 27-77) among HIV-positive individuals and 41 days (IQR 29-57)
among HIV-negative individuals. The median duration of treatment was 45 days among HIV-
positive individuals (IQR 20-72) and 52 days among HIV-negative individuals (IQR 24-71).
Hemoglobin measurements were not obtained during treatment for 30 (73%) of HIV-positive and
41 (66%) of HIV-negative individuals who received treatment. Among patients for whom
hemoglobin was drawn, 1 HIV-positive and 3 HIV-negative patients experienced grade 3-4
anemia during treatment.

HIV associations with overall survival

The median follow-up was 14.8 months. One HIV-positive and one HIV-negative participant was
lost to follow-up. There were 35 deaths among HIV-positive and 45 deaths among HIV-negative
individuals. Three HIV-negative and 1 HIV-positive individuals died within 41 days of enroliment,
which is the median time from enrollment to treatment initiation. Five HIV-positive and none of
the HIV-negative patients died within 30 days of their last treatment. One-year survival was 65%
among HIV-positive and 69% among HIV-negative participants. Two-year survival was 30%
among HIV-positive and 51% among HIV-negative patients. The median survival among HIV-
positive individuals was 14.7 months and among HIV-negative individuals was 24.3 months. As
seen in Figure 2, HIV-positive patients had shorter unadjusted OS compared to HIV-negative
patients (p=0.05, log-rank), with a divergence in survival curves starting at 12 months.

The median hemoglobin at enroliment was 10.6 g/dL for the bottom quartile of survival, 10.6
g/dL for the second quartile, 11.5 g/dL for the third quartile, and 12.0 g/dL for the fourth (longest)
quartile. The median CD4 count at enroliment was 607 cells/mm? for the bottom quartile of
survival, 630 cells/mm? for the second quartile, 855 cells/mm? for the third quartile, and 613
cells/mm? for the fourth quartile.

Table 4 shows the univariable and multivariable Cox regression analyses of characteristics in
relation to overall survival. On univariable analysis, HIV infection was associated with an
increased hazard of death (HR 1.55, 95%CI 1.01-2.39). Late FIGO stage (HR 2.27, 95%ClI
1.45-3.57) but not older age (HR 0.98, 95%CI 0.97-1.00) were significantly associated with OS.

After adjusting for age and FIGO stage, there was a weaker association between HIV infection
and OS (HR 1.35, 95%CI 0.83-2.17). Both late FIGO stage (HR 2.77, 95%Cl 1.73-4.44) and
older age (HR 0.98, 95%CI 0.96-1.00) were significantly associated with OS.



Discussion

In this prospective study, we found that among newly diagnosed and treated Ugandan cervical
cancer patients, mortality was high and rates of optimal treatment were low, irrespective of HIV
status. While the stage at diagnosis distribution was similar between HIV-positive and HIV-
negative women, there was an approximately 60% poorer survival in HIV-positive patients, with
a divergence in survival curves starting at 12 months. A multivariable model that included age
and FIGO stage showed a somewhat weaker association between HIV serostatus and hazard
of death, most likely reflecting a confounding effect of age rather than a mediating effect of
stage (given that the latter was not associated with HIV serostatus).

While this study may have been underpowered to fully explore correlates of poor survival in
persons with HIV, younger age and late cancer stage remained significantly associated with
decreased survival in our multivariate analysis, although the association with age was weak.
Consistent with our findings, other studies in higher resourced settings and among the HIV-
negative population reliably show higher stage to be associated with decreased survival.3'32
Survival rates in these settings are much better than in our study where two-year survival was
30% among HIV-positive and 51% among HIV-negative patients. In contrast, five-year survival
from 2005 to 2011 in the United States was 68% overall, and 57% among women with more
advanced disease.?? There are likely many contributors to this difference in survival—potentially
including HIV prevalence—but differences in stage and treatment rates are likely the major
contributors. In the United States, 46% of cervical cancer is diagnosed when the cancer is
localized, for which the 5-year survival is 92%.% In our study, 15% of patients had stage |
disease at diagnosis. Additionally, almost all women diagnosed with cervical cancer in the
United States receive some form of treatment.333* While 85% of HIV-positive and 75% of HIV-
negative individuals received treatment in our study, treatment status was unknown for a large
number of women in our study. Therefore these proportions are likely overestimates.
Furthermore, the majority of people who received radiation therapy in our study did not receive
adequate radiotherapy nor concurrent chemotherapy, which has been shown to result in
improved progression-free and overall survival.®®

Patients in Uganda generally face multiple challenges in seeking out healthcare, including fear
or lack of familiarity with healthcare facilities, low health literacy, inconsistent availability of
treatment modalities, long wait times, difficulties financing care, and competing family and work
obligations. The healthcare system at times faces challenges with healthcare provider turnover,
obtaining and maintaining equipment, accessing diagnostic information, managing patient
volume, and obtaining patient medical records. These are likely similar to challenges faced in
Botswana. Despite being an upper-middle-income economy,?’ treatment completion is similarly
a challenge—in a recent study, only 48% of women in Botswana treated with curative intent
completed the recommended radiation therapy.'®

In this same Botswana study, investigators found that HIV infection nearly doubled the adjusted
hazard ratio of death after a cervical cancer diagnosis. Three-year cervical cancer survival was
35% for HIV-positive women and 48% for HIV-negative women. While they did not adjust for
CD4 cell count, in a subgroup analysis, they found the adverse effect of HIV was attenuated
among women with higher CD4 cell counts. Investigators in Brazil found HIV’s adverse effects
on cervical cancer survival increased over time; HIV infection was not associated with mortality



within the first year. However, after one year of follow-up, HIV infection was associated with a
statistically significant increase in hazard of death.'” Similar to in our study, the survival curves
from the Brazilian cohort showed similar survival until approximately one year, after which a
noticeable divergence in survival was observed.

In addition to cancer treatment, mediators of poorer survival could include anemia at cancer
diagnosis and immune status (Figure 1). HIV infection can often lead to anemia,¢3” which may
explain the differences in median hemoglobin in our study cohort. Furthermore, anemia at
presentation and during treatment have been correlated with shorter survival in cervical cancer,
perhaps due to inferior responses to radiation therapy and chemotherapy.3-4! It has been
hypothesized that anemia results in a larger hypoxic cell fraction in the tumor, which confers on
these cells greater resistance to radiotherapy, however the impact anemia has on tumor biology
and correlation with tumor oxygenation is not well understood.*' It is unclear whether anemia is
a driver of poorer outcomes or simply a marker of disease severity.

Regarding immune status, while the median CD4 count at enrollment (373 cells/mm3) among
HIV-positive individuals in our study was above the threshold at which opportunistic infections
are considered a risk, this is still far below the median CD4 count among HIV-negative
individuals (926 cells/mm?3). The divergence in survival after one year could therefore be due to
subtle differences in immune factors, even though most HIV-positive individuals in both our
cohort and the Brazilian cohort were on ART and had higher CD4 counts. Increasing evidence
supports the adaptive immune system’s role in ongoing clinical benefits from cancer therapy
such as radiation and chemotherapy.4?> Furthermore, T-cell responses in the peripheral blood
are not necessarily reflective of mucosal immune responses, such as in the cervix,?! and
mucosal CD4 cell populations in HIV-positive women may not recover after initiation of ART.20 A
potential clinical consequence of this could be earlier recurrence after treatment, which was
seen in the Brazilian cohort, and can therefore impact overall survival. In the Brazilian cohort,
HIV-positive and HIV-negative patients had similar treatment response rates, but HIV infection
was associated with a higher risk of cancer relapse.!” Because post-treatment follow-up is less
structured in Uganda than in Brazil, recurrence data were not available for our study population.
Similarly, late toxicities were not available in our study, nor similar studies,'”-'® but could also
explain differences in later survival if late toxicities occur at a higher rate or result in greater
morbidity among HIV-positive individuals.

This study is limited by small sample size, which may have resulted in limited power to detect
differences in prognostic factors for survival. Cause of death information was not available.
However the majority of deaths were attributable to cervical cancer in recent studies from
Botswana and Brazil—and the same is likely true in Uganda. While our results may be
applicable to patients who present to the UCI for care, they may not reflect the general
population in Uganda where ART coverage is 57%, compared to 77% in our study.?® HIV-
positive individuals who have established care for their infection have more frequent interactions
with the healthcare system and may therefore be more likely to follow-up on other health
problems. Nevertheless, our study population represents the group of Ugandan cervical cancer
patients among whom it may make the most sense to focus initial efforts to improve survival. It
is one of the few studies on cervical cancer survival in more resource-limited settings where the
majority of the global cervical cancer burden exists, and where it will be important to define
optimal intervention strategies for those settings.

In conclusion, we found that despite similar stage distribution between HIV-positive and HIV-
negative cervical cancer patients in this prospective cohort study, there was a difference in
survival distribution between the two groups with a divergence in survival curves at one year.



The impact that HIV infection has on cervical cancer presentation and survival is likely complex
and warrants continued exploration. Potential pathways to explore include differences in cellular
immunity, treatment initiation, treatment completion, and long-term toxicities. With the majority
of new cervical cancer cases occurring in low- and middle-income economies, there is an
imperative to continue detailed studies of the natural history of cervical cancer and explore
novel treatment and retention strategies in these populations.
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Tables and Figures

Figure 1: Directed Acyclic Graph illustrating causal assumptions applied to potential
confounding and mediating variables in a cohort of patients with cervical cancer where the
exposure of interest is HIV serostatus and the outcome of interest is overall survival. Arrows
represent direction of causal effects between two variables. The black pathway represents the
hypothesized association between HIV and survival; the red pathway represents a potential
confounding relationship; green pathways represent potential mediating relationships.
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Table 1: Selected cervical cancer patient demographic, clinical and treatment
characteristics, cervical cancer prognosis study, Kampala, Uganda, 2013-2015*

HIV-negative, % (#)

HIV-positive, % (#)

Characteristic (n=96) (n=53)
Median age (IQR), years 54 (47-62) 44 (39-48)
Highest education completed

- None 34 (25) 19 (8)
- Primary 57 (42) 52 (22)
- Secondary or greater 9 (7) 29 (12)
- Unknown (22) (11)
Tobacco use

- Lifelong non-smoker 94 (90) 98 (51)
- Current smoker 1 (1) 0 (0)
- Former smoker 5 (5 2 (1)
- Unknown (0) (1)
Live births

-0 1 (1) 0 (0)
-1-3 13 (12) 38 (20)
-4-7 34 (33) 45 (24)
- 8+ 52 (50) 17 (9)
Median BMI (IQR) 23 (20-27) 23 (19-25)
ECOG performance status

-0 2 (2) 0 (0)
-1 84 (80) 91 (48)
-2 8 (8) 7 (4)
-3 6 (6) 2 (1)
Transport cost to UCI (USh)

- 20,000 52 (50) 79 (42)
- 21,000-40,000 27 (26) 15 (8)
- 41,000-60,000 17 (16) 6 (3)
- >60,000 4 (4) 0 (0)
FIGO stage

-1 12 (12) 19 (10)
-1l 49 (47) 49 (26)
- 35 (33) 28 (15)
A\ 4 (4) 4 (2)
Tumor histology

- Squamous 95 (91) 90 (48)
- Adenocarcinoma 4 (4) 8 (4)
- Other 1 (1) 2 (1)
Tumor grade

- Well differentiated 1 (1) 10 (5)
- Moderately differentiated 23 (22) 25 (13)
- Poorly/undifferentiated 76 (71) 65 (33)
- Unknown (2) (2)
Type of initial treatment

- Chemoradiation 25 (21) 21 (10)
- Chemotherapy only 1 (1) 2 (1
- Radiation therapy only 49 (40) 56 (27)
- Surgery only 0 (0) 2 (1)




- Surgery + adjuvant treatment? 0 (0) 4 (2)
- No treatment 25 (21) 15 (7)
- Unknown (13) (5)
Total radiation therapy received

- <73.75 Gy 42 (25) 43 (15)
->=73.75 Gy 58 (34) 57 (20)
- Unknown (2) (2)
- Did not receive upfront radiotherapy (35) (16)
Median baseline hemoglobin® (IQR), g/dL 12.0 (9.9-12.9) 10.5 (8.6-12.5)
Median CD4 at enroliment, (IQR), 926 (639-1045) 373 (300-502)
cells/mm?3

Enrolled in HIV care services at enroliment

-Yes - 88 (45)
- No -- 12 (6)
- Unknown -- (2)
Duration of HIV infection

- <1 year -- 16 (8)
- 1-5 years -- 33 (17)
- >5 years - 51 (26)
- Unknown -- (2)
HIV plasma RNA level at enroliment

- <500 copies/mL - 77 (41)
- >=500 copies/mL -- 23 (12)
HAART use at enrollment

- No -- 77 (41)
- Yes -- 23 (12)

Abbreviations: IQR = interquartile range; UCI = Uganda Cancer Institute; USh = Ugandan
shillings; ECOG = Eastern Cooperative Oncology Group

*Missing data are shown as separate category for categorical variables, but percentages were
calculated among non-missing data only.

a1 patient received radiation therapy; 1 patient received concurrent chemoradiation

®Baseline hemoglobin was not available for 34 (35%) of HIV-negative and 16 (30%) of HIV-
positive patients



Table 2: Univariable and multivariable associations of selected characteristics with late

stage at cervical cancer diagnosis, Kampala, Uganda, 2013-2015
Univariable Multivariable
analysis analysis”

Characteristic PR (95%CI) PR (95%CI)
(n=143) (n=143)

HIV serostatus

- HIV-negative REF REF

- HIV-positive 0.83 (0.52-1.33) 1.03 (0.60-1.78)

Age

(Per 10-year age increase)

1.15 (0.98-1.36)

1.07 (0.85-1.34)

Live births
(Per each additional 1 live birth)

1.05 (0.98-1.12)

1.04 (0.95-1.13)

Transport cost to UCI (USh)
- 20,000

- 21,000-40,000

- 41,000-60,000

- >60,000

REF

0.66 (0.34-1.28)
1.47 (0.88-2.44)
2.09 (1.11-3.93)

REF

0.66 (0.33-1.33)
1.40 (0.83-2.35)
1.92 (0.93-3.99)

Abbreviations: PR = prevalence ratio; USh = Ugandan Shillings

* Multivariable analysis adjusted for HIV serostatus, age, number of live births, transport cost




Table 3: HIV-specific treatment characteristics by cervical cancer stage at diagnosis
among HIV-positive patients*, Kampala, Uganda, 2013-2015

Early stage, % (#) | Late stage, % (#)

(n=36) (n=17)
Duration of HIV infection
- <1 year 17 (6) 12 (2)
- 1-5 years 29 (10) 44 (7)
- >5 years 54 (19) 44 (7)
- Unknown (1) (1)
CD4 T-cell count at enroliment
->500 25 (9) 29 (5)
- 201-500 67 (24) 47 (8)
- 0-200 8 (3) 24 (4)
HIV plasma RNA level at enroliment
- <500 copies/mL 75 (27) 82 (14)
- >=500 copies/mL 25(9) 18 (3)
HAART use at enrollment
- No 22 (8) 24 (4)
- Yes 78 (28) 76 (13)
Enrolled in HIV care services at enroliment
- No 9 (3) 18 (3)
-Yes 91 (31) 82 (14)
- Unknown (2) (0)

*Missing data are shown as separate category for categorical variables, but percentages were
calculated among non-missing data only.



Figure 2: Kaplan-Meier plot of overall cervical cancer survival stratified by HIV
serostatus, Kampala, Uganda, 2013-2015
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Table 4: Univariable and multivariable associations of selected characteristics with
overall survival among cervical cancer patients, Kampala, Uganda, 2013-2015

Univariable Multivariate
analysis analysis*
HR (95%Cl) HR (95%CI)
HIVSeroStatus
- HIV-negative REF REF
- HIV-positive 1.55 (1.01-2.39) 1.35 (0.83-2.17)
Age 0.98 (0.97-1.00) 0.98 (0.96-1.00)
(per 1-year age increase)
FIGO stage
- Early (stage I-11) REF REF
- Late (stage llI-IV) 2.27 (1.45-3.57) 2.77 (1.73-4.44)

Abbreviations: HR = hazard ratio; Cl = confidence interval
* Adjusted for HIV serostatus, age, and FIGO stage



