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Abstract

Objective—We assessed mortality, treatment response, and relapse among HIV-infected and
HIV-uninfected women with cervical cancer in Rio de Janeiro, Brazil.

Design—Cohort study of 87 HIV-infected and 336 HIV-uninfected women with cervical cancer.

Methods—~Patients at the Brazilian National Institute of Cancer (2001-2013) were matched on
age, calendar year of diagnosis, clinical stage, and tumor histology. Staging and treatment with
surgery, radiotherapy, and/or chemotherapy followed international guidelines. We used a Markov
model to assess responses to initial therapy, and Cox models for mortality and relapse after
complete response.

Results—Among 234 deaths, most were from cancer (82% in HIV-infected vs. 93% in HIV-
uninfected women); only 9% of HIV-infected women died from AIDS. HIV was not associated
with mortality during initial follow-up but was associated more than 1-2 years after diagnosis
(overall mortality: stage-adjusted hazard ratio [HR] 2.02, 95%CI 1.27-3.22; cancer-specific
mortality: 4.35, 1.86-10.2). Among 222 patients treated with radiotherapy, HIV-infected had
similar response rates to initial cancer therapy as HIV-uninfected women (HR 0.98, 95%CI 0.58—
1.66). However, among women who were treated and had a complete response, HIV was
associated with elevated risk of subsequent relapse (HR 3.60, 95%CI 1.86-6.98, adjusted for
clinical stage).
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Conclusion—Among women with cervical cancer, HIV infection was not associated with initial
treatment response or early mortality, but relapse after attaining a complete response and late
mortality were increased in those with HIV. These results point to a role for an intact immune
system in control of residual tumor burden among treated cervical cancer patients.
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Introduction

Infection with human immunodeficiency virus (HIV) increases risk for some malignancies,
including cervical cancer.12 Cervical cancer is caused by human papillomavirus (HPV), and
HIV-infected women are more likely than uninfected women to develop cervical HPV
infections, including those with multiple infecting HPV types (a condition associated with
progression to cervical cancer); less likely to clear HPV; and more likely to progress through
pre-neoplastic stages to develop cervical cancer.34 The association between HIV and cancer
is partly attributable to the effects of long-term and progressive immunosuppression.® Highly
active antiretroviral therapy (HAART), available since 1996, has led to prolonged survival in
HIV-infected people.5

Cervical cancer causes substantial morbidity and mortality among women in developing
countries.® It is the third most common cancer in Brazilian women, and as estimated by the
Brazilian National Institute of Cancer (INCA), over 16,000 cases will be diagnosed in
2016.° In Brazil, women generally are diagnosed with cervical cancer at a late stage,1011 as
many do not receive Pap smear screening due to lack of healthcare access. HPV vaccination
of adolescent girls was introduced in Brazil in 2014,12 but it will be decades before
vaccination impacts cervical cancer trends.

HIV-infected cancer patients experience elevated overall mortality compared with uninfected
cancer patients.13-15 This excess is partly due to acquired immunodeficiency syndrome
(AIDS), but an adverse effect specifically on cancer outcomes is biologically plausible if an
intact immune system helps control cancer after treatment. In a large registry-based study in
the United States,14 HIV was associated with a non-significant 27% increase in cancer-
specific mortality among women with cervical cancer. That study utilized data from cancer
registries, so it could not fully assess cancer stage and treatment, and it lacked data on
treatment response and relapse. In a study of cervical cancer patients in Botswana, most
patients presented with advanced stage tumors.1® Even though HIV-infected and HIV-
uninfected women were equally likely to have a complete tumor response to initial
treatment, HIV infection was associated with a doubling in overall mortality, and more than
97% of deaths were attributed to patients’ cancer.16

Given availability of HAART, many HIV-infected women with cervical cancer will not die
from AIDS, so it is important to understand the impact of HIV on cancer outcomes. Since
1996, HIV treatment with HAART has been universally available in Brazil through the
public system. In the present study, we assessed Brazilian women treated for cervical cancer
at INCA during 2001-2013. HIV-infected and HIV-uninfected women were closely matched
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on clinical stage and cancer treatment, and both early and late cancer outcomes were
evaluated.

Patients and data collection

INCA is the Brazilian national cancer center and sets guidelines for cancer prevention,
treatment, and surveillance. Initial diagnostic evaluation of cervical cancer patients in the
state of Rio de Janeiro, Brazil, is conducted in basic healthcare units. Upon biopsy
confirmation, patients are directed to the Gynecological Oncology Service of INCA Cancer
Hospital 1. At the initial appointment, a complete history and physical examination are
performed, and referring pathology specimens and reports are reviewed. Clinicians ascertain
HIV infection through clinical history and, if needed, HIV serology testing.

Clinical staging of cervical cancer is determined at INCA according to International
Federation of Gynecology and Obstetrics (FIGO) standards.1~19 Laboratory and imaging
exams are obtained to complement clinical staging, and patients are treated according to
FIGO guidelines.1-19 Women with local stage cancer are typically treated with surgery, or
radiation plus chemotherapy. Regional or distant stage cancer is treated with radiation plus
chemotherapy. All surgeries are performed at INCA. Chemotherapy and radiotherapy may
be performed at INCA, depending on the decision of state medical authorities. Some women
with advanced cancer decide, in concert with their physicians, to receive palliative care only.

All patients are followed in outpatient appointments at INCA after completion of therapy.
Follow-up begins 1 month after surgery or 4 months after brachytherapy, and all patients are
seen every 6 months during the first 2 years and then yearly. At these appointments, a
gynecological exam is performed, a specimen is collected for vaginal cytology, and imaging
is obtained to evaluate for disease recurrence. If there is suggestive evidence of recurrence or
progression, suspect lesions are biopsied. After 5 years, patients without evidence of cancer
relapse are discharged.

Most deaths in INCA patients are identified through routine hospital procedures. First, some
patients die while under treatment within INCA. Second, some deaths are reported by
families to INCA’s social service department. Third, when patients miss scheduled
appointments, staff contact the family to determine the reason. We ascertained additional
deaths (N=23, or 10% of all deaths) through INCA’s cancer registry, which is periodically
linked to the state of Rio de Janeiro’s mortality records.

Of 8744 women treated for cervical cancer at INCA during 2001-2013, 5471 (62.5%) had
an HIV serology test result in the hospital database. We identified 82 HIV-infected patients
with positive HIV serology results in this way. We also searched for women who had CD4
or HIV viral load tests performed at INCA, which identified 5 additional women whose
HIV-infected status was confirmed by review of clinical charts. A limitation of our approach
is that we missed women with HIV documented only by clinical history or a handwritten
note in the clinic chart. However, the chart review insured that no women were incorrectly
assigned as HIV-infected.
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For each HIV-infected cervical cancer patient, we identified up to 4 HIV-uninfected patients
matched on histologic subtype of cancer (squamous cell carcinoma vs. adenocarcinoma),
clinical stage, treatment, and age (x5 years). We also sought to match closely on calendar
year of registration (94% were matched within +3 years). We confirmed lack of HIV
infection through chart review.

Using a structured form, we abstracted data from INCA clinical charts and the hospital
database regarding demographic characteristics, clinical stage, and treatment. We recorded
tobacco and alcohol use based on standardized data collected at INCA registration
(information included current, previous, or no use, but not specific burden). We linked HIV-
infected women to the Ministry of Health HIV/ database to obtain CD4 counts measured at
outside laboratories covered by the Brazilian public health system.

The study was approved by the INCA Ethics Committee (#637.891).

Statistical analyses

We assessed predictors of overall mortality and cancer-specific mortality using Cox models.
The timescale was time since cervical cancer diagnosis. Women were followed from INCA
registration (delayed entry was utilized to account for any lag between diagnosis and
registration) until the earliest of death, loss to follow-up, or 5 years after INCA registration.
We present unadjusted hazard ratios (HRs) for demographic and clinical characteristics. For
the overall patient group, we assessed the associations of HIV with mortality adjusted for
clinical stage. We also assessed models restricted to patients treated with surgery or
radiotherapy, with follow-up beginning at initiation of that treatment. Because all women
treated with surgery had local stage cancer (i.e., stage 1), stage adjustment was not done.
Regression models for patients treated with radiotherapy were adjusted for clinical stage
(categorized as IA/IB1, IB2/11, 111, IVA/IVB) and, as a time-dependent covariate,
administration of brachytherapy. We detected a possible interaction of HIV and time since
diagnosis (i.e., non-proportionality), so we used log(-log) plots to identify separate early and
late follow-up periods for analysis.

Additionally, we fit multistate Markov models to assess the impact of HIV on initial
treatment response, limited to women treated with radiotherapy (with or without
chemotherapy). This approach allowed us to consider multiple outcomes of interest,
including those for which the exact onset was not known exactly (interval censoring). The
models assessed transitions from the initial state “ill with cervical cancer” to one of several
outcomes: progression, cancer-specific mortality, death from other causes, and complete
response. For progression, follow-up started at the beginning of treatment and ended at the
earliest of recurrence, death, 8 months after end of treatment, or loss to follow-up. For death
outcomes and complete response, follow-up started at completion of treatment and ended at
the earliest of death, 8 months after end of treatment, or loss to follow-up. Cox models
included terms for HIV and clinical stage, and left truncation accounted for delayed entry.
While death dates were known, we did not observe exact dates for recurrence and complete
response, but only that they occurred before a particular visit or between two dates.
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Finally, we compared risk of relapse among women who responded completely to initial
therapy. Follow-up started 8 months after end of therapy (a period consistent with evaluation
for complete response), excluding women who died or progressed before this date. We
considered relapse to occur if a patient had a relapse documented at INCA or died due to
cervical cancer. Patients were followed until one of these events, loss to follow-up by INCA,
or 5 years after the start of analysis (i.e., 68 months after completion of therapy), whichever
occurred first. Kaplan-Meier curves were constructed estimating the proportion of relapse-
free women, and Cox models were used to measure the association between HIV and
relapse.

For Markov models, we used the msm package (R, 2.15.3) to accommaodate interval-
censored observations.?? Other statistical analyses utilized SAS (version 9.3) or SPSS
(version 23).

We assessed 87 HIV-infected women and 336 HIV-uninfected women with cervical cancer.
Among HIV-infected women, 43 (49%) had a CD4 count measured prior to cancer
treatment, and for those with data, the median CD4 count closest to treatment was 263
cells/mm3 (interquartile range 137-368). Fifty-five HIV-infected women (63%) received
HAART at some point during care at INCA.

Patient characteristics are presented in Table 1. By design, the two groups were matched
well on age, calendar year of diagnosis, clinical stage, treatment, and histologic subtype of
cervical cancer. The median age at diagnosis was 42 years. Overall, 93% of cases were
squamous cell carcinomas. One-third of women (33%) presented with stage | cancer, 17%
with stage 11 cancer, 40% with stage I11 cancer, and 11% with stage IV cancer.

Patients were treated based on clinical stage with surgery (28%), radiation alone (23%), or
radiation and chemotherapy (30%), while 151 patients (36%) received additional
brachytherapy. Most women completed recommended treatment (70% HIV-infected women,
76% HIV-uninfected women). Due to patient preference, 19% of women received no cancer-
directed therapy. Twenty-one HIV-infected women (24%) and 89 HIV-infected women
(26%) were censored due to loss to follow-up within 5 years of INCA registration.

Fifty-eight HIV-infected and 176 HIV-uninfected women died. Among HIV-infected
women, overall mortality was 324 per 1000 person-years, with 82% of deaths due to cancer
(cancer-specific mortality, 266 per 1000 person-years) and 9% due to AIDS (AIDS-specific
mortality, 29 per 1000 person-years). Among HIV-uninfected women, overall mortality was
209 per 1000 person-years, with 93% of deaths from cancer (cancer-specific mortality, 194
per 1000 person-years). Two-hundred twenty-seven deaths (97% of all deaths) occurred in
the first 5 years after INCA registration and were included in mortality analyses; the
remaining 7 deaths occurred subsequently and were not analyzed.

Predictors of overall and cancer-specific mortality are shown in Table 2. HIV infection was
associated with significantly elevated overall mortality (HR 1.38, 95%CI 1.02-1.87) and a
non-significant elevation in cancer-specific mortality (HR 1.31, 95%CI 0.94-1.82). As
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expected, advanced clinical stage was strongly associated with worse overall mortality and
especially cancer-specific mortality. Squamous cell carcinoma was also associated with
higher overall and cancer-specific mortality than adenocarcinoma. Higher BMI, greater
education, and non-smoking status were each associated with reduced mortality in
unadjusted analyses. Among HIV-infected women, availability of a CD4 count before cancer
treatment was associated with lower mortality.

As shown in Table 3, the associations of HIV infection with mortality were attenuated and
not significant when adjusted for clinical stage (overall mortality HR 1.29, 95%CI 0.95-
1.75; cancer-specific mortality HR 1.18, 95%CI 0.85-1.65). Other variables were not
significantly associated with mortality when added to these models and did not appreciably
affect the HRs for HIV (not shown).

Among patients treated with surgery (all of whom had stage | cancer), HIV was associated
with substantially elevated overall mortality (HR 8.70, 95%CI 1.59-47.5). This result was
based on few deaths (N=6), so adjustment was not possible, and because there was only one
cancer death among women treated with surgery, the association of HIV with cancer-specific
mortality could not be assessed. Among patients treated with radiotherapy, HIV was not
associated with significantly elevated overall or cancer-specific mortality in adjusted models
(Table 3).

Associations of HIV with overall and cancer-specific mortality appeared to vary over time
(p=0.04 and p=0.12, respectively). Based on log(-log) plots, we divided follow-up into early
and late periods, at 1 year for overall mortality and 2 years for cancer-specific mortality.
HIV was not associated with either outcome in the early follow-up period (Table 3) but was
associated in the late period with overall mortality (stage-adjusted HR 2.02, 95%CI 1.27—
3.22) and cancer-specific mortality (4.35, 1.86-10.2).

Table 4 presents results of the Markov model examining HIV and early treatment outcomes
among 218 women treated with radiotherapy (4 women were missing treatment dates and
could not be evaluated). HIV was not associated with progression or cancer-specific
mortality, or with a decrease in complete response. There were too few non-cancer deaths to
assess the association with HIV.

Among treated women who had a complete response, 36 HIV-infected women and 168
uninfected women were alive and relapse-free 8 months after completion of therapy.
Subsequently, 14 HIV-infected women and 26 uninfected women in this group relapsed. As
shown in Figure 1, HIV was associated with substantially increased risk of relapse
(unadjusted HR 2.84, 95%CI 1.48-5.45; adjusted for clinical stage: HR 3.60, 95%CI 1.86-
6.98).

Discussion

Brazil faces major public health challenges seen in developing nations, including a
substantial burden of cervical cancer, but with resources that allow for centers of excellence
in cancer care. Our study setting at INCA allowed us access to a large retrospective clinical
cohort of HIV-infected and HIV-uninfected women with cervical cancer who received
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standard-of-care evaluation and therapy. Overall mortality appeared modestly higher among
HIV-infected women, but differences in overall and cancer-specific mortality were much
stronger in the period more than 1-2 years after diagnosis. Moreover, among women who
had a complete response to initial cancer therapy, HIV infection was associated with
substantially elevated risk of subsequent cancer relapse.

There are no population-based data on the prevalence of HIV infection among cervical
cancer patients in Brazil. The estimated HIV prevalence in the Brazilian general population
is 0.39%,21 but there is no separate estimate for women. At INCA, we had the chance to
evaluate the HIV prevalence among the almost 5500 women with cervical cancer for whom
an HIV serology test was available. The rate of infection was 1.9%, approximately 5-fold
higher than in the general population in the country.

Overall mortality rates in our HIV-infected patient population (324 per 1000 person-years)
appeared similar to that recently reported in Botswana (approximately 30% of patients
deceased one year after diagnosis), and the majority of deaths in the patients in both
countries were from cervical cancer.1® Mortality was lower than observed in similar patients
in Uganda (65% of HIV-infected women deceased 1 year after diagnosis) but still higher
than in HIV-infected cervical cancer patients in the US (138 per 1000 person-years).1314 A
difference in mortality between Brazilian and US cervical cancer patients is also present for
HIV-uninfected women and reflects much higher mortality among Brazilian patients with
late stage cervical cancer (Supplemental Table 1), although the reasons for the worse
outcomes in this group are unclear.

In the present study, HIV infection was not associated with early cancer outcomes. There
was only one early cancer-related death among women with localized cervical cancer treated
with surgery. Among women treated with radiotherapy, HIV was not associated with
increased progression or cancer-specific mortality, or with a decrease in complete response,
although the confidence limits for the HRs were wide. Likewise, in Botswana HIV-infected
and HIV-uninfected patients with cervical cancer were equally likely to have complete or
nearly complete tumor responses.1® These results suggest that HIV infection does not
negatively affect initial control of cervical cancer achieved with standard treatment
approaches.

In striking contrast, however, we observed greatly elevated risk for adverse late outcomes
among HIV-infected women. We assessed women documented to have an initial complete
response following stage-appropriate surgery and radiation. Among this group, HIV was
associated with an elevated risk of cancer relapse (HR 3.60, 95%CI 1.86-6.98, adjusted for
cancer stage). Similarly, in our analyses of follow-up more than 1-2 years after diagnosis,
we observed 2-4-fold increases in overall and cancer-specific mortality with HIV. In
Botswana, mortality among HIV-infected cervical cancer patients (most of which was due to
cancer) appeared elevated even in women with CD4 counts above 500 cells/mm? but was
greatly increased among patients with the lowest CD4 counts.16

Taken together, these results suggest that an intact immune system is important for long-term
control of microscopic foci of cancer, which likely remain present in some patients who
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respond completely to initial therapy, and that this control is suboptimal in HI\-infected
patients. At least two additional lines of evidence support this hypothesis. First, patients who
have had an apparently complete response to cancer treatment, including those disease-free
for a number of years, can experience unexpected relapse following immunosuppression
administered for solid organ transplantation,22 which would imply that their immune system
had been controlling cancer at a subclinical level. Second, recently introduced therapies that
target immune checkpoint molecules on the surface of tumor cells and lymphocytes (e.g.,
CTLA-4, PD-1, PD-L1) are effective at activating an anti-tumor immune response and lead
to improved long-term outcomes for patients with a wide range of cancers.23:24

An important limitation of our study is that there were too few women with documented
CD4 counts for us to assess the relationship between level of immunosuppression and early
or late cancer outcomes. Based on limited data, most HIV-infected women in our study
appeared to present with low CD4 counts indicative of advanced HIV infection. Among
HIV-infected women in our study, overall mortality was lower in those who had a CD4 count
recorded, consistent with engagement into HIV care. However, AIDS was directly
responsible for only a minority (9%) of deaths in our HIV-infected patients. In Brazil, HIV-
infected people are eligible for free HIV care through the public health system. HAART
treatment access follows international standards, being recommended to HIV-infected
individuals with CD4 counts below 350 cells/mm3 since 1996 and to any HIV-infected
person irrespective of CD4 counts or clinical status since 2014. Currently, over 62% of the
people with known HIV infection in Brazil receive antiretroviral therapy. Although the HIV-
infected women included in the present study would have been eligible for HIV treatment
under the national policy, the use of antiretroviral medications was likely captured
incompletely in the Ministry of Health HIV database (not shown) and INCA clinical charts.

A strength of our study is that HIV-infected and uninfected patients were closely matched on
most characteristics, treated at a single institution, and received evaluation and cancer care
following international guidelines.1’-19 A limitation is the small number of outcomes,
especially for analyses restricted according to clinical stage, treatment, or follow-up interval.
Additionally, our search of laboratory records in the hospital electronic database likely
missed some patients known to be HIV-infected at the time of presentation to INCA, since
those women may not have been tested again for HIV. Nonetheless, we confirmed the HIV
status of all of the women included in our study through review of their clinic charts. Finally,
our study relied on a combination of data sources to ascertain deaths. The great majority of
deaths were ascertained through standard clinical follow-up procedures at INCA, which
allows us to be somewhat confident regarding the cause of death. A small number of deaths
were identified only through linkage with the Rio de Janeiro cancer registry. It is possible
that the cause of death was misattributed in those cases, or that additional deaths were
missed (e.g., if women moved out of the state of Rio de Janeiro).

Cervical cancer presents a major disease burden in Brazil.? Not surprisingly, we found that
advanced stage at cancer diagnosis and lower BMI (probably reflective of some degree of
cancer-related cachexia) were associated with high mortality. Although preventative
screening is available through the public health system, women with cervical cancer often
present without a history of screening and with advanced stage disease.10:11 This situation
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reflects difficulties accessing medical care among women who are poor, lack an education,
or live in areas where it is difficult to reach clinical services. Brazil has recently
implemented nationwide HPV vaccination for 9-13 year-old girls,12 which will likely
reduce cervical cancer incidence over time.

In conclusion, we demonstrate that HIV-infected patients have an elevated risk of relapse of
cervical cancer after achieving a complete response to initial therapy. Additional research is
needed to better understand the contribution of the immune system in preventing such
relapses. Although these patients were treated at a center of excellence in cancer care,
overall mortality was high, largely due to deaths from cancer. The additional contribution of
AIDS to overall mortality, while relatively small in our patient group, highlights the need for
cancer patients to utilize appropriate HAART regimens.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Kaplan-Meier analysis of relapse among HIV-infected and uninfected patients with complete
initial response to cancer therapy
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Table 3

Associations of HIV infection with overall mortality and cancer-specific mortality, overall and in patient
subgroups

Patient group Overall mortality HR (95%Cl) Cancer-specific mortality HR

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

(95%Cl)

All patients, unadjusted

All patients, adjusted for clinical stage

Models stratified by cancer treatment
Patients treated with surgery, unadjusted

Patients treated with radiation, adjusted for clinical stage and
brachytherapy

Models stratified by follow-up time, adjusted for clinical stage *

Early follow-up

Late follow-up

1.38 (1.02-1.87)
1.29 (0.95-1.75)

8.70 (1.59-47.5)
1.22 (0.82-1.82)

0.97 (0.65-1.45)
2.02 (1.27-3.22)

1.31 (0.94-1.82)
1.18 (0.85-1.65)

0.96 (0.62-1.48)

0.99 (0.69-1.42)
4.35 (1.86-10.2)

Abbreviations: CI confidence interval, HR hazard ratio

Adjustment for clinical stage was accomplished using categories defined as stage IA/IB1, IB2/11, 111, or IVA/IVB.

*
For overall mortality, follow-up time was divided at 1 year after cancer diagnosis. For cancer-specific mortality, follow-up time was divided at 2

years after cancer diagnosis. See Methods for details.
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Table 4

Associations of HIV infection with early outcomes of cancer treatment among patients treated with
radiotherapy

Completeresponse Progression Cancer-specific mortality  Other mortality

HIV-infected patients

Events, N 17 6 9 6

HR (95%Cl) 0.98 (0.58-1.66) 0.57 (0.24-2.41) 1.15 (0.55-2.41) Did not converge
HIV-uninfected patients

Events, N 81 45 34 1

HR (95%Cl) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Abbreviations: CI confidence interval, HR hazard ratio

Results are from a Markov model (see Methods).
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