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Abstract

Background: Epidemiologic studies suggest that the risk of breast cancer is lower
comparing women with versus without HIV; however, it remains unclear why. Evidence
indicates that sociodemographic differences between women with and without HIV do
not completely explain this phenomenon. The overarching goal of this dissertation was
to assess breast cancer risk factors and incidence among women with HIV to explore
potential mechanisms driving this association. Specifically, this dissertation sought to:
(aim 1) characterize breast cancer trends over time accounting for the competing risk of
death, (aim 2) quantify differences in estrogen comparing women with versus without

HIV, and (aim 3) assess the association between HIV viremia and breast cancer risk.

Methods: For aims 1 and 3 of this dissertation, the large size and representativeness of
the North American AIDS Cohort Collaboration on Research and Design (NA-ACCORD)
was leveraged to conduct two prospective, longitudinal cohort studies. Both aims were
assessed from 1996-2016 among women with HIV who initiated antiretroviral therapy
(ART) and had no history of any cancer. For aim 2, differences in estrogen comparing
women with versus without HIV were examined using a cross-sectional analysis within a
nested substudy of the Women’s Interagency HIV Study, a longitudinal prospective

cohort of women with and without HIV across the United States.

Results: Breast cancer risk did not change over time after accounting for the competing
risk of death, though there were significant declines in all-cause mortality. There were no
clinically impactful differences in total or free estradiol comparing women with versus
without HIV. There was also no association between HIV viremia (measured using

cumulative viral load on ART) and breast cancer risk among women with HIV who



initiated ART. When the exposure (HIV viremia) was lagged, increasing viremia signaled

an inverse association with breast cancer, which got stronger with longer exposure lag.

Conclusions: Declining mortality in women with HIV did not influence trends in breast
cancer risk over time and may not contribute to the reduced risk of breast cancer
observed among women with HIV. There were no differences in total or free estradiol
among premenopausal women with and without HIV; however, this should continue to
be investigated in postmenopausal women, where breast cancer risk is highest. Finally,
although no significant association was observed between HIV viremia and breast
cancer, estimates trending in a protective direction should be further explored. As
women with HIV continue to age, becoming increasingly at risk for breast cancer,
understanding potential differences in etiology is needed and continuing appropriate

breast cancer screening remains an important aspect of clinical care.
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Chapter 1: Introduction




HIV in the United States
State of the US Epidemic: Declining Mortality and an Aging Population

As of 2018, there were approximately 1.1 million individuals living with HIV in the
United States (US)." People with HIV (PWH) in the US represent several distinct
sociodemographic groups (key populations) that all differ considerably from the general
US population. Since the first diagnosis of HIV in the US, there have been substantial
changes in mortality. In the 1980s and early 1990s, mortality among PWH was incredibly
high. Among individuals diagnosed with AIDS between 1981-1986, 50% died within that
same time period.? The establishment of effective antiretroviral treatment (ART) in 1996
led to immediate and dramatic declines in mortality.>® One study found that, among
people diagnosed with AIDS, there was a 32.5% annual percent decline in HIV-attributed
mortality from 1995-1998.¢ Large decreases in mortality continued to be observed in the
2000s, with the most notable declines in HIV-attributed deaths.*%° In the last decade,
though mortality is still declining, the downward trend has stabilized.'® Now, latest
national estimates (2017) indicate that among PWH, 66% of deaths were attributed to

non-HIV related causes.’®

With these remarkable declines in mortality among PWH, life expectancy is now
approaching that of the general population.’-'* As of 2013, a 20-year-old with HIV who
is treated with ART is expected to live into their early 70s, based on estimates from a
nationally representative sample of PWH in the US and Canada.' In a more
contemporary analysis of this sample comparing life expectancy in 2004-2007, 2008-
2011, and 2012-2015, there were increases in life expectancy overall, though disparities
in improvements were evident by race among men who have sex with men (MSM) and
women.' Black MSM and Black women both had relatively lower improvements in life

expectancy compared to white MSM and white women across each time period. '



Effective ART regimens consist of three or more different HIV medications. There
are several classes of available HIV medications that each act on different mechanisms
to prevent viral replication: nucleoside reverse transcriptase inhibitors, non-nucleoside
reverse transcriptase inhibitors, protease inhibitors, fusion inhibitors, CCR5 antagonists,
post-attachment inhibitors and integrase inhibitors."® Integrase inhibitors were first made
available in 2007, are now the most commonly prescribed class, and are the
recommended first-line regimen for treatment.'® Over time, treatment guidelines were
also revised to treat PWH at higher thresholds of CD4 count and earlier in infection, and
now advocate for treating all individuals with HIV as soon as possible following

diagnosis, irrespective of immune status.®

These advances in treatment and clinical guidelines have led to a shift in the age
distribution of PWH in the United States—now a population mostly 50 years and older,’
and increasingly at risk for several age-related morbidities. Such conditions include
cardiovascular disease,'-?° bone density loss,?"?? kidney®2* and liver disease,?>%’
diabetes,?®° and non-AlDS-defining cancers (NADCs).?":*2 The risk of age-related, non-
AIDS defining comorbidities in PWH is exacerbated not only by increases in life
expectancy, but also by ART treatment side effects, chronic inflammation, and the high

prevalence of smoking.

Protease inhibitors and nucleoside/nucleotide reverse transcriptase inhibitors
have been associated with lipodystrophy.®*-3" More contemporary regimens, namely
integrase inhibitors, have also been associated with weight gain, especially among
women with HIV.*® Other metabolic complications have been observed in treated HIV
including dyslipidemia and insulin resistance.****® PWH on treatment also experience
chronic inflammation and immune activation at younger ages than in the general

population, putting them at increased risk for age-related health outcomes at younger



ages.* The prevalence of smoking is also high among PWH in the US, with estimates
ranging from 40-70% versus 16% in the general US population.*>-%" Taken in sum, as
the age distribution of this population shifts to older ages, their older age combined with
these additional risk factors associated with HIV infection leaves PWH at increased

incidence and risk for these comorbidities relative to the US general population.

HIV in Women in the United States

Women with HIV represent 25% of PWH in the United States.” Though men have
a higher incidence in the US compared to women, women appear to experience more
severe disease. One study found that though women have 40% less circulating HIV
virus, they have a 1.6 times higher risk of AIDS when matched on HIV viral load.>?
Women with HIV in the US represent a diverse subpopulation with substantial clinical
and demographic differences by race. Women with HIV are predominantly Black (58%),
followed by Hispanic (20%), and white (16%)." Black women with HIV are more likely to
have a higher body mass index (BMI) compared to white women with HIV.%-% Though
mortality among women with HIV overall has substantially declined, Black women with
HIV have higher mortality compared to white women with HIV: in 2018, the mortality rate
among Black women with HIV was 12.2 per 100,000 compared to 0.2 per 100,000 in
white women." In 2015, Black women with HIV were also less likely to achieve viral

suppression compared to white women with HIV.%

Women with HIV in the US face unique challenges in the context of this aging
population. With the majority of PWH over age 50, most women with HIV are going to be
entering menopause (median age at menopause in the US general population is 51
years).>’~% Though some studies report earlier onset of menopause comparing women

with versus without HIV, the research is equivocal.®®-%* Clarifying the onset of



menopause is complicated by the high prevalence of women with HIV reporting
amenorrhea, with estimates ranging from 5%-48% compared women without HIV.55-57 A
meta-analysis (5 studies in the US and one in Nigeria) found a 70% increased odds of
amenorrhea comparing women with versus without HIV.%8 Importantly, in one of the US
studies, women with HIV were three times more likely to report amenorrhea compared to
women without, and most had follicle stimulating hormone (FSH) levels below 25
mlU/mL, which is consistent with premenopausal concentrations.®' Other studies in the
United States have also found that Mullerian Inhibiting Substance (a marker of ovarian

reserve) was comparable by HIV status.®%623

The association with amenorrhea but not biomarkers of ovarian reserve indicates
that HIV status may be not be associated with earlier menopause (primary ovarian
failure); but rather, is associated with secondary ovarian failure.®® Though gonadal
dysfunction has been well documented in men with HIV, little is known about women
with HIV. Such gonadal dysfunction in women could be the result of several factors
including stress, chronic inflammation, and higher prevalence of drug use and smoking

relative to the general US population.

Cancer Burden in People with HIV

The burden of cancer among PWH can be broadly characterized by the
incidence of NADCs as opposed to AIDS-defining cancers (ADCs), which are Kaposi
Sarcoma, cervical cancer, and Non-Hodgkin Lymphoma. This distinction between
NADCs and ADCs has implications for the etiology and burden of these diagnoses in
PWH. Specifically, ADCs are attributed to severe immune suppression and uncontrolled
viremia in PWH.®® By contrast, NADCs are associated with not only HIV-related factors

(e.g. chronic inflammation), but more broadly are associated with demographic and



lifestyle factors such as race/ethnicity, smoking, and obesity. Certain NADCs may also
have viral etiology related to coinfection with HPV, cytomegalovirus, or hepatitis B and/or

C_31

Prior to the advent of effective ART, ADCs were the predominant cancer types
among PWH, with Kaposi Sarcoma being the most common, followed by Non-Hodgkin
Lymphoma, and then cervical cancer.” In the era of effective treatment, the burden of
cancer diagnoses in PWH is shifting such that the incidence of ADCs continues to
decrease while NADCs are rising.5®"" In the HIV/AIDS Cancer Match Study, NADCs
comprised only 8% of all cancers among people with AIDS in 1991-1995, and increased
to 48% of all cancers in 2001-2005.%? Currently, NADCs are the leading non-AIDS cause
of death among PWH."? Lung cancer, anal cancer, liver cancer, and Hodgkin’s
Lymphoma are among the most common NADCs in PWH.”>"* |n fact, compared to the

US general population, the risks of lung, liver, and anal cancer are higher in PWH."3-7¢

Though the etiology underlying this excess cancer risk in PWH is currently under
investigation, it is possible that chronic inflammation associated with HIV and a higher
prevalence of viral coinfections among PWH play a role.®"”” Though the risk of NADCs
are generally higher or comparable to that of the general US population, studies have
also demonstrated that the risk of breast and prostate cancer are lower in PWH.®% The
hormone-dependent nature of both breast and prostate cancer motivates investigation

into hormonal pathways that could confer a reduction in risk.

Breast Cancer in Women with and without HIV
Breast Cancer Epidemiology in the General US Population
Female breast cancer (henceforth referred to as breast cancer) is the most

common cancer diagnosis among women in the US (30% of all cancers in women), with



an estimated 281,000 diagnoses for 2021, and is the second leading cause of cancer
death in women.? The lifetime risk for breast cancer in the general population is 13%.8°
Breast cancer is a diagnosis associated with older age, with the mean age at diagnosis
of 62 years.8%% With increases in breast cancer screening, approximately 60% of breast

cancer diagnoses are classified as local cancers.®

Though there has historically been a disparity in breast cancer incidence by race,
with a lower risk among Black women compared to white women, this disparity has
narrowed over time, with the risk in both groups now almost equivalent.®” This narrowing
has been attributed to declines in breast cancer incidence among white women, and
modestly increasing rates in Black women.®” The decrease in breast cancer incidence is
thought to be related to declines menopausal hormone therapy use following
observations of increased adverse effects.?8°° Reasons why Black women have not
experienced similar declines in incidence remain unclear, but could be related to the
lower use of menopausal hormone therapy comparing non-Hispanic Black to non-
Hispanic white women at that time.®' Anderson and Barrington have hypothesized that
this could also be related to changes in body mass index (BMI), or differences in clinical
care for Black compared to white women that lead to differential rates of hysterectomy
and reporting of vasomotor symptoms,® but further research is needed to confirm these

hypotheses.

Recent evidence indicates that there are racial differences by age group: in
women who are younger than 60, breast cancer risk is higher in Black compared to
white women, while for women over 60, the risk is higher for white compared to Black
women.®” There is also a persistent disparity in breast cancer mortality: the mortality rate
is 40% higher in Black compared to white women.®” There are further racial disparities

by stage at diagnosis, with 56% of breast cancers classified as local stage in Black



women compared to 66% among white women.®® These disparities reflect the underlying
social construct of race- socioeconomic and cultural differences in the context of
systemic structural inequities- rather than a biological association. Several other risk
factors contribute to breast cancer occurrence including genetic predisposition and

family history of breast cancer, obesity, and high estrogen levels.

Breast Cancer Epidemiology in Women with HIV

Breast cancer has not been well characterized among women with HIV, in part
due to the lack of sample size for sufficient cases to arise. In the US, women with HIV
who are diagnosed with breast cancer are predominantly Black, with estimates ranging
from 49-64%.8%% In one study, 40% of women with HIV diagnosed with breast cancer
were between the ages of 40-49, followed by 33% in the 50-59 age range.® In the same
analysis, 37% of women had a prior AIDS diagnosis;®® though this has not necessarily
been associated with an increased risk of breast cancer among women with HIV.%® As
observed in the general population, most breast cancer diagnoses among women with
HIV are local stage; however, women with HIV are more likely to be diagnosed at

advanced stages of disease compared to women without HIV in the US.79:8092.94

Comparison of Breast Cancer Incidence and Mortality in Women with versus without HIV
Few large studies have assessed the association between HIV status and breast
cancer risk. The largest analyses were conducted in the HIV/AIDS Cancer Match Study
(HACM, a linkage of HIV and cancer registries in the US). The first analysis found a
lower risk of breast cancer comparing women with AIDS to women in the general
population (standardized incidence ratio [SIR] of 0.69 (95% confidence interval [CI]
0.62-0.77)) in 1980-2002.7° Within a subset of HACM, a similar analysis was completed

among women with only HIV and assessed breast cancer diagnoses in the 5-years

8



following HIV registration. Here, a non-statistically significant decreased risk was
observed (SIR=0.80, 95% CI 0.5, 1.10).%® The most contemporary analysis included
women with HIV/AIDS in the era of effective treatment (1996-2012) and found a lower

risk of breast cancer compared to uninfected women (SIR= 0.63, 95% CI 0.58 to 0.68).8°

Beyond HACM, another study found a reduced risk of breast cancer in the early
treatment era (standardized rate ratio [SRR]=0.70, 95% CI 0.30, 1.90), and a null effect
in the effective treatment era (SRR=1.10, 95% CI 0.70, 1.80).”® A small study conducted
within the Women'’s Interagency HIV Study (7 breast cancer diagnoses) found a 30%
reduced risk comparing women with versus without HIV.%® Another small analysis (3
breast cancer diagnoses) at the Johns Hopkins University AIDS Service clinic found a
non-significant 40% reduced breast cancer risk (SIR=0.60, 95% CI 0.10, 1.80).%” Given
the limited number of cases, these findings should be interpreted cautiously (Table 1-1).
Studies have also focused on breast cancer diagnoses occurring within specific
timeframes around AIDS diagnosis. These studies demonstrate similar inverse
associations.®® Lastly, a meta-analysis combining estimates from several difference
studies/countries also found a protective effect of HIV status on breast cancer incidence,

with a 26% reduced risk of breast cancer comparing women with versus without HIV."®

Despite the lower risk of breast cancer among women with HIV, they are at a
higher risk for all-cause and breast cancer-specific mortality. Two distinct studies from
the Surveillance, Epidemiology and End Results (SEER)-Medicare linked database were
conducted. One, among adults with nonadvanced cancer, found that the risk of all-cause
mortality was significantly higher among women with compared to without HIV (hazard
ratio [HR]=1.50, 95% CI 1.01, 2.24), though breast cancer-specific mortality was not
significantly different by HIV status.'® The second found a three-fold increased risk of

all-cause mortality and 2.8-fold increased risk of breast cancer-specific mortality



accounting for the competing risk of death.®? These findings were consistent when
assessing stage-adjusted mortality in an analysis of the National Cancer Database

(2004-2014) (Table 1-1).%

Potential Mechanisms of Reduced Breast Cancer Risk
Sociodemographic Risk Factors Among Women with versus without HIV

It is possible that sociodemographic differences between women with HIV versus
women in the US general population could drive this association. On average, women
with HIV are younger,™' predominantly Black,°"'°2 and may be less likely to be
appropriately screened for breast cancer due to barriers in accessing healthcare. %
Further, prior to advancements in ART, women with HIV experienced high mortality at
young ages. As such, these women may not have been living long enough until recently
to reach comparable rates of breast cancer, resulting in a low occurrence of breast

cancer.®

Research suggests that these explanations for the reduced risk of breast cancer
on their own are insufficient. Studies have demonstrated that for breast cancer, age at
diagnosis does not differ by HIV status,'® and analyses reporting a reduced risk of
breast cancer were all age-standardized to the general US population (Table 1-1). As
previously mentioned, though the risk of breast cancer in the general population is
modestly lower comparing Black to white women in the US, this gap in incidence is
narrowing. Prior works assessing differences in breast cancer risk by HIV status also
accounted for race through standardization and still found a protective effect (Table 1-1).
Studies characterizing differences in mammography are equivocal: one study found that
mammography was more common in women with versus without HIV, % suggesting

women with HIV have more engagement with healthcare systems. Other studies have

10



found similar or lower rates of mammography compared to women without HIV.197-109

Though studies have not directly addressed the aforementioned bias created by
differences in life expectancy, contemporary analyses of breast cancer risk, when
mortality among women with HIV is more comparable to that of the general population,

still find a reduced risk of breast cancer.°

Plausible HIV-related Mechanisms in Breast Cancer Etiology

In the absence of strong evidence in support of sociodemographic explanations
for this decreased risk, virologic, HIV-specific mechanisms should be considered.
Emerging evidence suggests that HIV infection may induce estrogen suppression.'1
This is important because, especially for postmenopausal breast cancer, estradiol (the
most potent downstream metabolite of estrogen) has a well-established role in the risk
and progression of breast cancer.''?-'"* There is some evidence indicating an interaction
between viral load and estrogen. Among women with HIV, one study found that within a
menstrual cycle, as estradiol levels increase, viral load simultaneously decreases.""®
Evidence on whether estradiol is lower comparing women with versus without HIV is
unclear, and studies have not adequately accounted for demographic and clinical
differences between women with and without HIV in large studies.52111.116-119 The
aforementioned high prevalence of amenorrhea also suggests that there could be
hormonal dysfunction among women with HIV.

There is preliminary data that also supports a direct biological relationship
between HIV (the virus itself) and breast cancer. HIV binds to two sites to gain entry and
infect CD4 cells: a CD4 cell receptor, and either, 1) the CCR5 immune receptor, 2) the
CXCR-4 immune receptor, or 3) both immune receptors.? CXCR-4 tropic HIV binds
exclusively to a CD4 receptor and the CXCR-4 receptor. This same immune receptor is
expressed on the surface of breast cancer cells, in addition to ductal carcinoma in situ
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and atypical ductal hyperplasia (a pre-cancer), but not in normal breast
epithelium.%3111.121-123 Rgsearch has shown that CXCR-4 tropic HIV can induce
apoptosis in neoplastic ductal cells, likely through this hypothesized mechanism.'* One
study further demonstrated that among women with HIV, lower breast cancer risk was
strongly associated with CXCR-4 tropism.®® Certain HIV treatments including protease
inhibitors and nucleoside antagonists, have also shown tumoricidal effects and slow

progression of AIDS-defining cancers. 12528

Persisting Knowledge Gaps & Challenges

Though substantial strides have been made towards understanding cancer
etiology among PWH, there are several areas that require further investigation,
especially in the context of breast cancer. Effective ART has been available for almost
two decades leading to remarkable declines in mortality, and life expectancy among
women with HIV continues to increase over time. We do not know how these changes in
mortality and life expectancy may have influenced trends in breast cancer among
women with HIV. Estrogen is a well-known risk factor for breast cancer observed in the
general US population; however, whether estrogen differs between women with versus
without HIV is unknown. Studies assessing estrogen are often small in sample size, and
do not account for differences between women with and without HIV that could inform
estrogen concentrations. Previous studies assessing breast cancer risk in the context of
HIV indicate that sociodemographic and clinical factors do not fully explain the reduced
risk observed in women with HIV. Yet, there is limited research among women with HIV
exploring the direct association between HIV viral load and breast cancer.

To date, research addressing these questions have been hindered by insufficient
source populations from which breast cancer cases could arise. One of the largest
studies assessing breast cancer in women with HIV contained approximately 600 cases.
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These large sources of data for breast cancer among women with HIV are often limited
in the ability to address potential confounding factors such as traditional risk factors for
breast cancer and/or clinical factors related to HIV infection (e.g. HIV viral load, and
immune status). Studies assessing differences in risk factors for breast cancer, like
estrogen, are difficult to conduct because there are few large, longitudinal cohorts of
comparable women with versus without HIV that also have information available on

potential confounding factors.

Dissertation Aims and Implications of the Research

To address these gaps in the current knowledge on breast cancer and HIV, this
dissertation sought to complete the following aims:

1. To characterize breast cancer risk over calendar time from 1996-2016 in the
context of changes in mortality among women with HIV who have initiated
ART.

To address this research question, | estimated trends in the hazard and
cumulative incidence of breast cancer accounting for the competing risk of death in the
North American AIDS Cohort Collaboration on Research and Design (NA-ACCORD)."?®
The NA-ACCORD is a consortium of interval and clinical cohorts of PWH in care across
the United States and Canada (Figure 1-1). PWH are eligible for inclusion if they
successfully link into HIV care, defined as attending at least two HIV care visits in 12
months. Every cohorts utilizes standardized data collection methods, and submits data
on participant demographic characteristics, laboratory measurements, diagnoses,
prescriptions, and vital status. The NA-ACCORD currently comprises roughly 180,000
participants 14% of which are cis-gender women. The NA-ACCORD participants are
representative of PWH in the US more broadly with respect to age, sex, and
race/ethnicity. (Table 1-2).
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It is widely known that mortality among women with HIV has declined since the
establishment of effective ART treatment in 1996. | hypothesized that as mortality
declines over time, there would be an initial increase in breast cancer risk that would
stabilize and remain constant over time. This would indicate mortality may have
influenced breast cancer risk early in the modern treatment era, but that in later years,
as risk stabilized, changes in mortality and life expectancy did not impact breast cancer
risk. If this hypothesis was confirmed, the reduced risk observed comparing women with
versus without HIV may be due to factors beyond life expectancy and mortality,
providing the motivation to continue exploring additional factors that could drive the

association between HIV and breast cancer.

2. To quantify differences in total and free estradiol as well as sex hormone
binding globulin (SHBG) between women with and without HIV, and among
women with HIV by viral suppression status.

To complete this aim, | estimated differences in these biomarkers using quantile
regression to account for differences in sociodemographic and clinical characteristics by
HIV status, and among women with HIV, by viral suppression status. The data source for
this analysis was the Women'’s Interagency HIV Study (WIHS), (now the MACS/WIHS
Combined Cohort Study).”® The WIHS was established in 1993 and includes six
consortia with multiple sites across the country. Women are recruited to the WIHS if they
have HIV or are considered at high-risk for HIV. Thus far, there have been four
recruitment waves. The method of enroliment into the study is designed to ensure that
women are comparable with respect demographic and clinical factors (see Table 1-3).
At all sites, study visits are conducted every 6 months, during which structured

interviews are conducted to ascertain medical history, ART, and lifestyle factors.
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Physical and gynecologic exams are also completed in addition to HIV status, HIV viral
load and biological specimen collection.

I hypothesized that total estradiol would not differ by HIV status, or viral
suppression status among women with HIV, but free estradiol would be lower and SHBG
would be higher comparing women with versus without HIV. Among women with HIV,
free estradiol would be lower and SHBG would be higher comparing women who did not
achieve viral suppression compared to those achieving viral suppression. Little is known
regarding estradiol levels among women with compared to without HIV; irrespective of
whether my hypotheses were confirmed, these findings would shed light on the
hormonal profile of estrogen and SHBG among women with HIV. If my hypotheses were
confirmed, this would suggest that estrogen suppression is a potential mechanism

driving the reduced risk of breast cancer observed in women with HIV.

3. To assess the association between cumulative HIV viral load since ART
initiation and breast cancer risk.

To address this aim, | used joint longitudinal survival models to estimate the
association between cumulative viral load on ART, a metric capturing the cumulative
burden of HIV viremia over the course of treatment, and breast cancer risk. | additionally
assessed cumulative viral load at 1-5 years prior to diagnosis/censoring. For this aim, |
leveraged the large sample size, availability of longitudinal viral load measurements, and
confounding factors from the NA-ACCORD. | hypothesized that cumulative viral load on
effective ART would be inversely associated with the risk of breast cancer. Further, that
the association between cumulative viral load and breast cancer would strengthen when
assessed in the years prior to diagnosis. The findings from this aim would provide novel
insight into the association between HIV viremia and breast cancer. If the hypotheses
were confirmed, these findings would demonstrate that HIV itself may be a mechanism
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leading to a reduced risk of breast cancer that requires further investigation. Additionally,
if there was an association between HIV and breast cancer, these findings could help
clarify the etiologically relevant time period for when HIV would act on tumor
development.

Taken in sum, the completion of these dissertation aims will help fill current gaps
in the literature regarding HIV and breast cancer risk by assessing potential hypotheses
that could explain the reduced risk seen in women with HIV. Findings from this work
have the potential to inform our broader understanding of breast cancer etiology, the
burden of breast cancer in the context of HIV as well as other chronic infectious
diseases, and the course of clinical care for women with HIV. As the population of
women with HIV continues living longer at older ages, understanding breast cancer

occurrence and etiology is critical for cancer prevention and surveillance.
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Chapter 1 Tables

Table 1-1. Summary of the literature on breast cancer incidence and mortality comparing women with versus without HIV

in the US

Breast cancer incidence studies

Study Population Era Factors accounted for Estimate of % difference in Sample Size
Association women with HIV

HIV/AIDS Cancer 1980-2002 Age at first live birth Standardized 31% reduced risk 313 diagnoses
Match Study™ Parity incidence ratio 85,268 women
(AIDS only) Body Mass Index

Smoking

Oral contraceptive use

Age

African ancestry
HIV/AIDS Cancer 1979-2002 Age Standardized 20% reduced risk 34 diagnoses
Match Study®® Race/ethnicity incidence ratio 19,785 women
(HIV only, 5-years Calendar year
following diagnosis) Registry
HIV/AIDS Cancer 1996-2012 Age Standardized 37% reduced risk 688 diagnoses
Match Study®° Race/ethnicity incidence ratio 893,506 women
(HIV/AIDS) Calendar year

Registry
HIV Outpatient Study/ 1992-1995 Age Standardized 30% reduced risk 29 diagnoses
Adult Spectrum of 1996-1999 Race rate ratio 20% reduced risk 38,298 person-
Disease Study’ 2000-2003 10% increased risk | years
Women’s Interagency 1993-2001 Age Rate ratio 30% reduced risk 7 diagnoses
HIV Study® Race 1,950 women
Johns Hopkins 1996-2005 Age Standardized 40% reduced risk 3 diagnoses
University AIDS Race incidence ratio 832 women
Service®” Calendar year
New York Cancer/AIDS | 1981-1994 Age Standardized 20% reduced risk 47 diagnoses
Registries® Race incidence ratio 1,288 women

Region

Differential survival
HIV/AIDS & Cancer 1980-1989 Age Standardized No cases 0 diagnoses
registries from six Race incidence ratio 8,886 women
states® 1990-1995 | Calendar year 60% reduced risk | 14 diagnoses

Registry 35,396 women

1996-2002 20% reduced risk 28 diagnoses
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All-cause and breast ca

breast cancer

27,282 women

Study Population Era Factors accounted for Estimate of X-fold risk in Sample Size
Association women with HIV
Surveillance, 1996-2012 Age All-cause 1.5 fold increased | 24 deaths among
Epidemiology, and End Race/ethnicity mortality risk 50 women with
Results—Medicare'° Median income (hazard ratio) HIV out of
Year 139,270 women
Stage Breast cancer | 1.9 fold increased Breast cancer
Treatment type specific risk specific deaths
Time between diagnosis and | mortality not reported due
treatment following initial to small case
treatment count
(hazard ratio)
Surveillance, 2001-2011 Age and year diagnosis All-cause 3-fold increased 84 deaths in 176
Epidemiology and End Race/ethnicity mortality risk women with HIV
Results (SEER)- Marital status (hazard ratio) among 164,080
Medicare (2000-2013)%2 Comorbidity score women total
Medicare eligibility reason Breast-cancer | 2.8 fold increased | 46 deaths in 176
Poverty indicator specific risk women with HIV
Summary stage mortality among 164,080
Treatment type (subdistribution women total
hazard ratio)
National Cancer 2004-2014 Age All-cause 1.9 fold increased | 399 deaths in
Database (2004- Race mortality risk 957 women with

2014)%

Calendar year
Household income
Stage

Treatment

Health insurance type
Treatment facility

(hazard ratio)

HIV among
1,100,058
women total

Listed in the order they are presented in text.
Bold indicates statistically significant estimate.
Green text indicates statistically significant decrease in risk, red text indicates statistically significant increase in risk.
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Table 1-2. Characteristics of NA-ACCORD participants compared to
people with HIV in the US using CDC data as of 2018

NA-ACCORD? PWH in USP
Characteristics N % N %
Age
18-19 90 0.2 - -
20-24 1,010 1.8 26,914 2.6
25-29 3,474 6.2 70,839 7.0
30-34 4,276 7.6 87,843 8.6
35-39 4,546 8.1 93,817 9.2
40-44 4,404 7.8 96,965 9.5
45-49 6,259 11.1 123,900 12.2
50-54 8,411 149 158,278 15.5
55-59 8,343 148 153,473 15.0
60-64 6,860 12.1 104,620 10.3
65+ 8,824 15,6 102,197 10.0
Sex
Male 48,372 85.6 774,422 755
Female 7,786 13.8 240,787 235
Transgender 339 0.6 10,362 1.0
Race/ethnicity
Non-Hispanic white 22953 40.6 304,131 29.7
Non-Hispanic Black 22190 39.3 422,994 41.3
Hispanic 7,110 126 231,317 22.6
Other/unknown 4,244 7.5 66,538 6.5

HIV transmission risk
Male-to-male sexual contact 20,244 358 576,787 554

Injection drug use® 8,026 14.2 178,629 17.2
Heterosexual contact 8,953 15.9 269,596 25.9
Other/unknown 19,274 341 15,339 1.5

Note: Table sourced from: https://naaccord.org/vital-statistics

a Participants with at least one CD4 count or viral load measurement between 1/1/2006-
12/31/2018

b Data from the HIV Surveillance Report, http:/www.cdc.gov/hiv/library/reports/hiv-
surveillance.html.Published_May 2020). Total population includes children, adolescents
and adults; sex and HIV transmission risk include adults and adolescents only. Weighted
percentages presented.

¢Includes those reporting both male-to-male sexual contact and injection drug use
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Table 1-3. Selected demographic and clinical characteristics among WIHS patrticipants by recruitment wave at the last

WIHS visit
Wave 1 (1994-95) Wave 2 (2001-02) Wave 3 (2011-12) Wave 4 (2013-15) Total
HIV - HIV+ HIV - HIV+ HIV - HIV+ HIV - HIV+ HIV - HIV+
N=196 N=519 N=215 N=356 N=77 N=210 N=214 N=576 N=702 N=1,661
Median Age 56 56 43 48 53 49 46 47 49 51
(IQR) (49,61) (52,61) (37,50) (42,52) (47,58) (42,53) (37,53) (39,53) (41,55) (44, 56)
Race/ethnicity
NH Black 128 (65) 308 (59) 135(63) 245(69) 65(84) 163(78) 178(83) 477(83) 506 (72) 1,193 (72)
NH white 19 (10) 91 (18) 13 (6) 21 (6) 2 (3) 18 (9) 19 (9) 52 (9) 53 (8) 182 (11)
Other 49 (25) 120(23) 67 (31) 90 (25) 10 (13) 29 (13) 17 (8) 47 (8) 143 (20) 286 (17)
Current smoker 74 (38) 160(31) 87 (40) 113(32) 44 (57) 99 (47) 102 (48) 253 (44) 307 (44) 625 (38)
Alcohol use, past
6 months
(drinks/week)
None 92 (47) 310(60) 76(35) 211(59) 39(51) 101(48) 84(39) 318(55) 291(41) 940 (57)
0-7 50 (26) 137 (26) 91 (42) 23 (26) 22 (29) 71 (34) 82 (38) 199 (35) 245(35) 500 (30)
>7-12 15 (8) 15 (3) 15 (7) 15 (4) 5(6) 8 (4) 11 (5) 17 (3) 46 (7) 55 (3)
>12 22 (11) 26 (5) 17 (8) 29 (8) 10 (13) 20 (10) 35 (16) 39 (7) 84 (12) 114 (7)
Menopausal status
(last visit)
Premenopausal 26 (13) 47 (9) 108 (50) 122 (34) 18(23) 72 (34) 97 (45) 214 (37) 249 (35) 455 (27)
Perimenopausal 23 (12) 50 (10) 36 (17) 74 (18) 12 (15) 34 (16) 29 (13) 82(14) 100 (14) 230 (14)
Postmenopausal 129 (66) 392 (76) 56 (26) 160 (45) 46 (60) 94 (45) 84 (39) 277 (48) 315(45) 923 (56)
History of cancer 16 (8) 47 (9) 6 (3) 21 (6) 2(3) 5(2) 2(1) 10 (2) 26 (4) 83 (5)
Undetected VL N/A 351 (68) N/A 238 (67) N/A 143 (68) N/A 420 (73) N/A 1,152 (69)
Evert ART use N/A 510 (98) N/A 347 (97) N/A 198 (94) N/A 555 (96) N/A 1,610 (97)

Abbreviation: IQR, interquartile range; NH, non-Hispanic; ART, antiretroviral therapy.
Note: Adapted from Adimora et al. Cohort Profile: The Women's Interagency HIV Study (WIHS). Int J Epidemiol. 2018 Apr 1;47(2):393-394i. doi: 10.1093/ije/dyy021.
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Chapter 1 Figures
Figure 1-1. Sites participating in the NA-ACCORD as of 2017

NA-ACCORD as of 2017

# of Participants per Site # of Participants
o 1-49 I 100-1,999
(O 50-2499 B 2.000-9,999

() 2s00-4900 [ 10.000- 19999

Il =20.000
O 5,000 [ insufficient Data

N w :
Alaska Hawaii Puerto Rico

Note: Figure sourced from: https://naaccord.org/
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Chapter 2: Aim 1

Trends in breast cancer hazard and cumulative
incidence among women with HIV
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Abstract

Background: Studies suggest a lower risk of breast cancer in women with versus
without HIV. These estimates may be biased by the lower life expectancy and younger
age distribution of women with HIV. This aim evaluated this bias and characterized
secular trends in breast cancer among women with HIV initiating antiretroviral therapy
(ART). I hypothesized breast cancer risk would initially increase over time as mortality

decreased and then stabilize.

Methods: This aim was conducted among women with HIV prescribed ART in the North
American AIDS Cohort Collaboration on Research and Design (NA-ACCORD) from
1997-2016. Breast cancer hazard (cause-specific hazard ratios [csHR]) and cumulative
incidence accounting for the competing risk of death (subdistribution hazard ratios
[sdHR]) were estimated to assess changes in breast cancer risk over time. This was
assessed overall (1997-2016) and within/across calendar periods. Analyses were
adjusted for race/ethnicity and were inverse probability weighted for cohort. Cumulative

incidence was graphically assessed by calendar period and race/ethnicity.

Results: There were 11,587 women observed from 1997-2016 in the analytic study
population, contributing 63 incident breast cancer diagnoses and 1,353 deaths (73,445
person-years [median follow-up=4.5 years]). Breast cancer cumulative incidence was
3.2% for 1997-2016. There were no secular trends in breast cancer hazard or
cumulative incidence. There were annual declines in the hazard and cumulative
incidence of death (csHR and sdHR: 0.89, 95% CI 0.87, 0.91) which remained within
and across calendar periods. There were no significant differences in breast cancer

incidence by race/ethnicity or calendar period.
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Conclusions: These findings contradict the hypothesis of increasing breast cancer risk
with declining mortality over time among women with HIV, suggesting a limited impact of
changing mortality on breast cancer risk. Additional inquiry is merited as survival

improves among women with HIV, and this population continues aging.

Publication information:

Coburn SB, Shiels MS, Silverberg MJ, Horberg MA, Gill MJ, Brown TT, Visvanathan K,
Connor AE, Napravnik S, Marcus JL, Moore RD, Mathews WC, Mayor AM, Sterling TR,
Li J, Rabkin CS, D'Souza G, Lau B, Althoff KN; North American AIDS Cohort
Collaboration on Research and Design (NA-ACCORD) of the International Epidemiology
Databases to Evaluate AIDS. Secular Trends in Breast Cancer Risk Among Women
With HIV Initiating ART in North America. J Acquir Immune Defic Syndr. 2021 May
1;87(1):663-670. doi: 10.1097/QAI1.0000000000002627. PMID: 33492023; PMCID:
PMC8026587.
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Introduction

People with HIV (PWH) in the United States have made substantial gains in life
expectancy, although disparities within this population by sex, race/ethnicity, and HIV
acquisition risk group endure.'"®'* As this population ages, with the majority now >50
years of age," PWH are increasingly at risk for common chronic comorbidities seen in
the general population, including non-AIDS defining cancers (NADCs).3"'3! Over time
the cancer burden has shifted from predominantly AIDS-defining cancers to
NADCs.%%71.72132 The mechanisms driving this shift are likely multifactorial, and
differential by cancer site/type. Potential factors include population-level aging, risk
factor prevalence (e.g. smoking), human papillomavirus/other coinfections, and immune
suppression.’>7®

Some studies suggest the risk of breast cancer in women with HIV is lower
compared to women in the general population,’®8° despite the high prevalence of
obesity and alcohol abuse in women with HIV,'3313 as well as chronic inflammation
associated with long term infection, which are relevant risk factors for breast cancer. In
the HIV/AIDS Cancer Match study (HACM), two analyses found protective effects of HIV
infection on breast cancer: standardized incidence ratio (SIR) 0.69 (95% CI1 0.63, 0.7) in
1980-2002,” and SIR 0.63 (95% CI 0.58, 0.68) in 1996-2012.%° A third study found a
reduced risk of breast cancer from 1992-1995 (standardized rate ratio [SRR]=0.70, 95%
Cl1 0.30, 1.90), and a null effect from 2000-2003 (SRR=1.10, 95% CI 0.70, 1.80).7®

Observational studies cast doubt on racial and age differences between women
with versus without HIV as drivers of these associations. Though women with HIV have
a younger age distribution, and are predominantly Black (among whom breast cancer
risk is modestly lower),'" prior estimates account for these factors.”®® Also, the racial
disparity in breast cancer risk in the general population by race is narrowing.*®
Differences in screening has also been postulated as explaining this disparity. 103105136
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Though research is sparse, estimates vary on whether mammography is more common,
less common or comparable in women with versus without HIV.196-109

The changing mortality rate among women with HIV from early treatment eras to
the modern antiretroviral therapy (ART) era could also lead to artificially lower rates of
disease. Specifically, it is unclear whether the previously documented low risk of breast
cancer might be attributed to the younger age distribution of women with HIV relative to
the general population, where breast cancer risk is typically not elevated, and/or that
women with HIV had a lower life expectancy compared to women in the general US
population.™ Though prior studies have used age-standardization to mitigate this bias,
analyses addressing breast cancer risk in older women with HIV have not addressed the
competing risk of death, which would allow for a more complete understanding of trends
in breast cancer among women with HIV."®

Thus, the objectives of this aim were to: 1) characterize breast cancer risk over
calendar time in the context of changes in mortality; and 2) evaluate the role of the
potential bias produced by changing mortality (shifts in the age distribution and
increased life expectancy) in breast cancer risk among women with HIV who have

initiated ART.

Methods
Study Population

The study population included women with HIV participating in the North
American AIDS Cohort Collaboration on Research and Design (NA-ACCORD)."?° Briefly,
the NA-ACCORD is a consortium of single- and multisite cohorts of adults with HIV in
the U.S. and Canada. Individuals are eligible for inclusion if they attended two or more
HIV care visits within twelve months (i.e. they successfully linked into HIV care). Each

cohort employs standardized data collection, submitting data on enrolled participant
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characteristics, diagnoses, laboratory measures, prescribed medications, and vital status
to the Data Management Core (University of Washington, Seattle, WA). Data are
harmonized across cohorts and evaluated for quality control prior to being transmitted to
the Epidemiology/Biostatistics Core (Johns Hopkins University, Baltimore, Maryland).
Cis-gender women were included in this nested study if they were =218 years old,
prescribed ART, under observation for at least six months from 1996 through 2016, had
no history of any cancer (including non-melanoma skin cancer), and had data available
on race/ethnicity (Figure 2-1). This excluded 224 first-time AIDS-defining cancer
diagnoses, 1 woman was subsequently diagnosed with breast cancer, and 93 died.

Twenty NA-ACCORD cohorts provided data on women meeting these criteria.

Outcome: Breast Cancer

First-time, incident breast cancer diagnosis was ascertained and validated using
a standardized abstraction protocol as described elsewhere.” Abstraction included
manual review of medical charts and pathology reports for cancer site and

histopathology, and/or linkages with cancer registries.

Death

Deaths in the NA-ACCORD are ascertained via linkages with: 1) provincial, state,
or national death registries (includes the US National Death Index Plus), 2) medical
record abstraction following natification of death to the attending physician, 3) outreach
to family and/or friends, and 4) monitoring of obituaries. Though cohorts participating in
the NA-ACCORD have differing methods of ascertainment, mortality rates are
comparable between cohorts with and without registry linkages.'? Lags in death index
matching were accounted for by administratively censoring women at December 31
2016. Death was defined as all-cause mortality.
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Covariates

Age was estimated from year of birth. Race/ethnicity was categorized as: Non-
Hispanic Black, Non-Hispanic white, Hispanic, or other race/ethnicity. This was selected
to reflect racial/ethnic differences in breast cancer risk observed in the general
population,’® as well as racial/ethnic differences in mortality among women with HIV."
This also ensured large enough sample size for stable estimates, and is consistent with
the literature on breast cancer risk in women with HIV.8 ART exposure was defined
using the first occurrence of a prescription for effective antiretroviral therapy for at least

30 days; effective ART was defined using treatment guidelines.®

Statistical Analyses

Women contributed person-time and events beginning 6 months after the latest
of the following dates: January 1!, 1996, enroliment into the NA-ACCORD, age 25, ART
initiation date, or cohort-specific cancer validation start date. The six-month period
following the start date was added to mitigate including prevalent breast cancer
diagnoses and to exclude immortal person-time.'*"'*® Women were censored from the
analysis on the earliest of the following dates: incident breast cancer diagnosis, death,
administrative censoring on December 31!, 2016, cohort-specific cancer validation end
date, or loss-to-follow-up. Loss-to-follow-up was defined as the last HIV laboratory
measurement (either CD4 count or HIV viral load measurements) prior to a two-year
gap. Although women could enter as early as 1996, person-time and events prior to
1997 were excluded due to limited observation during this year (Figure 2-1). The
timescale for this analysis was age, allowing women of the same age to be compared by
calendar period with respect to risk of breast cancer or death, effectively controlling for

the influence of age on breast cancer risk.
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To characterize secular changes in the risk of breast cancer, | estimated cause-
specific hazard ratios (csHR) and sub-distribution hazard ratios (sdHR) for the
association between time-updated calendar time and time to breast cancer. | also
estimated the csHR and the sdHR for the association between calendar time and time to
death. Comparisons of the csHRs and sdHRs for both breast cancer and death can
elucidate the contribution of death to the hazard of breast cancer over time.”® As
described by Silverberg et al., in the era of effective ART, women with HIV are
experiencing increased life expectancy over time. Assuming the competing risk of death
is the only reason breast cancer risk appears lower in women with compared to without
HIV, the hazard rate (the instantaneous risk of breast cancer: csHR), may not vary over
time, but the cumulative incidence (the risk of breast cancer given surviving to a certain
time: sdHR) would be expected to increase as a result of decreased mortality.”

| also graphically assessed breast cancer and all-cause mortality rates over
calendar time by plotting lowess smoothed incidence rates (the ratio of lowess smoothed
annual breast cancer/death counts over lowess smoothed person-time [days] for each
calendar year).

Proportionality of hazards was assessed using interaction terms between
calendar year and age. Calendar year was modelled continuously (centered at 2006) to
assess annual trends overall (1997-2016) and using linear splines to assess annual
trends within time-updated calendar periods (1997-2001, 2002-2006, 2007-2011, and
2012-2016). Calendar periods approximated changes in ART treatment guidelines. |
additionally assessed changes in breast cancer risk across calendar periods, comparing
1997-2001 to all later periods. All models were adjusted for race/ethnicity, and
regression analyses were repeated additionally adjusting for having an AlIDS-defining
illness within a year prior to ART initiation (yes or no). Models were weighted as the
inverse probability of being in each cohort (or subsite for multisite cohorts) to account for
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differences across cohorts. The cumulative incidence of breast cancer over age was
graphically examined using non-parametric estimators accounting for the competing risk

of death stratified by calendar period and race/ethnicity.

Results
Characteristics of the Study Population

There were 11,587 women (Figure 2-1) contributing 73,445 person-years, 63
incident breast cancer diagnoses, and 1,353 deaths from 1997-2016, yielding a breast
cancer incidence rate of 8.6 cases (95% CI 6.7, 11.0) per 10,000 person-years and
mortality rate of 184.2 deaths (95% CI 174.7, 194.3) per 10,000 person-years (Table 2-
1). The median age at analysis entry was 40.0 years (IQR: 33.5, 47.0 years), and
median age at exit was 47.0 years (IQR: 39.1, 54.1 years). The median duration of
follow-up for women was 4.5 years (IQR: 2.3, 9.5 years). Women were predominantly
Non-Hispanic Black (59.4%) and did not have an AIDS-defining illness in the year prior
to ART initiation (91%) (Table 2-1). There was variability in the distribution of
race/ethnicity over calendar year (average annual percent change <15% per category)
and AIDS-defining illness in the year prior to ART (average annual percent change

<10% per category).

Secular Changes in Cause-Specific Hazard of Breast Cancer and Death

The cause-specific hazard assessed overall (1997-2016) for breast cancer was
stagnant, and for death declined over time (Table 2-2). There was no change in the
cause-specific hazard of breast cancer (csHR: 0.98, 95% CI 0.92, 1.05) per one-year
increase in calendar year. There was a 11% decrease in the cause-specific hazard of

death per one-year increase in calendar year (csHR 0.89, 95% CI 0.87, 0.91).
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The cause-specific hazard was also assessed within calendar periods (Table 2-
2). The cause-specific hazard of breast cancer within calendar periods did not
significantly change over time and was characterized by modest fluctuation. This was
also observed when comparing breast cancer risk across calendar periods, where there
was no significant difference in breast cancer hazard comparing later periods to 1997 -
2001. When visually assessing the rate of breast cancer over time using lowess
smoothed incidence rates over calendar year, there was an initial small increase in
breast cancer which peaked from 1997 to 2008, but little change was observed after this
(Figure 2-2A).

There was a consistent decline in the hazard of death within calendar periods
(Table 2-2). In 1997-2001, there was a 11% decline per year in the hazard of death
(csHR: 0.89, 95% CI 0.79, 1.00). In 2002-2006 there was an 8% annual decrease in the
hazard of death (csHR: 0.92, 95% CI 0.85, 0.99), followed by a 16% decrease in the
annual hazard of death in 2007-2011 (csHR: 0.84, 95% CI1 0.77, 0.92). This stabilized in
2012-2016, with a non-significant 10% annual decline in the hazard of death (csHR:
0.90, 95% CI 0.77, 1.06). When evaluated across calendar periods, compared to 1997 -
2001, the risk of death significantly increasingly declined for 2002-2006 (csHR: 0.62,
95% Cl 0.44, 0.87), 2007-2011 (csHR: 0.37, 95% CI 0.26, 0.51), and 2012-2016 (csHR:
0.16, 95% CI 0.11, 0.24). This was consistent with the lowess smoothed all-cause
mortality rates by calendar year, where there was a steady decline in all-cause mortality

with increasing calendar year (Figure 2-2B).

Secular Change in Cumulative Incidence of Breast Cancer and All-Cause Death
The cumulative incidence of breast cancer (estimated via the breast cancer
sdHRs) followed similar trends to the breast cancer csHRs (Table 2-2). There was no

significant annual change in the cumulative incidence of breast cancer assessed from
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1997-2016, within calendar period, or across calendar periods. The cumulative incidence
of death followed a markedly similar pattern to the cause-specific hazard of death,
characterized by an 11% annual decrease in the cumulative incidence of death (sdHR:
0.89, 95% CI 0.87, 0.91) and declines in the annual cumulative incidence of death in
1997-2001, 2002-2006, 2007-2011, and 2012-2016 of 11%, 8%, 16% and 10% (Table
2-2). Compared to 1997-2001, cumulative incidence of death was significantly lower with
each increasing calendar period.

All regression analyses were repeated additionally adjusting for AIDS-defining
illness in the year prior to ART, which did not substantively change estimates (Appendix

2-1).

Cumulative Incidence of Breast Cancer by Calendar Period

The incidence of breast cancer fluctuated with calendar period. The overall
cumulative incidence of breast cancer from 1997-2016 was 3.2% (95% Cl 2.1%, 4.7%).
The cumulative incidence of breast cancer was 2.3% (95% CI 0.1%, 6.2%) in 1997 -
2001, 2.3% (95% Cl 1.2%, 3.9%) in 2002-2006, 4.5% (95% CI 2.1%, 8.4%) in 2007-
2011, and 3.8% (95% Cl 1.7%, 7.2%) in 2012-2016. Assessed graphically, there were
no discernable patterns in breast cancer cumulative incidence with age as the timescale
with respect to calendar periods (Figure 2-3A).

Cumulative incidence was highest among Hispanic women at 4.7% (95% CI
1.5%, 11.1%), followed by Non-Hispanic white women at 4.2% (95% ClI, 1.7%, 8.4%),
Non-Hispanic Black women at 2.6% (95% ClI, 1.5%, 4.3%), and women of other
race/ethnicity at 0.1% (95% ClI, 0.2%, 3.3%). There were no differences by
race/ethnicity, until the end of follow-up, where the data are sparse (Figure 2-3B). There
was limited follow-up beyond age 65, so estimates should be interpreted cautiously
(Appendix 2-2).
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Discussion

In a large sample of women with HIV prescribed ART in North America with no
history of any cancer, there were no trends in either the hazard or cumulative incidence
of breast cancer over calendar time accounting for age (timescale), race/ethnicity, and
cohort. The hazard and cumulative incidence of death demonstrated consistent declines
over time when assessed from 1997-2016 and within/across calendar periods.
Cumulative incidence of breast cancer was 3.2% over 16 years of follow-up in women
with HIV initiating ART with no history of any cancer (median follow-up 4.5 years) for the
years 1997-2016. There were no significant differences in breast cancer risk by calendar
period or race/ethnicity.

These findings suggest a limited impact of changing mortality on breast cancer
risk among women with HIV initiating ART. Despite declines in mortality (as both the
csHRs and sdHRs for death indicated), there was no change in breast cancer risk over
time. If mortality substantively influenced breast cancer incidence among women with
HIV, we would expect to see a pattern of increasing breast cancer cumulative incidence
with increasing calendar year; however, we observed no difference in breast cancer
cumulative incidence when stratified by calendar period.

These results align with an analysis in HACM, which found that the annual
percent change in breast cancer incidence rates did not change over time from 1996-
2010.”" Another study conducted in HACM projecting breast cancer incidence through
2030 found no change in the rate of breast cancer from 2006-2012.7° To compare these
findings to this aim, one must assume the incidence rate is a reasonable estimate of the
average hazard in these calendar periods; however, the incidence rate is not directly
comparable to the hazard, cumulative incidence, or lowess incidence rates examined in
this analysis. In the era of effective ART, my observation of declining mortality over
calendar time has been well-documented among PWH.87213 This has been observed in
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women with HIV,' though in the US, relative to men, the magnitude of this decline in
mortality is smaller for women.’

Breast cancer incidence in this analysis is markedly lower than the commonly
cited 12% lifetime risk among women in the general population.'#? There are substantial
differences in the underlying populations that generated our estimate (women with HIV
initiating ART with no history of cancer, and under observation in the NA-ACCORD), and
those in the general population of women. Moreover, given the limited follow-up among
women beyond age 65, and the increased risk of breast cancer in women 65 and older
observed in the general population, this estimated risk likely does not reflect lifetime
breast cancer risk in women with HIV. No direct comparisons should be made, though
this notable disparity merits additional investigation. To my knowledge, breast cancer
lifetime cumulative incidence has not been estimated in women with HIV initiating ART.

These observations could be an artifact of the increasing number of women
enrolling in the NA-ACCORD, entering the analysis (Appendix 2-2) and the integration
of cancer diagnosis observation into each cohort in later years. Cohorts/subsites enter
and exit this analysis at varying timepoints according to when cohorts began
participation in the NA-ACCORD and began capturing cancer diagnoses. It is possible
that fluctuation in cohort participation over time could lead to differential cancer
ascertainment over time, though models accounted for cohort/subsite. At the individual
level, women enter and leave the study at different timepoints, and | assumed that
women who are lost-to-follow-up are represented by the women who remain.

| did not adjust for secular trends in factors related to breast cancer incidence
such as changes in screening practices, guidelines, insurance coverage, risk factors for
breast cancer (e.g. reproductive factors, alcohol abuse, obesity), or breast cancer risk in
the general population due to limited data availability and sample size constraints.
Therefore, this aim cannot isolate the effect of mortality alone on breast cancer risk over
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time. Another assumption was that the age-specific risk of cancer was constant by birth
cohort (e.g. a 35-year-old woman with treated HIV in 1996 is comparable to a 35-year-
old woman with treated HIV in 2007). | attempted to mitigate this bias by limiting our data
to women who initiated ART and were under observation using a conservative definition
of loss-to-follow-up. The small number of breast cancer cases (h=63) limited the
precision of these estimates. There was little follow-up observed among women older
than 65, restricting the ability to assess lifetime breast cancer risk among women with
HIV and may have led to under-ascertainment of cases. Lastly, by restricting to women
without a history of cancer, a healthier subset of women with HIV who have initiated ART
was selected, especially since AIDS-defining cancer were excluded. Therefore, findings
may not be applicable to all women with HIV, where associations with calendar time may
differ.

These findings add to the existing limited literature on breast cancer among
women with HIV using a large cohort of women with HIV accessing care and initiating
ART in North America with moderate duration of follow-up and validated cancer
diagnoses. This offers additional evidence that changing mortality is not a mechanism
driving lower risk of breast cancer in women with compared to without HIV. This is a
novel evaluation of breast cancer over time among women with HIV which assesses the
competing risk of death. Further, by limiting the analyses to women initiating ART who
are engaged in care (as per our loss-to-follow-up criteria), potential under ascertainment
of outcomes was minimized.

The number of women living with HIV over age 50 will continue rising as life
expectancy increases and mortality decreases. A rise in breast cancer incidence is
plausible given that declining HIV-associated mortality has resulted in an older and aging
population of women with HIV who are at the most risk for breast cancer. This was not
supported by these findings where there was no substantial change in breast cancer risk
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or cumulative incidence over time despite declines in mortality; however, given limited
follow-up beyond age 65, it is possible that the threshold for breast cancer risk has not
been reached in this population. Additionally, even with no change in risk/hazard, there
could be an absolute increase in the number of cases among these women over time.
Breast cancer should continue to be tracked in large cohorts of women with HIV
to determine if there are trends over a longer time period at older ages. Further
investigation will be required to clarify the role of not only mortality, but also secular
trends in the underlying population on breast cancer risk in women with HIV.
Comparisons to an appropriate population of women without HIV should be considered

to determine if there are disparities by HIV status in breast cancer risk over time.
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Chapter 2 Tables

Table 2-1. Characteristics of women with HIV
(N=11,587), NA-ACCORD, 1997-2016

Median IQR
Age at entry 40.0 33.5,47.0
Age at exit 47.0 39.1, 541
Calendar year entry 2004 2000, 2010
Calendar year exit 2014 2007, 2016
Follow-up (years) 4.5 23,95
N %
Race/ethnicity
Non-Hispanic Black 6,887 594
Non-Hispanic white 2,313 20.0
Hispanic 1,504 13.0
Other 883 7.6
ADI in the year prior to
ART initiation
No 10,511 90.7
Yes 1,076 9.3
N Rate per 10,000
Person-Years
Breast cancer 63 8.6
All-cause death 1,353 184.2

Abbreviations: IQR. Interquartile range; ADI, AIDS-defining
illness; ART, antiretroviral therapy.
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Table 2-2. Secular change in breast cancer and death by
calendar time, 1997-2016

Cause-specific Subdistribution
hazard hazard
csHR® 95% CI sdHR? 95% ClI
Breast cancer
Annual 0.98 0.92,1.05 1.01 0.94,1.07
Within periods®
1997-2001 1.02 0.66, 1.59 1.07 0.68, 1.68
2002-2006 1.00 0.76,1.33 1.02 0.77,1.35
2007-2011  0.95 0.77,1.18 0.97 0.79,1.20
2012-2016 1.01 0.74,1.37 1.02 0.75,1.38
Across periods®
1997-2001 ref -- ref --
2002-2006 0.76 0.18, 3.32 0.88 0.20, 3.82
2007-2011  0.79 0.22,2.80 1.01 0.28, 3.61
2012-2016  0.77 0.22,2.74 1.07 0.30, 3.75
Death
Annual 0.89 0.87, 0.91 0.89 0.87, 0.91
Within periods®
1997-2001 0.89 0.79,1.00 0.89 0.79, 1.00
2002-2006  0.92 0.85, 0.99 0.92 0.85, 0.99
2007-2011  0.84 0.77,0.92 0.84 0.77,0.92
2012-2016  0.90 0.77,1.06 0.90 0.77,1.06
Across periods®
1997-2001 ref - ref -
2002-2006 0.62 0.44, 0.87 0.62 0.44, 0.87
2007-2011  0.37 0.26, 0.51 0.37 0.26, 0.52
2012-2016  0.16 0.11,0.24 0.16 0.11,0.24

Abbreviations: cause-specific hazard ratio, csHR; subdistribution hazard ratio
(sdHR); Cl, confidence interval.
a Adjusted for race/ethnicity and inverse probability weighted for cohort/subsite
b Interpreted as: annual change in breast cancer hazard within the stratum
¢Interpreted as: change in breast cancer hazard over each calendar period

compared to 1997-2001

Statistically significant estimates are bolded.
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Chapter 2 Figures

Figure 2-1. Flow diagram for inclusion into the analytic study population, NA-ACCORD,
1997-2016

Women (218) with HIV in the
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Abbreviations: antiretroviral therapy, ART.
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Figure 2-2. Lowess smoothed incidence rates for breast cancer and all-cause mortality over calendar time
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Figure 2-3. Cumulative incidence of breast cancer over age by calendar period and race/ethnicity (N=11,587), NA-
ACCORD, 1997-2016
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Chapter 2 Appendices

Appendix 2-1 Supplemental Tables

Supplemental Table 2-1. Secular change in breast cancer and
death by calendar time adjusting for AIDS-defining illness

Cause-specific Subdistribution
hazard hazard
csHR? 95% CI sdHR? 95% CI
Breast cancer
Annual 0.98 0.92,1.05 1.01 0.95, 1.07
Within periods®
1997-2001 1.03 0.67, 1.59 1.09 0.70, 1.68
2002-2006 1.00 0.75, 1.32 1.02 0.76, 1.35
2007-2011  0.95 0.77,1.18 0.98 0.79, 1.21
2012-2016  1.01 0.74,1.37 1.02 0.75,1.38
Across periods®
1997-2001 ref - ref -
2002-2006  0.77 0.18, 3.33 0.89 0.21,3.82
2007-2011  0.79 0.22, 2.81 1.01 0.28, 3.62
2012-2016  0.78 0.23,2.70 1.09 0.32, 3.68
Death
Annual 0.89 0.87, 0.91 0.89 0.87, 0.91
Within periods®
1997-2001 0.89 0.80, 1.00 0.89 0.80, 1.00
2002-2006  0.92 0.85, 0.99 0.92 0.85, 0.99
2007-2011 0.84 0.77,0.92 0.84 0.77,0.92
2012-2016  0.90 0.77,1.06 0.90 0.77,1.06
Across periods®
1997-2001 ref -- ref -
2002-2006  0.62 0.44, 0.87 0.62 0.44, 0.87
2007-2011  0.37 0.26, 0.51 0.37 0.26, 0.52
2012-2016  0.16 0.11,0.24 0.16 0.11,0.24

Abbreviations: cause-specific hazard ratio, csHR; subdistribution hazard ratio
(sdHR); Cl, confidence interval.
a Adjusted for race/ethnicity and inverse probability weighted for cohort/subsite
b Interpreted as: annual change in breast cancer hazard within the stratum

¢ Interpreted as: change in breast cancer hazard over each calendar period

compared to 1997-2001

Statistically significant estimates are bolded.
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Appendix 2-2 Supplemental Figures

Supplemental Figure 2-1. Age distributon of women under observation by calendar
year and age distribution at death
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Chapter 3: Aim 2

Differences in estradiol by HIV status, and among
women with HIV, by viral suppression status
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Abstract

Background: Characterizing estradiol among women with HIV has implications for
breast cancer risk but has not been well-explored. Studies suggesting serum estradiol
concentrations are lower in women with versus without HIV are limited in sample size
and have not accounted for confounding or sex hormone binding globulin (SHBG). This
aim sought to quantify differences in circulating estradiol and SHBG among women with

and without HIV.

Methods: | used data from the sex steroid substudy conducted within the Women’s
Interagency HIV Study (WIHS) from 2003-2006. The WIHS is a multisite cohort of
women with and without HIV in the US. Premenopausal women were included if they
reported having a period the past six months, were not pregnant, had no history of
oophorectomy, no breastfeeding in the last six months, and no exogenous hormone use
in the past twelve months. All samples were collected on days 2-4 at the start of the
menstrual cycle. | calculated geometric means of total/free estradiol (pg/mL) and SHBG
by HIV status. | used weighted (by sociodemographic and clinical factors) quantile
regression to quantify estradiol/SHBG differences at the 25", 50", and 75™ percentile by

HIV status, and among women with HIV, by viral suppression status.

Results: Among 643 women, the median age was 37 years (IQR 32, 42), 63% were
Black, and 51% reported being current smokers. Total estradiol was significantly lower at
all percentiles in women with suppressed viral load vs. women without HIV (ranging 4-10
pg/mL lower). Free estradiol at the 75" percentile was 0.29 pg/mL lower comparing
women with suppressed viral load to women without HIV (95% CI -0.57, -0.02), and
among women with HIV, free estradiol was 0.44 pg/mL lower in women with suppressed
versus not suppressed viral load (95% CI -0.74, -0.13). SHBG was significantly higher in
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women with unsuppressed viral load compared to women without HIV at the 25" and

50" percentile (3=10, 95% CI 3.50, 16.50; B=12, 95% CI 3.41, 20.58).

Conclusions: Total and free estradiol were slightly lower in women with versus without
HIV, though differences were not clinically meaningful. SHBG was significantly higher
comparing women with unsuppressed viral load to women without HIV, which should be
investigated in future studies. Overall, these findings merit further exploration in a larger,
contemporary sample of women with and without HIV, who are pre and
postmenopausal, especially given the population-level aging observed in women with

HIV.
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Introduction

There is evidence that people living with HIV experience gonadal and hormonal
dysfunction.®%'%3 Though this is well documented in men with HIV,'* there is less known
in women with HIV. Understanding the impact of HIV infection on endogenous sex
steroid hormones in women, particularly estrogen, is critical because these hormones
modulate the immune system'® and are associated with chronic comorbidities, including
breast cancer (both pre and post-menopausal)''®114146-14% and cardiovascular
disease.®*'5! Few studies have demonstrated that breast cancer risk is significantly
lower comparing women with versus without HIV, and estrogen suppression has been
hypothesized as a potential mechanism;’-® though this has not been explored. Further,
as women with HIV have life expectancies approaching those of the general population,
and the age distribution of women with HIV shifts toward post-menopause,’'3'* these
comorbidities are increasingly relevant and such information could inform reproductive
health care.

Existing epidemiologic research addressing sex hormones in women with HIV is
scarce, and whether there is hormonal dysregulation is unclear. Some studies indicate a
high prevalence of amenorrhea in women with HIV (estimates varying from 5%-48%)
compared to uninfected women. 861" One meta-analysis found that the odds of
amenorrhea was 70% higher in women with versus without HIV.% By contrast, others
show no association with HIV status.®''%2-1%* Prior studies have also suggested earlier
onset of menopause; though these findings are not definitive, and defining menopausal
status is difficult due to how commonly amenorrhea is observed in women with HIV 60-64
Plausible mechanisms that may explain hormonal dysfunction in women with HIV
include high prevalence of opioid use and smoking, stress, weight loss, and the

proinflammatory state associated with HIV, but further research is needed.
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Characterizing hormonal dysregulation in women with HIV is complicated by
natural fluctuations in hormones within the menstrual cycle in premenopausal women.
Additionally, the association between HIV, specifically HIV viral load, and estrogen may
vary within the menstrual cycle: one study found that plasma viral load varied within the
menstrual cycle, with viral load falling a median of 0.16 log1o copies/mL from the early
follicular phase to the mid-luteal phase."'® Women with HIV may also take
mediations/narcotics that can suppress ovulation more frequently than women in the
general population. Therefore, in women with HIV, it is difficult to determine whether
hormonal dysfunction is due to menopause, hypothalamic dysregulation (due to
stress/iliness), lifestyle factors, or anovulation.

Biomarker measurements offer a direct method of assessing hormonal
dysfunction in women with HIV. Estradiol is an important biomarker of hormonal
dysfunction because it is the most biologically active form of estrogen and most
abundant prior to menopause.'®® The research thus far is equivocal. One study
suggested that total estradiol was lower in premenopausal women with versus without
HIV and that other hormones, such as testosterone, may also differ by HIV status in
women.""" Other studies have found no difference in total estradiol by HIV status (though
estradiol was not the primary outcome) 62116117 or that estradiol was higher in women
with versus without HIV."18.119

These studies were limited in sample size and did not account for relevant
covariates contributing to potential differences in estrogen levels such as body mass
index (BMI), smoking, and among women with HIV, treatment, or immune status.
Importantly, these works also did not consider the role of sex hormone binding globulin
(SHBG) or assess free estradiol. When estradiol circulates in the blood, it is usually
bound to albumin, or more commonly SHBG. While estradiol is bound to SHBG, it

cannot enter cells, activate receptors, or carry out its function. The remaining estradiol
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(unbound) is free estradiol, and can interact with cells and their receptors, carrying out
its function. Thus, free estradiol, as opposed to total estradiol, is most relevant to
adverse health outcomes. Assessment of both SHBG and free estradiol is critical in fully
characterizing the association between estradiol and HIV status. Previous studies have
also not considered the association between HIV viremia and estradiol concentrations
among women with HIV.

The objective of this aim was to quantify differences in total and free estradiol as
well as SHBG between women with and without HIV, and among women with HIV by
viral suppression status using a large sample of US women with and without HIV who

are socio-demographically comparable.

Methods
Study Population

Data for this study were previously collected by the Women’s Interagency HIV
Study (WIHS), now the MACS/WIHS Combined Cohort Study. The WIHS is a
multicenter prospective, interval cohort study of women with and at high risk for HIV in
the US."° Established in 1993, there are six consortia comprised of multiple sites across
the country. Study visits are conducted every six months, including a structured interview
(assessing medical history, antiretroviral therapy [ART], lifestyle factors, and healthcare
utilization), physical and gynecologic exams, HIV status and HIV viral load, and
biological specimen collection. There have been four recruitment waves since the
inception of the WIHS. As of 2019, the WIHS joined with the Multicenter AIDS Cohort
Study of gay and bisexual men to form the MACS/WIHS Combined Cohort Study. The
data are maintained by the Department of Epidemiology at the Johns Hopkins

Bloomberg School of Public Health.
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Women participating in the sex steroid substudy nested within the WIHS were
eligible for our study.5>'"" The sex steroid substudy took place from visits 18-25 (2003 to
2006), during which serum samples were collected to assess cycle-specific sex steroid
hormones (estradiol, inhibin-B, SHBG, and follicle-stimulating hormone [FSH]) to assess
the effect of HIV on the age of onset for diminishing ovarian reserve. Samples were
collected among women at one time point on one day on days 2-4 of the start of her
menstrual cycle. Women were eligible if they reported having a period the past six
months, were not pregnant, had no history of unilateral or bilateral oophorectomy,
reported no breastfeeding in the last six months, and reported no exogenous hormone
use (including hormonal contraceptives and hormone replacement therapy) in the prior
twelve months.

Women were included in this study if they met these inclusion criteria, had
complete data regarding inclusion criteria, and had an estradiol measurement (n=643).
Women were additionally excluded if they: 1) self-reported being menopausal (n=6), 2)
did not have HIV viral load measured at the biomarker visit (n=2); 3) had a high level of
total estradiol (>350 pg/mL, [n=1]) given the inclusion criteria and when during the
menstrual cycle estradiol was supposed to be measured; and 4) were missing

covariates included in regression analyses (n=9) (Figure 3-1).

Biomarker Measurements

Total estradiol was assessed continuously and measured in picograms per mL
(pg/mL). Estradiol was measured using serum samples on the Coat-A-Count solid-phase
radioimmunoassay (Siemens Medical Solutions, Malvern, Pennsylvania) with six-dilution
calibration standards and a zero control (lower limit of quantification=20 pg/mL).621""
SHBG was tested using a chemiluminescent assay run on the Siemens DPC Immulite
(Siemens DPC, Washington DC) using their reagents, and was assessed continuously
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and measured in nanomoles per liter (nmol/L). Estradiol and SHBG were both performed
by Quest Diagnostic Laboratories (Baltimore, Maryland). Of the 643 women included,
431 also had SHBG measured at the same visit and laboratory. Free estradiol was

calculated using total estradiol, SHBG and a constant for albumin.'%

Covariates

Race/ethnicity was defined categorically: non-Hispanic white, non-Hispanic
Black, Hispanic, and other race/ethnicity. These categories were selected to ensure
sufficient sample size to conduct regression analyses and maximize precision.
Covariates assessed at the time of biomarker measurements included: body mass index
(BMI) (analyzed continuously as kg/m?), smoking status (current, former, never), alcohol
use (abstain, 1-7 drinks/week, 8-12 drinks/week, 12+ drinks/week), age at menarche
(years of age), parity (nulliparous, 1, 2, 3, 4+ births), age (years), and Hepatitis C status
(measured using HCV RNA among those seropositive at entry into the WIHS). Among
women with HIV, current ART status was collected (no therapy versus on therapy), as
was cumulative duration of protease inhibitor use, and CD4 count (assessed
continuously, cells/mm?). Missing values for BMI and CD4 count were carried forward

from the visit prior (6-12 months) as needed (n=13 and n=1, respectively).

Exposure Assessment

HIV status was stratified into three categories: women without HIV, women with
HIV and suppressed viral load defined as HIV RNA <200 copies/mL, or women with HIV
and unsuppressed viral load (HIV RNA = 200 copies/mL). This cut off for viral load was
used because it is a clinically relevant marker with respect to HIV transmission, has
been associated with adverse health outcomes, and is the current threshold used to
define virologic failure used by the Department of Health and Human Services. %715
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Comparisons were made between women without HIV to women with HIV with
suppressed, or unsuppressed viral load (two pairwise comparisons). Among women with
HIV, women were compared by suppression status at the biomarker visit. To explore the
temporality of the association between viral suppression and estradiol/SHBG, among
women with HIV, we also assessed the viral suppression status at the last visit prior

(within 6-12 months) to the biomarker measurement.

Statistical Analyses

First, differences in demographic, clinical and reproductive factors by HIV status
were evaluated using non-parametric 2-sample tests for continuous covariates and chi-
square tests for categorical variables. Second, | calculated geometric means for total
estradiol, free estradiol, and SHBG by HIV status, and among women with HIV, by viral
suppression status. T-tests on the log transformed values of these biomarkers was
utilized to assess statistically significant differences by HIV status and viral suppression
status.'® Geometric means were selected as opposed to arithmetic means to reduce
sensitivity to skewed values.

Third, | utilized weighted quantile regression to estimate differences in total
estradiol, free estradiol, and SHBG by HIV status. Pairwise comparisons were made with
women without HIV as the reference group to: a) women with HIV and suppressed viral
load, and b) women with HIV and unsuppressed viral load. Among women with HIV,
women with suppressed versus unsuppressed viral load at the biomarker visit and 6-12
months prior to the visit were also compared.

Quantile regression assesses whether there is a shift in the distribution of the
outcome at a particular quantile.®'6' For instance, at the 50" percentile (i.e., median),
quantile regression assesses if there is a difference in the median estradiol levels
between women with HIV and suppressed viral load as compared to women without
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HIV. This can be done for any percentile (15, 2", ... 99"") and allows for assessment of
shift in the entire distribution, not only at the central tendency (i.e., mean or expected
value that generalized linear models typically are modeling). Therefore, this approach
can provide a comprehensive examination of the entire distribution of the outcome. This
methodology is also advantageous when the outcome is not normally distributed, 6
which was evident in this analytic population. These biomarkers were assessed at three
separate quantiles: 25" percentile, 50" percentile, and 75" percentile to capture
associations with HIV status across the distribution.

Stabilized inverse probability weights were utilized to address confounding by
several measured covariates.'®? Time-fixed weights were estimated using multinomial
and logistic models where HIV status was the outcome, with following variables as
predictors: race/ethnicity, log-transformed BMI, smoking status, current Hepatitis C
status, alcohol use, age at menarche, parity, and current age. Models among women
with HIV only were additionally weighted for ART status and CD4 count. Robust variance
estimation was used to calculated standard errors. Estimates from the weighted quantile
regression for each percentile (15-99"") were then graphically assessed to describe the
distribution of estradiol stratified by HIV status.

Subgroup analyses were conducted excluding women with total estradiol levels
>150 pg/mL (n=13). These were considered likely to be inaccurate due to measurement
error given that estradiol measurements were supposed to be collected on days 2-4 of
the menstrual cycle. | also conducted subgroup analyses among women with both FSH
and inhibin-B data available who also had FSH below 20 pg/mL and detectable inhibin-B

(n=289) to mitigate the inclusion of women who may be menopausal.
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Results
Characteristics of the Study Population

There were 643 women who participated in the sex steroid substudy meeting our
inclusion criteria (Table 3-1). Overall, women were predominantly non-Hispanic Black
(63%), had a median age of 37 (IQR 32, 42) years, and were Hepatitis C negative
(86%). Fifty-one percent of women reported currently smoking, and 9% reported
problematic drinking (>7 drinks/week). Comparing women with versus without HIV, BMI
was statistically significantly lower (p=0.01), reported current smoking was lower
(p=0.001), and reported drinking was lower (p<0.01). There were also statistically
significant differences in parity comparing women with versus without HIV (p=0.03). Age
at menarche was similar in women with and without HIV, with an overall median of 12
years.

Sixty-eight percent of participants were women with HIV. Among women with
HIV, 60% were not virally suppressed at the biomarker visit (n=263), and 40% (n=177)
were virally suppressed. Women with unsuppressed viral load were more commonly
non-Hispanic Black relative to those achieving suppression. Women with suppressed
viral load were more likely to currently be on ART (87%) compared to women without
viral suppression (53%), (p <0.01). Women with suppressed viral load had higher CD4
counts compared to unsuppressed women (524 vs. 367 cells/uL), p=0.03) and were
more likely to also be suppressed at the visit 6-12 months prior (76% vs. 18%, p<0. 01).
The duration of protease-inhibitor (Pl) use was comparable by suppression status
(p=0.26). Among women with HIV, women with unsuppressed viral load were more likely
to be smokers (55% vs. 33%). Current self-reported problematic drinking was lower in

women with suppressed viral load.
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Geometric Means of Total Estradiol, Free Estradiol and SHBG

Geometric means of total estradiol were statistically significantly lower in women
with compared to without HIV (Table 3-2): (36.9 pg/mL vs. 41.6 pg/mL, p=0.006). Among
women with HIV, total estradiol was lower in women who achieved suppression: 38.2
pg/mL among unsuppressed women vs. 35.1 pg/mL among suppressed women, but
was not statistically significant. Total estradiol was significantly lower in women with
suppressed versus unsuppressed viral load when assessed at the visit prior (p=0.03).
Free estradiol did not differ comparing women with versus without HIV (p=0.21). Among
women with HIV, free estradiol was significantly higher in women who did not achieve
suppression (1.4 vs. 1.2 pg/mL, p=0.01), which was similar when suppression status
was assessed at the visit prior (p=0.02). SHBG was higher in women with versus without
HIV (58.8 nmol/L vs. 47.0 nmol/L, p<0.01). Among women with HIV, SHBG was not
significantly different by viral suppression status assessed at the biomarker

measurement or at the visit prior (p=0.10, and p=0.51, respectively).

Regression Estimated Differences in Total Estradiol, Free Estradiol, and SHBG
Quantile regression estimates revealed potential differences in total estradiol by
HIV status (Table 3-3). In weighted analyses, women with suppressed viral load
compared to women without HIV had lower total estradiol at the 25", 50" and 75%
percentile. Median total estradiol was 5 pg/mL lower among women with suppressed
viral load compared to women without HIV (= -5, 95% CI -9.99, -0.01). Therefore, while
women without HIV had an expected median of 40 pg/mL, women with suppressed viral
load had an expected median of 35 pg/mL. The 25" percentile of total estradiol was also
4 pg/mL lower comparing women with unsuppressed viral load to women without HIV
(B=-4, 95% CI -7.77, -0.23). The 75™ percentile of total estradiol was 10 pg/mL lower in
women with suppressed viral load compared to women without HIV (B=-10, 95% CI -
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16.25, -3.75). Among women with HIV, there were no statistically significant differences
in total estradiol when viral suppression was assessed at the same time as the total
estradiol measurement; though women with suppressed viral load consistently had lower
total estradiol than women with unsuppressed viral load. When suppression was
assessed at the visit prior, the 25" percentile was 6 pg/mL lower in women with
suppressed viral load compared to women with unsuppressed viral load (8= -6, 95% CI -
9.54, -2.46).

With respect to free estradiol, unweighted analyses indicated that the 75"
percentile was lower in women with suppressed viral load compared to women without
HIV (B=-0.29, 95% CI -0.57, -0.02) (Table 3-4). Among women with HIV, the 75"
percentile was -0.44 lower in suppressed compared to unsuppressed women (95% CI -
0.74, -0.13). When viral suppression was assessed at the visit prior, this association
remained, and median free estradiol was additionally lower in suppressed compared to
unsuppressed women (= -0.18, 95% CI -0.32, -0.04). However, upon accounting for
confounding, these associations were no longer statistically significant.

The largest differences by HIV status were observed for SHBG (Table 3-5). In
weighted analyses, the 25™ and 50" percentile were both statistically significantly higher
comparing women with unsuppressed viral load to women without HIV: the 25™
percentile was 10 nmol/L higher (95% CI 3.50, 16.50), and the 50" percentile was 12
nmol/L higher (95% ClI 3.41, 20.58). The 75" percentile was also estimated to be 10
nmol/L higher, though this was not statistically significant. The remaining comparisons
between women without HIV to women with suppressed viral load were not significant,
ranging from 2-3 nmol/L. There were also no significant differences in SHBG by viral
suppression status among women with HIV; though the greatest differences were

observed at the 75" percentile of SHBG.
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The graphical depiction of each percentile for total estradiol, free estradiol and
SHBG by HIV status, and among women with HIV, viral suppression status at the time of
the biomarker measurement are shown in Figure 3-2. While the shape of the distribution
is similar across groups (right skewed), the distribution of total estradiol among women
with HIV is shifted towards slightly lower values. The shape and position of the
distribution of free estradiol is very similar comparing women with and without HIV. The
shape of the distribution for SHBG is also similar across groups; however, the
distribution among women without HIV is shifted towards lower values, especially for
women with HIV and were not virally suppressed.

In subgroup analyses among women with total estradiol levels below 150 pg/mL,
findings were similar (Appendix 3-1). In subgroup analyses among women who had
FSH and inhibin-B data, with FSH <20 pg/mL and detectable inhibin-B, quantile
regression estimates were also comparable to the main analysis (Appendix 3-1). Of
note, and slightly different from the main analysis, the 75™ percentile of free estradiol
was significantly lower comparing women with suppressed viral load to women without
HIV in weighted analyses. Among women with HIV, the 50" and 75" percentile of free

estradiol was also lower comparing women with suppressed to unsuppressed viral load.

Discussion

In a sample of comparable premenopausal women with and without HIV in the
US, though there were statistically significant differences in total and free estradiol, these
differences were not likely to be clinically meaningful. | observed comparable levels of
total and free estradiol in women with versus without HIV, with the modest differences
observed when comparing women without HIV to women with suppressed viral load.
There were noteworthy higher levels of SHBG comparing women with versus without
HIV, especially for women with unsuppressed viral load. There were no significant
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differences in SHBG by suppression status in women with HIV. The estimated shape of
the distribution of total and free estradiol for each group were visually comparable, while
the distribution of SHBG was shifted towards lower values for women without HIV
compared to women with HIV.

High SHBG could impact the amount of free estradiol in circulation, leading to
lower free estradiol concentrations. This was not consistently observed in this analysis,
where significant, though modest differences in free estradiol were only observed at the
75™ percentile of the estradiol distribution comparing women without HIV to women with
women with suppressed viral load, and among women with HIV, by suppression status.

Our assessment of total estradiol was comparable to prior works (including an
additional analysis of the WIHS sex steroid substudy), where total estradiol ranged from
32-44 pg/mL for women without HIV, and 33-37 pg/mL for women with HIV.111.116.118
There are few studies in large groups of women that are socio-demographically similar
to the WIHS; however, these biomarkers are commonly assessed in the context of
breast cancer risk in the general population. In two case-control studies assessing
breast cancer odds in the Nurses’ Health Study, the geometric means for total estradiol
were 45 and 51 pg/mL, free estradiol was 0.6 pg/mL in both analyses and SHBG was 59
and 62 nmol/L (all measured during early follicular phase, among controls).'3163.164
Differences between these estimates and the women without HIV in our sample are
likely due to substantial differences in the source populations.

Beyond the breast cancer literature, an analysis from the Harvard Moods and
Cycles study found mean early follicular (days 1-5 of the menstrual cycle) estradiol was
30 pg/mL at the baseline assessment.'® One study from the Study of Women’s Health
Across the Nation (SWAN) study, a community-based multiethnic prospective cohort
study, also found mean total estradiol of 76 pg/mL, mean free estradiol was 0.8 pg/mL,
and mean SHBG of 45 nmol/L among pre and perimenopausal women (assessed
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predominantly during early follicular phase).'® The relatively higher estradiol and lower
SHBG compared to our sample could be explained by sociodemographic differences
between the source populations, and/or the inclusion of serum measurements beyond
the early follicular phase (19% of the sample had a random fasting measurement).

There are not comparable studies using regression techniques to characterize
the association between these biomarkers and HIV. My analysis indicating a modest to
null association between total estradiol and HIV status has been seen in univariate
analyses of early follicular total estradiol, including within the WIHS 62111116 By contrast,
another study found that maximum follicular estradiol was higher in women with HIV
(148 pg/mL) compared to women without HIV (111 pg/mL), all of whom reported regular
menses.""® The discrepancy between these findings and my research may be attributed
to the timing and assessment of maximum total estradiol over the entire follicular phase,
or differences in the source populations. There were no comparable studies examining
free estradiol in women with compared to without HIV. Higher SHBG levels comparing
women with versus without HIV has been reported previously in the WIHS sex steroid
substudy (58.5 nmol/L in women with HIV versus 47.0 nmol/L in women without HIV);
however, comparable studies assessing SHBG in women with versus without HIV were
not found.™"

The observation that, among women with HIV, total and free estradiol were
modestly lower in women with suppressed versus unsuppressed viral load contradicts
one other study which found that luteal estradiol was higher among women with a lower
viral load (<3.05 logbDNA vs. > 3.05 logbDNA) among women with no exposure to
ART."” That said, the differences | observed, though statistically significant, are not
likely physiologically impactful. Women achieving viral suppression may have a longer
duration of infection relative to women not achieving suppression. It is possible that
longer cumulative exposure to HIV may impact estradiol differently than viral
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suppression captured at one time point. Though data on HIV infection date were not
available, | assessed differences in time from ART initiation as a proxy for duration of
infection and found no differences by suppression status. This limited difference in total
or free estradiol by suppression status | observed may be related to the fact that these
women are participating in an interval cohort study and could be generally healthier than
the broader population of women with HIV, where there may be larger or qualitative
differences in viral suppression as it relates to estradiol. Alternatively, selecting only
women reporting a period in the six months prior may have made the comparison groups
more homogenous than what would be expected in the real world, obscuring potential
differences.

Although this is one of the largest studies assessing differences in estradiol and
SHBG by HIV status, sample size was limited for inferences at the extreme ends of the
distribution and should be interpreted cautiously. This is a cross-sectional analysis so
inferences cannot be made regarding the temporality of the association between viral
suppression and estradiol. Specifically, this study cannot address the association
between duration of exposure to HIV and estradiol, which may differ from cross-sectional
associations. Exposure and outcome measurement were only assessed at one time
point, which makes them prone to measurement error. Measurement error of estradiol is
compounded by the use of radioimmunoassay (RIA), as opposed to a liquid
chromatography with tandem mass spectrometry (LC MS/MS) assay to measure
estradiol, the gold standard. Free estradiol was calculated using standard equations that
assume linear binding affinity of estradiol to SHBG, which may not represent the true
relationship between SHBG and estradiol. Lastly, estradiol was measured in 2003-2006
and findings may not be generalizable to women living with HIV today.

This aim represents a novel assessment of total and free estradiol as well as
SHBG by HIV status accounting for confounding by important covariates. This work
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demonstrates the importance of accounting for SHBG when assessing estradiol among
women with versus without HIV and motivates further investigation in a larger, more
contemporary sample. Given the increased risk of hormonally-related comorbidities with
increasing age, and the shift in the age distribution of women with HIV towards older
ages, it will also be especially important to understand the changing distributions of
estradiol among peri and post-menopausal women with HIV as it compares to the

general population of women.
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Chapter 3 Tables

Table 3-1. Demographic and clinical factors by HIV status among women in the sex steroid substudy (WIHS)

Women with HIV Women with HIV
(unsuppressed viral load)  (suppressed viral load) Women without HIV
N=263 N=177 N=203
Median/N IQR/% Median/N IQR/% Median/N IQR/% p-value®
Age (years) 38 33,42 37 32,42 37 29,44 0.58
Race 0.82
Non-Hispanic white 12 4.6 16 9.0 11 5.4
Non-Hispanic Black 179 68.1 98 55.4 129 63.5
Hispanic 67 25.5 56 31.6 55 271
Other 5 1.9 7 4.0 8 3.9
BMI 27.8 23.7,32.8 28 24.3,34.2 29.5 24 .8, 36.0 0.01
Current smoking status <0.01
Current 145 55.1 58 32.8 125 61.6
Former 47 17.9 43 243 36 17.7
Never 71 27.0 76 429 42 20.7
Current alcohol use <0.01
Abstain 125 47.5 102 57.6 69 34.0
1-7 drinks/week 113 43.0 66 37.3 110 54.2
8-12 drinks/week 11 4.2 3 1.7 9 4.4
>12 drinks/week 14 5.3 6 3.4 15 7.4
Hepatitis C status 0.79
Negative 225 85.6 153 86.4 176 86.7
Positive 38 144 24 13.6 27 13.3
Age at menarche
(y%ars) 0.27
11 or less 75 28.5 47 26.6 68 33.5
12-13 109 414 88 49.7 88 43.3
>13 79 30.0 42 23.7 47 23.2
Parity 0.03
0 42 16.0 35 19.8 49 24 1
1 39 14.8 32 18.1 41 20.2
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2

3

4+
Current ART

No therapy

On therapy
Duration of any Pl use

None

<1 year

1-<3 years

3+ years
HIV suppression
at prior visit

Suppressed

Unsuppressed
Current HIV RNA
(copies/mL)
Current CD4 count
(cells/mm?)

58
50
74

123
140

138
35

45
45

47
216

7600

367

22.1
19.0
28.1

46.8
53.0

52.5
13.3

171
171

17.9
82.1

1600, 32000

245, 519

45
23
42

23
154

80
22

43
32

135
42

80

524

254
13.0
23.7

13.0
87.0

45.2
12.4

243
18.1

76.3
23.7

80, 80

394, 722

29
36
48

14.3
17.7
23.6

<0.01

0.26

<0.01

<0.01

0.03

Abbreviations: interquartile range, IQR; body mass index, BMI; antiretroviral therapy, ART; protease inhibitor, PI.

@ Non-parametric 2-sample test for continuous variables and chi-square test for categorical variables comparing all women
with HIV versus without HIV. For variables relevant to HIV, statistical tests were conducted comparing suppressed versus

unsuppressed

Bolded values demonstrate statistically significant difference by HIV status
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Table 3-2. Geometric means of estradiol and SHBG by HIV status and viral suppression status

Women with HIV

Women without HIV

Free estradiol

Free estradiol

Estradiol (pg/mL) (pg/mL) SHBG (nmol/L) Estradiol (pg/mL) (pg/mL) SHBG (nmol/L)
N=440 N=308 N=308 N=203 N=123 N=123
Mean 95%Cl  Mean 95% Cl Mean 95% ClI Mean 95% CI Mean 95% ClI Mean 95% ClI
Overall 369 352,388 14 13,14 588 445,622 416 389,446 14 13,16 470 425,520
Suppressed X X X X X X
Yes 351 327,378 12 11,13 551 50.2,60.5 X X X X X X
No 382 358,408 14 13,15 611 56.8,65.7 X X X X X X
Suppressed
at visit prior X X X X X X
Yes 347 323,373 12 11,13 571 522,624 X X X X X X
No 386 36.1,413 14 13,15 599 556,64.6 X X X X X X

Abbreviations: sex hormone binding globulin, SHBG; 95% confidence interval, 95% ClI; suppressed, suppression of HIV RNA.

“X” indicates not applicable.
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Table 3-3. Weighted quantile regression estimates for the association
between HIV status and viral suppression status with total estradiol at the
25th, 50th, and 75th percentile, N=643

Unweighted coefficients

Weighted coefficients

Expected

Expected

Difference? 95% Cl Difference? 95% Cl
HIV unsuppressed
vs. HIV negative®
p25 -4 -7.57,-0.43 -4 -7.47, -0.53
p50 -5 -9.48, -0.52 -4 -9.75, 0.75
p75 -2 -9.07, 5.07 -2 -9.44,5.44
HIV suppressed
vs. HIV negative®
p25 -3 -6.93, 0.93 -4 -7.77, -0.23
p50 -6 -10.27, -1.73 -5 -9.99, -0.01
p75 -10 -15.89, -4.11 -10 -16.25, -3.75
Suppressed vs.
unsuppressed®
p25 1 -2.47,4.47 -3 -8.22,2.22
p50 -1 -4.86, 2.86 -4 -11.15, 3.15
p75 -8 -14.42., -1.58 -9 -18.68, 0.68
Suppressed vs.
unsuppressed
(at visit prior)©
p25 -1 -4.67, 2.67 -6 -9.54, -2.46
p50 -3 -6.68, 0.68 -7 -14.77,0.77
p75 -7 -13.88, -0.12 -11 -22.29, 0.29

Abbreviations: 95% confidence interval, 95% Cl; p25, p50, p75, 25", 50" and 75" percentiles.

a At the stated percentile

b IPWe for: age, race/ethnicity, smoking status, Hepatitis C status, age at menarche, parity, log

BMI, and alcohol use

¢ IPWe for: age, race/ethnicity, smoking status, age at menarche, Hepatitis C status, parity, log
BMI, alcohol use, therapy status, CD4 count
Statistically significant estimates are bolded.
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Table 3-4. Weighted quantile regression estimates for the association between
HIV status and viral suppression status with free estradiol at the 25th, 50th, and
75th percentile, N=431

Unweighted coefficients Weighted coefficients
Expected Expected
Diff(grencea 95% Cl Diffgrencea 95% Cl
HIV unsuppressed
vs. HIV negative®
p25 -0.07 -0.22, 0.08 -0.04 -0.20, 0.12
p50 -0.04 -0.23,0.15 -0.01 -0.21,0.21
p75 0.15 -0.18, 0.47 0.15 -0.18, 0.47
HIV suppressed
vs. HIV negative®
p25 -0.07 -0.23, 0.08 -0.04 -0.23,0.16
p50 -0.15 -0.33, 0.03 -0.11 -0.33, 0.1
p75 -0.29 -0.57, -0.02 -0.18 -0.48, 0.11
Suppressed vs.
unsuppressed®
p25 -0.01 -0.17,0.17 -0.01 -0.24,0.24
p50 -0.11 -0.26, 0.04 -0.07 -0.32,0.18
p75 -0.44 -0.74, -0.13 -0.40 -0.88, 0.08
Suppressed vs.
unsuppressed
(at visit prior)©
p25 -0.07 -0.24,0.10 0.01 -0.24,0.25
pS0 -0.18 -0.32, -0.04 -0.04 -0.28, 0.20
p75 -0.40 -0.73, -0.07 -0.15 -0.60, 0.31

Abbreviations: 95% confidence interval, 95% Cl; p25, p50, p75, 25", 50" and 75" percentiles.
a At the stated percentile

b IPWe for: age, race/ethnicity, smoking status, Hepatitis C status, age at menarche, parity, log
BMI, and alcohol use

¢ IPWe for: age, race/ethnicity, smoking status, age at menarche, Hepatitis C status, parity, log
BMI, alcohol use, therapy status, CD4 count

Statistically significant estimates are bolded.

66



Table 3-5. Weighted quantile regression estimates for the association
between HIV status and viral suppression status with sex hormone binding
globulin at the 25th, 50th, and 75th percentile, N=431

Unweighted coefficients Weighted coefficients

Expected Expected

Difference? 95% Cl Difference? 95% Cl
HIV unsuppressed
vs. HIV negative®
p25 12 5.28,18.72 10 3.50, 16.50
p50 13 5.23, 20.77 12 3.41, 20.58
p75 17 3.54, 30.46 10 -7.18,27.18
HIV suppressed
vs. HIV negative®
p25 6 -0.20, 12.20 3 -2.99, 8.99
p50 6 -2.19,14.19 3 -7.32,13.32
p75 6 -5.80, 17.80 2 -14.87, 18.87
Suppressed vs.
unsuppressed®
p25 -6 -12.10, 0.10 2 -5.17,9.17
p50 -7 -15.17,1.17 -3 -16.28, 10.28
p75 -11 -23.18,1.18 -6 -22.98, 10.98
Suppressed vs.
unsuppressed
(at visit prior)©
p25 -5 -11.59, 1.59 4 -6.73, 14.73
p50 -3 -10.73,4.73 7 -5.72,19.72
p75 -8 -21.99, 5.99 11 -24.94, 46.94

Abbreviations: 95% confidence interval, 95% Cl; p25, p50, p75, 25", 50" and 75" percentiles.
a At the stated percentile

b IPWe for: age, race/ethnicity, smoking status, Hepatitis C status, age at menarche, parity, log
BMI, and alcohol use

¢ IPWe for: age, race/ethnicity, smoking status, age at menarche, Hepatitis C status, parity, log
BMI, alcohol use, therapy status, CD4 count

Statistically significant estimates are bolded.
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Chapter 3 Figures

Figure 3-1. Flow diagram for inclusion into the analytic population

1. Reported having at least one period in the past 6 months
Women meeting inclusion criteria with an estradiol 2. No history of oophorectomy
measurement 3. No breastfeeding in the last six months
N=661 4. Not currently pregnant
l 5. No exogenous hormone use in the last twelve months

Women who self-reported not being menopausal within the
year of estradiol measurement
N=655

!

Women with viral load measured at the estradiol visit
N=653

l

Women with plausible estradiol (<350 pg/mL)
N=652

l

Women with complete covariate data
N=643
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Figure 3-2. Estimated distribution of estradiol and SHBG by HIV status using
weighted quantile regression
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Chapter 3 Appendix
Appendix 3-1 Supplemental Tables

Supplemental Table 3-1. Weighted quantile regression estimates for the
association between HIV status and viral suppression status with total
estradiol at the 25th, 50th, and 75th percentile among women with total
estradiol < 150 pg/mL, N=630

Unweighted coefficients Weighted coefficients
Expected Expected
Diff(Fa)rencea 95% Cl Diff(Fe)rencea 95% Cl
HIV unsuppressed
vs. HIV negative®
p25 -4 -7.37, -0.63 -4 -7.58, -0.42
p50 -5 -9.50, -0.50 -3 -8.03, 2.03
p75 -2 -8.09, 4.09 -2 -8.43,4.43
HIV suppressed
vs. HIV negative®
p25 -3 -6.94, 0.94 -4 -8.09, 0.09
p50 -6 -10.29, -1.71 -4 -9.03, 1.03
p75 -9 -14.90, -3.10 -9 -14.96, -3.04
Suppressed vs.
unsuppressed®
p25 1 -2.48,4.48 -3 -8.22,2.22
p50 -1 -4.87,2.87 -3 -10.16, 4.16
p75 -7 -13.47, -0.53 -9 -18.72,0.72
Suppressed vs.
unsuppressed
(at visit prior)©
p25 -1 -4.47,2.47 -6 -9.74, -2.26
p50 -3 -6.89, 0.89 -7 -14.73,0.73
p75 -7 -12.22,0.22 -10 -20.00, 0.01

Abbreviations: 95% confidence interval, 95% Cl; p25, p50, p75, 25", 50" and 75" percentiles.
a At the stated percentile

b IPWe for: age, race/ethnicity, smoking status, Hepatitis C status, age at menarche, parity, log
BMI, and alcohol use

¢ IPWe for: age, race/ethnicity, smoking status, age at menarche, Hepatitis C status, parity, log
BMI, alcohol use, therapy status, CD4 count

Statistically significant estimates are bolded.
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Supplemental Table 3-2. Weighted quantile regression estimates for the
association between HIV status and viral suppression status with free
estradiol at the 25th, 50th, and 75th percentile among women with total
estradiol < 150 pg/mL, N=424

Unweighted coefficients Weighted coefficients
Expected Expected
Diff(grencea 95% Cl Diff(Fa)rencea 95% Cl
HIV unsuppressed
vs. HIV negative®
p25 -0.07 -0.22, 0.08 -0.04 -0.20, 0.12
p50 -0.07 -0.27,0.12 -0.04 -0.26, 0.18
p75 0.15 -0.17,0.46 0.18 -0.13, 0.50
HIV suppressed
vs. HIV negative®
p25 -0.07 -0.23, 0.08 -0.04 -0.23,0.16
p50 -0.11 -0.29, 0.07 -0.11 -0.33, 0.1
p75 -0.29 -0.58, -0.01 -0.11 -0.39, 0.17
Suppressed vs.
unsuppressed®
p25 -0.01 -0.16, 0.16 -0.01 -0.24,0.24
pS0 -0.04 -0.18, 0.10 -0.04 -0.29, 0.22
p75 -0.44 -0.72, -0.16 -0.33 -0.77,0.11
Suppressed vs.
unsuppressed
(at visit prior)©
p25 -0.04 -0.20, 0.13 0.04 -0.22,0.29
pS0 -0.15 -0.30, 0.01 -0.07 -0.34,0.19
p75 -0.40 -0.67, -0.13 -0.18 -0.61,0.24
Abbreviations: 95% confidence interval, 95% Cl; p25, p50, p75, 25", 50" and 75"
percentiles.

a At the stated percentile

b |PWe for: age, race/ethnicity, smoking status, Hepatitis C status, age at menarche, parity,
log BMI, and alcohol use

¢ IPWe for: age, race/ethnicity, smoking status, age at menarche, Hepatitis C status, parity,
log BMI, alcohol use, therapy status, CD4 count

Statistically significant estimates are bolded.
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Supplemental Table 3-3. Weighted quantile regression estimates for the
association between HIV status and viral suppression status with sex
hormone binding globulin at the 25th, 50th, and 75th percentile among
women with total estradiol < 150 pg/mL, N=424

Unweighted coefficients

Weighted coefficients

Expected

Expected

Difference? 95% Cl Difference? 95% Cl
HIV unsuppressed
vs. HIV negative®
p25 12 5.25,18.75 10 3.19,16.81
p50 14 6.04, 21.96 13 4.39, 21.61
p75 19 5.50, 32.50 12 -2.45, 26.45
HIV suppressed
vs. HIV negative®
p25 6 -0.20, 12.20 3 -3.32,9.32
p50 7 -1.19, 15.19 4 -6.06, 14.06
p75 7 -4.19, 18.19 3 -11.31,17.31
Suppressed vs.
unsuppressed®
p25 -6 -12.35,0.35 2 -5.20, 9.20
p50 -7 -14.92, 0.92 -2 -15.59, 11.59
p75 -12 -23.74, -0.26 -6 -23.34, 11.34
Suppressed vs.
unsuppressed
(at visit prior)©
p25 -4 -10.61, 2.61 5 -5.86, 15.86
p50 -4 -11.98, 3.98 7 -5.42,19.42
p75 -8 -21.48,5.48 9 -26.91, 44.91

Abbreviations: 95% confidence interval, 95% Cl; p25, p50, p75, 25", 50" and 75"

percentiles.

a At the stated percentile

b |PWe for: age, race/ethnicity, smoking status, Hepatitis C status, age at menarche, parity,

log BMI, and alcohol use

¢ IPWe for: age, race/ethnicity, smoking status, age at menarche, Hepatitis C status, parity,
log BMI, alcohol use, therapy status, CD4 count
Statistically significant estimates are bolded.
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Supplemental Table 3-4. Weighted quantile regression estimates for the
association between HIV status and viral suppression status with total
estradiol at the 25th, 50th, and 75th percentile among women with

detectable inhibin-B and FSH <20 pg/mL, N=354

Unweighted coefficients

Weighted coefficients

Expected

Expected

Difference? 95% Cl Difference? 95% Cl
HIV unsuppressed
vs. HIV negative®
p25 -3 -6.43, 0.43 -2 -5.71,1.71
p50 -4 -8.93, 0.93 -5 -10.38, 0.38
p75 -4 -11.36, 3.36 -4 -11.53, 3.53
HIV suppressed
vs. HIV negative®
p25 -3 -6.85, 0.85 -3 -7.79,1.79
p50 -7 -11.56, -2.44 -7 -12.16, -1.84
p75 -11 -17.20, -4.80 -11 -18.38, -3.62
Suppressed vs.
unsuppressed®
p25 0 -4.09, 4.09 -3 -8.74,2.74
pS0 -3 -6.81, 0.81 -5 -10.43,0.43
p75 -7 -13.43, -0.57 -9 -15.09, 0.09
Suppressed vs.
unsuppressed
(at visit prior)©
p25 -2 -6.29, 2.29 -6 -12.60, 0.60
p50 -3 -6.82, 0.82 -7 -13.79, -0.21
p75 -4 -11.19, 3.19 -8 -20.20, 4.20

Abbreviations: 95% confidence interval, 95% Cl; p25, p50, p75, 25", 50" and 75"

percentiles.

a At the stated percentile

b |PWe for: age, race/ethnicity, smoking status, Hepatitis C status, age at menarche, parity,

log BMI, and alcohol use

¢ IPWe for: age, race/ethnicity, smoking status, age at menarche, Hepatitis C status, parity,
log BMI, alcohol use, therapy status, CD4 count
Statistically significant estimates are bolded.
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Supplemental Table 3-5. Weighted quantile regression estimates for the
association between HIV status and viral suppression status with free
estradiol at the 25th, 50th, and 75th percentile among women with
detectable inhibin-B and FSH <20 pg/mL, N=352

Unweighted coefficients Weighted coefficients
Expected Expected
Diff(grencea 95% Cl Diffgrencea 95% Cl
HIV unsuppressed
vs. HIV negative®
p25 -0.07 -0.24,0.10 -0.04 -0.19,0.12
p50 -0.07 -0.28, 0.13 -0.01 -0.22,0.22
p75 -0.11 -0.46, 0.24 -0.15 -0.55, 0.25
HIV suppressed
vs. HIV negative®
p25 -0.07 -0.25, 0.10 -0.04 -0.23,0.15
p50 -0.22 -0.42, -0.02 -0.15 -0.36, 0.07
p75 -0.55 -0.89, -0.21 -0.44 -0.80, -0.08
Suppressed vs.
unsuppressed®
p25 0.01 -0.16, 0.16 -0.04 -0.25,0.18
pS0 -0.15 -0.29, 0.01 -0.18 -0.36, -0.01
p75 -0.44 -0.75, -0.14 -0.48 -0.84, -0.12
Suppressed vs.
unsuppressed
(at visit prior)©
p25 -0.04 -0.21,0.14 -0.01 -0.30, 0.30
pS0 -0.18 -0.34, -0.02 -0.15 -0.37,0.08
p75 -0.37 -0.67, -0.06 -0.11 -0.56, 0.34
Abbreviations: 95% confidence interval, 95% Cl; p25, p50, p75, 25", 50" and 75"
percentiles.

a At the stated percentile

b IPWe for: age, race/ethnicity, smoking status, Hepatitis C status, age at menarche, parity,
log BMI, and alcohol use

¢ IPWe for: age, race/ethnicity, smoking status, age at menarche, Hepatitis C status, parity,
log BMI, alcohol use, therapy status, CD4 count

Statistically significant estimates are bolded.
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Supplemental Table 3-6. Weighted quantile regression estimates for the
association between HIV status and viral suppression status with sex
hormone binding globulin at the 25th, 50th, and 75th percentile among
women with detectable inhibin-B and FSH <20 pg/mL, N=352

Unweighted coefficients Weighted coefficients
Expected Expected
Diff(grencea 95% Cl Diffgrencea 95% Cl
HIV unsuppressed
vs. HIV negative®
p25 12 5.26,18.74 10 1.91, 18.09
p50 16 7.56, 24.44 12 2,95, 21.05
p75 17 3.21, 30.79 12 -3.13,27.13
HIV suppressed
vs. HIV negative®
p25 6 0.52, 11.48 3 -3.94,9.94
p50 9 -0.77,18.77 5 -5.52,15.52
p75 9 -3.30, 21.30 6 -10.13, 22.13
Suppressed vs.
unsuppressed®
p25 -6 -12.79, 0.79 -4 -11.64, 3.64
p50 -7 -15.26, 1.26 -5 -15.89, 5.89
p75 -8 -21.34,5.34 -6 -20.87, 8.87
Suppressed vs.
unsuppressed
(at visit prior)©
p25 -2 -9.04, 5.04 7 -2.87, 16.87
p50 -2 -10.03, 6.03 4 -8.35, 16.35
p75 -5 -19.13,9.13 3 -23.03, 29.03

Abbreviations: 95% confidence interval, 95% Cl; p25, p50, p75, 25", 50" and 75" percentiles.
a At the stated percentile

b IPWe for: age, race/ethnicity, smoking status, Hepatitis C status, age at menarche, parity, log
BMI, and alcohol use

¢ IPWe for: age, race/ethnicity, smoking status, age at menarche, Hepatitis C status, parity, log
BMI, alcohol use, therapy status, CD4 count

Statistically significant estimates are bolded.
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Chapter 4: Aim 3

Association between cumulative viral load on
antiretroviral therapy and breast cancer risk
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Abstract

Background: It has been suggested that the lower risk of breast cancer reported in
women living with HIV may be related to HIV viremia. Breast cancer among women with
HIV has not been explored in the context of long-term infection or suppressive
antiretroviral therapy (ART). This aim sought to quantify the association between

cumulative viral load (cVL) and breast cancer risk in women with HIV initiating ART.

Methods: Women with HIV in the North American AIDS Cohort Collaboration on
Research and Design 218 years of age with no known prior cancer diagnosis (any
cancer), >2 viral load measurements, and =26 months of follow-up from 1996-2016 were
included. Women were followed from ART initiation (first prescription) to the earliest of
incident breast cancer diagnosis, death, loss to follow-up (2 consecutive years with no
viral load measurement), December 31, 2016, or date through which cohorts validated
cancer diagnoses. Log1o cVL (viral copies/mL per year over the duration of follow-up)
was calculated from ART initiation to the end of follow-up. Joint longitudinal survival
models were used to estimate the longitudinal process of cVL as a linear predictor of
breast cancer risk. Hazard ratios were adjusted (aHR) for age and calendar year at ART
initiation, as well as AIDS diagnosis prior to ART. cVL on ART was lagged 1-5 years to

account for breast cancer latency.

Results: There were 30 breast cancer diagnoses in 5,839 women with HIV contributing
36,829 person-years. Median follow-up was 5.0 (IQR 2.4, 9.2) years, median baseline
age was 41 (IQR 34, 49) years, and median baseline calendar year was 2007 (IQR:
2002, 2011). Women were predominantly Black (61%), and 45% had an AIDS diagnosis
prior to ART. Median cVL at the end of follow-up was 18,374 (IQR: 1,611, 103,966)
copies*years/mL. There was no association between log1o increase in cVL and breast
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cancer (aHR: 0.90, 95% CI 0.62, 1.30). Estimates that were annually lagged trended
increasingly protective, with a 22% reduced risk in breast cancer with a 5-year lag in cVL

(aHR: 0.78, 95% CI 0.56, 1.10) but remained non-statistically significant.

Conclusions: There was no association between cVL on ART and breast cancer;
though when the exposure was lagged, estimates were increasingly protective,
remaining non-statistically significant. These findings merit further exploration in
populations of women with HIV with long duration of follow-up and larger numbers of
validated breast cancer diagnoses. This would allow for additional adjustment for factors
related to breast cancer risk and account for the competing risk of death. Given these
results, future research on breast cancer in HIV should consider the cumulative burden

of viremia and that the etiologically relevant time period may be years before diagnosis.

78



Introduction

In recent years, with marked advancements in antiretroviral therapy (ART),
people with HIV (PWH) who are on treatment are living longer and experiencing life
expectancy comparable to the general population in the United States.'?1372168 Thjs
trend of improved longevity and survival corresponds with an increase in common
chronic comorbidities, including certain non-AlDS defining cancers (NADCs).”":7374.131.169
While breast cancer is the most common cancer among women in the United States,
very little is known about the risk of breast cancer in women with HIV. A few studies
have suggested the risk of breast cancer may be lower in women with versus without
HIV, though the research is sparse, studies are often limited in sample size, and findings
are inconsistent across calendar periods.’#76.78-80.96.170

Prior studies have directly accounted for differences in age and race/ethnicity,
and still observed a lower risk of breast cancer comparing women with and without HIV.
Reduced breast cancer risk in the early years of the HIV epidemic may have been due to
lower life expectancy among women with HIV at the time; however, more contemporary
analyses (when survival has improved) still find a lower risk of breast cancer.® Among
women with HIV, studies assessing breast cancer risk stratified by AIDS diagnosis and
CD4 count found significantly lower than expected rates of breast cancer irrespective of
stratification, indicating that immune status also may not completely explain breast
cancer differences by HIV status.”8-8°

It is possible that differences in screening practices could also explain this
reduced risk. Studies in large cohorts of comparable women with and without HIV are
limited, and findings are equivocal. One study found mammography was more common
in women with versus without HIV, possibly due to more opportunities to interact with
healthcare systems,'% while others have observed similar to lower rates of
mammography.'%-1%° Using stage at diagnosis as a proxy for screening, one study found
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breast cancer stage was comparable by HIV status,*® though others have indicated later
stage at diagnosis in women with versus without HIV.** In one of the previously
mentioned studies comparing breast cancer incidence, the risk of large tumors (typically
not detected via mammography) was also lower in women with HIV, suggesting a lack of
a screening effect.®

This raises the possibility of a direct influence of HIV viremia on breast cancer.
Indeed, there is preliminary evidence that supports a potential biological mechanism.
One possible explanation is that the CXCR-4 immune receptor, which is the binding site
for CXRC-4 tropic HIV, is expressed on breast cancer cells as well as in ductal
carcinoma in situ and atypical ductal hyperplasia (a breast pre-cancer) but not in normal
breast epithelium.%111.121-123 |ndeed, CXCR-4 tropic HIV is able to induce apoptosis in
cancerous ductal cells.'® Further, one case-control study among women with HIV found
that breast cancer risk was strongly inversely associated with CXCR-4 tropic HIV.%?

Studies analyzing breast cancer in women with HIV have focused predominantly
on relative comparisons to the general population. Few have assessed the association
between viral load and cancer risk, a widely accessible clinical measurement.' Among
women with HIV, the association between viral load and breast cancer has not fully
explored: only one other study assessed this association using HIV viral load measured
at one time point.*> Such a measurement does not reflect the variability, duration of
exposure, or the cumulative burden of viral load over time.

Therefore, the objective of this aim was to characterize the association between
cumulative HIV viral load since ART initiation and breast cancer risk in a large sample of

women with HIV with long duration of follow-up.
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Methods
Study Population

The study population for this aim included women with HIV participating in the
North American AIDS Cohort Collaboration on Research and Design (NA-ACCORD).'?®
Briefly, the NA-ACCORD is a consortium of single-site/multisite cohorts among adults
with HIV in the U.S. and Canada. Individuals who successfully link into care, defined as
attending two or more HIV care visits in twelve months, are enrolled in the NA-ACCORD.
Each cohort employs standardized data collection, submitting data on enrolled
participant characteristics, diagnoses, laboratory measures, prescribed medications, and
vital status to the Data Management Core (University of Washington, Seattle, WA). Data
are then harmonized across cohorts and evaluated for quality control prior to being
transmitted to the Epidemiology/Biostatistics Core where additional quality control
checks are completed (Johns Hopkins University, Baltimore, Maryland).

Women were included in this analysis if they were 218 years old, were observed
to initiate ART, had at least 6 months of observation time from 1996 through 2016, had
no history of any type of cancer at the start of observation, and had at least two viral load
measurements (one at the time of ART initiation, and at least one more within two years

while under observation) (Figure 4-1).

Outcome Ascertainment

The outcome, first incident, invasive breast cancer diagnosis, was ascertained
and validated using a standardized abstraction protocol that has previously been
reported.” This abstraction includes manual review of medical charts and pathology
reported for cancer site and histopathology, and/or linkages with cancer registries,
depending on the cohort. We included a 6-month washout period to exclude prevalent
breast cancer diagnoses.
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Exposure: Cumulative Viral Load on ART

I hypothesized that the effect of HIV on progression to breast cancer is a
cumulative exposure of HIV over time which interferes with tumor development. Copy-
years viremia, or cumulative viral load, is a metric that integrates viral copies/mL per
year over the total duration of infection, much like pack-years for smoking."”2 This
estimates total burden of HIV disease progression, capturing fluctuations in viral load,
and has been used to predict cancer risk in previous studies.'*-'76 This metric was
adapted to assess cumulative viral load beginning at ART initiation rather than at HIV
infection. This adaptation was made because data are not systematically collected from
HIV infection, and date of infection is rarely known. ART initiation was selected because
it is a biologically meaningful timepoint for women with HIV. Also, with time since ART as
our timescale, this controlled for differences in duration of treatment.

ART initiation was defined as the date of the first recorded ART prescription for
at least 30 days. The viral load measurement closest to ART initiation (within a window
of 9 months prior to 3 months after ART initiation) was the starting point from which
cumulative viral load was estimated and was time-updated. Cumulative viral load was
assessed at the end of follow-up and annually lagged up to 5 years. Lagging refers to
assessing the exposure of interest at earlier time points during follow-up. A longitudinal
model estimating a cumulative viral load trajectory for each woman (described below in
Statistical Analyses) was used to ascertain cumulative viral load at the prespecified time
points; therefore, all women meeting our inclusion criteria contributed to all analyses.
This was done to characterize the etiologically relevant time window for the association
between HIV viral load and breast cancer. Given breast cancer can take many years to
develop, it is possible that cumulative viral load prior to diagnosis is more meaningful

than at diagnosis. For interpretability, cumulative viral load was also log 1o transformed.
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Covariates

Covariates that were assessed included age, race/ethnicity, smoking status,
body mass index (BMI), AIDS diagnosis prior to, and viral load at, ART initiation. Age
was determined at ART initiation. Race/ethnicity was defined as: non-Hispanic white,
non-Hispanic Black, Hispanic, and other. Smoking status was defined as ever self-
reported smoking versus never reported smoking. BMI (using measured weight and
height) was assessed at ART initiation entry (+/- 24 months). Missing values for BMI
(749 women, [13%]) and smoking (1,736 women [30%)]) were imputed using multiple
imputation by fully conditional specification (details in Appendix 4-1). AIDS diagnosis
prior to ART was a composite variable defined as one or both of the following prior to the
first observed ART prescription: a measured CD4 count <200 cells/mm? or an AIDS-
defining clinical diagnosis. Viral load at ART initiation was categorized into quartiles
based on the distribution within the sample (<330 copies/mL, 330-7500 copies/mL,

7500-61000 copies/mL, and 261000 copies/mL).

Statistical Analyses

Observation in this study began at 6 months following the date of ART initiation.
Because we included a six-month washout period to exclude prevalent breast cancer
cases, we also excluded the first 6-months of follow-up for every women to avoid
immortal person-time bias (attributing time under observation where a subject could not
be at risk for breast cancer by design).”*” ART initiation date had to be preceded by the
latest date of the following: January 1, 1996, date of enroliment into the NA-ACCORD, or
when cohorts began capturing cancer diagnoses. Women were followed from 6 months
after ART initiation until the first of the following events: an incident breast cancer
diagnosis, death, administrative censoring on December 31, 2016, cohort-specific
cancer observation end date, or loss-to-follow-up. Loss-to-follow-up was defined as the
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date of the last HIV viral load measurement prior to a two-year gap in HIV viral load
laboratory measurements. The timescale for this analysis was time since 6 months post-
ART initiation.

We used joint longitudinal survival models to assess the association between
cumulative viral load on ART and breast cancer risk. Joint longitudinal survival models
are a compilation of two models that estimate both longitudinal processes (cumulative
viral load on ART) and a time-to-event model (time to breast cancer diagnosis)
simultaneously."” This statistical technique is advantageous because it can account for
measurement error of the longitudinal process of HIV RNA. Joint longitudinal survival
modelling, using a time-to-event model, can handle loss-to-follow-up and can account for
informative censoring of the longitudinal process as a result of the time-to-event model
outcome (breast cancer).

The longitudinal model assessing change in log+o cumulative viral load was
evaluated using linear mixed-effects models. This model estimates cumulative viral load
on ART using the covariates described, independent of breast cancer status. The final
longitudinal submodel was selected using Akaike Information Criteria (AIC). Covariates
for consideration in candidate models included: time since ART + 6 months (assessed
continuously and with natural cubic splines with 2 knots), race/ethnicity at enroliment,
injection drug use status at enrollment, and the following covariates assessed at ART
initiation: history of an AIDS diagnosis, HIV viral load (quartiles), calendar year, age
(assessed continuously and with natural cubic splines with 2 knots), in addition to
varying interactions with these variables and time since ART + 6 months. The final
model included random intercept and random slopes for time since ART + 6 months in
addition fixed effects for: time since ART + 6 months, HIV viral load, history of an AIDS

diagnosis, race/ethnicity, injection drug use status, age (centered at 40 years), calendar
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year (centered at 2007), and an interaction term between time since ART initiation and
viral load at ART.

The joint longitudinal survival model estimated longitudinal log1o cumulative viral
load on ART using the final model described above and a proportional piecewise hazard
model (i.e. the hazard is assumed to be proportional within 6 evenly distributed
percentiles of event times) for time to breast cancer diagnosis. The survival submodel
included linear log+o cumulative viral load on ART (estimated in the longitudinal
submodel) and additionally adjusted for AIDS diagnosis prior to ART, age at ART
initiation (per 5-year increase) and calendar year of ART initiation (per 1-year increase).
Separate joint longitudinal models evaluated cumulative viral load on ART at the end of
follow-up and lagged 1 to 5 years.

Sensitivity analyses were conducted adjusting for race/ethnicity, BMI, and
smoking status in addition to the factors listed above. Subgroup analyses were also
conducted excluding women with a viral load of <200 copies/mL at ART initiation to
mitigate including women whose ART initiation date was possibly misclassified
(N=4,549). Lastly, among women with a CD4 count prior to ART (N=5,716), subgroup
analyses were conducted incorporating nadir CD4 count and clinical AIDS diagnosis
prior to ART as two separate variables in the longitudinal submodel and survival model
instead of our previously defined composite definition of AIDS-defining diagnosis prior to

ART.

Results
Characteristics of the Study Population

There were 5,839 women included in this analysis contributing 30 breast cancer
diagnoses with median follow-up of 5.0 years (IQR 2.4, 9.2 years) (Table 4-1); 621
women died during follow-up. The median age at ART initiation was 40 years (IQR 33.2,
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48.3 years), and did not substantially differ by tertiles of log1o cumulative viral load on
ART. Median age at breast cancer diagnosis was 53.3 years (IQR 45.6, 57.6 years).
Women in this analytic sample were predominantly Black (61%), were ever smokers
(64%), and had median BMI of 27.3 kg/m? (IQR 23.3, 32.5 kg/m?). Forty-five percent had
an AIDS diagnosis prior to ART initiation. AIDS diagnosis prior to ART initiation was
highest among women in the highest tertile of cumulative viral load (64%). Stratified by
tertiles of cumulative viral load, women in the highest tertile more frequently had higher
viral load at ART initiation. For instance, 56% of women in the highest tertile of cVL had
a viral load at ART of 261,000 copies/mL, compared to only 19% of women in the
second tertile of cVL. No women in the lowest tertile of cVL had a viral load at ART of

261,000 copies/mL.

Longitudinal Characterization of Cumulative Viral Load on ART

The mean log1o cumulative viral load on ART at analysis entry (6 months
following ART initiation) among white women, entering at age 40 in 2007 with no AIDS
diagnosis prior to ART or injection drug use with a viral load <330 copies/mL was 2.04
log1o copies*years/mL (Table 4-2). There were no significant differences in cumulative
viral load by race/ethnicity comparing non-Hispanic white women to each other
race/ethnicity group. Cumulative viral load on ART was 0.15 log 1o copies*years/mL
higher in women with an AIDS diagnosis compared to women without and AIDS
diagnosis. Women who reported injection drug use had a 0.19 log+ copies*years/mL
higher cumulative viral load compared to women with no injection drug use. Increasing
age and calendar year (per 10-year increase) were associated with lower cumulative
viral load. There was a significant interaction between time since ART initiation and viral
load at ART initiation on cumulative viral load: with increasing viral load at ART initiation,
the rate of increase for cumulative viral load was steeper.

86



Figure 4-2 depicts longitudinal log1o cumulative viral load on ART (not model
estimated) for each woman by outcome status (breast cancer or censoring) with the
lowess-smoothed median at each time point. Cumulative viral load increased steadily
over time among women who did not have breast cancer, with the steepest incline
observed in the first 5 years following ART initiation. A similar trend is observed for
women who were diagnosed with breast cancer, though at approximately 7 years

following ART, the median cumulative viral load stabilizes.

Association between Cumulative Viral Load on ART and Breast Cancer

Estimates from the survival portion of the joint longitudinal survival model
suggest a null association between cumulative viral load on ART and breast cancer
(Table 4-3). There was a non-significant 10% decrease in the risk of breast cancer for
every logo increase in cumulative viral load (adjusted hazard ratio (aHR): 0.90, 95% CI
0.62, 1.30). The inverse association between cumulative viral load and breast cancer
strengthened with increasing exposure lag. When lagged by 1 year, a log1o increase in
cumulative viral load was associated with a non-significant 13% decrease in the risk of
breast cancer (aHR: 0.87, 95% CI 0.61, 1.25). When lagged by 5 years, there was a
non-significant 22% reduced risk of breast cancer per log1o increase in cumulative viral
load (aHR: 0.78, 95% CI1 0.56, 1.10). Assessed visually, the association between
cumulative viral load and breast cancer risk declined with every 1-year increase in the
lag but remained within the 95% confidence intervals (Figure 4-3). Age (per 5-year
increase) was significantly associated with increasing breast cancer risk across all
models (30-32% increase in breast cancer risk per 5-year increase in age). There was
no association between calendar year or having an AIDS diagnosis prior to ART and

breast cancer across all models.
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Sensitivity analyses additionally adjusting for BMI, race/ethnicity, and smoking
yielded similar estimates to the main analysis (Figure 4-4). Subgroup analyses removing
women with viral load at ART initiation <200 copies/mL also yielded comparable
estimates. Lastly, subgroup analyses among women with a CD4 count prior to ART were
conducted in which nadir CD4 count and clinical AIDS diagnosis prior to ART initiation
were adjusted for instead of our composite variable for AIDS defining illness. These

estimates were also comparable to the main analysis (Figure 4-4).

Discussion

In this sample of women with HIV, initiating ART, and no history of any cancer
diagnosis, | found no association between cumulative viral load on ART and breast
cancer risk adjusting for AIDS diagnosis prior to ART, and age and calendar year of ART
initiation. When | lagged cumulative viral load on ART 1-5 years, estimates trended in a
protective direction, though remained non-significant, demonstrating that viral load
assessed in the years prior to diagnosis may be the most biologically relevant
assessment of HIV viremia in relation to breast cancer.

This is a novel assessment of the association between HIV viral load measured
as a cumulative exposure and breast cancer risk. One prior case-control study found
that, among women with HIV with viral load 2500 copies/mL, there was no association
between the unadjusted odds of breast cancer and a log+o increase in HIV viral load,
(odds ratio=0.60, 95% CI 0.30, 1.20).%® In the same study, CXCR-4 tropism was strongly
inversely associated with lower breast cancer risk (adjusted odds ratio, 0.10, 95% ClI
0.002-0.84), which remained after adjustment for HIV clinical factors like viral load.
This adds further plausibility to a potential biological mechanism related to tropism,

but not necessarily viral load, which merits further investigation. Another study that
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assessed NADCs overall found no association between time spent with HIV viral load
>500 copies/mL and risk of any NADC."* Our observation that the association between
cumulative viral load and breast cancer trended in a protective direction, increasing in
strength with increasing lag of the exposure, corresponds with our existing
understanding of the latent period associated with breast cancer development of at least
1-2 years, though there is substantial variation by subtype and individual-level factors
and our estimates were not statistically significant.

Despite having a large analytic sample, this analysis was limited by the small
number of breast cancer cases observed (n=30) from 1996-2016. As a result, there was
limited power to detect significant associations. | was not able to account for factors that
may be relevant to breast cancer risk including traditional important risk factors such as
reproductive factors (e.g. age at menarche/menopause, parity) because these are not
collected in the NA-ACCORD. Given the association observed between CXCR-4 tropic
HIV and breast cancer, it would also have been ideal to additionally stratify by tropism;
however, this was not feasible due to lack of data availability. | also did not account for
the competing risk of death, which could inform breast cancer risk, especially earlier in
the HIV epidemic when mortality was at its highest in this population. This was deemed
not feasible for this aim due to the already limited precision of the current analysis. That
said, this analysis was among women who initiated treatment, where the risk of death is
likely lower relative to the larger population of women with HIV. Moreover, in aim 1,
among women in the NA-ACCORD from 1997-2016, there were no changes in breast
cancer over time accounting for the competing risk of death. Taken in sum, accounting
for the competing risk would have been ideal; but given the lack of an association
between breast cancer risk over time in aim 1, and the limited precision of the present

analysis, it was deemed that such refinements should be considered in future works.
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The assessment of cumulative viral load was measured from ART initiation
onward, which does not capture time prior to treatment (when HIV viral load is higher),
though it is more likely to be more routinely ascertained after ART initiation. Cumulative
viral load on ART is an underestimation of cumulative viral load since HIV infection, and
the association with breast cancer may differ prior to ART initiation. It is possible that
women with high cumulative viral load prior to ART could have developed breast cancer
and died before getting on to treatment; however, this is unlikely given the risk of breast
cancer in the pre-ART era was still low. Still, in this aim, | am characterizing a group of
women with HIV with potentially modified breast cancer risk. Given these limitations, the
findings should be interpreted cautiously.

Nonetheless, this aim represents a novel assessment of cumulative HIV viral
load after ART initiation and breast cancer risk in the United States, accounting for
measurement error of cumulative viral load and informative censoring related to
longitudinal measurements of viral load. The findings of this study serve as a hypothesis
generating step in understanding the impact of HIV on breast cancer mechanisms in
women.

Though | found no statistically significant association between cumulative viral
load on ART and breast cancer risk, the finding of an increasing reduction in breast
cancer risk with increasing exposure lag merits further investigation. In addition to
incorporating viral load assessments prior to breast cancer diagnosis, future studies on
breast cancer in women with HIV should explore this association in larger, contemporary
populations of women with HIV, with long duration of follow-up. Accounting for the
competing risk of death and traditional risk factors for breast cancer is also needed to
better characterize this association. Further monitoring of breast cancer in this
population may also inform our understanding of the possible mechanisms involved in
pathogenesis. As the age distribution of women with HIV shifts to older ages, and
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women are living longer, | would expect to see more breast cancer diagnoses in this
population. Given this, and the null association between viral load and breast cancer,
age-appropriate breast cancer screening remains an important aspect of care for women

with HIV.
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Chapter 4 Tables

Table 4-1. Demographic and clinical factors among women with HIV in the NA-ACCORD, N=5,839 (1996-2016)

cVL on ART cVL on ART cVL on ART
Overall <3.63 log1o 3.63-4.77 log1o 4.77+ log1o
copies*years/mL copies*years/mL copies*years/mL
N=5839 N=1910 N=2001 N=1928
median IQR median IQR median IQR median IQR
Age at entry 40.3 33.2,48.3 42.6 34.9, 50.8 39.2 32.3,47.4 394 32.6,46.4
Age at exit 47.0 39.0, 55.0 48 39.0, 56.0 46.5 38.0, 56.0 47 40.0, 55.0
Calendar year entry 2007 2002, 2011 2010 2006, 2013 2006 2002, 2010 2003.0 2000, 2008
Calendar year exit 2015 2010, 2017 2016 2012, 2017 2015 2010, 2017 2013.0 2008, 2017
Follow-up time 5 24,92 3.7 1.8,6.7 5.3 25,95 6.5 3.3,11.5
(BE?&{ fgjfnsz;gdex 273 233,325 281 240,334 277 23.7,32.8 26.3 22.7,31.3
N % N % N % N %
Race
NH Black 3581 61.3 1231 64.5 1195 59.7 1155 59.9
NH white 1159 19.8 360 18.8 393 19.6 406 21.1
Hispanic 531 9.1 152 8.0 176 8.8 203 10.5
Other 568 9.7 167 8.7 237 11.8 164 8.5
Smoking status®
Never 2083 35.7 754 39.5 754 37.7 575 29.8
Ever 3756 64.3 1156 60.5 1247 62.3 1353 70.2
AIDS diagnosis
prior to ART initiation
Yes 2638 45.2 592 31.0 811 40.5 1235 64.1
No 3201 54.8 1318 69.0 1190 59.5 693 35.9
Viral load at ART
initiation
(copies/mL)
<330 1461 25.0 1053 55.1 252 12.6 156 8.1
>330-<7500 1457 25.0 755 39.5 379 18.9 323 16.8
>7500-<61000 1465 25.1 102 5.3 992 49.6 371 19.2
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>61000 1456 24.9 0 0.0 378 18.9 1078 55.9

IR per 100 PY IR per 100 PY IR per 100 PY IR per 100 PY
N (PY) N (PY) N (PY) N (PY)

Breast cancer
diagnosis

Yes 30 16.7 (179.7) 11 23.9 (46.1) 9 13.9 (64.9) 10 14.6 (68.7)

No 5,809 15.9(36649.0) 1899  20.9 (9075.5) 1992 15.4 (12961.3) 1918 13.1 (14612.1)
Death

Yes 621 19.4 (3201.2) 76 27.1 (280.1) 149 18.4 (808.6) 396 18.7 (2112.4)

No 5218 15.5(33627.5) 1834  20.7 (8841.4) 1852 15.2 (12217.6) 1532 12.2 (12568.4)

Abbreviations: cumulative viral load on antiretroviral therapy, cVL on ART; interquartile range, IQR; non-Hispanic, NH; antiretroviral therapy, ART; incidence rate, IR;
person-years, PY.
@ Based on one imputation set

93



Table 4-2. Differences in longitudinal cumulative viral load
since ART by selected covariates

Estimate 95% CI*

Intercept 2.04 1.99, 2.09
Race/ethnicity

Non-Hispanic white ref

Non-Hispanic Black 0.01 -0.04, 0.05

Hispanic 0.02 -0.04, 0.08

Other -0.05 -0.11, 0.01
AIDS diagnosis prior to ART

No ref

Yes 0.15 0.12,0.19
IDU

No ref

Yes 0.19 0.14,0.23

Viral load at ART initiation
(copies/mL)

<280 ref
>280-<7400 0.87 0.81,0.93
>7400-<60600 1.73 1.67,1.79
>60600 2.56 2.50, 2.62
Calendar year of ART initiation
(per 10-year increase) -0.30 -0.33, -0.27
Age at ART initiation
(per 10-year increase) -0.06 -0.07, -0.04

Abbreviations: antiretroviral therapy, ART; 95% confidence interval, 95%
Cl.

*Excludes interactions with time since ART initiation, viral load at ART and
immune injury before ART

Statistically significant estimates are bolded
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Table 4-3. Association between treated cumulative viral load and breast cancer (survival submodel)?

cVL Attime t cVL One-year lag cVL Two-year lag cVL Five-year lag

aHR 95% CI aHR 95% CI aHR 95% ClI aHR 95% ClI

Cumulative viral load  0.90 0.62, 1.30 0.87 0.61,1.25 0.81 0.57,1.15 0.78 0.56, 1.10
AIDS diagnosis
prior to ART initiation
No ref ref ref ref ref ref ref ref
Yes 1.13 0.54,2.35 1.15 0.55, 2.41 1.18 0.57,2.47 1.23 0.59, 2.58
Calenda year 094 086,103 094 086102 094 086102 093 085, 1.02
(per 1-year increase)

é)geerS-yearincrease) 132 111,156 132 111,157 130 1.10,155 132  1.11,1.56

Abbreviations: cVL, cumulative viral load; adjusted hazard ratio, aHR; 95% confidence interval, 95% CI.
ausing piecewise constant baseline risk function
Statistically significant estimates are bolded
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Chapter 4 Figures

Figure 4-1. Flow diagram for inclusion into the analytic sample, NA-ACCORD, 1996-
2016

Women (=18) with HIV in the
NA-ACCORD
N=20,271

v

Initiated ART under observation
(1996-2016)
N= 15,520

A J

Under observation = 6 months
N= 11,889

l

No history of cancer at ART
initiation
N= 11,725

v

Non-missing race/ethnicity
N= 11,544

|

Women with viral load at ART*
N= 8,501

\ J

Women followed from ART

N= 5,839
Breast cancer Censored
diagnoses N=5,809
N= 30 (including 621 deaths)

Abbreviations: antiretroviral therapy, ART.
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Figure 4-2. Longitudinal trajectories of log1 cumulative viral load on ART by outcome status
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Abbreviations: antiretroviral therapy, ART.
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Figure 4-3. Association between cumulative viral load on ART and breast cancer risk with
0-5 year lag
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Figure 4-4. Association between cumulative viral load on ART and breast cancer risk with 0-
5 year lag comparing main analysis to all sensitivity/subgroup analyses
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¢ Additionally adjusting for body mass index, race/ethnicity, and smoking status
® Adjusting for nadir CD4 count and clinical AIDS diagnosis prior to antiretroviral therapy initiation
Removing women with viral load < 200 copies/mL at antiretroviral therapy initiation
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Chapter 4 Appendix

Appendix 4-1 Supplemental Tables

Table 4-1. Variables utilized to impute body mass index and smoking

Variable Definition

Smoking Ever reported smoking

BMI BMI at analysis entry +/- 2 years

BMI 25 For each woman, the 25th percentile of all her BMI measurements while in NA-ACCORD
BMI 50 For each woman, the 50th percentile of all her BMI measurements while in NA-ACCORD
BMI 75 For each woman, the 75th percentile of all her BMI measurements while in NA-ACCORD

HIV risk group

Race
Hispanic
HAART

AIDS diagnosis
prior to ART

D-drug exposure

Breast cancer
diagnosis
Death
Cause-specific
hazard breast
cancer
Cause-specific
hazard death
Cohort/subsite
Age at start

At risk alcohol use
Diabetes
diagnosis
Hypertension

Injection drug use, hemophilia, heterosexual contact, receipt of blood transfusion,
worked in healthcare/laboratory setting, perinatal, other, unknown

Asian, black, indigenous, multiracial, white, other, missing

Hispanic ethnicity yes, no

Ever received a prescription for HAART >30 days

Clinical AIDS diagnosis or CD4 count <200 cells/mm? prior to ART initiation date

Ever received a prescription for one of the following medications >30 days: didanosine,
Stavudine, Zalcitabine, or azidothymidine

Censored in analysis due to breast cancer diagnosis

Censored in analysis due to death

Cause-specific cumulative baseline hazard for breast cancer diagnosis

Cause-specific cumulative baseline hazard for death using nelson-aalen estimator

Cohort, or for multisite cohort subsite within cohort using nelson aalen estimator
Age (years) at analysis entry
Ever reported >7 drinks/week or binge drinking

Ever had Patient had HgA1c >6.5% OR diabetes-specific medication OR diabetes
diagnosis AND diabetes-related medication OR random glucose measured

Ever prescribed anti-hypertensive medication and received hypertension diagnosis
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Prior hypertension

Dyslipidemia
diagnosis

Prior dyslipidemia
diagnosis
Statin use
Prior statin use
High total
cholesterol
Prior high total
cholesterol
High LDL

Prior high LDL
Low HDL
Prior low HDL

Ever prescribed anti-hypertensive medication and received hypertension diagnosis prior
to cohort-specific capture of hypertension

Ever prescribed lipid-lowering medication

Prevalent lipid-lowering medication at the beginning of cohort-specific observation

Ever prescribed a statin
Prevalent statin medication at the beginning of cohort-specific observation

Ever had TC measurement = 240 mg/dL

Had high cholesterol prior to cohort's observation
Ever had LDL measurement = 130 mg/dL
Had high LDL prior to cohort's observation

Ever had HDL <50 mg/dL
Had low LDL prior to cohort's observation

Abbreviations: body mass index, BMI; highly active antiretroviral therapy, HAART; antiretroviral therapy, ART,;
hemoglobin A1c; total cholesterol, TC; low density lipoprotein, LDL; high density lipoprotein, HDL.
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Chapter 5: Conclusions
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Key Findings, Implications, and Future Research

The goal of this dissertation was to pursue a more in-depth understanding of
breast cancer risk and etiology among women with HIV. To do this, this dissertation first
characterized trends in breast cancer risk and cumulative incidence over time among
women with HIV in the last twenty years. This dissertation then sought to explore
differences in estrogen, a strong risk factor for breast cancer, comparing women with
versus without HIV. Last, this dissertation assessed the direct association between HIV
viral load, using a cumulative metric of HIV burden, and breast cancer risk among
women with HIV. Overall, the findings from these aims inform the larger question: what
factors specific to women with HIV could drive the observed lower risk of breast cancer
comparing women with versus without HIV? Clarifying the mechanisms underlying this
observed association between HIV and breast cancer may provide additional insight into
breast cancer etiology and should inform clinical care among women with HIV regarding

screening and surveillance of breast cancer.

Trends in Breast Cancer Hazard and Cumulative Incidence Over Time Among Women
with HIV

The first aim sought to characterize trends in breast cancer over time among
women with HIV who had initiated ART from 1997-2016 in the North American Cohort
Collaboration on Research and Design (NA-ACCORD). | observed no trends in the
hazard (instantaneous risk) or the cumulative incidence of breast cancer from 1997-2016
accounting for age, race/ethnicity, and cohort. The hazard and cumulative incidence of
death did consistently decline over time overall (1997-2016) and within/across calendar
periods. The overall cumulative incidence of breast cancer among women with HIV
initiating ART with no history of cancer was 3.2% over 19 years (median follow-up 4.5
years). This aim also found no differences in breast cancer cumulative incidence by
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race/ethnicity or calendar period. The substantial decline in mortality is well established
in PWH.87213 The findings related to trends in breast cancer are supported by two prior
works in the HIV/AIDS Cancer Match Study, which found: 1) breast cancer incidence
rates did not change from 1996-2010,”" and 2) projected rates of breast cancer through
2030 demonstrated no change in risk.”

The findings from this aim indicate a limited role of changes in declining mortality
on breast cancer risk. Although there were declines in mortality over time, breast cancer
risk did not change. If changes in mortality were to influence breast cancer risk, there
would have been an increase in breast cancer cumulative incidence over time.
Therefore, additional explanations for the reduced risk of breast cancer comparing
women with versus without HIV should continue to be investigated.

This novel assessment of breast cancer over time accounting for the competing
risk of death adds further support to the literature indicating that changes in mortality do
not drive the lower risk of breast cancer observed comparing women with versus without
HIV. Nonetheless there are limitations to this work which should inform future
assessments of breast cancer trends in women with HIV. The age distribution of our
source population was younger than the general population of women in the United
States, and there was limited follow-up observed beyond age 65. Given the median age
of breast cancer diagnosis in the general population is 62, case under-ascertainment is
possible, and limited the ability to estimate lifetime breast cancer risk. Women with HIV
should continue to be tracked with respect to breast cancer in observational cohort

studies, with long duration of follow-up and as women continue aging.
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Differences in Estradiol by HIV Status, and Among Women with HIV, by Viral
Suppression Status

For the second aim, | quantified differences in total estradiol, free estradiol and
sex hormone binding globulin (SHBG) by HIV status, and in women with HIV by viral
load among premenopausal women participating in the Women’s Interagency HIV Study
(WIHS). Overall, there were no clinically relevant differences in total or free estradiol
comparing women with versus with HIV, though both were generally modestly lower in
women with compared to without HIV. There were higher SHBG concentrations
comparing women with unsuppressed viral load to women without HIV, with differences
ranging from 10-12 nmol/L across the percentiles assessed. There were also no
clinically meaningful differences in total, free estradiol or SHBG among women with HIV
by suppression status. Higher concentrations of SHBG inform the amount of free
estradiol in circulation, and can result in lower concentrations. This was not observed in
this aim where only modestly lower free estradiol was observed at the 75" percentile of
the estradiol distribution in women with suppressed viral load compared to women
without HIV, and in women with HIV, by suppression status.

Research on the association between HIV status and estradiol is equivocal, with
studies finding lower, comparable, or higher total estradiol comparing women with and
without HIV.52111116-119 The |ack of an association between total or free estradiol in this
analysis may indicate that estradiol is comparable by HIV status, and viral suppression
status. Alternatively, by limiting the study sample to women reporting at least one period
within the six months prior to the study visit, the comparison groups are more
homogenous with respect to amenorrhea than what would be observed in the real world.
This could obscure potential hormonal differences.

This aim provided unique insight into the most biologically active form of
estrogen, estradiol, as well as SHBG, among premenopausal women with HIV and how
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it compared to a similar sample of women without HIV in the United States. This work
built on the limited research on estradiol in women with HIV by assessing a large sample
of women with and without HIV and by implementing regression techniques to account
for demographic and clinical characteristics that could partly explain differences by HIV
status, and among women with HIV by viral suppression status. Though there were
minimal differences in total or free estradiol, and the sample size at extreme percentiles
was limited, seeing varying differences depending on whether the 25", 50" or 75"
percentile was assessed demonstrates the importance of considering the entire
distribution of these biomarkers as opposed to measures of central tendency alone.
Further research is needed to characterize potential differences in estradiol by
HIV status and viral suppression status. Given the differences observed in SHBG, this
should continue to be accounted for and investigated, as it may alter free estradiol in
circulation. Additional research is also needed to understand the temporality of the
association between HIV status and estradiol (e.g. does viral load impact estradiol or
vice versa). Among women with HIV, a differential impact of HIV on estradiol by
treatment status should also be explored, as certain classes of HIV medications have
known metabolic side effects. The sample size of this source population could not afford
such an analysis in this aim. With respect to breast cancer etiology, the strongest
relationship between estrogen and breast cancer is observed in postmenopausal
women. Therefore, studies of estradiol should include longitudinal measurements tied to
biologically meaningful time points. Further research is needed in contemporary
observational settings among both pre and postmenopausal women to fully understand

estradiol over the life course of women with HIV.
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Association Between Cumulative Viral Load on ART and Breast Cancer Risk

For the final aim, | assessed the association between cumulative viral load on
ART and breast cancer risk among women with HIV in the NA-ACCORD using joint
longitudinal survival models. There was no association between cumulative viral load on
ART and breast cancer risk adjusting for AIDS diagnosis prior to ART, and calendar
year/age at ART initiation. Cumulative viral load on ART was lagged 1-5 years in
additional analyses. Though the estimated association between cumulative viral load on
ART and breast cancer remained null, the trend in the estimates suggested an
increasingly protective association with increasing exposure lag. This was consistent in
sensitivity analyses additionally adjusting for race/ethnicity, BMI, and smoking, as well as
in subgroup analyses restricting to women with a viral load at ART initiation greater than
200 copies/mL, and utilizing nadir CD4 and AIDS diagnosis prior to ART initiation as
adjustment factors instead of our composite definition of AIDS-defining iliness prior to
ART.

There are very few studies that have looked at the association between HIV
viremia and breast cancer risk. These findings are similar to one previously conducted
case-control study assessing HIV viral load and breast cancer odds among women with
a viral load >500 copies/mL, where there was a null association that trended protective
(odds ratio=0.60, 95% CI 0.30, 1.20).%

Though this analysis was limited by the small case count, there are important
implications of these findings. The increasing strength of the association between
cumulative viral load on ART and breast cancer with increasing exposure lag suggests
that if there is an effect of HIV viral load on breast cancer, it is likely acting in the years
prior to diagnosis and should continue to be explored. Further research is also warranted
where women with HIV are observed for longer periods of time at older ages to allow for
additional case ascertainment. Larger number of cases would allow for adjustment for
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traditional risk factors for breast cancer to isolate the association between HIV viral load

and breast cancer and to account for the competing risk of death.

Conclusions

This dissertation sought to shed light on potential mechanisms driving the
observed reduced risk of breast cancer comparing women with versus without HIV.
Taken in sum, the findings from these aims provide support that among women with
HIV, factors beyond sociodemographic characteristics, such as race/ethnicity and age,
may be associated with breast cancer risk. This work underscores the need to continue
investigating breast cancer and risk factors for breast cancer among this population and
obstacles in studying a lower frequency and/or risk of breast cancer in women with
compared to without HIV.

To investigate a potential HIV effect on breast cancer, a larger number of breast
cancer diagnoses is necessary. Despite utilizing one of the largest samples of adults
with HIV in the US with validated cancer diagnoses, only 30 breast cancer diagnoses
met the inclusion criteria for the third aim of this dissertation. Women with HIV in the US
are different from women in the general US population with respect to
sociodemographic, lifestyle and clinical factors. To make inferences regarding breast
cancer risk comparing women with and without HIV, the ideal control group of women
without HIV should be as similar as possible with respect to these factors. The WIHS,
the source population for aim 2, is an apt observational cohort for such a comparison,
but again, the sample size is insufficient for the rare outcome of breast cancer in this
context.

Our understanding of breast cancer in the general population is deeply nuanced,
with characterizations by stage, grade, molecular subtype and more. As the intersection
of HIV and cancer is a burgeoning field of interest, these data are only just beginning to
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be collected systematically among PWH. Such data could provide additional insight into
the etiology of breast cancer among women with HIV. For instance, understanding
estrogen receptor status could inform whether hormonal mechanisms of tumor
development are relevant in women with HIV. Given this, surveillance of breast cancer
among populations of women with HIV, and comparable women without HIV, is needed
to accrue enough cases to describe and compare breast cancer occurrence by HIV
status.

Women with HIV in the US as a population are living longer, with most entering
mid-life/menopause, the age group at highest risk for breast cancer.' Therefore, the
number of diagnoses will likely continue rising, despite the observed lower risk
compared to women without HIV. Moreover, as women with HIV live longer on
treatment, their risk profile may become increasingly comparable to women without HIV.
This is particularly concerning given the risk of all-cause and breast cancer specific
mortality is higher comparing women with versus without HIV.92941% Thys, age
appropriate screening for breast cancer should continue to be incorporated into clinical
care among women with HIV, and additional research into breast cancer etiology among

women with HIV should be explored.
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