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• Brief historical discussion of sex/gender and 
inclusion in clinical trials

• How does sex/gender fit into the leading 
edge of HIV research

• Some data on the role of sex in HIV 
pathogenesis



Setting the stage: Inclusion of women in 
clinical trials
• 1977 FDA guidance:

• recommended excluding women with childbearing potential from 
participating in phase 1 and early phase 2 clinical studies until reproductive 
toxicity (segment 2) studies were conducted and some evidence of 
effectiveness had become available. The recommended exclusion was broadly 
applied to any "premenopausal female capable of becoming pregnant," but 
explicitly did not apply to women with life threatening diseases…

Frances Oldham Kelsey

https://www.fda.gov/science-research/womens-health-research/gender-studies-product-development-historical-overview

Policy developed to: reflect societal interests in 
protecting vulnerable populations



Does exclusion=protection?

• “A gender line keeps women not on a pedestal, but in a cage” - RBG, 
oral arguments, Supreme Court 1975
• Even further: there are not pedestals for many women, both 

cisgender and transgender, and in particular women of color

In biomedical science, information is power and without it, we 
are powerless to make specific recommendations about 
optimal therapy and the true risks of interventions.



Turning the focus to HIV…
• MMWR: June 5, 1981: 5 cases of PCP pneumonia among men in Los 

Angeles, followed by reports from NYC, San Francisco and others. 
• Between June of 1981 and January of 1983 the CDC received reports of 

43 women with immunodeficiency syndromesHIV treatment a timeline

1981 
First cases reported

1986
Phase III AZT trials halted due to 

survival benefit

1985 
First HIV test, 

AZT clinical trials started

1983
HIV identified

1987 
FDA approval of AZT

1992
Phase II and III results from 

Protease inhibitor based trials

1996 
Era of highly active ART starts

1994 
AIDS is the leading cause of 

death 18-49 in the U.S.

Masur et al., Ann of Int Med, 1982; MMWR 1983



The first treatment trials: AZT

• 1987 trial 282 participants, 13 cisgender women (4.6%)
• 1990 trial 524 participants, 25 cisgender women (4.7%)

HIV treatment a timeline

1981 
First cases reported

1986
Phase III AZT trials halted due to 

survival benefit

1985 
First HIV test, 

AZT clinical trials started

1983
HIV identified

1987 
FDA approval of AZT

1992
Phase II and III results from 

Protease inhibitor based trials

1996 
Era of highly active ART starts

1994 
AIDS is the leading cause of 

death 18-49 in the U.S.



The first treatment trials: AZT

Early trial participation required identification of the infection, and much of the 
surveillance was linked to epidemiological risks.

MMWR, June 01, 2001 / 50(21);430-4



The Epidemic Grows

MMWR, June 01, 2001 / 50(21);430-4



The Epidemic Grows:1993

• HIV is the leading cause of death among men ages 25-44

MMWR February 16, 1996 / 45(06);121-125



The Epidemic Grows:1993

• HIV is the leading cause of death among men ages 25-44
• HIV is the leading cause of death among black women ages 25-44

MMWR February 16, 1996 / 45(06);121-125



Summary of the changing epidemic
• Early cases were predominantly in males; first reports of cases in females 

in 1982, steady increase in proportion through the 1980s and 1990s
• Despite low prevalence, AIDS was the leading cause of death for young 

black women in the U.S. in 1993
• Since 2000 the proportion of people living with HIV who are cisgender 

women is  ~23% in the US
• Data on Transgender women is inadequately collected, formal CDC 

guidance issued in 2012
• Regional differences in prevalence of HIV infection among women



Distribution of the burden of HIV in women
HIV infection HIV infection in women

Women are an estimated 258,000 of the 1.1 million people living with HIV in the U.S. in 2019*

CDC data 2019



Distribution of the burden of HIV in women

https://www.kff.org/hivaids/fact-sheet/women-and-hivaids-in-the-united-states



Distribution of the burden of HIV in women

https://www.kff.org/hivaids/fact-sheet/women-and-hivaids-in-the-united-states

HIV diagnoses US Female population



1990s – A Shift in Policy
• In 1993 NIH reverses its 1977 policy and recommends inclusion of 

women
• Highlights importance of informed consent
• Contraception
• Pharmacokinetic data in specific populations
• Menstrual status data (lifespan)

• The Office for Research on Women’s Health is established
• FDA reports that 1997-2000, 8 of 10 medications withdrawn from the 

market were due to adverse effects in women
• 2016 recommendation of inclusion of sex as a biological variable

HIV treatment a timeline

1981 
First cases reported

1986
Phase III AZT trials halted due to 

survival benefit

1985 
First HIV test, 
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1983
HIV identified

1987 
FDA approval of AZT

1992
Phase II and III results from 

Protease inhibitor based trials
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Era of highly active ART starts
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Where does this leave consideration of sex 
and gender in HIV
• Seminal studies of HIV pathogenesis included few or no women
• Patient advocacy has been a key driver of HIV research and gender 

dynamics in epidemic limit cis and transgender women’s role
• Changes in regulatory policy have shifted to favor inclusion of women

Curno et al, JAIDS, 2016; Johnston and Heitzeg, AIDS Res Hum Retroviruses, 2015
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Does it matter?



What is the evidence for the relevance of sex 
to HIV pathogenesis?



SEX
Assigned at birth, anatomy 

and chromosomes

GENDER
Internal sense of self with 

respect to gender

HEALTH

Ferreira ACG et al., Transgender Health, 2019; Gianella et al, CID 2018; Poteat et al., CID 2019; Wansom T., et al, J Virus Erad, 2016 



Sex versus Gender

mechanisms31,32. Biological sex differentially 
affects ageing of the immune system33, 
in part through changing concentrations 
of sex steroids34. In addition to reduced 
concentrations of sex steroids, an age- related 
mosaic loss of chromosome Y in leukocytes 
can alter transcriptional regulation of 
immunoregulatory genes35. Whether sex 
differences in the genomic signatures of 
aged immune cells translate to functional 
differences in the response to SARS- CoV-2 
infection requires attention.

Sex differences in immune responses
Biological sex affects innate and adaptive 
immune responses to self and foreign 
antigens, resulting in sex differences in 
autoimmunity as well as in responses 
to infections and vaccines36,37. Immune 
cell subsets have sex- specific patterns of 
gene expression, with most differentially 

expressed genes found on autosomes, 
demonstrating sex- specific regulation 
of shared genetic material26. The sex 
chromosomes also directly contribute. 
Males are at higher risk of diseases caused 
by deleterious X- linked alleles. Incomplete 
inactivation of immunoregulatory genes 
on the X chromosome can also occur in 
females, which results in a gene dosage 
imbalance between sexes38,39. Incomplete 
X chromosome inactivation has been 
implicated in female- biased autoimmune 
diseases40 and in vaccine efficacy41. The 
Y chromosome has immunoregulatory 
function, broadly impacting immune 
transcriptional profiles linked to 
autoimmune disease42 and impacting 
outcomes of influenza virus and coxsackie 
virus infection in animals43,44. Sex- specific 
features of epigenomic organization 
also dictate differential availability of 

transcriptional targets21,45. Superimposed on 
these genomic elements is the direct effect 
of sex steroid exposure. Oestrogens46,47, 
progesterone48–52 and testosterone53 have 
direct effects on immune cell function 
that are driven by the signalling of these 
hormones through their respective cellular 
receptors. The variation in sex steroid 
concentrations that occurs over the life 
course contributes to differences in immune 
profiles and disease susceptibility patterns 
at different ages20,52. Consistent with this 
variation, both sex and age contribute 
to unique transcriptional signatures of 
immune cells both at the baseline and 
after exposure to immunostimulants19,21,22. 
The summative effect is a sex- specific 
transcriptional regulatory network of 
genetic variants, epigenetic modifications, 
transcription factors and sex steroids 
that leads to a functional difference 
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Fig. 1 | Comparative analyses of COVID-19 case fatality rates by country, sex and age. a | COVID-19 case fatality rates (CFRs) for males and females 
across 38 countries or regions reporting sex- disaggregated data on COVID-19 cases and deaths. CFR was calculated as the total number of deaths divided 
by the total number of cases for each sex multiplied by 100. The male CFR is higher than the female CFR in 37 of the 38 regions, with an average male CFR 
1.7 times greater than the average female CFR (P < 0.0001, Wilcoxon signed rank test). b | Average COVID-19 CFRs for males and females stratified by age. 
The data represent 12 countries currently reporting sex- and age- disaggregated data on COVID-19 cases and deaths (Australia, Columbia, Denmark, Italy, 
Mexico, Norway, Pakistan, Philippines, Portugal, Spain, Switzerland and England). The COVID-19 CFR increases for both sexes with advancing age, but 
males have a significantly higher CFR than females at all ages from 30 years (P < 0.05, Wilcoxon signed rank test). The data were obtained from Global Health 
50/50 and official government websites of each respective country on 7 May and 8 May 2020. For more information on the data source for a specific country, 
please contact the corresponding author.

www.nature.com/nri
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Matters arising

A finding of sex similarities rather than 
differences in COVID-19 outcomes

Heather Shattuck-Heidorn1,2ಞᅒ, Ann Caroline Danielsen3, Annika Gompers4, 
Joseph Dov Bruch3, Helen Zhao5, Marion Boulicault6, Jamie Marsella7 & Sarah S. Richardson2,7

ARISING FROM T. Takahashi et al. Nature https://doi.org/10.1038/s41586-020-2700-3 (2020)

The sex disparity in COVID-19 mortality varies widely and is of uncertain 
origin. In their recent Article, Takahashi et al.1 assess immune phenotype 
in a sample of patients with COVID-19 and conclude that the “immune 
landscape in COVID-19 patients is considerably different between the 
sexes”, warranting different vaccine and therapeutic regimes for men and 
women—a claim that was disseminated widely following the publication2. 
Here we argue that these inferences are not supported by their findings 
and that the study does not demonstrate that biological sex explains 
COVID-19 outcomes among patients. The study overstates its findings 
and factors beyond innate sex are treated superficially in analysing the 
causes of gender or sex disparities in COVID-19 disease outcomes.

Takahashi et al. measured more than 100 immune markers in a sample 
of patients with COVID-19 and uninfected healthcare workers (HCW). 
They compared male and female patients and HCW both at baseline 
and longitudinally over the disease course. These comparative analyses, 
both within sex and between sex, across patients and HCW, at baseline 
and over time, yielded more than 500 findings1. Most of the findings in 
the paper are presented as raw data, unadjusted for possible covariates. 
Among the more than 200 findings from adjusted analyses, 13 (6%) 
remained statistically significant after controlling for covariates (pri-
marily age and body mass index (BMI)). This count excludes analyses 
on antibodies and viral load, as well as comparisons of female HCW 
(F_HCW) versus male HCW (M_HCW), female patients (F_Pt) versus 
female HCW and male patients (M_Pt) versus male HCW.

There is considerable mismatch between the claims made in the 
paper and the results presented in the data tables, making it challeng-
ing to understand the basis of many of these claims. The discussion 
section focuses on claims related to ten immune markers, positing 
a variety of sex differences across diverse analyses (reconstructed 
in Table 1). The expanded data tables demonstrate that nine of these 
claims are based on raw data and do not hold true in adjusted analyses. 
For example, interleukin-18 (IL-18) and IL-8, emphasized in the abstract 
and discussion as higher in male patients, show a sex difference only in 
baseline-unadjusted analyses of the smaller cohort. This indicates that 
these reported sex differences in immunological response are better 
explained by factors other than biological sex.

Similarly, attempting to address the potential role of these markers in 
disparate outcomes between men and women, Takahashi et al. associ-
ate lower levels of activated T cells at baseline with poorer outcomes 
among men, but not among women, in a subsample of 12 patients who 
deteriorated during the course of the disease (6 male and 6 female). 
However, as fig. 4 demonstrates, deteriorated male patients are older1. 
After adjusting for age, there are no sex differences in activated T cells 
among the patient samples.

Although statistical significance is not the only consideration when 
evaluating study results, the authors use statistical significance to 
summarize their own results and imply that the central findings remain 
statistically significant after adjustment. Particularly considering the 
sweeping scope of the study’s conclusions, combined with the study’s 
limited sample size, large confidence intervals, few repeat measures 
for many participants in the longitudinal cohort, and lack of clinical 
discussion of effect sizes, statistical significance remains an important 
guidepost for contextualizing the study’s findings.

Three findings that are described as sex differences1 are actually 
differences within sexes that do not correspond with between-sex 
differences (Table 1). For example, CCL5 differs at baseline between 
female patients who would later deteriorate (F_deteriorated) and those 
who remained stable (F_stabilized) (n = 5 F_deteriorated; 14 F_stabi-
lized, adjusted difference: 0.39, 95% confidence interval (0.03, 0.74), 
P = 0.03), with no such difference among male patients who deterio-
rated and those who remained stable (n = 6 M_deteriorated; 10 M_stabi-
lized, adjusted difference: 0.16, 95% confidence interval (−0.23, 0.54), 
P = 0.70). However, comparing the difference-in-difference, there is 
no evidence that the change in CCL5 between deteriorated and sta-
bilized patients differs between the sexes (adjusted difference: 0.23, 
95% confidence interval (−0.18, 0.64), P = 0.25). Such within-sex dif-
ferences without accompanying between-sex differences cannot be 
interpreted as indicating sex-specific disease progression between 
men and women.

Overall, Takahashi et al. present three findings that are significant 
after adjustment and can properly be conceptualized as sex differ-
ences1: at baseline, numbers of non-classical monocytes (ncMono) 
were higher in male patients (n = 21 female and 16 male) and activated 
CD8 T cell numbers were higher in female patients (n = 21 female and 
16 male), and male patients had higher levels of CCL5 in longitudinal 
analysis (n = 48 female and 43 male) (Table 1).

There are also three findings of a greater difference-in-difference that 
maintain significance after adjustment: at baseline, IL-8 was higher in 
both male and female patients compared with HCW, but the increase in 
IL-8 in male patients relative to male HCW was greater than the increase 
in female patients relative to female HCW (n = 19 F_Pt, 28 F_HCW, 16 M_Pt 
and 15 M_HCW); at baseline, CXCL-10 was higher in both male and female 
patients compared to HCW, but the increase in male patients relative 
to male HCW was greater than the increase in female patients relative 
to female HCW (n = 19 F_Pt, 28 F_HCW, 16 M_Pt and 15 M_HCW); and, in 
longitudinal analyses, CCL5 increased in male patients compared with 
male HCW, but did not differ between female patients and female HCW 
(n = 48 F_Pt, 28 F_HCW, 43 M_Pt and 15 M_HCW) (Table 1).
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Frontiers in HIV research
• Prevention of transmission
• Optimal deployment of long-acting therapeutics
• Management of weight gain associated with ART
• Management of aging and comorbidities
• Cure

Venter et al., NEJM 2019

DTG/FTC/TAF
DTG/FTC/TDF
EFV/FTC/TDF



Biological determinants of sex differences

Scully, E Curr HIV/AIDS Reports, 2018, Pathogens and Immunity 2019; Schmiedel et al., Cell 2018

Hormones



Sex differences in HIV pathogenesis and cure

• Untreated infection

Gandhi et al, CID, 2002

VL higher in men VL higher in women



Sex differences in HIV pathogenesis and cure

• Untreated infection

Sterling et al., NEJM 2001
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Men 77,822 40,634

Women 17,149 12,043
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Sex differences in HIV pathogenesis and cure

• Untreated infection

Median Initial Viral Load
Progressing to AIDS Not progressing

Men 77,822 40,634

Women 17,149 12,043

Sterling et al., NEJM 2001
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Sex differences in HIV pathogenesis and cure

• Untreated infection:
• Lower set point VL
• Equivalent rate of disease progression

Sterling et al., NEJM 2001

Women
Men Viral load



Sex differences in HIV pathogenesis and cure

• Untreated infection: mechanisms?
• ♀Higher T cell immune activation per viral load
• ♀More IFNa production per HIV RNA stimulation
• ♂More per cell HIV RNA production

Sterling et al., NEJM 2001; Meier A., et al., Nature Medicine 2009; Berghofer B. et al., J Immunol 2006; Seillet, C. et al., Blood 2012; Souyris et al., Semin Immunopath, 2019; Chang JJ., 
et al, JID, 2013; Griesbeck et al., J Immunol, 2015
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Sex differences in HIV pathogenesis and cure

• Untreated infection clinical phenotypes
• Women are overrepresented in phenotypes of viral control OR ranging 1.9 to 

5 across different cohorts
• Medical record review of 29,811 cases1

• Primary seroconversion in 2176 individuals (CASCADE)2

• Primary infection cohort in sub-Saharan Africa 5903

• Medical record review of 23,4614

1Yang et al., AIDS 2017; 2Madec et al., AIDS 2005; 3Price et al., JID 2019; 4Crowell et al., J Infec Dis, 2015

All Female Male



Sex differences in HIV pathogenesis and cure

• Treated disease
• Matched prospective ART treated cohort

• lower single copy assay
• lower multiple spliced HIV RNA

• Lower inducible HIV RNA production
• Ex vivo HIV RNA production blocked by 

17b estradiol exposure

Scully et al., JID, 2019; Gandhi et al, Plos Path 2017;  Das et al, PNAS 2018
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Sex differences in HIV pathogenesis and cure

• Treated disease
• Matched prospective ART treated cohort

• lower single copy assay 
• lower multiple spliced HIV RNA 

• Lower inducible HIV production RNA
• Ex vivo HIV RNA production blocked by 

17b estradiol exposure
• Lower replication competent virus 

production

Scully et al., JID, 2019; Das et al, PNAS 2018; Prodger et al, JCI Insight, 2020; Prodger et al, JCI Insight 2021, Gianella et al, Clinical Infectious Diseases, 2022



Sex differences in HIV pathogenesis and cure

• Treated disease
• Matched prospective ART treated cohort

• lower single copy assay 
• lower multiple spliced HIV RNA 

• Lower inducible HIV production RNA
• Ex vivo HIV RNA production blocked by 

17b estradiol exposure
• Lower replication competent virus 

production
• Increasing inducible HIV RNA through 

menopause

Scully et al., JID, 2019; Das et al, PNAS 2018; Prodger et al, JCI Insight, 2020; Prodger et al, JCI Insight, Gianella et al, Clinical Infectious Diseases, 2022



Sex Differences in Treated Disease

• Lower levels of residual virus activity ♀
• Ex vivo induction of HIV RNA is sensitive to estradiol exposure ♀> ♂
• Reservoir activity changes over the lifecourse♀
• Lower levels of PD1 expression in ♀



Sex differences in HIV pathogenesis and cure
• ACTG 5366: The MOXIE trial

• 31 ART-treated postmenopausal women
• Randomized 2:1 to receive tamoxifen + vorinostat versus vorinostat alone
• No augmentation of vorinostat response with tamoxifen

Scully et al., Clinical Infectious Diseases, 2022

4 • CID 2022:XX (XX XX) • Scully et al

women received intended doses of both study medications, 
maintained plasma viral load <75 copies/mL prior to study inter-
ventions, and had samples available for evaluation. Four women 
were not included in the efficacy population because they with-
drew or were lost to follow-up (n = 2), did not have the primary 
end point blood sample drawn (n = 1), or had detectable viremia 
prior to the study interventions (n = 1). Participant-level data are 
provided in the Supplementary Materials.

"e primary end points of the study were safety and the dif-
ference in HIV RNA induction between the study arms. With 

respect to safety, the intervention was well tolerated and there 
were no serious adverse events attributed to the study medi-
cations. Only 2 participants had adverse events of any grade 
(Supplementary Table 2). Study withdrawal or loss to follow-up 
occurred in 1 participant in each arm.

HIV caRNA induction was quanti#ed using 2 approaches: 
qPCR measurement of unspliced HIV (usHIV) gag RNA tran-
scripts in total CD4+T cells and the EDITS assay, a measure 
of spliced envelope transcripts from resting memory CD4+T 
cells (Figure 2, Supplementary Figures 1 and 2). "e overall 

Table 1. Characteristics of the Study Population 

Characteristic Overall Arm A (Vorinostat  +  Tamoxifen) Arm B (Vorinostat ) 

Sex, number (%), female 31 (100) 21 (100) 10 (100)
Age, median (Q1, Q3), years 57 (53–60) 57 (54–61) 55 (51–59)
Race, number (%)
  American Indian or Alaskan Native 1 (3) 1 (5) 0 (0)
  Black or African American 18 (58) 11 (52) 7 (70)
  White 12 (39) 8 (38) 3 (30)
Ethnicity, number (%)
  Hispanic/Latino 6 (19) 4 (19) 2 (20)
  Not Hispanic/Latino 25 (81) 17 (81) 8 (80)
Years since antiretroviral therapy start, median Q1, Q3) 7.5 (2.9–13.9) 6.1 (2.4–13.9) 9.4 (5.9–12.2)
Nadir CD4+ T-cell count, median (Q1, Q3), cells/mm3 232 (46–363) 232 (10–363) 261 (80–402)
Screening CD4+ T-cell count, median (Q1, Q3), cells/mm3 688 (536–854) 688 (536–773) 722 (566–1106)
Antiretroviral regimen, number (%)
  Integrase inhibitor + NRTIs 24 (77%) 18 (86%) 6 (60%)
  NNRTI + NRTIs 3 (10%) 1 (5%) 2 (20%)
  Protease inhibitor + NRTIs 1 (3%) 1 (5%) 0 (0%)
  Other combination 3 (10%) 1 (5%) 2 (20%)

Abbreviations: NNRTI, nonnucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; Q1, first quartile (25th percentile); Q3, third quartile (75th percentile).

Figure 2. Human immunodeficiency virus (HIV) RNA changes over time. A, Cell-associated unspliced HIV RNA measured in total CD4 cells at baseline (average of 2 meas-
urements), at day 28 after either 4 weeks of tamoxifen (arm A) or observation (arm B), and 5 hours after the second dose of vorinostat (day 38). B, Spliced HIV RNA as meas-
ured with the EDITS assay in resting memory CD4 cells at the same time points. Symbols indicate geometric mean, bars Q1 (first quartile [25th percentile]), Q3 (third quartile 
[75th percentile]). Open symbols in (A) indicate geometric mean when using participant-specific lower levels of quantification. There was no significant difference between 
the study arms in the induction of HIV RNA by either assay. Abbreviations: caRNA, cell-associated RNA; TAMOX, tamoxifen; VOR, vorinostat.



Sex differences in HIV pathogenesis and cure
• ACTG 5366: The MOXIE trial

• 31 ART-treated postmenopausal women
• Randomized 2:1 to receive tamoxifen + vorinostat versus vorinostat alone
• No augmentation of vorinostat response with tamoxifen
• Response to vorinostat highest in those with increase in H4 acetylation

Scully et al., Clinical Infectious Diseases, 2022
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substantial variations in estradiol levels across the study period 
(Supplementary Figure 6).

DISCUSSION

ACTG A5366 (the MOXIE trial) is the first interventional trial 
to investigate potential HIV cure strategies conducted exclu-
sively in women, a group that has been underrepresented in 
trials relevant to cure [8, 9]. The trial enrolled rapidly, the in-
tervention was safe, and participants endorsed positive experi-
ences with the trial, expressing willingness to participate in 
future HIV cure research [30]. Data suggesting that some fea-
tures of the reservoir have sex specificity [16–18, 20, 31, 32] in-
dicate that cure strategies should be tested in both sexes, and the 
successful enrollment of this trial supports the feasibility of in-
cluding women in future trials of investigational cure strategies.

!e trial did not demonstrate enhanced induction of HIV 
transcription by vorinostat in vivo a"er tamoxifen treatment. 
!is is in contrast to a preclinical study that found that ex vivo 
exposure to 17β-estradiol decreases HIV transcription in re-
sponse to latency reversal [22]. !e reason for this di$erence may 
be related to study participant selection; the most pronounced 
suppressive e$ect of estradiol ex vivo was observed in cells from 
women of reproductive age, with more modest e$ects in cell 
cultures of men and older women [22]. Our study enrolled only 
postmenopausal women due to the potential for genotoxicity of 
vorinostat and/or adverse symptomatic e$ects of estrogen an-
tagonism in premenopausal women [23]. In postmenopausal 
women, estrone is the dominant circulating estrogen; although 
it correlates with levels of 17β-estradiol [33], the e$ects on HIV 
latency and e%ciency of blockade by tamoxifen are less clear. 
Our results demonstrated that only 4 of the 27 participants had 

substantial variations in 17β-estradiol levels over the course 
of the study. Low levels of circulating 17β-estradiol may have 
contributed to the lack of impact of tamoxifen in our study. 
Vorinostat had only a marginal e$ect on HIV transcriptional 
activity, which may also have limited the possibility of detecting 
an e$ect. Vorinostat was chosen based on preclinical studies of 
the combination with tamoxifen [22], safety of the combination 
(vorinostat plus tamoxifen) in women with breast cancer [34], 
and due to the high-a%nity interaction of romidepsin with the 
estrogen receptor, rendering that HDACi unsuitable for a study 
of estrogen receptor antagonism [35].

Our study is the &rst to assess the e%cacy of HDACi in 
women. In studies that assessed the impact of the HDACi 
vorinostat [2, 36–39], panobinostat [40], and romidepsin 
[41–43], only 14 of the 206 participants were women (7%). 
HDACi including vorinostat impacts estrogen receptor ex-
pression [44], and romidepsin interacts with the estrogen 
receptor [35]. Taken together with the impact of estrogen ex-
posure during in vitro latency reversal treatments, the data 
suggest that latency reversal agents need direct assessment 
in women. Optimally, studies should enroll premenopausal 
women when safety concerns can be adequately addressed 
during informed consent. Our results are consistent with ob-
servations in prior studies that show a substantial degree of 
host variability in the response to latency reversal treatment. 
Some prior studies of HDACi have enriched for participants 
with a higher probability of response by using prescreening 
assays to identify participants with an ex vivo response to 
HDACi [2], but no clinical assay has emerged as a predictive 
correlate. In this study, strati&cation by H4Ac was associ-
ated with higher induction of spliced HIV RNA transcripts, 

Figure 3. Human immunodeficiency virus (HIV) RNA changes using the EDITS assay stratified by histone acetylation changes. Data from all participants were pooled and 
stratified into two groups: those with an increase in H4 acetylation between day 28 and day 38 (n = 18, panel A) and those with a decrease in H4 acetylation (n = 9, panel B). 
HIV RNA+ cells per million resting memory CD4+ T cells quantified using EDITS is shown, box plots indicate mean and Q1 (first quartile [25th percentile]), Q3 (third quartile 
[75th percentile]). Closed symbols denote arm A participants and open symbols arm B participants.



Conclusions

• LRAs are not very potent
• Baseline HIV RNA levels were lower than observed in prior ACTG 

studies
• Women can be enrolled in cure trials

Dube et al., AIDS Res and Human Retro 2019



Sex differences in HIV pathogenesis and cure

• Untreated infection clinical phenotypes
• Women are overrepresented in phenotypes of viral control OR ranging 1.9 to 

5 across different cohorts
• Medical record review of 29,811 cases1

• Primary seroconversion in 2176 individuals (CASCADE)2

• Primary infection cohort in sub-Saharan Africa 5903

• Medical record review of 23,4614

1Yang et al., AIDS 2017; 2Madec et al., AIDS 2005; 3Price et al., JID 2019; 4Crowell et al., J Infec Dis, 2015

All Female Male



Biological determinants of sex differences

Scully, E Curr HIV/AIDS Reports, 2018, Pathogens and Immunity 2019; Schmiedel et al., Cell 2018

Hormones



Mechanisms of sex variation: Gene expression

https://dice-database.orgSchmiedel et al., Cell 2018

• Focused analysis of gene expression in 
immune cells 

• Identified significant sex based 
variation in gene expression profilesMechanisms of sex variation: Gene expression

https://dice-database.org

n=1875

Schmiedel et al., Cell 2018

• Majority of the differentially 
regulated genes are not on sex 
chromosomes
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Hormones, environment, epigenetics all 
contribute to sex-specific gene expression
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International 
Collaboration for the 
Genomics of HIV

• Candelaria Vergara, Jeffrey Tuff, Paul McLaren 

Cohort
Autosomal analysis 

N=9,705)
X chromosome 

analysis (N=6,953) Ancestry 
Group

Genotyping 
Platform

N %Female N %Female
The International HIV Controllers Study & The AIDS Clinical 

Trials Group
2,824 19.2 2,019 14.3 EUR/AA

Illumina 550, 
Illumina 1M

The AIDS Linked to the IntraVenous Experience (ALIVE) 
Cohort, The Multicenter Hemophilia Growth and 

Development Study (MHGDS), The Multicenter Hemophilia 
Cohort Studies (MHCS), & the D.C. Gays cohort (DCG)

1,356 5.8 1,328 4.2 EUR/AA Affymetrix 6.0

Center for HIV/AIDS Vaccine Immunology (EuroCHAVI) 1304 25.1 1,304 25.1 EUR
Illumina 650, 
Illumina 1M

The Multicenter AIDS Cohort Study 1117 0.0 1,117 0.0 EUR/AA Illumina 1M

Urban Health Study: Genetics Cohort 769 24.6 0.0 0.0 EUR/AA Illumina 650

The nonprogressor Genomics of Resistance to 
Immunodeficiency Virus Study & The ANRS PRIMO cohort

581 12.6 0.0 0.0 EUR Illumina 300

Center for HIV/AIDS Vaccine Immunology (CHAVI) 515 4.5 0.0 0.0 EUR/AA Illumina 1M

The Amsterdam Cohort Studies on HIV infection and AIDS 384 7.8 382 7.8 EUR Illumina 300

The Swiss HIV Cohort Study 340 67.9 340 67.9 AFR
Illumina H3A 
African array

The Internatioanl AIDS Vaccine Initiative 242 40.5 463 38.8 AFR Illumina 1M

The Pumwani Sex Workers Cohort, University of Nairobi 147 100.0 0.0 0.0 AFR Affymetrix 5.0

Wellcome Trust Sanger Institute 126 61.9 0.0 0.0 AFR Illumina 1M

Male
Female

Vergara et al., in preparation

N=9705 individuals, 
18% female



Are there genetic variants with a sex-specific 
impact on HIV viral load?

• X chromosome variants
• Sex stratified analysis of autosomal variants, gene based analysis and 

analysis of heterogeneity of effects

Vergara et al., in preparation



Summary

• Novel genetic variants (chr 19) associated with set point viral load 
were identified in males only in sex-stratified analysis
• Regions on chr 1 and chr 6 had sex differential associations on set 

point viral load (positive in females and neutral/negative in males)
• Sample size likely limited the analysis of female specific genetic 

effects

Sex specific effects of autosomal genes have an impact on HIV set point 
viral load and may point to mechanisms of viral control



Sex and gender in 
HIV
• Recognizing the rich scientific opportunity
• The mandate that equity and advancing care 

requires representation
• Mandatory reporting, stopping rules
• Early stage repetition of key concepts before

moving forward
• Stratified analysis
• Collaboration
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