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Abstract

Objective—To determine the long term effects of vorinostat on safety and virological parameters 

in HIV-infected individuals on suppressive antiretroviral therapy (ART).

Design—Prospective longitudinal observational extended follow up of 20 HIV-infected 

individuals on ART previously enrolled in a clinical trial of daily vorinostat 400 mg for 14 days. 

Extended follow up included visits at 6, 12, 18 and 24 months post enrolment in the initial clinical 

trial.

Methods—Cell-associated unspliced (CA-US) HIV RNA, total HIV DNA and plasma HIV RNA 

were quantified by PCR and, CD4+ and CD8+ T cells quantified by flow cytometry. Changes over 

time in each parameter were assessed using Wilcoxon matched pair signed-rank test and 

Generalised Estimating Equations for trend modelling.

Results—We recorded a total of 31 adverse events (26 grade 1 and 5 grade 2) in all study 

participants (n = 20). There were no significant changes in the number of CD4+ or CD8+ T cells 

or plasma HIV RNA over time. In 12 participants for whom baseline samples were available, there 
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were no significant changes in total HIV DNA, CA-US HIV RNA, plasma RNA, or CD4 and 

CD8+ T cells at 6, 12, 18 or 24 months.

Conclusions—Extended follow up for 24 months did not reveal any long-term toxicity or 

changes in markers of HIV persistence or transcription in participants on ART who had received 

14 days of vorinostat.

Introduction

Long lived latently infected resting CD4+ (rCD4+) T cells persist in HIV-infected 

individuals on suppressive antiretroviral therapy (ART) [1, 2]. These latently infected cells 

remain the major barrier to HIV cure. One strategy for eliminating these cells is activating 

HIV production to trigger immune- or viral-mediated lysis, often referred to as “shock and 

kill”. Histone deacetylase inhibitors (HDACi) have been investigated in clinical trials in 

HIV-infected individuals on ART and have been shown to increase viral transcription in total 

and resting CD4+ T cells in blood and rectal tissue [3–6]. However, the long term effects of 

these drugs in people living with HIV remain unknown.

We previously conducted a clinical trial of 400 mg of vorinostat once daily for 14 days in 

HIV-infected individuals on suppressive ART with pre-specified follow up for 84 days [3]. 

Vorinostat administration led to significant increases in cell-associated unspliced (CA-US) 

HIV RNA in CD4+ T cells during treatment and up to 70 days after completing vorinostat. 

However, there were no changes in the levels of total HIV DNA or plasma HIV RNA. In 

addition, we observed significant changes in host gene expression up to 70 days post-

treatment [3]. We and others have also observed similar sustained increases in CA-US HIV 

RNA in HIV-infected participants on ART following the HDACi panobinostat [5] and with 

standard and high doses of another latency reversing agent (LRA) disulfiram [7, 8].

In this current study, we aimed to determine the long-term safety and changes in HIV 

transcription in HIV-infected participants on ART who had received 14 days of vorinostat. 

During 24 months of extended follow up, we found no evidence of long term toxicities and 

all markers of viral persistence, including CA-US HIV RNA, returned to baseline levels.

Patients and Methods

Patients

The original 20 participants from the vorinostat trial [3] were enrolled in a prospective 

extension study. Study visits were conducted at 6, 12, 18 and 24 months following initial 

enrolment in the clinical trial and included clinical assessment, collection of blood and 

storage of peripheral blood mononuclear cells (PBMCs) and plasma. The study was 

approved by the Human Research Ethics Committee of Alfred Hospital, Melbourne, 

Australia, and was conducted in accordance with the ethical principles laid out in the 

Declaration of Helsinki (1996) and the National Health and Medical Research Council 

(NHMRC) of Australia National Statement on Ethical Conduct in Human Research (2007).
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Clinical and laboratory assessment

To assess long-term safety, we evaluated the clinical status of study participants at each 

study visit during extended follow up and recorded any incident adverse events. For each 

adverse event, we assessed severity and the causal association with previous vorinostat 

treatment.

Long-term changes in CD4+ T cell count, CD8+ T cell count and CD4/CD8 ratio were 

determined by flow cytometry. Changes in plasma HIV RNA was measured using a 

conventional clinical assay (Roche Cobas Taqman), with a lower limit of detection of 20 

copies/mL.

Quantitative real-time PCR for CA-HIV RNA and DNA

To analyse the long-term effects on CA-US HIV RNA and HIV DNA, total CD4+ T cells 

were isolated from PBMCs and RNA and DNA were extracted using the Qiagen All-prep 

kit. CA-US HIV RNA and HIV DNA were quantified using real-time PCR as described 

previously [3]. Only participants with baseline PBMC were evaluated. Cellular DNA and 

RNA were extracted from all time points for each participant at the same time, frozen for 

subsequent analysis and then run on the same PCR plate.

Statistics

Pairwise comparisons of actual values and median fold changes from baseline were 

performed using Wilcoxon matched-pairs signed rank. In addition, we analysed the overall 

change from baseline using generalized estimating equation (GEE) statistics. P-values <0.05 

were considered significant.

Results

All 20 individuals who enrolled in the original vorinostat study provided consent to 

prolonged follow up and completed all study visits up to 24 months. During follow up, we 

recorded a total of 31 adverse events (26 grade 1 and 5 grade 2). Of these, only one adverse 

clinical event was possibly related to previous vorinostat treatment (grade 1 acid reflux, 

which resolved to the level of severity present prior to vorinostat) (Table 1b). There were 

some minor changes to ART regimens over the time of the study in four participants (one for 

adverse events related to efavirenz, two for simplification and one for whom no reason was 

provided).

In the 20 participants, the levels of CD4+ or CD8+ T cells did not change significantly 

during follow up (Supplementary Fig. 1a and 1b, respectively). The ratio of CD4+ to CD8+ 

T cells was significantly higher at 24 months compared to baseline (P = 0.012), although the 

median fold change was 1.1 (Interquartile range (IQR) 0.67–1.24) and there was no upward 

trend over the 24 month period (P = 0.206) (Supplementary Fig. 1c). Plasma HIV RNA 

remained undetectable (<20 copies/mL) throughout the extension study with the exception 

of three participants in whom plasma HIV RNA was detected at low levels at one time point 

for each participant (Supplementary Fig. 1d).
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Of the original 20 individuals, 12 had baseline PBMCs available and these samples were 

used for the comparison with samples obtained during the extended follow up period. These 

participants were all male and their demographics (Supplementary Table S1) were not 

significantly different from the total cohort that we have previously described [3]. Compared 

to baseline, there were no significant differences in the absolute levels of total HIV DNA at 

any time point (Fig. 1a), or when analysed as fold changes relative to baseline (Fig. 1b). 

Trend analysis revealed no change in total HIV DNA in CD4+ T cells over the 24-month 

period (P = 0.723). Similarly, there were no changes in the levels (Fig. 1c) or fold change 

(Fig. 1d) of CA-US HIV RNA at each time point compared to baseline, and no change in 

trend across the 24 months (P = 0.518).

Discussion

In this observational follow up study of HIV-infected individuals on suppressive ART who 

had received vorinostat for 14 days, extended clinical follow up for 24 months did not reveal 

long-term adverse effects of vorinostat. We observed no changes in total HIV DNA, CA-US 

HIV RNA, or plasma HIV RNA compared to pre-vorinostat levels. Taken together, these 

data show that vorinostat treatment is not associated with long-term adverse effects or 

sustained increases in HIV transcription.

Understanding the long-term effects of HDACi on the host transcriptome, viral transcription 

and safety in HIV-infected individuals on ART is important, but to date has not been 

explored. We were the first to show that changes in host gene expression and CA-US HIV 

RNA were significantly increased from baseline 70 days after the last dose of vorinostat [3]. 

Short term follow up at 30 days following panobinostat [5] and 84 days following disulfiram 

[8], respectively, also demonstrated elevated CA-US HIV RNA that persisted after cessation 

of the LRA. In this study we demonstrate that by six months following vorinostat, CA-US 

HIV RNA returned to baseline and remained stable over extended follow up.

This follow up extension study was designed to measure CA-US HIV RNA at an initial time 

point of 6 months post vorinostat initiation. We therefore are unable to determine exactly 

when CA-US HIV RNA returned to baseline levels, which we assume was sometime 

between three and six months after vorinostat was initiated. Although the optimal dosing 

schedule for LRAs to achieve maximal efficacy in latency reversal and minimal effects on T-

cell function [9] remains unclear, following HDACi including vorinostat, increases in CA-

US HIV RNA occur quickly and in most studies the maximal increases were observed 

within the first 12 hours [3–6] and when repeated dosing was used, some studies 

demonstrated further increases in CA-US HIV RNA following additional doses [3, 6, 8]. 

Additional increases in CA-US HIV RNA with multiple dosing of vorinostat were not 

observed in all participants [10], and with repeated dosing of panobinostat, no further 

increases in CA-US HIV RNA were observed [5]. Here, our main goal was not to identify 

the optimal dosing for efficacy of latency reversal but rather to determine the long term 

safety of vorinostat and to ensure there were no long term changes in HIV expression.

In conclusion, we show that following 14 days of vorinostat in HIV-infected participants on 

ART, all changes in viral transcription returned to baseline by 6 months and there were no 
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long term adverse effects up to 24 months post treatment. Given that HIV-infected 

individuals on ART have an excellent prognosis, careful attention to any long term adverse 

consequences of LRAs or other interventions aimed at achieving HIV remission is 

warranted. Here, we demonstrate no long term adverse events related to vorinostat.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Changes in total HIV DNA and CA-US HIV RNA over 24 months follow up after daily 
vorinostat for 14 days
(a) Total HIV DNA was measured per million cells and (b) fold changes (FC) in DNA were 

calculated relative to baseline values. (c) CA-US HIV RNA was measured relative to 18S 

RNA and (d) fold changes were calculated relative to baseline. Median and IQR are shown 

for each time point. Comparisons of RNA or DNA to baseline were made using the 

Wilcoxon test. There were no significant changes in these parameters over time.
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