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The host cell protein cyclophilin A (CypA) interacts with HIV-1 Gag protein, resulting in the packaging of CypA into HIV-1 virions. It is 
thought that CypA binding confers a replication advantage to HIV-1 by enabling the virus to escape post-entry host cell restrictions. DEBIO-025 
is a synthetic non-immunosuppressive cyclosporin currently tested in humans as a potential anti-HIV drug. It binds strongly to CypA. 
DEBIO-025 is devoid of immunosuppressive activity and demonstrates a potent inhibitory activity on HIV replication1-3. These properties were 
obtained through structural modifications of the molecule in positions 3 and 4, resulting in increased CypA and decreased calcineurin binding 
affinity (Fig. 1)4. In contrast to the calcineurin binding domain that mediates immunosuppression, the cyclophilin binding domain is the 
determinant site for antiviral activity. The anti-HIV-1 effect of DEBIO-025 has been documented in vitro, in particular against multidrug
resistant HIV-1 isolates5 and in vivo in the SCID/hu mouse model2. A first clinical evaluation of DEBIO-025 in healthy adult male and female 
volunteers revealed a good tolerance of the drug. DEBIO-025 is therefore a first-in-class candidate for development as a new anti-HIV CypA
inhibitor drug.

IntroductionIntroduction

Figure 1 Structure of DEBIO-025

The aims of the study were:
· To assess the safety of repeated oral doses at three dose levels of DEBIO-025 in asymptomatic HIV-1 infected volunteers.
· To determine the pharmacokinetic (PK) profile of DEBIO-025 in whole blood and plasma.
· To determine the anti-HIV-1 activity of DEBIO-025.  

A double blinded 10 day course of once daily oral DEBIO-025 or placebo was administered to HIV-1-positive antiretroviral naïve subjects 
(n=48, 24 males/24 females) randomized to receive placebo or DEBIO-025 50mg (cohort 1), 400mg (cohort 2) or 1200mg/d (cohort 3). Inclusion 
criteria included CD4 count ≥250/mL and plasma viral load ≥5000 copies/mL. Safety was assessed on incidence of adverse events, changes in
vital signs, ECG and laboratory parameters. DEBIO-025 in whole blood, plasma and urine was quantified using validated HPLC/MS methods. 
Pharmacokinetics was investigated over 30 days and PK metrics were computed for DEBIO-025 levels according to non-compartmental analysis. 
HIV plasma RNA levels were assessed with a signal amplification nucleic acid probe assay using the Bayer System 340 bDNA Analyser. HIV-1 
load changes between Day -1, Day 10 and recovery period were compared by ANOVA using SAS PROC MIXED. HIV gag coding region for 
CypA binding was sequenced using PCR. 

MethodsMethods

ResultsResults

DEBIO-025 was well tolerated at all doses levels. Adverse events included headache, abdominal distension and stomach pain, all mild to
moderate in severity and of short duration. Neither deaths nor serious adverse events occurred during the study, other than an episode of epileptic 
seizure in a female failing to report her condition at screening. This event was considered unlikely to be study drug related. 

Table 1 Treatment emergent adverse events
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Vital signs did not show any clinically significant changes from pre-dosing, nor were there any discernable differences between treatment groups. 
In general, the mean blood pressure values were all within their respective normal ranges, and there were no clinically significant changes from 
pre-dosing or any discernable differences between treatment groups. However, there seemed to be a higher blood pressure profile in the 1200mg 
group (although non significant) (Figure 2). Similarly, mean values for liver transaminases, creatinine and leucocyte counts were all within the 
respective normal reference ranges for all dose groups with no significant changes from pre-dosing. (Table 2).
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DEBIO-025 was rapidly absorbed after oral administration, with peak of concentrations (Cmax) on days 1 and 10 generally reached at 1-2 h (Tmax) 
post-dosing. Most of the drug was immediately trapped into blood cells, as indicated by significantly higher blood than plasma levels (Figure 3).  
Table 3 summarises mean PK parameters.

In whole blood, drug exposure (Cmax and AUC) was not proportional to dose with a less than dose-proportional increase in the systemic 
DEBIO-025 availability (Figure 3), which was consistent with a saturation of blood cell uptake occurring over this concentration range. This 
non-linearity in DEBIO-025 whole blood exposure was not apparent in plasma, which is not submitted to saturable binding.

DEBIO-025 concentrations declined with time in a multi-exponential way, with a mean apparent terminal half-life (T½) estimated at about 120 h 
in plasma, which was roughly consistent among the different doses (Table 3), confirming linear elimination. Therefore, steady-state was not 
completely reached after 10-day repeated dosing, when accumulation was between 1.1 and 2.5-fold.

Only less than 0.5% of the dose was excreted as unchanged DEBIO-025 in urine within 24 h after dosing, suggesting that DEBIO-025 undergoes 
mainly hepatic elimination. DEBIO-025 PK was similar for both genders.

Figure 2 Mean blood pressure values (±SD) over time (SBP: systolic blood pressure; DBP: diastolic blood pressure)
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Response had been defined as a HIV-1 plasma RNA viral load decrease of at least 0.5 log10 units for values per- or post-treatment. Nine subjects 
showed a ≥0.5 log10 viral load reduction, 2 of which >1.0 log10 (Figure 4; F013 and F018). Twenty seven subjects had no relevant changes. 
Mean reduction was not significantly different between groups (p >0.05): -0.24 (placebo), -0.41 (50mg), -0.55 (400mg) and -0.44 (1200mg) (see 
Table 4). 

Repeated oral doses of 50, 400 or 1200 mg of the cyclophilin inhibitor DEBIO-025 were safe and well tolerated in asymptomatic 
chronically HIV-1 infected subjects. No evidence of renal, cardiovascular or other toxicity was found. A limited anti-HIV-1 
activity was observed in some subjects, however without a clear dose-response relationship. Exposure of a longer duration 
and/or at a higher dose level might be required to obtain a stronger viral response. A clinical study is presently underway to 
assess the potential of DEBIO-025 as an anti-HIV-1 compound. Unknown host or viral factors may explain differences in 
response, and these need to be identified to allow the development of DEBIO-025 as a potential treatment of HIV-1 infection.

Table 3 DEBIO-025 mean pharmacokinetic parameters after single and repeated doses

Figure 3 DEBIO-025 mean (±SD) whole blood and plasma levels

Figure 4 RNA copies/mL mean values (x axis: study day). For clarity SDs were not shown for responders.

Table 4 LOG10 HIV-1 RNA plasma viral loads on Day -1 and largest decreases  per- and post-treatmentTable 2 Mean liver transaminases, creatinine and leucocyte count values (±SD) on Day -1 and Day 10

Table 5 CD-4 values on Day -1 and largest increase per- and post-treatment

Table 6 HIV-1 polymorphisms in the CypA Capsid binding region observed in study subjects

ConclusionsConclusions

# 506

Mean CD4 counts in all treatment groups were not different before and after treatment, and between groups. Interestingly, the mean CD-4 count 
in the DEBIO-025 1200mg group was significantly higher at end-of-treatment with an increase of 118 cells per µL (p=0.03).
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It was recently demonstrated that HIV-1 isolates from the Main group naturally develop CypA independent strategies to replicate in human cells6. 
Saturation experiments suggested that capsid substitutions (V86P/H87Q/I91V/M96I) within the CypA-binding site renders the capsid core 
“invisible” to the potential host restriction factor. An analysis of 2599 HIV-1 capsid sequences available from the Los Alamos Database indicated 
that ~ 46% had no change from the consensus, whereas ~4% of the capsid sequences had a change in all four locations. The H87Q substitution, 
which was found in ~ 20% of the capsid sequences, rendered HIV-1 totally DEBIO-025-resistant and CypA-independent in human cells, but only 
in the context of the triple (H87Q/I91V/M96I) or the quadruple (V86P/H87Q/I91V/M96I) substitutions. This sequence may be the determinant 
for sensitivity or natural resistance to DEBIO-025. 

The distribution of the HIV-1 CyPA-binding site polymorphism observed in the study population was similar (Table 6) to the frequencies 
previously reported6. The H87Q polymorphism was found in six subjects; however, no quadruple substitution was found in any subject. As 
recently suggested other polymorphisms7 may be important and reflect a bimodal effect of CypA on HIV-1 replicative ability. 

DiscussionDiscussion
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