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Abstract
Objective: to compare the efficacy and tolerance of a combination of d4T, ddI, efavirenz and abacavir, versus the same regimen 

plus hydroxyurea, versus the same regimen plus hydroxyurea and interleukin-2, in patients failing protease inhibitor-based 

combinations and naive of efavirenz and abacavir.

Design: Randomized prospective trial in 69 HIV-infected patients recruited in 1 clinical centre. 

Methods: Antiretroviral drugs were administered at standard doses according to weight. Hydroxyurea was added at week 6 

at 500 mg twice daily. 3 courses of Interleukin-2 were given sub-cutaneously at 4.5 MUI twice daily for 5 consecutive days, 

between week 24 and 40. The proportion of patients reaching plasma HIV-1 RNA <200 and <50 copies/ml was compared within 

the 3 groups at weeks 6, 24 and 48 using intent to treat and as treated analyses. Changes in CD4+ T cells from baseline were 

compared at the same time points. Anthropometric and metabolic measurements were done at the same time points. 

Results: After 48 weeks, 25% of patients receiving antiretrovirals only were <200 copies/ml compared with 59.1% in the group 

receiving hydroxyurea and 56.5% in the group receiving hydroxyurea and interleukin-2 (intent to treat; p<0.01). At the cutoff of 

50 copies/ml, the results were, respectively, 20.8%, 54.5% and 47.8%. Most treatment discontinuations were due to failure in 

the first group and adverse events in the others. A median drop of -27 CD4+ cells was observed in patients receiving 

antiretrovirals and hydroxyurea, although those receiving antiretrovirals only or in combination with hydroxyurea and 

interleukin-2 had a gain of +78-118 cells at week 48. Clinical symptoms of fat atrophy were more common at week 48 than at 

baseline, with a trend towards an increase in cholesterol levels throughout the study.

Conclusions: Virologic response is enhanced by the addition of hydroxyurea despite recycling d4T and ddI in patients failing 

previous regimens. This trial is a proof of concept, inviting the development of new drugs targeting cellular enzymes which are 

less toxic than hydroxyurea.

Introduction
THE ADVENT OF HIGHLY ACTIVE ANTIRETROVIRAL THERAPY (HAART) HAS MADE HIV INFECTION A MANAGEABLE 

CONDITION AND LED TO DRAMATIC DECREASES IN MORBIDITY AND MORTALITY. THERAPEUTIC FAILURE IS 

HOWEVER FREQUENT, REACHING UP TO 50 PERCENT OF CASES IN THE REAL LIFE SITUATION. THE EFFICACY 

OF SUBSEQUENT REGIMENS IS FREQUENTLY LIMITED BY THE PHENOMENON OF DRUG CROSS-RESISTANCE 

IMPLICATING PROTEASE INHIBITORS (PI) AS WELL AS REVERSE TRANSCRIPTASE INHIBITORS (RTI). DUE TO THE 

LIMITED NUMBER OF AVAILABLE RTIS, SALVAGE REGIMENS GENERALLY CONTAIN RECYCLED DRUGS THAT 

COULD POTENTIALLY BE SUB-OPTIMAL. HYDROXYUREA (HU) HAS BEEN STUDIED IN COMBINATION WITH RTIS 

LIKE DIDANOSINE, STAVUDINE AND ABACAVIR, AND SHOWN TO ENHANCE THE ANTIVIRAL EFFECT OF THESE 

DRUGS AND REDUCE THE IMPACT OF RESISTANCE MUTATIONS. INTERLEUKIN-2 (IL-2) HAS BEEN SHOWN TO 

INCREASE CD4+ T CELLS IN PATIENTS WITH ADEQUATE VIRAL SUPPRESSION. HOWEVER, HU AND IL-2 HAVE 

NOT TO DATE BEEN USED AS PART OF SALVAGE REGIMENS. THE HYDILE TRIAL (HYDROXYUREA & IL-2 FOR 

ESCAPE) WAS A RANDOMIZED STUDY IN PATIENTS FAILING PI-BASED STRATEGIES TO COMPARE THE EFFICACY 

OF A REGIMEN CONTAINING D4T, DDI, ABACAVIR AND EFAVIRENZ WITH THE SAME REGIMEN PLUS HU OR HU AND 

IL-2.

Population: Prospective randomized trial approved by the local review board (CCPPRB Marseilles 1) and patients gave 

their signed consent before entering the study. Adult patients with chronic HIV-1 infection were included if they had 

received at least one combination of 2 NRTIs + 1 PI, were naive of abacavir and non-nucleoside reverse transcriptase 

inhibitors (nNRTI) and considered as failing the current regimen. For the purpose of this study, therapeutic failure was 

defined as an increase in plasma HIV-1 RNA level of at least 1 log compared to the nadir obtained with therapy, or 

levels >50 copies/ml on 2 occasions, at an interval of 2 weeks, if they were previously <50 copies/ml for at least 

12 weeks. Patients with concurrent infections, recent vaccination <2 months, and adherence levels <85 percent 

measured by pill count were excluded. After an initial evaluation, the current anti-retroviral regimen was stopped and 

all patients received a combination of d4T (40 mg bid if body weight >60 kg; 30 mg bid if body weight <60 kg), 

ddI (400 mg od if body weight >60 kg; 300 mg od if body weight <60 kg), abacavir (300 mg bid) and efavirenz (600 mg 

od). Just before week 6, patients were randomized to 3 groups: group 1 received this combination only until week 48, 

group 2 received additional HU (500 mg bid) from week 6 to week 48, and group 3 received additional HU at the same 

dosage, plus 3 courses of sub-cutaneous IL-2 (Proleukin, Chiron, Suresnes, France) between week 24 and week 40 at 

4.5 MUI bid for each 5-day course. Dose reduction in HU (500 mg od) was performed for hematologic toxicities of 

grade 1 and temporary interruption of HU was required for grade 2 or 3 toxicities until grade 1 or less was reached 

again. The primary study endpoint was the proportion of patients with plasma HIV-1 RNA <200 copies/ml at week 48. 

Patients with <0.5 log decrease in plasma HIV-1 RNA level at week 12 compared to baseline and those with 

>10,000 copies/ml after week 24 were considered as failing therapy and offered to drop out. 

Methods (1)
Plasma HIV-1 RNA level and sequencing: HIV-1 RNA in plasma was measured using the Amplicor Monitor kit (Roche 

Diagnostics, Meylan, France) with a limit of detection of 200 copies/ml. For samples <200 copies/ml, the ultra-direct 

procedure was used, with a limit of detection of 20-50 copies/ml. Viral sequencing was performed using an in-house 

method. This method was validated in our laboratory by comparison with a commercially-available kit (TruGene, 

Visible Genetics, Toronto, Ontario, Canada) on 250 samples (unpublished data).

Lymphocyte subsets: Lymphocyte subsets were measured on freshly isolated PBMC using flow cytometry and 

commercially available monoclonal antibodies against CD3, CD4 and CD8 (Becton Dickinson, Le Pont de Claix, 

France). 

Metabolic and morphological measurements: Non-fasting serum cholesterol and triglyceride levels were measured by 

standard clinical laboratory methods as previously described. Lipodystrophy was defined by patient report using 

standardized questionnaires of peripheral atrophy (face, arms, buttocks, legs) and central fat accumulation (abdomen, 

dorso-cervical fat pad) at baseline, weeks 24 and 48. Anthropometric measurements were also performed at baseline, 

weeks 6, 12, 24 and 48: weight, chest circumference, waist circumference, thigh circumference. No CT scan or DEXA

were performed in this study.

Statistical analysis: Plasma viral load results were log transformed. Methods for group comparisons included 

Chi-square test for proportion, t-test, analysis of variance and non-parametric tests for continuous variables. Analyses 

were performed using an intent-to-treat procedure (missing = failure) and also on-treatment. A p value <0.05 was 

considered as significant in each calculation.

Methods (2)

Results
Population: 69 patients were included (23 in each group). Baseline characteristics are shown in Table 1. Most cases 

had been previously exposed to several RTIs and PIs and presented nucleoside analogue mutations as well as 

PI-related mutations (Table 2). Of note, d4T and ddI had been extensively used in these prior regimens (Table 3).

Plasma HIV-1 RNA: Using intent to treat analysis, the proportion of patients reaching plasma HIV-1 RNA levels

<200 copies/ml was significantly greater in HU-containing regimens than in group 1, both at weeks 24 and 48 (Figure 1). 

The proportion of patients <50 RNA copies/ml was significantly greater in HU-containing regimens than in group 1 at 

48 weeks (Figure 2).

Lymphocyte subsets: CD4+ T cells increased regularly during the trial in group 1 with a median gain of +107 cells/µL 

at week 24 and +118 cells/µL at week 48. In group 2 and 3 patients receiving HU-containing regimens, CD4+ T cells 

decreased from week 6 to 24 with, respectively, a median drop of -52 and -48 cells/µL. At week 48, group 2 patients 

presented a median drop of –27 CD4+ T cells/µL although group 3 patients had a mean gain of +78 CD4+ T cells/µL 

compared with baseline. 

Metabolic and morphological measurements: Median changes from baseline in non-fasting cholesterol levels showed 

an increase of +0.24 mM/L at week 6, +0.11 at week 12, +0.20 at week 24, +0.31 at week 48. Although there was a trend 

towards higher cholesterol levels during the trial, the difference reached statistical significance at week 6 only for 

HU-containing regimens (p = 0.02). Median changes from baseline in non-fasting triglyceride levels showed a decrease 

of –0.16 mM/L at week 6, an increase of +0.02 at week 12, +0.21 at week 24, +1.92 at week 48, although these changes 

were not significant. No differences were observed between HAART alone and HU-containing regimens (data not 

shown). At baseline, in the population as a whole, 40.5 percent of patients complained of at least 1 lipodystrophy 

related symptom (fat atrophy only: 14.5 percent, fat accumulation only: 10 percent, both types of symptoms: 16 %). 

The mean ± SEM body weight was 69.34 ± 1.95 kg at baseline, 68.84 ± 1.79 at week 6, 67.70 ± 1.90 at week 12, 67.59 ± 

1.78 at week 24 and 65.84 ± 1.81 at week 48 (differences only significant between baseline and week 48, p = 0.04). No 

statistically significant evolution was observed during the trial for chest circumference (data not shown), although a 

mean decrease of –4.5 cm for waist circumference and of –3 cm for thigh circumference were observed from baseline 

to week 48 (p = 0.008 and 0.04, respectively) in the population as a whole. No difference in morphological evolution 

was observed within the 3 groups of patients (data not shown). At week 48, 54 percent of patients complained of at l

east 1 lipodystrophy symptom (fat atrophy only: 26 percent, fat accumulation only: 4 percent, both types of symptoms: 

24 percent). Although the proportion of patients presenting at least 1 lipodystrophy symptom was not statistically 

different between baseline and week 48, the proportion of patients with lipoatrophy symptoms, either isolated or 

combined with fat accumulation symptoms, increased significantly from baseline to week 48 (p = 0.01). No 

statistically significant difference in evolution was observed within the 3 groups of patients although there was a 

trend towards more lipoatrophy symptoms in HU-containing regimens at 48 weeks (55% in HU-containing regimens 

versus 36% in group 1 for isolated lipoatrophy plus combined fat accumulation and atrophy; p = 0.2 ).

Clinical outcome: The main reason for protocol discontinuation before week 48 was virologic failure in group 1, 

involving 8 cases. Furthermore, 3 patients from this group were lost of follow-up before the end of the trial, 1 stopped 

therapy at week 6 due to abacavir hypersensitivity and another stopped therapy at week 3 due to grade 3 CNS side 

effects.

The main reason for protocol discontinuation was toxicity in group 2 (lactic acidosis: 1 case, peripheral neuropathy: 

2 cases) and in group 3 (lactic acidosis: 1 case, grade 3 elevation of LFTs: 1 case). Furthermore, 2 patients from 

group 2 and 3 from group 3 required temporary HU dosage reduction related to cytopenia and 2 patients from group 3 

were lost of follow-up before week 48.

None of the patients suffered opportunistic infections or other AIDS-defining events during the trial. All cases were 

taking primary prophylaxis for opportunistic infections when appropriate according to the current recommendations. 

The RT gene from plasma HIV-1 RNA was sequenced from 15 patients having at least a 0.7 log increase in viremia after 

week 24 compared with the nadir obtained during the trial (group 1: 11 cases, group 2: 2 cases, group 3: 2 cases). In 

addition to mutations already found at baseline, a K103N mutation was observed in 14 cases (including 1 case with an 

additional Y181C mutation) and no new mutations in one case.

Table 1

Table 3

Table 2

Figure 1: proportion of patients <200 copies/ml, ITT

Figure 2: proportion of patients <50 copies/ml, ITT

GROUP 1: d4T/ddI/ABC/EFV; GROUP 2: d4T/ddI/ABC/EFV/HU; GROUP 3: d4T/ddI/ABC/EFV/HU/IL-2

(NB: 1 patient randomized to Group 2 subsequently refused to receive HU)

Discussion
          Despite previous exposure to nucleoside RTIs in most patients, subsequent therapy including d4T, ddI and ABC

showed anti-retroviral activity.

          Patients randomized to an HU-containing arm were more than doubly likely to achieve plasma HIV-1 RNA 

suppression <50 copies/ml than those receiving only RTIs (intent to treat). This difference was even significant at week 

24 for a cut-off of 200 copies/ml.

           Most treatment discontinuations were due to failure in the anti-retroviral only arm and toxicity in the 

HU-containing arms. These results are in agreement with recent data showing an increased incidence of adverse 

events in HIV-infected patients receiving HU in combination with HAART. Although we did not observed any cases of 

pancreatitis, all cases of lactic acidosis, severe hepatotoxicity and peripheral neuropathy were found in the 

HU-containing arms of the study. These toxicities could be mediated by mitochondrial damage.  

           At baseline, 40.5 percent of patients complained of at least 1 lipodystrophy symptom. No significant change in 

incidence was found overall after 48 weeks, although the nature of these symptoms evolved significantly to more 

atrophy and less fat accumulation. This could be due to a fat-wasting effect of NRTI-containing regimens, with a trend 

towards an increased incidence in HU-containing combinations.

         Median changes in cholesterol tended to increase during the trial; a possible side-effect of efavirenz use. 

Triglycerides did not decrease during the study but this evolution could have been masked by the non-fasting state.  

         Patients failing PI-based regimens can exhibit significant rates of response with NRTI-based strategies, 

particularly when HU is added, despite the phenomenon of cross-resistance in the class. The use of IL-2 did not have a 

deleterious effect on viral control and enabled avoidance of HU toxicity with regards to CD4 cell counts. HU tolerance 

was, however, relatively poor, hence inviting the development of other drugs with a similar mode of action.


