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Introduction
Access to antiretroviral drugs for HIV-infected patients
in developing countries is a global public health priority.
With the support of multilateral and bilateral
programmes, non-governmental organisations, and
national authorities, WHO has the ambitious objective
to treat 3 million people with highly active antiretroviral
therapy (HAART) by 2005.1 WHO currently recom-
mends first-line therapy with two nucleoside reverse
transcriptase inhibitors (NRTIs) and one non-NRTI
(NNRTI), a combination with good efficacy, tolerability
and simplicity, low cost, and good adherence to
treatment.2

Generic fixed-dose combinations of such regimens
are widely regarded as crucial for scaling-up AIDS
treatment in developing countries. These treatments
improve adherence owing to the fewer daily doses
relative to individual formulations. Supply, storage, and
distribution are also easier because the range of
products is smaller. Generic drugs are generally much
cheaper than brand-name formulations. Several generic
fixed-dose combinations have been prequalified by
WHO3 after assessment of manufacturers’ product data

(including data for purity of all ingredients, stability of
the finished products, and results of in-vivo
bioequivalence tests), actual pharmacological composi-
tion, and manufacturing practices. However, these
formulations are not yet recommended by some of the
major donor agencies, such as the US government’s
multi-billion dollar PEPFAR (President’s emergency
plan for AIDS relief funding) programme for devel-
oping countries.4 In addition to political considerations,
particularly on the legitimacy and consequences of
using generic instead of brand-name drugs, this
situation is partly explained by the absence of clinical
studies showing the efficacy and tolerability of generic
fixed-dose combinations. Quality control of different
drug batches is also a difficulty in most developing
countries. 

The generic fixed-dose combination of nevirapine,
stavudine, and lamivudine (Cipla, Mumbai Central,
Mumbai, India) is one of the most frequently
prescribed treatments in African countries. In
Cameroon, a central African country with more than
15 million inhabitants, the prevalence of HIV infection
is increasing rapidly, with up to 11·8% of town-
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Summary
Background Generic fixed-dose combinations have been prequalified by WHO to treat HIV-infected patients in

resource-limited countries. Despite their widespread use they are, however, not yet recommended by some of the

major donor agencies owing to scarcity of clinical data on effectiveness, safety, and quality. We aimed to assess

these issues for one of the most frequently prescribed treatments in Africa, a generic fixed-dose combination of

nevirapine, stavudine, and lamivudine.

Methods 60 patients were followed in an open-label, 24-week multicentre trial in Cameroon. All patients received

one tablet of the fixed-dose combination drug twice daily. The primary outcome measure was the proportion of

patients with viral load less than 400 copies per mL at the end of the study period, in an intention-to-treat

analysis.

Findings At baseline, 92% of patients (n=55) had AIDS; median CD4 count was 118 cells per �L (IQR 78–167) and

median plasma HIV-1 RNA was 104 736 copies per mL (40 804–243 787). The proportion of patients with

undetectable viral load (<400 copies per mL) after 24 weeks of treatment was 80% (95% CI 68–89). Median (IQR)

change in viral load was –3·1 log10 copies per mL (–2·5 to –3·6) and in CD4 count 83 cells per �L (40–178). The

probability of remaining alive or free of new AIDS-defining events was 0·85 (95% CI 0·73–0·92). Frequency of

disease progression was 32·0 (95% CI 16·6–61·5), severe adverse effects 17·8 (7·4–42·7), and genotypic resistance

mutations 7·1 (1·8–28·4) per 100 person-years. Mean reported adherence rate was 99%. Median drug

concentrations in tablets were 96% of expected values for nevirapine, 89% for stavudine, and 99% for lamivudine.

Interpretation Our findings lend support to use and funding of a generic fixed-dose combination of nevirapine,

stavudine, and lamivudine as first-line antiretroviral treatment in developing countries. 
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dwelling pregnant women infected.5 HIV-1 predom-
inates, and HIV-1 groups M, N, and O and many
subtypes and circulating recombinant forms co-
circulate.6 A national antiretroviral access programme is
ongoing, with more than 7500 people currently
receiving HAART, most usually based on the generic
combination of nevirapine, stavudine, and lamivudine
owing to its low price (US$20 monthly).

A pilot project on access to antiretroviral drugs in
Yaoundé, the capital of Cameroon, was initiated by the
country’s National AIDS Program, the Military and
Central Hospitals, Médecins Sans Frontières in
Switzerland, and the Institut de Recherche pour le
Développement in France. This project gave us the
opportunity to do a clinical trial aimed at assessing the
short-term effectiveness and tolerability of a generic
fixed-dose combination of nevirapine, stavudine, and
lamivudine and to control the quality of the different
drug batches actually received by the patients.

Methods
Our study was an open-label, one arm, multicentre trial.7

Two hospitals in Yaoundé, Cameroon, participated in
the study: the Military Hospital (Projet PRESICA/
PARVY); and the Central Hospital (Department of
Infectious Diseases and Ambulatory Care Unit). All
patients gave their written informed consent. The
national ethics committee of Cameroon approved the
study protocol.

Patients
Study enrolment was between November, 2002, and
April, 2003. Patients were eligible if they had confirmed
HIV-1 group M infection, were older than 18 years, and
had not taken antiretrovirals before (apart from for
prevention of mother-child transmission). They had to
have either: clinical AIDS (except for pulmonary
tuberculosis) according to the 1993 revised Centers for
Disease Control classification8 (CDC group C); mild
symptoms (CDC group B) or pulmonary tuberculosis
and a CD4 count less than 350 cells per �L; or no
symptoms (CDC group A) and a CD4 count less than
200 cells per �L; and a Karnofsky score of at least 50%.
The following biological criteria also applied: serum
transaminases, bilirubin, and amylase amounts less
than three times the upper limit of normal; serum
creatinine less than 200 �mol/L; haemoglobin more
than 80 g/L; neutrophils more than 0·75�109/L; and
platelets more than 50�109/L. 

Patients were ineligible if they had HIV-2 or HIV-1
group O or N infection, active or uncontrolled
opportunistic infections, peripheral neuropathy, active
malignant disease (except for mucocutaneous Kaposi’s
sarcoma), active psychiatric disorders, were pregnant,
breastfeeding, or had hepatocellular insufficiency, or if
they were receiving anticancer chemotherapy, cortico-
steroids, immunomodulators, or other trial drugs.

Procedures
All patients received one tablet of the study treatment
(nevirapine 200 mg; stavudine 30 mg for patients
weighing <60 kg or 40 mg otherwise; and lamivudine
150 mg) twice daily. To minimise the adverse effects of
nevirapine, we gave patients one tablet of the study
treatment once daily and one tablet of both lamivudine
(Cipla, Mumbai Central, Mumbai, India) and stavudine
(Bristol-Myers-Squibb, New York, NY, USA) 12 h later,
for the first 14 days.

Patients attended study visits at weeks 0, 2, 4, 6, and 8,
and every 4 weeks thereafter until week 24. During
every visit we reviewed the patient’s medical history, did
a physical examination, and if necessary, undertook
standardised laboratory tests. We measured plasma
HIV-1 viral load with the Bayer bDNA HIV-1
Quantiplex ultrasensitive assay version 3.0 (Bayer
Diagnostics, Emeryville, CA, USA) at weeks 0, 12, and
24. We assessed CD4 cell counts with FACSCount
apparatus (Becton Dickinson, Mountain View, CA,
USA) at weeks 0 and 24. Biological assessments of
tolerability included measurement of serum
transaminase activities, amount of haemoglobin, and
white blood cell and platelet counts at weeks 0, 4, 8, 12,
and 24 (and weeks 2 and 6 for transaminase assays), and
amylase concentration at weeks 0 and 24. We screened
for HBsAg with an enzyme immunoassay (Monolisa Ag
HBs Plus, Bio-Rad, Marnes la Coquette, France). To
screen for antibodies to hepatitis C virus (antiHCV) we
used a third-generation enzyme immunoassay (Ortho
HCV ELISA 3.0, Ortho-clinical Diagnostics, Riratan, NJ,
USA); we confirmed positive samples with a
recombinant immunoblot assay (Chiron RIBA HCV 3.0
SIA, Chiron Corporation, Emeryville, CA, USA). Both
tests were done at baseline. 

To look for antiretroviral resistance mutations we
sequenced HIV protease and reverse transcriptase
genes when a suboptimum virological response was
obtained or when plasma viral load increased after
being undetectable (1000 copies per mL for both
criteria), as previously described.9 Patients with
detectable virus underwent genotypic resistance testing
at baseline and time of treatment failure. 

We defined disease progression by occurrence of new
clinical AIDS-defining events or death. To assess
adverse effects of study treatment we used clinical and
biological criteria and graded them with the toxicity
scale used by the French National Agency for Research
on AIDS (ANRS). Adherence to study treatment during
the previous 7 days was self-reported by patients to their
doctors at every study visit; we also assessed adherence
by measurement of plasma nevirapine, stavudine, and
lamivudine concentrations at weeks 2, 4, and 24 with
validated reverse-phase high-performance liquid
chromatography coupled with ultraviolet detection
assays, after liquid-phase or solid-phase extraction (see
below).10–12 Limits of quantification for nevirapine,
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stavudine, and lamivudine were 50 �g/L, 10 �g/L, and
10 �g/L, respectively. We judged nevirapine plasma
concentration to be adequate if it reached 3400 �g/L;13

owing to the drug’s long plasma half-life, an amount
less than 50 �g/L suggested probable non-adherence for
several days.

We assessed the quality of the generic tablets
macroscopically, weighed them, and then measured the
quantities of the three drugs. At least two tablets from
every batch given to patients were analysed. To measure
the quantity of every drug, we crushed the tablets and
accurately weighed a homogeneous sample of powder,
which we dissolved (in gauged flasks) in either
methanol for nevirapine and stavudine or distilled water
for lamivudine. Technical processing was validated with
the corresponding European approved drug: Viramune
(Boehringer Ingelheim, Paris, France) for nevirapine,
Zerit (Bristol-Myers-Squibb, Puteaux, France) for
stavudine, and Epivir (GlaxoSmithKline, Marly-le-Roi,
France) for lamivudine.

Statistical analysis
So we could detect a decrease in viral load to less than
400 copies per mL in at least 70% of patients (�=5%,
one-sided test; �=15%), we calculated that 57 patients
had to be included, which we rounded up to 60.

Primary endpoints for antiretroviral effectiveness
were proportion of patients who had plasma HIV-1
RNA values less than 50 and 400 copies per mL; we did
an intention-to-treat analysis that included all patients,
even those who died, were lost to follow-up, or
discontinued study treatment. We judged missing data
to represent treatment failure. As-treated analyses—
including only patients who took study treatment and
for whom data were available—were also done for the
same endpoints. We estimated 95% CIs of percentages
by the binomial exact method. 

Secondary endpoints for effectiveness included
reduction in log10-transformed viral load and increase in
CD4 cell count from baseline, on an intention-to-treat
basis. Viral load less than 50 copies per mL (detection
limit of assay) or more than 500 000 copies per mL
(upper limit of quantification) were assigned these
respective values. Median changes are reported with the
IQR. 

Incidence of disease progression, adverse effects of
study treatment, and genotypic resistance mutations
were expressed as the number of events per 100 person-
years of follow-up, from enrolment to the week 24 visit.
Patients lost to follow-up were censored at their last
study visit and those who died at time of death. We
estimated the cumulative probability of remaining alive
or free of new AIDS-defining events with the Kaplan-
Meier method.

We included all patients who took at least one dose of
study treatment in the analyses and we used Stata 7.0
software (Stata, College Station, TX, USA).

Role of the funding source
This study was supported by a grant from ANRS, which
reviewed the protocol but did not request substantial
changes in the study design and had no role in data
collection, data analysis, data interpretation, or writing
of the report. No pharmaceutical companies were
involved.

Results
61 patients were enrolled, 41 (67%) at the Military
Hospital and 20 (33%) at the Central Hospital. One
patient never took the study treatment and was excluded
from all analyses. All patients were Cameroonian; the
table shows their baseline characteristics. 55 had AIDS
(92%), on the basis of clinical and biological criteria.
Only two women had taken nevirapine for the
prevention of mother-child transmission at delivery
(once each). One patient was lost to follow-up after
15 weeks; one did not attend one visit (week 2) and two
missed two consecutive visits (weeks 6 and 8, and weeks
16 and 20).

One patient discontinued study treatment because of
nevirapine cutaneous toxic effects and was switched to
indinavir after 24 days. Treatment was stopped for
reasons other than toxic effects in two individuals:
nevirapine was replaced by efavirenz after 23 and
69 days owing to pulmonary tuberculosis. 

In the intention-to-treat analysis, the proportions of
patients whose plasma HIV RNA level fell below
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Number of patients (n=60)

Demography
Women 41 (68%)
Age (years) 34·5 (29·0–40·5)
Anthropometry
Bodyweight (kg) 63·0 (54·3–70·0)
Body-mass index (kg/m2) 23·1 (21·6–24·2)
HIV infection
Time since diagnosis of HIV seropositivity 12·2 (3·2–37·0)
(months)
CDC clinical stage
A 10 (17%)
B 25 (42%)
C 25 (42%)

CD4 count (cells per �L) 118 (78–167)
Viral load (copies per mL) 104 736 (40 804–243 787)
Haematology
Haemoglobin concentration (g/L) 104 (98–117)
Neutrophil count (�109/L) 2·032 (1·409–2·663)
Platelet count (�109/L) 160·0 (130·5–215·5)
Biochemistry
Alanine aminotransferase (U/L) 22 (14–30)
Amylase (U/L) 68 (33–156)
Hepatitis serology
HBsAg positivity 5 (8%)
AntiHCV positivity 11 (18%)
History of antiretroviral therapy
Naive 58 (97%)
Nevirapine for mother-child prevention 2 (3%)

Data are median (IQR) or number of patients (%).

Table: Baseline characteristics
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400 copies per mL were 75% (95% CI 62–85) at
week 12 and 80% (68–89) at week 24, and those whose
level fell below 50 copies per mL were 45% (32–58) at
week 12 and 65% (52–77) at week 24 (figure 1). In the as-
treated analysis, 82% (69–91) fell below 400 copies
per mL at week 12, 92% (80–98) did at week 24; the
proportions of patients whose HIV RNA level fell below
50 copies per mL were 46% (95% CI 32–61) at week 12
and 73% (59–85) at week 24. Median (IQR) decline in
viral load from baseline was 3·0 log10 copies per mL
(2·5–3·5) at week 12 (n=55) and 3·1 log10 copies per mL
(2·5–3·6) at week 24 (n=54). After 24 weeks of
treatment, the median (IQR) increase in the CD4 count
was 83 cells per �L (40–178, n=53). Half the patients
(n=27) reached an absolute CD4 count of 230 cells
per �L (155–341).

The overall frequency of disease progression was 32·0
per 100 person-years (95% CI 16·6–61·5). Four patients
(7%) had new clinical AIDS-defining events (incidence
14·2 per 100 person-years, 95% CI 5·3–37·9), namely
tuberculosis (n=2), Kaposi’s sarcoma (n=1), and
cryptococcosis (n=1). Five other patients (8%) died,
giving a rate of death of 17·8 per 100 person-years (95%
CI 7·4–42·7). As shown in figure 2, all but one event
occurred during the first 9 weeks of treatment. The
cumulative probability of remaining alive or free of new

AIDS-defining events after 24 weeks was 0·85 (95% CI
0·73–0·92). Eight of the nine patients who progressed
or died had AIDS at baseline; the other patient, who
developed Kaposi’s sarcoma, was in CDC group B2.
Four of the five patients who died had baseline CD4
counts less than 50 cells per �L (1, 10, 12, and 43 cells
per �L) and the fifth had 73 cells per �L. In addition to
advanced HIV disease, those who died had severe
anaemia (haemoglobin 47 g/L) and cachexia (n=1),
pulmonary infection (n=1), headache and dizziness
(n=1), or poor general health (n=2). 

Five severe (grade 3) adverse effects were attributed to
study treatment (incidence 17·8 per 100 person-years,
95% CI 7·4–42·7). One patient developed generalised
urticaria 13 days after starting treatment and had raised
alanine aminotransferase (274 U/L [normal range
0–35 U/L]); both disorders resolved when nevirapine
was replaced with indinavir. Two other individuals had
increased alanine aminotransferase (311 U/L and
158 U/L) after 2 and 6 weeks of treatment, respectively;
concentrations returned to normal spontaneously in one
and fell to 88 U/L in the second. Finally, one patient had
a transient amylase rise at 24 weeks (521 U/L [normal
range 0–100 U/L]) with no clinical signs of pancreatitis.
The study treatment was not discontinued in these three
patients. No cases of grade 3 peripheral neuropathy were
recorded, only three cases of grade 1 and one of grade 2.
No grade 4 adverse events occurred (95% CI 0–13·1 per
100 person-years). 

The mean self-reported adherence rate was 99%.
Only nine patients reported incidents relating to
adherence: five did not take the study treatment at all
during the last 7 days either because they did not
attend (n=3) or postponed (n=1) the relevant study visit
or because of a psychiatric disorder (n=1); three
patients forgot one dose; and one missed four doses
owing to dizziness. Plasma drug concentrations were
available at weeks 2 (n=56), 4 (n=56), and 24 (n=50).
Only two patients presented (at both weeks 2 and 4) with
nevirapine, stavudine, and lamivudine plasma concen-
trations less than the limits of quantification. An
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Figure 1: Plasma HIV-1 viral load 
Vertical bars represent 95% CIs.
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adequate nevirapine plasma concentration (�3400 �g/L)
was reached by 79% (95% CI 66–88) of patients at
week 2, 93% (83–98) at week 4, and 84% (71–93) at week
24. Overall median plasma concentration of nevirapine
was 5008 �g/L (range <50–19 122) and those measured
12 h after last drug intake were 16 �g/L (<10–107) for
stavudine and 172 �g/L (12–890) for lamivudine.

Eight patients had viral load values greater than
1000 copies per mL once (n=6) or twice (n=2) during
treatment. Major genotypic resistance mutations were
recorded in two of these patients (frequency 7·1 per
100 person-years, 95% CI 1·8–28·4). One had Met184Val
and Lys103Asn mutations at week 12 conferring
resistance to lamivudine and NNRTIs (viral load 1092
copies per mL). This patient had taken one dose of
nevirapine 2 months before enrolment for prevention of
mother-child transmission. Her viral load fell to
106 copies per mL at week 24 with the study treatment.
The second patient had the Tyr181Cys mutation
conferring resistance to NNRTIs and at week 12 had
viral load more than 500 000 copies per mL. This patient
was subsequently lost to follow-up. 

Seven batches of study treatment were dispensed.
Compared with expected doses, median (range)
concentrations of the three components were nevirapine
96% (89–100), stavudine 89% (84–96), and lamivudine
99% (91–103).

Discussion
Generic fixed-dose combinations of two NRTIs and one
NNRTI are now among the most widely prescribed first-
line antiretroviral regimens in developing countries, yet
we are aware of no clinical trials assessing their
effectiveness, safety, and quality in field conditions.
Brief reports have been presented but these have
omitted important data such as virological efficacy,
adherence, and viral resistance.14,15 In our open clinical
trial, we have documented the quality of a commonly
prescribed generic fixed-dose combination and shown
that its effectiveness and tolerability are similar to that
reported with other HAART regimens in patients with
comparable baseline HIV disease status.

One key issue about the use of generic fixed-dose
combinations is their quality. Very few data on the
purity of generic antiretroviral drugs have been
published,16 yet incorrect dosing could have a major
negative effect on tolerability, efficacy, and viral
resistance. We tested all seven batches dispensed to our
patients and noted that the unit dose of every
component (lamivudine, stavudine, nevirapine) was as
claimed.

Despite wide intersubject variability of the plasma
concentrations of the three drugs in the fixed-dose
combination, the ranges were as expected and
consistent with those previously described for the
approved drugs. Only two patients presented at both
weeks 2 and 4 with nevirapine, stavudine, and
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lamivudine plasma concentrations lower than the
respective limits of quantification, suggesting some
adherence difficulties. These results accord with the
excellent self-reported adherence (99%), and this
finding was corroborated by the good virological
response. Many factors can affect adherence to
treatment, such as social support, cost, and tolerability,
but treatment simplicity is one of the most important.17

Fixed-dose combinations therefore have a clear
advantage in terms of number of pills and cost. In
Cameroon, the cost of the fixed-dose combination we
assessed here is US$20 per month, whereas the same
combination with brand-name drugs in the ACCESS
programme (http://www.unaids.org) costs around $35,
and six pills have to be taken instead of two with fixed-
dose combinations. Our results for adherence are
similar to those obtained with once-a-day didanosine-
lamivudine-efavirenz therapy in Senegal.18

The virological and immunological efficacy of the
regimen used by us was at least as good as that obtained
with HAART in industrialised countries; for example, in
a trial of a triple-drug regimen—including a protease
inhibitor (indinavir)—in patients with CD4 counts less
than 200 cells per �L, a virological success rate (viral
load <500 copies per mL) of 60% and an increase in CD4
count of 91 cells per �L were reported at 24 weeks.19 The
effectiveness of the combination of nevirapine,
stavudine, and lamivudine has also been shown.20

Compared with African therapeutic cohorts in which
most patients also have advanced HIV disease at
enrolment21–25 our results are highly satisfactory. They
also compare well with those of a cohort of African
patients treated in London, UK.26 Comparison with other
studies, such as use of generic drugs in India,15 is more
difficult since the study design differs and the number
of variables analysed is limited. 

Nevirapine and stavudine can have troublesome
adverse effects. Tolerability was good in our trial, both
overall and specifically with respect to nevirapine, and
was even slightly better than that usually seen in
developed-world cohorts.27 Treatment was stopped in
only one individual for a cutaneous reaction to
nevirapine. Hepatic tolerability was good, especially
considering that 18% of patients were infected by
hepatitis C virus and 8% by hepatitis B virus, with only
transient or moderate rises of hepatic transaminases
found. 

Our results for the emergence of resistance are only
preliminary owing to the fairly short follow-up
(24 weeks). Virological failure (>1000 copies per mL)
happened in eight patients. Only one instance of
genotypic resistance to NNRTIs was recorded at
week 12, in a non-compliant patient who was
subsequently lost to follow-up. The other example is
intriguing—a woman with a viral load of 1092 copies per
mL and the Met184Val and Lys103Asn mutations at
week 12 who had received nevirapine to prevent mother-
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child transmission. In a report in Thailand, the
virological success of HAART with nevirapine in such
women was only 46% at week 24 because of a high rate
of resistance mutations after one dose of nevirapine.28

Despite these two mutations, viral load at week 24 was
less than 400 copies per mL (it was still below this level
at treatment week 48). 

The open-label one-arm design used in this study is
not as powerful as a controlled trial to show the efficacy
and safety of fixed-dose combinations but it can be used
to assess efficacy of treatment regimens because it
preserves size, power, and simplicity.7,18

In conclusion, we have documented the quality, safety,
and effectiveness of a generic fixed-dose antiretroviral
combination in an African setting. Although controlled
trials including more patients and longer follow-up will
be important, our results lend support to the use and
funding of generic fixed-dose combinations as first-line
antiretroviral treatment in developing countries.
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