
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Antiretroviral therapy in Thai adults and children with HIV-1 infection

Ananworanich, J.

Publication date
2008
Document Version
Final published version

Link to publication

Citation for published version (APA):
Ananworanich, J. (2008). Antiretroviral therapy in Thai adults and children with HIV-1
infection. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/antiretroviral-therapy-in-thai-adults-and-children-with-hiv1-infection(5646a2be-375e-4227-8e23-b541120e6079).html


A
ntiretro

viral Therap
y in Thai A

d
ults and

 C
hild

ren w
ith H

IV
-1

 Infectio
n 

Jintanat A
nanw

o
ranich 



Antiretroviral Therapy  
in Thai Adults and Children  
with HIV-1 Infection 



 



Antiretroviral Therapy  
in Thai Adults and Children  

with HIV-1 Infection 
 

 

ACADEMISCH PROEFSCHRIFT 
 

ter verkrijging van de graad van doctor 

aan de Universiteit van Amsterdam 

op gezag van de Rector Magnificus 

prof. dr. D.C. van den Boom 

ten overstaan van een door het college voor promoties 

ingestelde commissie, in het openbaar te verdedigen  

in de Agnietenkapel  

 

op donderdag 10 januari 2008, te 10.00 uur 

 

door 

 

Jintanat Ananworanich 
 

geboren te Bangkok, Thailand 



Promotiecommissie: 
Promotores: Prof.dr. J.M.A. Lange 
 Prof.dr. P. Phanuphak 

Co-promotor: Dr. B. Hirschel 

Overige leden:  Prof.dr. M.M. Levi 
 Prof.dr. H. Brinkman 
 Dr. D.M. Burger 
 Dr. J.M. Prins 
 Prof. dr. P. Reiss 
 Dr. F. de Wolf 

Faculteit Geneeskunde 



Table of Contents
 Chapter    Page

 1 General Introduction 7

 2 Pharmacokinetic study of saquinavir hard gel caps/ritonavir in HIV-1-infected patients:  19 
1600/100 mg once-daily compared with 2000/100 mg once-daily and 1000/100 mg twice-daily 

   Journal of Antimicrobial Chemotherapy 2004:54(4):785-90

 3 Saquinavir trough concentration before and after switching NRTI to tenofovir in patients  27 
treated with once-daily saquinavir hard gel capsule/ritonavir 1600 mg/100 mg

   Antiviral Therapy 2004:9(6):1035-6

 4 A prospective study of efficacy and safety of once-daily saquinavir/ritonavir plus  31 
two nucleoside reverse transcriptase inhibitors in treatment-naive Thai patients 

   Antiviral Therapy 2005:10(6):761-7

 5 Absence of resistance mutations in antiretroviral-naive patients treated with ritonavir-boosted  39 
saquinavir

   Antiviral Therapy 2006:11(5):631-5

 6 Incidence and risk factors for rash in Thai patients randomized to regimens with nevirapine,  47 
efavirenz or both drugs

   AIDS 2005:19(12):185-192

 7 No change in calculated creatinine clearance after tenofovir initiation among Thai patients  57
   Journal of Antimicrobial Chemotherapy 2007:59(5):1034-7

 8 Highly active antiretroviral therapy (HAART) retreatment in patients on CD4-guided therapy  63 
achieved similar virological suppression compared with patients on continuous HAART.  
The HIV Netherlands Australia Thailand Research Collaboration 001.4 Study 

   Journal of Acquired Immune Deficiency Syndrome 2005:39(5):523-9

 9 Failures of 1 week on, 1 week off antiretroviral therapies in a randomized trial 73
   AIDS 2003:17(15):F33-7

 10 CD4-guided scheduled treatment interruptions compared with continuous therapy for  81 
patients infected with HIV-1: results of the Staccato randomised trial

   Lancet 2006:368(9534):459-65

 11 Development of HIV with drug resistance after CD4 cell count-guided structured treatment  91 
interruptions in patients treated with highly active antiretroviral therapy after dual-nucleoside  
analogue treatment

   Clinical Infectious Diseases 2005:40(5):728-34

 12 Recurring thrombocytopenia associated with structured treatment interruption in patients with  101 
human immunodeficiency virus infection 

   Clinical Infectious Diseases 2003:37(5):723-5

 13 Pharmacokinetics and 24-week efficacy/safety of dual boosted saquinavir/lopinavir/ritonavir in  107 
nucleoside-pretreated children

   Pediatric Infectious Disease Journal 2005:24(10):874-9

 14 Creation of a drug fund for post-clinical trial access to antiretrovirals 115
   Lancet 2004:364(9428):101-2

 15 Summary and General Discussion 119
  Samenvatting 137
  Summary in Thai 144

  Acknowledgement 146

  List of publications 148

  Biography 153



In Memory of

My Beloved Parents,

Margaret and Virat



Chapter 1: 
General Introduction 



Introduction 8

HIV situation in Thailand 

Thailand is a medium-income country in South 
East Asia with a population of 64 million.  
The first cases of AIDS in Thailand were  
documented in 1984 and 1985.1,2 The HIV 
epidemic began among homosexual and 
bisexual men. After quickly spreading to 
intravenous drug users and female sex workers, 
the epidemic then extended to their clients and 
finally to women in the general population and 
to their newborns.3 Heterosexual transmission is 
the most common route of infection. According 
to the UNAIDS/WHO 2006 Report on the global 
AIDS epidemic, at the end of 2005, the  
estimated adult HIV prevalence in Thailand was 
1.4% including 580,000 individuals living with 
HIV/AIDS and 21,000 AIDS-related deaths each 
year.4 Women account for almost half of those 
infected. In the past few years, Thailand has 
seen a rise in HIV prevalence among certain 
groups. A large percentage of new infections 
have occurred in low risk married women and in 
men who have sex with men. There are about 
16,000-18,000 new infections each year.4 

A total of 50,620 Thai children have been  
diagnosed with HIV infection from 1988 to 2005, 
and only 20,000 are still living.5 The number of 
newly infected babies declined dramatically 
from over 1,000 in 1997 to fewer than 300 in 
2005 due to the Ministry of Public Health 
(MOPH)’s nationwide program for prevention of 
mother-to-child transmission using voluntary 
counseling and testing, antiretroviral therapy 
(ART), and infant formula.6 

Highly Active Antiretroviral Therapy 

Highly active antiretroviral therapy or HAART 
has had a dramatic impact on the survival of 
patients with HIV infection and has changed HIV 
from a life threatening to a chronic disease.7, 8 
Standard first line HAART includes 2 nucleoside 
reverse transcriptase inhibitors (NRTIs) with 
either 1 non nucleoside reverse transcriptase 
inhibitors (NNRTIs) or 1 protease inhibitor (PI). 
The recommended 2NRTIs are tenofovir or 

zidovudine or abacavir or stavudine plus 
lamivudine or emtricitabine. The NNRTIs are 
either nevirapine or efavirenz. The PIs are 
lopinavir, atazanavir, fosamprenavir or saquinavir 
- all used with low dose ritonavir, which is usually 
termed as “boosted PI”. Using low dose 
ritonavir as a booster for other PIs helps the  
PIs achieve consistent therapeutic drug  
concentrations, which allows for increased drug 
potency and decreased resistance as well as 
reduced dosing frequency and pill burden. 

Both NNRTI- and PI-based regimens work well. 
A recent meta-analysis showed that these two 
regimens were superior to ritonavir-unboosted 
PI and triple NRTI-based regimens in  
controlling HIV viremia. NNRTI-based regimens, 
particularly nevirapine, are used more in 
developing countries because of their low cost 
and availability in generic fixed dose  
combinations. Boosted PI regimens have an 
advantage over the NNRTI regimen due to their 
lack of PI resistance and lower risk of NRTI 
resistance in early virological failure,9-12 which 
allows for more options for second line  
regimens.13 PIs also tend to cause less rash and 
liver toxicity than NNRTIs. But the disadvan-
tages of PIs are increased lipids, lipodystrophy, 
diabetes, risk of cardiovascular events and 
potential drug-drug interactions. The goal of 
HAART is to suppress HIV RNA (viral load) in the 
blood to below 50 copies/ml. Having persistent 
viremia while on HAART promotes resistant 
mutations and results in virological failure and 
subsequent immunological and clinical failure if 
treatment is not modified. The chance of 
preventing this outcome is the highest with the 
first HAART regimen. Unfortunately, failure to 
first line HAART continues to occur in at least 
25% of treated patients.14 Successful HAART 
relies upon having a regimen with excellent 
potency that a patient can adhere to. The 
regimen should have few pills, few or no side 
effects or interaction with other drugs, and be 
convenient to take (Figure 1). 
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Figure 1: Important factors in achieving 
undetectable viral load with antiretroviral 
therapy. Reproduced from Future HIV Therapy 
1(1), 81-892 (2007) with permission of Future 
Medicine Ltd 15

Pharmacokinetic studies 

HAART can be optimized using pharmaco-
kinetic (PK) studies and therapeutic drug 
monitoring (TDM). Many factors can affect drug 
absorption, disposition and elimination.  
These include gender, age, genetics, weight, 
drug-drug interaction and food.16 The  
characteristic of the drug also is important. 
Some drugs such as PIs have high protein 
binding, short half-life and variable drug 
concentrations. Inability to maintain drug levels 
in the therapeutic range can lead to virological 
failure, while having excessively high drug levels 
can cause side effects. In PK assessments, the 
absorption, distribution, metabolism and 
elimination of a drug is determined by  
measuring plasma (for PIs and NNRTIs) or 
intracellular (for NRTIs) drug concentrations at 
different time points throughout the dosing 
cycle, a necessary step in defining an effective 
and safe dose for any new drugs.17 In adults, 
with few exceptions, there is usually one dose 
for all weights. In children, however, multiple 
standard doses are recommended for different 
weight or body surface area ranges. PK studies 
have proven beneficial in a number of  
investigations: determining appropriate drug 
dosing when there is a need to use drugs with 
potential interactions18, 19 or for populations with  
different body builds or different ethnicities,20, 21 

determining equivalence between branded and 
generic drugs22 and determining appropriate 
dosing in children of different ages and body 
weights.23, 24 TDM is the measurement of drug 
concentration at a particular time point in order 
to adjust the dose to the therapeutic range and 
avoiding toxicity from high drug levels and 
resistance from low drug levels.25, 26 

In this thesis, we are interested in evaluating the 
use of PK and TDM in optimizing the antiretro-
viral (ARV) treatment of Thais with HIV-1 infec-
tion.

Treatment of adult HIV-1 infection 

The majority of adults with HIV-1 infection are 
intermediate progressors; if untreated, they 
develop AIDS-related illnesses within 6-10 years 
of acquiring HIV. Ten to 15% are rapid  
progressors who develop AIDS-related events 
within a few years after infection. The late 
progressors (5%) remain healthy with a relatively 
high CD4 count for 10 years or more.

The recommendation of when to start HAART 
relies mainly on CD4 count as it is the most 
significant predictor of disease progression and 
survival.27, 28 Low CD4 counts are associated with 
greater risk of disease progression, with the risk 
being highest if CD4 is below 200 cells/mm3. 
The risk of AIDS or death decreases gradually 
with higher CD4 counts. A risk of ≤5% in adults 
with CD4 above 350 cells/mm3 is usually 
considered an acceptable risk.28 

The World Health Organization (WHO) and the 
Thai treatment guidelines recommend HAART 
initiation for persons with a CD4 count less than 
200 cells/mm3 or an AIDS defining illness.29, 30 
The most used first line regimens in Thailand 
are the locally produced, GPO-vir S (fixed dose 
combination of stavudine, lamivudine and 
nevirapine) and GPO-vir Z (fixed dose combina-
tion of zidovudine, lamivudine and nevirapine). 
Excellent efficacy of these regimens in Thais 
regardless of HIV disease severity has been  
confirmed in several studies.31-33 Similarly, PI-
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based first line regimens using saquinavir and 
indinavir has also worked well in small cohorts 
of Thai patients.34-36 Tenofovir, the preferred 
NRTI in most treatment guidelines, has become 
available in Thailand in 2007 and will likely be 
used more in first line regimens in the near 
future.

Structured treatment interruption of 
antiretroviral therapy

As patients with HIV infection are living longer, 
the perspective of never taking a rest from 
HAART is daunting to many patients. Being 
able to interrupt HAART may reduce toxicities, 
improve the quality of life and save cost. A 50% 
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Figure 2: Strategies, rationale and evidence of STI studies in different patient population. 
Adapted from Expert Review of Anti Infective Therapy 3(1), 51-60 (2005) with permission of Future 
Drugs Ltd.50

cost saving shown in several structured  
treatment interruption (STI) trials37-39 could help 
developing countries treat more people. There 
are potential risks, however, which include the 
development of HIV-related illnesses, acute 
retroviral syndrome, thrombocytopenia,  
resistance and the transmission of HIV infection.

The rationale of STI differs depending on the 
patient population (Figure 2). Those who 
started HAART during the acute HIV infection 
period, i.e. within 6 months of HIV acquisition, 
were shown in small non-randomized studies to 
have the ability to maintain high CD4 count and 
low viral load when HAART is subsequently 
interrupted.40-43 This has been explained by the 
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autovaccination phenomenon in which  
repeated exposure to HIV antigen stimulates 
HIV-specific CD4+ and CD8+ immune response 
that in turn controls HIV viremia.40, 44 This 
phenomenon was not seen in those who started 
HAART during the chronic HIV infection  
period.45-47 Nevertheless, a recent small  
randomized study did not show any benefit of 
stopping HAART.48 Therefore, at this time, it is 
unclear whether there is a benefit in treating 
early and then stopping treatment. It appears, 
however, that stopping is safe in this population 
with high CD4 counts. In order to conclusively 
answer the question of whether early treatment 
followed by interruption is beneficial, the 
Spartac study plans to randomize 400 patients 
with acute HIV infection to 3 months of HAART, 
12 months of HAART, or no treatment, with a 
follow-up of 5 years.49

The majority of patients, however, are  
diagnosed and treated with HAART during 
chronic HIV infection. Fixed and variable time 
STI strategies have been explored in patients 
who have a high CD4 level and a suppressed 
viral load. Fixed time STIs usually involve 
alternating short stops and starts (< 12-16 
weeks) with a goal to maintain a safe CD4 level 
and a relatively low viral load at all times.51, 52 
The variable time STIs are based on maintaining 
the CD4 count above a certain level, and usually 
allow for a longer stop, especially for patients 
with high baseline CD4.53 When HAART is 
stopped, there is a dramatic drop of CD4 count 
within the first 4 weeks, with an average decline 
of 30 cells per week, followed by a more 
gradual drop of 3 cells per week.54 The rate of 
CD4 decline is more rapid in those who start 
with a low pre-HAART CD4 and experience a 
high viral load rebound, which usually occurs at 
4 weeks after stopping. 

For those who have failed HAART, the rationale 
is quite different.55 In a patient with HIV drug 
resistance, after HAART is stopped, drug-
sensitive wild type viruses usually replace the 
drug-resistant quasispecies,56 thereby opening 

the possibility that response to salvage therapy 
might improve. Most experts would  
recommend against STI in patients with  
treatment failure because “CPCRA”, the largest 
study (n=270) to date, showed a 2.6 times 
higher HIV disease progression rate in patients 
who stopped treatment before switching to 
salvage therapy compared to those who 
switched immediately.57 Two additional studies 
had different results: “Retrogene” (n=46) 
showed no benefit and “GigHAART” (n=68) 
showed CD4 rise with STI; however, the sample 
sizes of these studies were smaller.58, 59

In this thesis, we are interested in evaluating the 
efficacy, safety and resistance of a once-daily 
saquinavir/ritonavir-based first line therapy in 
Thais as well as studying the incidence and risk 
factors for side effects from NNRTIs and 
tenofovir. We also aim to evaluate STI strategies 
in managing HIV-1 infection in Thais.

Treatment of pediatric HIV-1 
infection  

Children have a more rapid disease progression 
rate than adults. Up to one-third progress to 
AIDS or death within the first year of life, if 
untreated. The rest usually have HIV symptoms 
by age 5 years. There are only about 10% who 
remain healthy without treatment at age 8 years 
and up. Being younger than 3 years of age or 
having CD4 below 15% or viral load above 
100,000 copies/ml significantly increases the risk 
of HIV disease progression.60, 61 The median 
survival age was only 60 months in a Thai cohort 
of 68 untreated children followed from birth to  
6 years in the early 1990s.62 The current WHO 
and Thai guidelines recommend starting ARV 
when CD4 is in the severe immune deficiency 
range, which was defined by age groups < 12 
months (< 25%), 12-35 months (< 20%), 35-59 
months (< 15%) and ≥ 5 years (< 15% or < 200 
cells/mm3).30, 63

Similar to Thai adults, most children in Thailand 
receive NNRTI-based treatment as first line 
therapy. Despite the limitation in appropriate 
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pediatric formulations, the efficacy of this 
regimen and its impact on survival has been 
excellent.64, 65 Nevertheless, one of the most 
challenging concerns of HAART is the  
emergence of drug resistance mutants, which 
occurs in one-third of treated patients.  
Recommended second line therapy for NNRTI 
failures is PIs-based HAART,30, 63 of which there is 
limited information on appropriate dosing and 
combinations. Pediatric ART management is 
complex as children require changes in ARV 
dose as they grow and age. They rely upon 
adult caretakers to administer medicines and 
often have to take ARV formulations that are 
not approved for children. There is a critical 
need to study the pharmacokinetics and 
efficacy of second line therapy for children. 

In this thesis, we are interested in evaluating 
second line therapy for Thai children who have 
failed NRTI/NNRTI-based HAART.

Increasing access to antiretroviral 
therapy  

Thailand is known as one of very few  
developing countries that have successfully 
contained the HIV epidemic and set up a health 
care infrastructure to provide comprehensive 
care to persons with HIV infection. Political 
support was strong for establishing nationwide 
programs to provide confidential testing and 
monitoring for HIV, prevention of mother to 
child transmission and ART. While Thailand was 
co-hosting the 2004 International AIDS  
Conference, the Thai government announced a 
program for free access to ART for all Thais.  
The active involvement of the network of 
people living with HIV/AIDS and the various 
non-governmental organizations continues to 
be a strong force in improving care for Thais 
with HIV infection.66

The Thai government ART program began in 
1992. Similar to other treatment programs 
worldwide, initial regimens used only one or 
two ARV drugs, now known to be less effective 
than the 3 or more ARV drug combinations 

available today. With the  
production of generic ARV in late 2003 by the 
Government Pharmaceutical Organization 
(GPO), Thailand was able to rapidly scale up 
ART access. Currently, all Thai HIV-infected 
patients can access first line ARV and laboratory 
monitoring at no cost through the national 
health care program. As of November 2006, 
87,018 patients were receiving ARV through the 
national health care program, and about 7,000 
of these were children.5 

Prior to 2004, however, access to first line ARV 
was limited, and our trial center, The HIV 
Netherlands Australia Thailand Research 
Collaboration (HIV-NAT), was faced with many 
patients finishing their clinical trials and having 
no further access to ARV. Due to high drug 
prices, even today, access to second line ARV is 
available to only a fraction of those who need 
them.

In this thesis, we explore ways to increase post 
clinical trials ARV access to our patients. 

Outline of this thesis 

The primary goal of this research is to identify 
ART strategies for Thai adults and children 
patients with HIV-1 infection that will enhance 
good HIV disease outcome, lower drug cost 
and limit drug-related toxicities. 

The research is divided into the following 
sections:

Section 1: Pharmacokinetic studies

Section 2: Treatment of adult HIV-1 infection

Section 3: Treatment of pediatric HIV-1  
 infection

Section 4: Increasing access to antiretroviral  
 therapy

We conducted pharmacokinetic studies to 
assess lower and less frequent dosing of PI 
therapy for Thais. In Chapter 2, we compared 
the pharmacokinetics of three dosings of 
ritonavir-boosted saquinavir. In Chapter 3, we 
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investigated whether tenofovir had an affect on 
saquinavir plasma concentration in Thais who 
were on the lower dosing of once daily ritonavir-
boosted saquinavir.

For treatment of adult HIV-1 infection,  
we assessed the efficacy and safety of the once 
daily 1600mg/100mg ritonavir-boosted  
saquinavir-hard gel capsule regimen as first line 
therapy in a large cohort of Thai patients in 
Chapter 4. In Chapter 5, we showed that 
protease inhibitor resistance mutations were 
lacking in those who failed ritonavir-boosted 
saquinavir first line regimen. We also assessed 
the incidence and risk factors of common 
antiretroviral-related toxicities in Thais. First, we 
studied the incidence and risk factors of rash, 
common toxicity, in patients who were  
randomized to receive either nevirapine, 
efavirenz or both drugs (Chapter 6). Second, we 
investigated the calculated creatinine clearance 
in Thais who received the standard tenofovir 
dosing in Chapter 7. This is important as there 
was a concern that the standard dosing of 
tenofovir might result in more renal toxicity in 
Thais, who generally have lower body weight. 

In an attempt to improve patients’ quality of life, 
and reduce ART-related toxicities and cost, we 
explored two treatment interruption strategies - 
CD4-guided and one week on – one week off - 
in 74 patients in the HIVNAT 001.4 pilot study 
(Chapter 8). In Chapter 9, we reported the 
failure of the one week on – one week off 
treatment interruption strategy in a subsequent 
larger multinational randomized study, Staccato. 
Chapter 10 is the final report of the Staccato 
study comparing the outcomes of CD4-guided 
and continuous ART. Development of resistance 
has always been a concern in treatment  
interruption. In Chapter 11, we discussed the 
resistance development before and after CD4-
guided treatment in the HIVNAT 001.4 study. 
We also described, in Chapter 12, the  
occurrence of recurring thrombocytopenia 
associated with structured treatment  
interruption.

For pediatric HIV-1 infection, we studied the 
pharmacokinetics, efficacy and safety of a dual 
boosted PI saquinavir/lopinavir/ritonavir, second 
line regimen in children failing NRTI/NNRTI in 
Chapter 13. 

Finally, in Chapter 14, we addressed the issue of 
increasing access to ART, specifically post 
clinical trial ART access, and shared our  
experience in setting up a drug fund. 
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Objectives: A pharmacokinetic comparison of three dosing regimens of saquinavir/ritonavir was
carried out: 1600/100 mg once-daily with 1000/100 mg twice-daily, and 1600/100 mg once-daily with
2000/100 mg once-daily.

Methods: Twenty patients on saquinavir hard gel caps/ritonavir 1600/100 mg once-daily in combination
with two nucleoside reverse transcriptase inhibitors for at least 4 weeks were enrolled and randomized
to either saquinavir hard gel caps/ritonavir 1000/100mg twice-daily or 2000/100 mg once-daily. Two
pharmacokinetic curves were plotted, at baseline (day 0) and 7 days after the switch. Plasma concen-
trations were measured at 0, 2, 4, 6, 8, 10, 12 (and 24 for once-daily dosing) hours after drug intake by
validated high-performance liquid chromatographic assay (HPLC). The area under the plasma concen-
tration–time curve (AUC0–24 or AUC0–12), maximum and minimum concentration (Cmax and Cmin) and
elimination half-life were calculated using a non-compartmental model.

Results: Compared with saquinavir/ritonavir 1600/100 mg once-daily dosing, the saquinavir AUC and
Cmin improved significantly when dosed as 1000/100 mg twice-daily (53% and 299%, respectively), and
as 2000/100 mg once-daily (71% and 65%, respectively). Low Cmin in three subjects at baseline was cor-
rected after switch to the other dosages. Saquinavir/ritonavir 2000/100 mg once-daily was also asso-
ciated with a significant increase in saquinavir Cmax (52%) compared with saquinavir/ritonavir
1600/100 mg once-daily.

Conclusions: Saquinavir/ritonavir when dosed as 2000/100 mg once-daily or 1000/100 mg twice-daily
achieves higher saquinavir plasma levels compared with saquinavir/ritonavir 1600/100 mg once-daily.
Taking the convenience of once-daily dosing into consideration, dosage of 2000/100 mg once-daily may
be preferred.

Keywords: protease inhibitors, HIV, Thailand, pharmacokinetics

Introduction

Saquinavir is an HIV protease inhibitor. It is used as part of a
therapeutic regimen for HIV-1 or HIV-2 infection. Saquinavir is

frequently combined with low dose ritonavir to improve the
pharmacokinetics of saquinavir. Ritonavir and saquinavir are
metabolized through the same pathways, predominantly by
cytochrome P450 isoenzyme 3A4. Furthermore, inhibition of
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P-glycoprotein, by ritonavir, has been suggested to play a role in
the boosting effect. Improvement of saquinavir pharmacokinetic
parameters enables the use of lower and less frequent saquinavir
dosing.1

Two formulations of saquinavir are available: the saquinavir
hard gel capsule and the saquinavir soft gel capsule. Pharmaco-
kinetic studies have shown that the formulations are bioequiva-
lent when boosted by ritonavir.2,3 Furthermore, in the HIV-NAT
001 study series, virological response was maintained and
immunological recovery continued out to 48 weeks when saqui-
navir soft gel caps/ritonavir was replaced with saquinavir hard
gel caps/ritonavir. Reasons to use saquinavir hard gels caps
instead of saquinavir soft gel caps, include better tolerability,
smaller capsule size, the absence of need for refrigerated storage
and lower cost in most countries.3,4

The recommended dose for saquinavir with low dose of rito-
navir is 1000/100mg twice-daily. However, a 1600/100mg dose
has been tested as a once-daily dosing regimen. When dosed as
1600/100mg, the total daily dose is lower than that received
with the recommended 1000/100mg twice-daily dose, possibly
leading to suboptimal exposure to saquinavir and virological
failure. Furthermore, for all other protease inhibitors, the total
daily dose is similar for once-daily and twice-daily regimens.
Therefore, a once-daily dosing regimen of 2000/100mg may
result in better exposure to saquinavir than 1600/100mg.
The objective of this study was to investigate the pharmaco-

kinetics of 1600/100mg once-daily, 2000/100mg once-daily and
1000/100mg twice-daily in HIV-1-infected patients.

Materials and methods

Patient selection, screening and study design

This was a single-centre, open-label, pharmacokinetic study in
asymptomatic HIV-infected individuals conducted as a substudy of
the STACCATO trial.5 Twenty patients were recruited from The
Thai Red Cross Society’s Anonymous Clinic. Patients were taking
saquinavir hard gel caps 1600/100mg once-daily together with sta-
vudine and didanosine. Before enrolment in STACCATO, patients
had participated in the HIV-NAT 001 trial series, which started in
1997, with 1 year of dual nucleoside reverse transcriptase inhibitors
(NRTI) followed by protease inhibitor-based highly active antiretro-
viral therapy (HAART).6–8

Patients were considered eligible if they were taking saquinavir/
ritonavir for at least 4 weeks and had stable virological and
immunological profiles. Patients were excluded if they were taking
any agents that interfered with the pharmacokinetics of saquinavir
and ritonavir. Selection of patients was done randomly, based on
selecting the first 20 patients that were eligible. Following the first
pharmacokinetic assessment, patients were randomized to receive
either 2000/100mg once-daily (arm 1) or 1000/100mg twice-daily
(arm 2) saquinavir hard gel caps/ritonavir for 1 week. After 1 week,
all patients reverted to their original dose of saquinavir hard gel
caps/ritonavir 1600/100mg. The NRTI backbone, stavudine and
didanosine, remained unchanged. Before the study, each patient
signed informed consent and approval was obtained from the Insti-
tutional Review Board of King Chulalongkorn University.

Safety assessment

Safety and tolerability were assessed at screening and on both phar-
macokinetic study days. During these visits, the patient history was
recorded and a physical examination carried out.

Pharmacokinetic analysis

Two pharmacokinetic curves per patient were recorded on day 0
and day 7 after randomization. On the pharmacokinetic study days,
all patients received the study treatment with a standardized break-
fast (approximately 500 calories and 12 g of fat). Other meals were
also standardized, and no other foods were allowed. Furthermore,
patients were counselled to maintain their lifestyle (smoking, con-
sumption of alcohol and exercise level) during the entire study.
Blood was sampled before (t= 0) and 2, 4, 6, 8, 10 and 12 h after
treatment intake, and, for the once-daily arm (arm 1), an additional
sample was taken at 24 h. The blood samples were centrifuged at
1500 r.p.m. and the separated plasma was stored at �20.08C until
analysis.
Plasma concentrations of saquinavir and ritonavir were analysed

at the HIV-NAT pharmacokinetic laboratory by validated high-
performance liquid chromatographic assay (HPLC).9 The HIV-NAT
pharmacokinetic laboratory participates in an international quality
control and quality assessment (QA/QC) pharmacokinetic pro-
gramme, and therefore has cross-validation with other international
pharmacokinetic laboratories.10 The lower limit of quantification
(LLOQ) was 0.04mg/L for both protease inhibitors.
Determination of pharmacokinetic parameters was based on indi-

vidual plasma concentration data versus time by non-compartmental
analysis. The area under the curve, AUC0–12 or AUC0–24, was
defined as the area under the plasma concentration–time curve until
the last measurable plasma concentration calculated with the linear
trapezoidal method. Depending on the dosing regimen—twice-daily
or once-daily—AUC0–12 or AUC0–24 was calculated. In order to
compare AUC0–12 with AUC0–24, AUC0–12 was multiplied by two
where needed. This method, however, is limited because multipli-
cation by two implies that the drug levels do not show diurnal
variation. Diurnal variation has been shown for ritonavir.11 The
maximum observed plasma concentration during the dosing interval
was defined as Cmax (mg/L). The observed time to reach Cmax was
defined as Tmax (h). The minimum observed concentration just
before the next dosing interval was defined as Cmin (mg/L). Finally,
t1/2 (h) was calculated using ln(2/l). The definition of t1/2 was the
apparent elimination half-life associated with the terminal slope of
a semi-logarithmic concentration–time curve in which l is the
elimination rate constant.

Statistical analysis

Statistical analysis was carried out using SPSS software version 9.0
(SPSS, Chicago, USA, Inc., 1989–1999) and Excel 1997 (Microsoft
Corporation, 1985–1997). Pharmacokinetic parameters were log-
transformed before statistical analysis. The geometric mean ratio
(GMR) and associated 90% confidence interval (CI) were calculated
for each pharmacokinetic parameter. Patient characteristics such as
age, sex, height and weight are tabulated.

Results

Sixteen females and four males participated in the study, with a
median age of 33 years (interquartile range 29–35 years), and
all 20 patients completed it. Baseline characteristics of study
participants are illustrated in Table 1.
One patient, randomized to 1000/100mg twice-daily, had

diarrhoea on day 0 and day 7; the investigator did not feel that
this was related to study medication. The patient had comparable
pharmacokinetic results to other patients in the study and was
included in the pharmacokinetic analysis. No other side effects
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were reported. Five patients had used other co-medication during
the study period, but this was categorized as unlikely to interfere
with the pharmacokinetics of saquinavir or ritonavir.
The median plasma concentrations of saquinavir are plotted

(Figure 1). In the first arm, patients were randomized to receive
2000/100mg saquinavir/ritonavir once-daily. By means of visual
inspection, the rates of the absorption phase of 1600/100mg
once-daily and 2000/100mg once-daily appear quite similar.
The mean AUC of saquinavir in the 2000/100mg once-daily

regimen was 71% higher than the mean AUC of saquinavir
when dosed at 1600/100mg once-daily. Furthermore, a parallel
increase in mean saquinavir Cmin and Cmax of 65% and 52%,
respectively, was seen in the 2000/100mg once-daily group
compared with the 1600/100mg once-daily group. The interpati-
ent variability in the 2000/100mg once-daily arm (arm 1), at
day 7, was less than the interpatient variability at the first phar-
macokinetic assessment (1600/100mg once-daily).
Looking at the pharmacokinetic parameters for ritonavir,

the mean Cmax and Cmin were, as expected, similar in the
1600/100mg once-daily group and the 2000/100mg once-daily
group. However, there was a modest increase of 23% in mean
ritonavir AUC (90% CI 4–46%) (Tables 2 and 3). Median
plasma concentrations of ritonavir are plotted in Figure 2.

In the second arm, patients were randomized to 1000/100mg
twice-daily saquinavir/ritonavir. The absorption of 1000/100mg
twice-daily appeared to be slower than the absorption of
1600/100mg once-daily or 2000/100mg once-daily (Figure 1).
Comparing the saquinavir pharmacokinetic parameters of
1000/100mg twice-daily with those of 1600/100mg once-daily,
there was a large increase in Cmin when dosed as 1000/100mg
twice-daily. Additionally, the mean saquinavir AUC increased
by 53% when dosed as 1000/100mg twice-daily. The values for
mean saquinavir Cmax of both regimens were similar.
The interpatient variability for saquinavir Cmin was in a simi-

lar range (68% versus 73%), expressed as coefficient of vari-
ation. The saquinavir Cmax and AUC of 1000/100mg twice-daily
dose were associated with an increase in interpatient variability.
The total daily dose of ritonavir in the 1000/100 twice-daily arm
(arm 2) was double the dose of the once-daily regimen. As
expected, mean Cmax, Cmin and AUC for ritonavir showed
increases when dosed at 1000/100mg twice-daily (Tables 2
and 3). Three patients on 1600/100mg once-daily had a saquina-
vir trough level lower than the recommended trough level of
0.1mg/L of saquinavir.12 All three levels increased above the
recommended trough level on day 7.

Discussion

The pharmacokinetics of both saquinavir/ritonavir 1000/100mg
twice-daily and saquinavir/ritonavir 1600/100mg once-daily in
HIV-1-infected patients have been described before.3,13,14 In this
study, the pharmacokinetics of two doses, saquinavir/ritonavir
2000/100mg once-daily and 1000/100mg twice-daily, were
compared with the pharmacokinetics of 1600/100mg once-daily.
Saquinavir/ritonavir when dosed as 2000/100mg once-daily

or 1000/100mg twice-daily showed increased AUC and Cmin
compared with when dosed as 1600/100mg once-daily. Only the
saquinavir Cmax increased in the 2000/100mg once-daily arm
(arm 1), whereas there was no change in saquinavir Cmax in the
1000/100mg twice-daily arm (arm 2). Overall, pharmacokinetic
parameters improved with the 2000/100mg once-daily dose,
whereas the Cmin improved markedly with the 1000/100mg
twice-daily dose.
Increasing the dose of saquinavir from 1600/100mg once-

daily to 2000/100mg twice-daily gave a higher saquinavir
exposure. Two observations can be made from these findings.
First, the increase in saquinavir exposure is more than dose

proportional, thereby suggesting non-linear kinetics of saquinavir
when combined with low doses of ritonavir. The increase can be
explained as the result of ongoing processes: the continuation of
saquinavir absorption; the inhibition of P450 enzymes in the gut
and liver leading to decreased first-pass metabolism and, per-
haps, inhibition of P-glycoprotein.15,16

Second, the absorption of saquinavir is not maximal when
dosed as 1600mg once-daily. This observation is in contrast
to healthy volunteer data for saquinavir/ritonavir. Dosing of
saquinavir/ritonavir as 1800/100mg once-daily led to lower
saquinavir plasma exposure.15 However, there were limitations
in the healthy volunteer study: a relatively small number of
patients; a lack of intrapatient comparison; and a different diet-
ary composition from that of this study.
In the 1000/100mg twice-daily arm, both the saquinavir and

ritonavir daily dosages were higher than with the 1600/100mg

Figure 1. Median concentrations of saquinavir (SQV) (1600/100mg) on day

0 of arm 1, saquinavir (2000/100mg) on day 7 of arm 1, saquinavir

(1600/100mg) on day 0 of arm 2 and saquinavir (1000/100mg) on day 7 of

arm 2. Diamonds, arm 1, SQV 1600mg once-daily on day 0; triangles, arm

1, SQV 2000mg once-daily on day 7; squares, arm 2, SQV 1600mg once-

daily on day 0; crosses, arm 2, SQV 1000mg twice-daily on day 7.

Table 1. Patient characteristics

Characteristic OD arm (1) BD arm (2)

Age (years)
Mean 31.0 34.4
S.D. 4.6 6.2
Median 31.0 34

Weight (kg)
Mean 44.3 54.5
S.D. 5.1 9.5
Median 44.0 54.3

Height (cm)
Mean 154.5 159.5
S.D. 5.0 7.4
Median 154.5 157.0

Gender, M/F 1/9 3/7

OD, once-daily; BD, twice-daily; M, male; F, female.
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once-daily dosing. As might be expected, the exposure of saqui-
navir was higher. The marked increase in Cmin is striking, most
likely because of increased ritonavir exposure, which enhances
the inhibiting effect of P450 in the gut and the liver. Again, the
role of P-glycoprotein cannot be excluded. The lack of differ-
ence between the Cmax values of the 1600/100mg once-daily
and the 1000/100mg twice-daily dosing suggests that the absorp-
tion of saquinavir is lower for 1000/100mg twice-daily dosing.
Drug levels in this study were higher than reported levels for

Caucasian patients.17 This can be partly explained by the high

number of females in this study (4:1).18 A recent study showed
that female HIV-infected patients had a higher saquinavir level
compared with male HIV-infected patients.15 Other potential fac-
tors that might be of influence are the characteristics of the
patients such as body composition, life-style, genetic background
and environmental factors. More studies are needed to examine
the effect of these differences on the clinical pharmacokinetics
of diverse patient populations.
Limitations in this study were no intrapatient comparison

between 2000/100mg once-daily and 1000/100mg twice-daily

Table 3. Change in pharmacokinetic parameters (GMR with 90% CI)

SQV/RTV 1600/100mg OD ! 2000/100mg OD

GMR 90% CI GMR 90% CI

SQV Cmax 1.52 1.23–1.88 RTV Cmax 1.16 1.00–1.34
SQV Cmin 1.65 1.09–2.49 RTV Cmin 1.01 0.65–1.57
SQV AUC0–24 1.71 1.27–2.29 RTV AUC0–24 1.23 1.04–1.46

SQV/RTV 1600/100mg OD ! 1000/100mg BD

GMR 90% CI GMR 90% CI

SQV Cmax 0.97 0.70–1.33 RTV Cmax 1.57 1.17–2.11
SQV Cmin 3.99 2.47–6.43 RTV Cmin 7.11 4.22–11.98
SQV AUC0–24 1.53 1.08–2.16 RTV AUC0–24 2.27 1.75–2.93

GMR, geometric mean ratio; CI, confidence interval; Cmax, maximum observed concentration; Cmin, minimum observed concentration; AUC, area under the
curve; Tmax, time to reach Cmax; SQV, saquinavir; RTV, ritonavir; OD, once-daily; BD, twice-daily.

Table 2. Pharmacokinetic parameters (means ± S.D.)

Arm 1
(n = 10)

Day 0
SQV/RTV 1600/100mg OD

Day 7
SQV/RTV 2000/100mg OD

SQV RTV SQV RTV

Cmax (mg/L) 6.5 ± 3.59 1.49 ± 0.64 8.85 ± 3.40 1.66 ± 0.57
Cmin (mg/L) 0.32 ± 0.28 0.06 ± 0.07 0.46 ± 0.23 0.06 ± 0.04
AUC0–24 (mg·h/L) 53.95 ± 29.92 12.87 ± 5.51 82.00 ± 30.01 15.65 ± 6.47
Tmax (h) 4.80 ± 1.03 4.40 ± 2.07 5.40 ± 0.97 4.00 ± 1.89
t1/2 (h) 4.68 ± 0.76 3.95 ± 1.41 4.35 ± 0.55 3.47 ± 0.79
V/kg 7.13 ± 6.33 1.18 ± 0.67 4.04 ± 1.78 0.79 ± 0.21
CL/kg 1.03 ± 0.82 0.22 ± 0.13 0.64 ± 0.27 0.17 ± 0.09

Arm 2
(n = 10)

Day 0
SQV/RTV 1600/100mg OD

Day 7
SQV/RTV 1000/100mg BD

SQV RTV SQV RTV

Cmax (mg/L) 4.09 ± 1.84 1.39 ± 0.75 3.89 ± 2.30 2.17 ± 1.22
Cmin (mg/L) 0.28 ± 0.19 0.07 ± 0.09 1.02 ± 0.74 0.40 ± 0.28
AUC0–24 (mg·h/L) 36.62 ± 18.74 12.33 ± 5.09 55.33 ± 35.08a 28.87 ± 16.67a

Tmax (h) 5.80 ± 1.48 5.60 ± 2.95 5.20 ± 1.40 3.00 ± 1.41
t1/2 (h) 4.80 ± 0.68 4.59 ± 3.35 3.58 ± 1.50 3.50 ± 0.83
V/kg 7.04 ± 3.63 1.19 ± 1.14 3.84 ± 1.47 1.41 ± 0.51
CL/kg 0.99 ± 0.39 0.17 ± 0.06 0.80 ± 0.30 0.29 ± 0.12

Cmax, maximum observed concentration; Cmin, minimum observed concentration; AUC, area under the curve; Tmax, time to reach Cmax; t1/2, terminal half-life;
V, volume of distribution; CL, clearance; SQV, saquinavir; RTV, ritonavir; OD, once-daily; BD, twice-daily.
aAUC0–12�2.
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dosing. Conclusions regarding comparison of these two regimens
should be drawn with caution. Despite randomization, different
baseline values for weight were seen between the first and the
second arm. However, we can assume that the contribution to
the differences between the pharmacokinetics on day 0 and day
7 is low, because of intrapatient comparison.
High saquinavir levels were seen in both arms on day 7. Low

body weights at baseline in arm 1 might contribute to this effect.
The relationship between body weight and saquinavir is not
clear yet. However, an inverse correlation between body weight
and saquinavir AUC was observed in a previous study in Thai
HIV patients.13

The recommended 1000/100mg twice-daily dose can be used
in place of the 400/400mg twice-daily dosing regimen so as to
minimize side effects caused by higher doses of ritonavir.11,19 In
our study, no side effects were seen in the once-daily arm (arm
1). One patient had diarrhoea on both pharmacokinetic days, but
this did not seem to be related to the study agents. No other side
effects were reported. However, patients were tolerating saquina-
vir/ritonavir for a minimum of 4 weeks and a mean of 48 weeks
before this pharmacokinetic study. Nevertheless, as a result of
higher doses of saquinavir or ritonavir, additional side effects
might have appeared with intake for longer than 1 week.
A high pill burden is a potential disadvantage of protease

inhibitors in general. Changing the saquinavir dose from a
twice-daily to once-daily regimen increases the number of saqui-
navir capsules to be taken at the same time (from five in the
twice-daily regimen to between eight and 10 in the once-daily
regimen).
A new 500mg formulation of saquinavir is currently being

developed.20 With the new formulation, a reduction in daily pill
count can be achieved. The results from our study have shown
that 2000/100mg once-daily or 1000/100mg twice-daily would
result in more favourable pharmacokinetic parameters than the
1600/100mg once-daily dosage and presumably the new formu-
lation alternative dosage of 1500/100mg once-daily as well.
The critical pharmacokinetic parameter that best predicts

in vivo antiviral efficacy of boosted saquinavir has not been
determined. The clinical efficacy of the saquinavir/ritonavir
1000/100mg twice-daily regimen has been demonstrated in the
MaxCmin trials.21,22 There is a concern that the 1600/100mg
once-daily dose is too low compared with the recommended
1000/100mg twice-daily regimen, resulting in a lower trough

level and, consequently, an increased likelihood of selecting
drug-resistant HIV strains.
In our study, three patients on 1600/100mg once-daily had

trough levels lower than the recommended target trough level for
treatment-naive patients with wild-type virus.12 Despite these low
levels, the patients had virological suppression up to 48 weeks.
In a previous study within the HIV-NAT 001 trial series, low
trough levels were also seen with saquinavir 1600/100mg. How-
ever, patients safely switched from 1600/100mg once-daily
saquinavir soft gel caps to 1600/100mg once-daily saquinavir
hard gel caps and maintained their immunological and virologi-
cal response without additional side effects.3 Whether this means
that a lower trough level is acceptable, that the concomitant
NRTIs are of more importance or perhaps that intracellular
saquinavir concentration is the key parameter for predicting anti-
viral efficacy is difficult to say.23 Moreover, in both the pre-
viously mentioned switch study and our present study, the effects
of selection bias cannot be ruled out because patients were using
saquinavir hard gel caps 1600/100mg once-daily long term.
In conclusion, dosing of saquinavir/ritonavir as 2000/100mg

once-daily or 1000/100mg twice-daily resulted in increased
saquinavir AUC and Cmin, whereas the saquinavir Cmax only
increased when dosed as 2000mg.
Both dose-regimens can be used in clinical practice. Dosing

as 2000/100mg is an attractive option because of the conven-
ience of once-daily dosing. However, it can be hypothesized that
in patients with viral resistance, the twice-daily regimen would
result in better outcomes, because of high saquinavir levels
during the entire dosing interval.
Whether one of these regimens has better clinical efficacy

needs to be investigated in a larger clinical trial. Furthermore,
studies are required to establish whether AUC, Cmin or perhaps
another pharmacokinetic parameter should be the primary con-
sideration when evaluating pharmacokinetic values associated
with different saquinavir/ritonavir dosing regimens.
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Pharmacokinetic evaluations have indicated that teno-
fovir disoproxil fumarate (TDF) influences the plasma
levels of some co-administered protease inhibitors (PIs).
In particular, TDF has been shown to lower the plasma
Cmin of unboosted atazanavir (300 mg once daily) by
60% [1] and atazanavir/ritonavir (300/100 mg once
daily) by 23% [2]. An 11% reduction in plasma
maximum concentrations of unboosted indinavir
(800 mg three times daily) has also been reported for
TDF co-administration [3]. Tenofovir exposure is
also affected by some PIs, with a 22% increase in
tenofovir Cmin and a 24% elevation in the area under
the tenofovir concentration–time curve reported for
co-administration with unboosted atazanavir [1],
while administration with lopinavir/ritonavir elevates
these parameters by 51% and 32%, respectively [3].

It has been reported recently that TDF does not
influence saquinavir (SQV) exposure in patients taking
SQV hard gel/ritonavir (SQV-hg/r) on a twice-daily
schedule of 1000/100 mg [4]. The influence of TDF on
once-daily SQV has not been established.

We have examined the effect of TDF on SQV-hg
trough concentration in adult patients taking once-
daily SQV-hg/r (1600/100 mg) in the Staccato trial.
During May–July 2003, 14 patients (nine females)
underwent a routine assessment of SQV trough after
receiving SQV-hg/r with body weight-based doses of
stavudine (d4T; 30/40 mg twice daily) and didanosine
(ddI; 250/400 mg once daily) for at least 8 weeks
[median 24 weeks, interquartile range (IQR): 2–10
months]. In August 2003, the nucleoside background
in these patients was switched to TDF 300 mg plus

lamivudine (3TC) 300 mg once daily and SQV levels
were subsequently reassessed. Samples were drawn
immediately before the next SQV dose and 24 h after
the last SQV dose. The median time between the first
and second assessments was 6 months (IQR: 4–11
months) and the median total time on SQV-hg/r at the
second assessment was 14 months (IQR: 7–18
months). Plasma samples for analysis were taken 24 h
after the last reported dose on both occasions and
plasma SQV concentrations measured using a vali-
dated high-performance liquid chromatography assay
[5]. Differences in SQV trough before and after
switching to TDF were analysed by the Wilcoxon
signed-rank test.

There was no significant change in SQV trough
before and after switching from d4T/ddI to TDF/3TC
(median 0.28 mg/l vs 0.31 mg/l, respectively; P=0.925)
(see Table 1), and no significant change in patient body

©2004 International Medical Press 1359-6535/02/$17.00 1035

Table 1. SQV trough (mg/l) 

Before TDF After TDF
(d4T/ddI) (TDF/3TC)
n=14 n=14

Mean (SD) 0.34 (0.35) 0.48 (0.58)
Median (IQR) 0.28 (0.16–0.37) 0.31 (0.12–0.51)
% CV 103 120
% SQV ≤0.10 mg/l (n) 21.4 (3) 7.1 (1)

Trough: SQV concentration immediately before the next SQV dose and 24 h
after the last SQV dose. SD, standard deviation, IQR, interquartile range, CV,
coefficient of variation (ratio of the standard deviation to the mean).



Chapter 3: Saquinavir trough after tenofovir  29

weight between the first and second assessments was
noted that might have influenced drug levels. The
median change in trough between the first and second
assessments was +0.05 mg/l (IQR: –0.15 to +0.38).
Three subjects exhibited SQV trough levels below the
50% inhibitory concentration of wild-type HIV of
0.10 mg/l prior to switching, and one after. We
conclude, therefore, that TDF does not influence
minimum steady-state plasma concentrations of SQV
in a once-daily SQV-hg/r 1600/100 mg combination.

Source of funding

Therapeutic drug monitoring was funded by Roche.
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Objective: To assess the efficacy and safety of first-line
treatment with once-daily saquinavir/ritonavir with two
nucleoside reverse transcriptase inhibitors (NRTIs), as
induction therapy before enrollment in a randomized trial
of structured treatment interruption strategies.
Design: Two-hundred antiretroviral-naive patients with
CD4+ cell counts between 200–350 at screening were
enrolled in this open-label 24week study.
Methods: Patients were followed up every 8 weeks for
CD4+ cells, HIV RNA, and clinical and laboratory toxicities.
Results: Two-hundred patients were enrolled with
median baseline CD4+ cell count of 267 cells/µl and HIV
RNA 50 118 (4.7 log10) copies/ml. After 24 weeks of

treatment, 191 of 200 (96%) patients had below 400
copies/ml HIV RNA, with 177/200 (89%) below 50
copies/ml (intent to treat, missing equals failure method),
with a median rise in CD4+ cell count of 122 cells/µl.
There was no significant correlation between the
minimum concentration of saquinavir and HIV RNA
reductions at week 8 (P=0.957) or absolute HIV RNA at
week 24 (P=0.77).
Conclusion: First-line highly active antiretroviral therapy
(HAART) with once-daily saquinavir/ritonavir plus two
NRTIs showed strong antiviral efficacy over 24 weeks,
and should be evaluated in larger prospective randomized
clinical trials.
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Treatment guidelines recommend first-line HAART
with the combination of two nucleoside analogues
(NRTIs) plus either a non-NRTI or a boosted protease
inhibitor (PI) [1,2]. Ritonavir-boosted saquinavir is a
recommended component of first-line highly active
antiretroviral therapy (HAART) [1,2] and for treat-
ment with PIs in developing countries [3]. Saquinavir is
available in two formulations – soft gelatin capsules
(Fortovase) and hard gelatin capsules (Invirase).

Pharmacokinetic studies have shown that similar
saquinavir drug levels are achieved with the two
formulations when boosted with ritonavir at doses of
1600/100 mg once daily [4] and 1000/100 mg twice
daily [5]. The hard gelatin capsule formulation is
preferred because of its smaller size, room temperature
storage and improved tolerability; a 500mg tablet with
similar composition to the hard gelatin capsule is
recently approved for use in the United States [6].

Introduction

© 2005 International Medical Press 1359-6535 761
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However, until now the formulation used most widely
in randomized clinical trials has been the soft gelatin
capsules [7–9]. Withdrawals owing to gastrointestinal
adverse events were recorded in these studies, which
may have been associated with the excipients in the soft
gelatin saquinavir formulation used. The induction
phase of the Staccato trial in Thailand was the first
large-scale evaluation of once-daily ritonavir-boosted
saquinavir using the hard gelatin formulation. The
dosage of 1600/100 mg once daily was chosen based
on previous experience with this dosage in studies in
Thailand [10,11] and North America [9].

The pharmacokinetics of saquinavir/ritonavir at the
1600/100 mg once-daily dosage [12,13] do suggest that
a proportion of patients would have trough levels
below the minimum effective concentration of 50 ng/ml
[14]. However this minimum effective concentration
was established for unboosted saquinavir treatment.
When boosted with ritonavir, at the 1600/100 mg
once-daily dosage, higher maximum concentration
levels are achieved, and saquinavir shows strong intra-
cellular accumulation [15]. If the intracellular
saquinavir shows sustained antiviral activity when
plasma drug levels are low, the previously established
minimum effective concentration may need to be
revised. This study also re-evaluated trough saquinavir
levels in the context of a once-daily ritonavir-boosted
dosage of saquinavir hard gel capsules.

Methods

The Staccato trial is an ongoing international random-
ized evaluation of continuous versus CD4-guided
HAART, for patients with full viral suppression at
baseline. Before the randomized phase, antiretroviral-
naive patients in seven Thai centres were treated with
HAART including once-daily boosted saquinavir hard
gelatin capsules plus ritonavir, with two NRTIs, for an
induction phase of 24 weeks. Adherence to study
medication was 
monitored and assessed by dedicated staff. Patients
with HIV RNA levels below 50 copies per ml at week
24 are then randomized to continuous versus CD4-
guided treatment.

The trial enrolled HIV-1 infected, treatment-naive
adults with screening CD4+ cell counts of 200–350
cells/ml. The first 200 patients are included in this
planned analysis. The trial was approved by local and
national ethics committees, and all patients signed
written informed consent at screening. The HAART
regimen used for all patients was two nucleoside
analogues (NRTIs) plus saquinavir/ritonavir 1600/100
mg once daily. Saquinavir hard gelatin 200 mg capsules
with standard ritonavir 100 mg capsules were used.
The NRTI combination was initially d4T plus enteric-

coated ddI at standard weight-adjusted doses and was
later switched to tenofovir plus 3TC by a protocol
amendment. A total of 23 patients (11.5%) made this
switch of NRTIs by week 24, of whom four switched
because of d4T-related toxicities (peripheral
neuropathy, high lactate and/or weight loss). A phar-
macokinetic substudy showed no clinically significant
effect of the switch in NRTIs on plasma saquinavir
levels [16], and these results have been confirmed by 
independent pharmacokinetic trials [17,18].

Patients attended study visits at screening, baseline,
and weeks 8, 16 and 24. Patients were assessed for
CD4+ cell count, HIV RNA (Roche Amplicor
Ultrasensitive assay), fasting lipids, haematology, clin-
ical chemistry, adverse events and HIV disease progres-
sion. Clinical and laboratory adverse events were
graded by severity.

For pharmacokinetic assessments, samples were
taken at routine study visits, and the time of last dose
intake recorded. The HIV Netherlands Australia
Thailand Research Collaboration (HIV-NAT) was the
only study site with capability to perform pharmacoki-
netic assessments; therefore, only the patients who were
followed at HIV-NAT during the 3-month pharmacoki-
netic assessment period (n=47) had their samples
collected. Blood samples were then centrifuged at 3800
rpm for 10 min at 4oC on the day of sample collection.
Plasma saquinavir and ritonavir were measured in all
available samples by means of a validated HPLC
method. To test for a correlation between saquinavir
drug levels and HIV RNA response, Spearman’s rank
correlations were used for continuous measures, and
Chi-square tests for categorical measures.

The primary endpoint was the proportion of
patients with HIV RNA levels under 50 copies per ml
at week 24 using the intent-to-treat, missing equals
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Table 1. Baseline characteristics and patient disposition

Baseline characteristic

Age, mean years (SD) 33.94 (8.55)
Sex, male:female (%) 89:111 (44.5:55.5)
CDC class, n (%)

A 176 (88)
B 20 (10)
C 4 (2)

Median CD4+ cell count, ×106 cells/l (IQR) 267 (220–315.3)
Median HIV RNA, log10 copies/ml (IQR) 4.7 (4.2–5.1)
Patient disposition
Patients switched to TDF/3TC by week 24 (%) 23 (11.5)
Patients lost to follow-up by week 24 (%) 2 (1)
Patients still receiving SQV/r at week 24 (%) 198 (99)

A total of 200 patients were included in the analysis. IQR, interquartile range;
SQV/r, saquinavir/ritonavir; TDF, tenofovir disoproxil fumarate.
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failure method, regardless of temporary discontinua-
tions or dose modifications in the study drugs. In addi-
tion, switches in NRTI without previous virological
failure were not classified as treatment failure in this
analysis. Changes from baseline to week 24 were
analysed by the Wilcoxon signed ranks test for contin-
uous variables and the McNemar test for categorical
variables. Data were analysed using SPSS for
Windows, version 9.0 software (SPSS Inc., Chicago,
IL, USA).

Results

The first 200 patients were included in the analysis.
Baseline characteristics are shown in Table 1. Overall,
there were 89 males and 111 females, with median age
34 years and median body weight of 55 kg. Most
patients were either in CDC stage A (88%) or B (10%)
at baseline. Median baseline CD4+ cell count was 267
[interquartile range (IQR) 220–316] and HIV RNA 4.7
(IQR 4.2–5.1) log10 copies per ml.

Two of the 200 patients (1%) discontinued the trial
(owing to difficulty in complying with the follow-up
schedule). All other patients completed 24 weeks of
treatment. Nineteen of the 200 patients (9.5%) modi-
fied their HAART regimen during the trial. There were
temporary interruptions of treatment for nine patients
(three for gastrointestinal side effects, two for neuro-
logical side effects, one for mitochondrial toxicity with
weight loss and high lactate levels, three for other
reasons) and four dose reductions [all for d4T/ddI
treatment, owing to either hyperlactataemia (n=1) or
falling body weight (n=3)]. Five patients increased their
drug dosage – d4T/ddI doses were increased for three
patients owing to rising body weight, and
saquinavir/ritonavir was switched to twice-daily dosing

for two patients owing to concerns over low saquinavir
plasma levels. Finally, four patients switched NRTIs
owing to NRTI toxicity.

The median CD4+ cell count rose from 267 cells/µl at
baseline to 386 cells/µl at week 24 (P<0.001) with a
median CD4+ cell change from baseline of 122 cells at
week 24 (Figure 1). HIV RNA levels fell by a median
2.9 log10 copies per ml to week 24 (P<0.001). At week
24, 191/200 patients 96% had HIV RNA levels
suppressed below 400 copies per ml, with 177/200
(89%) below 50 copies per ml (Figure 2). High baseline
HIV RNA did not predict HIV RNA above 50 copies
per ml at week 24.

Forty-seven patients had their minimum concentra-
tion (Cmin) of saquinavir measured. The median
saquinavir Cmin was 270 ng/ml (IQR 110–550). Six of
forty-seven (12.9%) patients had saquinavir Cmin
levels below 50 ng/ml. Of these six patients with low
saquinavir Cmin, two of two (100%) and none of four
(0%) patients failed virologically at week 8 and 24,
respectively. Several analyses were conducted to inves-
tigate the correlation between saquinavir Cmin and
reductions in HIV RNA during the trial. For the 21
patients with saquinavir Cmin recorded during the
first 8 weeks of the trial, there was no correlation
between saquinavir Cmin and the log10 reduction in
HIV RNA from baseline to week 8 (r=0.012,
P=0.957). Whether patients had higher or lower
saquinavir Cmin compared with the median value, the
HIV RNA reductions were the same (Table 2). For 47
patients with saquinavir Cmin recorded at any time
during the 24 week trial, there was no correlation
between saquinavir Cmin and the HIV RNA level
achieved at week 24 (r=–0.043, P= 0.777) or with
body weight (r=–0.024, P=0.872). These 47 patients

Figure 2. Proportion of patients with HIV RNA levels under
50 copies per ml (solid line) and under 400 copies per ml
(dotted line) versus time

Figure 1. Median CD4+ cell change from baseline

300

200

100

0

-100

-200

Time (weeks)

0 8 16 24

M
ed

ia
n

CD
4+

ce
ll

ch
an

ge

100

75

50

25

0

Time (weeks)

0 8 16 24

H
IV

RN
A

Antiviral Therapy 10:6 763

Once-daily boosted saquinavir in antiretroviral-naive patients



Chapter 4: Efficacy of saquinavir/ritonavir-based HAART 35

had similar median HIV RNA at time of saquinavir
Cmin (1.7 log10) and mean body weight (59.3 kg) as
the whole cohort.

There were no CDC C (AIDS-defining) events
during the 24-week trial. Adverse events of Grade 1
(mild) or Grade 2 (moderate) severity were recorded
for 76 patients (38%) and 16 patients (8%), respec-
tively. Of the adverse events recorded, the majority
were gastrointestinal (34%; diarrhoea, nausea or
vomiting) or neurological (15%; predominantly
peripheral neuropathy). There were no adverse events
of Grade 3 or 4 (serious or life-threatening) severity
recorded, and no patients permanently 
withdrew from the trial owing to adverse events.

Discussion

In this 24-week study of 200 antiretroviral-naive
Thai patients, treatment with two NRTIs plus once-
daily saquinavir/ritonavir led to HIV RNA suppres-
sion <400 copies per ml for 96% of patients and
RNA levels below 50 copies per ml for 89% of
patients, with a median rise in CD4+ cell count of 122
cells/µl. These results compare favourably with the
efficacy seen for non-NRTI-based HAART [19,20] or
boosted-PI-based HAART [21,22] as well as boosted
saquinavir soft gelatin capsules in antiretroviral-expe-
rienced Thai patients [11]. The lack of correlation
between plasma saquinavir drug levels and HIV RNA
reductions suggests that, using the 1600/100 mg once-
daily dosage, saquinavir exposure is high enough to
achieve viral suppression for this population of anti-
retroviral-naive Thai patients. Almost half of the
patients experienced antiretroviral-related side
effects. Although the side effects were mostly mild,
they may affect the efficacy and adherence to this
regimen in longer follow-up.

The Thai treated population is typically highly
adherent to treatment. Patient adherence was monitored
closely with adherence support in this trial. Strong effi-

cacy has been seen for trials of other HAART regimens
among Thai patients [11,23]. Even so, the efficacy seen
in this trial of boosted-saquinavir-based HAART also
compares favourably with the on-treatment analysis
from clinical trials of HAART in North America and
Europe, including only those who remained on random-
ized treatment [6,19].

Previous randomized trials of boosted saquinavir
have evaluated the soft gelatin formulation, which
contains an excipient (capmul) that is associated with
additional gastrointestinal side effects in a randomized
study [5]. This may explain the results from some of
the randomized trials. In the FOCUS trial, comparing
once-daily soft gelatin saquinavir/ritonavir with
efavirenz, the on-treatment analysis for the two arms
was similar, whereas there were excess withdrawals for
gastrointestinal adverse events in the saquinavir arm,
leading to inferiority of the saquinavir arm in 
the intent-to-treat analysis [9]. Similarly, in the
MaxCmin2 trial, comparing twice-daily soft-gelatin
saquinavir/ritonavir with lopinavir/ritonavir, the
antiviral efficacy was similar in the two arms in the on-
treatment analyses, whereas a difference in withdrawal
rates (mainly for mild to moderate gastrointestinal
toxicity in the saquinavir arm) led to a lower overall
response rate in the boosted saquinavir arm in the
intent-to-treat analysis [8]. The absorption of
saquinavir/ritonavir is depended on food, which may
affect treatment adherence.

Higher efficacy has been correlated with lower pill
count [24]. A 500 mg formulation of saquinavir was
recently approved by the US Food and Drug
Administration. It has been found to lower the daily
pill count for saquinavir by 60% and is similar in
composition to saquinavir hard gel capsules [6].
However, this formulation needs to be evaluated in
randomized clinical trials versus other boosted PIs, to
determine whether lower pill count and better-toler-
ated formulation can indeed improve the overall treat-
ment efficacy of boosted saquinavir.

The saquinavir drug levels achieved for Thai patients
[4,10], measured as either area under the curve (AUC)
or Cmin, appear to be higher than those seen in studies
of Caucasian patients [13]. The cause of this apparent
difference is unknown, but may include a lower body
weight, different routine food intake, or possibly
genetic factors. Given this apparent difference in phar-
macokinetics, a typical Caucasian patient may need to
take a once-daily saquinavir/ritonavir dosage of
2000/100 mg, to achieve a similar AUC and Cmin to a
typical Thai patient given the 1600/100 mg once-daily
dosage [10,13]. With the new 500 mg formulation of
saquinavir, a lower dosing of saquinavir/ritonavir
1500/100 once daily may be acceptable for Thai
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Table 2. Comparison of median HIV RNA reduction at week 8
(n=21) and week 24 (n=19) in two groups of patients 

Saquinavir Cmin
HIV RNA reduction High Cmin* Low Cmin** 

HIV RNA reduction at –2.32 (–2.54 to –2.04) –2.41 (–2.57 to –2.26)
week 8, median (IQR)

HIV RNA reduction at –3.0 (–3.49 to –2.60) -2.79 (–2.99 to –2.43)
week 24, median (IQR)

*Patients with a minimum concentration (Cmin) of saquinavir higher than the
median value (n=13 at week 8 and n=12 at week 24). **Patients with
saquinavir Cmin lower than the median value (n=8 at week 8 and n=7 at week
24). Median saquinavir Cmin for all patients is 0.27 mg/L.
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patients. Saquinavir/ritonavir is approved and used
most frequently at the dose of 1000/100 mg twice daily.
A study that is currently enrolling will compare this
dose versus lopinavir/ritonavir 400/100 mg twice daily
in antiretroviral-naive HIV patients. The nucleosides
for this study are tenofovir/emtricitabine in both arms.
There are several smaller investigator-initiated studies
either ongoing or in the planning stages for
saquinavir/ritonavir once daily in Europe and North
America. These studies are using the 2000/100 mg
once-daily dose.

Other studies have shown no significant correlation
between plasma saquinavir drug levels and efficacy –
in the FOCUS trial, the saquinavir Cmin did not corre-
late with HIV RNA reductions or the likelihood of
HIV RNA undetectability [25]. In the MaxCmin1
trial, virological failure did not correlate with
saquinavir trough levels, grouped as quartiles [26]. In
the era of unboosted saquinavir, a subset of patients
was identified with long-term HIV RNA suppression
despite low plasma saquinavir drug levels [27].
However, in these studies, as well as the Staccato
induction trial, samples were collected for drug level
evaluation without prior observed dosing, or control
for food intake, which can influence saquinavir
plasma levels [28]. A similar lack of correlation
between drug levels and HIV RNA response was also
seen in a randomized trial of lopinavir/ritonavir for
treatment-naive patients [29]. Saquinavir is known to
achieve higher concentrations within cells than
plasma, and has a longer half-life within cells at the
1600/100 mg once-daily dosage [15]. For PI-naive
patients, the intracellular saquinavir level 24 h after
dosing may still be sufficient to allow persistent viral
suppression, even when plasma levels are suboptimal.
However, this effect may not be true for treatment of
PI-experienced patients, in which higher drug levels
may be required.

In summary, first-line HAART including once-daily
saquinavir/ritonavir and two NRTIs achieved strong
antiviral efficacy at week 24, which appeared to be
independent of the plasma saquinavir Cmin levels for
this dosage. This once-daily combination should be
evaluated in new randomized trials, including the new
500 mg formulation of saquinavir.
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Incidence and risk factors for rash in Thai patients
randomized to regimens with nevirapine,

efavirenz or both drugs

Jintanat Ananworanicha, Zewlan Moora, Umaporn Siangphoea,

Jason Chana, Peter Cardielloa, Chris Duncombea,

Praphan Phanuphaka,b, Kiat Ruxrungthama,b,

Joep Langea,c and David A. Coopera,d

Objective: To determine the incidence and risk factors for rash in Thai patients taking
four different non-nucleoside reverse transcriptase inhibitor (NNRTI)-based regimens.

Methods: HIV-positive, antiretroviral-naive patients enrolled in the 2NN study in
Thailand and followed for at least 1 week were included. Patients were randomized
to efavirenz (EFV) 600 mg once daily (OD) versus nevirapine (NVP) 200 mg twice daily
(BD) versus NVP 400 mg OD versus NVP 400 mg OD þ EFV 800 mg OD with
stavudine/lamivudine.

Results: Of 202 patients, 95 (47%) and 69 (34.2%) developed a rash from all reasons and
from NNRTI, respectively. For NNRTI-related rash the incidences were EFV (20%), NVP
BD (21%), NVP OD (38%) and NVP þ EFV (67%). The proportions of patients with grade
I, II and III within the four treatment arms are as follows: EFV, 4.3, 13 and 2.9%; NVP BD,
2.3, 15.9 and 2.3%; NVP OD, 12.8, 19.1 and 6.4%; and NVP þ EFV, 11.9, 47.6 and
7.1%. Multivariate analyses showed females with CD4 cell count �250 � 106 cells/l,
high body mass index (>21.3 kg/m2), and a rise in CD4 (�53 � 106 cells/l) and alanine
aminotransferase (ALT) (�34 U/l) at week 4 to be risk factors for rash.

Conclusions: Thai patients had a high incidence of NNRTI-related rash when treated
with NVP þ EFV or NVP OD. NVP if used BD had the same rash incidence as EFV for
rash of all grades. Females, and persons with earlier HIV disease or with a large rise in
CD4þ cell count after starting therapy are at greater risk for NNRTI-related rash

� 2005 Lippincott Williams & Wilkins
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Keywords: rash, non-nucleoside reverse transcriptase inhibitor, efavirenz,
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Introduction

Nevirapine (NVP) and efavirenz (EFZ) arenon-nucleoside
reverse transcriptase inhibitors (NNRTI) most commonly

used as components of first line antiretroviral (ARV)
regimens worldwide. Rash is the most common adverse
drug reaction associated with NVP, with an incidence of
about 20% [1–4]. Rash has also been associated with EFV,
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although to a lesser extent. Most patients develop rash
between the first and third week of treatment [3–5].

How race affects the development of NNRTI-related
rash is unknown. High incidence of rash in Asians has
been reported [6]. In our clinical practice, we have also
noticed that many of our patients have rash from NVP
and EFV. As NNRTI-based ARV therapy is being used as
the mainstay of therapy in Thailand and many other
countries, the evaluation of the incidence and risk factors
for NNRTI-related rash in the Asian population is
critical.

Therefore, we conducted an evaluation in Thai patients
enrolled and randomized to four different NNRTI
regimens as part of the 2NN study. We investigated the
incidence, characteristics, severity and treatment of rash
and the outcome after continuing or switching to a
different NNRTI.We looked for the risk factors that may
predict the occurrence of rash.

Methods

HIV-positive ARV-naive patients (n ¼ 210) were rando-
mized into four treatment arms in the 2NN study in
Thailand. The design and results of the 2NN study are
described in detail elsewhere [7]. Briefly, the study
compared the efficacy of EFV 600 mg once daily (OD)
versus NVP 200 mg twice daily (BD) versus NVP 400 mg
OD versus NVP 400 mg OD þ EFV 800 mg OD in
combination with stavudine and lamivudine. Nevirapine
was given at half-dose (200 mg OD) during the first 2
weeks in all patients. Data from 202 patients were
included in this analysis. Eight patients were excluded
because they had less than 1 week of follow up. The 2NN
study was approved by the Institutional Review Board at
Chulalongkorn University.

For this analysis, the following baseline and weeks 2, 4, 8,
12, 24 data were used: demography, Centers for Disease
Control (CDC) clinical classification, adverse events,
CD4, HIV-RNA, liver enzymes [alanine aminotransfer-
ase (ALT) and g-glutamyltransferase (GGT)]. The out-
patient charts of the six patients with serious adverse
events were reviewed.

During the study, all cases of rash were documented in
detail. According to the 2NN protocol, causality and
severity of rash were determined as follows: (1) causality
determined as relationship to NNRTI: unlikely, possible,
probable, definite; (2) severity determined as Level I:
erythema; Level IIA: diffuse maculopapular rash; Level
IIB: urticaria; Level III: rash þ constitutional symptoms,
angioedema, serum sickness-like reactions, Stevens
Johnson syndrome; Level IV: toxic epidermal necrolysis.
Treatment for rash was recorded. NNRTI was docu-

mented as a cause for rash if it had at least a possible
relationship to NNRTI.

The primary outcome was incidence of NNRTI-related
rash. Secondary outcome was risk factors for NNRTI-
related rash.

Statistical analysis
Analysis of variance (ANOVA) test and Kruskal–Wallis
test were used to compare continuous outcomes while
Student t-test and Mann–Whitney U-test were used to
compare two groups. The percentage differences in each
outcome were evaluated by chi-square test and Fisher’s
exact test. Paired t-test and Wilcoxon signed ranks test
were used for continuous outcomes and McNemar test
for dichotomous outcomes. Logistic regression models
were used to compare rates of rash between randomized
treatment groups, both unadjusted and adjusted for other
factors. To ensure that treatment comparisons are adjusted
for any possible baseline imbalances, the multivariate
analyses presented are adjusted for all other factors
regardless of whether they were themselves statistically
significant. Further analyses, only including variables in
multivariate analyses that remained statistically significant,
were also performed and gave similar results (not
presented). Percentile and median values were used to
group predictive factors. The odds ratio for each
independent variable was determined from logistic
regression coefficients. Our sample size gave 80% power
to detect an increase of at least 28% in the NNRTI-
related rash incidence between the arm predicted to have
the least rash (EFV) and the arm predicted to have the
most rash (NVP þ EFV). Statistical Product and Service
Solutions (SPSS) for Windows, version 9.0 software
(SPSS Inc., Chicago, Illinois, USA) was used. All tests and
confidence intervals (CI) were considered to be
significant at P � 0.05 (two-sided).

Results

Baseline characteristics
Of the 210 patients enrolled in the 2NN trial in Thailand,
202 were included for this analysis. The eight patients
excluded had less than 1 week of NNRTI: six did not start
at all and two elected to stop after 3 days. Of the 202
patients included, the number of patients randomly
allocated to the four arms were EFV 600 mg OD
(n ¼ 69), NVP 200 mg BD (n ¼ 44), NVP 400 mg OD
(n ¼ 47), NVP þ EFV (n ¼ 42). Table 1 shows matched
baseline characteristics between arms for number of
patients, gender, mean body weight, height and body
mass index (BMI). Patients randomized to the EFV OD
and NVP BD arms had more advanced clinical HIV
disease, lower CD4 cell count and higher ALT than the
other two arms. The median HIVRNAwas higher in the
NVP BD and NVP OD arms.

186 AIDS 2005, Vol 19 No 2
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Incidence and characteristics of NNRTI-related
rash
Ninety-five (47%) and 69 (34%) of 202 patients had rash
from all reasons and from NNRTI respectively. Of these,
69 (34%) were considered to be due to NNRTI (Fig. 1).

More patients in the NVP þ EFVarm had rash regardless
of cause. The EFVandNVPBDarms had similar but lower
incidence ofNNRTI-related rash than the other two arms.
Reasons other than NNRTI for rash were HIV-related
(n ¼ 5), food allergy (n ¼ 2), viral infection (n ¼ 1), fungal
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Table 1. Baseline characteristics of all patients (nU 202a).

Characteristics EFV 600 mg OD NVP 200 mg BD NVP 400 mg OD
NVP 400 mg þ EFV
800 mg OD Total

n (%) 69 (34.2) 44 (21.8) 47 (23.3) 42 (20.8) 202 (100)
Gender (M : F)

n (%)
39:30 (56.5:43.5) 26:18 (59.1:40.9) 21:26 (44.7:55.3) 25:17 (59.5:40.5) 111:91 (55:45)

Mean age
(years) (SD)

32.3 (6.0) 36.0 (7.4) 33.2 (7.9) 31 (5.7) 33.0 (6.9)

Mean body
weight
(kg) (SD)

57.9 (10.8) 57.6 (11.1) 56.8 (11.7) 59.3 (10.2) 57.9 (10.9)

Mean height
(cm) (SD)

164.4 (9.6) 163.6 (8.6) 161.5 (8.7) 164.4 (9.6) 163.6 (9.0)

Mean BMI
(kg/m2) (SD)

21.4 (3.4) 21.4 (3.2) 21.7 (3.5) 21.8 (2.6) 21.6 (3.2)

CDC class n (%)
A 30 (43.5) 15 (34.1) 23 (48.9) 28 (66.7) 96 (47.5)
B 20 (29) 18 (40.9) 20 (42.6) 10 (23.8) 68 (33.7)
C 19 (27.5) 11 (25) 4 (8.5) 4 (9.5) 38 (18.8)

Median CD4
cell count
(cells � 106/l)
(IQR)

108 (35.0–244.9) 68 (22.2–146.6) 165.6 (42.9–276.4) 176.4 (121.5–303.9) 130 (42.5–255.1)

Median HIV-RNA
(log10 copies/ml)
(IQR)

4.7 (4.4–5.5) 4.8 (4.6–5.7) 4.7 (4.4–5.3) 4.6 (4.2–4.9) 4.7 (4.4–5.5)

ALT (U/l) 28 (18–41) 32.5 (23.5–48.5) 21 (15–35) 25 (16–35.3) 27 (18–40)

EFV, efavirenz; BD, twice daily; BMI, body mass index; CDC, Centers for Disease Control and Prevention; IQR, interquartile range; ALT, alanine
aminotransferase. aInitially 210 patients enrolled in the study. Eight patients with less than 1 week on non-nucleoside reverse transcriptase inhibitor
(NNRTI)-based highly active antiretroviral therapy were excluded: six did not start treatment, two elected to stop nevirapine (NVP) 200 mg once
daily (OD) after 3 days.

Fig. 1. Incidence and grades of NNTRI-related rash within the four treatment arms. P-value represents the difference in
percentage of patients with different grades of non-nucleoside reverse transcriptase inhibitor (NNRTI)-related rash within each
treatment arm (by chi-square test). EFV, efavirenz; NVP, nevirapine; OD, once daily; BD, twice daily.
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infection (n ¼ 1), contact dermatitis (n ¼ 2), other drug
allergy (n ¼ 4) and other dermatitis (n ¼ 11).

Table 2 shows the characteristics of NNRTI-related rash.
No patient had grade IV rash and most had grade II
(52.1%). Patients treated with NVP þ EFV had sig-
nificantly more urticaria. There were slightly more
patients on EFVandNVP BDwho had grade III rash than
the other two arms. Grade III rash included Stevens
Johnson syndrome (n ¼ 2), angioedema (n ¼ 1), exten-
sive rash and constitutional symptoms (n ¼ 4) and serum
sickness-like reaction (n ¼ 4). Prodromal symptoms were
seen more with EFV and NVP OD. Median onset and
duration of rash were not different between arms;
however, it took slightly longer to develop a rash with
NVP BD. Once a rash occurred, most patients were
treated with antihistamines and only one received
corticosteroids. After the initial rash, the decision to
continue the same NNRTI or switch to a different

NNRTI did not differ significantly between arms,
although, there was a trend towards more patients on
NVP being switched to EFV than vice versa. In one-third
of the patients on NVP þ EFV with rash, NVP was
stopped and only EFV was continued. Histories of drug
allergy and atopy were documented in 18 (26.1%) and
nine (13%) patients, respectively, without any significant
differences between arms. Of the 69 patients who had
NNRTI-related rash, at week 4, 11 (16%) had ALTabove
five times the upper normal limits. Seven were taking
NVP OD and four were taking NVP þ EFV.

Fig. 2 shows the percentage of patients with and without
recurrent rash, grouped according to whether they
continued on the same NNRTI or switched to a different
NNRTI. Recurrent rash was defined as a new rash that
occurred after resolution of the previous rash. The
median time between thesewas 16 days [interquartile range
(IQR), 7–14]. Overall, most patients who continued the

188 AIDS 2005, Vol 19 No 2

Table 2. Characteristics of non-nucleoside reverse transcriptase inhibitor (NNRTI)-related rash (n U 69).

Type
EFV 600 mg
OD (n ¼ 14)

NVP 200 mg
BD (n ¼ 9)

NVP 400 mg
OD (n ¼ 18)

NVP 400 mg
OD þ EFV 800 mg

OD (n ¼ 28) Total (n ¼ 69) P-value

Grade I (erythema) 3 (21.4) 3 (33.3) 8 (44.4) 8 (28.6) 22 (31.9) 0.208
Grade IIA (diffuse maculopapular rash) 5 (35.7) 2 (22.2) 4 (22.2) 4 (14.3) 15 (21.7) 0.737
Grade IIB (urticaria) 2 (14.3) 1 (11.1) 5 (27.8) 13 (46.4) 21 (30.4) 0.001
Grade IIIa 4 (28.6) 3 (33.3) 1 (5.5) 3 (10.7) 11 (14.4) 0.631
Grade IVb 0 0 0 0 0
Presence of prodromalc symptoms n (%) 5 (45.5) 0 4 (36.4) 2 (18.2) 11 (21.2) 0.037
Median onset of rash (days) (IQR) 10 (8–14) 21 (14–25) 15 (11–23) 10 (8–12) 11 (9–16) 0.126
Median duration of rash (days) (IQR) 8 (7–26) 12 (9–17) 10 (5–18) 13 (6–19) 12 (7–19) 0.956

Medication for rash treatment n (%)
Corticosteroids 0 0 0 1 (3.6) 1 (1.4) NS
Antihistamines 9 (6.24) 5 (55.5) 12 (66.6) 25 (89.2) 51 (73.9) 0.001

aGrade III is defined as grade I, II þ constitutional symptoms or angioedema or serum sickness-like reaction or Stevens Johnson Syndrome. Of the
11 patients with grade III rash, two had Stevens Johnson syndrome [one each in nevirapine (NVP) twice daily (BD) and NVP once daily (OD)
groups]). bToxic epidermal necrolysis. cProdromal symptoms are symptoms that occurred before the onset of rash. Examples are malaise, pruritus,
fever and myalgia. EFV, efavirenz; IQR, interquartile range.

Fig. 2. Number of patients with and without rash when continued or switched to a different non-nucleoside reverse
transcriptase inhibitor (NNRTI) stratified by treatment arms (n ¼ 69). Recurrent rash: new rash that occurred after resolution
of the previous rash (median time between rash was 16 days [interquartile range (IQR)], 7–14). Continued NNRTI: the same
NNRTI regimens were continued with or without interruption. Switched NNRTI: For the efavirenz (EFV) once daily (OD),
nevirapine (NVP) twice daily (BD), NVP OD arms, the NNRTI was switched to the other NNRTI. No delavirdine was used. For the
NVP þ EFV arm, NVP was stopped and only EFV was continued.
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same NNRTI did not have a recurrent rash. However, for
those who switched, the NVP OD and BD patients
appeared to tolerate EFV better (rash in one of 12
patients) than the EFV patients who switched to NVP
(rash in two of three patients). When only EFV was
continued in the NVP þ EFV arm, seven of 10 patients
did not develop recurrent rash.

Risk factors for NNRTI-related rash
Factors that may contribute to NNRTI-related rash are
explored and shown in Table 3. There were no differences
in the gender, mean age and mean BMI between the
patients with and without rash. Baseline CDC B, CDCC
and low ALTwere risk factors for rash but CD4 count was
not. An interesting finding was seen after 4 weeks of
treatment in that a larger rise in CD4 cell count, ALTand
GGT predicted the occurrence of rash. A drop in HIV
RNA by less than 2 logs at week 4 also predicted rash.
These factors were evaluated for study weeks 2, 8, 16 and
24 and no statistical significant differences were seen in
the patients who did and did not have rash.

In the univariate analysis (Table 4), with the EFV arm as
the reference group, NVP OD and NVP þ EFV
treatments were significantly more likely to cause rash.
The risk of rash was similar in the EFV and NVP BD
arms. Patients with CDC Awere more likely to have rash
than patients with CDC B and CDC C disease. Gender,
BMI and a baseline CD4 cell count greater or less than
250 � 106 cells/l were not associated with the develop-

ment of rash. Similar to findings in Table 3, a larger rise in
CD4 cell count and a smaller drop in HIV RNA after
4 weeks of treatment were risk factors for rash. However,
higher ALTwas not a risk factor. We further investigated
combinations of factors that have been shown by others to
be risk factors for hypersensitivity due to NVP, CD4
�250 � 106 cells/l, CDC A, female gender, we did not
find these to predict rash.

The multivariate analysis (Table 4) confirmed that
patients treated with NVP OD and NVP þ EFV were
at more risk for rash. The rise in CD4 (�53 cells) and
ALT (�34 U/l), and the HIV RNA drop of less than
2 logs at week 4 were also risk factors. CDC A no longer
achieved statistical significance in predicting rash.
Interestingly, a higher risk was observed in those with
higher BMI and in women with CD4�250 � 106 cells/l.

Serious adverse events
There were six patients (2.9%) who developed NNRTI-
related serious adverse events, as defined by hospitaliza-
tion or death. Four were women and five were treated
NVP: namely three taking NVP OD and two taking
NVP BD. All patients were hospitalized and one died.
Two patients had Stevens Johnson syndrome (one each in
the NVP OD and NVP BD arms) and three had a serum
sickness-like reaction with fever and rash (One each in the
NVP OD, NVP BD and EFV arms). One patient with
underlying congenital heart disease (ventral septal defect)
died of heart failure during hospitalization for rash and
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Table 3. Comparison of type of non-nucleoside reverse transcriptase inhibitor (NNRTI), demographic data, Centers for Disease Control and
Prevention (CDC) class, CD4, log HIV RNA, liver function tests in patients with and without NNRTI-related rash.

Factors With rash (n ¼ 69) Without rash (n ¼ 133) P value

NNRTI
EFV 600 mg OD 14 (20.3) 55 (41.4)
NVP 200 mg BD 9 (13) 35 (26.3)
NVP 400 mg OD 18 (26.1) 29 (21.8)
NVP 400 mg OD þ EFV 800 mg OD 28 (40.6) 14 (10.5)

Gender M:F, n (%) 36:33 (52.2:47.8) 75:58 (56.4:43.6) 0.655
Mean age (years) (SD) 32.6 (5.9) 33.3 (7.4) 0.482
Mean BMI (kg/m2) (SD) 21.3 (3.06) 21.7 (3.3) 0.483

CDC class n (%)
A 40 (58) 52 (42.1)
B 19 (27.5) 49 (36.8)
C 10 (14.5) 21 (21.1)

CD4 (week 0) 128 (52.3–291.1) 131 (34.8–246.4) 0.274
CD4 increase (week 4) 79.8 (33.2–148.4) 47.6 (6.1–99.6) 0.003
Log HIV RNA (week 0) 4.7 (4.4–5.2) 4.7 (4.4–5.6) 0.400
Log HIV RNA change group(week 4) �2.1 (�2.5 to �1.8) �2.4 (�2.8 to 2.0) 0.003
>�2.55 27 (43.5) 34 (27.4) 0.370
�2.55 to �2.04 21 (33.9) 42 (33.9) 0.008
<�2.04 14 (22.6) 48 (38.7) <0.001

ALT (week0) 23 (15–33.5) 28 (19.5–42) 0.032
ALT increase (week 4) 35 (26–77) 32 (20–47.5) 0.031
GGT (week 0) 29 (17.5–39.5) 33 (20–63) 0.196
GGT increase (week4) 72 (44–346) 58 (38–109) 0.014
Total bilirubin (week 0) 0.39 (0.30–0.54) 0.38 (0.29–0.52) 0.538
Total bilirubin change (week 4) �0.06 (�0.18 to 0.07) �0.11 (�0.19 to �0.01) 0.009

All laboratory results are expressed as median [interquartile range (IQR)]. Units expressed are as follows: CD4 (cells � 106/l), alanine
aminotransferase (ALT) (U/L), g-glutamyltransferase (GGT) (U/L), total bilirubin (mmol/l). BMI, body mass index; EFV, efavirenz; NVP, nevirapine;
OD, once daily; BD, twice daily.
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severe liver toxicity from NVP. All the other patients on
NVP except one were switched to EFVand did not have
recurrent rash. The single patient on EFV did well after
having EFV temporarily stopped.

Discussion

The overall incidence of rash in our patient population
was high in comparison with most reports [1,4,5,8].
Treatments with NVP þ EFV and NVP OD were
associated with the highest risk for rash with incidences
of 67 and 38%, respectively. The former is the highest
incidence ever reported to our knowledge. The latter is
closer to the incidence when NVP was used without the
2-week half-dose lead-in period even though all our
patients had a lead-in dosing period [2,9]. Both the EFV
andNVP BD treatments had a similar incidence of rash of
20% which was not higher than most reported cohorts
[1,3,10,11].

Most occurrences of rash were mild and required
treatment with antihistamines only. There were more
patients who had urticaria from NVP þ EFV, otherwise,
the severity did not significantly differ between treatment
arms. Nevertheless, we were surprised that one-third of
the patients with rash in the EFVand the NVP BD arms
had a grade III rash. This poses some concerns as these
two regimens are the most widely used. Hepatotoxicity
(ALT five or more times the upper normal limits) was
seen in 16% of patients with rash and only in those on
NVP OD and NVP þ EFV. Similar to other reports,
serious adverse events were uncommon in our patients
[3,12–14].

We evaluated the decisions taken at the time of
development of rash and found that most patients
continued on the same regimen and did well. Never-
theless, we found a trend towards more patients with
NVP-related rash being switched to EFV than vice versa.
This is probably due to physician’s beliefs that EFV-related
rash is generally less common. There is little guidance on
what to do when such events occur [3]. We found that
only one of 12 patients who switched from NVP to EFV
had rash whereas switching from EFV to NVP resulted in
rash in two of three patients. Confirmation of this trend
requires a larger cohort.

Treatments with NVP þ EFV and NVP OD were risk
factors for rash development. In the multivariate analysis
in which all factors including type of treatments were
controlled, we found that having BMI above the median
value (21.3 kg/m2) posed a greater risk for rash from
NNRTI. Persons of small stature such as Thais may be
predisposed to having high drug levels during standard
dosing of antiretroviral drugs. We have shown Thai
patients to have higher levels of ritonavir-boosted

saquinavir than Caucasians and Blacks [15,16]. Even if
this holds true for NNRTI, it is still unknown whether
higher NNRTI plasma concentrations correlate with rash
occurrence [9,17]. The fact that our patients with higher
BMI were at more risk for rash contradicts this.

An increased incidence and severity of NVP hypersensi-
tivity in women, especially during pregnancy, has been
reported (Viramune package insert; Boehringer Ingel-
heim Pharmaceuticals, Inc., Ridgefield, Connecticut,
USA) [10,18,19]. Women also have a higher incidence of
rash from other antiretroviral drugs [20]. In our study,
women with baseline CD4 cell count �250 � 106 cells/l
were more likely to have rash, and four of six patients with
serious adverse events were women. Whether this is due
to a hormonal effect or gender-related differences in
cytochrome P450 metabolism or body size is not known.
Previous reports have suggested that persons with a higher
baseline CD4 cell count are likely to develop rash from
NVP [8,10,21]. In our analysis, a CD4 cell count
�250 � 106 cells/l was associated with a higher risk but
only in women. However, persons with CDC A were
more likely to have rash, and patients in the EFVand the
NVP BD arms who overall had a much lower baseline
CD4 cell count and more advanced HIV disease
developed less rash. Essentially, the evidence points
towards a greater risk of NNRTI-related rash in persons
with better preserved immune function.

The mechanism of NNRTI-related rash is unclear.
Current animal and human data suggests a cell-mediated
immune mechanism [3,22]. The lower risk of rash in
patients with lowerCD4 cell count is consistentwith other
reports suggesting a mechanism of immune tolerance in
those with a higher degree of immunodeficiency
[10,20,21]. Our patients who had a rapid CD4 recovery
were at a higher risk for developing rash. This is similar to
those who are at risk for immune reconstitution syndrome
[23]. We hypothesize that the rapid reversal of immune
dysfunction caused an immune response towards NNRTI
antigens and manifested itself in rash and elevated ALT.

Ethnicity has also been reported to be a risk factor,
although this remains controversial. A higher incidence of
NVP-associated rash was reported in Hispanics [24]. In a
small cohort ofChinese, five of eight (62.5%) had rash from
NVP [6]. Our patients had a higher incidence of NNRTI-
related rash only if NVPOD and NVP þ EFV were used.
The importance of histocompatibility leukocyte antigens
(HLA) in the pathogenesis of hypersensitivity has been
demonstrated for abacavir and other drugs [25,26]. Further
studies that carefully examine HLA and relevant epitopes
would help determine the underlying mechanisms of
NNRTI hypersensitivity.

In conclusion, our population had a higher incidence of
NNRTI-related rash than most published cohorts did
when treated with NVP OD and NVP þ EFV but not

NNRTI-related rash Ananworanich et al. 191
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with NVP BD or EFV alone. If used, NVP BD did not
cause more rash than EFV. Women with CD4 cell count
�250 � 106 cells/l, and those with baseline CDC A and
higher BMI were more likely to develop rash. A rise in
CD4 cell count and transaminases 4 weeks after treatment
were risk factors for NNRTI-related rash.

Acknowledgement

We are grateful to Dr. Matthew Law for his advice
regarding the statistical analysis.

Sponsorship: The 2NN study was funded by Boehrin-
ger-Ingleheim.

References

1. Pollard RB, Robinson P, Dransfield K. Safety profile of nevir-
apine, a nonnucleoside reverse transcriptase inhibitor for the
treatment of human immunodeficiency virus infection. Clin
Ther 1998; 20:1071–1092.

2. Barreiro P, Soriano V, Casas E, Estrada V, Tellez MJ, Hoetel-
mans R, et al. Prevention of nevirapine-associated exanthema
using slow dose escalation and/or corticosteroids. AIDS 2000;
14:2153–2157.

3. Carr A, Cooper DA. Adverse effects of antiretroviral therapy.
Lancet 2000; 356:1423–1430.

4. Anon. Viramune package insert. Ridgefield, CT: Boehringer
Ingelheim Pharmaceuticals, Inc, January 2004.

5. Anon. Sustiva package insert. Princeton, NJ., USA: Bristol
Myers Squibb Company, June 2003.

6. Ho TT, Wong KH, Chan KC, Lee SS. High incidence of
nevirapine-associated rash in HIV-infected Chinese. AIDS
1998; 12:2082–2083.

7. van Leth F, Phanuphak P, Ruxrungtham K, Baraldi E, Miller S,
Gazzard B, et al. Comparison of first-line antiretroviral ther-
apy with regimens including nevirapine, efavirenz, or both
drugs, plus stavudine and lamivudine: a randomised open-
label trial, the 2NN Study. Lancet 2004; 363:1253–1263.

8. Montaner JS, Cahn P, Zala C, Cassetti LI, Losso M, Hall DB,
et al. Randomized, controlled study of the effects of a short
course of prednisone on the incidence of rash associated with
nevirapine in patients infected with HIV-1. J Acquir Immune
Defic Syndr 2003; 33:41–46.

9. Havlir D, Cheeseman SH, McLaughlin M, Murphy R, Erice A,
Spector SA, et al. High-dose nevirapine: safety, pharmacoki-
netics, and antiviral effect in patients with human immuno-
deficiency virus infection. J Infect Dis 1995; 171:537–545.

10. Antinori A, Baldini F, Girardi E, Cingolani A, Zaccarelli M, Di
Giambenedetto S, et al. Female sex and the use of anti-allergic
agents increase the risk of developing cutaneous rash asso-
ciated with nevirapine therapy. AIDS 2001; 15:1579–1581.

11. Cozzi-Lepri A, Phillips AN, d’Arminio Monforte A, Piersantelli
N, Orani A, Petrosillo N, et al. Virologic and immunologic
response to regimens containing nevirapine or efavirenz in
combination with 2 nucleoside analogues in the Italian

Cohort Naive Antiretrovirals (I.Co.N.A.) study. J Infect Dis
2002; 185:1062–1069.

12. Montaner JS, Reiss P, Cooper D, Vella S, Harris M, Conway B,
et al. A randomized, double-blind trial comparing combina-
tions of nevirapine, didanosine, and zidovudine for HIV-
infected patients: the INCAS Trial. Italy, The Netherlands,
Canada and Australia Study. JAMA 1998; 279:930–937.

13. Staszewski S, Morales-Ramirez J, Tashima KT, Rachlis A, Skiest
D, Stanford J, et al. Efavirenz plus zidovudine and lamivudine,
efavirenz plus indinavir, and indinavir plus zidovudine and
lamivudine in the treatment of HIV-1 infection in adults.
Study 006 Team. N Engl J Med 1999; 341:1865–1873.

14. Cattelan AM, Trevenzoli M, Sasset L, Sgarabotto D, Lanzafame
M, Meneghetti F. Toxic epidermal necrolysis induced by
nevirapine therapy: description of two cases and review of
the literature. J Infect 2001; 43:246–249.

15. Autar RS, Ananworanich J, Apateerapong W, Sankote J, Hill A,
Hirschel B, et al. Pharmacokinetic study of saquinavir hard gel
caps/ritonavir in HIV-1-infected patients: 1600/100 mg once-
daily compared with 2000/100 mg once-daily and 1000/
100 mg twice-daily. J Antimicrob Chemother 2004; 54:785–
790.

16. Boffito M, Dickinson L, Hill A, Back D, Moyle G, Nelson M,
et al. Pharmacokinetics of once-daily saquinavir/ritonavir in
HIV-infected subjects: comparison with the standard twice-
daily regimen. Antivir Ther 2004; 9:423–429.

17. Metry DW, Lahart CJ, Farmer KL, Hebert AA. Stevens-Johnson
syndrome caused by the antiretroviral drug nevirapine. J Am
Acad Dermatol 2001; 44:354–357.

18. Bersoff-Matcha SJ, Miller WC, Aberg JA, van der Horst C,
Hamrick Jr HJ, Powderly WG, et al. Sex differences in
nevirapine rash. Clin Infect Dis 2001; 32:124–129.

19. Mazhude C, Jones S, Murad S, Taylor C, Easterbrook P. Female
sex but not ethnicity is a strong predictor of non-nucleoside
reverse transcriptase inhibitor-induced rash. AIDS 2002;
16:1566–1568.

20. Floridia M, Bucciardini R, Fragola V, Galluzzo CM, Giannini
G, Pirillo MF, et al. Risk factors and occurrence of rash in HIV-
positive patients not receiving nonnucleoside reverse tran-
scriptase inhibitor: data from a randomized study evaluating
use of protease inhibitors in nucleoside-experienced patients
with very low CD4 levels (<50 cells/microL). HIV Med 2004;
5:1–10.

21. Caumes E, Guermonprez G, Lecomte C, Katlama C, Bricaire F.
Efficacy and safety of desensitization with sulfamethoxazole
and trimethoprim in 48 previously hypersensitive patients
infected with human immunodeficiency virus. Arch Dermatol
1997; 133:465–469.

22. Shenton JM, Teranishi M, Abu-Asab MS, Yager JA, Uetrecht JP.
Characterization of a potential animal model of an idiosyn-
cratic drug reaction: nevirapine-induced skin rash in the rat.
Chem Res Toxicol 2003; 16:1078–1089.

23. Ananworanich J, Phanuphak P, Ruxrungtham K. Immune
reconstitution syndrome: when patient deteriorates after
starting highly active antiretroviral therapy. J Infect Dis Anti-
microbial Agents 2003; 20:109–118.

24. Gangar M, Arias G, O’Brien JG, Kemper CA. Frequency of
cutaneous reactions on rechallenge with nevirapine and de-
lavirdine. Ann Pharmacother 2000; 34:839–842.

25. Martin AM, Nolan D, Gaudieri S, Almeida CA, Nolan R, James
I, et al. Predisposition to abacavir hypersensitivity conferred
by HLA-B�5701 and a haplotypic Hsp70-Hom variant.
Proc Natl Acad Sci USA 2004; 101:4180–4185.

26. Ozkaya-Bayazit E, Akar U. Fixed drug eruption induced
by trimethoprim-sulfamethoxazole: evidence for a link to
HLA-A30 B13 Cw6 haplotype. J Am Acad Dermatol 2001;
45:712–717.

192 AIDS 2005, Vol 19 No 2





Chapter 7: 

No change in calculated creatinine clearance   
after tenofovir initiation among Thai patients  

Journal of Antimicrobial Chemotherapy 2007:59(5):1034-7 



Chapter 7: Creatinine clearance after tenofovir 58

No change in calculated creatinine clearance after
tenofovir initiation among Thai patients

Angele Gayet-Ageron1*, Jintanat Ananworanich2, Thidarat Jupimai2, Ploenchan Chetchotisakd3,

Wisit Prasithsirikul4, Sasiwimol Ubolyam2, Michelle Le Braz1, Kiat Ruxrungtham2,5, James

F. Rooney6 and Bernard Hirschel1 on behalf of the Staccato Study Group†

1University Hospital of Geneva, Geneva, Switzerland; 2The HIV Netherlands Australia Thailand Research

Collaboration (HIV-NAT), Bangkok, Thailand; 3Khon Kaen University, Srinagarind Hospital, Khon Kaen,

Thailand; 4Bamrasnaradura Institute, Nonthaburi, Thailand; 5Chulalongkorn University, Bangkok, Thailand;
6Gilead Sciences, Foster City, CA, USA

Received 9 October 2006; returned 18 December 2006; revised 23 January 2007; accepted 13 February 2007

Objectives: Thai patients have a lower average body weight than patients from western Europe or the
USA. Tenofovir is largely prescribed at the standard dosage of 300 mg once daily: therefore, the per
kilogram dose is higher in Thailand than in the USA. We asked the question whether this higher per
kilogram dose was associated with more nephrotoxicity.

Methods: Thai patients from the Staccato trial were treated with tenofovir/lamivudine combined with rito-
navir-boosted saquinavir. Creatinine values were measured before the start of tenofovir and then every
12 weeks. Renal function was assessed using the Cockcroft–Gault formula and the MDRD formula. To
compare CLCR before and after tenofovir, the t-paired or Wilcoxon signed rank tests were used. One-way
analysis of variance and Spearman’s correlation coefficient were used to study CLCR longitudinally.

Results: CLCR remained stable after a median of 21 weeks on tenofovir (difference of 11.06 mL/min; 95%
CI 22.7–4.8, P5 0.58), even among patients with underlying diseases. The mean CLCR remained stable
across time (P5 0.17).

Conclusions: We did not find renal dysfunction on tenofovir among Thai patients included in the
Staccato trial. Tenofovir could be safely prescribed at a standard dosage of 300 mg once daily in the Thai
population.

Keywords: antivirals, HIV/AIDS, safety, tolerance, nucleotide analogues, combination treatment, toxicity

Introduction

Tenofovir disoproxil fumarate (Vireadw; Gilead Sciences), a
nucleotide reverse transcriptase inhibitor, has demonstrated an
excellent safety profile in several controlled clinical trials1 evaluat-
ing its use for the treatment of HIV infection in previously
untreated patients. However, rare cases of nephrotoxicity have been
reported, especially in patients with a past history of renal compli-
cations or other risk factors for the development of renal disease.2

Small reductions in estimated CLCR without clinical sequelae have
been reported in some studies,3–5 but not in others.6,7 The safety
and efficacy of tenofovir disoproxil fumarate have not been

evaluated in Asian patients. A previous study showed that
saquinavir concentration was significantly higher in Thai patients
compared with UK patients, perhaps due to their lower body
weight (BW) and genetic factors.8 Here we evaluated the impact
of standard tenofovir disoproxil fumarate therapy on renal function
among Thai patients treated within the Staccato trial.9

Methods

Staccato is a randomized trial of intermittent versus continuous

antiretroviral treatment (HAART) in Thailand, Switzerland and
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Australia.9 Patients with CD4 .350 cells/mm3 and viral load (VL)
,50 copies/mL were randomized 1:2 to either continuous HAART
or scheduled treatment interruptions (STIs) (with treatment stops as
long as CD4 counts exceeded 350 cells/mm3). During Staccato,

Thai patients received ritonavir-boosted saquinavir; in addition, sta-
vudine/didanosine was administered early during the trial and then
switched to tenofovir/lamivudine in 2003. CLCR was used as a
proxy of glomerular filtration ratio and was calculated using the
Cockcroft–Gault formula and the Levey modification of diet in

renal disease formula (MDRD).8 Creatinine values (in mg/dL), BW
(in kg) and age were available before tenofovir and then measured
every 12 weeks after. In the ‘before–after group’, we compared
CLCR before and after tenofovir using t-paired tests (a ¼ 5%) or the
Wilcoxon signed rank test, when appropriate. Some patients only

had creatinine values after tenofovir (‘after-only group’) and were
thus compared with those in the before period using Student’s t-test
for independent samples (a ¼ 5%). Finally, in order to study CLCR

distribution longitudinally, we restricted our analyses to patients

from the continuous treatment arm with several creatinine values
(77.1% had at least three creatinine values after tenofovir initiation)
after 12–84 weeks on tenofovir (n ¼ 109) and used Spearman’s cor-
relation coefficient. We compared the mean CLCR between different
time periods (12–36, 36–60, 60–84 and 84–108 weeks) using

one-way analysis of variance and tested the effect of gender on
CLCR over time using two-way analysis of variance.

The Staccato protocol has been accepted by the local Ethics
Committees from the different participating centres, and written
informed consent was obtained from each participant. The

Staccato study is registered at ClinicalTrials.gov with the identifier
NCT00113126.

Results

One hundred and forty-three patients were included in the
before–after group and 121 patients in the after-only group. The
mean BW at baseline in Thai patients was significantly lower
than that in Swiss and Australian patients (57.1+10.4 versus
70.2+ 12.1 kg, P, 1023) (in women: mean weight 52.4+
7.7 kg and in men: 63.5+ 10.3 kg). Patient characteristics are
presented in Table 1.

In the before–after group, 11.2% of patients were
antiretroviral-naive at tenofovir initiation, whereas the others
were receiving stavudine/didanosine/ritonavir-boosted saquina-
vir. The mean creatinine at baseline was 0.92+ 0.36 mg/dL; it
was 0.87+ 0.23 mg/dL after a median of 21.4 weeks on tenofo-
vir [interquartile range (IQR) 15–36.3] (P ¼ 0.04). After teno-
fovir, the mean CLCR was 89.5 mL/min (D þ1.06 mL/min, 95%
confidence interval –2.71 to þ4.83, t-paired test P ¼ 0.58).
Among patients with underlying disease (n ¼ 15 with chronic
hepatitis B/C, high blood pressure or diabetes), the mean CLCR

remained stable (92.0+ 24.9 mL/min before versus 87.5+
18.9 mL/min after tenofovir, Wilcoxon signed ranks test P ¼
0.30). Four patients with baseline CLCR ,50 mL/min did not
worsen their renal function and even tended to improve it, after
a median of 23.4 weeks on tenofovir (IQR 14.7–51.7) (median
of 34.1 mL/min, IQR 23.5–40.9, before and 60.6 mL/min, IQR
31.1–79.2, after tenofovir, P ¼ 0.15).

Demographical and infection-related characteristics were
similar in both subgroups, which allow us to compare them
(Table 1). In the after-only group, tenofovir was used for a
median of 23.4 weeks (IQR 16–36). The mean creatinine was

Table 1. Demographic characteristics in both subgroups

Variables

Before–after

group

n ¼ 143

After-only

group

n ¼ 121 P value

Female gender (%) 87 (60.8) 66 (54.5) 0.30

Mean age in years at

tenofovir initiation

(SD)

35.2 (+7.2) 35.8 (+6.9) 0.58

Route of infection (%) 0.001

heterosexual

intercourse

129 (90.2) 92 (76.0)

homo- or bisexual

intercourse

5 (3.5) 22 (18.2)

iv drug injection or

blood products

1 (0.7) 2 (1.7)

unknown 8 (5.6) 5 (4.1)

Mean BW before

tenofovir in kg (SD)

57.6 (+9.8) — —

Mean BW after

tenofovir in kg (SD)

57.7 (+10.1) 57.2 (+11.3) 0.73

CDC staging at baseline

(%)

0.49

A 78 (54.5) 73 (60.3)

B 49 (34.3) 37 (30.6)

C 11 (7.7) 6 (4.9)

Treatment-naive status

(%)

99 (69.2) 69 (57.0) 0.03

Mean time on tenofovir

in weeks (SD)

27.6 (+17.5) 27.1 (+15.1) 0.77

Mean CD4 count before

treatment (SD)

263.5 (+95) 235.0 (+109) 0.015

Patients with underlying

disease (%)

chronic hepatitis B 6 (4.2) 9 (7.4) 0.26

chronic hepatitis C 4 (2.8) 3 (2.5) 0.67

both chronic

hepatitis B and C

1 (0.7) 0 0.99

diabetes mellitus 1 (0.7) 2 (1.7) 0.40

high blood pressure 4 (2.8) 1 (0.8) 0.23

diabetes mellitus and

high blood pressure

0 1 (0.8) 0.99

STI/continuous

treatment ratio

87/54a 65/52 0.32

BW, body weight; STI, scheduled treatment interruption.
aTwo non-radomized.
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0.91+ 0.17 mg/dL, not statistically different from creatinine
values before tenofovir in the before–after group (P ¼ 0.79).
The mean CLCR was also not statistically different at 83.8+
21.5 mL/min (P ¼ 0.13).

Using the MDRD formula in the before–after group, we
found a mean CLCR of 91.2+ 28.8 mL/min before tenofovir and
92.8+ 21.6 mL/min after tenofovir, which were not significantly
different (t-paired test P ¼ 0.46). In patients with underlying
conditions (n ¼ 15), the mean MDRD did not change between
both periods (92.3+ 24.9 mL/min before tenofovir and 88.2+
16.3 mL/min after tenofovir P ¼ 0.40). In the after-only group,
the mean CLCR using the MDRD formula was 87.7+ 17.2 mL/
min and was also not significantly different from the CLCR

before tenofovir in the before–after group (P ¼ 0.23).
In a subset of 109 continuous arm patients with creatinine

values on tenofovir at different time points (from 12 to 108
weeks), there was no correlation between CLCR and time spent
on tenofovir (Spearman’s r ¼ 0.064, P ¼ 0.18). The mean CLCR

remained stable across time (P ¼ 0.17 in ANOVA). We found
an interaction between gender and time spent on tenofovir, with
a significantly lower CLCR after 36 weeks on tenofovir in
women (CLCR 94.5+ 25.5 mL/min in men and 80.3+ 19.3 mL/
min in women), which tended to disappear after 60 weeks on
tenofovir (92.3+ 25.1 and 84.5+ 18.7 mL/min in the 60–84
week period and 83.6+ 16.2 and 77.1+ 21.2 mL/min in the
84–108 week period, in men and women, respectively). No
patient discontinued Staccato because of renal adverse events.

Discussion

We did not find renal dysfunction on tenofovir among Thai
patients included in the Staccato trial. CLCR remained stable
when time spent on tenofovir increased. The transient dip in
CLCR, observed only at 36 weeks, and only in women, may be a
statistical artefact due to multiple measurements, without clinical
significance, as CLCR at tenofovir initiation was significantly
higher among women. Nonetheless, this transient dip could also
be real in light of some other observational data, suggesting an
initial drop in CLCR on tenofovir, which does not progress with
time.5,10,11 We postulated that due to a lower BW on average,
Thai patients should have a higher exposure to tenofovir and
might be more likely to develop nephrotoxicity on the standard
300 mg daily dose. However, tenofovir disoproxil fumarate was
well tolerated, and significant renal toxicity was not observed.

Our study had some limitations, including its retrospective
nature, the lack of a control group and incomplete data on creati-
nine values at tenofovir initiation. We did not consider the rela-
tive short follow-up time of patients as a limitation. Most of the
published works had shown early changes in renal function on
tenofovir.10,11 In addition, in the primary analysis, estimates of
CLR were made using the Cockcroft–Gault formula. The
MDRD formula is considered by some to be more accurate, as
the Cockcroft–Gault formula may overestimate renal function
by as much as 16%,8 but others considered that both formulas
lacked precision.12 Moreover, MDRD has not been validated in
HIV-infected patients with normal renal function, but it was
developed as an estimate of glomerular filtration ratio in patients
with impaired renal function. The additional analyses using the
MDRD formula showed consistent results using both estimations
of glomerular filtration ratio.10 Finally, our results might differ

from those of other observational studies due to the specificity
of our study population, which was younger, with a higher CD4
count, mostly treatment-naive, with a normal renal function at
baseline and the absence of underlying diseases.9

In conclusion, Thai patients from our study treated with a
tenofovir-containing regimen were safely treated at the 300 mg
once daily standard dosage, despite their lower weight.
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CLINICAL SCIENCE

HighlyActiveAntiretroviral Therapy (HAART)Retreatment
in Patients on CD4-Guided Therapy Achieved Similar
Virologic Suppression Compared With Patients

on Continuous HAART
The HIV Netherlands Australia Thailand Research

Collaboration 001.4 Study

Jintanat Ananworanich, MD,* Umaporn Siangphoe, MS,* Andrew Hill, PhD,†

Peter Cardiello, MD,* Wichitra Apateerapong, MD,* Bernard Hirschel, MD,‡

Apicha Mahanontharit, BS,* Sasiwimol Ubolyam, MS,* David Cooper, MD,§

Praphan Phanuphak, MD, PhD,*k and Kiat Ruxrungtham, MD*k

Objective: To assess the safety of 2 intermittent treatment strategies
compared with continuous therapy for patients with virologic sup-

pression on highly active antiretroviral therapy (HAART) at baseline.

Design: Seventy-four nucleoside reverse transcriptase inhibitor

(NRTI) and protease inhibitor (PI) pretreated patients with an HIV

RNA level ,50 copies at screening were randomized to continuous

treatment, CD4-guided treatment, or week-on–week-off treatment

with 2 NRTIs plus 1600 mg/100 mg of saquinavir/ritonavir once

daily. At week 96 (end of the randomized phase of the study), all

patients were given continuous HAART for 12 weeks to week 108.

Primary outcomes were the proportion of patients with a CD4 count

.350 cells/mL and HIV RNA level ,400 copies/mL at week 108.

Methods: Patients were followed up every 12 weeks for CD4 count,
HIV RNA level, and clinical and laboratory toxicities. In the CD4-

guided arm, treatment was stopped and restarted using a CD4 count

threshold (above or below 350 cells/mL or reduction of 30%).

Results: Seventy-four patients were enrolled with a median CD4

count of 644 cells/mL before the structured treatment interruption

(STI). The week-on–week-off arm (n = 26) was discontinued at week

72 because of high rates (46%) of HIV RNA rebound above

50 copies/mL. In the continuous arm, 25 (100%) of 25 patients and

24 (96%) of 25 patients had an HIV RNA level,400 copies/mL and

,50 copies/mL, respectively, at week 108, and 96% had a CD4 count

above 350 cells/mL, with a median CD4 count of 661 cells/mL.

Patients in the CD4-guided arm had a significantly lower median

CD4 count (489 cells/mL) than the patients in the continuous arm

(P = 0.03), but all had a CD4 count above 350 cells/mL and 1 had

a new HIV-related illness. At week 108, 21 (91%) of 23 patients and

13 (57%) of 23 patients had an HIV RNA level,400 copies/mL and

,50 copies/mL, respectively. Those who did not achieve an HIV RNA

level,50 copies/mL had a higher HIV RNA load before retreatment,

and 4 of 5 patients subsequently achieved viral suppression after an

additional 12 weeks of HAART (week 120). Therefore, 17 (94%) of

18 evaluable CD4-guided arm patients achieved viral suppression after

retreatment. Antiretroviral (ARV) side effects were similar in all arms.

CD4-guided treatment had a 54% ARV cost savings.

Conclusions: This pilot study suggests that CD4-guided HAART is
a well-tolerated and cost-saving treatment strategy for patients with

high pre-ARVand pre-STI CD4 counts. Week-on–week-off treatment

had a high virologic failure rate and was discontinued. The HIV RNA

suppression rate was similar in patients treated with continuous

HAART and in those retreated with 12 to 24 weeks of HAART after

CD4-guided therapy.

Key Words: HIV, HAART, intermittent therapy, structured treatment

interruption, CD4-guided

(J Acquir Immune Defic Syndr 2005;39:523–529)

Whereas the introduction of highly active antiretroviral
therapy (HAART) has significantly improved AIDS-

free survival, lifelong treatment may lead to acute and pro-
gressive drug toxicities,1 and treatment costs may limit the
long-term affordability of HAART.2,3 By decreasing the time
patients receive medications, intermittent HAART could
reduce the toxicity and cost of long-term treatment.4 Stopping
HAART increases the risk of clinical disease progression if
CD4 counts fall below 200 cells/mL,5,6 however, and there is
the potential for the emergence of drug resistance from
residual drug levels persisting after drug discontinuation.7,8
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Treatment interruptions are likely to be more beneficial for
patients with little or no prior HIV drug resistance than in the
salvage setting, where clinical trials of treatment interruptions
have led to mixed results.9,10

Intermittent treatment of patients with virologic sup-
pression on HAART has been studied in prospective trials with
2 approaches. With CD4-guided treatment, HAART is stopped
for those with high CD4 counts and restarted if CD4 counts
fall below preset limits (eg, 350 cells/mL); these limits are set
to ensure a continued low risk of HIV disease progression
during CD4-guided treatment.6,11 With short-cycle treatment,
HAART is stopped and restarted at regular intervals. A pilot
study of week-on–week-off HAARTwith stavudine (d4T)/la-
mivudine (3TC) plus indinavir/ritonavir in 10 patients led to
sustained viral suppression for 32 to 68 weeks.12 The Staccato
study showed high rates of virologic failure using this same
approach, however, leading to the premature discontinuation
of the week-on–week-off arm.13 Regular cycles of treatment
with longer treatment interruption intervals have led to viral
rebound during the treatment discontinuation phase.14,15

The current pilot study, the HIV Netherlands Australia
Thailand Research Collaboration (HIV-NAT) 001.4, was con-
ducted to assess CD4-guided and week-on–week-off strategies
in comparison to continuous HAART for patients who had
been exposed to dual nucleoside reverse transcriptase inhib-
itors (NRTIs) before HAART. This report shows the results at
the end of the study (week 108), which includes a HAART
retreatment period between weeks 96 and 108 in all arms. To
our knowledge, this is the first study to compare virologic
suppression rates directly in patients treated with continuous
HAART and those retreated with HAART after CD4-guided
therapy.

METHODS

Clinical Assessment
This 3-arm, open-label, prospective 108-week trial was

conducted at a single center in Thailand (HIV-NAT, Bangkok).
The trial was approved by the Chulalongkorn University
Institutional Review Board, and all patients signed a written
informed consent form at screening.

The trial enrolled 74 HIV-1–infected adults with CD4
counts above 350 cells/mL and HIV RNA levels,50 copies/mL
for at least 6 months before screening. The patients were
randomized at a 1:1:1 ratio to receive continuous (n = 25),
CD4-guided (n = 23), and week-on–week-off (n = 26) HAART.
The primary end points were proportions of patients with
CD4 counts .350 cells/mL and with HIV RNA levels
,400 copies/mL at week 108.

All patients had received 66 weeks of dual NRTI
treatment during which only 20% had HIV RNA levels below
400 copies/mL,16 followed by 160 weeks of HAART with
saquinavir (SQV) in combination with 2 NRTIs (Fig. 1).17 The
HAART regimen used for all patients during this structured
treatment interruption (STI) study was 2 nucleoside analogues
(NRTIs) plus 1600 mg/100 mg of SQV/ritonavir administered
once daily. The study was conducted in 2 consecutive periods:
weeks 0 through 48 and weeks 48 through 108. The results of

the initial 48-week period have been reported.18 During the
first 48 weeks, half of the patients received azidothymidine
(AZT)/3TC and half received d4T/didanosine (ddI), whereas
after week 48, all patients received d4T/ddI and the SQV-soft
gel capsule (SGC) was switched to an SQV-hard gel capsule
(HGC).

Patients attended study visits at screening; baseline;
weeks 4, 8, and 12; and every 8 weeks for the first 48 weeks
and every 12 weeks thereafter to week 108. Patients were as-
sessed for CD4 count, HIV RNA level (Roche Amplicor Ultra-
sensitive assay, Palo Alto, CA), fasting lipids, hematology,
clinical chemistry, adverse events, and HIV disease progres-
sion. Clinical and laboratory adverse events were graded by
severity.

For the CD4-guided arm, all patients started the trial
by discontinuing HAART. They restarted at least 12 weeks of
HAART if their CD4 count was below 350 cells/mL or drop-
ped more than 30% from baseline according to patient pref-
erence. They stopped again if their CD4 count rose above
350 cells/mL or increased at least 70% from baseline. Virologic
failure was classified as HIV RNA levels above 400 copies/mL
on 2 consecutive visits or above 1000 copies/mL at a single
visit in any patient in the continuous and week-on–week-off
arms and in patients in the CD4-guided arm who had received
at least 12 weeks of HAART. In the CD4-guided arm, all

FIGURE 1. Diagram shows treatments received by the 74 pa-
tients who participated in this STI study.
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patients received continuous HAART from weeks 96 to 108.
Those who did not achieve an HIV RNA level,50 copies/mL
were treated for an additional 12 weeks (week 120).

Statistical Analysis
An intention-to-treat (ITT) approach was used. In ad-

dition, an on-treatment (OT) approach was used to compare
HIV RNA outcome at weeks 108 and 120 between the CD4-
guided and continuous arms. Data were analyzed using SPSS
for Windows, version 9.0, software (SPSS, Chicago, IL). Tests
were matched to data type and distribution. Statistical analyses
included the Kruskal-Wallis test, Mann-Whitney U test,
Wilcoxon signed-rank test, x2 test, Fisher exact test, McNemar
test, and general descriptive statistics. Probability values less
than 0.05 were considered statistically significant. Given the
small sample size of this pilot study, there is no statistical
power to detect differences in HIV RNA response or CD4
counts between treatment arms.

RESULTS
Seventy-four patients were enrolled into the trial. Base-

line characteristics were well balanced across the treatment
arms (Table 1). Overall, there were 36 men and 38 women,
with a median age of 35 years and median body weight of
55 kg. Most patients were in Centers for Disease Control and
Prevention (CDC) stage A (51%) or B (43%) at baseline.
Patients had an overall duration of prior treatment of almost
5 years, with dual NRTIs and then HAART, including SQV.
Before starting antiretrovirals (ARVs), the overall median
CD4 count had been 358 cells/mL, which had improved to
644 cells/mL by the baseline visit for this trial. CD4 counts at
baseline were above 500 cells/mL for 81% of patients overall;
HIV RNA levels were below 400 copies/mL for all 74 pa-
tients at baseline, and below 50 copies/mL for 71 (96%) of

74 patients. The 3 patients who had HIV RNA levels above
50 copies/mL had HIV RNA levels below 50 copies/mL at the
time of randomization.

All 25 patients in the continuous treatment arm com-
pleted the 108-week trial. In the CD4-guided arm, all 23 com-
pleted the trial but 1 had to stop ARVs because of severe
mitochondrial toxicity (edema, weight loss, muscle weakness,
and high lactate). In the week-on–week-off arm, 23 of 26
patients completed the trial and 1 interrupted ARV because of
severe hepatotoxicity. The discontinuations were attributed to
patient request (n = 1), lost to follow-up (n = 1), and death as
the result of a brain tumor (n = 1).

Patients in the continuous arm maintained CD4 counts at
baseline levels throughout the 108 weeks of the trial (Fig. 2),
with HIV RNA levels remaining below 400 copies/mL for all
patients and below 50 copies/mL for 24 (96%) of 25 patients
by week 108 (Fig. 3).

The week-on–week-off arm was stopped after a median
15 months of follow-up after excessive virologic failure rates
(46%) were observed. By week 24, 11 (42%) of 26 of these
patients had a rebound in HIV RNA to above 50 copies/mL,
but RNA levels were still below 400 copies/mL in 81% of pa-
tients overall (see Fig. 3). Interestingly, the CD4 counts
remained close to baseline levels in this treatment arm, despite
the rebound in viremia (see Fig. 2A). All 26 patients in this
arm converted to continuous HAART with the same regimen
(2 NRTIs with boosted SQV) by week 72 of the trial. At week
108, 21 (81%) of 26 patients had HIV RNA levels below 50
copies/mL. Of the 22 patients who were on treatment, 21
(95%) had HIV RNA levels ,50 copies/mL.

For the CD4-guided arm, stopping HAART at baseline
led to a wide range of outcomes during the 96-week ran-
domized phase of the trial. Overall, patients in this arm were
taking HAART for a median of 44 weeks (46% of the 96-week
trial duration).

TABLE 1. Baseline Characteristics and Patient Disposition (n = 74)

Continuous
(n = 25)

CD4-Guided
(n = 23)

Week-On–Week-Off
(n = 26)

Baseline HIV RNA (copies/mL)

Median ,50 ,50 ,50

Pre-ARV HIV RNA (log10 copies/mL)

Median 4.3 4.8 4.9

IQ range 3.8–4.7 4.1–5.4 4.7–5.2

Baseline CD4 count (cells/mL)

Median 653 766 555

IQ range 594–866 550–872 465–780

Pre-ARV CD4 count (cells/mL)

Median 359 376 328

IQ range 313–451 309–428 281–436

Prior ARV treatment

Duration (y) 4.5 4.4 4.4

Discontinued study

Number (%) 0 0 3* (12%)

Baseline is defined as the start date of STI study. *Lost to follow up (n = 1), severe hepatotoxicity from ARV (n = 1), death
from brain tumor (n = 1). One patient in the CD4-guided aim stopped HAARTat week 96 due to severe mitochondrial toxicity.
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ThemedianHIVRNA level had risen from,50 copies/mL
at baseline to 63,095 copies/mL at week 4, with the CD4 count
falling from 766 cells/mL at baseline to 598 cells/mL during the
same interval.

Four patients (17%) stopped HAART for the entire
96-week duration of the randomized trial without restarting.
For the 19 patients who restarted HAART, 5 restarted within
12 weeks of baseline, 4 restarted from 12 to 24 weeks after
baseline, and 10 restarted HAART from 24 to 96 weeks after
baseline. Eight of the 19 patients who restarted HAART
remained on treatment to week 96 because they chose to,
whereas 11 subsequently stopped HAART again before week
96. The median CD4 count at the time of first restarting
HAART was 442 cells/mL (interquartile [IQ] range: 340–
498 cells/mL); at this time, the CD4 count had fallen by a median
41% from its baseline level. During the 96-week randomized
phase, more than 70% of patients maintained CD4 counts
above the threshold of 350 cells/mL on or off HAART.

After the 96-week randomized phase, all patients in the
CD4-guided arm restarted HAART for 12 weeks. The propor-
tion of patients with HIV RNA levels less than 400 copies/mL
rose from 30% at week 96 to 91% (21 of 23 patients) at week
108, with the proportion less than 50 copies/mL rising from
26% to 57% (13 of 23 patients) during the same interval (Fig.
4A). The 10 patients whose HIV RNA level was not below
50 copies/mL at week 108 had a median HIV RNA level of
4.7 log10 at week 96 before retreatment, whereas the 13 with
undetectable viremia at week 108 had a lower median HIV
RNA of 2.8 log at week 96. The patients who did not have an
HIV RNA level ,50 copies/mL were treated with continuous
HAART for another 12 weeks (week 120). Five patients were
not on HAART at week 120 for various reasons, however,
including toxicity (n = 1), stopped by themselves (n = 2),
physician agreed for patient to stop because his HIV RNA
level was 52 copies/mL and he wanted to stop (n = 1), and lost
to follow-up (n = 1). Of the remaining 5 patients on HAART,

FIGURE 2. Median CD4 count (A) and median change for
individual patient in CD4 count (B) versus time (weeks) by
treatment arm (ITT analysis). Probability value represents the
difference between the continuous arm versus the CD4-guided
arm in both graphs by the Mann-Whitney U test. The lines
and symbols are as follows: continuous line, square sym-
bols represent the continuous arm; dotted line, circle symbols
represent the CD4-guided arm; and dashed line, triangle
symbols represent the week-on–week-off arm. The vertical line
at week 96 represents the end of randomized treatment and
retreatment of all patients with continuous HAART.

FIGURE 3. Proportion of patients with HIV RNA levels less than
400 copies/mL (A) and HIV RNA levels less than 50 copies/mL
(B) versus time (weeks) by treatment arm (ITT analysis).
Probability value represents the difference between the
continuous arm versus the CD4-guided arm in both graphs
by the x2 test. The lines and symbols are as follows: continuous
line, square symbols represent the continuous arm; dotted line,
circle symbols represent the CD4-guided arm; and dashed line,
triangle symbols represent the week-on–week-off arm. The
vertical line at week 96 represents the end of randomized
treatment and retreatment of all patients with continuous
HAART.
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4 had HIV RNA levels ,50 copies/mL. Therefore, at week
120, of the 18 evaluable patients, 17 (94%) of 18 had HIV
RNA levels below 50 copies/mL (see Fig. 4B). The only
patient who had virologic failure (HIV RNA level above 400
copies/mL twice) was a patient who did not comply with the
CD4-guided start and stop procedures. This patient had no
mutations on genotyping. At week 108, CD4 counts rose from
a median of 439 cells/mL at week 96 to 489 cells/mL, with all
patients above 350 cells/mL. The final median CD4 value was
still 278 cells below the baseline level, however (see Fig. 2A).

There were no differences in rates of clinical disease
progression between the arms at week 108, with 1 CDC stage
B event in the continuous treatment (oral candidiasis) and
CD4-guided (oral hairy leukoplakia) arms and 3 CDC stage B
events (2 oral hairy leukoplakia and 1 pruritic papular erup-
tion) and 1 CDC stage C event (esophageal candidiasis) in the
week-on–week-off arm.

The incidence of grade I through IV adverse events at
least possibly related to study medication was 64% for con-
tinuous treatment, 60% for CD4-guided treatment, and 89%
for week-on–week-off treatment. The overall incidence of
lipodystrophy measured subjectively using a questionnaire

was 53%, with no significant differences between treatment
groups. Liver enzyme levels showed no significant changes
within or between groups during the trial.

Surprisingly, there was a 25% rise in median high-
density lipoprotein (HDL) cholesterol and a 10% reduction in
low-density lipoprotein (LDL) cholesterol in all 3 treatment
arms, which improved the overall ratio of total cholesterol to
HDL cholesterol (P , 0.001). Triglyceride levels showed
small rises in the 3 treatment groups of borderline statistical
significance. Glucose levels rose by 7% overall, with statis-
tically significant rises in all 3 treatment groups but no overall
difference between the treatment groups. There were no differ-
ences in lipodystrophy and quality of life between the treat-
ment arms.

DISCUSSION
This was a randomized, 108-week, pilot STI study of

patients with full viral suppression and high CD4 counts before
ARVs and before STI who were randomized to continuous,
CD4-guided, or week-on–week-off treatment. The week-on–
week-off arm had a 46% virologic failure rate, and all patients
resumed continuous HAARTwith the same regimen by week
72. Patients in the continuous and week-on–week-off arms had
CD4 counts .350 cells/mL, but the patients in the CD4-
guided arm did not recover their CD4 count up to what it was
before STI. Between weeks 96 and 108, all patients in the
CD4-guided arm were retreated with HAART to assess
whether viral suppression after STI was possible. At week 108,
the HIV RNA suppression rate below 400 copies/mL was
similar between the 3 arms. Fewer patients in the CD4-guided
arm had HIV RNA levels ,50 copies/mL compared with
the other 2 arms, however. We found that the patients in
the CD-guided arm who were able to achieve viral suppression
after 12 weeks of HAART retreatment had a lower HIV RNA
level before retreatment. After knowing these results, we
tried to assess whether the unsuppressed patients would also be
able to achieve HIV RNA levels ,50 copies/mL if they were
treated for an additional 12 weeks after the study ended. At the
follow-up 12 weeks later (week 120), however, half of the
patients were already off ARVs and were not able to be eval-
uated. Of the 18 evaluable patients, 94% had HIV RNA levels
less than 50 copies/mL. Therefore, the rate of HIV RNA sup-
pression for patients who received adequate retreatment time
was similar to that of patients receiving continuous HAART.
There was no progression to CDC stage C during the trial.

Results from this small randomized trial are consistent
with those of cohort studies of CD4-guided treatment. For
those with high CD4 counts at discontinuation of HAART
and no prior failure on ARVs, a range of slopes of CD4 decline
have been seen in other studies, with high interpatient var-
iability, allowing some patients to remain off treatment
for long periods.19,20 For those with CD4 counts remaining
above 200 cells/mL during treatment interruptions, the risk
of clinical disease progression was low in this trial and pre-
vious studies.6,11,14 Considering that 80% of our patients had
virologic failure on dual NRTI before they were treated with
HAART, the potential risk of drug resistance emerging after
discontinuation does not seem to have affected the response to

FIGURE 4. Proportion of patients with HIV RNA levels less than
50 copies/mL in the continuous and CD4-guided arms after
12 weeks (week 108) and 24 weeks (week 120) of HAART
retreatment by ITT analysis (A) and OT analysis (B). For the
continuous arm, n = 25 for ITT and OT. For the CD4-guided
arm, n = 23 for ITT. For OT, n = 22 at week 108 (1 patient was
off ARV because of mitochondrial toxicity) and n = 18 at week
120 (5 patients were off ARV because of mitochondrial toxicity
[n = 1], stopped by themselves [n = 2], physician agreed for
patient to stop [n = 1], and lost to follow-up [n = 1]). % HIV
RNA ,50 copies/mL (95% confidence interval) for the CD4-
guided arm: ITT analysis at 12 weeks = 57% (34.5–76.8), ITT
analysis at 24 weeks = 74% (51.6–89.8) (A); OT analysis at
12 weeks = 59% (36.4–79.3), OT analysis at 24 weeks = 94%
(72.7–99.9) (B).
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reinitiation of boosted SQV-based HAART in this trial. A
similar conclusion emerged from the Staccato trial, where
8 patients with rebounding HIV RNA levels during week-on–
week-off treatment with boosted SQV-based HAART had no
evidence of PI resistance and could be resuppressed on the
same treatment.13 Similar observations have been made for
patients stopping treatment with other ritonavir-boosted PIs,
where no evidence of PI resistance is found.21 This may be
different from the situation with nonnucleoside reverse tran-
scriptase inhibitor (NNRTI)-based HAART, however, where
resistance generated from single amino-acid substitutions has
been detected in a significant proportion of patients discon-
tinuing NNRTI-based HAART.8

There were no rises in CD4 count in the continuous treat-
ment arm. The baseline CD4 count in this arm (653 cells/mL)
was close to the lower limits of the normal range of CD4
counts in healthy volunteers, however. An apparent plateau in
CD4 count increases has also been seen in analysis of long-
term HAART treatment of patients with high pre-HAART
CD4 counts.22 It is unclear whether the results of this trial
could be extrapolated to other populations with lower prether-
apy CD4 counts, for whom the risk of opportunistic infections
may be higher during treatment interruptions; however, regular
monitoring for CD4 counts in this situation should minimize
this risk.

Failure of the week-on–week-off treatment is consistent
with the results of the Staccato trial,13 which also evaluated
mainly boosted SQV-based HAART in a randomized com-
parison with continuous HAART. A single-arm pilot study
using 2 NRTIs plus boosted indinavir did show continued
suppression of HIV RNA for more than 1 year in 10 patients,12

however, with undetectable HIV RNA at baseline. In addition,
a recent study of 20 patients with HIV RNA suppression at
baseline given NNRTI-based HAART for 5 days with an
interruption of 2 days per week also showed durable suppres-
sion of HIV RNA levels.23 In a large treatment interruption
study of a variety of HAART regimens with intensive sam-
pling, HIV RNA levels started to rebound within 4 days in
some patients.24 The reasons for these apparent mismatches in
results are unclear.

The main limitations of this trial are its small sample size
and the selection of the patients; the eligible patients were
those who had successfully responded to HAART for several
years and had high CD4 counts before ARVs and before STI
and may not be representative of the wider population. It is
also uncertain whether similar results would be seen for ARV
combinations with different pharmacokinetics or safety pro-
files. The potential saving in treatment cost for CD4-guided
treatment could be partially offset by a need for more intensive
monitoring for CD4 counts. Using new technologies, there is
the potential for low-cost CD4 testing, however, on the order
of $5 US per test.25 The interval of retreatment at week 96 may
have been too short to ensure HIV RNA suppression to less
than 50 copies/mL for all patients in the CD4-guided arm, and
the OT analysis of data to week 108 is to some extent ex-
ploratory; longer treatment durations were necessary in an-
other study of HAART based on SQV-ritonavir in naive
patients.26 The lack of difference in adverse events between the
continuous and CD4-guided arms may be a function of the

small sample size in this pilot study as well as the selection of
this patient population with a history of long prior exposure to
NRTI/PI-based HAART before the trial.

The median pre-ARV CD4 count in this trial was
358 cells/mL (IQ range: 309–436 cells/mL); this is relatively
high for initiation of treatment in many countries. In other
cohort studies, patients with lower pre-HAART CD4 counts
had a higher risk of the CD4 count falling to low levels during
treatment interruptions.11 This may provide support in the
future for earlier initiation of HAART: starting HAARTearlier,
when the CD4 count is above 350 cells/mL, could offer the
potential for extended treatment interruptions, which may not
be feasible for those starting treatment later but with lower
CD4 counts.

In summary, in this small randomized study of patients
pretreated with dual NRTI who had high CD4 counts and
undetectable HIV RNA levels before STI, CD4-guided treat-
ment had a virologic outcome comparable to continuous
HAARTwith a 54%ARV cost savings. The week-on–week-off
strategy had a high rate of virologic failure and was pre-
maturely stopped. CD4-guided treatment can be recommended
for use in clinical practice only if the benefits are confirmed by
larger trials (eg, SMART, Windows, ISS-Part, Staccato,
DART) that are also evaluating these strategies in larger sam-
ple sizes and with longer follow-up time.
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Failures of 1 week on, 1 week off antiretroviral therapies
in a randomized trial

Jintanat Ananworanicha, Reto Nuescha,b, Michelle Le Brazc,

Ploechan Chetchotisakdd, Asda Vibhagoole, Saijai Wicharuka,

Kiat Ruxrungthama,f, Hansjakob Furrerg, David Cooperh,

Bernard Hirschelc and the Swiss HIV Cohort Study

Background: Scheduled treatment interruptions are being evaluated in an effort to
decrease costs and side effects of highly active antiretroviral therapy (HAART). A
schedule of 1 week on and 1 week off therapy offers the promise of 50% less drug
exposure with continuously undetectable HIV RNA concentration.

Methods: In the Staccato study 600 patients on successful HAART were to be
randomized to either continued therapy, CD4-guided therapy, or one week on, one
week off therapy. A scheduled preliminary analysis evaluated effectiveness in the 1-
week-on–1-week-off arm.

Results: Of 36 evaluable patients, 19 (53%) had two successive HIV RNA concentra-
tions . 500 copies/ml at the end of the week off therapy, and were classified as
virological failure. Most of those who failed took didanosine, stavudine, saquinavir,
and ritonavir (11 patients). In these patients, there was no evidence of mutations
suggestive of drug resistance, and plasma saquinavir levels were within the expected
range. Two of three patients failing on triple nucleotides had drug resistance muta-
tions, but nonetheless responded to reintroduction of triple nucleotide therapy. One of
two patients taking nevirapine, and one of eight taking efavirenz, also failed. Both had
resistance mutations at the time of failure, but not at baseline.

Conclusions: The 1-week-on–1-week-off schedule, as tested in the Staccato study,
showed an unacceptably high failure rate and was therefore terminated.
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Introduction

Highly active antiretroviral therapies (HAART) de-
crease complications of HIV infections and prolong life
expectancy [1–3]. Nonetheless, concerns remain re-

garding complications and costs of HAART. Scheduled
treatment interruptions (STI) have the potential to
decrease side effects and expense, but still need to be
properly evaluated in comparison to conventional
(continuous) therapies.
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Several types of STI are being explored. Long STI may
have a fixed schedule (e.g., 2 months on, 2 months off
therapy), or may be guided by the CD4 cell count:
stop treatment once the CD4 cell count has risen, start
it again after a fall. During long STI, HIV RNA
concentrations rebound, with a probable increase in
contagiousness and a decrease in CD4 cell counts [4].

In contrast, short STI only last a few days. Because viral
rebound is not immediate, patients remain aviraemic,
and CD4 cell counts are not expected to fall. Dybul et
al. [5] have published a small case series, using a 1-
week-on–1-week-off schedule with the combination
of stavudine, lamivudine, and ritonavir-boosted indina-
vir at a dosage of 800/100 mg twice daily. In eight
patients more than 90% of measured HIV RNA
concentrations were , 50 HIV RNA copies per ml,
during a follow-up of 32–68 weeks.

Based on these preliminary data, the protocol of
Staccato was devised, in order to compare long and
short treatment interruptions of continuous therapy.
From the start, an intermediary analysis was planned
after randomization of the first 150 patients, in order to
determine if viral load breakthroughs in the 1-week-
on–1-week-off arm were more frequent than the
expected acceptable limit of 10%.

Methods

STACCATO is a randomized trial of intermittent
versus continuous anti-retroviral treatment. Six-hun-
dred patients on HAART, with viral load , 50 copies/
ml and CD4 cell count . 350 3 106/l, are to be
recruited in Thailand (400 patients), Switzerland (100),
Australia, Argentina, and Canada. They will be rando-
mized into three groups and will receive different
treatment during 96 weeks: arm 1, continuation (con-
trol) arm. Drugs will be continued or changed accord-
ing to current guidelines and good clinical practice;
arm 2, CD4-guided arm. Drugs discontinued and
reintroduced according to CD4 cell counts, with
HAART being administered only if CD4 cell count is
, 350 3 106/l; arm 3, 1-week-on–1-week-off arm.
Treatment for 1 week, pause for 1 week. From weeks
96 to 108, all three groups will receive HAART.

In Thailand, treatment was standardized, comprising
stavudine (30 or 40 mg twice daily depending on
weight), didanosine (250 or 400 mg once daily depend-
ing on weight), plus saquinavir-hard gel capsule
1600 mg once daily and ritonavir 100 mg once daily.
In Switzerland, the HAART used was at the physi-
cians’ discretion. HIV RNA concentrations were meas-
ured using reverse transcription (RT)–PCR (Roche
HIV Monitor Version 1.5; Roche Diagnostics, Basel,

Switzerland). In the 1-week-on–1-week-off arm, we
measured HIV RNA concentrations at the end of the
‘off’ week, after 2, 4, 8, and 12 weeks, and every 12
weeks thereafter. Patients with two consecutive HIV
RNA concentrations . 500 HIV RNA copies/ml
were scored as ‘viral load failures’. Drug plasma
concentrations of saquinavir were measured with vali-
dated HPLC methods [6]. Reverse transcriptase and
protease sequences were performed on proviral DNA
at baseline (patients with undetectable HIV-RNA
concentration) and in the first available plasma follow-
ing virological failure with viral load . 1000 HIV-1
RNA copies/ml [7].

Final outcome of Staccato will be assessed by the
amount of drugs used, side effects, viral load and CD4
cell counts, and number of clinical events, after 96 and
108 weeks. Numbers are given as mean (standard
deviation) when normally distributed, otherwise as
median (interquartile range). Statistical analysis were
done with SPSS, version 9 (SPSS Inc., Chicago, USA).

Results

Recruitment for the Staccato study started during
2002, in Switzerland and Thailand. By January 2003,
150 patients had been randomized. The present data is
based on patients who had at least an 8-week follow-
up, in order to allow a preliminary assessment. There
were 37 such patients (mean follow-up, 24.1 weeks) in
the continued treatment arm, 39 (mean follow-up 24.9
weeks) in the CD4-guided arm, and 36 patients in the
1-week-on–1-week-off arm (mean follow-up, 27.8
weeks).

Fig. 1 shows the results in these 36 patients. Each line
represents one patient: solid line for those who have
not failed, dashed line for those who failed. The
regimens used are indicated.

Overall, 19/36 (53%) patients have failed the 1-week-
on–1-week-off arm regimen. These failures occurred
within the first 12 weeks in patients on triple nucleo-
tides in Switzerland (three of four patients), and in
patients on didanosine/stavudine/saquinavir/ritonavir
in Thailand (11 of 17 patients). In Switzerland, there
were two late (. 12 weeks) failures on nelfinavir,
lamivudine, and zidovudine, one on saquinavir/ritona-
vir/stavudine twice daily, and one late failure on
nevirapine, lamivudine and zidovudine. Of eight pa-
tients on efavirenz, lamivudine and zidovudine, one has
failed. Univariate and bivariate analyses of pre-treat-
ment HIV RNA concentrations and types of HAART,
and time on HAART before treatment interruption,
show no statistically significant differences between
those who failed and those who did not (P, 0.34–0.74).
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In the continuous treatment arm of Staccato, two
failures have occurred so far in 37 patients (P, 0.001,
compared to the 1-week-on–1-week-off arm by �2

test). In the CD4-guided arm, no failures have oc-
curred yet in 39 patients.

Pharmacokinetics of saquinavir 1600 mg combined
with ritonavir 100 mg once daily was evaluated. In six
of seven patients who failed the 1-week-on–1-week-
off off arm and resumed continuous therapy with this
same regimen, saquinavir trough level was above a
threshold of 0.1 mg/l (the 50% inhibitory concentra-
tion for wild-type virus is 0.05 mg/l). Twenty-three of
25 additional patients treated with this regimen also
had trough levels above 0.1 mg/l.

Before starting Staccato, the 11 patients on stavudine,
didanosine, saquinavir and ritonavir, 1-week-on–1-
week-off, were among 73 antiretroviral-naive patients
treated continuously with this regimen. Of these 73, 72
[98.6%; 95% confidence interval (CI), 95.9–99.9] had
an HIV RNA viral load , 400 copies/ml after 24
weeks, and the proportion with viral load , 50 copies/
ml was 94.5% (95% CI, 85.3–98.2).

The genotypes of the reverse transcriptase and protease
genes were determined in 18 of 19 failing patients (see
Table 1). New 184V mutations appeared in two of
seven patients on lamivudine, a new 103N mutation in
the patient on efavirenz, and a new 181C mutation in
the patient on nevirapine. None of the 14 protease
inhibitor-treated patients, had major mutations [8]
suggestive of protease inhibitor [or nucleoside reverse

transcriptase inhibitor (NRTI)] resistance. Follow-up
data after at least 4 weeks of re-initiation of continuous
treatment is available on 14 patients; all except two
have viral load , 400 (see Table 1).

Discussion

Staccato is a comparative study of antiretroviral treat-
ment strategies, enrolling patients whose HAART had
been successful in that the CD4 cell count had
increased to . 350 3 106/l, with an HIV RNA viral
load ,50 copies/ml. When such patients are treated
continuously with established HAART, future viral
load failure is rare, occurring in less than 5% of patients
per year [9]. As noted in Results, there were only two
failures in the continuous treatment arm of Staccato.

In contrast, the failure rate observed in the 1-week-
on–1-week-off arm is clearly higher and reached 53%
after an extremely short period of follow-up. Projected
over the planned trial duration of 108 weeks, failure
might be almost universal. In accordance with pre-
established criteria, 1-week-on–1-week-off was there-
fore terminated.

Our experience also offers hints that patients may fail
some treatment regimens more frequently than others.
In the 1-week-on–1-week-off arm, there was only one
failure in eight patients on efavirenz, lamivudine and
zidovudine. Efavirenz-based HAART has also been
successful in seven patients treated for longer than 1
year in the USA (M. Dybul, personal communication).
The long half-life of efavirenz (17–40 h [10]) and its
high plasma levels relative to inhibitory concentrations
may maintain effective drug levels during most of the
week off drugs; this could explain its relative success
using the 1-week-on–1-week-off schedule.

The failure of ritonavir-boosted saquinavir compared to
the success of ritonavir-boosted indinavir [5] is puz-
zling. Patient characteristics may have been different,
although relevant differences are not obvious, as judged
from published data [5]. The terminal half-life of
ritonavir-boosted indinavir is similar to the half-life of
ritonavir boosted saquinavir (reviewed in [11]). It
should be noted that the NRTI backbone also varied,
with successful combinations [5] using lamivudine,
whereas Thai patients in Staccato received stavudine
and didanosine. However, the use of lamivudine
cannot have been the decisive factor, because three out
of four patients receiving abacavir, lamivudine, and
zidovudine or stavudine also failed. In addition, the
active metabolites of didanosine and stavudine persist at
least as long than those of lamivudine [12–14].

There were only isolated patients on ritonavir-boosted

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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Fig. 1. Treatment experienceon a regimen of 1-week-on–1-
week-off therapy. Each line represents one patient; broken
lines, patients who failed; uninterrupted lines, patients who
did not fail. NRTI, Nucleoside reverse transcriptase inhibitor;
SQV, saquinavir; RTV, ritonavir; ddI, didanosine; d4T, stavu-
dine; NFV, nelfinavir; LPV, lopinavir; EFV, efavirenz; NVP,
nevirapine.

Failures of 1 week on, 1 week off antiretroviral therapies Ananworanich et al. F35



Chapter 9: Failure of 1 week on, 1 week off therapy 77

lopinavir and nelfinavir (with two failures), and only
two patients on nevirapine-containing combinations
(with one failure), so that nothing can be inferred
about their effectiveness in the 1-week-on–1-week-off
arm. Experience from the SITT trial indicates that
unboosted indinavir or nelfinavir would probably fail
in the 1-week-on–1-week-off arm [15].

In a further search for explanations, we asked whether
there was any evidence that the saquinavir/ritonavir/
stavudine/didanosine combination might be less effec-
tive than other types of HAART, when used continu-
ously. However, efficacy within antiretroviral-naive
patients in Thailand was above the range described for
more standard regimens, with 72/73 patients reaching a
viral load of , 400 copies/ml after 24 weeks. Low
drug levels, and drug resistance mutations were not
found in Thai patients. Prompt response to reinstitution
of continuous therapy in 10 of 12 evaluable patients
also indicates that drug resistance was not a major
factor, although the follow-up is short and late relapses
are still possible.

In conclusion, failures in the 1-week-on–1-week-off
arm of Staccato occurred with different treatment regi-

mens; these findings prompted termination of this arm
in Staccato, and, together with other findings [15] raise
doubts about the feasibility of this approach to treat-
ment interruption.
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CD4-guided scheduled treatment interruptions compared 
with continuous therapy for patients infected with HIV-1: 
results of the Staccato randomised trial
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Pietro Vernazza, Enos Bernasconi, Dominic Leduc, Claudette Satchell, Sabine Yerly, Luc Perrin, Andrew Hill, Thomas Perneger, Praphan Phanuphak, 
Hansjakob Furrer, David Cooper, Kiat Ruxrungtham, Bernard Hirschel, the Staccato Study Group*, the Swiss HIV Cohort Study*

Summary 
Background Stopping antiretroviral therapy in patients with HIV-1 infection can reduce costs and side-eff ects, but 
carries the risk of increased immune suppression and emergence of resistance.

Methods 430 patients with CD4-positive T-lymphocyte (CD4) counts greater than 350 cells per μL, and viral load less 
than 50 copies per mL were randomised to continued therapy (n=146) or scheduled treatment interruptions (n=284). 
Median time on randomised treatment was 21·9 months (range 16·4–25·3). Primary endpoints were proportion of 
patients with viral load less than 50 copies per mL at the end of the trial, and amount of drugs used. Analysis was 
intention-to-treat. This study is registered at ClinicalTrials.gov with the identifi er NCT00113126.

Findings Drug savings in the scheduled treatment interruption group, compared with continuous treatment, 
amounted to 61·5%. 257 of 284 (90·5%) patients in the scheduled treatment interruption group reached a viral load 
less than 50 copies per mL, compared with 134 of 146 (91·8%) in the continued treatment group (diff erence 1·3%, 
95% CI–4·3 to 6·9, p=0·90). No AIDS-defi ning events occurred. Diarrhoea and neuropathy were more frequent with 
continuous treatment; candidiasis was more frequent with scheduled treatment interruption. Ten patients (2·3%) 
had resistance mutations, with no signifi cant diff erences between groups. 

Interpretation Drug savings with scheduled treatment interruption were substantial, and no evidence of increased 
treatment resistance emerged. Treatment-related adverse events were more frequent with continuous treatment, but low 
CD4 counts and minor manifestations of HIV infection were more frequent with scheduled treatment interruption. 

Introduction 
Although the introduction of highly active antiretroviral 
therapy (HAART) has improved AIDS-free survival, 
treatment can lead to acute and progressive side-eff ects1 
and costs can limit the aff ordability of drugs.2,3 By 
decreasing the time that patients receive medications, 
intermittent HAART could reduce toxic eff ects and cost of 
long-term treatment.4 However, stopping HAART 
increases the risk of clinical disease progression if 
CD4-positive T-lymphocyte (CD4) counts fall5 and drug 
resistance can emerge due to persistence of residual drug 
concentrations after stopping drug.6 

The Staccato study was originally designed to assess 
CD4-guided and fi xed-cycle week on-week off  strategies 
compared with continuous treatment. However, an interim 
analysis showed an unacceptably high rate of failure in the 
week on, week off  group. This arm was therefore 
discontinued.7 We present the results of the comparison 
between the CD4-guided scheduled treatment interruptions 
and continuous treatment strategies. 

Methods 
Setting and study population
Staccato was a prospective, open-label, randomised, 
multicentre trial done in Thailand, Switzerland, and 

Australia. We recruited patients with chronic HIV-1 
infection and virological and immunological response 
to HAART. Inclusion criteria were CD4 count greater 
than 350 cells per µL and HIV-1 RNA less than 50 copies 
per mL for at least 3 months before screening, and no 
evidence for pre-existing drug resistance, such as 
detectable viral load during previous antiretroviral 
therapy.

Randomisation was stratifi ed by country and by 
pre-treatment concentrations of HIV-1 RNA <100 000 vs 
≥100 000 copies per mL, using the random number 
generator of SPSS 11.0 (SPSS, Chicago, IL, USA), and a 
system of closed envelopes. Patients were randomised 
in 1:2 proportion to receive continuous HAART, or 
CD4-guided treatment interruptions. Patients were 
enrolled and assigned to groups by the study nurses in 
Switzerland (MLB) and Thailand (TJ), and by the 
medical study coordinator (JC) in Australia.

Procedures
In Thailand, HAART consisted of two nucleoside 
reverse transcriptase inhibitors (NRTIs) plus 
saquinavir-ritonavir 1500 mg or 1600 mg/100 mg once 
daily. NRTIs for Thai patients were initially stavudine and 
didanosine, replaced by tenofovir and lamivudine in 
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March, 2003, and by tenofovir and emtricitabine in 
September, 2004. The 84 patients in Switzerland and 
Australia received a range of HAART regimens. 
Treatment changes for perceived toxic eff ects or 
ineffi  cacy were allowed, as dictated by good clinical 
practice (see also webtable 1). 

Patients were assessed for CD4 count, viral load 
(Roche Amplicor Ultrasensitive assay Palo Alto, USA), 
complete blood-cell counts, clinical chemistry, clinical 
and laboratory adverse events, and HIV disease 
progression every 4 weeks over the fi rst 12 weeks, and 
every 12 weeks thereafter. Lipodystrophy was scored by 
a questionnaire, fi lled out by a study doctor who 
interviewed the patients every 24 weeks. 

In the scheduled treatment interruption group, 
patients started the trial by discontinuing HAART, with 
non-nucleosides (NNRTIs) being discontinued 1 week 
before the other drugs. If the CD4 count dropped below 
350 cells per μL, a second sample was drawn immediately; 
if the CD4 count of the second sample was again below 
350 cells per μL, patients re-started HAART for at least 
12 weeks. They stopped again if the confi rmed CD4 
count rose above 350 cells per μL.

Randomised treatment continued until a scheduled 
visit occurred between February and April, 2005. 
Thereafter, all patients were given continuous HAART 
for 12 weeks. Patients with viral load less than 50 per mL 
then left the trial. Patients with a viral load greater than 
50 copies per mL were treated for a further 12 weeks and 
re-assessed.

The primary endpoints were the proportion of 
patients with viral load less that 50 copies per mL at the 
end of the trial, and the amount of drugs used in the 
scheduled treatment interruption group, compared 
with the continued treatment group. 

We used two complementary methods to measure 
drug savings. In the start-at-randomisation method, 
days on drug were counted from the day of 
randomisation until the end of randomised treatment, 
and compared between the two groups for all patients. 
In a subgroup of 187 Thai patients who started HAART 
with the intention of randomising later to scheduled 
treatment interruption or continued treatment, the 
start-at-HAART method was also used. The days on 
drug were counted from the fi rst day on HAART until 
the end of randomised treatment. Secondary endpoints 
included CD4 count, occurrence of drug resistance 
mutations, and drug-related and HIV-related adverse 
events. 

We planned to enrol 200 patients in the continuous 
treatment group and 400 patients in the scheduled 
treatment interruption group. This sample size would 
have yielded a power of 90% to detect a diff erence in 
proportions of patients who achieved the primary 
endpoint (viral load <50 copies per mL) of 10% vs 20%, 
with type 1 error of 0·05.8 The eff ective power with the 
enrolled sample size (146+284) was 80%.

Statistical analysis 
Analyses were intention-to-treat. Comparisons of 
proportions were based on the χ² test, and comparisons 
of quantitative variables on Student’s t test or 
Mann-Whitney test, as appropriate.8 

The probability of re-initiation of HAART after stopping 
in the scheduled treatment interruption group was 
assessed with a multivariate Cox proportional-hazards 
model, after adjustment on covariates that showed 
signifi cant diff erences in the univariate analysis.9 Factors 
associated with the probability of re-starting HAART in the 
scheduled treatment intervention group were analysed 
with univariate and multivariate Cox proportional-hazards 
models. The covariates analysed in the model were: sex, 
route of infection (transmission by homosexual or bisexual 
sex, heterosexual sex, intravenous drug use, or other), US 
Centers for Disease Control and Prevention (CDC) stage at 
baseline, centre (Switzerland, Thailand, or Australia), age 
at baseline (groups defi ned by quartiles: ≥17 to <30, 
≥30 to <35, ≥35 to <41, and ≥41 years), CD4 count before 
HAART (quartiles 2–209, 209–268, 268–339, >339 cells per 
µL), viral load before HAART (3·0–4·28, 4·28–4·71, 
4·71–5·2, >5·2 copies per mL), and CD4 count at screening 
(350–408, 408–485, 485–605, >605 cells per μL). The 
assumption of proportional hazards was ascertained by 
visual inspection of survival functions. All variables 
associated with re-initiation of HAART in the scheduled 
treatment interruption group at p<0·1 in univariate 
analysis were included in the fi nal multivariate model. 

To assess the proportion with viral load less than 
50 copies per mL, the viral load of patients in the scheduled 
treatment interruption group was measured after the 12 or 
24 weeks of continuous re-treatment received by all these 
patients between the end of 2004 and the summer of 2005. 
In the continuous treatment group, the fi rst viral load 
measurement between May and October, 2005, was used. 
For patients who no longer followed the Staccato protocol 
but were followed up after exclusion, an attempt was made 
to obtain a viral load measurement during the same period; 
if a measurement could not be obtained, a sensitivity 
analysis was done. We compared the last observation 
carried forward method with the missing=failure method. 
We present the results from the method that was less 
favourable to the intervention (scheduled treatment 
interruption). We assessed the diff erence of the proportion 
of virological success (ie, viral load <50 copies per mL) with 
the asymptotic χ² test. All other analyses were done with 
SPSS 11.0 (SPSS, Chicago, IL, USA).

This study is registered at ClinicalTrials.gov with the 
identifi er NCT00113126.

Role of the funding source
The sponsor of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. The corresponding author had full 
access to all the data in the study and had fi nal 
responsibility for the decision to submit for publication.

See Online
for webtable 1

For asymptotic χ² test see 
http://faculty.vassar.edu/lowry/

prop2_ind.html
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Results
548 patients were recruited (439 [80·2%] in Thailand,  100 
[18·2%] in Switzerland, and nine [1·6%] in Australia), 
including 285 treatment-naive Thai patients with CD4 
counts of 200–350 cells per μL, who started HAART with 
the intention to enrol in Staccato as soon as randomisation 
criteria were met (fi gure 1). 

Patients were recruited between October, 2001, and 
December, 2004. They were followed up from October, 
2001, to November, 2005, depending on centres and time 
of recruitment.

Baseline characteristics were well balanced between the 
treatment groups (table 1). There were 198 men (46·0%) 
and 232 women (54·0%), with mean age 36·8 years 
(median 35·5, range 17–70) and most patients were either 
in CDC stage A (259 patients, 60·2%) or B (132, 30·7%). 
Mean duration of antiretroviral treatment before the trial 
was 23·7 months (median 15 months, range 6–91).

Participants spent a total of 746 patient-years on 
randomised treatment (mean 1·73 years per patient, 
(median 1·82, range 0·17–3·55); 484 patient-years for 
scheduled treatment interruption and 262 patient-years on 
continuous therapy. In 19 instances, treatment was 
continued although the protocol would have required 
interruption, and in seven instances scheduled treatment 
interruption was continued although the protocol would 
have required re-starting treatment, compared with 
2321 instances in which treatment decisions were made 
according to protocol. 44 patients in the continued 
treatment group, and 16 patients in the scheduled 
treatment interruption group, had major protocol 
violations, defi ned as missing two consecutive visits or 
prolonged non-adherence to assigned treatment. Viral load 
status at the end of the trial was available for 44 of these 
60 patients; 16 were lost to follow-up (3·7%, 12 scheduled 
treatment interruption, four continued treatment). 

Figure 2 shows the probability of re-treatment in the 
scheduled treatment interruption group during Staccato. 
50% (134) of patients restarted HAART within 18 weeks of 
randomisation. After 100 weeks, 75% (197) of patients had 
been treated again. Results of unadjusted and adjusted Cox 
regression analyses are presented in table 2. The predictors 
of HAART associated with re-starting HAART in the 
scheduled treatment interruption group were a lower CD4 
count before HAART initiation, lower CD4 count at 
Staccato screening, higher viral load before starting 
HAART, after adjustment for all covariates with p<0·10 in 
univariate analyses. 

At the end of randomised treatment (and before the 
12 weeks continuous re-treatment for the scheduled 
treatment interruption group), mean CD4 counts were 
402 cells per μL (median 374, range 102–1037) in the 
scheduled treatment interruption group, and 619 cells 
per μL (601, 178–1295) in the continued treatment group 
(p=0·001, Student’s t test; webfi gure). In the scheduled 
treatment interruption group, 147 patients (60·5%) had a 
CD4 count greater than 350 cells per μL compared with 

127 (96·2%) in the continuous treatment group (p<0·0001). 
After the 12 weeks of re-treatment received by all patients 
prior to the end of the study, the mean CD4 count rose in 
the scheduled treatment interruption group from 402 to 
484 cells per μL (median 459, range 233–1680), but 
remained below that of the continued treatment group: 
655 cells per μL (608, 319–1621; p=0·001; webfi gure). The 
rise in CD4 count during re-treatment was more rapid 
than after initiation of HAART.10 

When the start at randomisation method was used 
for calculation, patients in the scheduled treatment 
interruption group had consumed drugs during 37·5% 

Continuous  therapy
(n=146)

Scheduled treatment 
interruption (n=284)

p

Median age in years (mean, SD, range) 35·9 (37·4, 9·3, 21–70) 35·2 (36·5, 9·2, 17–70) 0·34

Sex (% male) 60 (41·1%) 138 (48·6%) 0·14

Risk categories 
Men who have sex with men
Heterosexual transmission
Intravenous drug use
Transfusion of blood derivatives

20 (13·7%)
117 (80·1%)

7 (4·8%)
1 (0·7%)

46 (16·2%)
228 (80·3%)

4 (1·4%)
5 (1·8%)

0·50
0·92
0·05
0·67

CDC stage
A
B
C

88 (60·3%)
42 (28·8%)
16 (10·9%)

171 (60·2%)
90 (31·7%)
23 (8·1%)

0·56

Median CD4 cells per µL (mean, SD, IQR) 506 (522, 152, 397–600) 470 (531, 186, 398–619) 0·63

Median pre-ART CD4 cells per µL 
(mean, SD, IQR)

253 (264, 140, 201–334) 267 (284, 138, 205–339) 0·18

Median pre-ART HIV-1 RNA log10 
copies per mL (mean, SD, IQR)

4·76 (5·1, 5·3, 4·31–5·17) 4·72 (5·2, 5·4, 4·28–5·25) 0·56

Median duration of previous ART, 
months (mean, SD, IQR)

15·6 (24·3, 19·8, 7·0–34·3) 13·7 (23·3, 18·9, 6·7–34·1) 0·59

ARV=antiretroviral therapy.

Table 1: Baseline characteristics

548 patients recruited

490 patients randomised

154 assigned to 
         continued therapy

5 had pre-existing 
    exclusion criteria
3 withdrew at baseline

146 analysed

44 assigned to week on, 
       week off arm

Arm stopped prematurely7 

7 re-randomised 
    to CT or STI arm 

284 analysed

37 withdrew before 
      randomisation
21 did not fulfil criteria

299 assigned to scheduled
         treatment 
         interruptions

13 with pre-existing 
     exclusion criteria
  2 withdrew at baseline

Figure 1: Trial profi le

See Online 
for webfi gure
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of days, compared with 99% of days in the continued 
treatment group, resulting in a saving of 61·5%. Using 
the start at HAART method in the 187 HAART-naive Thai 
patients who started treatment with the intention of 
enrolling in Staccato, drug savings amounted to 31·2%. 
Figure 3 shows drug savings as a function of time, 
calculated with either method.

32 patients (22 of 284 [7·7%] in the continued treatment 
group and ten of 146 [6·8%] in the scheduled treatment 
interruption arm, p=0·74) had a viral load greater than 

500 copies per mL after having supposedly taken at least 
12 weeks of continuous HAART. Voluntary interruptions 
of treatment, or other problems related to adherence, were 
strongly suspected in 23 of these patients (17 in the 
continued treatment group, six in the scheduled treatment 
interruption group). 

240 patients in the scheduled treatment interruption 
group were re-treated at the end of the study. 224 of these 
patients (93·3%, 95% CI 90·2–96·5) reached a viral load 
less than 50 copies per mL within 24 weeks. 

We attempted to follow up all patients, including those 
with protocol violations, and assess their viral load at the 
end of the study. 16 patients (3·7%) were lost to follow-up, 
and their last observation was carried forward. In the 
scheduled treatment interruption group, 257 of 284 
(90·5%) had a viral load less than 50 copies, compared 
with 134 of 146 (91·8%) in the continued treatment group. 
The diff erence of 1·3% (95% CI–4·3 to 6·9%) between the 
groups was not signifi cant (p=0·90).

Sequencing of HIV reverse transcriptase and protease 
genes was attempted when resistance was suspected 
because of detectable viral load despite treatment (ten 
patients in scheduled treatment interruption group and 
22 on continuous treatment). Additionally, the viral 
genomes from all 126 patients who underwent at least two 
stop-start cycles in the scheduled treatment interruption 
group were also sequenced. 156 patients satisfi ed the 
criteria for sequencing. For nine, a sample was not 
available, and for 13, amplifi cation was not successful; 
genotypic resistance analysis was completed in 133 patients. 
No evidence for resistance mutations in the RT and P genes 
was detected in 124 of 133 patients (93·2%). Resistance to 
lamivudine only was found in four patients, to lamivudine 
and NNRTIs in one patient, to NNRTIs only in one patient, 
to zidovudine in one patient, and to indinavir in three 
patients. Of the ten patients with evidence of resistance, 
seven were from the scheduled treatment interruption 
group group (2·5%), and three from the continued 
treatment group (2·1%, absolute diff erence in risk 0·41%, 
95% CI–3·5% to 4·1%, p=0·70). The relative risk of 
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Figure 2: Probability of re-starting treatment in the scheduled treatment 
interruption group

n Unadjusted HR (95% CI) Adjusted HR (95% CI)

CD4 (cells per µL) at screening*

350–408
408–485
485–605
≥605

55
65
57
66

1·00
0·63 (0·44–0·90)
0·43 (0·29–0·63)
0·14 (0·09–0·22)

1·00
0·54 (0·36–0·82)
0·35 (0·22–0·56)
0·20 (0·12–0·35)

CD4 (cells per µL) before ART†

2–209
209–268
268–339
≥339

58
58
61
66

1·00
0·75 (0·52–1·08)
0·31 (0·20–0·46)
0·10 (0·06–0·16)

1·00
0·88 (0·59–1·33)
0·40 (0·25–0·65)
0·18 (0·10–0·32)

Viral load (log10 copies per mL) before ART†

3–4·3
4·3–4·7
4·7–5·2
≥5·2

59
62
60
62

1·00
1·64 (1·06–2·55)
1·44 (0·91–2·27)
2·02 (1·31–3·11)

1·00
1·97 (1·25–3·10)
1·99 (1·24–3·22)
1·98 (1·24–3·17)

Route of HIV-1 infection†

Heterosexual transmission
Homosexual/bisexual transmission
Intravenous drug misuse
Other 

188
42

3
10

1·00
0·61 (0·40–0·91)
1·67 (0·53–5·26)
1·10 (0·56–2·16)

1·00
0·48 (0·31–0·76)
2·17 (0·62–7·63)
1·13 (0·53–2·40)

CDC stage at screening*

A
B
C

148
78
17

1·00
1·85 (1·37–2·50)
2·50 (1·53–4·11)

1·00
1·81 (1·27–2·57)
2·68 (1·42–5·06)

ART=antiretroviral therapy. HR=hazard ratio. *p≤0·001. †p<0·01.

Table 2: Cox model for time to re-start HAART in scheduled treatment interruption group (n=243) by 
predictor
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resistance, compared with treatment with ritonavir-boosted 
saquinavir, was 14·96 (95% CI 3·02–74·08) for HAART 
containing three NRTIs (p=0·01).

Table 3 lists adverse events that were reported with a 
frequency of more than 2% in either group. During the 
fi rst scheduled treatment interruption, 17 patients (5·9%) 
experienced symptoms, such as fever, sore throat, or skin 
lesions, indicative of acute retroviral syndrome, but only 
six of these had a viral load of more than 10⁵ copies per 
mL.11 These symptoms were notifi ed prospectively during 
the trial. Diarrhoea and neuropathy were more frequent in 
the continued treatment group, whereas oral or genital 
candidiasis and thrombocytopenia were more frequent in 
the scheduled treatment interruption group. The 
cumulative incidence of neuropathy was 2·3 per 100 with 
scheduled treatment interruption, and 4·58 per 
100 person-years with continued treatment (p=0·03, 
log-rank test). The incidence of neuropathy was 19·3 per 
100 person-years of observation on didanosine-stavudine, 
but only 1·8 on tenofovir-lamivudine (p<0·0001).

One patient died in the continued treatment group due 
to stroke, and one died in the scheduled treatment 
interruption group from colon cancer; neither death was 
related to HIV or study drugs. No new AIDS-defi ning 
events occurred.

Concentrations of total cholesterol and LDL cholesterol 
were lower in the scheduled treatment interruption group 
(by 0·3–0·4 µmol/L, p=0·001), and this diff erence tended 
to disappear when all patients were receiving HAART at 
the end of the study (webtable 2).

At randomisation, a slightly greater proportion of patients 
had self-reported lipodystrophy in the continued treatment 
group (12·0%, 17 of 144 ) than in the scheduled treatment 
interruption group (10·2%, 28 of 278; p=0·07). The 
prevalences of lipodystrophy were 8·6% (23 of 268) in the 
scheduled treatment interruption group and 12·5% (17 of 
134) in the continued treatment group at 24 weeks 
(p=0·0001), 10·0% versus 15·1% (p<0·0001) at 48 weeks, 
and 7·9% versus 13·4% (p<0·0001) after 72 weeks.

Discussion
We compared a CD4-guided scheduled treatment 
interruption strategy with continuous HAART in a 
prospective, randomised trial. Virological responses in the 
scheduled treatment interruption group, who were all 
given at least 12 weeks of continuous re-treatment before 
the end of the trial, were very similar to those in the 
continued treatment group, and we did not fi nd a 
signifi cant diff erence in drug resistance between the 
groups. Our calculations of the amount of medication used 
by each group showed that the potential for diminishing 
use of antiretroviral drugs through scheduled treatment 
interruptions is substantial. 

The scheduled treatment interruption group had a 
higher incidence of oral and genital candidiasis, 
presumably because of their lower CD4 counts. Incidence 
of symptoms of acute retroviral syndrome was low in the 

scheduled treatment interruption group, similar to rates 
reported in some previous work13,14 but lower than in 
others.15 On the other hand, the scheduled treatment 
interruption group also had a moderate decrease in 
treatment-related adverse eff ects, such as diarrhoea and 
lipodystrophy. In general, this decrease was not of suffi  cient 
magnitude to constitute a major reason for undergoing 
CD4-guided treatment interruption.

Staccato was not powered to detect diff erences in 
mortality, or in the incidence of AIDS-defi ning conditions, 
between scheduled treatment interruption and continuous 
therapy. The current standard of therapy—ie, continuous 
treatment, lowers the incidence of these complications to 
less than 3% per year.16 To detect a moderate increase in 
these rates would necessitate many thousands of 
patient-years of follow-up. Indeed, the SMART study17 
intended to accumulate 40 000 patient-years of experience, 
compared with 746 in Staccato.

Like all studies of treatment interruption reported so far, 
Staccato did not use dummy drugs to mask patients’ 
treatment status. Among the disadvantages of the open 
design is the diffi  culty to ascribe adverse events to either 
HIV or drugs. The same diffi  culty also applies to the 
measurement of lipodystrophy. Reported rates of 
lipodystrophy decreased in the scheduled treatment 
interruption group, but not in the continued treatment 
group, between the time of randomisation, 24 weeks, and 
48 weeks. This change might indicate an advantage of 
scheduled treatment interruptions, but is diffi  cult to 
interpret in the absence of objective evidence about the 
distribution of fatty tissue, such as continued treatment or 
dual energy x-ray absorptiometry scans.

Although peer-reviewed published work in this area is 
sparse, treatment interruption studies presented at 
conferences have emphasised the worrisome frequency of 
acute retroviral syndrome15 and resistance mutations.18 Our 
results are in marked contrast, and it is worth questioning 
these diff erences. The low incidence of acute retroviral 
syndrome in Staccato might be due to the relatively short 

Scheduled treatment 
interruption 

Continous
 therapy

p*

Drug-related adverse events

Nausea 44 (15·5%) 15 (10·3%) 0·16

Diarrhoea 45 (15·8%) 34 (23·3%) 0·04

HIV-related adverse events

Acute retroviral syndrome11 17 (5·9%), of which 6 (2·5%) with 
high viral load*†

N/A

Oral or genital candidiasis‡ 11 (3·8%) 1 (0·7%) 0·07

Thrombocytopenia(platelets <100 G/L) 7 (2·5%) 0 0·10

Other adverse events

Neuropathy§ 11 (1·9%) 12 (4·6%) 0·03

*Fisher’s exact test, two-tailed. †One patient had two episodes of suspected acute retroviral syndrome. ‡All cases of 
candidiasis were recorded, even if they did not satisfy CDC criteria for HIV-related events (candidiasis persisting for 
>1 month, or poorly responding to treatment12). §Neuropathy could be drug-related, or HIV-related. Log-rank test used. 

Table 3: Number (%) of patients with adverse events during randomised treatment phase 

See Online 
for webtable 2
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period between start of HAART and treatment interruption. 
Acute retroviral syndrome might occur because of waning 
anti-HIV immunity during the period of HAART before 
scheduled treatment interruption. If this is indeed the 
explanation, patients in Staccato, with less time on HAART 
preceding scheduled treatment interruption than patients 
in previous studies, were less at risk of acute retroviral 
syndrome. A low incidence of acute retroviral syndromes 
was also noted in another study where scheduled treatment 
interruption occurred after a relatively short period of 
HAART.14

The SMART study was interrupted because the incidence 
of AIDS-defi ning opportunistic infections or deaths 
reached 3·2 per 100 patient-years of follow-up in the 
scheduled treatment interruption group, compared with 
1·5 in the continued treatment group.19 Staccato was not 
powered to discover diff erences in clinical endpoints, but 
the incidence rates seen in SMART would have produced 
about 17 AIDS-defi ning opportunistic events or deaths in 
Staccato’s scheduled treatment interruption group, 
whereas no AIDS-defi ning event and only one death were 
actually observed. Such a striking discrepancy is unlikely 
to be due to chance and requires explanation.

Most endpoints in SMART occurred at low CD4 counts; 
re-starting treatment at 350 cells per µL as in Staccato, 
rather than at 250 cells per µL as in SMART, would 
diminish the time spent with low CD4 counts and 
potentially abolish the diff erences between continued 
treatment and scheduled treatment interruption groups. 
Subgroup analyses of the SMART population suggest, 
however, that some diff erence between the groups 
persisted even at high CD4 counts. The time spent on 
HAART before scheduled treatment interruption (median 
of 16 months in Staccato, and 72 months in SMART), and 
the type of HAART used, also diff ered between Staccato 
and SMART, but the relation between those diff erences, 
and the apparently diff erent outcome, is not obvious. 

It would be wrong to conclude that SMART means the 
end of all HIV treatment interruption. Among the millions 
of patients who take HAART, hundreds of thousands will 
stop treatment, because some will not be able to tolerate 
the pills, whereas others will consider SMART’s results 
(depending on the CD4 count, 0·5–3 excess events avoided 
per 100 patient-years of treatment) and decide for 
themselves that the benefi ts are not worth the inconvenience 
of continued treatment. In Switzerland, less than 40% of 
the patients in SMART’s treatment interruption group, 
who were all extensively counselled about the results of the 
trial, have started treatment again so far.

For these patients, Staccato’s results provide reassurance 
about the one risk that was widely feared when these trials 
began—development of resistance and loss of effi  cacy of 
treatment. Staccato indicates that ritonavir-boosted 
protease-inhibitor-based HAART can be interrupted 
without undue harm, provided that CD4 counts are 
monitored. Emergence of resistance to treatment is so rare 
that monitoring of viral load might not be necessary. The 

absence of AIDS-defi ning opportunistic diseases suggests 
that with CD4 criteria diff ering from those of SMART, the 
safety of treatment interruption could be enhanced. 
Scheduled treatment interruptions lasting many months, 
with substantial drug savings, can be anticipated if CD4 
counts, at the time of interruption, exceed 500 cells per µL, 
especially in patients who had never been severely 
immunosuppressed.
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(See the editorial commentary by Arduino on pages 735–7)

Background. For patients with human immunodeficiency virus (HIV) infection, structured treatment inter-
ruption (STI) is an attractive alternative strategy to continuous treatment, particularly in resource-restrained
settings, because it reduces both side effects and costs. One major concern, however, is the development of resistance
to antiretroviral drugs that can occur during multiple cycles of starting and stopping therapy.

Methods. HIV genotypic drug resistance was investigated in 20 HIV-infected Thai patients treated with highly
active antiretroviral therapy (HAART) and CD4 cell count–guided STI after dual nucleoside reverse-transcriptase
inhibitor (NRTI) treatment. Resistance was tested at the time of the switch from dual-NRTI treatment to HAART
and when HAART was stopped during the last interruption.

Results. After STI, one major drug-resistance mutation occurred (T215Y), and, in the 4 samples with pre-
existing major mutations (D67N [ ], K70R [ ], T215Y [ ], and T215I [ ]), the mutationsn p 2 n p 2 n p 2 n p 1
disappeared. All mutations in the HIV protease gene were minor mutations already present, in most cases, before
STI was started, and their frequency was not increased through STI, whereas the frequency of reverse-transcriptase
gene mutations significantly decreased after the interruptions. After the 48-week study period, no patients had
virological failure. Long-term follow-up (108 weeks) showed 1 case of virological failure in the STI arm and 1 in
the continuous arm. No virological failure was seen in patients with major mutations.

Conclusions. Major HIV drug-resistance mutations were not induced through CD4 cell count–guided treat-
ment interruptions in HIV-infected patients successfully treated with HAART after dual-NRTI therapy.

The introduction of HAART has dramatically improved

the course of HIV infections [1, 2]. However, with

HAART being widely used, long-term toxicity occurs

[3, 4]. Although the therapy is cost-effective in some
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developed countries [5, 6], the costs of antiretroviral

drugs impose a major economic burden on countries

with limited resources like Thailand [7]. Structured

treatment interruption (STI) is, therefore, an attractive

alternative to continuous treatment, reducing both side

effects and costs. One major concern, however, is the

emergence of HIV with resistance to antiretroviral

drugs that can occur during multiple cycles of starting

and stopping therapy. Previous clinical trials investi-

gating STI in the treatment of well-controlled chronic

HIV infection did not demonstrate an increased oc-

currence of resistance [8–12]. However, new data dem-

onstrate the appearance of resistance during STI. A trial
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with long-cycle STI, which is more similar to CD4 cell count–

guided treatment interruptions, and the use of efavirenz-based

HAART was stopped because of the occurrence of resistance

in 3 of 8 patients [13]. In another similar study with various

HAART regimens, resistance developed in 21.3% of patients

who receive STI [14]. In a trial with repeated cycles of STI,

M184V and L90M mutations could be detected in minor virus

populations at different times during the trial [15]. Further-

more, the week-on, week-off arm of a large treatment-inter-

ruption trial had to be discontinued because of virological fail-

ure [16]. Thus, the risk of emergence of resistance might have

been underestimated so far. In addition, these trials were per-

formed with patients who had no history of previous failure

to respond to antiretroviral therapy or in a mixed population,

restricting the population of patients who might profit from

STI. Previous results had shown that the week-on, week-off

strategy had to be stopped because of virological failure also

in patients previously treated with a dual nucleoside reverse-

transcriptase inhibitor (NRTI) regimen [17]. We therefore in-

vestigated genotyping resistance in patients previously treated

with dual-NRTI therapy who were being successfully treated

with HAART and were undergoing CD4 cell count–guided STI,

probably the most-promising interruption strategy for such

patients.

PATIENTS AND METHODS

STI for patients previously treated with dual-NRTI therapy fol-

lowed by HAART was investigated by the HIV Netherlands,

Australia, Thailand Research Collaboration (HIV-NAT) of the

Thai Red Cross AIDS Research Centre. An open-label, ran-

domized 3-arm study was conducted to evaluate and compare

the efficacy, safety, and tolerability of the following regimens:

(1) continuous treatment with saquinavir–soft gel capsule, 1600

mg once per day, plus ritonavir, 100 mg once a day, plus 2

NRTIs (either zidovudine and lamivudine or stavudine and

didanosine; (2) STI with the same regimen that was suspended

and restarted on alternating weeks of week on, week off; and

(3) STI with the same regimen that was suspended and restarted

on the basis of CD4 cell count–driven criteria (from study HIV-

NAT 001.4 [17]), in which therapy was stopped if the CD4 cell

count decreased to !350 cells/mL or to 30% of preinterruption

level, depending on the patient’s choice. Patients qualified for

the study if their last CD4 cell count was 1350 cells/mL and

their viral load had been !50 copies/mL for at least 6 months

prior to enrollment. The “week-on, week-off” arm had to be

discontinued because of virological failures at week 72 [17].

This strategy was not investigated further.

Ethics. The study was performed in accordance with the

approval of the ethics committee of Chulalongkorn University,

which conforms to the Helsinki Declaration of 1975, as revised

in 1983.

Participants. The participants were HIV-infected Thai pa-

tients who had participated in the HIV-NAT 001 trial series

that started in 1997, when they were treated with dual-NRTI

therapy that consisted of zidovudine and zalcitabine at either

the standard or half the standard dosage for 48 weeks, as de-

scribed in a previous publication [18]. Initial treatment was

followed by 3 years of saquinavir-based HAART [19]. If the

viral load remained undetectable (!50 copies/mL) and the CD4

cell count was 1350 cells/mL, a patient was enrolled in the study

after written informed consent had been obtained.

Procedures. During the 48-week observation period, pa-

tients randomized to either of the STI arms had an evaluation

every 2 months, and frozen plasma samples were obtained

for further analysis. To assess whether resistance was acquired

during multiple cycles of CD4 cell count–guided treatment

interruptions, HIV genotyping resistance testing was per-

formed on the first plasma sample with a viral load of 11000

copies/mL that was obtained after treatment was stopped dur-

ing the last cycle of treatment interruption, for the CD4-

guided arm. The “week-on, week-off” arm was not investi-

gated further, as this strategy showed too many virological

failures. To differentiate preexisting resistance from acquired

resistance, viral genotypic resistance testing was done on the

last plasma sample obtained before patients were switched

from dual-NRTI therapy to protease inhibitor–based HAART.

The methodology for HIV reverse-transcriptase genotyping

has been described elsewhere [20]. For the protease genotypic

resistance assay, the same methodology was used but with the

following primers: PI-1685 (5�-GGAATTTTCCTCAGAGCAG-

ACCAG-3�), PI-2209 (5�-TCTTCTGTCAATGGCCACTGTTT-

AAC-3�), and PI-2172 (5�-CCATTCCTGGCTTTAATGTTACT-

GGTAC-3�). We categorized major and minor mutations in

accordance with guidelines set by the International AIDS So-

ciety–US Drug Resistance Mutations Group [21].

Poststudy follow-up during STI totaled 108 weeks. For the

final 12 weeks, all patients were treated with continuous HAART.

Virological failure was defined as a viral load of 1500 copies/mL

at any time, for the continuous-treatment arm, and after 3

months of continuous HAART, for the STI arm.

Statistical analysis. Descriptive results are presented as

means �SD, medians with interquartile range (IQR), and per-

centages. Inferential statistics using either parametric or non-

parametric tests were used, as appropriate for the data type.

The overall level of significance was set at ap0.05. To compare

means, medians, and proportions of investigated factors be-

tween groups with and groups without resistance, the Student’s

t test, Mann-Whitney U test, and x2 test were used. Fisher’s

exact test was used for small values for which the x2 test was

not applicable. Statistics were done using the SPSS software,

version 9.0 (SPSS).
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Table 1. Baseline characteristics of the 20 patients enrolled
in the CD4 cell count–guided structured treatment interruption
(STI) arm from whom plasma samples were available.

Characteristic Value

Demographic
Age, mean years �SD 35.4 �6.4
Sex
Females 9 (45)
Males 11 (55)

CDC HIV disease stage
CDC A 11 (55)
CDC B 8 (40)
CDC C 1 (5)

CD4 cell count, cells/mL (IQR)
Before ART 380 (150–563)
Before HAART 732 (550–872)
Before STI 766 (550–872)

Viral load
Median level before ART, log10 copies/mL (IQR) 4.8 (4.1–5.4)
Level !400 log10 copies/mL before HAART 7 (30.4)

HAART
No. of STI cycles, mean �SD 1.65 � 0.67
NRTIs included
Zidovudine/lamivudine backbone 9 (45)
Stavudine/didanosine backbone 11 (55)

NOTE. Data are no. of patients (%), unless otherwise indicated. ART,
antiretroviral treatment; CDC, Centers for Disease Control and Protection;
NRTI, nucleoside reverse-transcriptase inhibitor.

RESULTS

Results for the primary end points of this study have been

presented elsewhere [17]. In summary, 74 NRTI-pretreated pa-

tients were included in the study, and continuous HAART was

compared with CD4 cell count–guided STI. “Week-on, week-

off” STI treatment was discontinued ahead of schedule, because

failures were unacceptably frequent (occuring in 12 [46%] of

26 patients) [17, 22]. At the time of virological failure, no HIV

with drug resistance was found in plasma samples from 3 pa-

tients, samples from 2 patients were not amplifiable, and, for

1 patient, no testing was done. Mutations in the HIV reverse-

transcriptase gene were found in samples from 3 patients (at

position 215 [ ] and positions 219, 210, 67, and 41n p 3

[ for each]). Mutations in the HIV protease gene weren p 1

detected in samples from 4 patients (at position 63 [ ]n p 3

and 82 [ ]). Of note, all patients had a viral load of !50n p 1

copies/mL after reinitiating continuous HAART. The “week-

on, week-off” strategy was unreliable and thus not investigated

further. Twenty-three patients were treated with CD4-guided

STI, and 25 patients were treated with continuous HAART. The

observational period was 48 weeks, and follow-up continued

for 108 weeks. After 108 weeks (96 weeks of STI and 12 weeks

of continuous treatment), 1 case of virological failure, defined

as a viral load 1500 copies/mL, occured after 3 months of

continuous treatment, in a patient with nonadherence in the

STI group [22]. Another failure occurred in the continuous

treatment group at week 96; no results of resistance testing

were available for this patient.

Frozen plasma samples obtained before HAART were avail-

able from 20 (87%) of the patients, and samples obtained after

STI were available from 20 (87%) of the patients. Baseline

characteristics of these patients are shown in table 1. Of note,

only 30% of patients had a copies/mL before switch-VL ! 400

ing from dual-NRTI (zidovudine/zalcitabine) treatment to

HAART. The NRTI regimen was changed from zidovudine/

zalcitabine to zidovudine/lamivudine for 9 patients and to sta-

vudine/didanosine for 11 patients. The female-to-male sex ratio

was balanced, and the mean age (�SD) was 35.4 �6.4 years.

Most patients (55%) were asymptomatic before starting anti-

retroviral therapy. Depending on their reaction to STI, the pa-

tients underwent 1–3 (mean, 1.65) treatment interruptionsdur-

ing the 48-week observation period. Resistance testing was

performed at a median of 32 days (IQR, 28–63.5 days) after

treatment was stopped during the last treatment interruption

within the 48-week observation period.

Table 2 shows the results of HIV genotyping before HAART

and after CD4 cell count–guided STI. Genotyping could be

done on 11 samples obtained before HAART, and 9 samples

could not be amplified. Three of these 9 samples had a viral

load of !400 copies/mL, and, in 6 other samples, RNA deg-

radation had occurred. In 11 samples obtained before the switch

from dual-NRTI treatement to HAART, mutations were found

in 4 (36%), and no mutation was present in 7 (64%). In 17

samples obtained after CD4 cell count–guided STI, resistance

mutations were found 9 (53%). Three of these 17 samples could

not be amplified, possibly because of mutations at the primer

site. HIV mutations present before the start of protease inhib-

itor–based HAART and detected after STI are shown in figure

1 and table 2. Major mutations were found in 4 (36%) of 11

samples obtained before HAART and in 1 (6%) of 17 samples

obtained after STI ( , by Fisher’s exact test). TheP p .062

matched pair comparison showed that minor mutations in the

HIV protease gene that were present before HAART were also

found after STI. Minor mutations emerged in HIV from 4

samples, and, in HIV from 1 sample, 1 mutation was lost. New

mutations were acquired by HIV in 2 samples, and 2 samples

obtained before HAART could not be amplified. Preexisting

mutations in the HIV reverse-transcriptase gene disappeared

after STI. In 2 patients with this HIV mutation pattern, the

virus reverted to wild type, whereas, in 2 others, secondary

mutations which do not lead to drug resistance were present

after the treatment interruption. Only 1 major mutation

(T215Y) occurred after STI, in a patient with HIV that did not

have genotoypic resistance before HAART. As shown in figure

2, the frequency of mutations in the HIV reverse-transcriptase
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Table 2. Drug-resistance profile of HIV in patients who received structered treatment interruption (STI), as
determined before HAART and after the last cycle of STI.

NRTIs included
in HAART

Before HAART After last cycle of STI

No. of
STI cycles

CD4
cell count,
cells/mL

Viral load,
copies/mL Mutation(s)a

CD4
cell count,
cells/mL

Viral load,
copies/mL Mutation(s)a

D4T/DDI 113 !400 NA 554 569 None 2
AZT/3TC 835 2083 None 348 212,000 T215Y 1
D4T/DDI 872 2829 NA 872 59,600 NA 1
AZT/3TC 426 1591 NA 530 2250 NA 1
D4T/DDI 530 2339 None 384 18,100 None 2
AZT/3TC 581 488 None 533 40,400 V77I 2
AZT/3TC 419 !400 NA 360 61,400 NA 1
AZT/3TC 851 15,714 NA 746 80,700 K20R 2
D4T/DDI 956 1538 None 1183 19,800 None 2
D4T/DDI 1028 1077 NA 672 7070 None 2
D4T/DDI 599 1949 L10I 642 16,200 L10I, L63P 2
D4T/DDI 766 8378 NA 630 19,300 None 2
AZT/3TC 550 11,175 D67N, K70R,

T215Y
351 9510 None 2

AZT/3TC 698 !400 NA 576 2870 L63P 3
D4T/DDI 1316 2216 T215Y, L63P 607 4320 L63P 3
AZT/3TC 814 2024 L10V, K20R,

L63P
814 57,700 K20R, L63P 1

D4T/DDI 804 1309 T215F 804 214,000 None 1
D4T/DDI 664 !400 L63P 664 27,400 L63P 1
AZT/3TC 608 31,796 D67N, K70R,

T215I, L10V,
L63S

783 69,500 K103T, L10V,
L63S

1

D4T/DDI 1082 1747 NA 1084 23,200 None 1

NOTE. AZT, zidovudine; DDI, didanosine; D4T, stavudine; NA, HIV not able to be amplified; 3TC, lamivudine.
a Mutations in bold are in the reverse-transcriptase gene, and mutations in italics are in the protease gene.

gene was significantly reduced, from 72% before HAART to

12% after STI ( , by Fisher’s exact test). The frequencyP ! .01

of mutations in the protease gene did not significantly change

(72% vs. 65% after STI).

During the 48-week observation period, the same HAART

regimen remained effective in suppressing the viral load in all

patients who had to restart therapy for at least 3 months, in

accordance with the protocol criteria. Eighteen patients who

reinitiated HAART achieved a viral load of !500 copies/mL

after 3 months of continuous therapy. The median viral load

rebound after STI was 4.6 log10 copies/mL (IQR, 3.9–4.9) in

patients with drug-resistant HIV and 4.3 log10 copies/mL (IQR,

3.9–4.3) in patients without drug-resistant HIV. After posttrial

follow-up of 108 weeks, 1 patient had a viral load of 1500

copies/mL 3 months after reinitiating HAART, which qualified

as virological failure. This failure occurred at week 72 because

the patient did not adhere to reinitiated HAART. The patient

demonstrated no major HIV mutations after STI and was dis-

continued from the study. At week 108, all patients had received

3 months of continuous HAART. All but the patient mentioned

above had a viral load of !400 copies/mL [22]. The factors

believed to predict the occurrence of HIV drug-resistance mu-

tations after STI—presence of resistance before HAART, viral

load rebound, CD4 cell count at the time of initiation of STI,

number of STI cycles, CD4 cell count before antiretroviral ther-

apy, CD4 cell count before HAART, viral load before HAART,

sex, and the NRTIs included in the HAART—were investigated

without significant results.

DISCUSSION

CD4 cell count–guided STI was tested in 23 HIV-infected Thai

patients who had previously been treated with dual-NRTI ther-

apy. Samples from 20 patients were available for HIV genotypic

resistance testing. The patients were switched to HAART for 3

years and had a viral load of !50 copies/mL before enrollment.

Before HAART, antiretroviral–associated major HIV reverse-

transcriptase mutations were found in 4 (36%) of 11 samples,

and minor mutations were found in 5 (45%) of 11 samples.

After CD4 cell count–guided treatment, only 1 (6%) of 17 had
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Figure 1. HIV drug-resistance mutations detected in plasma samples
obtained from patients before HAART (before) and after structured treat-
ment interruption (after). NA, not able to be amplified.

Figure 2. Frequency of mutations in the reverse-transcriptase (RT) and
protease (PR) genes, defined as the total number of mutations divided
by the number of amplified plasma samples, before HAART (before) and
after structured treatment interruption (after).

major mutations, and minor mutations were found in 8 (47%)

of 17 samples. No virological failure was seen in patients with

major HIV mutations after 108 weeks of follow-up.

HIV with drug resistance is a major concern in STI and has

been shown to occur in clinical trials investigating structured

interruptions of HAART [13, 15, 16, 23]. On the other hand,

it also has been shown that interruption of HAART can convert

a resistant virus population to wild-type virus [24–27]. Al-

though this strategy has been harmful in the patients receiving

salvage therapy [28], the situation may be different in im-

munologically intact patients infected with HIV resistant to

NRTIs but treated successfully with HAART. Indeed, majorHIV

mutations present after dual-NRTI therapy and before HAART

had disappeared after STI. Seventy percent of our patients had

a detectable viral load of 1 400 copies/mL after dual-NRTI

therapy. Despite having undetectable viral load after HAART,

they can be considered a population at risk for resistance de-

velopment after STI. However, a major HIV mutation was

found in only 1 patient after STI, and this did not lead to

virological failure during a follow-up period of 108 weeks. To

our knowledge, this study is the first investigation of STI done

exclusively in HIV-infected patients with viral supression who

are treated with HAART after dual-NRTI therapy.

In this CD4 cell count–guided treatment-interruption trial,

HIV mutations were frequently observed after STI in patients

previously treated with dual-NRTI therapy before HAART.

However, only 1 of these mutations (T215Y) was a major mu-

tation. HIV from 8 patients displayed 1 or 2 secondary mu-

tations, which alone do not result in resistance to antiretrovirals.

They probably represent naturally occurring polymorphisms

rather than drug-selected mutations. Indeed, the minor HIV

protease gene mutations seen after STI were nearly all present

before initiation of HAART. Major mutations seen after STI

involved the reverse-transcriptase gene, whereas minor muta-

tions involved polymorphic positions coding for the protease

gene. In our study, positions 10, 20, 63, and 77 were involved.

Although these mutations do not cause significant drug resis-

tance by themselves, some of them contribute to drug resistance

when present together with other protease mutations [29, 30].

Whether further HIV mutations will be acquired and thus lead

to clinical drug resistance after additional cycles of STI cannot

be determined from the data available at present. But none of

the patients, except for the one who did not adhere to HAART,

developed virological failure by week 108 of follow-up. One

other case of virological failure occurred in the continuous

treatment arm [22]. Deeks et al. [31] have shown that durable

suppression of the HIV virus population may be achieved with

a combination regimen containing only 1 fully active agent.

Patients infected with HIV that developed major mutations still

had at least 1, and usually 2, drugs that were still active against

the strain, which could explain why even patients with resistant

HIV responded well to reinitiation of HAART after treatment

interruption. How sustainable viral suppression will be remains

to be seen. Nevertheless, after 108 weeks of follow-up and with

only 1 treatment failure, CD4 cell count-guided STI appears

to be safe in this patient population. Accordingly, all patients

with major HIV mutations in the “week-on, week-off” arm

whose treatment failed had a viral load of !50 copies/mL after

reinitiation of HAART. Using a univariate model, we found no

factors predicting the development of HIV mutations. In ac-

cordance with a study performed in a very similar group of

patients, multidrug resistance against NRTIs was frequently

seen in patients predominantly infected with HIV subtype A/

E for whom NRTI treatment failed [20]. In our study, presence

of preexisting mutations was not associated with development

of resistance after STI. However, when mutations were present

before initiation of HAART, we observed either reversion to

wild-type virus or substitution of these mutations with minor

mutations during STI. Interestingly, the frequency of reverse-

transcriptase gene mutations significantly decreased after STI,
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and there was a trend toward a reduction in the number of

preexisting major mutations in the HIV reverse-transcriptase

gene after STI. Whether these mutations truly disappeared or

whether we just measured overgrowth of wild-type virus is

difficult to determine. The time from the stopping HAART to

the performance of genotyping was 32 days, and a previous

study has shown that, within the first 30 days, most reverse-

transcriptase mutations remain [25]. Although we cannot con-

clude from our data that CD4 cell count–guided STI is ben-

eficial for such patients, we did not find any harmful effects of

STI on the virological outcome.

The study has some limitations. The strength of the results

and conclusions is somewhat diminished by the limited sample

size. Because of RNA degradation, 6 samples could not be

amplified. Another 3 samples could not be amplified due to

probable mutations at the primer site. During the last treat-

ment-interruption cycle, half of our patients had genotyping

performed 130 days after stopping HAART (median, 32 days).

It is possible that mutated viruses were not detected because

of the relative increase in the number of wild-type viruses.

However, Miller et al. [25] showed that mutations in the re-

verse-transcriptase gene remain largely unchanged 30 days after

treatment interruption. Moreover, all major HIV mutations in

our study population were mutations in the reverse-transcrip-

tase gene. The observed decrease in major mutations may also

have been due to random effects caused by small sample size

and nonamplification of samples, rather than STI.

Nevertheless, the study offers an interesting insight into the

effect of STI on patients who have received suboptimal antiret-

roviral therapy before HAART, and it is the first investigation

that exclusively studied patients previously treated with dual-

NRTI therapy. The long clinical follow-up of 108 weeks strength-

ens many of the conclusions and also supports the further use

of CD4 cell count–guided STI in controlled conditions for pa-

tients with preexisting major HIV mutations. This is relevant,

since STI may become an important treatment strategy in re-

source-limited places like Thailand, where many patients have

previously been treated with dual-NRTI therapy and thus harbor

HIV with major mutations in the reverse-transcriptase gene [20].

In conclusion, major HIV mutations were not induced

through CD4 cell count–guided treatment interruptions in

HIV-infected patients successfully treated with HAART after

dual-NRTI therapy. However, the power of this trial is limited,

and a cautious follow-up is necessary. The prevalence of in-

fection with HIV with major mutations conferring drug resis-

tance by themselves decreased from 36% of patients before CD4

cell count–guided STI to 6% after STI. Also, the mutations did

not correlate with virological response to HAART so far, and

the presence of preexisting mutations after dual-NRTI therapy

did not negatively influence the virological outcome of STI.

These findings only apply for the chosen CD4 cell count–guided

treatment interruption strategy and cannot be extrapolated to

other interruption strategies.
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In a structured treatment interruption (STI) trial, 3 of 23

patients in a CD4 cell count–guided treatment armdeveloped

recurring thrombocytopenia associated with the interruption

of antiretroviral therapy. All 3 patients had slightly low or

normal platelet counts before initiating antiretroviral ther-

apy. STI may play a role in inducing thrombocytopenia in

patients with human immunodeficiency virus infection.

Thrombocytopenia is known to occur in patients with HIV

infection and can present in both acute and chronic cases.

Antiretroviral therapy (ART) has been shown to correct throm-

bocytopenia [1]. We describe 3 patients who had slightly low

or normal platelet counts before the initiation of ART and who

developed recurring thrombocytopenia associated with struc-

tured treatment interruptions (STIs). To our knowledge, there

has been no previous report of this association.

Case reports. Three of 23 patients randomized to receive

CD4 cell count–guided treatment in a trial of STI developed

thrombocytopenia associated with cycles of treatment inter-

ruption. All 23 patients were enrolled in the HIV Netherlands

Australia Thailand Research Collaboration (HIVNAT) 001 trial

series in 1997 and received dual nucleoside reverse-transcriptase

inhibitor (NRTI) therapy for 1 year followed by protease in-

hibitor–based HAART. Before randomization to STI, all pa-

Received 23 January 2003; accepted 20 March 2003; electronically published 12 August
2003.

Financial support: Roche Pharmaceuticals.

Reprints or correspondence: Dr. Jintanat Ananworanich, HIV-NAT, Thai Red Cross AIDS
Research Center, 104 Rajdumri Rd., Pathumwan, Bangkok, Thailand 10330 (jintanat.a@
chula.ac.th).

Clinical Infectious Diseases 2003;37:000–000
� 2003 by the Infectious Diseases Society of America. All rights reserved.
1058-4838/2003/3705-00XX$15.00

tients had had a virus load of !50 copies/mL and a CD4 cell

count of 1350 cells/mm3 for at least 6 months. All patients

received 2 NRTIs (either zidovudine and lamivudine or sta-

vudine and didanosine) plus ritonavir-boosted saquinavir. The

criteria to stop and restart administration of therapy for patients

in the CD4 cell count–guided treatment arm were a CD4 cell

cut point of 350 cells/mm3 and a 30% decrease or increase in

the CD4 cell count.

Patient 1 was a 31-year-old man with platelet counts of

cells/mL before the initiation of ART and3 3164� 10 231� 10

cells/mL before the initiation of STI. He developed thrombo-

cytopenia whenever ART was interrupted, with a nadir platelet

count of cells/mL (figure 1A). There was no bleeding,313� 10

except for excessive bruising at phlebotomy sites. He underwent

bone marrow aspiration and biopsy, the results of which

showed increased numbers of megakaryocytes without organ-

isms, granulomas, or malignancy. Continuous HAART was re-

sumed because of onset of thrombocytopenia, which resulted

in rapid recovery of the platelet count. Platelet-associated IgG

testing [2] performed after 3 months of HAART did not detect

antibody.

Patient 2 was a 31-year-old man with platelet counts of

cells/mL before the initiation of ART and3 3135� 10 255� 10

cells/mL before the initiation of STI. He developed thrombo-

cytopenia associated with ART interruptions, with a nadir plate-

let count of cells/mL (figure 1B). Before resuming ART362� 10

according to protocol, his platelet count spontaneously in-

creased to cells/mL, at which time platelet antibody3101� 10

was detected at a titer of 1:1. After 1 month of ART, the platelet

count normalized, but platelet antibody remained detectable at

a titer of 1:1. Although he had a poorly controlled seizure

disorder, which resulted in injuries, there was no increased

bleeding during the period of thrombocytopenia.

Patient 3 was a 53-year-old man with platelet counts of

cells/mL before the initiation of ART and3 3175� 10 282� 10

cells/mL before the initiation of STI. Like the first 2 patients,

he had low platelet counts during ART interruption, with a

nadir count of cells/mL (figure 1C). Results of platelet-342� 10

associated IgG testing performed during ART interruptionwere

negative. This patient was to resume HAART if the confirm-

atory platelet count was ! cells/mL.350� 10

At a median follow-up time of 18 months after undergoing

STI, the 20 remaining patients in the CD4 cell count–guided

arm had not developed thrombocytopenia. Of these patients,

10 were male. Their mean platelet counts (�SD) before ini-

tiation of ART and STI were cells/mL and3238� 53� 10
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Figure 1. Platelet count (Plt), CD4 and CD8 cell counts, and virus load (VL/10) associated with antiretroviral therapy (ART) for patients 1 (A),
2 (B), and 3 (C). Ab, antibody; +, positive test results; �, negative test results.

cells/mL, respectively. For 16 of 20 patients, ART3286� 54� 10

was resumed after the first interruption of treatment; the mean

platelet count (�SD) immediately before resuming ART was

cells/mL.3242� 63� 10

There were 2 male Swiss patients in their mid-30s enrolled

in a similar STI trial who also had thrombocytopenia after

HAART interruption. In 1 patient, the platelet count before

receipt of ART was normal (B. Hirschel, personal communi-

cation). There was no pre-ART platelet count in the other

patient.

Discussion. Our 3 patients had a clear pattern of throm-

bocytopenia associated with STI. All were men, which is in

accordance with reports in the literature demonstrating that

proportionally more males than females have HIV-related

thrombocytopenia; in contrast, proportionally more females

than males have idiopathic thrombocytopenic purpura [3]. Al-

though often asymptomatic, HIV-related thrombocytopenia

may manifest clinically as a spectrum of mild to life-threatening

hemorrhagic episodes [3–6]. Our patients were asymptomatic,

except for 1 patient, who had excessive bruising at phlebotomy

sites. HIV-related thrombocytopenia usually responds to ART

[5, 7–9], although, in some patients, it persists in spite of

HAART [10, 11]. While receiving HAART, all our patients had

normal platelet counts.

Bone marrow sampling has little diagnostic utility in the

investigation of afebrile HIV-infected patients with isolated

thrombocytopenia, because HIV infection is usually the un-

derlying cause [1]. This was true in 1 of our patients, for whom

findings of bone marrow examination suggested increased de-

struction of peripheral platelets without evidence of opportun-

istic infections.

Platelet kinetic studies in HIV-infected patients showed brief
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mean platelet lifespans [12, 13], increased splenic sequestration,

and ineffective delivery of viable platelets to the peripheral

blood [14]. Possible causes of thrombocytopenia include HIV

infection of megakaryocytes and decreased platelet production,

increased peripheral destruction due to production of platelet

antibody, or development of circulating immune complexes [5,

12, 15–18]. These circulating immune complexes contain plate-

let membrane components, glycoprotein (GP) IIIa, and anti-

platelet membrane IgG antibodies [16, 17]. The production of

IgG platelet antibodies is likely induced by HIV, because the

structure of HIV-enveloped GP120 mimics that of GPIIIa plate-

let membrane [19]. HIV-related thrombocytopenia can be pre-

sent at any stage of HIV disease, but it is often associated with

a high virus load [4]. Our patients did not have high virus load

rebound after STI, although precise analysis of virus load ki-

netics was not performed.

We attempted to identify the cause of thrombocytopenia by

performing platelet-associated IgG testing in the 3 patients. The

results showed no correlation between low platelet counts and

presence of platelet-associated IgG. Only 1 of 3 patients with

thrombocytopenia had a weakly positive platelet-associated IgG

level both before and after resuming ART. We were not able

to perform tests for detection of antibody to GPIIIa, the results

of which might have yielded a correlation. We did not find

significant differences in age, sex, disease status, CD4 cell count

before initiation of ART and STI, virus load, platelet count,

and extent of viral rebound during ART interruption between

patients with and patients without thrombocytopenia who un-

derwent STI.

To our knowledge, there has been no report of thrombo-

cytopenia associated with STI in patients with slightly low or

normal platelet counts before initiation of ART and STI. Be-

cause STI will be 1 of the options for treating HIV infection

in the near future, careful surveillance for thrombocytopenia

is warranted.
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ORIGINAL STUDIES

Pharmacokinetics and 24-Week Efficacy/Safety
of Dual Boosted Saquinavir/Lopinavir/Ritonavir

in Nucleoside-Pretreated Children
Jintanat Ananworanich, MD,* Pope Kosalaraksa, MD,† Andrew Hill, PhD,‡

Umaporn Siangphoe, MSc,* Alina Bergshoeff, PhD,§ Chitsanu Pancharoen, MD,�
Chulapan Engchanil, MD,† Kiat Ruxrungtham, MD,� David Burger, PhD,§

and the HIV-NAT 017 Study Team

Objective: To assess the pharmacokinetics and 24-week efficacy
and safety of dual boosted saquinavir/lopinavir/ritonavir combina-
tion in children.
Design: Twenty reverse transcription inhibitor-pretreated children at
2 centers in Thailand were treated with saquinavir/lopinavir/ritona-
vir in an open label, single arm, 6-month prospective study. The
dosage was 50 mg/kg twice daily (bid) for saquinavir and 230/57.5
mg/m2 bid for lopinavir/ritonavir. Ten children also received lami-
vudine.
Methods: Samples were collected for a 12-hour pharmacokinetic
profile in all children. Plasma concentrations of saquinavir, lopinavir
and ritonavir were determined using a validated high performance
liquid chromatography technique.
Results: At baseline, the median age was 8.5 years, with human
immunodeficiency virus (HIV) RNA 4.9 log10 copies/mL, CD4
count 129 cells/�L and CD4%, 6.5%. Median area under the
concentration curve at 0–12 hours and Cmin were 39.4 mg/L � h and
1.4 mg/L for saquinavir and 118 mg/L � hr and 5.9 mg/L for lopinavir.
After 24 weeks of treatment, HIV RNA was suppressed below 400
copies/mL for 16 of 20 (80%) children (intent-to-treat analysis) and
below 50 copies/mL for 12 of 20 children (60%), and CD4% (count)
rose by a median of 6% (216 cells/�L). Median changes of triglyc-
eride and total cholesterol were 56 and 36.5 mg/dL, respectively
(P � 0.01). Lopinavir Cmin �1 and saquinavir Cmin �0.28 mg/L
correlated with HIV RNA �400 copies/mL, and lopinavir Cmax �15
mg/L correlated with rises in cholesterol (P � 0.05).
Conclusion: Plasma drug concentrations of saquinavir, lopinavir
and ritonavir were at the higher limits of expected ranges for adult
treatment at approved dosages (1000/100 mg bid for saquinavir,

400/100 mg bid for lopinavir/ritonavir). The regimen was well-
tolerated and had good efficacy at 24 weeks. This dual boosted
protease inhibitor combination should be assessed in larger trials of
reverse transcription inhibitor-experienced children.

Key Words: protease inhibitors, salvage therapy, resistance,
nucleoside reverse transcription inhibitors, nonnucleoside reverse
transcription inhibitors, human immunodeficiency virus, highly
active antiretroviral therapy

(Pediatr Infect Dis J 2005;24: 874–879)

Combination antiretroviral therapy including protease in-
hibitors has significantly improved survival for human

immunodeficiency virus (HIV)-infected children.1 Current
guidelines suggest first line treatment of children with 2
nucleoside reverse transcription inhibitors (NRTIs) plus ei-
ther a nonnucleoside reverse transcription inhibitor (NNRTI)
or protease inhibitor (PI).2 The palatability of liquid or
powder formulations of protease inhibitors limits their use in
younger children,3 especially because large dosages are re-
quired owing to more rapid metabolism than in adults.4,5

For children treated first line with NRTI/NNRTI-based
highly active antiretroviral therapy (HAART), resistance to
reverse transcription inhibitors (RTIs) has been detected at
treatment failure.6 NNRTI resistance might also be mater-
nally acquired.7 For heavily RTI-experienced children, re-
sponse to a second line treatment containing a single PI might
be suboptimal3 because the NRTI component contributes
little to efficacy. In addition, there is the potential for acute
and progressive toxicity to NRTIs from continued usage.2

Saquinavir and lopinavir have been evaluated in clini-
cal trials of HIV-infected children.4,8 Lopinavir/ritonavir has
been evaluated at the twice daily (bid) dosage of 230/57.5
mg/m2 for children between 6 months and 12 years; this dosage
is an estimate of the adult equivalent (400/100 mg bid) pediatric
dosage on the basis of body surface area.9 Saquinavir at the
dosage of 50 mg/kg bid with low dose ritonavir was predicted
to provide saquinavir plasma concentrations similar to the
currently approved adult dosage of 1000/100 mg bid.10

PI double boosting involves the use of ritonavir to
increase drug concentrations of 2 protease inhibitors simul-
taneously. Stable pharmacokinetics has been shown for the
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combination of saquinavir/lopinavir/ritonavir,10 and this
combination shows synergistic interactions in vitro.11 Pilot
studies of this combination in NRTI-experienced adults
showed promising results.12,13

Given the potential need for multiple PI treatment to
overcome RTI-resistant virus, a pilot study of saquinavir plus
lopinavir/ritonavir at their approved dosages was conducted
in 20 RTI-pretreated children.

METHODS
Clinical Assessment. This single arm, open label, prospective
24-week trial, HIV-NAT 017, was conducted in 2 centers in
Thailand (HIV-NAT in Bangkok and Khon Kaen University,
Khon Kaen, Northeast Thailand). Ethics committees at both
institutions approved the study, and all parents or caregivers of
enrolled children signed written informed consent at screening.

The trial enrolled 20 HIV-1-infected children who were
PI-naive and failing NRTI- or NRTI/NNRTI-based treatment.
Children needed to be younger than 16 years of age, with
results of biochemistry and hematology evaluations within
prespecified ranges. Children had to be able to swallow pills.
The dosage of lopinavir/ritonavir was 230/57.5 mg/m2 bid,
provided primarily as adult capsules (lopinavir 133/ritonavir
33 mg) but supplemented with oral solution containing lopi-
navir/ritonavir 80/20 mg/mL when necessary. For saquinavir,
the dosage was 50 mg/kg bid provided as 200-mg hard gel
capsules. Lamivudine was added in patients who had never
taken it. Concurrent use of other inducers or inhibitors of
cytochrome P4503A4 metabolism was not permitted.

After baseline assessment, children attended clinical
follow-up visits at weeks 4, 8, 12 and 24 of the study.
Children were assessed for CD4 count and percent, HIV
RNA (Roche Amplicor Ultrasensitive assay, Palo Alto, CA),
fasting lipids, hematology, clinical chemistry and adverse
events. HIV RNA was summarized by visit week, using the

intent-to-treat missing equals failure method. Clinical and
laboratory adverse events were graded by severity.
Pharmacokinetics. Each child underwent a pharmacokinetic
assessment, between 10 days and 4 weeks after starting trial
medication for those not using an NNRTI in the previous
regimen and after week 4 for those switched from an NNRTI-
containing regimen at baseline (to allow for potential NNRTI
induction effects to diminish). For pharmacokinetic assess-
ments, children were hospitalized from 7 PM the preceding
day, with the evening dose observed. At 7 AM the next
morning, blood was drawn into heparinized tubes just before
drug intake (predose) and at 2, 4, 6, 8, 10 and 12 hours after
drug intake. Medication was taken with standardized meals
and was observed. Blood samples were then centrifuged at
3800 rpm and 10 minutes at 4°C on the day of sample
collection. Plasma concentrations of lopinavir, saquinavir and
ritonavir were measured in all available samples by means of
a validated high performance liquid chromatography method.
Determination of pharmacokinetic factors �area under the con-
centration curve (AUC) at 0–12 hours, Cmax, Ctrough, Tmax, t�1/2��
of the PIs was made by noncompartmental methods.
Statistical Analysis. Descriptive statistics were generated for
all pharmacokinetic measures. Statistical analysis was per-
formed with SPSS version 9 (SSPS, Chicago, IL). The Wil-
coxon signed rank test and the McNemar test with a 2-tailed
P value of 0.05 were used to evaluate the clinical outcomes.

RESULTS
Baseline Characteristics. Twenty children were enrolled (8 at
the Bangkok center, 12 at the center in Khon Kaen), with a
median age of 8.5 years. Six were male, and 14 were female.
Fifteen patients (75%) were between 5 and 10 years of age,
and 5 (25%) were older than 10 years at baseline. Other
baseline characteristics are shown in Table 1. Prior NRTI
treatment included zidovudine for 90%, lamivudine for 50%,

TABLE 1. Characteristics at Baseline and at Week 24

Characteristics Baseline Wk 24 P*

Total sample size 20 20

Gender 6 (30)† — —
Male 14 (70)
Female

Disease stage 1 (5) — —
A 17 (85)
B 2 (10)
C

Median age (yr); IQR 8.5; 6.9–9.9 — —
% with prior NRTI treatment 100 — —
Median NRTI duration (yr); IQR 3.4; 2.0–4.2
% with prior NNRTI treatment 35 — —
Median NNRTI duration (yr); IQR 1.3; 0.5–2.3
Median wt (kg); IQR 19.5; 17.3–24.5 20.5; 19–26 0.002
Median ht (cm); IQR 116; 111–125 117.5; 112.5–126.8 �0.001
Median HIV RNA (log); IQR 4.9; 4.5–5.4 2.6; 1.7–2.6 �0.001
Median CD4, count (cells/�L); IQR 129; 35–243 378; 240–540 �0.001
Median CD4%; IQR 6.5; 3.3–8.0 11.5; 10–14.8 �0.001
Triglyceride (mg/dL) 111; 80.3–169.3 161; 135.5–249.8 0.014
Cholesterol (mg/dL) 150; 130.8–179.3 188; 184.3–225.3 0.012

*P values represent comparisons of individual changes overtime of weight, height, CD4, HIV RNA and lipids.
Numbers in parentheses, percent.
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stavudine for 45% and didanosine for 80%. Seven of the 20
children (35%) were NNRTI-pretreated; all 7 had received
prior nevirapine, and 1 child received efavirenz as well. Six
children (30%) had received coformulated stavudine/lamivu-
dine/nevirapine. The median number of nucleoside-associ-
ated mutations was 4, with 63% having at least 4 nucleoside-
associated mutations, which signified resistance to all NRTI
except for 3TC. In addition, multi-NRTI mutations were
seen: T215Y (n � 7); Q151M (n � 1). All 20 children
continued to receive lopinavir/saquinavir/ritonavir at 24
weeks. The 10 children who had not previously received
lamivudine took this in addition for the duration of the trial.
Efficacy and Safety. An individual patient’s body weight
increased by a median of 1.5 kg during the trial (P � 0.002),
and height increased by a median of 2 cm (Table 1), but
weight for age (P � 0.08) and height for age (P � 0.28) Z
scores were not different. The median CD4 count and CD4%
rise were 216 cells/�L �interquartile range (IQR), 143–360�
and 6% (IQR 3–9), respectively, at week 24 (P� 0.001) with
the total count and percent shown in Table 1. HIV RNA titers
fell from baseline by �2.5 log10 copies/mL (IQR �2.9 to
�1.9, P � 0.001) with HIV RNA suppressed below 400
copies/mL for 16 of 20 children (80%) and �50 copies/mL
for 12 of 20 children (60%). More children at the Bangkok
site had HIV RNA �50 copies/mL (7 of 8) than at the Khon
Kaen site (5 of 12). There were no differences in baseline
characteristics of the children at the 2 sites. Lamivudine use
did not affect HIV RNA suppression (P � 0.17).

Of the 4 children with HIV RNA �400 copies/mL at
week 24, 1 child was treated with combination antitubercu-
losis medications containing rifampin for presumed Myco-
bacterium tuberculosis within the first month of the study and
had abnormally low concentrations of lopinavir and saquina-
vir. Rifampin was subsequently stopped at week 8, but at
week 24 the patient had undetected lopinavir and saquinavir
concentrations because of poor adherence resulting in an HIV
RNA of 67,900 copies/mL. Genotyping of the protease gene
showed L62S. After adherence reinforcement 1 month later,
her HIV RNA was 532 copies/mL. Another child had under-
lying Mycobacterium avium complex (MAC) infection, salt-
wasting nephropathy and HIV encephalopathy with seizure
and was receiving multiple drugs in addition to the dual PI
regimen. During the study, she had seizures, which were
treated with phenytoin sodium. Her lopinavir and saquinavir
concentrations at week 24 were low, and her HIV RNA was
35,900 copies/mL with K20R on genotyping. A third child,
with M. tuberculosis during the first month treated with a

non-rifampin-containing antituberculosis regimen, had low
lopinavir concentrations and at week 24 had an HIV RNA of
3650 copies/mL, with emergence of the V82Imutation, which
is associated with early PI failure.14 Finally a teenager with a
history of poor adherence had an HIV RNA of 552 copies/mL
at week 24 but a subsequent HIV RNA of �50 copies/mL at
a follow-up visit.

One child had a serious adverse event (grade 3 diarrhea,
vomiting, back pain and convulsions), which was judged by
the investigator to be at least possibly related to study
medication. This is the second child mentioned above with
MAC, nephropathy and seizure. Lopinavir and saquinavir
were briefly interrupted twice during her hospitalization, and
at week 19 the lopinavir and saquinavir dosing were reduced
by 20% with some improvement of diarrhea and back pain.

During the 24 weeks of the trial, serum triglyceride rose
in individual patient from a median of 111 mg/dL to 161
mg/dL (P � 0.014), with a rise in total cholesterol from 150
mg/dL to 188 mg/dL (P � 0.012) (Table 1). The proportion
of patients with total cholesterol above 200 mg/dL rose from
0% at baseline to 30% at week 24 (P � 0.031), whereas the
proportion with triglycerides above 150 mg/dL rose from
25% at baseline to 60% at week 24 (P � 0.031). Alanine
aminotransferase values showed a significant reduction dur-
ing the trial, from 24 units/L at baseline to 14 units/L at week
24 (P � 0.001).
Pharmacokinetics: Correlation With Efficacy and Safety.
Table 2 and Figure 1 show the summary pharmacokinetic
profiles for saquinavir, lopinavir and ritonavir for the 19
children. One child with concurrent rifampin treatment was
excluded from analyses correlating plasma PI pharmacoki-
netics with efficacy and safety.

Overall the pharmacokinetic measurements were
within accepted ranges for all PIs. Of 3 children with saquina-
vir Cmin below 0.28 mg/L, 2 had HIV RNA �400 copies/mL
at week 24, compared with 1 of 16 children with saquinavir
Cmin above 0.28 mg/L (P � 0.008). Of 2 children with
lopinavir Cmin below 1 mg/L, both had HIV RNA �400
copies/mL at week 24, compared with 1 virologic failure
among 17 children with lopinavir concentrations above
1 mg/L (P � 0.001). The 2 children with lopinavir Cmin

�1 mg/L also had low saquinavir Cmin (�0.28 mg/L). There
were no significant correlations between virologic response
and other measures of saquinavir or lopinavir pharmacoki-
netics (AUC, Cmax). Ritonavir concentrations were within
expected ranges.

TABLE 2. Summary Statistics of Lopinavir, Saquinavir and Ritonavir
Pharmacokinetics (n � 19)

Parameters Units Saquinavir Lopinavir Ritonavir

AUC12 mg/L � h 39.4 (30.7–51.6)* 118.1 (90.5–147.2) 6.9 (4.9–10.9)
Tmax h 4 (4–6) 2 (2–5) 4 (2–6)
Cmax mg/L 4.9 (4.2–7.2) 11.8 (9.8–16.4) 0.9 (0.7–1.3)
Cmin mg/L 1.4 (0.7–2.0) 5.9 (4.1–7.1) 0.3 (0.1–0.6)
t1/2 h 3.2 (2.7–4.2) 6.0 (3.8–8.1) 4.8 (2.0–6.9)

*Values are median � interquartile range (numbers in parentheses).
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There was also evidence for a correlation between PI
pharmacokinetics and lipid elevations. Of 6 children with
lopinavir Cmax above 15 mg/L, 4 developed total choles-
terol elevations, compared with 2 of 13 with lopinavir Cmin
below 15 mg/L (P � 0.03). Of 6 children with lopinavir
Cmin above 5.5 mg/L, 5 developed triglyceride elevations
at week 24, compared with 3 of 13 with lopinavir Cmin
below 5.5 mg/L (P � 0.06). Correlations between saquina-
vir pharmacokinetics and lipid elevations did not reach
statistical significance.

DISCUSSION
In this pilot study of dual boosted lopinavir/saquina-

vir/ritonavir in NRTI-pretreated children, 16 of 20 (80%)
patients showed reductions in HIV RNA to �400 cop-
ies/mL after 24 weeks of treatment. This response is
comparable with results in previous trials of PI treatment,
with either boosted or unboosted PIs.3,4,9 In addition,
significant improvements in CD4%, weight and height
occurred. The elevated lipids seen are consistent with other
studies in children using PIs.15,16 The National Cholesterol
Education Program recommends stepwise dieting and bile
acid sequestrants if the former fails.17 These measures
often are inadequate in lowering lipids in children treated
with PI. Other lipid-lowering agents such as atorvastatin
have been successfully used in a small number of children
with familial hypercholesterolemia, but these are approved
only for postpubescent children.18 Data on the manage-
ment of this problem in PI-treated children are unavailable.

The relative contribution of boosted saquinavir and
lopinavir on antiretroviral efficacy cannot be determined
from this trial. There is in vitro evidence for synergy
between saquinavir and lopinavir,11 and the plasma con-
centrations of both PIs in children are within the ranges
expected for the drugs used at their individual standard
dosages.10 Randomized clinical trials in PI-pretreated
adults have shown improved clinical efficacy using 2
unboosted protease inhibitors, relative to using 1 un-

boosted PI19; however, the difference in efficacy for dou-
ble versus single boosted PIs has not been evaluated in
randomized clinical trials. Boosted saquinavir and lopina-
vir have antiretroviral effects in short term PI monotherapy
trials,20,21 but these early trends have yet to be evaluated in
large randomized trials.

Saquinavir plasma concentrations were higher in this
trial than for previous studies of unboosted saquinavir in
children. The Thai children in this trial had a median AUC
0–12 of 39.4 mg/L � h, which is significantly higher than
previously seen for children given unboosted saquinavir 50
mg/kg 3 times a day, where the AUC0–24 was 5.8 mg/L � h.5

The concentrations also appear higher than for Caucasian
adults, in whom the 1000/100 mg bid dosage with lopinavir
led to a saquinavir AUC of 17 mg/L � h.10 However, there may
be a racial effect on saquinavir concentrations. For 10 Thai
adults treated with saquinavir/ritonavir 1000/100 mg bid, the
median AUC0–24 was 55.3 mg � h/mL,22 which is higher than
for any trial in Caucasian patients. The mechanism of this
potential racial correlation is unknown; lower body weight for
Thai adults may partly explain this difference.

Lopinavir AUC concentrations from this trial also ap-
peared to be higher than from previous trials in Caucasian
children. The median AUC concentration for lopinavir from
this trial 118 mg/L � h (dosage, 230/57.5 mg/m2), compares
with a mean value of 72.6 mg/L � h for 12 mainly Caucasian
children given lopinavir/ritonavir at the 230/57.5 mg/m2

dosage without nevirapine and 116.4 mg/L � h for 15 children
given lopinavir/ritonavir at 300/75 mg/m2 with nevirapine.
The differences appear to be consistent for Cmax and Cmin

with these comparisons. The lopinavir Cmax and Cmin from
this trial are in the upper 75th percentile of the adult phar-
macokinetic values for the 400/100 mg bid dosage given
without saquinavir9 and are higher than those from the adult
trial of ritonavir.10

The apparently higher plasma concentrations of sa-
quinavir, lopinavir and ritonavir in this trial are unlikely to

FIGURE 1. A 12-hour profile of plasma
concentrations of lopinavir, saquinavir
and ritonavir during the trial (n � 19).
This drug regimen is taken every 12
hours. Hour 0 represents the time be-
fore the morning dose is given and
hour 12 represents the time before the
evening dose is given. � indicates lopi-
navir; ■, saquinavir; Œ, ritonavir.
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be a result of adherence, given that pharmacokinetic as-
sessments were made after observed dosage in both this
trial and those used for comparison.5,9,10,22 Standardized
meals were also taken in this and previous trials. The
correlations between PI pharmacokinetics, efficacy and
safety are interesting but need to be reevaluated in larger
trials or cohort studies, given the small sample sizes and
number of statistical tests performed. Several of the chil-
dren with low plasma PI levels also had intercurrent
opportunistic infections, and it is unclear whether these
low PI concentrations would have been observed other-
wise. Retrospectively, when caregivers of the children
with virologic failure were asked about adherence, 3 of 4
admitted to missing dosages and not taking medications on
time. It is difficult to predict whether use of additional
nucleoside analogs could have improved efficacy in this
trial. Significant correlations between lopinavir Cmin and
virologic response have been observed in a previous study
of PI-pretreated children receiving lopinavir/ritonavir
without saquinavir23; however, for PI naive adults, a recent
study has shown no correlation between lopinavir or sa-
quinavir pharmacokinetics and reductions in HIV
RNA.24,25

Currently, however, with widespread first line use of
NRTI/NNRTI combinations in children, it is important to
have a reliable second line strategy. A regimen that is used
frequently for salvage of NRTI/NNRTI failure is recycling of
NRTI and combination with a PI. Good efficacy with Kaletra
has been shown.26 The regimen in this study would especially
benefit children who have significant resistance to NRTIs and
NNRTIs and who can swallow pills. The pill burden for the
treatment given in this trial is high and may have limited
adherence for some children; however, a new 500-mg for-
mulation of saquinavir would reduce the saquinavir pill
burden by 60%.27 Because saquinavir can be used only in
children who can swallow pills, exploring the pharmacoki-
netics of saquinavir given as an open capsule would help
widened the use of this regimen.

Both dual boosted and single boosted PI failures can
lead to PI mutations affecting further options. Fortunately PI
failure, if detected early, is usually associated with few
mutations and ability to resuppress HIV RNA.28 Two of our
patients with virologic failure had lower HIV RNA after
adherence counseling. With any second regimen failure, the
salvage option becomes more limited. Options for children
with dual boosted PI failure include recycling of previously
used antiretrovirals based on genotyping, using new classes
of antiretrovirals and adding T-20 (HIV-1 infusion inhibitor).
The latter 2 choices are currently difficult to access in the
developing world.

We believe that the combination of lopinavir-ritona-
vir and saquinavir should be evaluated in larger random-
ized clinical trials as a potential second-line option for
children with resistance or intolerance to the NRTI and
NNRTI classes. In addition, to save cost and possibly to
minimize PI-related metabolic complication, our observa-
tions of higher pharmacokinetic profiles of both saquinavir
and lopinavir than to those in Caucasians should lead to

further studies to investigate whether a dose reduction of
boosted PI among Thai population will be cost-effective.
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Viewpoint

The long running debate about clinical trial sponsors’
responsibility for providing treatment to patients after a
trial has ended does not seem likely to end soon. In
September, 2003, the World Medical Association post-
poned its decision about whether or not the Declaration
of Helsinki should be revised to reflect concerns that the
US government and the pharmaceutical industry have
expressed about post-trial treatment. Paragraph 30 of the
Declaration of Helsinki currently states: “At the
conclusion of the study, every patient entered into the
study should be assured of access to the best proven
prophylactic, diagnostic, and therapeutic methods
identified by the study”.1 The proposed revision to
paragraph 30 would introduce two main changes: that
the physician should make every effort to see that
patients receive treatment once it has been approved by
appropriate authorities, and that the physician is
required to explicitly tell patients if they are unlikely to
continue receiving treatment from sponsors after they
leave the study. 

The ethical concerns over the undertaking of clinical
trials in developing countries, especially with respect to
the standard of treatment that should be provided to trial
participants, have resulted in little research in countries
where interventions are needed most. The initiation of
preventative HIV vaccine trials has been delayed by
debate about the provision of antiretrovirals to
participants.2–4

Thailand has been seen by many as an example of a
resource-limited country that has been successful in
dealing with the HIV epidemic. The Thai Ministry of
Public Health began its programme to provide
antiretrovirals in 1992. In 1997, about 1300 patients
were receiving these drugs.5 Although a good start, the
programme clearly did not fulfil the overwhelming need
for antiretrovirals at that time.

In 1996, The HIV Netherlands Australia Thailand
Research Collaboration (HIV-NAT), was formed as a
non-governmental and non-profit organisation with
three collaborators: the Thai Red Cross AIDS Research
Centre in Thailand; the National Centre in HIV
Epidemiology and Clinical Research in Sydney,
Australia; and the International Antiviral Therapy
Evaluation Centre in Amsterdam, the Netherlands.
HIV-NAT’s primary aims were to undertake clinical
studies of antiretrovirals and to provide access to drugs
and HIV care. In the past 6 years, HIV-NAT has
enrolled over 1500 participants in 20 clinical trials, and
has served as an example of a clinical research
institution in a resource-limited setting.6

Although the current Declaration of Helsinki clearly
states that every participant should be assured of
treatment after the end of the trial, honouring this
commitment in developing countries is difficult in
practice. Until 2001, HIV-NAT has been able to procure
antiretrovirals for about 300 patients after the trial, some
for as long as 5 years, mainly by developing rollover
protocols. This practice is increasingly difficult because
there are only a small number of protocols that can be
developed for highly pretreated patients. A second tactic
has been to require sponsors of HIV-NAT trials to provide
at least 2 years of post-trial supply either in fixed funds or
in antiretrovirals. Many would say that pharmaceutical
companies should provide more; however, a commitment
to pay the unknown costs of life-long drug supply would
considerably reduce their incentives for sponsoring
trials,7–9 and, in our experience, is an assurance they are
unwilling to make. Furthermore, some sponsors who are
not pharmaceutical companies simply do not have funds
available for post-trial care. We acknowledge that, in less
developed countries, sponsors should shoulder more
responsibility for long-term therapy. 

In 2001, HIV-NAT recognised that almost 100 patients
would soon be without further drug supplies. In a survey,
most of these patients said that they would stop treatment
because financial difficulties would prevent them from
paying the entire amount, but almost all said they would
be willing to share the cost. Although we stated clearly in
our consent forms that we could not promise post-trial
drug supply, we were compelled to take action when
faced with the tragic prospect of watching patients
reversing their excellent quality of life gained while on
antiretrovirals. Therefore, the HIV-NAT drug fund was
initiated in November, 2001. Because of restricted
resources, a large variation in patients’ incomes, and our
principle belief in shared responsibility, we based our
subsidies on a co-payment and sliding scale system.

When patients apply to the HIV-NAT drug fund, the
key step in the procedure is an assessment, by
independent and experienced social workers, of their
ability to pay. The drug fund committee, which consists
of two physicians, two nurses, and a manager, reviews
the social workers’ recommendation in each case, and
sometimes discusses the case with the project physician
and nurse who know the patient, before deciding on the
amount to be subsidised. The committee might ask the
project physician to consider modifying antiretroviral
regimens or formulations to reduce the cost, as long as
the modification does not have a deleterious effect on
the patient. The support provided to patients might be in
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the form of cash, drugs, or both. The committee also
oversees the bulk purchase of some drugs to obtain low
prices. The social work team reassess the financial status
of the patients every 12 months. Since we are a small
organisation with five doctors and 11 nurses, some
committee members might, at times, come from the
patient’s study team, possibly introducing bias into the
decision making process.  However, we believe that
knowing the patient helps us make a more informed
decision.

According to our established standard, the patient pays
at least US$35 per month, and HIV-NAT pays at most
US$120 per month. This sum is based in part on HIV-
NAT’s 5-year financial projection. It also sets a standard
for patients to meet. Like most resource-limited countries,
Thailand has a wide disparity of incomes. Although many
of our patients could pay US$35 per month without
difficulty, we do not expect all of them to be able to, since
the minimum wage in Thailand is only US$4 per day. 

By October, 2003, HIV-NAT had 918 patients
participating in trials and 464 who had completed trials.
Of the 464 post-trial patients, 50% enrolled in new
studies, 30% paid for continuing drugs themselves (with
two-thirds receiving part subsidisation from the Thai
government), and 20% received drug fund support. The
patients’ ability to pay was helped by the Thai
government’s production of generic fixed-dose
combination of stavudine, lamivudine, and nevirapine,
which costs US$27 per month.

Of the 88 individuals who received drug fund support,
50 were able to pay the minimum monthly requirement
of US$35 or more, 34 paid less than the this amount,
and four were not able to pay anything. On average, the
patient and HIV-NAT drug fund paid US$40
(range 0–206) and US$52 (2·5–196) per month,
respectively. No patients at HIV-NAT have had to stop
antiretrovirals because of lack of financial support. 15
patients needed large subsidies to fund their second-line
regimens.

Income for the drug fund comes from revenues
derived from research studies (overhead costs) (85%)
and modest profits from other activities such as offering
symposia and training courses (15%). The budget is
US$47 000 for the first year and US$24 000 for
subsequent years. In the past 2 years, 56% of the budget
has been used. In the future, private donations might
also be sought if needed. The use of funds for this
purpose has not compromised HIV-NAT’s ability to
undertake other HIV-related clinical research.

Within the next 2 years, we expect about 200 patients to
complete their clinical trials. Most of them are on
protease inhibitor-based regimens and are still benefiting
from them. The present budget is sufficient to subsidise
the cost of antiretrovirals for these patients, since the
generic protease inhibitors to be produced by the Thai
government and the long-term supply from some
sponsors will help lower the price. Importantly, the Thai

government is expanding its Access to Care Programme
using additional funding from the Global Fund for AIDS,
Tuberculosis and Malaria  to provide free antiretrovirals
to a larger number of patients. Even though we are
fortunate that most of our patients have excellent
adherence and continue to be treated effectively with
their first regimen, we are concerned about providing
expensive second-line regimens to a larger number of
patients. We have had some success requesting grants
from pharmaceutical companies to purchase their drugs
and seeking funding for studies of new antiretrovirals for
drug-resistant patients. In the long term, we hope to rely
on inexpensive generic protease inhibitors and the Thai
Government Access to Care Programme.

In resource-limited settings, research institutions are
invariably faced with difficulties in long-term
antiretrovirals procurement. A co-payment and sliding
scale drug fund programme such as ours offers
organisations the option to adjust the amount of support
patients receive based on their financial resources, and
can be replicated in countries less developed than
Thailand.   Nevertheless, this is not a complete solution.
For any developing country, long-term drug supply for
patients at the end of a trial can only realistically be
sustained if the government provides it. We hope that in
the future, our HIV-NAT drug fund will be needed by
only a few patients who might need antiretrovirals that
are not provided by the government. A drug fund should
be a temporary solution until the ultimate goal of access
for all is achieved. In the meantime, allocation of
institutional income for this purpose should be a priority.
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Worldwide, 37.2 adults and 2.3 million 
children are living with HIV.1 Antiretroviral 
therapy (ART) has been the single most impor-
tant life-saving invention. There is much dis-
crepancy, however, in HIV care and access to 
ART between the developed and developing 
worlds. Firstly, less than 25% of those in need of 
ART in the developing world are receiving it. In 
Asia, only 16% are receiving ART with Thailand 
being the only country having ART access in 
excess of 50%.1 Secondly, the early survival rate 
after ART is lower in resource-poor settings than 
in resource-rich settings.2 The poorer outcome 
in low-income countries can be explained by 
the following factors: more advanced HIV 
disease and opportunistic infections co-
morbidities before starting ART, more loss to 
follow up, inability to afford long term fees for 
monitoring and treatment, and limited health 
care infrastructure and expertise.

A central challenge to improving ART coverage 
and outcomes is the need to optimize ART by 
identifying simple, safe and cost effective 
treatments tailored to a diverse group of 
individuals and populations. We believe that 
information contained in this dissertation 
regarding optimization of ART for Thais  
will benefit not only Thais, but also, other 
populations. 

Pharmacokinetic studies 

Due in part to the lower body mass index of 
Thais compared to Caucasians3 and the desire 
to save cost and reduce antiretroviral (ARV)-
related toxicity, clinicians in Thailand have 
empirically explored, with success, the use of 
lower-than-manufacturer-recommended dosing 
for several ARVs. Examples are zidovudine  
200mg twice daily (for those weighing less than 
60 kilograms (kgs))4 and half dose of stavudine 
(15mg for body weight < 60 kgs and 20mg for 
body weight ≥ 60 kgs).5, 6 Zidovudine 200mg 
twice daily in Thais with body weight below 60 

kilograms achieved the same plasma pharma-
cokinetic (PK) parameters as 300mg twice daily 
did in Caucasians who weighed more.7 Another 
study showed that Thais had a 5-fold increase in 
plasma zidovudine concentration when given 
300mg twice daily dosing.8 Indinavir/ritonavir at 
the standard dosing (800mg/100mg) was poorly 
tolerated in Thais, and studies have shown that 
using a lower dosing (400mg indinavir/100mg 
ritonavir in adults and 230-300mg/m2 indinavir/
100mg ritonavir in children) resulted in favorable 
PK and clinical outcomes.9-11 

Saquinavir/ritonavir is licensed at the twice daily 
dosing of 1000mg/100mg. In Thais, however, a 
lower once daily dosing of saquinavir-soft gel 
capsule/ritonavir 1600mg/100mg had  
acceptable PK parameters and viral load 
suppression.12 Subsequently, the preferred 
saquinavir-hard gel capsule became available. 
Saquinavir-hard gel capsule has better  
tolerability, room temperature storage  
compatibility and smaller pill size. A follow up 
study showed comparable PK between  
saquinavir soft and hard gel capsules in Thais 
on the once daily dosing.12 However, a direct 
comparison of this lower once daily dosing and 
the standard dosing has never been performed. 
This was of a concern to us because 1) the daily 
dosing of saquinavir and ritonavir in the once 
daily dosing is only about half of the standard 
dosing 2) the once daily dosing was less 
effective than efavirenz-based regimen in the 
FOCUS trial which was conducted in  
Caucasians13, and 3) comparing across trials, the 
minimum concentrations (Cmin) of saquinavir 
appears to be lower with the once daily dosing 
than the standard dosing.12, 14 

Therefore, in Chapter 2, we conducted a  
study to compare the PK of three dosing of 
saquinavir-hard gel capsule: (1) the once daily 
1600mg saquinavir + ritonavir 100mg, (2) the 
manufacturer-recommended standard dosing 
of twice daily 1000mg saquinavir + ritonavir 
100mg and (3) a new proposed dosing of once 
daily 2000mg saquinavir + ritonavir 100mg. 



Chapter 15: Summary and Discussion 121

Here we found that the area under the curve 
(AUC) and Cmin of saquinavir were significantly 
higher with the 1000/100mg twice daily and 
2000/100mg once daily saquinavir/ritonavir 
dosing compared to the 1600/100mg once daily 
dosing. In addition, the 2000/100mg dosing had 
a higher maximum concentration (Cmax) of 
saquinavir compared to the other two dosing. 
The mean Cmin of all three dosing; however, 
were above the 50% inhibitory concentration 
(0.1mg/L) required for suppressing wild type 
HIV strains. Therefore, this study showed that  
all three dosing exhibited acceptable PK 
parameters but both the saquinavir/ritonavir 
1000/100mg twice daily and 2000mg/100mg 
once daily dosing had superior PK parameters. 
The higher drug levels must be balanced, 
however, with the high pill load and the  
possibility of more toxicities.15 A follow up 
comparison analysis showed our patients to 
have higher saquinavir AUCs, Cmax and Cmin 
than the United Kingdom patients.16 

Genetic variability in drug metabolism may 
explain why Thais do not need as high a dose 
of ARVs as Caucasians or other ethnic groups. 
In recent years, knowledge on human genetic 
variants and its effect on therapeutic responses 
has helped researchers come closer to  
optimizing ART for different populations. 
Protease inhibitors (PIs) and non nucleoside 
reverse transcriptase inhibitors (NNRTIs) are 
metabolized primarily by the liver and its 
cytochrome P450 (CYP) isoenzymes. PIs are 
substrates for the P-glycoprotein multidrug 
efflux pump encoded by MDR-1.17, 18 Ritonavir 
boosts the levels of other PIs by inhibiting the 
CYP-and/or P-glycoprotein-mediated absorp-
tion of PIs. Polymorphisms in CYP or MDR-1 
genes may cause variations in drug concentra-
tions, and differences in these genes between 
Asians and other ethnic groups have been 
shown.19, 20 CYP2B6 exon 4 polymorphism found 
in Blacks is associated with higher central 
nervous system toxicity from efavirenz due to  
its slower elimination and higher plasma 

concentration.21 Saquinavir oral clearance is 
enhanced in persons with the CYP3A5*1 
genotype.22, 23 There is currently no such data in 
Thais but our group is now conducting a cross-
sectional study in 400 Thais to identify the 
correlation between saquinavir and ritonavir 
plasma concentrations and the CYP3A and 
MDR-1 polymorphisms. 

Because of its excellent efficacy and safety 
profile, tenofovir is now the preferred  
nucleoside reverse transcriptase inhibitor (NRTI) 
in first line ARV regimen. When used with 
efavirenz, tenofovir+emtricitabine NRTI  
backbone performed better than the traditional 
zidovudine + lamivudine backbone in  
suppressing viral load below 400 copies/ml, 
thereby increasing CD4 cell count and lowering 
toxicity-related discontinuations.24, 25 Tenofovir 
has been shown to lower the plasma concentra-
tions of some PIs such as atazanavir.26 Although 
a United Kingdom study showed that tenofovir 
had no adverse effect on saquinavir plasma 
concentrations in subjects on standard dosing 
of saquinavir-hard gel capsule/ritonavir 
(1000/100mg twice daily),27 we were concerned 
that it might have a negative impact on 
saquinavir plasma concentration in Thai patients 
who were on the lower dosing of once daily 
saquinavir-hard gel capsule/ritonavir 
1600/100mg. Therefore, before we switched the 
NRTI backbone in all Thais enrolled in the 
Staccato study from stavudine+didanosine 
NRTI backbone to tenofovir + emtricitabine  
(or lamivudine), we performed saquinavir 
therapeutic drug monitoring (TDM) in 14 
patients before and after switching (Chapter 3). 
We found that there was no difference in Cmin 
at the two time points. We concluded that 
tenofovir had no influence on the minimum 
steady-state saquinavir plasma concentration of 
the once daily saquinavir/ritonavir 1600/100mg 
dosing. 

Treatment of adult HIV-1 infection 

Ritonavir-boosted saquinavir is recommended 
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as a first line option in the United States – 
International AIDS Society guidelines, especially 
for those at risk for hyperlipidemia.28 Because 
efficacy data of the once daily saquinavir/
ritonavir 1600/100mg in Thais exists only for 
saquinavir soft gel capsule,29,30 we explored this 
regimen using the preferred saquinavir-hard gel 
capsule in the first 200 ARV-naïve patients 
enrolled in the induction phase of the Staccato 
study (Chapter 4). Staccato was a randomized 
study of structured treatment interruption (STI) 
strategies. During the induction phase, prior to 
randomization, ARV-naïve Thais with CD4 
between 200-350 cells/mm3 were treated for at 
least 24 weeks with 2NRTIs plus once daily 
saquinavir-hard gel capsule/ritonavir 1600/100 
treatment. Here we showed excellent viral 
suppression rates below 400 copies/ml and 50 
copies/ml by intention to treat analysis of 96% 
and 89% respectively, with an impressive 100 
CD4 cell count rise.31 Subsequently, we were 
able to confirm the durability of this regimen in 
controlling HIV viremia with 90% of the 272 Thai 
Staccato patients achieving viral load suppres-
sion up to 96 weeks.32 Compared to recent first 
line PI studies, our patients achieved similar or 
better virological response at a longer follow up 
time. In the GEMINI study, saquinavir/ritonavir 
used at the standard dosing of 1000/100 twice 
daily was compared to lopinavir/ritonavir. The 
planned interim analysis of 150 of 337 patients 
who reached 24 weeks showed viral suppres-
sion in 75.3% of the lopinavir/ritonavir versus 
69.4% of the saquinavir/ritonavir arms (p=0.4).33 
The KLEAN study showed around 70% of 
patients achieving viral suppression below 50 
copies/ml after 1 year in both randomized 
groups (fosamprenavir/ritonavir and lopinavir/
ritonavir).34 The ALERT study showed 80% of 
patients achieving viral load below 50 copies/ml 
at 24 weeks in both fosamprenavir/ritonavir- and 
atazanavir/ritonavir-treated patients.35 When we 
correlated viral load reduction at weeks 8 and 
24 to saquinavir Cmin in 47 of the initial 200 
patients, we found no correlation.31 This is 
consistent with reports from the FOCUS36 and 

the MaxCMin137 studies. Recently developed 
capabilities for determining intracellular 
saquinavir concentrations may provide for more 
accurate determination of the adequate 
saquinavir drug concentration necessary for HIV 
control.38, 39

In Chapter 5, we performed genotypic resist-
ance at baseline and at time of virological 
failure in 9 of 272 Staccato patients failing their 
first line saquinavir/ritonavir therapy. We did not 
see any major PI mutations, which are substitu-
tions in the protease gene selected first in  
the presence of PI and which affect drug 
susceptibility. Substitutions L90M and G48V are 
common mutations in saquinavir/ritonavir 
failure, with the latter being the unique muta-
tion for saquinavir.40 Some of our patients did 
have minor PI mutations, which are substitutions 
of the protease gene that usually occur later 
and which do not cause a significant decline in 
drug susceptibility. Most of the minor mutations 
in our patients were already present prior to 
ARV and were common natural polymorphic 
changes in HIV-1 clade A/E such as M36I, K20R, 
L63P and L63V. Almost all of our patients 
achieved virological suppression following 
saquinavir dose increase or switching to NNRTI 
regimens.41 Our finding is consistent with other 
studies.42-44

In Thailand, generic nevirapine fixed dose 
combinations are the least expensive and most 
commonly used first line therapy. Rash is a 
common side effect of NNRTIs, particularly 
nevirapine.45,46 In Chapter 6, we had the unique 
opportunity to study the incidence of rash in 
202 Thais randomized to four treatment arms in 
the 2NN study47: nevirapine 200 mg twice daily 
(standard dose), 2) nevirapine 400 mg once 
daily, 3) efavirenz 600 mg once daily (standard 
dose), and 4) nevirapine plus efavirenz.49 We 
found that both standard doses of efavirenz and 
nevirapine had a 20% incidence of rash. This 
result was not significantly different from 
published reports, however, it was on the high 
side of rash incidence across populations.46, 48-50 
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In the Treat Asia HIV Observation Database, 
Thais and Filipinos had a higher discontinuation 
rate from nevirapine toxicity than any other 
ethnic groups in Asia.51 It is possible that Thais 
have certain genetic variants that contribute to 
this higher risk. Nevirapine hypersensitivity was 
associated with HLA-DRB1*0101 and  
HLA-Cw8 in Australians52 and HLA-B14 (65) in 
Sardinians.53 As with NRTIs and PIs, Thais may 
be more likely to have a higher nevirapine 
plasma concentration. Indeed, it was found that 
the clearance of nevirapine in the 2NN cohort 
was the lowest in Thais compared to patients 
from South America, Western countries and 
South Africa,54 but nevirapine plasma concen-
trations did not appear to predict adverse 
events.55 We also showed that our female 
patients with CD4 ≥ 250 cells/mm3 and those 
with earlier HIV disease tended to be at more 
risk for NNRTI-related rash. This is consistent 
with other studies.46,55,56 Most treatment guide-
lines now caution the use of nevirapine as first 
line therapy in such women.28,57,58 In our study, 
nevirapine, when used in a once daily dosing  
or used in combination with efavirenz, was 
associated with unacceptable risk of rash.59  
The main 2NN study also showed that hepato-
toxicity was more common in these groups  
and these dosing regimens are not  
recommended.47 

Tenofovir, a preferred NRTI in first line ARV 
regimen, is eliminated via the kidney and can 
cause direct renal tubular toxicity, mainly in 
patients with underlying renal diseases.60 In a 
case report of 7 French patients with renal 
tubular injury from tenofovir, six had body 
weight less than 60 kgs.61 Because of its weight-
independent dosing, we were concerned that 
Thai patients with lower body weight may 
experience more renal toxicity from tenofovir. 
Therefore, in Chapter 7, we explored the renal 
function of 264 Thais enrolled in the Staccato 
study who were treated with tenofovir/lamivu-
dine/saquinavir/ritonavir.62 Creatinine clearance 
was used as a proxy of glomerular filtration ratio 

and was calculated using the Cockcroft-Gault 
formula and the Levey modification of diet in 
renal disease formula. The mean body weight 
of our patients was 57.1 ± 10.4 kg (52.4 ± 7.7 kg 
in women and 63.5 ± 10.3 kg in men). After a 
median follow up of about 6 months on tenofo-
vir, the creatinine clearance did not significantly 
change in the overall populations nor among 
subgroups of patients with underlying diseases 
or with low baseline creatinine clearance. No 
significant change was seen with even up to 108 
weeks of follow up. We found a transient drop 
in creatinine clearance in women, which has 
been observed in other studies to have no 
negative long term effect.63, 64 Overall, we found 
that the standard dose of tenofovir was not 
associated with renal toxicity in Thais despite 
their low body weight. 

The concept of one week on – one week off STI 
was made famous by Dybul M, et al. when they 
showed that 8 of 8 patients were able to 
maintain viral load < 50 copies/ml for 68 
weeks.65  Nevertheless, in Chapter 8, we 
showed that the one week on – one week off 
strategy resulted in 46% (12 of 26 patients) 
virological failure rate leading to the premature 
discontinuation of this treatment arm at week 
72 in the HIV-NAT 001.4 study.66, 67 We were 
unsure whether the failure might be due to 
archived mutations associated with previous 
dual NRTI treatment before HAART. Therefore, 
in Chapter 9, we explored this strategy in a 
larger cohort of ARV-naïve patients in the 
Staccato study and saw similar results. Of the 
first 36 week on – week off patients,  
53% failed.68 Both studies confirmed the poor 
outcome of week on – week off STI in both  
ARV-naïve and ARV-experienced populations. 
Fortunately no harm was caused to the patients 
as all achieved viral suppression when  
re-treated with the same HAART regimen. 

Other fixed time STI strategies have been 
investigated with mixed results. The 8 weeks  
on - 4 weeks off schedule in 56 patients was 
prematurely terminated because of 3TC and 
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NNRTI resistance in 5 of 26 patients. Most of 
these failing patients, however, had sub-optimal 
therapy prior to HAART and may have had pre-
existing mutations.69 The DART (Development 
of Anti-Retroviral Therapy in Africa) study was 
also stopped early because of more HIV disease 
progression in the 12 weeks on – 12 weeks off 
(8.6 per 100 person-years) compared to  
continuous HAART (2.0 per 100 person-years). 
This may be due in part to the advanced HIV 
disease at baseline in the volunteers, and it 
brings into question whether any STI strategies 
should be attempted in such patients.70 

Window ANRS 106, however, showed favorable 
results with the 8 week-on, 8-week off HAART in 
a large cohort of 403 adults who had CD4 ≥450 
cells/mm3 and viral load suppression. Intention 
to Treat analysis at week 96 showed similar 
clinical outcome and percentage of patients 
with CD4 below 300 cells/mm3 or virologic 
failure/resistance in both arms, with a 52.5% 
drug savings in the STI arm.71 Some fixed STIs 
are done in a step-wise fashion.72, 73 The 
ISSPART study evaluated a strategy with 5 STIs 
of 1, 1, 2, 2 and 3 month-duration, each  
followed by 3 months of therapy, compared to 
continuous HAART. At 24 months, the viral load 
suppression and time to treatment failure 
outcomes between arms did not differ.72 Some 
researchers are investigating fixed STI strategies 
that will give patients the weekend off with 
schedules such as 5 days on – 2 days off and  
4 days on – 3 days off. The former showed 
promising results with most of the 30 patients 
maintaining viral load suppression during off 
periods.74 The latter is being investigated in 
teenagers and results are pending (Bret RJ, 
personal communication).

We also investigated the CD4-guided STI 
strategy first in the HIV-NAT 001.4 pilot study 
and found encouraging results (Chapter 8). In 
this study, 23 patients with a median CD4 count 
of 766 cells/mm3 were randomized to CD4-
guided treatment in which they stopped 
HAART when their CD4 counts were above  

350 cells/mm3 and re-started again when the 
CD4 fell below 350 cells/mm3. CD4-guided arm 
patients had no HIV disease progression during 
the 96-week, and when they underwent 3 
months of HAART-retreatment, they were able 
to suppress their viral loads as much as patients 
in the continuous arm. There was also a 54% 
ARV cost saving.67 This led us to investigate the 
CD4-guided STI strategy in a larger population 
in the Staccato trial (Chapter 10).75 Similar to 
HIV-NAT 001.4, Staccato evaluated a CD4  
stop/start threshold of 350 cells/mm3 with  
284 patients randomized to the CD4-guided 
arm versus 146 in the continuous arm. After a 
median time of 22 months, there was no 
difference in AIDS/death, and the viral load  
suppression rates (~ 90% having viral load < 50 
copies/ml) following 3-6 months of HAART  
re-treatment were the same in both arms.  
The CD4-guided arm, however, had more minor 
HIV-related illnesses including oral and vaginal 
candidiasis (p = 0.04), and the continuous arm 
had more HAART-related neuropathy and 
diarrhea. Again, significant ARV saving of 61.5% 
was achieved with STI. 

The Staccato results, however, were markedly 
different from two other large randomized STI 
trials, the Trivacan and the SMART studies. 
Table 1 shows the comparison between the 
three studies.

The CD4-guided STI was prematurely discon-
tinued in both Trivacan and SMART because  
of significantly higher incidence of serious 
illnesses. The most common serious illness in 
Trivacan was invasive bacteremia. Oral and 
vaginal candidiasis was also more common with 
CD4-guided treatment.76 The most common 
causes of death in SMART were opportunistic 
infections followed by cancer. Esophageal 
candidiasis was the most common non-fatal 
opportunistic infection. What is most surprising 
in SMART is that toxicities traditionally thought 
of as relating to HAART, major cardiovascular 
diseases and metabolic events, were more  
common with STI than with continuous HAART 
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(1.8 per 100 person-years in the CD4-guided 
arm versus 1.0 per 100 person-years in the 
continuous, p = 0.01). It is also intriguing that 
the risks of both opportunistic and non-oppor-
tunistic events were statistically higher in the STI 
arm only when the CD4 at time closest to the 
events exceeded 350 cells/mm3 and the viral 
load was suppressed below 400 copies/ml.77 

If the incidence rates of SMART were applied to 
Staccato, they would have produced approxi-
mately 16 AIDS-defining opportunistic events or 
deaths in the CD4-guided arm, whereas no 
AIDS-defining events and only one death were 
observed. Why is this? Compared to SMART, 
Staccato enrolled patients with lower pre-STI 
CD4 counts and re-started HAART at a higher 
CD4 count. Consequently, the time off HAART 
was much shorter in Staccato. The hazard ratios 
of both opportunistic and non-opportunistic 

Table 1: Comparison between Staccato, Trivacan and SMART 

Data Staccato75 Trivacan76 SMART77

N of patients 430 326 5472

CD4 criteria for stop/re-start HAART, cells/mm3 350/350 350/250 350/250

Median age, years 35 34 46

Median pre-STI CD4, cells/mm3 470 457 597

AIDS, death/100 person-years (PY)

 CD4-guided 0.2 17.61 3.12

 Continuous 0.4 6.7 1.4 

Oral and vaginal candidiasis, events/100PY

 CD4-guided 2.283 6.41 No data

 Continuous 0.34 2.3 No data

Median time on HAART before study, months 15 7.1 72

Median time in the study, months 21.5 19 15

Median first period off HAART  4.5 9.1 18 
in the CD4 arm, months

1p = 0.001, 2p < 0.001, 3p = 0.04

events in SMART appear to increase in the CD4 
arm after 8 months in the study. Therefore, it is 
possible that long STIs increase the risk of these 
serious events/deaths. CD4 threshold may also 
be important. Three other randomized studies, 
BASTA78, ACTG510279 and HIV-NAT 001.467 all 
used CD4 restart threshold of 350 cells/mm3  
or above and did not see an increase in serious 
morbidity. If none of the SMART patients  
were allowed to have CD4 counts below 350 
cells/mm3, 50% and 25% fewer AIDS/deaths 
would have occurred in the CD4-guided and 
continuous treatment groups respectively. 
Nevertheless, it is important to note that  
all studies except SMART did not have the  
statistical power to find a difference in clinical 
outcome between the STI and the continuous 
treatment arms; therefore, at this time, it is 
unclear whether “safe” CD4 stop/start  
thresholds can be defined. Furthermore, the 
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reasons for increased cardiovascular complica-
tions in the CD4 arm are unknown. Investiga-
tions to evaluate inflammatory markers and 
changes of metabolic parameters in association 
with these events are underway. Recent analysis 
showed that, compared to the continuous arm, 
the CD4-guided arm had a non-favorable total 
cholesterol/high density lipoprotein (TC/HDL) 
ratio, a marker for cardiovascular diseases.  
This change was more pronounced in those on 
NNRTI versus PI regimens at baseline.80 This 
may also explain a difference between Staccato 
and SMART: in Staccato, 20% and 80% were on 
NNRTIs and PIs respectively while in SMART, 
the regimens were equally used. 

Development of resistance has always been a 
concern when ARV is stopped. Accumulated 
evidence suggests that new mutations from STI 
occur infrequently, and most of the resistance 
mutation selection happens when archived 
mutations exist in proviral DNA before STI.72, 81-84 
Regimens with lamivudine or NNRTIs appear to 
be associated with a higher risk of resistance 
development after STI, especially when new 
mutations occur. 69, 72, 85 This may be due to the 
low threshold of resistance of these drugs. The 
long half-life of NNRTI causes the drug concen-
tration to decrease slowly over a period of 1-3 
weeks86, 87, allowing HIV to multiply. Most 
studies have attempted to reduce this risk by 
stopping NNRTIs before NRTIs.72, 75 

In Chapter 11, we investigated the resistance 
development in 20 patients before and after 
CD4-guided treatment in the HIVNAT 001.4 
over a 48-week period.88 These patients were on 
a saquinavir/ritonavir-based regimen without 
lamivudine. Before STI, they were treated with 
dual NRTI followed by 3 years of successful 
HAART. NRTI archived major mutations before 
HAART were found in 36% (4/11) of samples but 
only 6% (1/17) were found after CD4-guided 
STI. The number of minor mutations also did 
not increase after STI. This study showed that in 
dual NRTI-pretreated Thai patients, STI using 
PI-based HAART did not select for resistance. 

The sample size was very small, however, and 
the finding has to be interpreted with caution 
and may not apply to other populations or 
treatment strategies. In Staccato, no major 
mutations were discovered in the one week on 
– one week off failures, and patients re- 
suppressed after resuming the same HAART.68 
The selection of mutations in the CD4-guided 
STI arm was rare: only one STI patient and 3 
continuous treatment patients had mutations, 
mostly to lamivudine. We also tested 126 
patients who might have been at higher risk for 
resistance because of they underwent repeated 
STI cycles. We found that only 7 had mutations 
and almost all were to lamivudine, with  
4 patients also having NNRTI or PI mutations. 
Compared to patients who received ritonavir-
boosted saquinavir, the relative risk of  
resistance was 1.90 for NNRTI (p=0.34) and 
14.96 for triple NRTI regimens (p = 0.01).89  
This is consistent with other published data, 
which show a low risk of resistance with STIs in 
the absence of archived mutations. 72, 81-84 

We were the first to report recurring thrombo-
cytopenia related to CD4-guided STI.90 It is 
known that HIV causes a decrease in platelet 
production and an increase in peripheral 
destruction. HIV-related thrombocytopenia is 
often associated with a high viral load,91 and it is 
believed that the production of IgG platelet 
antibody to HIV envelope gp120, which mimics 
the structure of GPIIIa platelet membrane, 
contributes to the platelet destruction.92 In the 
HIVNAT 001.4 study, we found that 3 of 23 CD4-
guided arm patients developed a clear pattern 
of recurring thrombocytopenia with STIs 
(Chapter 12).90 In Staccato, 2.5% developed 
thrombocytopenia after CD4-guided STI.75 The 
thrombocytopenia was usually asymptomatic 
and was corrected with HAART.

Treatment of pediatric HIV-1 
infection 

Before 2003, dual NRTI regimen was the main 
treatment for Thai children with HIV-1 infection. 
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This was indeed life saving, but its suboptimal 
efficacy led to subsequent treatment failure. 
Our group did a cross sectional study of 95 Thai 
children treated with dual NRTIs for about 4 
years. We found that almost all children  
harbored at least one NRTI resistance mutation, 
with almost half having multi-NRTI resistance.93 

When GPO-vir S (stavudine/lamivudine/
nevirapine fixed dose combination) became 
available in Thailand, many children previously 
treated with dual NRTIs were switched to this 
regimen, which resulted in rapid treatment 
failure. In addition, the Thai Government’s rapid 
ART scale-up in Thailand saw several thousands 
of children starting GPO-vir S. Without routine 
virological monitoring, it is unknown how many 
of these children are failing NNRTI treatment, 
however, it is anticipated that up to 30-40% will 
have virological failure and will subsequently fail 
immunologically and clinically. There is an 
urgent need, therefore, to find appropriate 
second line regimens for these children. 

Thai and international guidelines recommend 
recycling 2NRTIs in combination with a single PI 
for children failing NNRTI-based treatment. 
Lopinavir/ritonavir is the preferred PI in children 
as it is the ritonavir-coformulated PI approved 
for children and the only one available in liquid 
formulation. Nelfinavir is the alternative choice 
because of its inferior efficacy compared to 
ritonavir-boosted PIs. There is limited data on 
the appropriate dosing for saquinavir/ritonavir 
and indinavir with or without ritonavir in  
children. By the time most Thai children switch 
to second line therapy, however, they already 
have late virological failure and a high likelihood 
of multi-NRTI resistance. In such cases, recycling 
NRTIs may not contribute much to antiviral 
activity, especially since tenofovir is not ap-
proved in children. Therefore, in Chapter 13, 
we explored the PK, efficacy and safety of dual 
boosted PI regimen, saquinavir/lopinavir/
ritonavir in 20 children who failed NRTI/NNRTI 
regimens. The regimen takes advantage of the 
PK enhancement of saquinavir and lopinavir 

with low dose ritonavir. Data from the 12-hour 
PK study showed that plasma concentrations 
were in acceptable ranges and were higher than 
in Caucasian children and adults for both 
drugs.94-96 This is consistent with studies in 
Chapters 215 and 431 in Thai adults using 
saquinavir/ritonavir. Lopinavir Cmin below 
1.0mg/L and saquinavir Cmin below 0.28mg/L 
correlated with virological failure, while lopinavir 
Cmax above 15mg/L predicted hyperlipidemia. 
At week 24, the intention to treat analysis 
showed viral load suppression below  
400 copies/ml and 50 copies/ml in 80% and 
60% of children respectively. There was also a 
significant CD4 rise of 6% and 216 cells/mm3.94 

We subsequently enrolled another 30 children 
in this study and followed them to week 48 at 
two sites in Thailand. We found that the efficacy 
of this regimen was sustained. There was 
continued improvement in growth, CD4 and 
viral load.97 Five patients failed virologically but 
none developed major PI mutations.98 As there 
are no other studies of dual boosted PIs in 
children, we compared our results with other 
single boosted PI studies and found that our 
patients achieved comparable virological 
response despite having a more advanced HIV 
disease.99-101 In a pilot study of adults treated 
with the same regimen as ours, 14 of 20 
achieved viral load suppression.102 Through 
TDM, we were able to lower the dose of 
saquinavir by 24% and still maintained  
acceptable Cmin level. We believe that our data 
had an impact on the revised 2007 Thai Ministry 
of Public Health guidelines, which has included 
dual boosted PIs with either saquinavir/lopina-
vir/ritonavir or indinavir/lopinavir/ritonavir as an 
alternative option for children failing NRTI/
NNRTI regimens.103

Increasing access to antiretroviral 
therapy 

In recent years, clinical trials have greatly 
expanded in the developing world. The burden 
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of HIV in developing countries makes them 
ideal settings to explore ways to optimize the 
prevention and treatment of this disease. 
Through clinical trials, access to otherwise 
unavailable treatments is made possible. 

Thailand has been in the forefront for HIV 
clinical trials since the mid 1990s. The HIV 
Netherlands Australia Thailand Research 
Collaboration (HIV-NAT) conducted the first HIV 
randomized treatment trial in Bangkok in 1995; 
it has now conducted over 50 trials with more 
than 2000 trial participants.104 HIV-NAT repre-
sents a growing number of clinical trial centers 
in developing countries that are faced with the 
responsibility of providing long-term post 
clinical trial ARV supply to patients. The  
Declaration of Helsinki developed by the  
World Medical Association (WMA) in 1964 is a 
statement of ethical principles to provide 
guidance to physicians and other participants in 
medical research involving human subjects. In 
paragraph 30, it states that “The WMA hereby 
reaffirms its position that it is necessary during 
the study planning process to identify post-trial 
access by study participants to prophylactic, 
diagnostic and therapeutic procedures identi-
fied as beneficial in the study or access to other 
appropriate care. Post-trial access arrange-
ments or other care must be described in the 
study protocol so the ethical review committee 
may consider such arrangements during its 
review”.105 

In 2001, HIV-NAT was faced with 100 patients or 
more finishing their studies with no access to 
ARVs. Roll over protocols and limited post trial 
supplies provided by the pharmaceutical 
sponsors were no longer sustainable for large 
cohorts of patients or for highly ARV- 
experienced patients. Therefore, we set up a 
Drug Fund to provide subsidies to patients 
based on a co-payment and sliding scale 
system using revenues from research studies 
and trainings (Chapter 14). We set a minimum 
amount that we ask all patients to pay, if 
possible, which is roughly equivalent to 30% of 

the minimum monthly income of Thais ($125).  
A committee decides the subsidy amounts after 
an assessment by an independent social worker 
team. Within the first 2 years, we helped almost 
100 patients. On average, patients paid $40 and 
HIV-NAT paid $52 per month. A yearly review 
determines future help the patients may need. 
Fortunately, by 2004, the Thai Government was 
able to provide first line therapy to most 
patients in need, which lessened our burden 
significantly.106 Nevertheless, the Drug Fund 
continues to serve as an important way for 
patients to access ARVs, particularly for PIs that 
are often not available through the Thai  
Government access to care program because of 
their high cost. To our knowledge, we have not 
had any patients who had to stop ARV  
treatment after the trial ends because of lack of 
access.

We provided subsidies rather than providing 
ARV for free in our Drug Fund because of 
limited funds and our beliefs of shared respon-
sibility. Our approach may not be ideal for 
countries where patients may not be able to 
contribute even a small amount. We believe 
that the only sustainable way for long term ARV 
access is for the government to provide it at no 
cost. Indeed, a recent study showed that 
providing treatment free of charge in low 
income countries resulted in lower mortality 
rates.2 Drop out rates as high as 50% were seen 
when patients had to pay for their antiretroviral 
therapy out-of-pocket.107 

Conclusion and future perspective 

In recent years, advances in the HIV field have 
brought to the forefront the importance of how 
diversity among individuals and populations 
affects antiretroviral therapy outcomes. We 
have shown that Thais do not need as high a 
dose of saquinavir/ritonavir as Caucasians to 
achieve an excellent virological outcome.31, 32 
Polymorphisms in HIV genes reported in other 
populations to be associated with resistance 
may represent natural polymorphisms in Thais 
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with non-B HIV clade.41 We have also shown 
that the risk of rash from NNRTI may be higher 
in Thais.59 For some antiretrovirals such as 
tenofovir, for which excess renal toxicity was not 
seen in Thais, it is possible that Thais may have 
good treatment response with a lower dosing.62 
This illustrates the importance of utilizing PK 
and pharmacogenomics in tailoring treatment 
to different populations and individuals. In the 
future, it is likely that antiretroviral dosing will be 
adjusted to the optimal level for each patient by 
PK and TDM, and screening for genetic variants 
that may predisposes a patient to high or low 
drug levels or toxicity will be done before 
starting treatment.108 

The future of STI is in question. Our studies 
showed that CD4-guided treatment was 
beneficial in Thais, most of whom were young, 
had a short HAART prior to STI and had a short 
STI period.67, 75 A much larger study, SMART, 
however, clearly showed a higher risk of cardio-
vascular events, AIDS and death.77 The SMART 
study suggests that once someone starts 
HAART, they can never stop again.  
Nevertheless, the SMART study verdict may not 
be ideal for every patient. The need to interrupt 
therapy will continue for some such as  
teenagers with adherence problems who will 
stop treatment by themselves if STI is not 
offered to them, or patients with drug toxicities. 
It is also important to decide whether prevent-
ing the small increase of 2.0 per 100 person-
years in AIDS/deaths with CD4-guided  
compared to continuous HAART warrants 
taking an additional 32-76 months of HAART to 
avert one event and abandoning a strategy with 
potentially high global impact of reducing drug 
costs and toxicity and improving quality of life.

Rather, we should continue our effort to find 
ways to make STI safer, such as by using higher 
CD4 start and stop criteria and shorter STIs.109, 110

ART knowledge for children lags behind that  
for adults. This is mainly due to the lack of 
appropriate drug formulations and studies to 

determine safe drug dosing and combinations. 
These issues need to be dealt with in order to 
successfully scale up ART for children.111 We 
were able to provide preliminary data to 
support the use of dual boosted PIs with 
saquinavir/lopinavir/ritonavir as an option for 
NNRTI failing children. Our finding of high drug 
levels in Thai children again illustrates the need 
to acknowledge the diversity of different 
populations and to utilize PK and TDM to 
optimize treatment.94 As more children are 
being treated with first line ARVs, more research 
in finding appropriate second line treatment is 
urgently needed. 

Finally, it is our responsibility as investigators to 
ensure that our study volunteers have access to 
ARV after the study ends.112 As physicians we 
have the duty to work together towards better 
ARV care and access for patients worldwide. 
The political will, both at local and international 
levels, and the availability of inexpensive ARVs 
are among the most important driving forces. 
The production of generic drugs has been the 
most crucial reason for successful ARV scale up 
in Thailand. The demand and pressure on 
governments from the networks of people living 
with HIV/AIDS and various non-governmental 
organizations are important. Pharmaceutical 
manufacturers’ and the scientific community’s 
work towards development of new and  
improved treatments, and the physicians’ 
interest and positive attitude in treating patients 
will all aid this effort. Supportive programs from 
international organizations such as the  
Global Fund to Fight AIDS, Malaria and  
Tuberculosis113, the WHO/UNAIDS “3 by 5” 
initiative114, the President’s Emergency Plan for 
AIDS Relief115 and Pharm Access Foundation116 

have helped expand HIV/AIDS care and 
treatment to resource-limited regions around 
the world. 
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Wereldwijd zijn er momenteel 37, 2 
miljoen volwassenen en 2,3 miljoen kinderen 
die leven met het humane immunodeficientie 
vrirus  (HIV). Anti-retrovirale therapie (ART) is de 
belangrijkste levensreddende interventie 
geweest. Echter, er bestaat een grote discre-
pantie in het kunnen beschikken over zorg en 
medicatie tussen HIV patiënten in ont-
wikkelingslanden en die in geïndustrialiseerde 
landen . Op de eerste plaats krijgt slechts 25% 
van de mensen in ontwikkelingslanden die ART 
nodig hebben deze medicatie ook daadwerke-
lijk. In geheel Azië ontvangt slechts 16% de 
juiste zorg, en is Thailand het enige land waar 
meer dan 50% van hen die ART nodig hebben, 
hier ook over kan beschikken. Op de tweede 
plaats is de aanvankelijke overlevingsduur na 
aanvang met ART aanzienlijk lager in on-
twikkelingslanden dan in ontwikkelde landen. 
Factoren die een rol spelen bij deze slechtere 
behandelresultaten zijn: vergevorderde HIV 
infectie en meer co-morbiditeit door opportu-
nistische infecties voor aanvang met ART,  meer 
patiënten die “lost to follow up” raken, het zich 
niet kunnen permitteren van behandeling en/of 
monitoren op langere termijn en beperkte 
infrastructuur en deskundigheid binnen de 
gezondheidszorg.

Een cruciale uitdaging in het verbeteren van 
beschikbaarheid van ART en de behandel-
resultaten, is de noodzaak ART te optimaliseren 
door het identificeren van eenvoudige en 
betaalbare behandelingen, toegespitst op 
uiteenlopende individuen en populaties. Wij 
geloven dat de informatie in dit proefschrift met 
betrekking tot het optimaliseren van ART in 
Thaise patiënten niet alleen van belang is voor 
Thai maar ook voor andere populaties.

Pharmacokinetische Studies 

Deels gebaseerd op de lagere gemiddelde 
body mass index (BMI)  van Thai in vergelijking 
met een Caucasische populatie, alsmede 

gebaseerd op de wens om kosten te besparen 
en toxiciteit te reduceren, hebben clinici in 
Thailand empirisch, en met succes, voor 
verschillende ARV’s lagere doseringen gebruikt 
dan die door de producent aanbevolen 
worden. Voorbeelden hiervan zijn zidovudine, 
stavudine, indinavir en saquinavir. Met dosis 
reducties van 20 % (saquinavir) tot 50% (stavu-
dine en indinavir) bleken de plasma concentra-
ties in Thai vergelijkbaar met die in Caucasische 
studie populaties die wel de aanbevolen 
hoeveelheden van deze medicijnen namen. 
Hoewel de effectiviteit van een lagere dosering 
saquinavir-soft gel capsule/ritonavir (1600/100 
mg) al bewezen was in een Thaise populatie, 
was dit niet het geval voor de saquinavir hard 
gel capsule, een nieuwe en verbeterde formu-
lering van saquinavir. 

Hoofdstuk 2 beschrijft een studie die de 
pharmacokinetiek (PK) van 3 verschillende 
doseringen van saquinavir-hard gel capsule in 
combinatie met ritonavir beschijft: (1) eenmaal 
daags 1600mg saquinavir + ritonavir 100mg (2) 
de door de producent aanbevolen dosering van 
1000 mg saquinavir + ritonavir 100 mg 
tweemaal daags en (3) een nieuwe dosering van 
2000 mg saquinavir + ritonavir eenmaal daags. 
De verschillende pharmacokinetische (PK) 
parameters voor de saquinavir/ritonavir 
1000/100 mg tweemaal daags en de saquinavir 
2000/100 mg eenmaal daags waren significant 
hoger in vergelijking met de waarden  
gevonden voor saquinavir/ritonavir 1600/100 
mg eenmaal daags.

 Echter, de gemiddelde minimale concentratie 
(Cmin) voor alle drie doseringsschemas, was 
boven de 0.1 mg/L,  de concentratie die nodig 
is voor onderdrukking van wild type HIV strains. 
Deze studie liet dus zien dat alle drie de 
doseringen leiden tot adequate PK parameters, 
maar saquinavir/ritonavir 1000/100 mg 
tweemaal daags en saquinavir 2000/100 mg 
eenmaal daags resulteren in superieure PK 
parameters. Deze hogere plasma concentraties 
moeten worden afgewogen tegen de toename 
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van het aantal in te nemen pillen en een grotere 
kans op toxiciteit, die gepaard gaan met deze 
hogere doseringen. 

In de vorm van tenofovir kwam een nieuwe, 
veilige en zeer effectieve nucleotide reverse 
transscriptase inhibitor (NRTI) beschikbaar voor 
de eerste lijnsbehandeling van HIV. Eerdere 
observaties lieten zien dat tenofovir de plasma 
concentratie verlaagt van verschillende pro-
tease inhibitors. Om te bepalen of dit ook gold 
voor saquinavir/ritonavir in een verlaagde 
dosering van 1600/100 mg werden door middel 
van therapeutische drug monitoring (TDM), de 
spiegels van saquinavir zonder en met tenofovir 
bepaald, hetgeen in hoofdstuk 3 is beschre-
ven. 

In 14 patiënten die saquinavir/ritonavir 1600/100 
gebruikten in combinatie met een ‘backbone’ 
van stavudine en didanosine werd de plasma 
concentratie van saquinavir bepaald. Deze 
bepaling werd herhaald nadat de patiënten 
waren overgegaan van stavudine en didanosine 
naar tenofovir en emtricitabine (of lamivudine). 
Er werd geen verschil in Cmin voor saquinavir 
gevonden voor deze 2 tijdspunten. Hieruit kan 
geconcludeerd worden dat tenofovir geen 
invloed heeft op de minimum steady-state  
saquinavir plasma concentratie in een eenmaal 
daagse 1600/100 mg saquinavir/ritonavir 
dosering.

Behandeling van HIV-1 bij 
volwassenen  

Alleen met betrekking tot de soft gel capsule 
formulering van saquinavir in de eenmaal 
daagse 1600/100 mg saquinavir/ritonavir 
dosering zijn data voorhanden betreffende de 
veiligheid en effectiviteit in HIV geïnfecteerde 
patiënten. Om ook de geprefereerde hard gel 
capsule formulering van saquinavir te evalueren 
werden 200 ART naïeve patiënten in de inductie 
fase van de Staccato studie (zie verderop) 
geanalyseerd in hoofdstuk 4. Deze ART-naïeve 
patiënten, met een CD4+ aantal tussen de 200-
350 cells/mm3, werden voor minimaal 24 weken 

behandeld met 2 NRTI’s in combinatie met 
eenmaal daags saquinavir hard gel capsule /
ritonavir 1600/100 mg. De resultaten van deze 
studie waren indrukwekkend. Na 24 weken was 
de plasma viral load minder dan 400 copies/ml 
in 96 % van de patiënten en <50 copies/mm3 in 
89% van de patiënten, met een gemiddelde 
CD4+ stijging van meer dan 100 cellen/mm3. 
Ook na 24 weken hield de antivirale potentie 
van deze combinatie aan; na 96 weken was de 
plasma viral load in 90% van de 272 patiënten 
nog steeds <50 copies/mm3. Dit resultaat is 
vergelijkbaar met of zelfs beter in vergelijking 
met andere studies waarin op PI gebaseerde 
ARV combinaties werden gebruikt als eerste 
lijnsbehandeling. 

Om een mogelijke correlatie te aan te tonen 
tussen de plasma concentratie van saquinavir 
(Cmin) en de viral load werd de plasma spiegel 
van saquinavir gemeten op week 8 en 24, maar 
een dergelijke correlatie werd niet gevonden. 

In hoofdstuk 5 werd bij 9 van de 272 Staccato 
patiënten die virologisch faalden op hun 
eerstelijns saquinavir/ritonavir therapie retro-
spectieve genotypische resistentie analyse 
gedaan op baseline en ten tijde van de virolo-
gische doorbraak. Er werden geen belangrijke 
(‘major’) PI mutaties gevonden. PI mutaties zijn 
substituties in het protease gen, die geselec-
teerd worden onder blootstelling aan een PI in 
het menselijk lichaam. Meestal zal dit zijn door 
onregelmatige of onvoldoende inname van de 
PI waardoor de concentratie van PI laag is en 
het virus de kans krijgt te repliceren. De  
betreffende mutaties geven een verminderde 
gevoeligheid van het virus voor de PI. Veel 
voorkomende substituties bij patiënten die 
falen op saquinavir/ritonavir zijn L90M en G48V 
en deze laatste mutatie is uniek voor saquinavir.

Sommige patiënten in deze studie hadden 
minder belangrijke (‘minor’) PI mutaties, welke 
geen significante invloed hebben op de 
effectiviteit van het middel. De meeste  
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gevonden ‘minor’ mutaties waren al aanwezig 
voor de patiënten het gebruik van ARV aanvin-
gen en zijn natuurlijk voorkomende polymorfis-
men in de HIV-1 clade A/E. Bijna alle patiënten 
bereikten virologische suppressie nadat de 
saquinavir dosis was verhoogd, of na aanvang 
met een alternatief ARV regime.  

In Thailand is de op generieke nevirapine en 
twee NRTIs gebaseerde zgn. “fixed dose 
combination” de goedkoopste en meest 
gebruikte eerste lijns behandeling voor HIV 
patiënten. Nevirapine behoort, net als efavirenz, 
tot de klasse van de non-nucleusides reverse 
transcriptase inhibitor (NNRTI). Een veel 
voorkomende bijwerking van NNRTI’s is huiduit-
slag; dit geldt met name voor nevirapine. In 
hoofdstuk 6, hadden we de unieke mogelijk-
heid om de incidentie van huiduitslag in 202 
Thaise patiënten te evalueren. De patiënten 
werden gerandomiseerd naar een van de 4 
studie armen in de 2 NN studie: 1) nevirapine 
200 mg tweemaal daags (standaard dosering), 
2) nevirapine 400 mg eenmaal daags 3) efa-
virenz 600 mg eenmaal daags (standaard 
dosering) en 4) nevirapine plus efavirenz 
(400/800 mg eenmaal daags). We vonden een 
huiduitslag incidentie van 20% voor de stand-
aard dosering van nevirapine en efavirenz. Dit 
resultaat was vergelijkbaar met wat in eerdere 
publicaties vermeld is, hoewel deze incidentie 
aan de hoge kant van de normaalwaarden voor 
andere populaties grenst. Het is mogelijk dat 
Thai een genetische variant hebben die  
bijdraagt aan een verhoogd risico op  
huiduitslag bij nevirapine gebruik. Een andere 
verklaring kan zijn dat Thai een hogere plasma 
concentratie van nevirapine hebben, zoals dat 
ook het geval is voor PI’s en de NRTI’s, wat de 
kans op toxiciteit mogelijk verhoogt. 

Dit vermoeden werd bevestigd door de bevin-
ding dat nevirapine klaring in Thai in het 2 NN 
cohort het traagst was in vergelijking met 
patiënten uit Zuid-Amerika, Westerse landen en 
Zuid-Afrika. We lieten ook zien dat onze 
vrouwelijke patiënten met een CD4+ aantal > 

250 cellen/mm3 en patiënten in een vroeger 
stadium van HIV infectie meer risico liepen op 
een aan NNRTI gelieerde huiduitslag.  Inmid-
dels waarschuwen de meeste behandelricht-
lijnen tegen het gebruik van nevirapine bij deze 
vrouwen.

De eenmaal daagse dosering van nevirapine en 
de combinatie van nevirapine met efavirenz 
leidde tot een onacceptabel risico op huiduit-
slag en wordt dus niet gebruikt in de dagelijkse 
praktijk.

Tenofovir is een geprefereerd NRTI in eerste 
lijnsbehandeling. Tenofovir wordt via de nieren 
geklaard en kan direct nierschade veroorzaken, 
met name in patiënten met onderliggend 
nierlijden. In eerder onderzoek werd gesugger-
eerd dat een laag lichaamsgewicht een risico-
factor kan zijn voor nierschade bij tenofovir 
gebruik. Aangezien tenofovir niet gebaseerd op 
lichaamsgewicht, maar in een standaard 
dosering van 300 mg eenmaal daags wordt 
gedoseerd, waren we bezorgd over de Thaise 
populatie met een gemiddeld lager gewicht 
dan andere populaties. Daarom exploreerden 
we in hoofdstuk 7 de nierfunctie van 264 Thaise 
patiënten die behandeld werden met tenofovir/
emtricitabine/saquinavir/ritonavir en die deelna-
men aan de Staccato studie. 

De creatinine klaring, een maat voor de werking 
van de nier, werd berekend door gebruik te 
maken van een speciale formule (Cockcroft-
Gault formule met Levey modificatie). Het 
gemiddelde gewicht van onze patiënten was 
57.1 ± 10.4 kg. Deze tenofovir gebruikende 
populatie werd gemiddeld 6 maanden gevolgd 
en in deze periode veranderde de nierklaring 
niet, ook niet in patiënten met onderliggend 
nierlijden, noch in patiënten met een slechte 
creatinine klaring gemeten op baseline.

Zelfs na 108 weken follow-up, werden geen 
significante verschillen waargenomen. Wel 
vonden we een tijdelijke daling van creatinine 
klaring in vrouwen. Dit werd bevestigd in ander 
studies maar bleek zonder lange termijn 
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schade. Voor tenofovir werd dus geen 
nierschade gezien in de Thaise populatie, 
ondanks hun lagere lichaamsgewicht.

Het concept van een week ARV behandeling 
gevolgd door een week zonder behandeling 
(medicatiestop), ofwel gestructureerde behan-
delingsinterruptie (Structured Treatment 
Interruption (STI)), werd aanhangig gemaakt 
door Dybul et al, die dit concept met succes 
toepaste op 8 patiënten. Het principe is dat 
patiënten de ene week wel en de ander week 
geen medicatie nemen om hiermee kosten en 
mogelijke bijwerkingen van ARV te reduceren.

In hoofdstuk 8 lieten we echter zien dat een 
interruptie in medicatie-inname van één week 
per twee weken resulteerde in virologisch falen 
in 46% van de patiënten en de studie werd 
prematuur stop gezet. 

Preëxistente mutaties door eerdere behandel-
ingen vormden een mogelijke verklaring voor 
het hoge percentage virologische falers. 
Daarom werd in hoofdstuk 9 dezelfde strategie 
toegepast alleen in behandelingsnaïeve 
patiënten. Maar ook in deze populatie werden 
vergelijkbare resultaten gevonden.  
Geconcludeerd kon worden dat deze  
behandelingsstrategie inadequaat was voor 
zowel voorbehandelden als voor nog niet 
behandelde patiënten. 

Andere studies, met vergelijkbare opzet, lieten 
wisselende resultaten zien. Uit deze resultaten 
kon worden gedestilleerd dat deze strategie 
meer geschikt was voor patiënten met een 
hoger CD4+ aantal en een zonder preëxistente 
resistentie-mutaties. Wij onderzochten ook de 
op CD4+ aantal geleide STI. In de HIV-NAT 
001.4 pilot studie werden 23 patiënten met een 
mediaan CD4+ aantal van 766 cellen/mm3 
gerandomiseerd naar CD4+ aantal geleide 
behandeling, waarbij de highly active antiretro-
viral treatment (HAART) werd gestaakt als het 
CD4+ aantal boven de 350 cellen/mm3 lag, en 
weer werd gestart als dit CD4+ aantal een 
waarde van onder de 350 cellen/mm3 bereikten. 

Er werd in deze groep geen progressie van HIV 
gerelateerde ziekte gevonden gedurende een 
periode van 96 weken en wanneer de CD4+ 
aantal geleide groep de behandeling hervatten 
waren ze even goed in staat het virus te onder-
drukken als de patiënten die continue HAART 
ontvingen. Er was een besparing van 54% in 
medicatie kosten in de CD4+ aantal geleide 
groep. Deze gunstige resultaten leidden tot 
een studie in een grotere studie populatie met 
vergelijkbare opzet, de Staccato studie  
(hoofdstuk 10). Er werden 284 patiënten naar 
de STI arm gerandomiseerd en 146 naar de arm 
met continue behandeling, Na een periode van 
22 maanden werd er geen verschil gezien in 
AIDS diagnoses, mortaliteit en plasma viral load 
suppressie ( 90% hadden VL <50 copies/ml) 
tussen beiden groepen. Wel hadden patiënten 
in de CD4+ aantal geleide arm meer zgn. 
‘minor’ HIV gerelateerde ziekten, inclusief orale 
en vaginale candidiasis. In de continue behan-
del arm werden meer HAART-gerelateerde 
neuropathie en diarree waargenomen .Weder-
om werd er significant bespaard op antiretrovi-
rale middelen, te weten 61.5%.

Echter de goede resultaten van onze studie 
verschilden sterk met de resultaten van twee 
andere STI studies: de SMART en de Trivican 
studies. In deze studies was het aantal doden 
en mensen met AIDS gerelateerde ziekten veel 
hoger in de CD4+ aantal geleide groepen 
vergeleken bij de groepen die continue HAART 
ontvingen. Als we de HIV morbiditeit en 
mortaliteit incidentie van deze studies zouden 
extrapoleren naar onze Staccato populatie 
zouden er minstens 16 gevallen van AIDS en/of 
mortaliteit geconstateerd moeten zijn. Maar er 
was slecht één patiënt overleden in de hele 
groep en er werd geen AIDS gezien. Waarom 
dit verschil? De CD4+ grens om weer te starten 
met therapie was in Staccato hoger (350) dan in 
SMART (250), met als gevolg dat patiënten 
langer en meer therapie gebruikten. Zowel het 
langduriger geen ART gebruiken en de lagere 
grenswaarden voor de CD4+ aantal geleide 
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therapiehervatting, kunnen een verklaring zijn 
voor de slechtere uitkomst in SMART. Een 
belangrijke kantekening is dat van alle STI 
studies alleen de SMART studie groot genoeg 
was om statistisch onderbouwende uitspraken 
te doen. Daarom is het, op dit moment, on-
duidelijke of het veilig is een CD4+ aantal 
geleide stop- en startgrens te identificeren. 

In hoofdstuk 11, onderzochten we in de HIV-
NAT 001.4 studie of er sprake was van genee-
smiddelen resistentie-ontwikkeling in 20 
patiënten uit de CD4+ aantal geleide behande-
lingsgroep over een periode van 48 weken. 
Deze patiënten gebruikten saquinavir/ritonavir 
zonder lamivudine als deel van hun behandel-
regime. Voor aanvang van de HIV-NAT 001.4 
studie waren deze patiënten behandeld met 2 
NRTIs gevolgd door 3 jaar succesvolle HAART 
behandeling. Voor deze HAART behandeling 
werd in 36% van de patiënten een ‘major’ 
mutatie gezien, maar slechts 6% van deze 
mutaties werd gevonden na 48 weken in de 
HIV-NAT 001.4 studie. Deze studie in Thaise 
patienten liet zien dat STI gebruik makend van 
op protease inhibitors gebaseerde HAART niet 
selecteerden voor resistentie. Aangezien er 
sprake was van een zeer kleine groep, moeten 
de conclusies van deze studie zeer voorzichtig 
geïnterpreteerd worden en zijn ze niet van 
toepassing op andere populaties of behande-
lingsstrategieën.

Wij waren de eersten die recidiverende trombo-
cytopenie (te lage aantallen bloedplaatjes) 
gerelateerd aan STI rapporteerden. Het is 
bekend dat HIV een verlaging van de productie 
van bloedplaatjes geeft en een toename van de 
destructie van perifere bloedplaatjes. Trombo-
cytopenie is vaak geassocieerd met hoge virale 
load. In de HIV-NAT 001.4 studie vonden we dat 
3 van de 23 patiënten in de CD4+ geleide arm 
een duidelijk patroon van terugkerende trom-
bocytopenie (hoofdstuk 12) vertoonden. In 
Staccato ontwikkelde 2.5% van de deelnemers 
trombocytopenie na CD4+ aantal geleide STI. 
De trombocytopenie was asymptomatisch en 

herstelde zich als HAART werd herstart.

Behandeling van HIV-1 bij kinderen 

Voor 2003 was het gebruik van slechts 2 NRTI’s 
de voornaamste behandeling voor de Thaise 
kinderen met HIV infectie. Hoewel deze behan-
deling in eerste instantie levensreddend was, 
was deze therapie suboptimaal en leidde tot 
uiteindelijk falen van de behandeling.

Bij een survey in een groep van 95 kinderen die 
ongeveer 4 jaar ARV behandeling achter de rug 
hadden met 2 NRTI’s, werd bij zo goed als alle 
kinderen minimaal één ‘major’ mutatie  
gevonden. Toen GPO-vir (‘fixed dose  
combination’ van nevirapine, stavudine en 
lamivudine) beschikbaar werd gemaakt in 
Thailand, faalden vele kinderen die reeds 
voorbehandeld waren met 2 NRTI’s op dit 
regime. Doordat viral load  niet tot het  
standaard zorgpakket behoort, is het moeilijk in 
te schatten hoeveel kinderen virologisch falen, 
maar men anticipeert dat dit percentage  
30-40% bedraagt. Het is dus van groot belang 
om adequate tweede lijnsbehandeling in 
kinderen verder te ontwikkelen. 

Zowel de internationale richtlijnen als de Thaise 
richtlijnen adviseren behandeling met een PI, 
bij voorkeur lopinavir/ritonavir, met hergebruik 
van NRTIs voor de tweede lijnsbehandeling bij 
kinderen. Het is echter maar de vraag of het 
hergebruiken van NRTIs bijdraagt aan de 
antivirale activiteit, omdat de meeste kinderen 
‘major’ mutaties bezitten bij aanvang met de 
tweede lijnsbehandeling.

Daarvoor werd in hoofdstuk 13 de pharmacoki-
netiek (PK), de effectiviteit en veiligheid van een 
gebooste behandeling met twee PI’s geëva-
lueerd in 20 kinderen die virologisch faalden op 
hun behandeling van NRTIs/NNRTI. Voor deze 
studie werden lopinavir/ritonavir en saquinavir 
gebruikt. Data van de 12 uur PK studie lieten 
zien dat plasma concentraties voor beide PIs 
adequate waren en hoger dan voor een Cauca-
sische populatie. Lopinavir spiegels onder 1.0 
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mg/L waren voorspellend voor virologisch falen 
en voor saquinavir was dat 0.28 mg/l, terwijl 
waarden van boven de 15 mg/L voor lopinavir 
een voorspellende waarde hadden voor 
hyperlipedimie. Tachtig procent van de patiënt-
en had een plasma viral load  <400 copies/ml 
na 24 weken en 60% een waarde van <50 
copies/ml. Ook was er een significante toe-
name van CD4+ cellen van 216 cellen/mm3 
(6%).  Ook bij langere follow-up persisteren de 
goede behandelingsresultaten van deze 
combinatie.

We geloven dat door deze data het ministerie 
van volksgezondheid de richtlijnen heeft 
aangepast;  een boosted dubbel PI regime 
wordt nu als alternatief aangeraden als 2e 
lijnsbehandeling bij kinderen. 

Toegang tot antiretroviral 
behandeling 

Door clinical trials wordt toegang tot normalitair 
niet beschikbare medicatie mogelijk gemaakt. 
Thailand is vanaf het midden van de jaren 90 
zeer actief op het gebied van HIV clinical trials. 
De HIV Netherlands Australia Thailand research 
collaboration (HIV-NAT) heeft sinds die tijd 
meer dan 50 studies gedaan met participatie 
van meer dan 2000 patiënten. 

Maar inherent aan de uitvoering van deze 
clincal trials is de verantwoordelijkheid om na 
de studie toegang tot post trial medicatie veilig 
te stellen opdat patiënten na de studie niet 
abrupt zonder behandeling komen te zitten. 

In 2001, werd HIV-NAT geconfronteerd met 
meer dan 100 patiënten die aan het einde van 
hun studie geen zicht hadden op behandeling 
na afloop van de studie.

Voor deze patiënten werd een medicatie fonds 
(Drug Fund) opgericht om subsidies te ver-
strekken aan patiënten gebaseerd op een 
bijdrage van de patiënt zelf en inkomsten van 
studies en trainingen (hoofdstuk 14). We 
vragen een minimum maandelijks bedrag van 
de patiënten, wanneer mogelijk. Dit bedrag is 

equivalent aan 30% van het minimum loon in 
Thailand ($125). Een commissie bepaald 
vervolgens de hoogte van de subsidie. Binnen 2 
jaar hielpen we bijna 100 patiënten. Gemiddeld 
betaalden de patiënten US $40 en betaalde 
HIV-NAT US $52 per maand. Een jaarlijks 
overzicht geeft  de potentieel toekomstige 
behoefte van de patiënten aan. Sinds 2004 is de 
Thaise overheid in staat eerstelijns behandeling 
te verstrekken, waardoor de druk op onze 
organisatie significant afnam. Desalniettemin, 
blijft het Drug Fund  een belangrijke functie 
vervullen voor toegang tot ART, met name voor 
medicatie die niet vergoed wordt door de 
overheid, zoals de meeste PI’s. Zover wij weten 
heeft niet één HIV-NAT studie patiënt ARV 
behandeling stop hoeven zetten om financiële 
redenen.

Omdat wij geloven in gedeelde verantwoorde-
lijkheid en door beperkte toegang tot fondsen, 
verstrekten wij subsidies aan de patiënten in 
plaats van gratis medicijnen. Deze benadering 
zal niet goed werken in landen waar patiënten 
niet eens kleine bedragen kunnen bijdragen. 
Dit werd  aangetoond in andere studies wan-
neer de patiënten niet hoefden te betalen 
daalde de mortaliteit; wanneer patiënten zelf 
hun ARV moesten betalen stopte 50% met hun 
behandeling. 
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บทสรุปวิทยานิพนธเรื่องการใช  

ยาตานไวรัสเอชไอวีในผูใหญและเด็ก  

ไทยที่ติดเชื้อเอชไอวี-1 

วิทยานิพนธนี้มีจุดประสงคหลักเพื่อศึกษาวิธีการใชยาตาน

ไวรัสเอชไอวี ที่ทําใหผูใหญและเด็กไทยที่ติดเชื้อเอชไอวี 

มีการดําเนินของโรคติดเชื้อเอชไอวีดีขึ้น ลดคาใชจายและ

ผลไมพึงประสงคจากยาตานไวรัสเอชไอวี วิทยานิพนธนี้

รวบรวม บทความที่ 1 ซึ่งเปนบทนํา บทความที่ 15 ซึ่ง

เปนบทสรุป และอีก 13 บทความที่ตีพิมพในวารสารทาง 

การแพทย และแบงเนื้อหาของวิทยานิพนธเปน 4 สวนคือ   

เภสัชจลนศาสตรของยาตานไวรัสเอชไอวี การรักษาผูใหญ

ที่ติดเชื้อเอชไอวี การรักษาเด็กที่ติดเชื้อเอชไอวี และการ

เขาถึงยาตานไวรัสเอชไอวี 

ในบทความที่ 2 พบวาคนไทยสามารถใชยาสูตรที่มียา  

ซาควินาเวียร และริโทนาเวียร ขนาดต่ำกวามาตรฐาน 

(1600 มิลลิกรัม และ 100 มิลลิกรัม วันละหนึ่งครั้ง) ได

โดยที่ระดับยาอยูในเกณฑเหมาะสมถึงแมวาจะต่ำกวา

ระดับยาจากการใชยาขนาดมาตรฐานตามคําแนะนําของผู

ผลิต (ซาควินาเวียร 1000 มิลลิกรัม และริโทนาเวียร 100 

มิลลิกรัม วันละสองครั้ง) หรือซาควินาเวียร 2000 

มิลลิกรัม และริโทนาเวียร 100 มิลลิกรัมวันละหนึ่งครั้ง 

ก็ตาม ในบทความที่ 3 พบวายาทีโนโฟเวียร ไมไดมีผลตอ

ระดับยาซาควินาเวียร ถึงแมวาคนไทยจะใชขนาดยา  

ซาควินาเวียรที่ต่ำกวามาตรฐาน ในบทความที่ 4 พบวายา

สูตรที่มีซาควินาเวียร และริโทนาเวียร ขนาด 1600 

มิลลิกรัม และ 100 มิลลิกรัม วันละหนึ่งครั้งไดผลดีในการ

ลดปริมาณเชื้อไวรัสเอชไอวีและเพิ่มจํานวนซีดีสี่ และใน

บทความที่ 5 พบวาคนที่เกิดความลมเหลวในการรักษา

ดวยยาสูตรดังกลาวไมไดเกิดเชื้อดื้อตอยากลุมโปรติเอส 

ในบทความที่ 6 พบวาคนไทยมีโอกาสเกิดผื่นแพยา  

จากยาเนวิราปน และยาเอฟาไวเรนซ เทาๆกัน โดยที่

ความเสี่ยงเพิ่มขึ้นในผูหญิง ผูที่มีอาการของโรคติดเชื้อ

เอชไอวีนอยและผูที่มีซีดี่สี่เพิ่มขึ้นเร็วหลังรับประทานยา 

บทความที่ 7 แสดงถึงยาทีโนโฟเวียรที่ไมไดมีผลเสียตอ

การทํางานของไตในคนไทยที่ใชขนาดยามาตรฐาน เชน

เดียวกับในตางประเทศถึงแมคนไทยจะมีน้ำหนักนอยกวา  

บทความที่ 8 ถึง 12 เปนการศึกษาวิธีการใชยาตานไวรัส

เอชไอวีโดยพักการรับประทานยาเปนชวงเวลาตามเกณฑ

ที่กําหนด คือหยุดยาเมื่อซีดีสี่สูงมากกวา 350 เซลลตอ  

ลูกบาศกมิลลิเมตร และเริ่มยาตานไวรัสเอชไอวีใหมเมื่อ  

ซีดีสี่ลดลงต่ำกวาเกณฑนี้ หรือรับประทานยาหนึ่งสัปดาห

และหยุดหนึ่งสัปดาหสลับกันไป เปรียบเทียบกับการรับ

ประทานยาทุกวัน บทความที่ 8 เปนการศึกษาโครงการ  

นํารองซึ่งพบวา การหยุดพักการรับประทานยาตามซีดีสี่

ไดผลดี แตทั้งบทความนี้และบทความที่ 9 พบวาไมควร  

รับประทานยาหนึ่งสัปดาหและหยุดหนึ่งสัปดาหสลับกันไป

เพราะมีการลมเหลวทางการรักษาสูง แตไมไดทําใหเกิด

เชื้อดื้อตอยาและการรักษาไดผลดีเชนเดิมหลังจากที่ผูติด

เชื้อเอชไอวีกลับไปรับประทานยาทุกวัน บทความที่ 10 

เปนการรายงานผลของโครงการซาตาคาโต ซึ่งพบวาในผู

ติดเชื้อเอชไอวีมากกวา 400 คน การพักการรักษาตาม  

ซีดีสี่ ทําใหเกิดอาการที่ไมรุนแรงบางอยางของโรคติดเชื้อ

เอชไอวี เชนเชื้อราในปากเพิ่มขึ้น แตผลไมพึงประสงค

จากยาตานไวรัสเอชไอวีลดลง เมื่อกลับไปรับประทานยา

ตานไวรัสเอชไอวีทุกวันพบวาปริมาณเชื้อไวรัสเอชไอวี ลด

ลงเชนเดียวกับกลุมที่รับประทานยาตานไวรัสเอชไอวี 

ตลอด และพบวาใชยาตานไวรัสเอชไอวีนอยกวากลุมที่รับ

ประทานยาตลอดรอยละ 62 ทั้งบทความที่ 10 และ 11 

พบวาการพักการรักษาตามซีดีสี่ ไมไดทําใหเกิดการดื้อยา 

ในบทความที่ 12 พบวาการพักการรักษาตามซีดีสี่ ทําให

เกล็ดเลือดซึ่งชวยใหเลือดแข็งตัวลดลงได จึงเปนสิ่งที่ควร

ติดตามอยางใกลชิดในบุคคลเหลานี้ บทความที่ 13 พบ

วาการใชยาซาควินาเวียร รวมกับยาโลพินาเวียร และริโท

นาเวียร ไดผลดี ในการรักษาเด็กที่ประสบความลมเหลว

ทางการรักษาจากสูตรยาแรกที่มียาเอ็นอารทีไอ และเอ็น

เอ็นอารทีไอ สุดทายในบทความที่ 14 กลาวถึงการจัดตั้ง

กองทุนยาเพื่อสนับสนุนยาตานไวรัสเอชไอวีในอาสาสมัคร

หลังจากโครงการวิจัยสิ้นสุดลง ซึ่งมีสวนสําคัญอยางมากที่

ทําใหอาสาสมัครไดยาอยางตอเนื่อง 
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