Therapeutic Potential of Chloroquine Added to
Zidovudine plus Didanosine for HIV-1 Infected Children

Chulapan Engchanil MD*, Pope Kosalaraksa MD**,
Pagakrong Lumbiganon MD**, Viraphong Lulitanond PhD*,
Piyaporn Pongjunyakul MD*** Ruengsin Thuennadee MD****
Sasithorn Tungsawad MD**** QOlan Suwan-apichon MD*****

This paper was presented as a poster presentation in the 2nd 1AS conference on HIV Pathogenesis and
Treatment, Paris, France, July 13-16, 2003
* Department of Microbiology, Faculty of Medicine, Khon Kaen University, Khon Kaen
** Department of Pediatrics, Faculty of Medicine, Khon Kaen University, Khon Kaen
*** Northeast Regional Hospital for Infectious Diseases
**** Region 6 Communicable Disease Control, Khon Kaen
**xxx* Department of Ophthalmology, Faculty of Medicine, Khon Kaen University, Khon Kaen

Objective: To evaluate the efficacy and safety of CHQ in a combination treatment with ZDV/ddl in HIV-1-
infected children.
Material and Method: Fifty five HIV-infected children were randomly enrolled into 3 treatment groups: (1)
ZDV +ddl (n = 25); and (II) ZDV + ddl + CHQ (n = 21); and (l11) ZDV + ddI experienced children were non-
randomly added CHQ (n =9). Weight, CD4+ T-lymphocytes and plasma HIV-RNA were measured at weeks 0,
8 and 24.
Results: Fifteen, 16 and 8 children from Groups I, Il and 111 were evaluated. No significant improvement in the
mean Z-score for weight in groups | and 11, but a decrease occurred in group 11 after 6 months of therapy. In
group I, Il 'and I11, the respective change in the mean CD4+ T-lymphocyte percentage was +6.7, +4.0 and -0.6.
The decrease in the plasma HIV-RNA log was 0.9, 1.1 and 0.7, respectively. There was a trend for more
nausea/vomiting in group II/111 and more opportunistic infections in group Il1.
Conclusion: 1. The addition of chloroquine in ZDV/ddl regimen provided no significant improvement in
clinical, immunological and virological parameters.
2. Chloroquine induced immunosuppression and nausea complicated its use.
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The aim of HIV-treatment in children is to
decrease by as much as possible the amount of plasma
HIV-1-RNA®®), The most effective treatment available
today is the highly active anti-retroviral therapy
(HAART), usually comprising two nucleoside reverse
transcriptase inhibitors (NRTI) and one protease inhi-
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bitor (P1)®. HAART is beyond the financial means of
rural families in developing countries dependent on
income from subsistence agriculture or unskilled labor.
Chloroquine (CHQ) and hydroxychloroquine (HCQ)
are low-cost and easily-obtained drugs that have anti-
HIV-1 activity both in vitro and in vivo®4.

In vitro CHQ interferes with the release of
HIV-1 virions from infected cells® and that extra-cellular
virions, derived from CHQ-treated cells, contain very
little gp120®. HIV-1 particles from HCQ-treated cells
were not infectious, possibly due to the blocking
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mechanism at the post-transcriptional modification of
gp120™. The CHQ suppressed interleukin-6 produc-
tion® interfered with enzymatic glycosylation of viral
gp120® and suppressed HIV-1 replication in both
recently- and chronically-infected T-cells®?. They
also inhibited tat-gene expression that is necessary for
virus replication®?, Both CHQ and HCQ induced
apoptosis in peripheral lymphocytes resulting in
increased HIV-1 clearance®4.

In an in vivo study, one HIV-1-infected adult,
who had received HCQ for treatment of inflammatory
arthritis, showed a 1-log decrease in HIV-1 RNAand an
improved mitogen- and antigen-specific immune
response with a large decrease in the IL-6 level®, In
other studies, 37 HIV-infected patients treated with CHQ
demonstrated significant decreases in cutaneous
candidiasis and plasma HIV-RNA®), HIV-infected
children or infants born to HIV-infected mothers in
Uganda treated with CHQ for documented malaria,
exhibited longer survival and slower progression of
HIV symptoms®®. If these observations can be con-
firmed, CHQ might be a useful addition to a low-cost
HIV-treatment protocol such as ZDV/ddI.

Objective

To evaluate the efficacy and safety of CHQ in
a combination treatment with ZDV/ddl in HIV-1-
infected children.

Material and Method

The present study was conducted at Sri-
nagarind Hospital, Khon Kaen University, Thailand,
between March 2000 and August 2002. The study
protocol was reviewed and approved by the Ethics
Committee of Khon Kaen University. Informed consent
and assent was obtained from the parents/caregivers
and children, respectively.

Inclusion criteria
1) Symptomatic HIV-infected children;
2) Between 1 and 14 years of age;
3) CDC Clinical Category A, B or C;
4) CDC Immunological Category 2 or 3.

Exclusion criteria
1) Active opportunistic and/or serious bac-
terial infection;
2) Documented hypersensitivity to CHQ or
nucleoside analog;
3) Current diagnosis of malignancy; or,
4) Concurrent therapy with a corticosteroid.
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Design

This was a prospective, randomized, open,
clinical trial for ARV-na ve children: 25 were randomly
assigned to Group | (ZDV+ddl) and 21 to Group Il
(ZDV+ddI+CHQ). Nine clinically stable, ZDV+ddI-
experienced, HIV-infected children were non-randomly
selected to have CHQ added to their regimen. The
dosages were: ZDV 150 mg/m2 body surface area/dose
every 8 hours; ddl 90-100 mg/m2 body surface area/dose
every 12 hours; and chloroquine 4 mg/kg/dose daily.

Evaluation

After the pre-entry evaluation, these children
were followed-up every 4 to 8 weeks. The parameters
assessed included: 1) body weight; and, 2) laboratory
tests viz- CBC, serum amylase, alanine aminotrans-
ferase [at pre-entry then at weeks 4, 8,16 and 24] and
CDA4+ T lymphocyte percentage and HIV-RNA counts
[at weeks 0, 8 and 24].

The CD4 lymphocyte counts and plasma HIV-
RNA measurements were performed at the Department
of Microbiology, Faculty of Medicine, Khon Kaen
University. The CD4+ T-lymphocyte was measured
using flow cytometry and three-color immunofluo-
rescence staining, as per Pattanapanyasat et al®®.

Briefly, all panels of fluorochrome-conjugated
monoclonal antibodies were purchased from Becton
Dickinson. Stained samples were analyzed using a
FacsVantage Flow cytometer (Becton Dickinson, San
Jose, CA). The plasma HIV-RNA level was measured
using a Cobas Amplicor HIV-1Monitor™ Test version
1.5 (Roche Diagnostics, Branchburg, NJ). The limit of
detection was 400 copies/mL.

Drug toxicity

Adverse experiences and toxic effects were
assessed every four weeks until six months after dis-
continuation of the medications under the present
study. The measurement of the chloroquine level was
performed at the Division of Clinical Pharmacology,
Rainbow Babies and Children’s Hospital, Cleveland,
Ohio, using the high performance liquid chromato-
graphic method of Chaulet et al®®, with modifications
for smaller sample volumes, need for greater sensiti-
vity and a shorter time for analysis.

The ophthalmologic complications were
checked before and 6 months after therapy.

Statistical analysis

Baseline characteristics were compared among
treatment groups using the c2-test. The change in HIV-
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RNA and CD4+ T-lymphocyte percentages are pre-
sented as means + SD. Using an ANOVA for indepen-
dent group and ANOVA with repeated measurement
for the baseline values were compared with the mea-
surements taken at weeks 8 and 24. A p-value of less
than 0.05 was considered significant.

Results

HIV-infected children (55) were enrolled in
the present study: 25 and 21 ARV-na ve children were
randomly assigned to Group | (ZDV/ddlI) and Group Il
(zDV/ddl + CHQ). Nine ZDV + ddl-experienced, HIV-
infected children were selected to have CHQ added to
their regimen (i.e. Group Il = ZDV/ddl add CHQ).

The average age and the number of male/
female ingroup I, Il and 111 were 61, 64 and 73 months
and 13/12, 7/14 and 6/3, respectively (Table 1). Twelve
patients dropped-out of the study because of fatal
bacterial pneumonia after enrollment for one week
(1 each from Groups I and I11), severe nausea vomiting
(3fromddl, 5 from CHQ), anemia and thrombocytopenia
(2 from Group I). Four patients were excluded from the
final analysis because of the lack of baseline data on
HIV-RNA (3 from Group | and 1 from Group I1).

Complete clinical, laboratory and follow-up
data were available for 16, 15 and 8 patients in Groups
I, I1'and I11, respectively. The baseline characteristics
were comparable (Table 1) (p > 0.05). All patients were
HIV-symptomatic children, clinical categories A-C and
immunologic category I1l.

The mean Z-scores of body weight at weeks 0, 8 and 24
were-1.3,-1.3and-1.7and-1.5,-1.4and-1.8 in Group I,
I1and I11, respectively (Table 2).

In Groups | vs 1, the mean increase in the
CD4+-percentage from baseline at weeks 8 and 24
was 2.7 vs 3.3and 6.7 vs 4.0, respectively. However, the
mean CD4+ T-lymphocyte in Group I11 had a minimal
increase (0.6%) and decrease (-0.6%) from baseline at
weeks 8 and 24, respectively. In Group I, 1l and Il1,
the mean decrease in plasma HIV-1-RNA at weeks 8 vs
24was0.7,0.9and 0.1vs 0.9, 1.1 and 0.7, respectively
(Table 3).

During the 24 weeks of treatment, opportunis-
tic infections such as oral thrush, diarrhea and chronic
otitis media (Table 4), significantly decreased in Group
I 'and 1, but increased in Group I11.

Serious complications from ZDV, ddl or CHQ
during therapy were not encountered. Two patients in
Group | had anemia and thrombocytopenia due to ZDV
and dropped-out. Twenty patients had nausea and
vomiting complications: 5 from ddl and 15 from CHQ.
Ten patients dropped-out due to poor drug compliance
(2 from AZT, 3 from ddl, 5 from CHQ). Two patients
died during the study from bacterial pneumonia, one in
Group | and the other in Group I1l. Both of them had
low CD4* counts (Table 5).

The plasma chloroquine levels of 13 chlo-
roquine treated children were checked at 2.2 + 0.6
months and the mean plasma level was 93.2 + 62.8 ng/
ml. However, the authors could not evaluate plasma

Table 1. Baseline characteristic of patients before antiretroviral therapy

RegimenBaseline data ZVvD/ddI ZVD/ddl + CHQ ZVD/ddladd CHQ
Number of patients enrolled 25 21 9
Age (months)

mean + SD 61.1+28.2 63.5+34.2 72.8+31.1
Body weight (kg)

mean Z score + SD* -15+13 -14+11 -12+14
Height (cm)

Mean Z score + SD* -23+21 -1.8+2.2 -23+13
Male/Female 13/12 7/14 6/3
CD4+ T-lymphocyte (%)

mean + SD 8.4+59 9.6 +4.7 6.0+6.0

<5.0 14 11 5
5.0-9.9 5 5 3
10.0-14.9 6 5 1
Plasma HIV-RNA (log)
mean + SD 53+0.1 54+03 50+0.5

* Age- and sex-adjusted with reference to Thai children in the general population
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Table 2. Body weight and height in Group I, 1l and 111 after 8 and 24 weeks of ARV therapy (n = 39)

Study Group* Group | Group 11 Group 111 p-value
Week* ZDV + ddI ZDV + ddl + CHQ ZDV + ddl add CHQ
(n=16) (n=15) (n=8)
Body weight, kg 0.934
Mean Z score + SD*
Week 0 -15+13 -14+11 -1.2+14
Week 8 -13+1.2 -13+1.1 -1.7+0.9
Week 24 -15+1.2 -14+11 -1.8+0.9
Height, cm 0.79
Mean Z score + SD*
Week 0 -23+21 -1.8+22 -23+13
Week 8 -22+20 -1.8+22 21+11
Week 24 -23+20 -20+22 24+11

* Age- and sex-adjusted with reference to Thai children in the general population
* No significant difference between group | and group 11 and group 111
No significant difference between week 0, 8 and 24 weeks

Table 3. T-lymphocyte percentage and plasma HIV-RNA in Group I, 11, and 11l at week 0, 8 and 24 of ARV therapy

Study Group Group | Group 11 Group 111 p-value
ZDV + ddl ZDV + ddl + CHQ ZDV + ddl add CHQ
(n=16) (n=15) (n=8)
CD4+T-lymphocyte (%)
Mean + SD 0.372
Week 0 84+59 9.6 +4.7 6.0+ 6.0
Week 8 11.1 +10.7 12.9+10.9 6.6+7.6
Week 24 151 +12.6 13.6+11.4 54+8.0
Plasma HIV-RNA (log)
Mean + SD 0.868
Week 0 53+0.1 53+0.3 50+0.2
Week 8 46+09 45+1.1 50+0.8
Week 24 44+10 42+10 43+13

Table 4. Number of opportunistic infections before and during the 6-month ARV therapy

Regimen Opportunistic ZDV + ddl ZDV +ddl + CHQ ZDV + ddl add CHQ
Infections Before After Before After Before CHQ After CHQ

Oral thrush 1 1
Diarrhea

Pneumonia (bacterial)
Chronic otitis media
Herpes simplex

B
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Herpes zoster
Salmonella sepsis
Cryptococcal meningitis
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Table 5. Number of adverse drug reactions and dropouts during the first 6 months of study

Regimen ZDV + ddI ZDV + ddl + CHQ ZDV + ddladd CHQ
Complications n=2 n=21 n=9
Number of dropout from study 9 6 1
- death (bacterial pneumonia) 1 - 1
- severe nausea, vomiting 3 5 -
- no baseline HIV-RNA 3 1 -
- anemia, thrombocytopenia 2 - -
Adverse drug reaction
anemia with thrombocytopenia 2(2)* - -
nausea, vomiting 5 10 5
- ddi 5(3)* 4 -
- CHQ - 6 (5)* 5
rash 3 2 2

* (1) Number of dropouts from the study

chloroquine levels in children who stopped chloro-
quine therapy because of side effects such as nausea
or vomiting. There was no ophthalmologic complication
in all groups after 6 months follow-up.

During three years of follow-up, the mortality
rate in each of these groups of patients was about 50%
during dual NRTI therapy. Children dying at home from
undiagnosed causes were 8/16, 7/15, 5/8 in Groups I, 11
and I11, respectively. The study lasted 24 weeks for
each group because of more opportunistic infections
and no immunlogic improvement in the chloroquine
groups.

Discussion

In general, HIV-infected children receiving
anti-retroviral drugs showed clinical and immunological
improvement®2:22; that is, they gained weight and their
CD4* levels increased, except those with drug compli-
cations that suppressed the immune system.

In the present study, Group Il lost weight at
week 24 because of severe nausea and vomiting with
resultant anorexia (Tables 2, 5). CHQ was the cause of
most adverse effects® and some patients dropped-
out because of these complications. Therefore, since
the side effects of chloroquine and ddl are similar, their
simultaneous use may cause greater nausea and
vomiting (Table 5). These side effects were found less
often in Group I. The plasma chloroquine level in the
presented children was 93.2 + 62.8 ng/mL, which isin
the common range for anti-malaria therapy®). However,
the authors could check chloroquine levels only in
children who were able to tolerate chloroquine therapy.
Therefore, the authors could not demonstrate any
correlation between adverse reactions and plasma
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chloroquine levels. Moreover, 4 mg/kg might be a high
dose to continue daily for 24 weeks. Since chloroquine
has a half life of 30 days, some children may have had
toxic doses after a couple of months. More frequent
pharmacokinetic measures would be needed to deter-
mine the correct dose of CHQ in HIV-infected children.

For the immunological outcome, the average
in CD4*-percentage increased in Group I, slightly
increased in Group |1 but decreased in Group I11, possi-
bly because of the immunosuppressant effect®2% or
the ability to induce apoptosis of CHQ®®. However, an
ineffective dual-antiretroviral regimen and/or advanced
clinical and immunological status might be another
explanation of the poor immunological response.

For the virological outcome, all three groups
showed decreased plasma HIV-1 RNA. This might
result from the AZT and ddl in group I, Il. However,
in Group Ill, adding chloroquine for ZDV + ddlI-
experienced children seemed to reduce plasma HIV-
RNA levels, mainly from CHQ. The ability to block
the production of HIV-RNA has been reported pre-
viously®19. One postulated mechanism is the ability of
CHQ or hydroxychloroquine to induce apoptosis®4,
The increase in apoptosis might in turn result in a
decrease of CD4+ T-lymphocyte, which would explain
why there was no clinical or immunological improve-
ment and why there was more opportunistic infections
ingroup I (Tables 2, 3). Moreover, the baseline plasma
HIV-RNA was high and CD4+ percentages low in
Group I11, despite ZDV + ddl, perhaps indicating viro-
logical and immunological failure (drug resistance) even
before adding CHQ (Table 1). Therefore, the solely anti-
retroviral property of CHQ is apparently insufficient
to overcome its immunosuppressive-inducing effect in
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dual-NRTI-experienced group with virological and
immunological failure (Group I1I).

Because of the small sample size, the authors
were not able to demonstrate any differences in the cli-
nical, immunological and virological outcomes between
the children in any of the three groups. However, there
was also no trend in the authors’ evidence to suggest
that the addition of chloroquine with AZT + ddI pro-
duces more clinical and immunological benefits in
severely immunosuppresed ARV-na ve, HIV-infected
children. On the contrary, its use as described in this
manuscript, may have led to poorer weight gain and
poorer immunologic outcomes in some of these children.
The outcomes observed in this pilot study do not
encourage the addition of chloroquine to dual NRTI
treatment.
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