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Zalcitab ine is a dideoxynucleoside antiretroviral agent that is phosphorylated to
the active metabolite 2',3'-dideoxycytidine 5' -triphosphate (ddCTP) within both
uninfected and HIV-infected cells. At therapeutic concentrations, ddCTP inhibits
HIV replication by inhibiting the enzyme reverse transcriptase and terminating
elongation of the proviral DNA chain.

The results of3 large pivotal trials comparing zidovudine monotherapy with
combination therapy have now clearly established that zalcitabine plus zldovud
ine combination therapy improves survival, delays disease progression and is
associated with an improvement in viral load and CD4+ cell count compared
with zidovud ine monotherapy. More recently, clinical end-point and surrogate
marker data have established the efficacy ofzalcitabine in combination with the
protease inhibitor saquinavir in zidovudine-experienced patients. Other studies
have demonstrated the utility ofzalcitabine in combination with ritonavir and the
nucleos ide analogue lamivudine .Importantly, early use ofzalcitabine in the treat
ment sequence does not appear to limit the therapeutic efficacy of subsequent
therapy with other nucleoside analogues such as lamivudine .

Peripheral neuropathy is the most frequent dose-limiting adverse effec t asso
ciated with zalcitabine therapy and is generally reversible on discontinuation of
treatment. Stomatiti s and mouth ulcers may occur frequently with zalcitabine
therapy but tend to resolve with continuing treatment . Haematological toxicity,
which is a common adverse effect associated with zidovudine . is reported infre
quently with zalcitabine. Overall, combination therapy with zalcitabine plus
zidovudine or saquinavir has been shown to have a tolerability profile compara
ble to that ofeither agent alone, although treatment with zidovudine plus zalcitab
ine was associated with a significant increase in the incidence ofhaematological
toxicity compared with zidovudine monotherapy in one study.

Therefore, current data suggest that zalcitabine is a useful antiretroviral agent
for inclusion as a component ofinitial double combination therapy with zidovud
ine or as part oftriple combination therapy including zidovudine plus a protease
inhibitor in the management (if patients with HIV infection.

Zalcitabine is phosphorylated to the active antiviral compound 2' ,3'-dideoxy
cytidine 5' -triphosphate (ddCTP) within both uninfected and HIV-infected cells .
ddCTP inhibits HIV replication by inhibition of the enzyme reverse transcriptase
and termination of viral DNA chain elongation. In both these roles ddCTP com
petes with endogenous deoxycytidine triphosphate. Zalcit abine has demonstrated
significant antiretroviral activity against HIV-l in vitro. In addition , synergistic
antiretroviral activity has been reported for zalcitabine in combination with sev
eral other antiretroviral agents including zidovudine, stavudine and saquinavir.

Resistance to zalcitabine usually arises from a series of mutations within the
HIV pol gene and develops less frequently than resistance to zidovudine. Cross
resistance between zidovudine and zalcitabine has been described. The activation
state of the target cell, whether the cell under investigation is acutely or chroni
cally infected with HIV, and/or the levels of intracellular phosphorylating en
zymes may also contribute to variation in the antiviral activity of zalc itabine
between cell lines .

In vitro investigations suggest that zalcitabine-induced inhibition of an en
zyme responsible for the synthesis of mitochondrial DNA (DNA polymerase y)
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may be responsible for the development of peripheral neuropathy in clinical prac
tice .

Following oral administration, zalcitabine is rapidly absorbed, with peak plasma
concentrations typically achieved in I to 2 hours. The oral bioavailability of
zalcitabine exceeded 80% in some studies. Zalcitabine partially crosses the blood
brain barrier; drug concentrations in the CSF represented a mean of 14 to 20% of
simultaneously measured plasma concentrations. Placental transfer of zalcitabine
has been reported in vitro and in vivo.

Zalcitabine has a short plasma elimination half-life of 1.1 to 1.8 hours and is
predominantly excreted unchanged in the urine . Hepatic metabolism of the drug
is minimal and only about 10% of an orally administered dose is excreted in the
faeces .

The results of 3 large pivotal studies, ACTG 175, CPCRA 007 and Delta, have
clearly demonstrated that combination therapy with zidovudine plus zalcitabine
or zidovudine plus didanosine improves survival and delays disease progression
compared with zidovudine monotherapy. Although not exclusively limited to
zidovudine-naive patients, the benefits of zalcitabine plus zidovudine therapy
appear to be greater in this patient population than in zidovudine-experienced
patients. Improvements in surrogate marker and clinical end-points have also
been reported in zidovudine-experienced patient populations with advanced HIV
infection (CD4+ cell count 50 to 300 cells/ul) treated with 2- or 3-drug combi
nation regimens comprising zalcitabine plus the protease inhibitor saquinavir ±
zidovudine. Zalcitabine has also demonstrated utility in combination with the
protease inhibitor ritonavir as first-line treatment in a pilot study. Impressive
surrogate marker data have also been reported in zidovudine-experienced patients
receiving a 3-drug regimen comprising lamivudine, zalcitabine and zidovudine.
Furthermore, the addition of lamivudine ± loviride to ongoing therapy with
zidovudine plus zalcitabine in patients with advanced HIV infection was associ
ated with a greater reduction in disease progression compared with the addition
of lamivudine ± loviride to zidovudine alone. This therefore suggests tha t prior
use of zalcitabine does not limit the subsequent utility of other nucleoside ana
logues such as lamivudine.

Peripheral neuropathy is the major dose-limiting adverse effect associated with
zalcitabine therapy and has been reported to occur in 12 to 46 % of patients in
clinical studies; risk factors for the development ofzalcitabine-induced peripheral
neuropathy include a baseline CD4+ count ~50 cells/pl. diabetes mellitus and a
low serum cobalamin level. Mouth ulcers and stomatitis occurred with an inci
dence of 3 to 4% in 3 large studies and 29% in a fourth study; these effects may
resolve with continuing administration of the drug . Pancreatitis is an infrequent
adverse effect associated with zalcitabine therapy, generally developing in <1%
of patients. Other adverse effects associated with zalcitabine include hepatotoxi
city and cutaneous/hypersensitivity reactions.

The tolerability profile of combination therapy with zalcitabine plus zidovud
ine or saquinavir generally reflects that of the individual drugs and has not been
associated with the development of any unexpected adverse effects. However,
the incidence of haematological adverse effects with zidovudine plus zalcitabine
therapy was significantly greater than that reported for zidovudine alone in one
study.

v Adi s International Limited. All rights reserved . Drugs 1997Jun; 53 (6)
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Although tolerability data in children are limited, rash, stomatitis and periph
eral neuropathy have been reported after administration of the drug to this patient
group.

Several important drug interactions have been reported between zalcitabine and
other drugs used in the management of patients with HIV infection. Potentially
nephrotoxic agents, notably the aminoglycosides, amphotericin and foscarnet,
may reduce the renal clearance of zalcitabine and potentially increase the inci
dence of zalcitabine-associated adverse effects. Importantly, the concomitant use
of zalcitabine with pentamidine should be avoided because of an increased risk
of the development of severe pancreatitis. Furthermore, zalcitabine should be
coadministered with caution with other drugs that may cause peripheral neurop
athy (for example, didanosine, dapsone, metronidazole, stavudine, isoniazid and
pentamidine) should be avoided where possible. A reduction in the bioavailability
of zalcitabine has been reported with the concomitant administration of alumin
ium hydroxide/magnesium hydroxide antacid mixture.

To date, clinically significant pharmacokinetic interactions have not been re
ported between zalcitabine and other antiretroviral agents including zidovudine,
saquinavir and nevirapine. However, inhibition of zalcitabine phosphorylation
by lamivudine has been reported in vitro.

The recommended dosage of zalcitabine for use in combination with zidovudine
in adults and adolescents (age> 13 years) is 0.75mg administered orally every 8
hours. The same dosage is recommended for use in combination with the protease
inhibitor saquinavir. The optimal dosage of zalcitabine as part of triple combina
tion therapy has yet to be determined, although 0.75mg every 8 hours has been
widely used in clinical studies.

Zalcitabine dosage should be reduced in patients with renal insufficiency;
0.75mg twice daily is recommended in patients with a creatinine clearance
(CLCR) of 0.6 to 2.4 L/h (10 to 40 ml/min) decreasing to 0.75mg once daily in
patients with a CLCR<0.6 Llh «10 ml/min). Zalcitabine should be discontinued
if peripheral neuropathy develops and reinstituted (at a dose of 0.375mg every 8
hours) only if symptoms become no more than mild in nature. Caution is also
recommended when the drug is administered to patients with a history of poor
bone marrow reserve, elevated amylase levels, pancreatitis or alcohol abuse and
in patients receiving parenteral nutrition .

Zalcitabine (2',3'-dideoxycytidine, ddC) is a

dideoxynucleoside that is active against Hl V, Since

the publication of the original review of zalcitabine

in Drugs in 1992 111there has been a considerable
increase in published data on the use of this drug,

particularly in combination with other antiretro
viral agents, in the treatment of HIV infection .

This review updates the original zalcitabine review

and incorporates data published during the past 5
years.

<0Adis International Umited. All rights reserved.

1. Overview of Pharmacodynamic
Properties

1.1 Mechanism of Action

Following cellular uptake, zalcitabine is phos
phorylated to the active metabolite 2',3'-dideoxy
cytidine 5'-triphosphate (ddCTP) by intracellular
phosphorylating enzymes in both uninfected and
HlY-infected cells .P' Zalcitabine competes with
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natural cellular deoxycytidine for these enzymes.
The triphosphate metabolite of zalcitabine then
competes with endogenous deoxycytidine triphos
phate (dCTP) for the enzyme HIV reverse trans
criptase; inhibition of this enzyme subsequently
prevents viral DNA synthesis and HIV replication.
Viral DNA synthesis is also terminated through in
corporation of ddCTP in place of dCTP into the
growing retroviral DNA chain, preventing addition
of subsequent nucleosides (see review by Whit
tington & Brogden'!').

1.2 In Vitro Antiviral Activity

Analysis of the in vitro activity of antiviral
agents is dependent upon a large number of vari
ables including cell type, activity of intracellular
phosphorylating enzymes, levels of endogenous
dCTP pools and stage of infection (see section
1.4.2).1 31 Because of potential modulation of anti
viral activity by cytokines and competition be
tween endogenous dCTP and ddCTP for reverse
transcriptase active sites, variations in the in vitro
activity of zalcitabine in different cell lines have
been reported. Furthermore, the use of a variety of
assay conditions makes between-study compari
sons difficult.

Zalcitabine 0.5 umol/L showed significant anti
viral activity against HIV-I in human T cell lines
with almost complete inhibition of cytopathic ef
fects and p24 antigen expre ssion.If However, cur
rent single agent antiretroviral drug regimens are
insufficient to provide long term viral suppression
in patients with HIV infection because of the de
velopment of drug-resistant viral strains. For this
reason, interest is now focused on the use of com
binations of antiretroviral agents which additively
or synergistically inhibit HIV replication (see sec
tion 3.2) and may delay or prevent the emergence
of viral resistance. Although in vitro synergy does
not automatically correlate with clinical benefit, it
nevertheless has an important role in the selection
of suitable antiretroviral agents for use in combi 
nation in the clinical seuing.!"

Numerous studies have evaluated the in vitro
activity of zalcitabine in combination with other

© Adis International Limited . All rights reserved.
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Table I. In vitro activity of zalcitabine in combination with other
agents against laboratory HIV-l strains

Reference Drug" (class) Cell cultureb Result

Double combination
Brennan et al.[5Je MKC-442 (NNRTI) C8l66, MT4 , +

JM

Bridges et a1.(6) FTC (NRTI) MT2 +
Chong et al.l7]e Delavirdine (NNRTI) PBM , H9 ++

Connell et al.181 Saquinavir (PI) CEM ++

Craig et al.191 Zidovudine (NRTI) CEM , MT4 ++

Saquinavir (PI) CEM, MT4 ++

Craig et al.l101 Saquinavir (PI) CEM-T4 ++

Degre & Beck (11) Human leucocyte PBM ++
interferon (I)

Deminie et al.I12J Stavudine (NRTI) CEM -SS ++

Eron et al.l13)c Zidovudine (NRTI) H9,PBM ++
Johnson et al.114Jd Saquinavir (PI) PBM +/++
Mathez et al.I151d Zidovudine (NRTI) PBM ++
Palmer et al.I16Je Foscarnet (NNRTI) PBM ++

Perno et al.I17J GM-CSF (CSF) M/M-enriched -
PBM

Perno et al.[17] M-CSF(CSF) M/M-enriched -
PBM

Taylor et al.I18J MDL -28574 (a-GI) H9, MT4 ++

Triple combination

Craig et al.19J Saquinavir (PI) plus CEM , MT4 ++
zidovudine (NRTI)

a Drug used in combination with zalc itabine.

b All studies used cell viability (usually dye exclusion) and/or p24
ant igen production to measure anti-HIV activity except Craig
et al.[lO) (HIV syncytium formation). C8l66, CEM-SS, CEM,

CEM-T4 , H9, JM, MT2 and MT4 are T cell lines .

c Both labo ratory strains and clin ical HIV-l isolates tested.

d Only clinical HIV-l isolates tested.

Abbreviations and symbols: a-GI = a-glucosidase 1 inhibitor;
CSF = colony-stimulating factor; FTC = 2,3'-dideoxy-5-f1uoro-3'
thiacytidine; GM-CSF = granulocyte-macrophage colony-stimulating
factor ; I = immunomodulator; M-CSF = macrophage colony-stimulat
ing factor; M/M = monocyte-macrophage; PBM = peripheral blood
mononuclear cells; PI =protease inhibitor; NNRTI =non-nucleoside
reverse transcriptase inhibitor; NRTI = nucleoside reverse trans 
criptase inhibitor; - indicates antagonistic effect;+ indicates additive
effect; ++ indicates synergy.

agents, most notably zidovudine. The results of
studies evaluating 2- and 3-drug combinations are
summarised in table I.

Progressively greater inhibition of viral replica
tion (denoted by a delay in breakthrough of HIV-I
replication) was reported with an increasing num
ber of drugs in a CD4+ T cell line (H9) ; 4-drug

Drugs 1997 Jun; 53 (6)
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therapy (zidovudine, didanosine, interferon and
zalcitabine) was more effective than triple therapy
(zidovudine, didanosine and interferon), which in
turn wa s more effective than zidovudine plus
didanosine.l191

As intracellular phosphorylation is necessary
for the antiretroviral activity of zalcitabine, inves
tigations have focused on whether the concomitant
administration of other drugs may modify thi s pro
ces s and potentially reduce the in vitro antiviral
activity of zalcitabine. Using peripheral blood
mononuclear cells (PBMs), and U937 and MOLT 4
cell lines, zidovudine, didanosine and stavudine
were shown to have no significant effect on
zalcitabine phosphorylation.P?' Similarly, zalcita
bine did not significantly reduce the intracellular
phosphorylation of zidovudine in PBM or the
hI A2v2 Iymphoblastoid cell line.P! J In contrast,
the nucleoside analogue lamivudine inhibited
zalcitabine phosphorylation in vitro.1221The clini
cal rele vance of this interaction is currently un
known; however, both lamivudine and zalcitabine
are dependent upon deoxycytidine kinase for the
initial steps of pho sphorylation. The anthracycline
anticancer agent doxorubicin also inhibited
zalcitabine phosphorylation in vitro.1201 Conflict
ing results have been reported regarding the effect
of ribavirin, a broad spectrum antiviral agent, on
the phosphorylation and antiviral activity of
zalcitabine.12 0.231

1.3 Cytotoxicity

Zalcitabine is toxic to erythroid and granulo
cyte-macrophage progenitors, predominantly in
the early stages of differentiation.Pt' In vitro,
zalcitabine inhibited bone marrow cell develop
ment at concentrations that showed minimal anti
viral activity. This suggested that zalcitabine may
be associated with haematotoxicity similar to that
of zidovudinel25.261 but this has not been unequiv
ocally confirmed in clinical trials (see section 4).
Potentially important myelotoxicity developed in
the HL60 myeloid leukaemia cell line following
prolonged exposure to combination therapy with
zidovudine and zalcitabine, with or without dida-

© Adi s Interna tiona l Umited. All rights reserved .
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nosine.P'" However, brief periods of exposure (4
hours) to triple drug combinations had only a mod
est myelotoxic effect.

In MOLT-4, CEM, PC 12 and U937 cell s, treat
ment with zalcitabine reduced mitochondrial
DNA content, impaired mitochondrial function
and/or produced mitochondrial ultrastructural
changes .128-32) Defective replication of mitochon
drial DNA is thought to be responsible for the de
velopment of peripheral neuropathy in patients
treated with nucleoside analogues such as zalcitab
ine. [33-351 Indeed, abnormal Schwarm cell mito
chondria, with decreased myelin mitochondrial
RNA and axonal neuropathy, were reported in vivo
in rabbits treated with zalcitabine.Pv'

Preliminary data suggest that zalcitabine may
be associated with less embryonic cytotoxicity
than zidovudine. Cytotoxicity in murine 2-cell em
bryos was significantly lower with zalcitabine than
zidovudine; inhibition of blastocyst formation was
evident at zidovudine I urnol/L but only became
detectable at zalcitabine 100 IlmollL. [371

In US National Toxicology Program studies, a
poorly regenerati ve macrocytic anaemia, which
was reversible on cessation of treatment, was re
ported in mice given zidovudine and to a lesser
extent in mice that recei ved zalcitabine.Uf Fur
thermore, in contrast to didanosine, zalcitabine did
not alter murine immune function through modifi
cation of the antibody response. Other workers in
vestigated the in vivo toxicity of zalcitabine using
the LP-BM5 murine retrovirus-induced immuno
deficiency modeJ.l 391 Histological examination re
vealed a marked reduction in the number of mega
karyocytes in the bone marrow of both infected and
uninfected mice and hepatocellular vacuolation in
the liver of uninfected mice only. In addition , a
reduction in mitochondrial DNA content was re
ported in both groups .

1.4 Resistance to Zalcitabine

1.4.1 Viral Resistance
The development of viral re sistance to anti 

retroviral drugs is a major cause of treatment fail 
ure . In vivo resistance to zalcitabine or any other

Drugs 1997 Jun: 53 (6)
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anti-HIV agent is a consequence of the extremely
high replication rate of the wild-type virus and to
a lesser extent to the high rate of incorporation of
errors by HIV reverse transcriptase.l4o-43] This re
sults in the continuous and spontaneous generation
of viral mutants, including drug-resistant mutants,
even in the absence of drug . Replication of these
mutants usually occurs at a low rate ; however,
when the wild-type virus is suppressed by drug
therapy, one or more drug resistant mutants, which
are already present at low levels, can replicate
freely and predominate. The development of viral
resistance to nucleoside analogues has been re
viewed by several authors .141-451

Several mutation sites in the HIV pol gene have
been associated with resistance to zalcitabine,146]
although data from clinical studies suggest that
HIV develops reduced susceptibility to zalcitabine
less frequently than to zidovudine.147-501 Current
data suggest that the level of resistance to zalcitab
ine is generally equivalent to a <100-fold increase
in IC50 (concentration of drug required to inhibit
viral replication by 50%) . Mutations at codons 65
or 69 are typically associated with only modest re
sistance to zalcitabine (<1 O-fold reduction in
IC50).141] The mutation at codon 69 is the most fre
quently observed change in viral isolates from
patients developing resistance to zalcitabinel48,511
but importantly does not appear to lead to cross
resistance to didanosine or zidovudine.141,431

Mutation at codon 65 has been associated with re
sistance to zalcitabine, didanosine and lamivud
ine152,53] and it may cause a reduction in viral DNA
chain termination in the presence of ddCTpl54] and
selective changes in the ability of reverse trans
criptase to recognise ddCTP.1551 A low level of in
vitro resistance to zalcitabine and didanosine (4- to
8-fold increase in IC50) and a marked increase in in
vitro resistance to lamivudine (500- to 1000-fold)
have been associated with a mutation at codon
184.156,571

Therapy with zidovudine and zalcitabine during
alternate months has been associated with the se
lection of clinical isolates resistant to both
drugs. 147,581 However, in 3 studies (Delta, ACTG

© Adi s International Limited. All right s reserved.

Adkins et al.

106 and BW 34,225-02), treatment of zidovudine
naive patients «4 weeks of prior zidovudine ther
apy) with zidovudine plus zalcitabine for 48 or 112
weeks resulted in the selection of predominantly
zidovudine-resistant strains.150,59.601 In 2 of these
studies, the use of combination therapy was not
associated with an appreciable delay in the emer
gence of zidovudine-resistant viral isolates,150.60I

In a subgroup analysis of zidovudine-naive pa
tients recruited to the Delta study, the development
of zidovudine resistance caused by a mutation at
codon 70 was significantly (p < 0.000 I) delayed
during combination therapy (zidovudine plus zal
citabine or didanosine) compared with zidovudine
monotherapy; however, there was no significant
difference between the treatment groups in time to
the development of other resistant mutations asso 
ciated with zidovudine.P'" Notably, the pattern of
resistance to zalcitabine both as monotherapy and
as combination therapy has led to suggestions that
the use of this drug early in the treatment sequence
does not limit future therapy options,l41,431

Mutations conferring cross-resistance to zalci
tabine have been reported. A mutation at codon 75
conferring cross-resistance to stavudine, zalcitab
ine and didanosine has been described in vitro .1611

Workers have also reported a novel mutation pat
tern (at codons 62, 75, 77, 116 and 151) in patients
receiving zidovudine plus zalcitabine or didano
sine which confers cross-resistance to stavud
ine.l621A virus with mutations at positions 75, 77,
103, 116, 151 and 184 which is resistant to all nu
cleoside analogues and most non-nucleoside re
verse transcriptase inhibitors tested has also been
described recently in a heavily pretreated pa
tient. 1631Notably, resistance to zalcitabine, stavud
ine and nevirapine has been reported in clinical iso
lates obtained from patients who had been
previously treated with zidovudine only .IMI

1.4.2 Cellular Resistance
In addition to the selection of drug -resistant

variants of HIV, the selection of drug-resistant cell
populations may play an important role in reducing
the antiretroviral activity of nucleoside ana
logues,l65,66] Currently available data suggest that

Drugs 1997 Jun: 53 (6)
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individual nucleoside analogues differ in their ac
tivity against various target cell lines and have
shown zalcitabine to be more effective in mono
cyte-macrophage than in T cell lines.l 671A reduc
tion in intracellular levels of dCTP, which com
petes with ddCTP for reverse transcriptase, is
thought to contribute towards the greater activity
of zalcitabine in monocyte-macrophage cell
lines.[68,69] Differences in the level of intracellular
phosphorylating enzymes may also contribute to
variations in the anti-HIV activity of zalcitabine
among cell lines.I?'" Notably, levels of deoxycyti
dine kinase are exceedingly low in brain tissue,
suggesting that zalcitabine is not extensively me
tabolised in the brain.!? II

Other factors associated with cellular drug re
sistance include the activation state of the target
cell and whether the cell under investigation is
acutely or chronically infected with HIV. In con
trast to zidovudine, which preferentially protects
activated cells from HIV infection, the antiviral ef
fect of zalcitabine was reported to be greater in
resting cells.f72-741In common with zidovudine and
didanosine, zalcitabine has antiviral activity at
subtoxic concentrations in de novo infected mono-

1061

cyte-macrophages but lacks antiviral activity at
con centrations 1000 times greater in chronically
infected cellsp 51

Selection of a zalcitabine-resistant U937 mono
blastoid cell line characterised by an increased
number of mitochondria, greater mitochondrial
DNA content and a reduction in the affinity of
cytoplasmic deoxycytidine kinase for zalcitabine
has been reported following long term exposure to
the drug.l31.76.771

2. Pharmacokinetic Properties

The pharmacokinetic properties of zalcitabine
have been investigated after oral and intravenous
administration to adults and children with HIV in
fection (table II) and have been reviewed pre 
viously by several authors.l I,82-851 Pharmacoki
netic data on the administration of zalcitabine to
pregnant or elderly patients or to patients with
hepatic impairment are currently unavailable .
Pharmacokinetic data from children are limited,
but suggest lower bioavailability and/or fa ster
clearance of zalcitabine in children compared with
adults (table 11) .[80,81 1

Table II. Mean pharmacokinetic data for zalcitabine . Results after single dose administration of zalcitabine in adults and children with HIV
infection

Adults with AIDS or ARC
Gustavson et al.[781 0.5 PO [2]

0.5 POa [1]

5 PO [4]

0.5 IV [4]

Klecker et al.[791 0.09-0 .5/kg PO [7]

0.03-0 .25/kg IV [10]

Reference Zalcitab ine dose (mg)
[no. of pts]

Cmax

(~g/L)

7.6

8.5

79.0

10.5

95-316b

84-158c

AUC F
(mg/L· h) (%)

0.018 86

0.019

0.208 100

0.022

88

v;
(Llkg)

0.64

0.54

",;,~
(h)

1.5

1.1

1.8

1.3

1.2

CL

0.336 Uh/kg

13.62 Uh /m2

Children with symptomatic HIV infection
Gould Chadwick et al.[80I 0.02lkg POa [23]

Pizzo et al.[811 0.03-0 .04/kg PO [5]

0.03-0 .04/kg IV [5]

9.3

40

76

0.025

0.061

0.135

54 9.3 Um 2

1.4

0.91

0.78

0.876 Uh/kg

8.94 Uh /m2

a Oral solution.

b Range of values for 4 patients who received zalcitabine 0.25 mg/kg PO.

c Range of values for 4 patients who received zalcitabine 0.09 mglkg IV.

Abbreviations:ARC = AIDS·related complex ; AUC = area under the plasma concentration-time curve ; CL = total body clearance ; Cmax = peak
plasma concentration ; F = oral bioavailability ; IV = intravenous; PO = oral; pts = patients ; t1l2~ = terminal plasma elimination half-life;
Vss = volume of distribution at steady-state.

© Adi s Internaftonal Lirnited. All right s reserved . Drugs 1997 Jun; 53 (6)
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Extensive evaluation of the disposition of
zalcitabine was initially hampered by the limita
tions of analytical methods available to measure
the low plasma concentrations achieved after the
administration of clinically relevant doses.!"!
However, the recent development of radioimmuno
assay methods for the measurement of plasma
zalcitabine concentrations has overcome this prob
lem.lS6-SSI

2.1 Absorption and Distribution

Zalcitabine has a linear pharmacokinetic profile
which is not significantly affected by the route
of administration (oral or intravenousj .Fv' After
oral administration of zalcitabine 0.25 mg/kg to
adults, the drug was rapidly absorbed, with peak
plasma concentrations of 95 to 316 ug/L typically
achieved in I to 2 hours.l""! After oral administra
tion of tablets or solution to adults, the bioavaila
bility of zalcitabine has been reported to exceed
80%pS,79J Concomitant administration of zalcita
bine with food reduced zalcitabine bioavailability
by 14% and decreased the mean plasma concentra
tion by 39%; however, these changes were not con
sidered to be of clinical importance.P?'

The concentration of zalcitabine in the CSF af
ter oral or intravenous administration was 14 to
20% of that simultaneously measured in the plasma
of patients with AIDS or AIDS-related complex
(ARC) .179,901

2.2 Metabolism and Elimination

Zalcitabine is rapidly eliminated, with a plasma
elimination half-life (tY2~) of 1,1 to 1,8 hours and a
total body clearance of approximately 14 Llh/m2

(233 ml/min/m-) reported in adults (table II). Uri
nary excretion of unchanged drug is the principal
route of elimination of zalcitabine, accounting for
62% and 75% of single oral and intravenous doses,
respectively.l"?' Following a single oral dose of
zalcitabine (0.75mg), clearance of the drug was re
ported to be significantly (p < 0.05) reduced in pa
tients with a creatinine clearance (CLCR) ~3 Llh
(~50 ml/min) [n =15] compared with those with a
CLCR >3 Llh (>50 ml/min) [n = 8], suggesting the
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need for dosage adjustment in patients with poor
renal function (see section 6) .1911

Zalcitabine does not appear to undergo signifi
cant hepatic metabolism; dideoxyuridine (ddU) is
the primary metabolite of zalcitabine found in the
urine. Approximately 10% of an orally adminis
tered dose of zalcitabine is excreted in the faeces ,
primarily as unchanged drug or ddU.l92J

3. Clinical Efficacy

Because of the slowly progressive course of
HIV infection, the use of primary clinical end
points (survival, disease progression and develop
ment of an AIDS-defining event) to asse ss the ef
ficacy of antiretroviral therapy in clinical trials
may not be feasible, particularly in patients who are
asymptomatic at recruitment. The scale of the HIV
epidemic warrants rapid evaluation of drug effi
cacy and tolerability and has led to the introduction
of surrogate markers of disease as an indirect as
sessment of drug efficacy.

Pla sma viral load and rate of CD4+ cell deple
tion are currently considered to be the best predic
tors of disease progression/death.N'l CD4+ cell
count, however, has been shown to be a poor on
therapy marker of response in efficacy studies of
antiretroviral drugs.194,951 Instead, plasma viral
load is now emerging as a more accurate predictor
of disease progression and clinical outcome for pa
tients receiving antiretroviral therapy;196,971the re
sults of study ACTG 175 showed a significant as
sociation between plasma HIV RNA levels and risk
of disease progression and death in patients treated
with zidovudine, zalcitabine and/or didanosine .l'<l
Other less frequently used surrogate markers in
clude p24 antigen, ~2-microglobulin and serum
neopterin levels.1931 While the use of surrogate
markers is widely accepted, their value remains a
controversial issue.l 99,IOOI

The majority of studies evaluating zalcitabine in
the treatment of HIV infection have used both clin
ical and surrogate markers. Such studies have re
cruited both asymptomatic and symptomatic
zidovudine-experienced and zidovudine-naive pa
tients. Since the previous review of zalcitabine in
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Drugs,[11 the clinical profile of this agent has been
more extensively delineated, most notably in large
randomised double-bl ind studies comp aring oral
zalcitabine (2.25 mg/day) as a component of com
bination therapy with zidovudine monotherapy in
HIV-infected adults; onl y a small numb er of stud
ies have been conducted in children (section 3.3)
and no further studies in this pat ient population are
planned. The value of combination antiretroviral
therapy over monotherapy in the treatment of pa
tients with HIV infection has now been unequivo
cally demonstrated in several large phase III stud
ies. In clinical practice thi s has resulted in the
widespread substitution of antiretroviral combina
tion therapy for monotherapy as standard treatment
in patients with HIV infection. For this reason ,
studies evaluating the use of zalcitabine in combi
nation with other antiretroviral agents are the focus
of the clinical section of this review and only brief
reference is given to monotherapy studies.

Whether zalcitabine is an effective antiretro
viral agent for the prevention of HIV transmission
dur ing the perin atal period,IIO I-103]following occu
pational HIV exposure l104,105] or in the manage
ment of patients with AIDS dementia complex[I06- I09I

has yet to be determined.

3.1 Zalcitabine Monotherapy

In view of the recent wide spread adoption of
combination antiretroviral therapy as standard care
for patients with HIV infection, the use of zalcitab
ine monotherapy in clinical practice is no longer
appropriate. Prior to this change in practice, sev
eral comparative studies were conducted compar
ing zalcitabine with zidovudine or didanosine
monotherapy. The largest of these (ACTG 114)
was a multicentre randomised double-blind study
involving 635 patients with AIDS or ARC and <3
month s of prior zidovudine exposure . The result s
of this study (published as an abstract ) showed 1
yea r surv ival to be significantly lower in the
za lci tabine (2.25 mg/day) compared with the
zidovudine (600 or 1200 mg/day) treatment group
(68.4 vs 76 .8%; P =0.02).[1101 Furthermore, in a
subgroup ana lysis, zidovudine-treated patients
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were significantly less likel y to require invasive
procedures or hospit alisation and also experienced
significantly fewer symptoms that interfered with
daily activity and fewer day s of disabi lity during
the first 48 weeks of follow-up. ' III ]

More favourable results have been report ed
with zalcitabine monotherapy in smaller studies.
Sub stitution with zalcitabine was associated with
a significant survival benefit at 12 month s (p =
0.05) compared with substitution with did anosine,
remaining on zidovudine or no nucleoside therapy
in a retro spective analy sis of 154 patients (CD4+
count <200 cell s/ul ) who were intolerant of or un
re sponsive to zidovudine monotherapy.' 11 21 In
study CPCRA 002, a multicentre, nonbl ind, ran
domi sed trial , zalcitabine was at least as effective
as didanosine in delaying disea se progression and
death in 467 patients with advanced HIV disease
(CD4+ count ~300 cells/ul) who had failed to re
spond to or were intolerant of zidovudine mono
therapy.1113] The results of ACTG 11 9, a nonblind,
rand om ised trial which recruited III patients with
extensi ve zidov udine expos ure (~48 wee ks),
showed that substitution with zalc itabin e produced
a small nonsign ificant surviva l advantage (es ti
mated 12-month survival rates 81 vs 75%) and a
significantly (p < 0.05) slower reduction in CD4+
cell count at week 28 compared with continued
zidovudine therapy.' 1141

3.2 Combination Therapy

Initial studies evaluating combinati on anti
retroviral therapy compared regimens comprising
2 nucleoside analogues (including zalcitabine)
with anti retro viral monotherapy (table III). These
included the 3 larg e clinical end-point studies,
ACTG 175,1 1161, CPCRA 007 11 201 and Delta.lllll
Sub sequent to this, additi onal studies have eva lu
ated 2- and 3-drug regimens comprising a nucleo
side analogue plus a protease inhibitor or 2 nucle
oside anal ogues plus a protease inh ibitor or a
non-nucleoside reverse transcr iptase inhibi tor.
Zalcitabine has been included as a component of
regimens eva luated in some of these later studies
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Table III . Summary of multicentre randomised do uble-blind trials evaluating oral za lcitabine (ZA L) as combination therapy in adults with HIV infection I~»

Q.". Reference Characteristics of pts No. of pts Treatment regimen Change in Change in No. of pts with No. of
5" (duration of follow-up ) (disease stage) (mgJday) HIV RNA levels CD4+ count disease deathsCD
3 from baseline from baseline progression" (%)
0 (log10 copies) (cells/u l) (%)g
:J ACTG 155111 5) ZDV for~mo; AIDS or SYM and 285 (49 ASY) ZAL2.25 .).32% 123 (43) 51 (18)Q.

~
CD4+ count ,;;300 cells/ul, or ASY 283 (54 ASY) ZDV600 .).32% 118 (42) 43 (15)

<t and CD4+ count ,;;200 cells!lI l
423 (72 ASY) ZAL 2.25 + ZDV 600 .).25% 164 (39) 78 (18)

P- (med 18mo)

~

<5' ACTG 1751116) ZDV-naive; CD4+ count 200-500 267 ZAL 2.25 + ZDV 600 141bl l 16 (6)1 9 (3)
:J" celis/li l (med 135wk) 263 DID 400 + ZDV 600 163bl l 20 (8) 11 (4)or
ii)

269 ZDV600 114b 32 (12) 18(7)
<D

" 268 DID 400 149bl l 23 (9) 11 (4)
Q)

P- ZDV-experienced; CD4+ count 348 ZAL 2.25 + ZDV 600 113btt 60 (17) 31 (9)

200-500 cells!lIl (med 147wk) 350 DID 400 + ZDV 600 140btt 45 (13)1 20 (6)1

350 ZDV600 .).22b 64 (18) 36 (10)

352 DID 400 134bl l 48 (14) 18 (5)11

ACTG229111 7J ZDV for ~4mo ; CD4+ count 100 (10 AIDS ; 49 SYM ; 41 ASY) ZAL 2.25 + ZDV 600 .1,0.1' .1,25%' 6 (6)

50-300 cells!lIl (';;56wk) 98 (13 AIDS ; 52 SYM; 33 ASY) ZAL 2.25 + ZDV 600 + ! O.35c;I 0%'** 3 (3)
SOV 1800

99 (10 AIDS ; 52 SYM; 37 ASY) ZDV 600 + SOV 1800 10.3' .1,30%' 8 (8)

BW 34, 225-0211181 ZDV for <4wk; CD4+ count 61 (20 AIDS; 26 ARC; 15 ASY) ZAL 2.25 + ZDV 600 .I,LOdl1 135tt 26 (43)· 31 (51)·

<300 cells!lIl (48-72wk) 59 (10 AIDS ; 24 ARC; 25 ASY) DID 200 + ZDV 600 ! O.6dt t 160tt 20 (34)" 22 (37)·

60 (19 AIDS; 24 ARC ; 17 ASY) ZDV600 ! O.3d .1,25 26 (43)· 32 (53)·

CAESAR I11")' ZDV-experienced ; CD4+ cell count 475 LAM 300 + LOV 3009 38(8)*** 13 (3)***
25-250 cells!lIl (med 52wk) 935 LAM 3009 80 (9)*** 22(2)***

482 PI9 81 (17) 22 (5)

CPCRA 007(120) 77% pts ZDV-experienced 367 (127 AIDS) ZAL 2.25 + ZDV 600 112.9htt 230 (63) 182 (50)
[med 7mo] ; AIDS or CD4+ count 363 (110 AIDS) DID 400 + ZDV 600 119.2htt 226 (62) 176 (48)
<200 celis/li l (med 35mo )

372 (112 AIDS) ZDV600 .1,49 244 (66) 191 (51)

Deltal1211 ZDV-naive (med 30mo) 706 (91 AIDS; 212 SYM; 403 ASY) ZAL 2.25 + ZDV 600 167b 231 (33)' 107 (15)'

718 (91 AIDS; 215 SYM ; 412 ASY) DID 400 + ZDV 600 180b 188 (26)' 93 (13)1

700 (80 AIDS ; 204 SYM; 416 ASY) ZDV 600 130b 270 (39) 149 (21)

0 ZDV for ~3mo (med 30mo) 366 (66 AIDS; 119 SYM; 181 ASY) ZAL 2.25 + ZDV 600 13b 175 (48) 121 (33)

" 362 (56 AIDS ; 136 SYM; 170 ASY) DID 400 + ZDV 600 120b 165 (46) 103 (28)'t!
S 355 (58 AIDS ; 110 SYM; 187 ASY) ZDV 600 ! 12b 178 (50) 126 (35) ::.-
'-J M500031122j' 241 pts ZDV-naive ; CD4+ count 129 ZAL 2.25 + ZDV 600 1110 "'-c;

~c;
300-500 cells/u l (105 pts 24mo):J 127 ZDV 600 136 ;::.. 'J>

'-" ~cc
§ :e.
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(table III), the results of which are discussed in
sections 3.2.1 and 3.2.2.

3.2. 1 Double Combination Therapy

Zalcitabine in Combination with Other
Nucleoside Analogues
The results of initial comparative studies eval

uating zalcitabine plus zidovudine combination
therapy (ACTO 1061125] and BW 34,225-021118])

reported a greater and more sustained increase in
CD4+ cell count and more sustained decrease in
p24 antigen levels with zalcitabine plus zidovudine
than with zidovudine alone. Although not the pri
mary end-point, long term clinical follow-up of
154 patients in study BW 34,225-02 revealed a
greater delay in the development of an AIDS
defining event or death (p = 0.022) with combina
tion therapy than with zidovudine monotherapy.
The significantly greater prolongation of survival
time (p = 0.04) and time to clinical disease progres
sion and death (p = 0.004) reported with zidovud
ine plus didanosine compared with zidovudine
plus zalcitabine in this study may have been attrib
utable in part to the better baseline clinical and
virological status of patients in the didanosine
compared with the zalcitabine treatment group.IIISI

ACTO 155 was the first major trial to compare
zidovudine plus zalcitabine combination therapy
with zidovudine or zalcitabine monotherapy using
clinical efficacy as the primary end-point.I'P'
In this study, which involved 991 zidovudine
pretreated patients with advanced disease, no sig
nificant difference in time to disease progression
or death was reported between those receiving
zidovudine plus zalcitabine combination therapy
and those treated with zidovudine mono therapy. A
planned subgroup analysis revealed the combina
tion regimen to be significantly (p = 0.029) more
effective in terms of disease progression and death
in patients with a CD4+ count of ~ 150 cells/pi but
no significant difference was reported in patients
with more advanced disease « 150 cells/ul) . Re
sults from ACTO 193A provide further data to sug
gest that combination therapy with zidovudine plus
zalcitabine is not the preferred treatment option for
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pat ients with late stage disease (CD4+ count ::;50
celis/~I). 11 26J

Th e 3 cli nical end-point studies , ACTG 175,
CPCRA 007 and Delta recru ited large numbers of
zidov udine-naive and zidovudine-experienced pa
tien ts with relatively late-stage disease. All 3 trial s
were randomised multice ntre doubl e-bl ind studies,
included a follow -up period of >2 years and en
rolled more than 1000 patients.

Study ACTG 175 rec ruite d the grea test number
of zidov udine-ex perie nced patient s (n = 1400) and
co mpared 4 different regim en s, zidov udine or
did anosine monotherapy, zidovudine plus zalcitab
ine and zidovudine plus did ano sine (table I1I ).I1161

For the antiretrovira l-naive patients (n = 1067),
progression to the primary end-point (~50% de
cline in CD4+ cell count, occ urre nce of an AIDS
definin g eve nt or dea th) was significantly more fre
quent with zidov udine mon otherapy (23%) than
with treatment with zidov udine plus zalci tabi nc
( 10%; P < 0.00 I) , zidovudine plus didanos ine
(14 %; p =0.003 ) or didanosi ne alone (17 %; p =
0.023 ). When the clinical end-points of AIDS or
death were con sidered in aggregate, only zidovud
ine plus zalcitabine therapy was assoc iated with a
significant red uctio n in the number of patients ex
perien cing di sease progress ion compared with
zidovudine mo notherapy (6 vs 12%; P = 0.016)
(fig . I); the corresponding resu lts for zidov udine
plu s didanosi ne and didanosine monotherapy were
8% (p = 0.082) and 9% of patients (p = 0. 11), re
spec tively.

For previously treated patient s, progression to
the primary end-po int in thi s study was sig nifi
can tly lower with the com bination of zidov udinc
plus za lcitabine (27%) or didanosine (22%), or
didanosi ne alone (26 %) com pared with zidovudine
mon ot herapy (38 %; p < 0.00 I). However, on ly
zidov udine plus didanosine had a significant cli n
ical benefi t ove r zidovudine monotherapy when
the cli nica l end -poi nts of AIDS or death were con 
sidered in aggregate in this patient group ( 13 vs
18%; p = 0.025).

In CPCRA 007, which enrolled 1102 mainly
zidovudine -ex perienced patients, treatment with

ACTG 175 study
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Fig. 1. Percentage of patients who experienced an AIDS-defin
ing event or death in 3 large, randomised multicentre studies
[ACTG 175 (n =2467),11161Delta (n =3207)[121)and CPCRA 007
(n = 1102)l1 20I). Patients with advanced HIV infection were
randomised to receive zidovudine (ZDV) 600 mg/day plus
zalcitabine (ZAL) 2.25 mglday or didanos ine (DID) 400 mg/day,
or lDV or DID monotherapy. Symbols: ' p < 0.05 vs ZDV mono
therapy, thazard ratio 0.80(95% CI 0.67-0.96) vs ZDV mono
the rapy, tthaza rd ratio 0.63( 95% CI 0.53-0.76 ) vs ZDV
monotherapy and hazard ratio 0.79(95% CI 0.65-0.96) vs ZDV
+ ZAL. .
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zidov udine plus zalcitabine or did anosine did not
significantly delay disea se progression or prol ong
survival compared with zidovud ine alone (table
III).I120J After a median foll ow-up time of 35
months, the relative risk of disease progression or
death compared with zidov udine therapy was 0.92
[95% confidence inter val (CI) 0.76 to 1.10] and
0. 86 (95% CI 0.71 to 1.03) for treatm ent with
zidovudine plus zalcitabine and zidov udine plus
didanosine, respecti vely. However, in a subgroup
analysis, co mbination therap y with zidov udine
plus zalcitabine significantly redu ced the rate of
disea se progression or death compared with
zidovudine alone in patients who had been pre
viously treated with zidovudine for :s; 12 months (p
< 0.05; relative risk 0.72 ; 95% CI 0.54 to 0.96 ) [fig .
I]. No significant difference was reported between
zidovudine plus didanosine and zidov udine alone
in this patient group. However, the zidov udine plus
did anosine regimen did produ ce a significant re
duction in disease progression or death compared
with zidov udine monotherapy in zidov udine-naive
patient s (p < 0.05; relative risk 0.57; 95% CI 0.36
to 0.90) . A significant difference was not reported
for zalc itabine plus zidov udine combinat ion ther
apy in this respect.

The results of the European/Austr alian Delta
trial, the largest (n = 3207), most powerful study
available, provided evidence of the superio r effi
cacy of zidov udine plus zalcitabine or didan osine
compared with zidovudine monotherapy in terms
of survival and progression to AIDS in antiretrovi
ral-n aive patients (table III).11 21 1 Comp ared with
zidovudine alone, a relative reduction in mortality
(based on hazard ratios) of 32% (p = 0.003) for
zidovudine plus zalcitabine and 42 % (p < 0.0001)
for zidov udine plu s didanosin e therapy was re
ported. However, in zidovudine-experienced pa
tients there was no evidence of a direct benefit of
adding zalcitabine to therapy compared with con
tinu ing with zidov udine alon e; onl y zidov udine
plus didanosine combination therapy produ ced a
survival benefit compared with zidov udine mono
therapy in this patient gro up. The relative red uc
tion in mor tal ity was 23 % for zidov udine plus
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did anosine (p =0.05) and 9% for zidov udine plus
zalci tabine (p = 0.47). Figure I shows the percent
age of patients exper iencing a new AIDS eve nt or
death in each of the 3 treatm ent groups. Although
not the primary comparison, Delta also provided
some information on the comparative efficacy of
the 2 combina tion regimens. Notably, treatment
with zidov udine plus didano sine produced a signif
icant delay in the development of a new AIDS
event or death for the study populat ion ove rall and
a significant delay in progression to AIDS or death
compared with zidovudine plu s zalc itabine in
zidovudine-naive patients without AIDS at study
entry. However, there was no significant difference
betw een the 2 treatment groups in term s of mortal
ity rate.

In anoth er double-blind multicentre study,
M50003, treatment with zidovudine plus zalcita
bine was significantly (p < 0.00 I) better than zido
vudi ne monoth erapy at maintaining CD4+ ce ll
count above baselin e at 24 months in patient s with
little or no prior antire trovi ral therapy (90 vs 52.4 %
of patient s; p < 0.00 I).1 122J However, this study was
discontinued prematurely following the results of
ACTG 175 and Delta, which showed a significant
improvement in survival and disease progression
with co mbination therapy in antiretrov iral-naive
patient s.

Data from large observa tional11271 and longitu
dinal cohortl12HI studies also dem onstrated a sig nif
icant survival benefit with combination therap y
with zidovud ine plu s zalc itabine or didanosin e
compared with zidovudine monotherapy.

Zidovudine plu s zalcitabine therapy has also
been compared with combination regim ens co m
pri sin g zid ovudine plu s the nucl eoside reverse
transcr iptase inh ibitor lamivudine (300 or 600
mg/day). In study NUCA 3002,1123

1 whi ch re
cruited 254 zidov udine-ex perienced patients, a
significa ntly (p < 0.05) grea ter increase in mean
CD4+ cell co unt was reported for the low dose
(+38 .5 cells/ul) and high dose (+22.6 ce lls/u l)
lamivudine gro ups compared with the zalci tabi ne
group (-4.4 cells/u l) after 52 weeks of follow- up.
However, suppress ion of plasma HIV RNA levels
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was similar for all groups (table III). Triple combi
nation therapy with zalcitabine, zidovudine and
lamivudine has also been evaluated in a recent
study (section 3.2.2).

A preliminary evaluation of zalcitabine and
zidovudine combination therapy in the treatment of
4 patients with HIV-associated dementia demon
strated a reversal of neurocognitive dysfunction
and a marked reduction in serum and CSF HIV
RNA titres.I I09)

Zalcitabine in Combination with a
Protease Inhibitor

The reported in vitro synergy between zalcitab
ine and the protease inhibitor saquinavir and the
non-overlapping toxicity and resistance profiles of
these 2 drugs has led to evaluation of their efficacy
in combination. To date , one study (NV 14256) has
evaluated the efficacy of a 2-drug regimen com
prising zalcitabine plus saquinavir (table III) while
other studies have evaluated 3-drug regimens in
cluding zalcitabine plus saquinavir or the protease
inhibitor ritonavir (section 3.2.2).

Study NV 14256, a multicentre double-blind
study, randomised 940 HIV-infected zidovudine
experienced patients to receive zalcitabine plus
saquinavir or either agent alone (table III). The
final results from this study have not yet been pub
lished; however, data on disease progression and
mortality are available.U P'J An intent-to-treat anal
ys is of patients with a median follow-up of 73
weeks showed the time to the first AIDS-defining
event or death to be significantly longer for patients
treated with the combination regimen than for
those treated with saquinavir monotherapy (p =
0.0043 ; log rank analysis). A 74 % reduction in
mortality with saquinavir plu s zalcitabine com
pared with saquinavir monotherapy (9 vs 34
deaths) provided further evidence of the benefit
of this combination regimen in zidovudine
experienced patients. Thi s benefit was statistically
significant according to an intent-to-treat log-rank
analy sis of the time to death (p = 0.000 I). A signif
icantly greater (p =0.000 I) and more sustained in
crease in CD4+ cell count and decrease in viral load
was also reported with saquinavir plus zalcitabine
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than with either agent alone. Notably, no signifi
cant difference in clinical end-points was reported
between saquinavir or zalcitabine monotherapy.

3.2.2 Triple Combination Therapy
Multidrug combination therapy is potentially

the most viable therapeutic option for the success
ful treatment of HIV infection, since it is poten
tially associated with an increase in antiviral activ
ity and a greater delay in the emergence of drug
resi stance compared with mono therapy. The re
sults of in vitro studies, demonstrating greater ac
tivity with triple combination therapy than with 2
drug regimens,f l29J are now supported by data from
surrogate marker and early clinical end-point stud
ies. Zalcitabine has been evaluated as a component
of triple combination regimens including the
protease inhibitors saquinavir or ritonavir plu s
zido vudine or the nucleoside analogue lami vudine
plus zidovudine in predominantly zidovudine
experienced patients with advanced disease.

Study ACTG 229 was designed to assess the ef
fect of triple combination therapy with zidovudine,
zalcitabine and saquinavir on surrogate marker ac
tivity in 297 heavily zidovudine-experienced pa
tients. Notably, changes in absolute CD4+ cell
count and quantitative HIV titre to week 48 of treat
ment were reported to be significantly superior
with the 3-drug combination compared with either
double therapy (zidovudine plus saquinavir or zal
citabine) [table III]. III ?I Although clinical disease
progression and survival were not primary end
points, 17 patients developed an AIDS-defining ill
ness or died during the study, 3 in the 3-drug group,
8 in the saquinavir plus zidovudine group and 6 in
the zalcitabine plus zidovudine group. An analysis
of ranked quality-of-life scores obtained at base
line and week 20 also revealed a trend in favour of
the triple combination regimen for an improvement
in functional and psychological health and work/
social functioning .I 1301

Although inhibition of zalcitabine phosphoryla
tion by lamivudine has been reported in vitro (sec
tion 1.2), 2 studies have demonstrated a beneficial
effect from adding lamivudine to combination ther
apy comprising zidovudine plus zalcitabine. In a
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nonblind , randomised trial with a 6-m onth follo w
up,1 131 146 patients pretreated with zidov udine plus
zalc itabi ne for ~6 months were randomised to re
ce ive either zidov udine, zalcitabine and lamivud
ine (n = 15), zidov udine and lamiv udine (n = 15)
or to co ntinue with exist ing zidov udine plus
zalci tabine therapy (n = 16) [control gro up]. Com
pared with baseline, mean CD4+ cell co unt in
creased significantly in the triple therapy (+49 .5
ce lls/u l; p =0.00 12) and zidov udine plus lamivud
ine (+33 .1 ce lls/u l; p =0.0 21) treatment arms but
decreased in the contro l group (-2 1.3 cells/u l) ove r
24 week s. A corresponding decrease in mean
plasma HIV-I RNA level s from baseline was re
ported for both zidovudine plus lami vud ine (-0.15
log copi es/ml ) and zidov udine plu s zalcitabine
plus lami vudin e (-0.45 log copies/ml; p = 0.003),
while an increase was report ed for the co ntrol
gro up (+0 .36 log copies/ml; p = 0.024) .

The CAESAR study evaluated the benefit of
adding lamivud ine ± loviride to ongoing anti
retroviral therapy (zidovu dine plus zalcitabine or
didan osine or zidovudine monoth erapy) for 52
wee ks in 1892 patients with advanced HIV infec
tion.!1191The recently reported res ults of an interim
ana lysis of this study showed that in com parison
with place bo, addition of lamivud ine ± loviride to
ex isting antiretroviral therapy sig nificantly re
duced disease progression (8 and 9 vs 17%; p <
0.000 I) and mortal ity rates (2.4 and 2.7 vs 4.6%;
p = 0.0 12). Further analysis revealed a 55% re
duction in disease progression in the lamivudine
containing arms in patient s who entered the trial on
zido vudine monotherapy and a 49% reduction in
patient s who entered the trial on zidovudine plu s
zalcitabine or didanosine.

Impressive immunolo gical benefits were dem
onstrated in a pilot study evaluating a regimen
co mprising zalc itabine plus zidov udine in co mbi
nation with the protease inh ibitor ritonavir ( 1200
mg/day) as firs t line therapy in 29 HIV-infected
ad ults (C D4+ co unt <250 cel ls/u l).' 1321 After 9
months of trea tment the mean tit re of HIV RNA
and the mean number of infec tious blood cells had
decreased by 2.0 log copies/ml plasma and 2.44 log
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ce lls per 107 peripheral blood mononuclear ce lls,
respectively. This was accompanied by a corre
sponding increase in mean CD4+ cell count (+ 140
cells/ul),

Studies eva luating zalcitabine in combination
with zidov udine and thymostimulin,l l33] zidov ud
ine and interferon-al1 341 and zidov udine and de la
virdinel135J have also been conducted. Prel iminary
evaluation of a 4-drug regimen comprising zalci ta
bine, zidov udine, did anosine and interferon-a pro
duced promi sing result s in term s of a reductio n in
HIV plasma RNA and an increase in CD4+ cell
count.[1361

3.3 Paediatric Use

Study ACTG 138 evaluated the efficacy of
zalc itabine 0.0 15 and 0.03 mg/kg/day in 170 HIV
infected children with symptomatic disease who
were refractory to or intolerant of zidov udine.I 'V l
p24 antige n levels were reduced at 36 weeks for
38% of the child ren eva luated. Com bination ther
apy co mpris ing zalci tabine plu s zidov udine has
also been eval uated in children.P!' 13 patients re
ceived a regimen of zalcita bine 0.12 mg/kg /day for
7 day s alternating with zidovudine 720 mg/m-zday
for 2 1 days. Of these patients, II experienced
weight gain and 7 an increase in CD4+ cell co unt
and a > I0% increase in the CD4 to CD8 ratio . In a
small study, zalcitabi ne sa lvage therapy improved
metabolic rates and nutritional parameters in chil
dren with adva nced HIV disease.11 38JHowever, al
ternat ing co mbination ther apy with zidov udine
and zalcitabine was unable to prevent the deve lop
ment of zidovudine resistance in HIV-I isolates
from children'!1391

3.4 Pharmacoec onomic Considerations

In view of the potential increase in drug costs
associated with the use of co mbinatio n antiretrovi 
ral regim ens, a mode l was developed to assess the
comparative cost-effective ness of addi ng zalcitab
ine to anti retroviral therapy.' 1401The mode l was
based on data derived from cli nical studies (ACTG
106,1141] ACTG _114[1411 and BW 34,225-02[60[ )
demonstrating a susta ined improvement in CD4+
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Fig. 2. Incidence of adverse events (all grades) at least possibly related to zalcitabine therapy and reported in <':0.8% of patients
(n =517) participating in the zalcitabine Expanded Access Programme .(142)

ce ll co unt in patients treated with zalci tabine plu s
zidovudi ne . Th e model predicted that the use of
thi s antire trovira l regimen for I year was a cost
effec tive treatm ent option for patients with a CD4+
co unt <300 ce lls/p l. Compared with zido vudine
monotherapy, co mbination therapy improv ed sur
vival by 0.09 to 0.11 life-years per patient and thi s
was assoc iated with a modest cos t increase of 1181
to 1764 Eu ropean Currency Units per patient de
pending upon the country studie d. Th e results of
thi s study, however , are limited by the ass umptio n
that C D4+ ce ll co unt is a good on-therapy mark er
of disease progression and surv iva l.

4. Tolerability

4.1 Zalc itabine Monotherapy

Since the previous zalci tabine review in D rugs,1 11

additio na l da ta have been publ ished on the toler-
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abil ity of thi s age nt, including the results of a Euro 
pean Ex pa nde d Access Programme (EA P).11421

This programme pro vided data on 517 pati ents
with AIDS or ARC who recei ved za lcitabine 2.25
mg/day; approximately 50% of pati ents received
the dru g for> 12 weeks. All patients recru ited to the
study were eithe r no longer able to tolerate
zidovudine, had not responded to zidov udine or
were ineligible to receive the dru g. The adverse
even ts (all grades) ex perience d by ~0.8% of pa
tients and at least possibl y related to za lcitab ine
therapy are summarised in figure 2.

Peripheral neu ropath y, the most frequ ent ad
ve rse event, devel op ed in 63 patien ts ( 12.2 %) ;
other adverse events occurred with a freq uency of
<3.0% and incl ude d ulcerative stomatitis, granulo
cy topenia and leucopenia; pancreatiti s developed
in fewer than I% of patients. Th e overall incidence
of severe adverse events was 2. 1% and included
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pancreatitis (0.8% of patients), peripheral neurop
athy (0.4 %), hyperamylasaemia (0.2%), thrombo
cytopenia (0.2%), neutropenia (0.2%), abnormal

liver function (0 .2%) and ulcerative stomatitis
(0.2%).

The se results are generally in accordance with
those of 2 recently publi shed large comparative
studies (ACTO 155 and CPCRA 002) which in
cluded an assessment of the tolerability profile of
zalcitabine monotherapy ; the incidence of grade III
or IV!11 3J or common severe or worse adverse ef
fects!l iS] were reported in these studies. Peripheral

neuropathy and haematological adverse events
were generally the major toxicitie s associated with
zalcitabine, although abnormal liver function and
cutaneous or allergi c reactions were reported more

frequently than in the European EAP study (ta
ble IV).

As with other antiretroviral agent s, the inci
dence of adverse events with zalcitabine has been
shown to progressively increase with a decline in
CD4+ cell count. I 142,1431

1071

4. 1.1 Peripheral Neuropathy
Peripheral neuropathy is the major dose

limiting adverse event asso ciated with zalci 
tabine treatment,' 144] occurring in 12 to 46% of
pati ent s receiving zalcitabine 1.125 to 2.25
mg/day.l11 2-11 5.142.145-147! Initial symptoms are pre-

dominantly sensory with distal dysaesthesia, pain
and numbness. Abno rmal sural nerve conduction
is frequently evident with an impaired sensation of
vibration, pain and temperature.U '<l Available data
clearly suggest that this adverse event is dose
related both in terms of incidence and seve rity and
progression of symptoms.' 1,144] However, zalcitab
ine-induced peripheral neuropathy is slowly re
versible on cessation of drug therapy and several
patients have been successfully rechall enged with
a lower dosage of zalcitabine.!149)

Significant risk factors for the development of
zalcitab ine-induced neuropathy include diabetes
mellitu s and a low serum cobalamin level «148
pmol/L); a weak correlat ion between the develop
ment of this condition and weight loss, heavy alco
hol consumption and/or a history of symptoms of

Table IV. Summary of adverse events [no. of patients (%)] in 2 large comparative studies of zalc itabine (ZAL) in zidovudine (ZDV)-experienced
patients with advanced HIV disease

Adverse event CPCRA 002[1131- ACTG 155[1151b

ZAL DID ZAL ZDV ZAL +ZDV
(n =237) (n =230) (n =285) (n =283) (n =423)

Peripheral neuropathy 69 (29.1) 33(14.3) 18 (6) 12(4) 25 (6)

Abnormal liver function 24 (10.0) 20 (8.6) 16 (6) 24(8) 25 (6)

Neutropenia 18 (7.6) 21 (9.1) 26 (9) 49 (17) 82 (19)

Anaemia or haemoglobinaem ia 15 (6.3) 14(6.1) 13(5) 14 (5) 35 (8)

Cutaneous/allergic reaction 17 (7.1) 13(5.6) 6 (2) 4(1) 6 (1)

Abdominal pain 7(2.9) 16 (6.9)

Diarrhoea 9 (3.8) 48 (20.8)

Nausea or vomiting 21 (8.9) 35 (15.2) 4(1) 7 (2) 4 (1)

Fever 8 (3.4) 13 (5.6) 12(4) 23 (8) 17 (4)

Headache 10 (4.2) 9 (3.9) 5(2) 5(2) 10(2)

Fatigue 9 (3.8) 6 (2.6) 5 (2) 7 (2) 19 (4)

Musc le weakness 9 (3.8) 8 (3.5)

Oral lesions or stomat itis 8 (3.4) 0(0) 11 (4) 2(1) 4 (1)

Hyperamylasaemia 9(3.8) 13 (5.6)

Pancreatitis 0(0) 4 (1.7) 9(3) 4 (1) 8 (2)

a Incidence of grade III or IV adverse events reported .

b Incidence of common severe or worse adverse events reported .

Abbreviation: DID =didanosine.
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peripheral nerve dysfunction and peripheral neu
ropathy has also been reported)l45,146J Notably, in
the European EAP study, zalcitabine-associated
peripheral neuropathy was more likely in patients
with a baseline diagnosis of AIDS and a CD4+
count ~50 cells/1J.1.11421

Two case reports have also highlighted the de
velopment of zalcitabine-associated ototoxicity
(attributable to neurotoxic effects on the eighth cra
nial nerve) which resolved on discontinuation of
the drug,1150,151 1 A case of acute paralysis of the
serratus muscle has also been reported in a patient
treated with zalcitabine for 2 months.11521

Anecdotal reports suggest zalcitabine is a well
tolerated alternative to zidovudine in patients with
zidovudine-induced myopathy. I1531

4. 1.2 Oral Stomatitis
Oral stomatitis is a frequently reported adverse

effect associated with zalcitabine therapy which
may resolve with continuing administration of the
drug . It developed in 3 to 4% of patients receiving
zalcitabine monotherapy in 3 large studies.111 3,115,1421
In a cross-sectional study involving 338 patients,
the reported incidence of oral ulceration was sig
nificantly higher for zalcitabine-treated than for
zidovudine- or didanosine-treated patients (29 vs

15%; P =0.018) .1 1541 Another study reported no
significant association between the use of zalcitab
ine plus zidovudine combination therapy and the
development of oral ulcers .1155J

An isolated case of oesophageal ulcerationI1561
and a distinctive dose-dependent maculopapular
rash associated with oral ulceration and occasion
ally fever1157,1581 have been described after zalci
tabine therapy.

4. 1.3 Other Adverse Effects
Erythema multiformet'P'" and hypersensitivity

syndromel160J associated with zalcitabine therapy
have been reported anecdotally. Severe rash and
hepatotoxicity associated with the use of zidovud
ine and zalcitabine for needlestick injuries also de
veloped in 2 patients.I161 1

Allhough the pancreas is often affected in pa
tients with HIV infection, the most significant
cause of pancreatic dysfunction in this setting is

© Adi s International Umited. All rights reserved.
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drug-induced disease,l l621 However, the patho
physiological mechanisms involved in the devel 
opment of drug-induced pancreatitis are in
completely understood. Pancreatitis appears to be
a rare but serious complication of zalcitabine ther
apyl1631 which has mostly been reported to occur
with an incidence of <I % in large studies.' 11 2,11 3,1421
Elevated serum amylase level s have also been re
ported in a small number of patients treated with
zalcitabine (0.2 to 3.8%).1113,142J

Despite concerns in recent years regarding a
possible association between the incidence of lym
phoma and the use of zalcitabine therapy, clinical
trial data published to date suggest no signifi cant
correlation between the rate of lymphoma and the
inclusion of zalcitabine in antiretroviral regi
mens .IIMJ Instead, the development of lymphoma
in HIV-infected patients appears to be attributable
to prolonged immunodeficiency associated with
the disease rather than to the use of antiretroviral
therapy.

Paediatric tolerability data for zalcitabine are
limited. In an early investigation, rash and mouth
sores were significant events during an initial 8
week period in which zalcitabine 0.015 to 0.04
mg/kg was administered every 6 hours .l''!' How
ever, in study ACTG 138, which compared the long
term tolerability and efficacy of zalcitabine 5 or 10
ug/kg administered every 8 hours, 5 cases of pe
ripheral neuropathy were reported among 170 chil
dren (median age 5.3 years).11 37J

4.2 Combination Therapy

A recent international study (M50002) involv
ing 561 patients found zalcitabine plus zidovudine
combination therapy to be well tolerated by both
zidovudine-naive and zidovudine-experienced pa
tients during a 12-month follow-up period.U'Pl
However, peripheral neuropathy, neutropenia and
anaemia were more common in patients with a
CD4+ count ~100 cells/ul and/or a prior AIDS
defining event.

The results of study ACTG 155, which com
pared zidovudine or zalcitabine monotherapy with
a combination of both agents, demonstrated no sta-
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tistically significant difference in the overall inci
dence of severe adverse events between the 3 treat
ment groups.I 11 51However, severe neutropenia was
more common in the zidovudine monotherapy and
combination therapy arm s ( 17 to 19% vs 9% with
zalcitabine monotherapy; p = 0.0005 ) whereas
moderate or severe peripheral neuropathy was
more common in the zalcitabine monotherapy and
combination therapy arm s (22 to 23% vs 13% with
zidovudine monotherapy; p = 0.005). In addition,
the incidence of peripheral neuropathy was 34%
with zalcitabine monotherapy compared with only
4% for patients treated with zidovudine alone (p <
0.03) ; however, there was no significant difference
in thi s vari able between patients receiving zal
citabine monotherapy and zalcitabine plus zidovu
dine combination therapy.I1451

In both ACTG 175 and CPCRA 007 , the inci
dence of haematological abnormalities (anaemia
and neutropenia) was higher for patients treated
with zidovudine plu s zalcitabine than for the com
parative treatment groups. In ACTG 175 the se
events occurred in 10% of patients treated with
zidovudine plu s zalcitabine, which was signifi
cantl y higher (p < 0.00 I) than in the other 3 treat
ment groups (zidov udine plu s didanosine, or
zidov udine or didanosine monotherapy ).111 6] In
CPCRA 007 the incidence of haematological ad
verse events for zidovudine plus zalcitabine was
13.3 versus 11.5% for patients treated with zido
vudine plu s didanosine or zidovudine monother
apy .11 201Severe peripheral neuropathy was also re
ported to occur more frequently during treatment
with zalcitabine plus zidovudine than during treat
ment with zidovudine monotherapy or zidovudine
plu s didanosine in both Delta (5 vs I to 2%) and
CPCRA 007 (15 vs 7%) .11 20.1 211 In contrast, gastro
inte stinal symptoms were reported less frequently
with zidovudine plu s zalcitabine than with zido vu
dine plu s didanosine.! 120.1211

Tole rabil ity data from studies NY 14256 and
ACTG 229 suggest that the combined use of zal
citabine with saquinavir doe s not alter the inci
dence or severity of adverse effects associated with
the use of either drug alone.111 7.1 241 In NY14256,
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the incidence of peripheral neuropathy in the
zalcitabine and saquinavir plu s zalcitabine groups
was comparable, 21 and 20%, respectively.' 124)

5. Drug Interactions

Patients with HIY infection frequently recei ve
multiple drug therapy comprising both antiretro
viral agents and drugs for the prophylaxi s and/or
treatment of opportunistic infections; the potential
for drug-drug interactions in this patient group is
therefore high. The drug interaction potential of
antiretroviral agents has been previously reviewed
by several authors.1167-1691

Because renal excretion of unchanged zalcitab
ine is the primary route of zalcitabine elimination
in humans (section 2.2), the concomitant use of
potentially nephrotoxic agents may have important
clinical implications. For example, the aminogl y
co sides, amphotericin and foscarnet may poten
tiall y augment plasma zalcitabine concentratio ns
and increase the incidence of zalcitabine-associated
adverse effects, most notabl y peripheral neuropa
thy.11 67-1 691Conc omitant administrati on of cimeti
dine, probenecid or trimethoprim has also been re
ported to reduc e the renal clearance of zalcitabine
with inhibition of renal tubular secretion postu
lated as the most probable mechanism.l170-1721

Caution should be exercised if zalcitab ine is
coadministered with other drugs that can ca use
peripheral neuropathy; these include dap sone, di
sulfiram, isoniazid, pentamidine, metronidazole ,
stavudine and didanosine. Patients should be ca re
fully monitored for signs of peripheral neuropathy
and treatment should be promptly di scontinued if
the condition dev elops. One patient who had been
withdrawn from treatment with zalcitabine plu s
zidovudine experienced wor sening of neuropathic
symptoms upon subsequent admini strati on of
didanosine .U '"! Severe left ventricular hypokin esis
has also been reported during zalcitabine therapy
following didanosine treatment. I1741 Becau se of the
increa sed risk of severe pancreatitis associated
with the concomitant use of pentamidine and
zalcitabine, the co mbined use of the se 2 age nts
should be avo ided.I167.1 691
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In view of the differing elimination pathways of
zalcitabine, saquinavir and zidovudine, pharmaco
kinetic drug interactions between these 3 agents are
considered unlikely,' 168] In addition, significant
pharmacokinetic interactions have not been re
ported during combination therapy with zalcitab
ine and nevirapine.U'Pl

The coadministration of aluminium hydroxide/
magnesium hydroxide antacid mixture resulted in
a 25% reduction in the bioavailability of zalcitab
ine and for this reason zalcitabine should not be
administered concurrently with this antacid.' 1701
Zalcitabine has been reported to significantly de
crease the clearance:bioavailability ratio of dap
sone and increase this ratio for isoniazid.' 176, I77J

6. Dosage and Administration

Zalcitabine is administered orally as tablets
which are available as 0.375 and 0,75mg formula
tions. The recommended dosage regimen for
zalcitabine and zidovudine combination therapy
is zalcitabine 0.75mg and zidovudine 200mg ad
ministered every 8 hours. Similarly, zalcitabine
0.75mg 3 times daily is recommended for use in
combination with saquinavir or other approved
protease inhibitors.' 177] There are currently no rec
ommended dosage schedules for the use of zalcita
bine as a component of triple combination therapy,
although zalcitabine 2.25mg/day has been used in
clinical trials .

Zalcitabine dosage reduction to 0.75mg twice
daily and 0.75mg once daily is recommended in
adults and adolescents (age> 13 years) with a CLCR
of 0.6 to 2.4 Llh (10 to 40 ml/min) and <0.6 Llh
« I0 ml/min), respectively.P'"

Patients receiving zalcitabine therapy should be
closely monitored for signs and symptoms of pe
ripheral neuropathy; if these develop, zalcitabine
therapy should be stopped until the associated
signs and symptoms become at least mild in nature
and only then reintroduced at a dose of 0.375mg
every 8 hours. Permanent cessation of therapy may
be necessary if severe symptoms develop or if the
condition progressively worsens . Serum amylase
levels should be monitored in individuals receiving
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Adkins et al.

zalcitabine therapy who have a history of elevated
amylase levels, pancreatitis or alcohol abuse or
who are receiving parenteral nutrition.P'"

Close haematological monitoring for signs of
severe anaemia or granulocytopenia is necessary in
zalcitabine recipients with poor bone marrow re
serve, particularly in patients with advanced HIV
disease. In the event of significant haematological
toxicities (haemoglobin <7 .5 mg/dl or >25 % re
duction from baseline; and/or granulocyte count
<750 cells/ul or >50% reduction from baseline) in
terruption of treatment may be necessary until ev
idence of bone marrow recovery is seen. I921

7. Place of Zalcitabine in the
Management of HIV Infection

Until recently, zidovudine monotherapy was
considered to be the standard first-line treatment
for patients with HIY infection. However, the de
velopment of drug-resistant viral strains and in
complete suppression of viral replication have
largely limited the extent and duration of response
to monotherapy with this agent.11291 Over the past
18 months important advances have been made in
the treatment of HIY infection, partly attributable
to the development of several new and effective
drugs and also to the publication of the results of a
number of important clinical end-point studies
demonstrating the clear benefits of combination
antiretroviral therapy over monotherapy. For these
reasons, monotherapy with any nucleoside ana
logue, including zalcitabine, is no longer consid
ered to be an acceptable standard for the treatment
of HIY infection; combination antiretroviral ther
apy is now established as the optimal approach.

The 3 large clinical end-point studies, CPCRA
007 , ACTO 175 and Delta, have now firmly estab
lished that combination therapy with zidovudine
plus zalcitabine or didanosine improves survival,
delays disease progression and is associated with
an improvement in viral load and CD4+ cell count
compared with zidovudine monotherapy.I 116,120,1211
Despite some evidence of a greater benefit with
zidovudine plus didanosine, the results of these
studies do not definitively demonstrate that combi-
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nati on therap y with zidovudine plu s did anosine is
significantly bett er than zidov udi ne plus zalc itab
ine . Data fro m these stud ies also suggest a grea ter
c linical ben efit with co mbi na tio n ther ap y in
z idov udi ne- naive pat ien ts than in zidovud ine
pret reat ed pa tien ts. However, the lack of a sig nifi
cant d ifference in survival bet ween these 2 pat ient
groups in the largest , most power ful study, Delt a,
precludes an y firm co nc lus io ns in this resp ect.
Ne ve rth el ess, za lc ita bine in comb ina tio n with
zidov udine does appea r to be mor e effective in pa
tient s wi th limited prior zidov udine ex pos ure. Fur
thermore , because of their d iffering to lerabi lity
profiles, za lcitabine and zidovudine are cons ide red
to be suitable age nts for use in co mbination. Co m
bin ation therapy with these agents has ge ne ra lly
been associated with a tolerability profile co mpa
rabl e to tha t of e ither dru g alone, altho ugh a sig nif
icant inc rease in the incid ence of haem atolog ical
toxicity with zidov ud ine plu s za lci ta bine com
pared with zidov udi ne monoth erap y was rep ort ed
in one st udy.!' Ih l

Th e pu blica tio n of addi tio nal da ta in recent
months has furt her advance d the therapeu tic man
ageme nt of pati ent s with HI V infec tion and led to
the ge neral co nse nsus that the co mbined use of 2
nuc leoside ana log ues such as zidov udine plu s
za lcitabine or didanosin e does not represent op ti
mal therap y for the treatment of HIV infect ion . For
these reason s, c urre nt standard care is now movin g
tow ards the combined use of I or 2 nucleosid e ana
logues with a protea se inhibitor. This trend is high
lighted in the recent guidelines from the Interna
tional AIDS Soc ie ty, whi ch reco mme nd the
combined use of zalcitabine, didanosine o r lami
vud ine with zido vudi ne (± a protease inhibitor) as
initi al therapy and the use of at least 2 new dru gs
such as I or 2 nucleoside analogu es and a prot ease
inhibitor for previou sly treated pat ient s.' 17XI No ta
bly, recent surrogate marker and cli nical data have
establis hed the clin ical efficacy of za lc ita bine plu s
the prot ease inhib itor sa quinav ir in zidovudi ne
ex perienced patients. Furt hermore, co mpared wi th
zulci tabi ne or saquinavir rnon oth e rapy, the co m
bined use of these agents does not appear to pro -
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duce a significant change in toler ab ility profil e.
Addi tional stud ies have also demon strated the util 
ity of zalci tabi ne in combi na tio n wit h the protease
in hib itor rito navir or the nucl eoside ana logue
lam ivudi ne as co mpo nents of 3- and 4-drug re
g ime ns.

No tably, ava ilable resis ta nce data for zalcitab
ine are favo urab le, with res istance devel oping less
frequently than du ring zidov udi ne the rap y. Fur
thermore, the ea rly use of za lcitabine in the treat 
ment cycle does not appear to limit the utili ty of
subsequent therapeutic option s.

In vie w of c urrent trends in clin ical practi ce and
avail abl e c linica l trial data, the main pla ce for
za lci ta bine in the treatment of HIV infecti on is
likely to be as a co mpone nt of tripl e co mbi na tion
regimen s incl udi ng zidov ud ine and a protease in
hibit or or as the second agent in initi al dou ble ther
apy in vol vin g zidov udi ne. In these ro les , zalci tab
ine wi ll need to compe te wi th ot he r nucleoside
ana log ues such as didanosi ne and lumi vudi ne.f ' P"

Th e cho ice of which nucleoside ana log ue to use
shou ld be based not only on efficacy but also on
several ot her factors inclu ding tolerabil ity, dr ug re
sistance patterns and potentia l for limi ting future
therapeutic options. In add ition , ease of admi nis 
tra tion , d rug cos t and indiv idual cli nician and pa
tient preference will also pla y an importa nt ro le in
drug se lection.

In co nclus ion, avai lable data support the inclu
s ion of zalc itabine as a co mpo nent of init ial do uble
co mbination regimen s with zidov udi ne or as part
of triple co mbinat ion therapy with zidov ud ine plus
a protease inhibitor. It is antic ipated that ongo ing
and future tri als will prov ide definiti ve data to a id
se lec tion of the optima l treatment regimen for pa
tients with HIV infec tion.
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