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Abstract Didanosine, which is a synthetic nucleoside analogue intracellularly phospho-

rylated to the active metabolite, inhibits the activity of HIV-1 reverse transcriptase
by competing with the natural substrate. Currently, didanosine is mainly provided
as an enteric-coated capsule. In vitro, the molecule is active against laboratory
strains and clinical isolates of HIV-1 in resting and activated T cells and mono-
cyte/macrophages. Didanosine may select for resistance mutations that may
render the drug inactive against the virus; L74V and K65R remain as the main
didanosine-related mutations. In vitro, phenotypic susceptibility to didanosine
was decreased beyond a defined fold change clinical cut-off (1.7), and it is
considered that genotypic resistance exists when five thymidine-associated muta-
tions or four plus M184V are present. In vivo, clinical studies have shown that
didanosine retains significant antiviral activity in patients who have up to five
nucleoside analogue mutations at baseline. Didanosine is useful in patients with
no previous therapy, as well as in experienced patients in whom one or more
antiretroviral regimens has failed.

Enteric-coated didanosine is taken once daily, its co-administration with food
has been recently evaluated and a reduction of the efficacy of the antiretroviral
treatment was not observed. Administered with lamivudine (or emtricitabine), it
can be considered a good alternative for use in the nucleoside analogue backbone
included in combination therapies for antiretroviral-naive patients. Didanosine
could be used in initial treatments for patients intolerant of zidovudine, abacavir
or tenofovir. It can be included in once-daily combination regimens, which are
more convenient and patient friendly.

Prospective, observational and open-label studies, as well as clinical trials
(with durations between 24 and 96 weeks), have demonstrated the safety and
efficacy of didanosine plus lamivudine (or emtricitabine) plus efavirenz (or
nevirapine) in previously untreated HIV-1-infected patients. The administration
of didanosine to treatment-experienced patients has been evaluated in two differ-
ent contexts: patients in whom previous therapies have failed (rescue therapy) and
those with controlled viraemia who are switched to a didanosine-containing
regimen for simplification.

Adverse events associated with the administration of didanosine have been
well known since the initial clinical trials with the drug. Gastrointestinal intoler-
ance, peripheral neuropathy and hyperamylasaemia/pancreatitis were the most
frequently reported. In the highly active antiretroviral therapy (HAART) era, the
rate of adverse events has decreased. The tolerability of didanosine has been
clearly improved with the development of the enteric-coated capsule. Severe
manifestations of mitochondrial toxicity, including lactic acidosis and abnormal
fat distribution, are rare complications, and occur most frequently when dida-
nosine is used in combination with stavudine.

© 2007 Adis Data Information BV. All rights reserved. Drugs 2007; 67 (10)
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Didanosine was the second drug used in the
treatment of HIV-1 infection. Its demonstrated ac-
tivity in patients who had never been treated, as well
as in those who had previously received and then
stopped responding to zidovudine, led to the wide-
spread use of didanosine early in the era of antire-
troviral therapy. At that time, concerns were raised
regarding two aspects of the drug. First, it was
poorly tolerated, with frequent gastrointestinal dis-
turbances that caused discontinuation in many in-
stances. The interaction between didanosine and
food meant that the drug had to be taken in fasting
conditions, thus increasing the poor tolerance. These
effects were related to the formulation of the drug
and the buffer used. Secondly, neuropathy and pan-
creatitis, occasionally fatal, were identified as sig-
nificant adverse events associated with didanosine.
Risk factors for the development of these severe
adverse events that can help to avoid their develop-
ment have since been identified.

Currently, the situation for didanosine has
changed completely. The introduction of didanosine
as enteric-coated capsules (didanosine-EC) has led
to the virtual elimination of digestive intolerance.
The absence of the buffer in the new formulation is
responsible for this advantage. In addition, some
clinical studies have shown that the administration
of didanosine-EC with food is not associated with a
decrease in the virological efficacy of the drug.
Recent randomised clinical trials have shown the
efficacy and the lack of significant toxicity of triple
combination regimens that include didanosine-EC
in different clinical contexts (treatment-naive and
-experienced patients).

This article reviews didanosine-EC, emphasising
the most recently generated clinical data on efficacy
and safety.

1. Drug Profile

Didanosine is a synthetic purine nucleoside ana-
logue that inhibits the activity of HIV-1 reverse
transcriptase by competing with the natural sub-

strate, and by causing DNA chain termination once
incorporated into the viral DNA.

Currently, the most widely used formulation is
VIDEX®EC!, enteric-coated beadlets that result in a
delayed release of the drug, available in four differ-
ent strengths: 125, 200, 250 and 400mg, adminis-
tered once daily."" Dispersible tablets are still avail-
able in several countries.

Didanosine is an inosine derivative, 2’,3’-
dideoxyinosine, analogue to the natural nucleoside
deoxiadenosine, but lacking the 3’-hydroxyl group
(-OH), as shown by its structural formula (figure 1).
The most relevant chemical characteristics of dida-
nosine are summarised in table 1.[!]

The absence of stability of didanosine at acidic
pH, due to the lability of the N-glycosidic bond, was
a problem with previous formulations of the drug
that required co-formulation with buffers. An added
inconvenience was that the substances used for buf-
fering the tablets and avoiding the degradation of
didanosine in the stomach acidic milieu were re-
sponsible for some of the unwanted gastrointestinal
adverse effects of the drug. Nowadays, this fact is
circumvented with the use of the enteric-coated for-
mulation.

1.1 Pharmacodynamic Characteristics

1.1.1 Mechanism of Action

Didanosine enters the target cell by means of a
nucleoside transporter protein,?! as do natural nucle-
osides. Once in the cytoplasm, it is converted to
the active compound, dideoxyadenosine-5’-triphos-
phate (ddATP), through a multistep process carried
out by cellular enzymes, of which the virus takes
advantage. First, didanosine is monophosphorylated

Fig. 1. Structural formula of didanosine (2, 3’-dideoxyinosine).

1 The use of trade names is for product identification purposes only and does not imply endorsement.
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Table I. Chemical characteristics of didanosine

Appearance White crystalline powder
Molecular formula C10H12N403

Molecular mass 236.2

Aqueous solubility (25°C; pH = 6) 27.3 mg/mL

Stability in acidic solutions No

to ddIMP, then aminated to ddAMP and after two
more phosphorylations, ddATP is produced. This
tri-phosphate form inhibits the activity of HIV-1
reverse transcriptase by competing with the natural
substrate (dATP) because of higher affinity for the
enzyme,?! and by causing DNA chain termination
once incorporated into the viral DNA, as the lack of
the 3’-hydroxyl group (-OH) precludes further addi-
tion of nucleotides.

1.1.2 In Vitro Antiviral Activity

This topic has been previously reviewed and
updated in detail.!*®! Briefly, didanosine is active
against laboratory strains and clinical isolates of
HIV-1 in resting and activated T cells and mono-
cyte/macrophages. The concentration that produced
50% inhibition (IC50) ranged from 2.5 to 10 wmol/L
in lymphoblastic cell lines and 0.01 to 0.1 pumol/L in
monocyte/macrophage cell cultures.

1.2 Pharmacokinetic Characteristics

As pharmacokinetic data of didanosine have been
reviewed and updated previously,*®! this review
focuses on the more recent contributions with spe-
cial emphasis on the enteric-coated formulation. As
the main pharmacokinetic parameters that could be
affected by the new enteric-coated formulation are
those related to liberation and absorption, and the
corresponding bioequivalence, these studies are dis-
cussed.

1.2.1 Liberation

The liberation of didanosine is determined by its
current gastric-resistant presentation. Didanosine
enteric-coated capsules contain enteric-coated
beadlets,!! formulated to protect didanosine from
the stomach acid pH to which its N-glycosidic bond,
thus the didanosine molecule, is labile. The capsule
is dissolved in the stomach but the enteric coating of
didanosine beadlets results in the liberation of dida-

© 2007 Adis Data Information BV. All rights reserved.

nosine in the duodenum where the pH increases and
didanosine is stable and soluble; this is also the main
site of absorption of the drug, although absorption
continues throughout the small intestine.

1.2.2 Absorption: Effect of Food

Didanosine generally has a linear dose-related
pharmacokinetic profile over the normal dose range
in HIV-1-infected patients, as previously reviewed,
and there is no accumulation in plasma or urine.>>%!

Following the administration of a buffered for-
mulation, didanosine is rapidly absorbed and peak
plasma concentration (Cmax) is achieved after
0.5-1.5 hours.!" Cpax ranged from 0.52 to 2.79 mg/
L after multiple oral doses (125-375mg twice daily)
in HIV-1-infected adults.[® Of note, there is consid-
erable interindividual variability in the absolute
bioavailability of didanosine in HIV-1-infected pa-
tients, ranging from 21% to 54%, because of differ-
ences in gastric motility and transit time for the
buffered formulations.®

The bioequivalence of didanosine-EC capsules
versus buffered tablets was assessed in healthy vol-
unteers and HIV-1-infected patients in two separate
randomised, open-label, two-way crossover stud-
ies.l”l Data from these studies demonstrated that
both formulations were bioequivalent with respect
to exposure to the drug, measured as area under the
plasma concentration-time curve (AUC) values,
showing that the enteric-coating and antacids of-
fered similar protection. There was no bioequiva-
lence in terms of Cmax, which was lowered by
approximately 40% for the enteric-coated capsules.
Also, the rate of absorption was lower and it took
longer to reach Cmax (time to maximum concentra-
tion [tmax] increased from approximately 0.67 to 2.0
hours), but plasma concentrations beyond this time-
point were higher in both healthy and HIV-1-infect-
ed individuals (1.4- to 2.6-fold), compared with the
buffered tablets. Pharmacokinetic parameters for
didanosine-EC for healthy volunteers and HIV-1-
infected patients are summarised in table IL.I"!

The administration of didanosine with meals
reduces its absorption by up to 50% as a result of
degradation of the drug, stimulated by the acid se-
cretions and the delay on the gastric flow induced by

Drugs 2007; 67 (10)
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Table Il. Mean = SD pharmacokinetic parameters of didanosine
enteric coated capsules in healthy volunteers (n = 46) and
HIV-1-infected patients (n = 30)]

Parameter Healthy volunteers HIV-1-infected
patients

Cmax (ng/mL) 1427 £ 774 933 + 434

tmax (h)? 2.33 (1.00-6.00) 2.00 (1.00-5.00)

AUC (h e ng/mL) 3587 + 1296 2432 + 919

ty, (h) 1.70 £ 0.58 1.60 £ 0.41

a Median (range).

AUC = area under the concentration-time curve; Cmax = peak
plasma concentration; ty, = half-life; tmax = time to maximum
concentration.

food. This effect is of much less concern with enter-
ic-coated capsules taken with food, as Cmax and
AUC were reduced by approximately 46% and 19%,
respectively.l! A study carried out to evaluate the
effect in the bioavailability of didanosine-EC of
meals with different fat content (taken at different
times before and after the drug) concluded that the
bioavailability was reduced by approximately
20-25% with food.®! Currently, the recommenda-
tion is to take didanosine-EC in the fasting state,!!!
which is a major drawback.

There are few studies evaluating the effect of
food and the consequent decrease in bioavailability
on the antiviral activity of didanosine, especially
with the once-daily enteric-coated capsules. Al-
though a reduction in the plasma concentration of
didanosine could be translated into a reduction in the
intracellular concentration of the active metabo-
lite,! the extended intracellular half-life of the
drug'® could circumvent it and not affect its an-
tiviral activity. Moreover, this food effect could be
diluted when administering didanosine-EC in triple
combination regimens. In this respect, there are at
least two pilot studies where the use of didanosine-
EC dosages below the usual (300mg instead of
400mg once daily) were not associated with a loss of
efficacy.[''1? Moreover, two recently communicat-
ed cohort studies, one retrospective!'3! and the other
one prospective,l'l showed no association between
the administration of didanosine-EC with food and a
reduction of the efficacy of the antiretroviral treat-
ment. A pilot, open-label, randomised study of dida-
nosine-EC capsules administered with a fatty meal

© 2007 Adis Data Information BV. All rights reserved.

(group 1, n = 10) or on an empty stomach (group 2,
n = 11) in treatment-naive chronically HIV-1 infect-
ed individuals has been recently reported.["! To
assess the efficacy, the initial rate of decline in
plasma viral load was followed and plasma concen-
trations of the drug were measured. The initial rates
of decline in the two groups were identical (0.2 logio
at day 3; 0.7 logio at day 7). In this pilot study, the
administration of food did not have any effect on the
plasma drug concentrations or the antiviral activity
of enteric-coated didanosine.!'>) Moreover, prelimi-
nary results from a randomised, open-label clinical
trial have shown that, at week 24, didanosine-EC
plus lamivudine plus efavirenz administered once
daily with food provided similar antiviral efficacy to
zidovudine plus lamivudine (as Combivir®) plus
efavirenz.[' It should be noted that plasma concen-
trations of other nuceloside reverse transcriptase
inhibitors (NRTIs) are also significantly reduced
when administered with food to the same extent
as didanosine-EC, including zidovudine (20%) or
zalcitabine (up to 27%); no fasting administration
has been recommended, nor is there evidence of a
reduction in efficacy.l'7-1!

Given these facts, we consider that didanosine-
EC can be given with food in order to avoid food
restrictions that would complicate the choice of ac-
companying drugs. This would also take advantage
of the good resistance profile and potential improve-
ment in adherence when included in a once-daily
regimen without compromising its antiviral activity.

1.2.3 Distribution

These issues have been previously reviewed.P!
Binding of didanosine to plasma proteins is minimal
(5%), allowing adequate tissue distribution. The
volume of distribution at steady state is 54L in
HIV-1-infected adults. It only minimally crosses the
placental and blood-brain barriers, achieving 20%
and 50% of the maternal circulating levels in the
placental and fetal circulation, respectively, and
21% in cerebral spinal fluid compared with plasma.

1.2.4 Metabolism

The metabolism of didanosine in HIV-1-infected
patients has not been fully determined. Previously
available data from in vitro and animal studies sug-

Drugs 2007; 67 (10)
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gested that didanosine metabolism followed the
same pathways responsible for the clearance of en-
dogenous purines,!3 or it was partially metabolised
to ddATP or uric acid.!

Recently, some light has been shed on this issue.
In a study carried out to elucidate the mechanism of
interactions between didanosine and allopurinol,
ganciclovir or tenofovir,?” the authors compiled
evidence regarding didanosine metabolism by
means of purine nucleoside phosphorylase (PNP),
the enzyme involved in the purine nucleoside sal-
vage pathway. The main observations are that dida-
nosine is a substrate for PNP in enzymatic assays, it
is rapidly degraded, forming products consistent
with PNP phosphorolysis, and that radiolabelled
hypoxanthine appears in dogs after treatment with
14C-labeled didanosine. Moreover, the erythrocyte
has been suggested by the authors as the main site of
metabolism because of its high PNP content. Figure
2 shows this metabolic pathway of didanosine.?"!

1.2.5 Elimination

Didanosine has a short plasma half-life, ranging
from 0.5 to 2.74 hours. As expected, in the enteric-
coated capsules bioequivalence study, the half-life

was not modified by the formulation of didanosine,
being 1.7 and 1.6 hours for healthy volunteers and
HIV-1-infected patients, respectively.[”!

Didanosine has a mean urine excreted unchanged
fraction of 18%, but up to 30-50% of a given dose
is excreted unchanged by glomerular filtration and
tubular secretion.”!! Total body clearance in adults
after a single 300mg oral dose of the buffered for-
mulation was 20.1-22 L/h.5

Data obtained using didanosine buffered tablets
indicate that the apparent oral clearance decreases
and the terminal elimination half-life increases as
creatinine clearance decreases, so the didanosine
dose should be adjusted according to the renal im-
pairment.[!)

A peculiar property of didanosine triphosphate
active compound is its long intracellular half-life
(>25 hours) when compared with other NRTIs.!'%)
This characteristic allows its use once daily, despite
its short plasma half-life.

1.3 Clinically Relevant Drug Interactions

As previously reviewed, buffered didanosine for-
mulations showed significant interactions with

Didanosine
PNP
(e} [0}
NH NH
XOoD
ddRibose-1-P + N| | . N | >:o
I P . .
N N o N NH
H H
Hypoxanthine Uric acid

Fig. 2. Metabolic pathway of didanosine. PNP = purine nucleoside phosphorylase; XOD = xantine oxidase.

© 2007 Adis Data Information BV. All rights reserved.
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itraconazole, ketoconazole, ciprofloxacin and in-
dinavir.[®! Most of these reported interactions were
due to the added buffers of the older formulations
and the consequent pH increase or the quelation
exerted by the buffer accompanying di/trivalent ca-
tions. Moreover, new antiretroviral drugs have been
developed and new didanosine interactions have
been studied. In this context, we present an update
on the relevant interactions between didanosine-EC
and concomitantly administered drugs.

1.3.1 Indinavir, Ketoconazole and Ciprofloxacin

Indinavir, ketoconazole and ciprofloxacin were
selected as representative drugs that interact with
antacids, either by decreased solubility at a more
alkaline stomach pH (indinavir, ketoconazole) or by
quelation (ciprofloxacin), to study the effect of con-
comitant didanosine administration.’?”! Healthy vol-
unteers were enrolled in three separate open-label,
single-dose, two-way crossover studies and ran-
domised to indinavir (800mg), ketoconazole
(200mg) or ciprofloxacin (750mg), or the same
doses plus didanosine-EC 400mg. No absorption
interactions were observed in any of the three stud-
ies. The authors concluded that didanosine-EC can
be administered safely with drugs that interact with
antacids. Absence of interaction with indinavir/
ritonavir was further confirmed by a recent study.?*!

1.3.2 Methadone

Previous formulations of didanosine, when ad-
ministered with methadone, experienced a signifi-
cant reduction in levels of didanosine, requiring an
increase in buffered didanosine dose, but this inter-
action is no longer observed with the didanosine-EC
capsules.?4+2%)

As previously mentionted in section 1.2.4, dida-
nosine is metabolised by PNP and the inhibition of
PNP by ganciclovir, allopurinol and tenofovir has
been established as the mechanism underlying dida-
nosine interaction with these drugs.*"!

1.3.3 Ganciclovir

When buffered didanosine and ganciclovir are
administered together,?¥ the AUC of didanosine is
increased by 50-111%. Also, if didanosine is ad-
ministered 2 hours prior to oral ganciclovir, the

© 2007 Adis Data Information BV. All rights reserved.

AUC of the latter is diminished by 21%. Unfortu-
nately, no appropriate dose administration for this
combination has yet been established. To our
knowledge, there are no available data regarding
didanosine-EC. As valganciclovir is quickly trans-
formed to ganciclovir we can assume that the previ-
ous statements also apply. Caution is advised when
administering didanosine, even as the EC formula-
tion, and valganciclovir/ganciclovir concomitantly
in case didanosine toxicity appears.

1.3.4 Allopurinol

Co-administration of allopurinol and didanosine
increases the AUC of didanosine beyond 100% by
inhibition of didanosine metabolism,?"! so a reduc-
tion of didanosine dose by 50% is recommended in
order to lower the risk of toxicity, mainly pancrea-
titis and neuropathy.

1.3.5 Tenofovir

When administered together, no effects are ob-
served in tenofovir pharmacokinetics but didanosine
concentrations are increased by 44-60%,1261 re-
gardless of the didanosine formulation used, as a
result of the inhibition of PNP-mediated metabo-
lism.[2026] A dose reduction of the enteric-coated
formulation is therefore recommended when the two
drugs are administered together, as follows: adults
weighing >60kg with creatinine clearance >60 mL/
min: 250mg; adults weighing <60kg with creatinine
clearance 260 mL/min: 200mg taken once daily
together with tenofovir and a light meal or fasted. In
addition, monitoring for didanosine toxicity is rec-
ommended. Of note, the combination of didanosine
and tenofovir has been associated with CD4+ cell
declines or blunted CD4+ cell responses, as recently
reported,?-?! although other authors have docu-
mented the absence of poor immunological response
in this setting when didanosine was combined using
the 250mg dose.*"! In the event of such immunolog-
ical failure, the removal of one of the drugs is
recommended.**

1.3.6 Ribavirin

Co-administration of didanosine and ribavirin is
not recommended, as ribavirin increases the intra-
cellular concentrations of the active metabolite of

Drugs 2007; 67 (10)
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didanosine, causing severe toxicities such as pan-
creatitis and lactic acidosis, and increasing the risk
of neuropathy.[?*31-341 A5 a general rule, caution and
close monitoring is recommended when didanosine
is administered with other pancreatitis-inducing
drugs, mainly in the context of HIV-1 infection.[*

1.3.7 Atazanavir or Atazanavir/Ritonavir

Although no significant interaction exists be-
tween the two drugs, it is recommended that
atazanavir be taken with food. The administration of
didanosine-EC in this context (atazanavir and food)
decreases the AUC of didanosine-EC by 34%, while
no changes are observed in atazanavir concentra-
tions. The recommendation is to take both drugs
separately, atazanavir with food and didanosine-EC
in fasting conditions.**!

1.3.8 Tipranavir/Ritonavir

Administration of tipranavir/ritonavir and dida-
nosine-EC produced a 10% decrease in didanosine
concentrations and a 34% reduction of trough
tipranavir concentrations. Although this study was
carried out with doses of boosted tipranavir other
than the US FDA-approved dose of 500/200mg, it is
recommended that these drugs should be taken at
least 2 hours apart from each other.**!

1.4 Resistance

Didanosine may select for resistance mutations
that could render the drug inactive against the virus.
The mutations selected by the drug may affect its
activity by different mechanisms (table III). The
International AIDS Society-USA (IAS-USA) Drug
Resistance Mutations Group periodically updates
the HIV-1 drug resistance mutations list. In the latest
version, L74V and K65R remain as the only dida-
nosine-related mutations, although other mutations
are clearly related with the drug.’!

Table Ill. Didanosine-associated resistance mutations

1.4.1L74V

L74V is the main mutation associated with dida-
nosine resistance, but it only confers low-to-inter-
mediate phenotypic resistance (fold change: 2-5).
Although it has been associated with in vivo viro-
logical failure in patients treated with didanosine
monotherapy,*®! its detection remains quite infre-
quent and was mainly selected before the highly
active antiretroviral therapy (HAART) era when
didanosine was used alone.*”-*1 More recently, the
Jaguar trial, in which 168 patients were randomly
assigned to receive didanosine (n = 111) or placebo
(n =57) added to their currently failing regimen for
4 weeks, has shown that despite its low frequency,
the presence of L74V precluded a significant reduc-
tion in HIV-1 plasma RNA 10411

1.4.2 K65R

The presence of K65R is associated with in vitro
decreased susceptibility to the drug.?*! In vivo, as
assessed by the Jaguar study, despite the low fre-
quency of K65R, the addition of didanosine was
not associated with significant virological re-
sponse,[4041]

1.4.3 Thymidine-Associated Mutations

Multi-NRTI resistance mutations, also known as
nucleoside analogue-associated mutations (NAMs),
are associated with resistance to multiple NRTIs.!
Among them, thymidine-associated mutations
(TAMs) are the subset selected by the thymidine
analogues zidovudine and stavudine, comprising
M41L, D67N, K70R, L210W, T215Y/F and
K219Q/E. TAMs are associated with cross-resis-
tance to all currently approved NRTIs.[33#21 The
level and the extent of resistance produced by the
presence of TAMs depend on the pattern of accumu-
lation of TAMs (D67N/K70R/K219Q/T215F vs
M41L/L210W/T215Y), the number of accumulated
TAMs and the accompanying mutations.*?! In vitro
phenotypic susceptibility to didanosine was de-

Mutations that allow the elongation of the chain (decreased affinity of the drug)

Mutations that increase the excision (pyrophosphorolysis)
Multiresistance mutations
Other mutations

L74V, K65R

M41L, D67N, K70R, L210W, T215Y/F and K219Q/E
T69SSS, Q151M complex

E44D, V118l

© 2007 Adis Data Information BV. All rights reserved.
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creased beyond a defined fold change clinical cut-
off (1.7) when five TAMs or four TAMs plus
M184V were present in a large collection of clinical
isolates.*3! In vivo, the Jaguar study showed that
didanosine retained significant antiviral activity in
patients who had up to five NAMs at baseline and
that the presence of three of the following TAMs
(M41L, D67N, L210W, T215Y/F and K219Q/E)
was associated with resistance to didanosine.[3>40:41]
Similarly, a smaller study in which didanosine was
administered as intensification in 40 patients with
virological failure, showed that didanosine retained
substantial activity when the number of NAMs or
TAMs was below four.[**] The genotype score de-
rived from the Jaguar study showed that the pres-
ence of K70R and M 184V mutations was not associ-
ated with a decreased virological response to dida-
nosine; moreover, these mutations were associated
with a better response.*!! The results from an obser-
vational HIV-1-infected cohort of patients (with
phenotypic resistance testing after a virological fail-
ure leading to a switch to didanosine-containing
HAART) highlight that while the presence of
M184V did increase the fold resistance of HIV-1 to
didanosine, these changes appeared to be lower than
the clinically relevant threshold for phenotypic re-
sistance for this drug.™!

1.4.4 Other Mutations

An in vitro phenotypic study carried out in a
panel of site-directed mutagenesis constructs apply-
ing a biological susceptibility fold change cut-off of
3.5 for didanosine showed that the presence of three
TAMS plus E44D and V118I was associated with
resistance.[*®! The 69 insertion complex confers re-
sistance to all NRTIs when present with one or more
TAMs at codons 41, 210 or 215. Again, the Jaguar
study showed that in the small subset of patients
with the triple insertion at position 69, this change
was associated with a reduced response to dida-
nosine.[ %!l Another group of mutations associated
to multi-resistance to all NRTIs except tenofovir is
the Q151M complex, which includes A62V, V75I,
F77L, F116Y and Q151M.B3
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2. Clinical Uses

Didanosine has been shown to be useful in pa-
tients with no previous therapy, as well as in exper-
ienced patients in whom one or more antiretroviral
regimens have failed. The first clinical trials with
didanosine monotherapy or dual nucleoside combi-
nation included both groups of patients. The overall
conclusion of these early studies was that initiation
of therapy with didanosine was associated with a
better response rate than initiation with zidovudine,
and that didanosine was useful in the treatment of
patients in whom previous zidovudine therapy had
failed. Dual combination of zidovudine plus dida-
nosine and stavudine plus didanosine were shown to
be superior to zidovudine plus zalcitabine or
zidovudine plus lamivudine, respectively, in ade-
quately designed clinical trials.

Monotherapy or dual nucleoside combinations
that included didanosine were soon changed to triple
combinations. Multiple clinical trials have evaluated
the use of didanosine-EC in triple drug regimens in
treatment-naive and -experienced HIV-1-infected
patients. We review the available data for the two
groups of patients in order to define which are the
optimal candidates to be combined with didanosine-
EC.

2.1 Studies in Treatment-Naive
HIV-1-Infected Adults

Since HAART became available a decade ago,
the treatment of HIV-1 infection has been stream-
lined. Didanosine is taken once a day and, in combi-
nations with some other antiretroviral drugs, can be
part of once-daily combination therapies. The most
recent Department of Health and Human Services
guidelines for the treatment of HIV-1 infection in
adolescents and adults consider didanosine, in com-
bination with lamivudine, as a good alternative nu-
cleoside analogue backbone to be included in com-
bination therapies for antiretroviral-naive pa-
tients.”*! Didanosine should be considered in initial
treatments for patients intolerant of zidovudine, aba-
cavir or tenofovir, as well as in combination regi-
mens administered once daily.
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In initial therapy, didanosine has been evaluated
in combination with all the other nucleosides with
the exception of didanosine plus zalcitabine, (for
toxicity reasons), and didanosine plus abacavir
(which has not yet been explored in clinical trials).
Nucleoside combinations that include didanosine
have been used together with protease inhibitors
(indinavir, nelfinavir) and non-nucleoside reverse
transcriptase  inhibitors (NNRTIs; nevirapine,
efavirenz). Table IV shows the characteristics of
combinations that include didanosine.

Didanosine was included in twice- and three-
times-daily initial regimens, usually in combination
with stavudine since the advent of HAART.#311 Ag
initial therapy, didanosine plus stavudine was shown
to be more toxic than other combinations of nucleo-
side analogues,®2-34 and in particular, this combina-
tion regimen was significantly associated with in-
creased peripheral fat loss.’* The combination of
didanosine, stavudine and abacavir had low efficacy
and a high frequency of adverse events in a
randomised, controlled, open-label trial performed

in antiretroviral-naive patients.>> These and other
studies, as well as the description of fatal outcomes
of some severe adverse events (lactic acidosis, pan-
creatitis), support the recommendation of not giving
didanosine plus stavudine as initial therapy when
other options are available.?*>

The advent of didanosine-EC and the possibility
of administering the drug once daily has led
to the evaluation of more conveniently administered
and patient-friendly regimens containing dida-
nosine.!'37-621 Since 1998, pilot studies of once-
daily triple-drug regimens have been conducted in
many different countries. One of them was per-
formed in Berlin, Germany, with intravenous drug
users in the late 1990s.157! Patients received a combi-
nation of nevirapine, lamivudine and didanosine.
The study showed that 70% of patients had plasma
viral loads <500 copies/mL and a CD4+ cell count
increase of 150 cells/uL after 24 weeks.7!

Since then, didanosine has been included in once-
daily regimens, always in combination with
lamivudine or emtricitabine, and an NNRTI. The

Table IV. Characteristics of dual-nucleoside/nucleotide combinations that include didanosine (ddl) in antiretroviral-naive patients

Combination Pros Cons

Highly recommended

ddl + FTC Convenient od regimen Only explored with EFV
Potent and durable activity in clinical trials Not compared with other regimens (e.g. TDF + FTC)
Superior to ddl + d4T in comparative trial

ddl + 3TC Convenient od regimen Minimal comparative data from clinical trials

Highly efficacious in small, comparative trials

Less recommended

ddl + AZT Long experience as dual NRTI therapy

ddl + d4T Long experience in clinical trials

Similar efficacy to other NRTI combinations (d4T +

3TC, AZT + 3TC)

To be avoided

ddl + TDF Well tolerated, convenient od regimen

No data

ddl + abacavir Well tolerated, convenient od regimen

No data with ddI-EC

Lack of data in triple combinations (only with NVP)
Inconvenient dose administration

Less effective than other NRTI combinations (ddl +
FTC, AZT + 3TC)

More mitochondrial toxicity

Insufficient data

Concern about negative drug interaction
Increased selection of resistance?
Increased toxicity?

Decreased CD4+ cell count?

Concern about negative drug interaction
Increased selection of resistance?

3TC = lamivudine; AZT = zidovudine; d4T = stavudine; ddI-EC = didanosine enteric-coated capsules; EFV = efavirenz; FTC = emtricitabine;
NRTI = nucleoside/nucleotide reverse transcriptase; NVP = nevirapine; od = once daily; TDF = tenofovir.
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Table V. Clinical studies in which didanosine (ddl), lamivudine (3TC), emtricitabine (FTC) and efavirenz (EFV) were used as once-daily
highly active antiretroviral therapy in previously untreated HIV-1-infected patients (pts)

Study No. of Type of study Regimen Duration Baseline median Baseline median HIV-1 RNA Mean CD4+
pts (weeks) HIV-1 RNA (log1o CD4+ cell count <50 copies/ cell count
copies/mL) (cell/uL) mL (%) increase
(cell/uL)
Molina et al.l®® 40 Observational ddl + FTC + 24 4.77 373 93 159
EFV
Maggiolo et al.l'l 75 Observational ddl + 3TC + 48 5.09 251 77 208
EFV
Maggiolo et al.5® 34 Clinical trial ddl + 3TC + 52 5.21 184 77.4 194
EFV
Landman et al.® 40 Observational ddl + 3TC + 52 5.4 164 77 199
EFV
Saag et al.l®? 286 Clinical trial ddl + FTC+ 60 4.8 312 76 153
EFV
Santos et al.t 167 Observational ddl + 3TC + 48 4.97 142 62.9 199
EFV
Berenguer et 186 Clinical trial ddl + 3TC + 48 5.0 205 712 1282
al.lel EFV
DeJesus et al.l®?l 65 Observational ddl + 3TC + 96 4.8 311 68 198
EFV

a Preliminary results at 24 weeks.

main randomised and non-comparative studies that
assessed the efficacy and safety of didanosine,
lamivudine (or emtricitabine) and efavirenz as once-
daily HAART in previously untreated HIV-1-infect-
ed patients are summarised in table V.

A 24-week prospective and open-label trial eval-
uated the combination of emtricitabine, didanosine
and efavirenz in 40 previously untreated HIV-1-
infected patients. At baseline, the median HIV-1
RNA level and CD4+ cell count were 4.77 logio
copies/mL and 373 cells/uL, respectively.”! The
primary outcome measure was the antiretroviral ef-
fect. The viral load decreased by a median of 3.5
logio copies/mL. with 93% of patients achieving
plasma HIV-1 RNA levels <50 copies/mL. The me-
dian increase of the CD4+ cell count was 159 cells/
UL. The study treatment was generally well tolerat-
ed during the 24-week period of the study and only
one patient (3%) discontinued therapy as a result of
gastrointestinal intolerance. Most adverse events in
this trial were mild to moderate. In summary, this
study demonstrated that a once-daily combination
therapy of emtricitabine, didanosine and efavirenz
was well tolerated, and had potent antiviral and
immunological effects.!%8
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A 48-week pilot study assessed the virological
and immunological efficacy of a once-daily regimen
of didanosine (300 mg/day, without bodyweight ad-
justment), lamivudine (300 mg/day) and efavirenz
(600 mg/day) in 75 consecutively enrolled antire-
troviral-naive HIV-1-infected patients.l''! The pro-
portion of patients achieving plasma HIV-1 RNA
<50 copies/mL, in an intention-to-treat analysis, was
77%. Antiviral efficacy was similar in patients with
baseline HIV-1 RNA level above or below 100 000
copies/mL, although patients with higher viral loads
at baseline took longer to reach the 50 copies/mL
threshold. The CD4+ cell count steadily increased
from 251 cells/uL to 459 cells/uL. A low CD4+ cell
count was a predictor of poor virological outcome.
Patients with baseline CD4+ cell count <200 cells/
UL showed significantly worse virological response
than that observed in patients with higher baseline
CD4+ cell counts.!'!]

The same authors performed a randomised, open-
label, controlled study with 34 antiretroviral-naive
HIV-1-infected patients in each arm who received
either didanosine, lamivudine and efavirenz (once-
daily regimen with a low pill burden) or zidovudine
and lamivudine (as Combivir®) plus efavirenz
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(twice-daily regimen with a low pill burden) or
Combivir® plus nelfinavir (twice-daily regimen
with a high pill burden).” They evaluated the effi-
cacy and tolerability of a once-daily HAART regi-
men compared with two other conventional twice-
daily regimens. The primary outcome was the pro-
portion of patients with viral load <50 copies/mL at
week 52 of follow-up. Baseline characteristics were
similar in the three groups. The proportion of pa-
tients with viral load <50 copies/mL at the end of the
study was 77.4%, 77.4% and 50.0% for once-daily
group, twice-daily low pill burden group and twice-
daily high pill burden group, respectively.®” Im-
mune recovery was similar in all study arms. In
summary, once-daily HAART with didanosine-EC,
lamivudine and efavirenz is a well tolerated and
effective alternative to twice-daily regimens. This
once-daily therapy, with its simple daily schedule,
may be proposed as one of the first choice treat-
ments in HIV-1 infection.

The FTC-301A study is the largest, multicentre,
randomised, double-blind trial to compared emtric-
itabine (200 mg/day) and standard dose of stavudine
as initial HAART (both in combination with dida-
nosine-EC and efavirenz) in antiretroviral-naive
HIV-1-infected patients.®?! The primary objective
was to assess the efficacy and safety of both regi-
mens. A total of 286 subjects were assigned to
receive a once-daily regimen that contained dida-
nosine, emtricitabine and efavirenz. At baseline, the
median HIV-1 RNA level and CD4+ cell count were
4.8 logio copies/mL and 312 cells/uL, respective-
ly.52I The probability of persistent virological re-
sponse <50 copies/mL through to week 60 was 76%
for the emtricitabine group versus 54% for the
stavudine group. Patients in the stavudine group had
a greater probability of an adverse event that led to
study drug discontinuation (15%) than did those in
the emtricitabine group (7%). The differences be-
tween treatment groups were statistically signifi-
cant. In summary, once-daily emtricitabine (in com-
bination with didanosine and efavirenz) demonstrat-
ed greater virological efficacy, durability of
response and tolerability compared with a twice-
daily stavudine-based combination regimen.>?!
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The once-daily regimen of didanosine, lamivu-
dine and efavirenz was demonstrated to be well
tolerated and easy to administer in developing coun-
tries. In a prospective, open-label, one-arm study, 40
treatment-naive HIV-1-infected patients received
the three drugs once-daily at bedtime. At baseline,
the median HIV-1 RNA level and CD4+ cell count
were 5.4 logio copies/mL and 164 cells/uL, respec-
tively.[®! Eighty-five per cent of patients were at
Centers for Disease Control and Prevention stage B
or C. The proportion of patients with plasma HIV-1
RNA <50 copies/mL at months 6, 12 and 15 were
78%, T7% and 69%, respectively. At month 15, the
CD4+ cell count increased by a mean of 199 cells/
UL. No permanent treatment cessations were due to
severe adverse events. This study showed that this
triple combination exerts strong antiretroviral and
immunological effects in African patients with ad-
vanced HIV-1 infection.[¢"!

The VESD (Videx Epivir Sustiva once Daily)
study analysed the efficacy and safety of dida-
nosine-EC, lamivudine and efavirenz in a cohort of
HIV-1-infected patients (n = 167) starting antire-
troviral therapy in 2003.1°"1 It was a prospective,
open-label, observational, multicentre study. Prior
AIDS had been diagnosed in 37.7% of patients,
48.5% were co-infected with hepatitis C virus
(HCV) and almost one-quarter of the population was
receiving methadone therapy. Of note, 70% of pa-
tients had a CD4+ cell count <200 cells/uL and
>60% had a HIV-1 RNA level >100 000 copies/
mL.1" The primary endpoint was the percentage of
patients with plasma HIV-1 RNA <50 copies/mL, at
week 48. Adherence was very high (90-95%) and
quality of life was good or very good in 69% of
patients. The proportion of patients achieving plas-
ma viral load <50 copies/mL was 62.9% (intention-
to-treat analysis) and 88.2% (on-treatment analysis),
at week 48. Adverse events leading to treatment
suspension were uncommon (10.7%) and tolerance
of efavirenz was good in patients who took metha-
done, although half of the patients required dosage
adjustment.[®"]

A prospective open-label, randomised, clinical
trial compared the non-inferiority of didanosine-EC,
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lamivudine and efavirenz (once-daily, three pills a
day) versus zidovudine and lamivudine (as Com-
bivir®) plus efavirenz (twice daily, three pills a
day).!'®! Both regimens were administered with food
in order to improve tolerability and patient conve-
nience. The primary endpoint was the percentage of
patients achieving HIV-1 RNA <50 copies/mL. At
baseline, the median HIV-1 RNA level and CD4+
cell count were 5.0 logio copies/mL (in both arms)
and 205 and 216 cells/uL in the didanosine,
lamivudine and efavirenz, and Combivir® plus
efavirenz arms, respectively.l'9 In an interim analy-
sis performed at week 24, 71% and 65.9% of pa-
tients reached an HIV-1 RNA <50 copies/mL in
both groups, respectively. Didanosine, lamivudine
and efavirenz administered with food provided simi-
lar efficacy to that of Combivir® and efavirenz. The
CD4+ cell count increase was significantly higher in
the didanosine arm.!¢!

In an open-label, single-arm, multicentre, pro-
spective trial, the safety and efficacy of once-daily
efavirenz, lamivudine and didanosine-EC was eval-
uated. Sixty-five treatment-naive patients with base-
line HIV-1 RNA and CD4+ cell count of 4.8 logio
and 311 cells/uL, respectively, were enrolled.[?! At
week 96, the proportion of patients achieving plas-
ma HIV-1 RNA <50 copies/mL, in an intention-to-
treat analysis, was 68% and the CD4+ cell count
increased by a mean of 198 cells/uL.1%!

In a prospective, non-comparative study that in-
cluded 70 antiretroviral-naive patients, the safety
and efficacy of a once-daily regimen consisting of
didanosine-EC, lamivudine and nevirapine were
evaluated. The primary outcome measure was the
percentage of patients with plasma HIV-1 RNA
level <50 copies/mL, at 12 months in an intention-
to-treat analysis.!%) At baseline, the median HIV-1
RNA Ievel and CD4+ cell count were 5.1 logio
copies/mL and 262 cells/uL, respectively. At the
end of follow-up, 67% of patients maintained a viral
load of <50 copies/mL and CD4+ counts increased a
median of 201 cells/uL. Treatment was discontinued
in 18 patients, due to virological failure in 11. Most
of the subjects with available genotype after viro-
logical failure showed resistance mutations to
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nevirapine and/or lamivudine. The treatment was
more effective in patients with baseline CD4+ cell
counts >100 cells/uL than in those patients with a
poorer immunological status at baseline.[3

In summary, once-daily combinations of dida-
nosine-EC with lamivudine or emtricitabine and
efavirenz (or nevirapine) have been proved to be
highly efficacious as initial therapy in HIV-1-infect-
ed patients. The combination is associated with a
high virological success rate and significant immu-
nological recovery that is independent of baseline
viral load. The combination is well tolerated and
safely used, and little toxicity or discontinuation due
to adverse events was observed in clinical studies.

2.2 Studies in Treatment-Experienced
HIV-T1-Infected Adults

The administration of didanosine-EC in treat-
ment-experienced patients has been evaluated in
two different contexts: patients in whom previous
therapies have failed (rescue therapy) and patients
with controlled viraemia who are switched to a
didanosine-containing regimen for simplification
purposes.

2.2.1 Studies in Virological Failure

The number of multidrug-experienced patients,
as well as the time of exposure to antiretroviral
drugs is increasing. As a result of consecutive treat-
ment failures, in some experienced adults the thera-
peutic options for rescue or for deep salvage are very
limited. NRTIs, which were the first antiretroviral
agents available, are still the most frequently used
drug class. Didanosine has a good resistance profile,
and this fact could be an advantage to take into
consideration, especially in experienced patients in-
fected with virus with several NAMs,[#041:43.44]

The AIDS Clinical Trial 364 (ACTG 364) evalu-
ated the virological outcome among 104 lamivu-
dine-experienced individuals infected with HIV-1
who switched to a didanosine-containing triple- or
quadruple-drug regimen.[** This group of patients
was compared with those who continued receiving a
lamivudine-containing regimen. In this retrospec-
tive study, patients switching to a didanosine-con-
taining regimen had a significantly decreased risk
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for virological failure, compared with those who
continued receiving lamivudine. Didanosine contin-
ues to provide activity against viruses with the
M 184V/I mutation and the presence of the M184V/I
mutation should not preclude the use of didanosine
in nucleoside-experienced patients.[%4!

Stebbing et al.[®! conducted an investigation into
the concept of recycling didanosine and stavudine,
with and without hydroxyurea, in the management
of heavily pretreated HIV-1-infected individuals re-
quiring salvage therapy. All existing therapy was
discontinued and patients (n = 21) with treatment
failure (HIV-1 RNA level >5000 copies/mL) were
randomised to receive didanosine plus stavudine, or
didanosine, stavudine and hydroxyurea for 12 weeks
prior to optimising therapy. Significant decreases in
viral load were observed during a 12-week study
period, with no additional benefit of including
hydroxyurea. Of note, genotypic and virtual pheno-
type profiles provided little additional information
in this setting.[®! This small study shows that dida-
nosine and stavudine can be efficiently recycled and
are able to decrease viral load in heavily pretreated
individuals.

As previously commented, a significant antiviral
activity of didanosine was observed in patients in-
fected with virus that had up to five NAMs at
baseline in the Jaguar study."! In this subgroup of
patients, the median reduction of HIV-1 RNA level
was —0.45 logio copies/mL in the didanosine group
and +0.07 log1o copies/mL in the placebo group (p =
0.047). About two-thirds of patients had a history of
didanosine therapy. At week 4, the proportion of
patients with plasma HIV-1 RNA levels <400 cop-
ies/mL and <50 copies/mL was significantly higher
in the didanosine group (31% and 11%, respective-
ly) than in the placebo group (6% and 0%, respec-
tively).!*"! The authors concluded that in treatment-
experienced patients with reverse transcriptase re-
sistance mutations, didanosine retains significant
short-term antiviral activity.

In summary, resistance to multiple drugs is com-
mon in highly treatment-experienced HIV-1-infect-
ed patients. Didanosine may still retain some or full
antiviral activity when other NRTIs are no longer
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active 40436467 However, fears about toxicity, espe-
cially when used in combination with stavudine,
may preclude its use. Despite the alarms concerning
the use of didanosine and stavudine in combination
because of overlapping toxicity, there are no broad
studies reflecting the magnitude of the problem in
daily clinical practice. In an observational study,8!
the overall proportion of severe adverse events asso-
ciated with the combination of didanosine and
stavudine was low (2.9% of all patients receiving the
combination), especially taking into account that the
population evaluated had advanced HIV-1 infection
(median baseline CD4+ cell count: 136 cells/uL;
35% had prior AIDS). The low proportion of signifi-
cant adverse effects may be explained by several
factors. The action taken in patients with any ad-
verse event related to didanosine and/or stavudine
was frequently the withdrawal of one or both drugs,
or even the discontinuation of the whole regimen.®8
Moreover, precautionary warnings for acute pan-
creatitis with didanosine and stavudine, as well as
other mitochondrial toxicity manifestations such as
peripheral neuropathy or lactic acidosis, has meant
that clinicians have a heightened awareness of moni-
toring of toxic effects. According to the results of
this study, fear of toxicity should not preclude using
didanosine plus stavudine in treatment-experienced
patients who may benefit from the resistance profile
of these drugs, and for whom other NRTIs may no
longer be available.[®l However, it is likely that with
the advent of new potent antiretroviral drugs in
salvage therapy, recycling of NRTIs will become
required less.

2.2.2 Switching Studies

Didanosine has been included in a simple regi-
men used to decrease the number of doses or pills in
patients with otherwise well controlled viraemia.
Combinations that included two NRTIs plus te-
nofovir have been evaluated for this purpose. One
study investigated the treatment response in patients
with previously suppressed virus (n = 55) who were
switched to a two nucleoside analogues plus te-
nofovir regimen, mostly because previous toxicity/
intolerance of original drugs.l®”! At baseline, all pa-
tients had a CD4+ cell count >300 cells/uL and an
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HIV-1 RNA level <50 copies/mL, for >24 weeks.
Patients with a regimen including didanosine plus
tenofovir had significantly poorer outcomes than
those on other combinations. After 24 weeks, only
17 patients (31%) remained suppressed (HIV-1
RNA level <50 copies/mL) with the initial regimen.
Multivariate analysis confirmed the combination of
didanosine plus tenofovir as the only variable relat-
ed to a higher rate of failure (odds ratio 17.7; 95% CI
2.1, 147; p = 0.007).1

In contrast with the results of switching to a
regimen that included didanosine and tenofovir plus
a third nucleoside analogue, a once-daily regimen
containing didanosine, tenofovir and nevirapine as a
simplified antiretroviral approach was successful in
most patients.’” This work assessed the long-term
efficacy and safety of a once-daily antiretroviral
regimen in HAART-experienced individuals with
long-lasting viral suppression. A total of 169 pa-
tients with chronically suppressed viral load (limit
of detection <50 copies/mL) were recruited. On the
basis of patient willingness to simplify treatment, 84
continued receiving their usual treatment (twice-
daily group) and 85 switched to a didanosine, te-
nofovir and nevirapine (once-daily group). Baseline
characteristics were similar between both study
groups. At week 48, a reduction in effort to take
medication and an increment in the satisfaction with
treatment was only seen in the once-daily group.
The proportion of patients with viral suppression in
the once-daily and in the twice-daily group, respec-
tively, was 76% versus 86% in the intention-to-treat
analysis (not statistically significant). Overall, ad-
verse events leading to treatment discontinuation
were more frequent in the once-daily group (mainly
nevirapine-related hepatitis) than in the twice-daily
group. Nevertheless, CD4+ cell count significantly
decreased in the once-daily group, with a mean
decline of 95 cells/uL (95% CI 45, 145). The inves-
tigators concluded that treatment simplification to a
once-daily antiretroviral regimen based on dida-
nosine, tenofovir and nevirapine may be a valid
approach in HIV-1-infected individuals with long-
lasting viral suppression.!”"!
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A once-daily regimen containing didanosine,
lamivudine and efavirenz has also been evaluated as
a proof-of-concept study in previously treated pa-
tients, who maintained suppression of plasma HIV-1
RNA <50 copies/mL while receiving another regi-
men."!) The effects of a short-course structured
intermittent therapy regimen of 7 days without
antiretrovirals, followed by 7 days with once-daily
administration of didanosine, lamivudine and
efavirenz on plasma HIV-1 RNA levels, immuno-
logical parameters and drug toxicity were evaluated.
Patients underwent laboratory evaluations every 4
weeks during the first 48 weeks of the study. All
evaluations were performed after the period during
which patients were not receiving antiretrovirals.
Eight patients were included and in seven of them
suppression of plasma HIV-1 RNA <50 copies/mL
was maintained for 60-84 weeks. No ‘blips’ of
plasma viraemia were detected during the study
schedule, probably because of the long half-life of
the antiretroviral drugs used. Although lamivudine
and efavirenz have a low genetic barrier, there was
no evidence for the emergence of resistance to the
antiretrovirals drugs used.["

3. Tolerability and Safety: Management
of Adverse Events

3.1 General Considerations: Mechanism
of Toxicity

Adverse events associated with the administra-
tion of didanosine have been well known since the
initial clinical trials with the drug. Gastrointestinal
intolerance, peripheral neuropathy and hyperamy-
lasaemia/pancreatitis were then most frequently re-
ported ones. Some important conclusions were
reached from these trials with the old didanosine
formulation. The frequency and severity of adverse
events associated with didanosine could be predict-
ed by some factors, including advanced HIV-1 in-
fection (CD4+ cell count <100-200 cells/uL or
symptomatic HIV disease/AIDS), the presence of
underlying abnormalities (previous peripheral neu-
ropathy, hyperamylasaemia or pancreatitis), and the
dose at which didanosine was administered.
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Landmark studies comparing zidovudine (600 mg/
day) and didanosine (400 mg/day), either as single
drugs or in combination showed a similar rate of
neuropathy (3.7% for zidovudine, 1.9% for dida-
nosine and 2.3% for zidovudine plus didanosine in
patients with no previous exposure to zidovudine in
ACTG 175) and hyperamylasaemia (1.1% for
zidovudine, 2.2% for didanosine and 2.7% for
zidovudine plus didanosine in the same group of
patients).[”!

In the HAART era, the rate of adverse events
associated with didanosine has clearly decreased. In
addition to the universal use of an optimised,
weight-adjusted dose of didanosine, two other rea-
sons may help explain the improved tolerance of the
drug. Firstly, tolerability was clearly improved with
the development of the enteric-coated capsule. Fre-
quent gastrointestinal symptoms associated with the
buffer used in previous formulations virtually disap-
peared with the new capsules. This was confirmed in
a pilot study that evaluated the frequency and severi-
ty of gastrointestinal adverse events before and after
switching from the buffered tablets to the enteric-
coated capsules.[”? Patients were followed for 6
weeks after the change. There was a significant
decrease in the rate of nausea, dyspepsia, gastroin-
testinal disturbance, diarrhoea and bloating. Second-
ly, patients are currently treated at earlier stages of
HIV-1 infection with significantly better CD4+ cell
counts.

However, it must be considered that new factors
in current antiretroviral therapy, including a longer
duration, new drugs and combinations, or drugs for
associated comorbidities, could influence the tolera-
bility and safety of didanosine. As for other antire-
troviral drugs, the adverse events related to dida-
nosine can be divided into early or late, according to
the timing of development (table VI).

Mitochondrial toxicity is the most likely mecha-
nism that explains the adverse events associated
with didanosine other than gastrointestinal distur-
bances. Mitochondrial toxicity is shared by all the
NRTIs, although the degree of mitochondrial dam-
age varies among the different drugs.’*! Inhibition
of mitochondrial YDNA polymerase by the nucleo-
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Table VI. Adverse events associated with didanosine

Early

Gastrointestinal
Peripheral neuropathy
Pancreatitis
Hyperamylasaemia
Late

Fat redistribution
Metabolic abnormalities
Lactic acidosis

sides impairs mitochondrial DNA synthesis, leading
to mitochondrial dysfunction and the subsequent
clinical manifestations. There seems to be some
organ specificity for the different nucleosides, with
peripheral nerves and pancreas being the target or-
gans for didanosine.

3.2 Management of Early Adverse Events

3.2.1 Gastrointestinal

As stated earlier in this section, gastrointestinal
disturbances are very rarely associated with the ad-
ministration of didanosine since the advent of enter-
ic-coated capsules. Clinical trials with regimens that
include didanosine-EC have shown that gastrointes-
tinal symptoms are rarely, if ever, a cause of discon-
tinuation of the drug. Symptomatic treatment may
be required in some patients for the management of
potential gastrointestinal intolerance.

3.2.2 Peripheral Neuropathy

The rate of development of peripheral neuropa-
thy has varied greatly in different studies (table VII).
The frequency is higher using high dosages of the
drug (daily dosages of >12.5 mg/kg) and, according
to an analysis of four clinical trials, in patients with
low CD4+ cell counts (<50 cells/uL) and advanced
disease.[! In this analysis, the risk of developing
peripheral neuropathy appeared no greater with
didanosine than with zidovudine. This led the re-
searchers to suggest that the earlier association of
didanosine with peripheral neuropathy was due to
the inclusion in the studies of patients with advanced
HIV-1 disease, and the use of high dosages of the
drug in these studies.
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Table VII. Didanosine-associated adverse events

Predisposing factors

Management

Peripheral neuropathy (frequency 1-9%)
High dosages of didanosine

Advanced HIV disease (AIDS)

Low CD4+ cell count (<50 cells/uL)
Previous neuropathy

Diabetes mellitus

Malnutrition

Alcohol consumption

Other neurotoxic drugs

Pancreatitis (0.4-7%)

High dosages of didanosine
Advanced HIV disease (AIDS)

Low CD4+ cell count (<50 cells/uL)
History of pancreatitis

Alcohol consumption
Hyperamylasaemia
Hypertriglyceridaemia

Other drugs with pancreatic toxicity

Avoid other neurotoxic drugs
Discontinue didanosine
Drugs for pain management

Avoid in patients with a history of pancreatitis
Avoid other toxic drugs

Discontinue didanosine

Supportive therapy

Data with combination antiretroviral therapy in
which didanosine-EC has been used confirms these
results. Peripheral neuropathy is a rare occurrence in
clinical trials of initial therapy. In a randomised,
double-blind, controlled study, only 5% of patients
receiving didanosine, emtricitabine and efavirenz
developed neuropathy after a mean of 60 weeks of
treatment, and <1% had to discontinue the treatment
for this reason.3?! No patient taking didanosine-EC,
lamivudine and efavirenz for 52 weeks developed
neuropathy in another controlled study.”! Co-ad-
ministration with other potentially neurotoxic drugs
may increase the risk and severity of neuropathy. Of
particular interest, the combination of didanosine-
EC with stavudine has been shown to be associated
with a higher frequency of neuropathy (up to 13% in
some studies). In an observational study including
>600 heavily pre-treated patients who received
didanosine and stavudine as part of a salvage regi-
men, approximately 5% of the patients developed
neuropathy of any grade, although it was considered
severe in only 0.3%.68]

Didanosine-associated neuropathy is reversible.
Management includes both preventive and therapeu-
tic measures. Neuropathy can be minimised using
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adequate dosages and avoiding, when possible, the
concomitant administration of other potentially neu-
rotoxic drugs (e.g. stavudine, isoniazid, cidofovir
vincristine etc.). Patients with other predisposing
factors (e.g. diabetes mellitus, alcohol consumption,
malnutrition etc.) may be at increased risk and the
drug should be administered with caution. Identifi-
cation of initial symptoms (mainly paraesthesia) is
of utmost importance, since discontinuation of the
drug may lead to complete reversal at early stages.
Even at later stages, discontinuing didanosine is the
most important measure to avoid progression and
cure the existing damage. Since complete cure may
take 4-12 weeks, symptomatic treatment may be
necessary when pain is important (tricyclic antide-
pressants, carbamazepine or gabapentin may be use-
ful).

3.2.3 Pancredtitis

Pancreatitis is a potentially serious adverse event
associated with didanosine that can be fatal (<1% in
early clinical trials) [table VII]. Some of the risk
factors for pancreatitis are similar to those associat-
ed with neuropathy. High daily doses of didanosine,
advanced HIV-1 disease and a history of pancreatitis
and/or of substantial alcohol consumption have been
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found to increase the risk of pancreatitis in patients
with HIV-1 infection. In addition, hypertriglycer-
idaemia, hyperamylasaemia, and the co-administra-
tion of drugs potentially toxic for the pancreas (e.g.
hydroxyurea, pentamidine etc.) may also increase
the risk.

A low incidence of pancreatitis has been reported
with didanosine combination therapy, even when
the buffered formulation was used (0.5% in ACTG
175, equally distributed across the four treatment
groups).”?l No patient receiving didanosine-EC in
combination with emtricitabine and efavirenz devel-
oped symptomatic pancreatitis, and only 1 of 286
patients discontinued the drug as a result of hyper-
amylasaemia.®? Overall, pancreatitis is a rare oc-
currence at present among patients who receive
combination regimens that include didanosine and
possibly not more frequent than in patients treated
with other drugs.

Given the seriousness of pancreatitis it is prudent
to minimise the risk of its development and to moni-
tor patients for signs and symptoms of the disease.
When possible, alternative drugs should be used in
patients with either a history of pancreatitis or with
hyperamylasaemia, or who must receive other po-
tentially toxic drugs. During treatment with dida-
nosine, changes in serum lipase and amylase levels
should be monitored. Since continuation of adminis-
tration of didanosine may worsen the prognosis of
pancreatitis of any origin, patients should be educat-
ed in recognising symptoms of pancreatitis and get-
ting medical advice if symptoms develop. Discon-
tinuation of the drug is mandatory when pancreatitis
is diagnosed.

3.2.4 Laboratory Abnormalities and Other

Adverse Events

There are no significant or dose-limiting labora-
tory abnormalities associated with didanosine-EC.
Increased amylase and lipase levels, without pan-
creatitis, can be detected, as well as increased tran-
saminase levels without apparent clinical signifi-
cance. Reversible hyperglycaemia and hyperuri-
caemia have also been documented in patients
receiving didanosine treatment. Other infrequent ad-
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verse effects associated with didanosine treatment
include optic neuritis.!"6!

3.3 Management of Late Adverse Events

3.3.1 Fat Redistribution and
Metabolic Abnormalities

Abnormal fat distribution has become a frequent
event in HIV-1-infected patients receiving antire-
troviral therapy. Although multiple factors are be-
lieved to be involved in the pathogenesis of this
disorder, antiretroviral drugs seem to play a central
role. Nucleoside analogue-induced mitochondrial
toxicity has been clearly linked with lipoatrophy,
with thymidine analogues being the most frequently
associated drugs. Clinical studies have shown that
patients treated for long periods with stavudine and,
to a lesser extent, with zidovudine are at high risk of
developing lipoatrophy.

The association between didanosine and the de-
velopment of lipoatrophy has not been well estab-
lished. Given the high potential for mitochondrial
toxicity of didanosine, a high rate of lipoatrophy
could be expected in patients receiving the drug.
However, no observational study has identified
didanosine as a risk factor for the development of
disease. Clinical trials with the drug as initial ther-
apy have failed to show an increased risk of devel-
oping fat abnormalities in patients receiving dida-
nosine compared with control groups.[!!-5238:5]

The apparent lack of association between dida-
nosine and fat abnormalities could be explained by
the organ specificity for mitochondrial toxicity asso-
ciated with the different nucleosides. The adipose
tissue would be the target for the thymidine ana-
logues, but not for didanosine or the other drugs in
the family. As an alternative explanation, it could be
argued insufficient follow-up of patients on dida-
nosine as to have a significant incidence of lipoa-
trophy. Some clinical trials with the drug, however,
have reported up to 3 years of follow-up.

3.3.2 Lactic Acidosis

Lactic acidosis is a rare complication of the treat-
ment with NRTIs, although it may be severe and
even fatal. It is mediated by mitochondrial toxicity
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of the nucleosides and has been described with most
drugs in the family. The length of administration of
the drugs is the main risk factor for the development
of lactic acidosis.[’”!

Some cases of lactic acidosis have been de-
scribed in association with didanosine, but this com-
plication is very rare when didanosine has been
administered as the only nucleoside analogue in the
regimen. Most cases have occurred with a combina-
tion of didanosine and stavudine, or with didanosine
given together with drugs that increase intracellular
didanosine concentrations (mainly ribavirin).[3+77]
The administration of stavudine plus didanosine was
found to be associated with a high risk of lactic
acidosis in pregnancy. For this reason, the combina-
tion of the two drugs should be avoided in pregnant
women.

Lactic acidosis should be suspected in patients
receiving therapy that includes nucleoside ana-
logues who begin with nonspecific symptoms such
as asthenia, gastrointestinal disturbances, myalgia,
paraesthesia, dyspnoea etc. Frequent laboratory
findings include abnormal liver function test and
altered values of other enzymes (creatine kinase,
lactate dehydrogenase, amylase etc.).”¥) Metabolic
acidosis with increased anion gap and increased
lactate levels confirm the diagnosis. All the nucleo-
sides should then be discontinued. Supportive ther-
apy, frequently in intensive care units, is the main-
stay of the management of the complication. No
specific measures, including the administration of
L-carnitine, riboflavin or thiamine, have been
proved to be useful. The reinstitution of antire-
troviral therapy should be carried out with caution,
and NRTIs with documented toxicity should be
avoided when possible. Cases of relapse of lactic
acidosis after introducing nucleosides with little po-
tential for mitochondrial toxicity have been de-
scribed.77]

4. Conclusion

The current formulation of didanosine as enteric-
coated capsules, with all the inherent advantages,
justifies the role of the drug in current antiretroviral
regimens. It is reasonably well tolerated and can be
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conveniently administered once daily allowing its
inclusion in simple once-daily HAART regimens.
Recent clinical studies have suggested that dida-
nosine-EC can be given with food together with
other antiretroviral drugs, increasing the ease of
administration. The efficacy of the drug has been
proven as initial therapy, mainly in combination
with NNRTIs. Its activity against viruses that har-
bour one or more thymidine-associated mutations
places didanosine in a privileged position for use in
treatment-experienced patients.
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