Strategies to improve

treatment outcome

Sarah Pett
Anna Pierce

One of the most important strategies to improve outcome
when treating HIV infection is to ensure that all the factors
that might impact in a negative way on continuous adherence
to combination antiretroviral therapy (cART) are identified
before treatment is started. As there are several preferred and
alternate combinations for antiretroviral therapy (ART)-naive
patients recommended by the Department of Health and
Human Services (DHHS) guidelines,' greater individualisation
of cART using different but equipotent regimens is now
possible. Strategies to improve and maintain high levels of drug
adherence are discussed in Chapter 8. Viral resistance testing is
a helpful guide in making the choice of antiretroviral agents in
both the ART-naive and treatment-experienced population and
isdiscussed furtherin Chapter 8. Pharmacokineticenhancement
of levels of protease inhibitors using boosting-doses of ritonavir
is discussed in Chapter 5.

There are three other key strategies, which have been embraced
with varying degrees of enthusiasm and success in the clinical
trial and clinic setting over the last decade. These are:

therapeutic drug monitoring

structured treatment interruption

immunotherapy with cytokines and therapeutic vaccination.

10.1

In order for therapeutic drug monitoring (TDM ) to be useful,
the candidate drugs need to have an established therapeutic
range. This needs to be measured using samples, which are
easily obtained from the patient i.e. a blood sample. The
therapeutic range is the range of concentrations which have
been established, preferably in properly conducted trials
in different populations (age, ethnicity, race, hepatic and
renal function), which evoke a good clinical response with
minimal drug-related toxicity. TDM in theory could be useful
because there is considerable inter-patient variability in drug
concentration (for the same drug at the same dose) and data
for a drug-concentration anti-HIV effect. However, there is a
paucity of data for drug concentration-toxicity relationships.

TDM cannot be applied to monitoring levels of nucleoside
reverse transcriptase inhibitors (NRTI), as the relationship
between the intracellular (active) form and plasma levels has
not been established. However, for many of the non-nucleoside
reverse transcriptase inhibitors (NNRTI) and protease inhibitor
(P) there are data describing relationships between drug
levels and treatment response.”® Despite the limitations and
many unanswered questions there is consensus that these
data provide a framework for further study of TDM. However,
clinicians using TDM to adjust doses for toxicity or treatment of
drug-related toxicity need to take extreme care that they do not
over interpret results (with reference to intra-patient variability
in plasma levels), and in fact predispose the patient to the
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development of resistance through under-dosing. In addition,
there are other options for toxicity-management including
switching component drugs.

Possible scenarios for use of therapeutic drug monitoring:
drug-drug interactions - e.g. rifampicin and PI*
physiological changes that might effect the pharmacokinetic
(PK) profile of a drug e.g. pregnancy,* paediatrics*
pathophysiological states that might impact on drug PK
e.g. abnormalities of the gut (changes in absorption and
sometimes excretion), hepatic impairment (changes in
metabolism and plasma protein binding), renal impairment
(changes in excretion)*
use of experimental combinations e.g. raltegravir and
unboosted atazanavir
in patients with multidrug resistant HIV in whom higher drug
levels might be required to inhibit HIV*
for concentration-related toxicities e.g. atazanavir-induced
hyperbilurubinaemia*
as a crude assessment of adherence especially in ART-naive
patients who are not responding to cART

*British HIV Association Guidelines® recommend the use of
TDM in all of the above clinical scenarios as they identify these
situations as being ones in which drug concentrations may be
more difficult to predict.

10.1.1 Limitations of therapeutic drug

monitoring

There are many problems associated with the use of TDM. First,
relatively few laboratories actually perform TDM and those that
do may use in-house non-standardised assays without any
external quality control (Section 4.2). In addition, interpretation
of new antiretroviral level data may not be performed in a timely
manner by experts in the field in order to guide drug dosing.
Many investigators have chosen to sample the trough plasma
drug level, as viral breakthrough may be more likely to occur
at this point, but this method has some limitations. The trough
level does not always correspond to the minimum inhibitory
concentration during a dosing interval, and many factors can
influence this trough level including intra- and inter-patient and
laboratory variability. For drugs with relatively short half-lives, the
trough level may not be an accurate reflection of drug exposure,
only reflecting the previous two or three doses. Also, the ways
in which these values for the minimum target concentrations
have been defined may not be broadly applicable ie. many
were defined during monotherapy and not in combination
therapy. Further Guidance on TDM can be found in the position
paper by the Adult AIDS Clinical Trials Group Pharmacology
Committee® and at http://www.hivpharmacology.com.
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10.1.2 Pharmacokinetic enhancement

with ritonavir
The role of low doses of ritonavir to boost the levels of other
Pl and some other antiretroviral components (i.e. maraviroc) is
described in Chapter 5. The relationship between plasma levels
of boosting doses of ritonavir and levels of the primary Pl (i.e.
the drug being boosted) have not been fully established.

In summary, there are strong theoretical reasons why TDM
should be useful in the management of HIV. At this juncture,
routine use of TDM in clinical practice is not recommended
because there is a lack of data from prospective studies showing
that TDM improves clinical outcome. Moreover, clinicians
should be strongly discouraged from decreasing doses of
component antiretroviral agents for toxicity reasons as they
may inadvertently promote the development of viral resistance.

10.2

CART has revolutionised the treatment of HIV, with improved
clinical outcomes and reduced mortality from AIDS-related
illnesses (Chapter 5). The inability of cART to eradicate HIV,
however, means that treatment must be continued indefinitely,
with patients remaining on therapy for long periods. Problems
associated with continuous therapy include the morbidity
and mortality associated with drug-related toxicity, difficulties
in adhering to life long treatment and, in the developing
world, cost. There have been several clinical trials of structured
treatment interruption conducted over the past five years.
The various scenarios in which interruptions have been
explored include:

primary HIV infection

in treatment-experienced patients with multidrug resistant

virus who are virologically failing their present combination

in patients with CD4 cell counts above the current

recommended thresholds for commencement of cART.

Structured treatment
interruption following

treatment in primary infection

At the present time there are insufficient data to recommend
the use of cART in primary infection as it is unknown whether
there is any long-term benefit associated with cART-use in
this setting. Treatment of primary infection remains optional.!
The SPARTAC study is a large randomised study exploring the
benefits of short courses of cART compared with no treatment
in primary infection.” The results of this study should be helpful
in further guiding the use of cART in primary infection.

10.2.1

10.2.2 Structured treatment
interruption in treatment-
experienced patients with
multidrug resistant virus who
are virologically failing their
present combination

Partial virological suppression has been associated with clinical

benefit,? and therefore the current treatment guidelines do not

recommend structured treatment interruption in this setting.

Results of various trials of treatment interruption in this setting

have yielded conflicting results. The rationale behind many of
these trials was the observation that cessation of cART could be
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associated with reversal of resistance mutations and restoration
of wild type virus. This in turn might, in theory, lead to a better and
more durable response to cART once it was recommenced®"
Patients with multidrug-resistant HIV and HIV RNA levels of
more than 5000 copies /mL were randomised to a four-month
structured interruption of treatment followed by a change in
CART (treatment-interruption group) or to animmediate change
in cART. Structured interruption of treatment was associated
with significantly greater progression of disease and did not
confer immunological or virological benefits or improve the
overall quality of life."” In addition, with longer follow-up, it was
found that patients with multidrug resistant HIV-1 treatment
failure who underwent treatment interruption before changing
CART regimens had a prolonged negative impact on CD4 cell
count recovery and did not confer progression of disease or
virological benefits.”* However, with the advent of new potent
drugs in old classes and several new classes of agent it is now
possible to construct a regimen that can suppress virus fully
and lead to substantial immune restoration in many patients
with multidrug resistant HIV. Hence, the rationale for treatment
interruption in this setting becomes even less justifiable as a
strategic approach.

10.2.3 Structured treatment
interruption in patients
with CD4 cell counts above the
current recommended
thresholds for commencement
of cART

CD4 cell count guided treatment interruptions are not
recommended. Recently, two separate, randomised clinical
trials of CD4 cell count-guided treatment interruption have
been reported. The first of these, the SMART study,'* is described
in more detail in Chapter 5. The second, the TRIVACAN study'™
which used the same CD4 cell count triggers for stopping and
restarting treatment, also showed that interruption was an
inferior strategy compared to continuous cART. Both studies
were stopped early following the recommendations of their
respective Data Safety and Monitoring Boards. Further analyses
are ongoing to better understand the pathogenesis underlying
these findings. In contrast, several smaller studies of treatment
interruption have not shown any deleterious effects. This may
have been a consequence of smaller numbers and shorter
duration (i.e. underpowered to detect a clinical difference) or
different design (i.e. different restart thresholds).'®'®

Guidance on cessation of cART in the setting of vertical
transmission is provided in the current DHSS guidelines from
November 2008

10.3

10.3.1 Recombinant interleukin-2

Interleukin-2 (IL-2) is a potent stimulator of T cell proliferation
and maturation and has been studied in a number of trials of
people with HIV infection.” Studies of IL-2, first using continuous
intravenous infusion and more recently five-day cycles of twice
a day subcutaneous dosing, have demonstrated significant
increases in CD4 cell counts in the absence of sustained
increases in plasma HIV RNA levels. The predominant expansion
occurs in the naive CD4 cell pool and some of these cells have a
unique phenotype with persistent expression of CD25, the IL-2



receptor?® Expression of this receptor seems to be associated
with longer survival of these T cells and may explain why, after
an induction period with intermittent recombinant interleukin
(rl)-2, the higher CD4 cell count can be maintained with less
frequent cycling (the maintenance phase).”?' Importantly, this
expanded CD4 cell pool appears to be functionally normal.
While rlL-2 is associated with a number of predictable toxicities
(i.e. constitutional upset), the duration is relatively short during
and post completion of the five-day dosing cycle.

Importantly, none of the studies to date has been powered to
determine whether this increase in CD4 cell count translates
into clinical benefit, although a reduction in opportunistic
infections has been reported.?? Hence, the clinical benefits of
rlL-2 with cART compared with cART alone have been explored
in two prospective, randomised, controlled clinical endpoint
studies, SILCAAT and ESPRIT.

The patient population in SILCAAT and ESPRITZ are adults with
HIV infection with CD4 cell counts <300 cells/ul and >300 cells/ul
respectively on cART. Results from these two studies show there is no
clinical benefit from the addition of rll-2.4%

The negative results of ESPRIT and SILCAAT are likely to impact
significantly on the future of cytokine-based therapy in the
setting of HIV. Moreover, it is clear, at least from the phase Il rIL-
2 data that CD4+ increases secondary to cytokine use cannot
reliably be used as surrogate markers of clinical efficacy.

10.3.2 Therapeutic vaccination

The most promising therapeutic vaccination strategies explored
over the last decade have been those aimed at generating
HIV-specific T cell immune responses to help control viral
replication.?® Investigators and patients have been interested
in therapeutic vaccination to either defer the commencement
of continuous cART or use these same immune responses
to control HIV virus levels following cessation of cART. An
effective therapeutic vaccine could have potential utility in the
developing world where access to potent, relatively toxicity-
free CART is limited. The biggest barrier to moving forward
with therapeutic vaccination has been the poor performance
of these vaccines in controlling HIV viraemia even when T cell
immune responses against HIV appeared robust.”® Moreover,
both the results of the STEP?” and SMART'* studies have added
extra questions about the role of prophylactic vaccination, first
with the failure of the most promising candidate T cell vaccine
in the prophylactic arena?” and then with anxiety regarding
treatment interruption following vaccination.
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