@ Therapeutic Advances in Infectious Disease

Letter to the Editor

Beyond HIV viral load: application of
pharmacologic measures to identify ART

adherence mismatch

Michael Kristofich, Peter L. Anderson and Jose R. Castillo-Mancilla

Major advancements in antiretroviral therapy
(ART) have been accomplished in the last two
decades for the treatment of persons with HIV
(PWH). This is largely the result of newer and
more potent antiretroviral drugs that effectively
suppress viral replication and are associated with
fewer side effects.

Despite this, the success of modern ART still
relies on overall patient adherence. Therefore,
accurately quantifying ART adherence remains of
critical importance in clinical practice and research
settings.

Currently, a wide range of methods are used to
assess adherence, each with specific advantages
and limitations.! Subjective measures of adher-
ence (e.g., self-report) are easy to implement, but
are subject to both reporting and recall biases.?
Pharmacy refills and pill counts are usually con-
sidered more objective, but are difficult to imple-
ment in clinical practice and do not confirm drug
ingestion.! Since high adherence (i.e., >95%)
was initially required to achieve and sustain viral
suppression due to less potent drugs,> HIV viral
load (VL) has been used as a surrogate for high
ART adherence for many years. However, with
the increased potency of new regimens, lower
adherence may be sufficient to achieve viral sup-
pression.* While this “forgiveness” to more potent
drugs is advantageous, it results in less-than-opti-
mal adherence that cannot be identified by rely-
ing on HIV VL alone, and has been found to have
deleterious consequences, as it has been associ-
ated with heightened inflammation, immune acti-
vation, coagulopathy, and mortality.>7

Pharmacologic measures of adherence are objec-
tive and can avoid subjective biases.! However,
they are dependent on the pharmacokinetics of
the parent drug or metabolite that is quantified in
the body fluid or matrix of interest. Short-term

measures of recent dosing (i.e., drug concentra-
tion in plasma or urine and emtricitabine triphos-
phate in dried blood spots), are limited by the
short half-lives of antiretrovirals in those matrices,
thus translating into qualitative (i.e., yes/no for a
recent dose) adherence information that is sub-
ject to white coat bias.! In comparison, pharma-
cologic measures of cumulative (i.e., long-term)
adherence, such as drug (or metabolite) concen-
trations in dried blood spots and hair samples,
can provide a more informative picture of cumu-
lative drug intake over the preceding 4—12 weeks,!
similar to the information provided by hemo-
globin Alc (HbAlc) in persons with diabetes
mellitus. In particular, tenofovir diphosphate
(TFV-DP) in dried blood spots has been associ-
ated with viral suppression,®? and is predictive of
future viremia in PWH who are virologically sup-
pressed.1-12 Thus, this — and other — pharmaco-
logic adherence biomarkers could be used to
inform about ART adherence beyond HIV VL,
allowing for a more comprehensive understand-
ing of the level of adherence that resulted in
viremia or suppression. In this context, TFV-DP
in DBS as a marker of cumulative adherence,
measured in conjunction with HIV VL, would
result in four unique clinical interpretations as
described below (Figure 1):

Viral suppression with high drug
concentrations

This is an expected — and very likely — scenario
where cumulative adherence (i.e., high drug con-
centrations) match the clinical outcome (i.e.,
undetectable HIV VL), informing PWH and
medical providers that the patient is adhering to
ART and that treatment is effective (Figure 1,
green square). As such, this could serve as posi-
tive reinforcement to encourage continued adher-
ence and to reassure the patient of the treatment’s
efficacy, as is commonly done in other chronic
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Figure 1. Interpreting concomitant HIV viral suppression and drug concentrations in PWH. The green and
red squares represent expected clinical scenarios in patients on ART in whom the pharmacologic adherence
measures (i.e., drug concentrations) match the clinical outcome [i.e., viral suppression or viremia) and in
whom positive feedback (green) or the identification of an adherence barrier (red) are indicated. The black
square represents a mismatch scenario where HIV resistance testing is indicated in the setting of high
viremia despite high drug concentrations that are expected to be suppressive. The yellow square represents
a mismatch scenario in a patient who is virologically suppressed despite having low drug concentrations and
in whom an adverse outcome [i.e., viremia, HIV transmission, heightened inflammation) might be imminent,
requiring immediate counseling intervention. Adapted with permission from Spinelli et al.

ART, antiretroviral therapy; PWH, persons with HIV.

medical conditions, such as diabetes mellitus.13
This feedback could also reinforce the view that,
by remaining highly adherent and virally sup-
pressed, PWH greatly reduce their risk of pro-
gression to AIDS and of HIV transmission.

Viremia with low drug concentrations

For PWH in this scenario, the quantification of
low cumulative adherence would match an unsup-
pressed HIV VL, informing patients and providers
that treatment failure is most likely due to low
adherence (Figure 1, red square). In this case, the
clinician could use this information to initiate an
open and honest discussion with the patient and
identify challenges or barriers to adherence (side
effects, cost of medication, competing events,
etc.) and seek out an appropriate solution.!4 In
addition, this could be an opportunity to remind
PWH that low adherence and viremia are associ-
ated with the development of AIDS, non-AIDS
comorbidities, and transmission.

Viremia with high drug concentrations

This is a mismatch scenario where HIV VL is
elevated despite high cumulative adherence as
measured by high drug concentrations (Figure 1,
black square). Low-level or residual viremia have
been associated with lower cumulative adher-
ence,!> but can also occur in patients who are
highly adherent.'® However, residual viremia has

been found mostly to predict development of
drug resistance and virologic failure only in
patients with lower adherence.15:17 More informa-
tive, however, would be high viremia in patients
with high cumulative adherence, which is most
likely due to antiretroviral resistance.!®20 Thus,
when facing this clinical presentation (i.e., high
adherence and high viremia), providers could be
more inclined to order HIV drug resistance test-
ing rather than have repeated discussions about
adherence (with the potential of further perpetu-
ating the accumulation of drug resistance).

Viral suppression with low drug

concentrations

The last scenario, another mismatch, is also highly
informative — and perhaps the most impactful — as
it encompasses PWH who are virally suppressed
despite having low ART adherence (Figure 1, yel-
low square). Currently, interventions aimed at
improving ART adherence are implemented only
in PWH who are already viremic and might have
already transmitted HIV, overlooking PWH in
this fourth category. Since low cumulative adher-
ence is predictive of future viremia,!%12 even in
PWH who are virally suppressed at the time of
testing, ! identifying PWH at high risk of viremia
before it occurs could trigger an early intervention
to prevent adverse health outcomes. In addition,
it could help identify PWH who are undergoing
frequent ART interruptions, which have also
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been associated with heightened residual inflam-
mation, immune activation, and coagulopathy,”
and identify early adherence barriers.

In conclusion, pharmacologic measures of ART
adherence can provide important clinical infor-
mation beyond HIV VL, with the potential of bet-
ter predicting outcomes in HIV treatment. The
above-mentioned case-scenarios assume a rapid
turnaround time for drug level assessment, which
is currently approximately 1-2weeks for labora-
tory-based assays. However, point-of-care assays
of cumulative adherence are in development.2! As
data on the clinical utility of these measures con-
tinues to accumulate, further research on their
implementation and their utility to provide con-
structive feedback will be required.
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