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ABSTRACT

Background

The management of patients failing second line antiretroviral therapy (ART)
is a critical area of study considering the increasing numbers of patients on
second line regimens, and the expense and poor availability of third line ART.
Most patients who experience virologic failure (VF) on second line ART in
low-middle income countries fail due to poor adherence rather than
antiretroviral resistance. Pharmacy refill is an easily implementable
adherence measure which has shown to correlate with viral load monitoring
and survival, and has potential over the short term to be used as a simple
adherence tool to detect probable VF on second line ART. The benefit would
be conservation of resources by rationally limiting need for viral load (VL)
testing and, in those countries with access to third line ART, the need for

resistance testing.
Methods

We conducted an observational cohort study of patients who initiated second
line ART at the McCord hospital ART clinic, “Sinikithemba” in Kwazulu-Natal,
South Africa. Using clinical and pharmacy refill data extracted from the
clinic’s electronic database, we determined risk factors for VF. Three different
methods of calculating short term pharmacy refill adherence were evaluated
and compared with long term adherence after second line initiation. Different
interval durations of short term pharmacy refill were also assessed to
determine the optimum time period of pharmacy refill that correlates best with
a virologic response on second line ART.

Results

We included 274 patients with a median follow up of 27 months on second
line ART. The percentage of patients with VF ranged between 3% and 16%



at the end of each 6 month interval after initiating second line ART. 243
patients with at least one VL after 4 months on second line were analysed in
the statistical analysis. Pharmacy refill assessed over shorter periods (4 to 6
months) correlated similarly with virologic suppression as pharmacy refill
assessed over longer periods. The risk of VF fell 73% with each 10%
increase in pharmacy refill adherence when adherence was assessed over a
4 month period. Low CD4 count at second line ART initiation was a
significant independent risk factor for VF. A non-significant association was

observed between longer duration on second line ART and risk of VF.

Conclusion

Patients identified as poorly adherent by short term pharmacy refill are at risk
for VF on second line ART. This pragmatic adherence tool could assist
clinical management by identifying patients who require adherence
interventions early to prevent immunological and clinical failure. In addition,
this short term adherence measure may assist in rationalizing the use of VL
monitoring and in selecting out patients who may benefit from resistance

testing.
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ACRONYMS AND ABBREVIATIONS

ART: antiretroviral therapy
CDC: Centre for Disease Control and Prevention

Clinical failure: Development of new WHO stage 4 defining conditions on
ART

DRM: drug resistant mutations

EDM: electronic drug monitoring

GART: genotype antiretroviral resistance test

Immunologic failure: Decrease in CD4 by 50% or to pre-ART value
MPR: medication possession ratio

NGO: non-government organisation

NNRTI: non-nucleoside reverse transcriptase inhibitor

NRTI: nucleoside/nucleotide reverse transcriptase inhibitor

Pl: protease inhibitor

Second line ART: lopinavir-ritonavir (or atazanavir-ritonavir) together with
two NRTlIs

TDM: therapeutic drug monitoring

VF: virologic failure: A plasma RNA viral load of >1000 copies/ml after a

minimum of 6 months on second line ART
VL: viral load(s)
VS: virologic suppression

WHO: World Health Organisation (WHO)



PART A:
STRUCTURED LITERATURE REVIEW

There is a growing number of South African patients receiving second line
antiretroviral therapy (ART), which consists of lopinavir-ritonavir or
atazanavir-ritonavir together with two nucleoside/nucleotide reverse
transcriptase inhibitors (NRTIs). Approximately 500 000 people were
estimated to be on second line ART worldwide in 2012 and this number is
expected to increase exponentially. .[1] In consequence, the numbers
experiencing virologic failure (VF) on this regimen have increased and this
risk of failure grows with time. Second line ART failure rates are reported in
one review to be as high as 38% after 3 years.[2] Poor adherence is the most
common cause of VF on second line ART [3-5] but DRM may be selected
under drug pressure in a patient with suboptimal adherence.[6] Multiple viral
mutations are required for high level Pl resistance, unlike the first generation
non-nucleoside reverse transcriptase inhibitors (NNRTIs) used in South
Africa (Efavirenz/Nevirapine), which typically develop high level resistance
with only a single mutation.[7] Consequently, protease inhibitors (Pls) are

considered to be robust in comparison with NNRTIs.

Third line ART regimens have recently been made available in South Africa,
although there are no clear guidelines from WHO regarding the use of these
new drugs. of.[8] Understanding reasons for second line VF and identifying
which patients are at risk of developing VF is a critical area of research as it
directly impacts on the management of these patients. The genotype
antiretroviral resistance test (GART) to determine the presence of drug
resistance mutations (DRM) costs about R3000 ($300),[9] which is expensive
for routine use given the scale of South Africa’s ART programme. A clear and
cost-effective approach is needed to identify patients at risk of VF on second
line ART as well as the likelihood of DRM in established second line VF. A
recent local study suggested using serum and hair therapeutic drug
monitoring (TDM) to select patients in VF on second line ART who may
benefit from GART.[10]



The natural progression is poor adherence which results in VF, followed by
immunologic failure and then finally clinical failure. It therefore makes sense
to implement an adherence measure to detect a patient at risk of VF so that
adherence issues can be addressed early rather than waiting for a high viral
load (VL) or a dropping CD4 count. In this way, timely interventions may also

limit VL and GART testing and reduce the costs of more expensive regimens.

Pharmacy refill is an adherence measure where actual pharmacy refill dates
are compared with expected dates of refill. Determination of pharmacy refill
adherence may be implemented in public sector ART clinics, especially in
those where pharmacies are electronically recording dispensing. Pharmacy
refill is affordable and easily implementable and has the potential to be used
as an adherence tool to assist with the clinical management of patients on

second line ART.

This literature review is in two parts. The first part describes studies which
identify predictors of VF or virologic suppression (VS) in patients on second
line ART. We identified 11 peer reviewed observational studies of adult
patients describing factors associated with virologic outcomes on second line
ART, predominantly in low-middle income countries. The second part
describes studies illustrating the utility of pharmacy refill as an adherence
measure and defining its association with virologic and immunologic
response, survival and CD4 count monitoring. Of particular importance to our
study is the potential for pharmacy refill to be used as an adherence tool over
short periods to detect and predict VF. The highly cited work of Gross et al
[11,12] was used as a starting point for the literature review on short term
pharmacy refill and related references were taken from his papers. Some
literature which describes the advantages and disadvantages of other
adherence measures which may be used to assess adherence has also been
included. Our study is one of few which describes adherence in a cohort on
second line ART in a low-middle income country.



Part 1:
Studies identifying predictors of virologic outcome

on second line

Tables 1a and 1b illustrate the included studies. Nine of the eleven studies
reviewed were performed in low-middle income countries, including South
Africa, and the remaining two in high income settings, namely Europe [13]
and the United States of America (USA).[14] The findings of Napravnik et al
in the USA [14] should be interpreted with caution as about half the patients
in the cohort were started on a Pl as first line therapy and changed to either
an NNRTI, integrase inhibitor or second generation Pl as second line. Only
eight studies (Table 1b) examined adherence as a possible predictor of
virologic outcome. Six of the eight measured adherence using self report or
pill counts, which have been shown to overestimate adherence.[15] A
previous study, using an earlier cohort from the same clinic as our study,
used pharmacy refill as a measure of adherence, but this was calculated over
the total period since second line initiation. [16] Pharmacy refill measured
over the short term is more pragmatic as it requires less information to

calculate and provides insight into recent adherence trends.

Adherence has been shown to be a significant determinant of virologic
outcome on second line ART. [16—-20] A lower CD4 count at second line
switch was also found in several studies to be associated with a poor
virologic outcome.[13,14,18,19,21] In addition, a higher VL at second line
initiation has shown to either predict VF [13] or failure to achieve VS.[21]
Patients who delay switching to second line ART after confirmed VF on first
line are also at risk of subsequent VF on second line ART [13,22] Fox et al
[22] found that patients changed to second line ART for reasons other than
poor adherence were more likely to achieve VS. Murphy et al [16] found a
non-significant association between the final six months of adherence
measured by pharmacy refill on first line ART with >90% adherence in the
first 12 months of second line ART (OR: 2.5; 95% CI 0.7-8.6; p 0.15).

Pujades-Rodriguez et al [18] found, in a large multi-centre study in Africa and
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Asia, that changing one NRTI instead of two at second line switch was
associated with VF on second line ART. Furthermore, El-Khatib et al [5]
found that the lack of a refrigerator at home was also associated with VF on
second line ART, but during the period of study, lopinavir-ritonavir was
dispensed as Kaletra® capsules, which were not heat stable. Alluvia®, which
is a non-refrigerated lopinavir-ritonavir co-formulation was introduced in
South Africa in June 2008.

In summary, factors associated with VF on second line ART include the
presence of stage 4 conditions and a lower CD4 count at second line
initiation. Patients who take a longer time to switch to second line ART on a
failing first line regimen as well as patients who demonstrate poor adherence
on second line ART are at risk of VF. Regimen potency is an additional factor
that may be associated with virologic outcome on second line ART. There is
a need for further studies in low-middle income countries with good
adherence data and longer follow up durations, which will assist clinicians at
the point of care to detect patients at risk of developing VF on second line
ART.

Part 2:

Utility of pharmacy refill as an adherence measure

Adherence at ART clinics has traditionally been assessed by self-reports or
pill counts, but these have shown to overestimate adherence.(15) Electronic
drug monitoring (EDM) has been shown to correlate well with VS [24] but is
expensive and requires active participation by the patient to ensure that
adherence is recorded correctly[15] The EDM instrument is bulky and needs
to be brought to each clinic visit so that the adherence data can be
electronically downloaded. EDM is also not suitable for patients who use
adherence aids such as pillboxes. Differentiating periods of non-use (e.g.
hospitalisation, incarceration) from periods of non-adherence can be difficult.
In addition, EDM does not provide information regarding pill-taking behaviour
and is best used when combined with other adherence measures.[25] TDM is

a direct adherence measure but is expensive and has limited availability.
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Random serum TDM only provides a “snapshot” of a patient’'s recent
adherence as the plasma half-life of lopinavir in the currently used
lopinavir/ritonavir formulation is 5-6 hours.[10] TDM may also overestimate
adherence if a patient only takes his/her pills in the days leading up to the
clinic visit — so called “white coat adherence”.[26] Non-standard procedures

for collecting, testing and interpretation also remain a concern.[15]

Pharmacy refill is an adherence measure which has been suggested as an
appropriate adherence measure in low-middle income settings.[27] There are
several different methods to calculate pharmacy refill adherence. A
medication possession ratio (MPR) is a measure of pharmacy refill which
describes a patient’s drug exposure and has traditionally been described
over the long term since regimen initiation. An MPR may be calculated by
dividing the number of days of medication supplied since the patient started
the regimen (numerator) by the number of days in the same time period
(denominator) and multiplied by 100 to obtain an overall percentage
adherence.[28] A cruder method of calculating an MPR is by dividing the
number of refills since regimen initiation by the number of months in the
same time period.[14] MPRs account for oversupply as there may be more
days/refills of tablets dispensed than days/months in the time period resulting
in an MPR of >1. MPRs over shorter time periods are advantageous from a
clinical management point of view.[29] Short term refill data provides
enhanced insight into recent adherence trends and is also easier to calculate
as less refill information is required. A prescription-based measure of
adherence, which is an indirect measure of pharmacy refill, was recently
used in a large study of 1632 patients in the UK,[30] where short term
adherence over 6 months was shown to correlate with the occurrence of viral
rebound (9% decrease in viral rebound risk for every 10% increase in
adherence (RR: 0.91; 95%Cl, 0.87-0.95).

Pharmacy refill has been shown in numerous studies to correlate with VS,
[27,31-34] immunologic outcomes,[35] development of DRM [36], and
survival [37,38], and is increasingly being used in ART clinics in low-middle

income countries as a cost-effective and easily implementable adherence
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measure. Advantages include being obtainable from electronic records and
being less susceptible to deception. The disadvantages of pharmacy refill
data are that it cannot monitor pill-taking behaviour and assumes that
patients have only one source for their medications.[15] Pharmacy refill may
also not be useful if refills are sent automatically and may not be appropriate
for patients who receive several months of medication at regular

intervals.[15]

Nachega et al [33] conducted a retrospective observational cohort study on
2821 ART naive patients >18 years of age starting an NNRTI-based regimen
between January 1998 and December 2003 from Aid for AIDS (AFA), a
Southern African private sector disease management programme serving
nine countries in Southern Africa. Adherence was assessed using monthly
pharmacy refill claims since regimen initiation. Each 10% increase in
pharmacy refill claim adherence greater than 50% correlated with a mean
absolute increase of 0.10 in the proportion of patients with sustained VS. The
association of pharmacy refill using MPR with VF was also demonstrated in a
sub-analysis of 79 patients who initiated second line therapy in Peru.[39] For
every 10% increase in MPR, there was an associated decrease in hazard
ratio for VF on second line ART (HR=0.88; 95 ClI, 0.77-0.99).

Grossberg et al [31] also demonstrated that pharmacy refill is associated with
VL change and showed self reported adherence to be less sensitive to
detecting poor adherence than pharmacy refill data. 110 HIV positive patients
were enrolled from a Veterans’ Affairs Medical Centre (VAMC) in
Philadelphia, Pennsylvania, USA in an observational cohort study. Each
patient completed a self report adherence questionnaire and pharmacy refill
data was extracted from the centre’s electronic database over the three
month period prior to each VL taken. Only the pharmacy refill measure was
significantly —associated with VL change. The VL decreased
by 0.12 logqo copies/ml for each 10% increase in pharmacy-based refill
defined adherence compared with 0.05logyy copies/ml for each 10%

increase in self reported adherence.



Pharmacy refill data has also been shown to correlate well with survival.
Nachega et al [38] analysed the outcome of more than 6000 ART naive
patients > 18 years of age who initiated first line ART in the AFA programme.
Patients with <80% adherence determined by pharmacy refill had a three
times decreased survival compared with those who had >80% adherence
after adjusting for baseline variables. (HR:3.23; 95%CI, 2.37-4.39; P<0.001).

Pharmacy refill data has also shown to be more accurate than the use of
CD4 count monitoring (which is recommended by WHO as an alternative
measure to identify treatment failure), [8] to detect patients in VF in resource
limited settings. Bisson et al [40] conducted an observational cohort study on
1982 adult patients who initiated an NNRTI based regimen in the AFA
programme. The primary endpoint was VF defined as >1000 copies/ml at six
or twelve months after ART initiation or rebound viraemia (>1000 copies/ml)
after an initial viral suppression of <400 copies/ml. Pharmacy refill adherence
was calculated by dividing the number of refill claims since ART initiation by
the number of months between ART initiation and the primary endpoint.
Pharmacy refill outperformed CD4 count measurements in the ability to
detect patients in current VF in the first year following ART initiation.
Furthermore, pharmacy refill performed equally with CD4 count monitoring to
detect breakthrough viraemia. In addition, pharmacy refill measurements
recorded three months before a VL was taken were equally as effective as
CD4 count monitoring between initiation and the time a VL was taken to
detect VF. This suggests that short term pharmacy refill data is a promising

alternative to detect current as well as future VF.

The time period of pharmacy refill that is best associated with virologic
change was studied by Acri et al [11] who showed that refill adherence
measured a minimum of 90 days before a VL is taken, correlates best with
VL change. 110 patients who had been on ART for a minimum of three
months were recruited from the VAMC in Philadelphia, USA. The four most
recent refills of the index drug (Pl, NNRTI or abacavir) were obtained from
the electronic database. The dates of pharmacy refills over the 90 day supply

preceding the date of participant enrolment were used to define the
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adherence intervals (30, 60 or 90 days). An MPR was calculated by dividing
the number of days supply by the number of days between refills and
multiplying by 100 for each of the supply intervals. Each supply interval was
then correlated with a log change in VL. This study also showed that shorter
durations of pharmacy refill (e.g. 30 days) correlate well with a change in VL.
However, only the 30 day interval beginning a minimum of 90 days prior to
the VL of interest correlated with VL change. 30 day refills taken more
proximally to a VL are poorly associated with VL change and could over-call
imperfect adherence leading to unnecessary adherence interventions.
Although this study was limited by a small sample size, the ability of short
term pharmacy refill to predict VF has been validated in larger cohorts on first

line therapy.[12]

In conclusion, it has been shown that short term pharmacy refill data on first
line therapy can be used to predict VF. This has not been shown in patients
on second line ART in a low-middle income setting. Using a cohort on
second line ART at an ART clinic in Kwazulu-Natal, South Africa, we have
studied risk factors for VF and correlated differing measures and durations of
pharmacy refill extracted from the clinic’s electronic database with virologic
outcome, in order to create a pragmatic adherence tool for use in ART

clinics.



Table 1a:

Studies describing factors associated with virologic

suppression (VS) or virologic failure (VF) on second

line (adherence not measured)

Ref Cohort VS/VF rate Significant factors
(22) 328 VSat1yr: Patients switched to second line | HR:1,9
203/262 (77%) before awaiting 2 high VLs 95% CI 1.08 - 2.61
Second line switch for reasons HR:1,83
other than poor first line 95% Cl1 1.14 -2.93
adherence
[23] 210 VS at 1 yr: 78/128 No significant associated factors
(39 children) (60.9%) on multi-variate analysis
[13] 2042 (triple class VF Lower CD4 at second line HR 1.70
over 5 yrs): switch (<50) 95% CI1 1.38 - 2.11
575/2042
(28.2%)
Higher VL at second line switch HR 1.86
(VLIog10 >6) 95% Cl 1.30 - 2.67
VF rates lower in homosexual HR: 1; reference
men
VF rates lower in patients who aHR: 1.43
spent less time with a high VL on | 95% CI 1.11 - 1.84
first line awaiting second line
switch
(3-6 months vs 0-3 months)
[14] 488 VF at 6 months: Lower CD4 count at second line Relative HR 0.82

12% (detectable
VL at switch);
17% (undetectable
VL at switch)

switch

Lower VF rates in more recent
calendar years (2008-2010
vs1996-1998)

95% CI10.75-0.8

Relative HR: 0.40
95% CI1 0.15-1.00




Table 1b:
Studies describing factors associated with virologic

suppression (VS) or virologic failure (VF) on second

line (adherence measured)

Pat. | Adherence Factors associated with
Ref No measure VSIVF rate VFIVS
17) 243 Self report VF at1yr » 30day OR: 2.90
0,
(9.6%) adherence <95% 95% Cl1 1.12 -7.54
» Younger age OR: 0.94
95% C10.90 - 0.98
» Stage 4 conditions at OR: 2.44
second line initiation 95% C1 0.97 -6.17
[21] 205 Self report; VS at » Younger age aRR: 0.89
(417) Clinician 15months: (per 5 year increase) 95% CI10.79 - 0.95
reported 98 (48%)
adherence » Lower log VL at second | aRR:1.59
line initiation (<4 vs > 5) | 95% CI 1.09 - 2.34
> 212 Self report; VS at15 »  Shorter duration of aRR: 1.22
417) Clinician months: viraemia on first line 95% C11.03-1.44
reported 152 (72%) ART (<12months vs
adherence >12months)
» Higher CD4 at second aRR: 1.16
line switch (>200) 95% C10.88 - 1.52
> Patients transferred into | aRR: 1.33
programme already on | 95% CI 1.11 - 1.61
ART
[5] 115 Self report VF 37 (33%) » Attending a public vs an | OR: 4.60

NGO clinic

» Not having a refrigerator

at home

95% Cl1.8-11.3

OR: 6.7
95% Cl 1.2 - 37.5)
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[16] 165 Long term VF: +/-25% Poor adherence only OR: 2.5 per 10%
pharmacy at each 6 significant risk factor for | increase adherence
refill (MPR) month follow VF 95% Cl1.3-4.8
since second up
line initiation
[18] 632 Adherence VF at Lower Al (383.5 vs 176 IRR: 3.14
index (Al): 6months: per 1000 person yrs; 95% C1 1.67 - 5.90
percentage of 119/632 <80% vs > 95%)
clinic visits (18.8%) changing 1 NRTI IRR: 0.64
attended instead of 2 at second 95% Cl1 0.42 -0.96
without delay line start (179.2 vs
251.6 per 1000
person yrs)
lower CD4 at second IRR: 1.61
line switch 95% C1 1.01 - 2.57
(<50 vs >200: 289.5 vs
173.6 per 1000
person yrs)
Higher VF rates in 6-17 | IRR; 1.90
months after second 95% CIl 1.19 - 3.02
line start vs
> 18 months
(250.0 vs 123.2 per
1000 person years)
[19] 95 Self reports VS by 6 Higher adherence HR:2,94
and pill months:54/9 95% C1 1.60 - 5.39
counts 5 (67%) lower CD4 at second HR:1.13
line start 95% C11.03 - 1.24
lower CDC classification | HR:3.11
at second line switch (A | 95% CI 1.48 - 6.55
vs C)
[20] 101 Self report VS at Adherence only OR:5.70
and pill count 1 year: 95% Cl 1.16 - 27.93
86/101
(85.2%)

HR: Hazard ratio; aHR: Adjusted hazard ratio; OR: Odds ratio; aRR: Adjusted relative risk ratio;
IRR: Incidence rate ratio; * workplace programme ;**community programme
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ABSTRACT

Background

Most patients who experience virologic failure (VF) on second line
antiretroviral therapy (ART) in low-middle income countries fail due to poor
adherence rather than antiretroviral resistance. A simple adherence tool
designed to detect VF would conserve resources by rationally limiting need
for viral load (VL) testing and, in those countries with access to third line

ART, the need for resistance testing.

Methods

We conducted an observational cohort study of patients who initiated second
line ART at a clinic in Kwazulu-Natal, South Africa. Using clinical and
pharmacy refill data extracted from the clinic’'s electronic database, we
determined risk factors for VF. Three different methods of calculating short
term pharmacy refill adherence were evaluated and compared with long term
adherence since second line initiation. We also explored the ability of
differing durations of short term pharmacy refill to predict VF on second line

ART.

Results

We included 274 patients with a median follow up of 27 months on second
line ART. VF ranged between 3% and 16% at the end of each six month

period after initiating second line ART. 243 patients with at least one VL after



4 months on second line were analysed in the statistical analysis. Pharmacy
refill adherence assessed over shorter periods (4 to 6 months) predicted
virologic suppression as well as pharmacy refill assessed over longer
periods. The risk of VF fell 73% with each 10% increase in adherence
measured from pharmacy refills over a 4 month period. Low CD4 count at

second line ART initiation was a significant independent risk factor for VF.

Conclusion

Patients identified as poorly adherent by short term pharmacy refill are at risk
for VF on second line ART. This pragmatic adherence tool could assist in
identifying patients who require adherence interventions, and help rationalize
use of VL monitoring and resistance testing among patients on second line

ART.
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BACKGROUND

Approximately 500 000 people in low-middle income countries were
estimated to be on second line protease inhibitor (Pl)-based ART in 2012,
and this number is expected to increase exponentially.[1] A systematic
review reported virologic failure (VF) rates on second line ART in resource-
limited settings to be as high as 38% after 3 years.[2] Risk factors for VF on
second line ART include a lower CD4 count and the presence of WHO
clinical stage 4 conditions at second line switch,[3—6], a longer duration
between confirmed VF on first line and initiating second line, [7] changing
one nucleoside/nucleotide reverse transcriptase inhibitor (NRTI) instead of
two at second line ART initiation,[8] and poor adherence on second line
ART.[9] The majority of patients with VF on second line ART have no major
Pl mutations, indicating that VF in most cases is not the result of
antiretroviral resistance.[10—12] Identifying which patients on second line
ART are at risk of developing VF will allow earlier implementation of
adherence interventions and may rationalize the use of VL monitoring, which
is not widely available in many low-income countries. The development of
policies for a third line ART regimen is regarded as a priority by the World
Health Organization (WHO).[13] Empirically switching patients failing second
line ART to third line ART, which is currently expensive, would be a waste of
resources as most patients do not have antiretroviral resistance. Switching to
third line ART should ideally be guided by genotype antiretroviral resistance

testing (GART), but this is currently expensive and has little availability in



resource limited settings. A simple predictor of VF on second line ART could

also be useful in selecting patients who may benefit from GART.

Pharmacy refill is an adherence measure, which has been shown to correlate
well with survival and virologic suppression.[14—16] A recent study from our
group (of an earlier cohort from the same clinic from which the cohort used in
the current study was obtained) showed that adherence measured by
pharmacy refill correlated with virologic suppression on second line ART, but
this was based on average adherence since starting second line.[9] A more
pragmatic measure would be to assess adherence over the short term, which
has been shown to predict VF in a small study in a high income country

setting.[17]

We investigated the association between short term adherence, assessed by
pharmacy refill, and VF in patients on second line ART at a clinic in Kwazulu-
Natal, South Africa, in order to develop a clinical tool for use in ART

programmes in low-middle income settings.

METHODS

Study Population and Setting

The McCord Hospital ART clinic, “Sinikithemba” meaning in Zulu “we give
hope”, provided HIV care for patients from Durban and surrounding areas in
Kwazulu-Natal, South Africa with financial support from the President’s
Emergency Plan for AIDS Relief and the South African Department of

Health. Approximately 8200 adults and 1200 children received ART at the



clinic until its closure in February 2012. The clinic followed national
recommendations, which at the time included VL and CD4 count monitoring
six-monthly after ART initiation. During the period of study, the standard
South African second line regimen consisted of lopinavir/ritonavir with two
NRTIs. As per WHO guidelines, second line initiation occurred either for
toxicity/intolerability of first line drugs or for confirmed VF on first line
ART.[13] Patients identified with VF on second line ART (>1000 copies/ml)
after a minimum of six months of therapy, were referred for adherence

counselling with a repeat VL measurement after three months.

Inclusion and exclusion criteria

We identified HIV-infected adults over 18 years of age who initiated second
line ART following VF on first line ART between August 2003 and June 2011.
Patients who switched to second line ART for reasons other than VF on first
line were excluded. In an exploratory analysis we discovered several patients
with suppressed VL despite zero adherence, indicating that they were
obtaining ART from another site. For the statistical analysis, we therefore
excluded patients with suppressed VL following a four month period of null

adherence.

Clinical and demographic data was extracted from the clinic’s electronic
database. including age, sex, CD4 and VL responses, and duration on
second line ART. The date of each pharmacy refill as well as the number of
pills dispensed was also recorded. A 30 day supply of medication was
routinely dispensed with pharmacy refills scheduled after 28 days. Stable

patients with virologic suppression were occasionally given 60 or 90 days of
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medication with an appropriate follow up interval. Missed pharmacy refill

dates resulted in a reminder telephone call from the clinic.

Study design

We conducted a retrospective observational cohort study of patients who
initiated second line ART after confirmed VF on first line. We analysed the
relationship between short term adherence measured by pharmacy refill and
virologic suppression. We identified factors associated with VF and
evaluated three different short term measures of pharmacy refill adherence
and compared them with long term adherence measured from second line
ART initiation. In addition, we explored the optimum duration of short term

refill which correlated best with a virologic response.

Statistical Analysis

We performed all statistical analyses in Stata version 13. The pharmacy refill
period before each VL (after a minimum of 4 months on second line ART)
was used to analyse the relationship between pharmacy refill adherence and
virologic suppression. We ensured that our method accommodated patients
who had collected more than 30 days of medication at a single visit within the
period being assessed. The association between pharmacy refill adherence
and virologic suppression was evaluated using Receiver Operator
Characteristics (ROC). We compared several methods of calculating
adherence from pharmacy refill data over differing periods. We assessed
both short term (from 3 to 12 months) and long term pharmacy refill (from

second line initiation). We truncated adherence over 100% for all methods.



Short term adherence was expressed as a percentage and calculated using
three different methods, termed “interval gap”, “interval average” and

“‘interval crude”. “Interval crude”, was calculated by dividing the number of
pharmacy refills within the interval (numerator); by the number of months
within the interval (denominator). “Interval average”, which is similar to a
method published in a previous study on short term pharmacy refill
adherence,[15] was calculated as follows: number of days of medication
dispensed within the interval, plus the accrued days of medication from the
last dispensing event prior to the interval, less the unused days of medication
from the last dispensing event within the interval (numerator); divided by the
number of days with the interval (denominator). “Interval gap” is a new short
term pharmacy refill adherence measure we created to account more
accurately for gaps in medication days. The “interval average” method may
over-estimate adherence, because patients receive 30 days’ supply at
scheduled dispensing events every 28 days, therefore, if patients have a gap
without medication but then attend subsequent scheduled dispensing events,
the accrued two day supply for each dispensing event within the interval will
be included in the numerator, reducing the days of medication missed. For
each day within the interval, we determined whether the patients had
medication according to the pharmacy refill data, allowing accrued tablets
from the last dispensing event prior to the interval as with the “interval
average” method. “Interval gap” was calculated as follows: the number of
days within the period, less the number of days that the patient did not have
medication (numerator); divided by the number of days within the period

(denominator). Long term “overall” adherence was determined by dividing



the total number of days of medication dispensed since second line initiation
(numerator), by the total number of days since second line initiation prior to

the VL of interest (denominator).

Associations between virologic suppression and the different adherence
measures were determined using the area under the curve derived from
receiver operating characteristic (ROC) analyses, assessed over differing
interval durations prior to a VL of 3 to 12 months. The best performing short
term adherence measure and interval duration prior to a VL was then
selected for subsequent analyses. We determined the association between
virologic suppression and the identified variables in a multivariate logistic
regression model. The variables included age, sex, CD4 and log VL at
second line initiation, duration on second line, and adherence measured by
short term pharmacy refill prior to a VL. Missing CD4 and VL values at
second line initiation were imputed. The square root of the CD4 was used to

attenuate the effect of higher values.

Ethics

This study was reviewed and approved by the University of Cape Town
Human Research Ethics Committee and the McCord Research Ethics

Committee.

RESULTS

Two hundred and ninety one patients met the inclusion criteria for the study,

but there was missing data in 17 patients, who were excluded. The baseline



characteristics of the 274 included patients are shown in table 1. The
proportions of patients with virologic suppression and VF over time on
second line are shown in table 2. For the subsequent analyses, we excluded
21 patients who had no VL data =24 months after starting second line and a
further 10 patients who had suppressed VL following a 4 month period of

zero adherence, leaving 243 patients.

Adherence measured by the “interval gap” method out-performed both the
‘interval average” and ‘“interval crude” methods (figure 1). Adherence
measured by the “interval gap” method performed similarly over all of the
interval durations assessed, with overlapping 95% confidence intervals of the
ROC area under the curve. We chose 4 months of adherence measured by
the “interval gap” method for subsequent analyses as a pragmatic time
period to implement in clinics, considering that achievement of virologic
suppression on a new regimen is usually attained by 4 months. Short term
pharmacy refill measured 4 months prior to a VL predicted virologic
response, with higher rates of adherence achieving superior virologic
suppression (figure 2). Adherence measured by the “interval gap” method
was equivalent to long term “overall” adherence at predicting virologic

suppression (<400 copies/ml) — figure 3 (addendum).

Significant risk factors for VF on multivariate analysis were poor adherence
measured by 4 months of “interval gap” pharmacy refill proximal to a VL and

a lower CD4 count at second line initiation (table 3).
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DISCUSSION

We have demonstrated that short term adherence measured by pharmacy
refill was the strongest predictor of VF on second line ART. Short term
pharmacy refill adherence was also associated with virologic suppression
with an “adherence dose response” relationship. Our study is one of few
which have evaluated adherence on second line ART and is novel in that
adherence was measured over the short term. We found that the “interval
gap” method, which is a method not previously used for calculating ART
adherence from pharmacy refills, outperformed the usual methods that
average adherence over an interval. We observed a trend towards an
association between longer duration of second line ART and risk for VF, but
this was not statistically significant. We found an association between lower
CD4 count at the time of starting second line ART and VF on second line
ART, which adds support to data showing that second line outcomes are
improved with early detection of failure of first line ART and prompt initiation

of second line ART before immunological deterioration.[18]

A previous report of an earlier cohort from the same clinic as the present
study,[9] reported an association between virologic suppression on second
line ART and adherence measured by pharmacy refill over the long term
since second line ART initiation. Pharmacy refill as an adherence measure
over shorter time periods is more pragmatic and implementable.[19] In our
study short term “interval gap” refill performed similarly to long term “overall”
refill on ROC analysis, and out-performed other methods of determining

short term adherence using pharmacy refills. We explored the ability of
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differing durations of pharmacy refill from three to twelve months to predict
VF: “interval crude” and “interval average” performed better with longer
durations, but the best performing method, “interval gap”, performed similarly
over all of the interval durations assessed. Grossberg et al demonstrated that
a 90 day period of pharmacy refill was associated with VL change,[19] but
refill periods shorter than 60 days may overcall imperfect adherence leading
to unnecessary clinical interventions.[17] We found that 80% adherence by
pharmacy refill over 4 months appeared to be a threshold for predicting
virologic suppression (figure 2). However, there were small numbers of
patients in the lower adherence strata, which limited our ability to determine
a threshold. Others have reported an increased risk of VF with adherence
<80% in observational studies of patients on boosted Pl regimens.[8,20] A
threshold of 80% adherence measured by pharmacy refill in the previous
4 months could be used to identify patients needing enhanced adherence
support and rationalise use of VL testing in resource-limited settings. Most
patients on second line ART experiencing VF were able to achieve virologic
suppression with intensified adherence support in a study at a clinic in South
Africa.[21] VF on second line ART is likely a result of poor adherence rather
than resistance as several studies have found a low proportion of major
Pl mutations in patients with VF on second line ART.[10-12] Unfortunately,
as a result of high cost, the routine use of GART in patients with VF on
second line will not be widely available in most low-middle income countries.
Van Zyl et al [12] suggested an algorithm to select patients in VF on second
line for GART using lopinavir plasma and hair therapeutic drug monitoring.

However, these pharmacokinetic measures are costly (although less costly

12



than GART) and have extremely limited availability in resource-limited
settings. By contrast, short term adherence measured by pharmacy refill can
be easily implemented, especially in clinics with electronic dispensing,
without incurring large additional costs. VL monitoring could also be limited in
patients who are clinically well and demonstrate good adherence by short

term pharmacy refill.

Our study has several limitations. First, the rate of VF on second line in the
McCord clinic was lower than reported in a recent systematic review of
second line treatment outcomes in resource limited settings, possibly due to
a high physician/nurse to patient ratio and reliable antiretroviral drug
supply.[2] Therefore the findings may not be generalisable to public sector
ART clinics in other settings. Second, during the study period there were
several changes to the drug regimens used in second line therapy including
the use of zidovudine in the NRTI backbone instead of didanosine which had
specific dosing instructions and heat-stable Alluvia® instead of Kaletra® as
the boosted protease inhibitor. Consequently, the new second line ART
regimen is easier to take which may have improved adherence in more
recent calendar years. Third, we excluded patients with zero adherence and
suppressed VL on the grounds that they must have been collecting ART at
another clinic. However, we had no way of determining this and it is possible
that other patients may also have collected ART at other clinics, which would
weaken associations between adherence and the virologic outcomes we
assessed. Fourth, we lacked power for some of the associations we
assessed, notably the duration of second line ART and risk for VF, and the

determination of an adherence threshold for virologic suppression.
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In conclusion, short term pharmacy refill is an easily implementable
adherence measure that can be used in ART clinics to identify patients at
risk of VF on second line ART. Future studies need to be conducted in larger
cohorts from clinics with a range of virologic outcomes in order to determine
a threshold of adherence for predicting virologic response and to evaluate
whether VL testing and GART could be limited to patients with better

adherence.
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Figure legends

Figure 1. Area under the receiver operator characteristics curve comparing
“‘interval gap”, “interval average” and “interval crude” short term pharmacy
refill methods over varying durations prior to the viral load of interest. Error

bars denote 95% confidence intervals.
Figure 2. Pharmacy refill adherence, measured by the “interval gap” method

over 4 months, and virologic suppression. Error bars denote upper 95%

confidence intervals.
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TABLE 1
Patient characteristics at initiation of second line ART

(numbers in parentheses = interquartile range).

No of females/males 149/125
Median age in years 35 (32-42)
Median CD4 at baseline (n=251) 174 (107 — 265)
Median log4o VL at baseline

(n=261) 41(3.6-4.7)
Median no of months followed up 27 (15 —-47)
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TABLE 2
VL suppression over time. Note that the 6 monthly VL
data reflect a window (e.g.a VL between 9 and

15 months was categorised as a 12 month VL).

Months after starting second line

6 12 18 24 30 36 42 48
No of
patients in 252 228 180 146 112 87 72 54
care
No with VL
results 223 197 160 124 97 78 69 45
No with VL 159 155 115 97 77 58 48 33
<50 (71%) | (79%) | (72%) | (78%) | (79%) | (74%) | (70%) | (73%)

No with VL 195 169 132 107 88 69 60 40

<400 (87%) | (86%) | (83%) | (86%) | (91%) | (88%) | (87%) | (89%)
No with VL 22 26 26 16 7 7 2 4
>1000 (10%) | (13%) | (16%) | (13%) | (7%) | (9%) | (3%) | (8%)
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TABLE 3
Factors associated

second line ART

with VF among

patients on

Univariate Multivariate
Variables Odds ratio value | Adiusted odds ratio p-
(95% CI) P (95% CI) value
Adherence over 4 months
(per 10% increase) -0.46 (-0.66 to -0.26) <0.001 | -0.73 (-1.34 t0 -0.12) <0.001
First year referent referent
Time on second line ART
After first year | 0.26 (-0.29 to 0.80) 0.358 | 1.05(-0.12 to0 2.23) 0.078
Male 0.72 (-0.21 to 1.66) 0.131 | 0.93 (-0.53 to 2.39) 0.214
Sex
Female referent referent
<26 1.7 (-2.16 to 5.57) 0.387 | 2.28 (-1.98 to 6.55) 0.294
Age (years)
226 referent referent
Loguo Viralload 0.31 (-0.26 to 0.87) 0.286 | 0.53 (-0.36 to 1.43) 0.244
(copies/ml) at baseline
Square-root CD4 -0.23 (-0.36 to -0.11) <0.001 | -0.22 (-0.35 to -0.09) <0.001

(cells/uL) at baseline
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FIGURE 2
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PART C: ADDENDUM

FIGURE 3

Area under the receiver operator characteristics curve comparing two
different methods of short term pharmacy refill, “interval gap” and “interval
average” with long term “overall average” pharmacy refill methods over
varying durations prior to the viral load of interest. Error bars denote 95%

confidence intervals.
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