1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2018 November 01.

-, HHS Public Access
«

Published in final edited form as:
J Acquir Immune Defic Syndr. 2017 November 01; 76(3): 330-337. doi:10.1097/QAl.
0000000000001503.

Implementation of a Novel Adherence Monitoring Strategy in a
Phase lll, Blinded, Placebo-Controlled, HIV-1 Prevention Clinical
Trial

Marla J. Husnik, Elizabeth R. Brown, Mark Marzinke, Edward Livant, Thesla Palanee-
Phillips, Craig Hendrix, Flavia Matovu Kiweewa, Gonasagrie Nair, Lydia E. Soto-Torres,
Katie Schwartz, Sharon L. Hillier, and Jared M. Baeten for the MTN-020 ASPIRE Study Team
Statistical Center for HIV/AIDS Research and Prevention, Fred Hutchinson Cancer Research
Center, Seattle, USA (MJH, ERB); Johns Hopkins University, Baltimore, USA (MM, CH); Magee-
Womens Research Institute & Foundation, Pittsburgh, USA (EL); Wits Reproductive Health and
HIV Institute, University of the Witwatersrand, Johannesburg, South Africa (TP-P); MUJHU
Research Collaboration, Kampala, Uganda (FMK); Center for AIDS Programme of Research in
South Africa, Durban, South Africa (GN); National Institutes of Health, Bethesda, USA (LES-T);
FHI 360, Durham, USA (KS); University of Pittsburgh, Pittsburgh, USA (SLH); University of
Washington, Seattle, USA (JMB)

Abstract

Background—~Placebo-controlled HIV-1 prevention trials of pre-exposure prophylaxis (PrEP)
have not generally used concurrent measurement of adherence due to the potential risk of
unblinding. However, several PrEP trials for HIV-1 prevention among women failed to show
effectiveness due to low product adherence. Evaluation of product adherence objectively during a
study provides the opportunity for strengthening adherence activities at sites having low
adherence.

Methods—During MTN-020/ASPIRE, a phase 111, placebo-controlled trial of the dapivirine
intravaginal ring, we implemented an adherence monitoring system. Monitoring began in Quarter
1 (Q1) 2013 and continued through the conclusion of the trial. Blood plasma was collected
quarterly and tested for dapivirine concentrations while maintaining blinding among study team
members involved in participant management. Dapivirine concentrations > 95 pg/mL, reflecting >
8 hours of continuous use, were assessed as signaling product use. Study leadership monitored
results on a monthly basis and provided feedback to site investigators. Experiences were shared
across sites to motivate staff and counsel participants to strive toward higher adherence levels.
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Results—An upward trend in adherence was observed (p < 0.0001); the proportion of samples
from subjects in the active arm with dapivirine > 95 pg/mL increased from 63% in Q1 2013 to
84% by Q1 2015.

Conclusions—Ongoing drug level testing as a marker of adherence in MTN-020/ASPIRE
demonstrates the feasibility of real-time adherence monitoring while maintaining study blinding at
the level of participants, sites, and study leadership. This approach is novel for large-scale
effectiveness studies for HIV-1 prevention.
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Introduction

In Africa and worldwide, women account for more than half of all people living with HIV-1,
and young women in Africa can often face strikingly high HIV-1 risk.} Development of
effective prevention options for women is thus a global health priority. Over the past decade,
a number of studies have evaluated novel antiretroviral-based prevention strategies,
including topical vaginal microbicides and oral pre-exposure prophylaxis (PrEP), for HIV-1
prevention in young African women. In three placebo-controlled, pivotal studies of oral
tablet and vaginal gel formulations of the antiretroviral agent tenofovir among young
African women, adherence to the investigational products was extremely low and HIV-1
protection was not seen,2~* in contrast, these products demonstrated efficacy for HIV-1
protection in other studies where adherence was higher.>-10 Although all of these PrEP
studies used multiple methods to evaluate product adherence while the trials were ongoing,
including self-reported use and counts of unused study product returns, those approaches
were subsequently found to have substantially over-estimated adherence, when compared
with measurement of the active investigational medication in plasma or cervicovaginal
fluids.2~* The surprising blood and cervicovaginal testing results were not consistent with
pre-study expectations that the target population had a high willingness to adhere to product
use.l1

The discovery of very low adherence on biologic samples tested after completion of
tenofovir-based prevention trials among women was a surprise to the HIV prevention field,12
as an implicit assumption of randomized trials has been that study participants who regularly
attend monthly study visits, have pregnancy and HIV testing, and receive risk reduction and
product adherence counseling will also use investigational study products. Moreover, no
difference was seen in women’s tendency to accurately report non-adherence at the study
termination visit and at routine follow-up visits underscoring that women in resource limited
settings often join studies for the benefits of study participation and fear that by revealing
product non-use their study participation could be jeopardized.13 Strategies to evaluate
adherence objectively during the study provides an opportunity for study investigators to
strengthen adherence counseling, adjust study enrollment at some sites, or even terminate a
study if low adherence suggests futility. However, blinded, placebo-controlled HIV-1
prevention clinical trials have not generally implemented real-time monitoring of adherence
using measures of the active investigational medication due to the costs and the potential risk
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of unblinding of study leadership, clinical staff, and participants to randomization arm
assignments.

An intravaginal ring containing the antiretroviral agent dapivirine was developed as a novel
topical microbicide and tested in phase I-111 trials,14-17 including two recently-completed
phase 111 trials, MTN-020/ASPIRE18 and IPM 027/The Ring Study.® Within the MTN-020/
ASPIRE trial, we implemented an adherence monitoring system, concurrent with the
conduct of the trial, using measurement of dapivirine concentrations in plasma as an
objective adherence marker. Here we describe and assess the effectiveness of this adherence
monitoring system.

Population and study procedures

The MTN-020/ASPIRE study was a randomized, double-blind, placebo-controlled phase 111
safety and effectiveness trial of a vaginal matrix ring containing dapivirine for the prevention
of HIV-1 infection in African women (ClinicalTrails.gov number NCT01617096). Study
design, methods and results are described elsewhere.18:20 In brief, study enrollment began in
August 2012 and was completed in June 2014 at 15 sites in four countries (Malawi, Uganda,
South Africa, and Zimbabwe); follow-up was completed in June 2015. At enroliment,
participants were randomized in a 1:1 fashion to blinded active dapivirine vaginal ring or
placebo. Thereafter, they attended monthly follow-up visits at which HIV-1 serologic
testing, product resupply, and questionnaire-based assessments of sexual behavior and
adherence were completed. Plasma samples to be used for measurement of dapivirine
concentrations were collected and archived on a quarterly basis.

At the enrollment visit, participants were taught how to insert and remove the vaginal ring,
and clinic staff confirmed via a digital examination that the ring was properly in place prior
to the participant leaving the clinic. Clinic staff counseled participants to leave the ring in
place throughout the four week period between scheduled monthly follow-up visits and to
return to the clinic with the ring in place at their next monthly visit. Participants were
counseled to reinsert a clean ring any time it fell out or was taken out and to contact the
clinic to receive a new ring if needed. Other than male or female condoms and tampons
during menses, the participant was told to avoid use of all other vaginal products, since they
could impact drug levels. Regular, ongoing ring use was stressed and additional rings were
provided if a participant anticipated not being able to attend a regularly scheduled monthly
visit. All sites received institutional review board approval and participants provided written
informed consent.

Rationale to initiate ongoing monitoring of adherence

Prior to initiation of MTN-020/ASPIRE, the study’s leadership team determined that an
adherence monitoring program concurrent to study implementation could prove beneficial to
the overall conduct of the trial. Such a program would have to preserve blinding to arm
assignments for investigators and participants, and otherwise maintain the overall integrity
of the study data. Prior to implementation, a standardized approach to monitor adherence
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during the study by testing plasma samples for dapivirine was designed and presented to the
trial’s independent Data and Safety Monitoring Board. During the first three months after
the study initiated, the adherence monitoring system was commenced. Importantly, seven
months after initiation of the MTN-020/ASPIRE study (March 2013), the results of the
MTN-003/VOICE trial were reported publicly, revealing very low adherence to tenofovir-
based PrEP as measured by objective levels of drug in blood plasma and reinforcing the
need for an adherence monitoring strategy for MTN-020/ASPIRE.2 Figure 1 displays a flow
diagram of the steps involved and entities responsible for implementation of the real-time
adherence monitoring system.

Specimen collection and shipping

The trial’s data center staff created lists of aliquots of blood plasma specimens, referred to as
specimen shipping lists. The shipping lists included both the active dapivirine and placebo
arm participants, and were based on specimens known in the trial’s database to have been
collected and archived from quarterly participant visits. The data center staff posted the
shipping lists to a secure website on a monthly basis where core laboratory staff retrieved
and sent them to the study sites. Site staff subsequently prepared shipments of plasma
samples and sent them to the core laboratory.

Specimen selection and testing

Prior to January 2014, all available plasma aliquots from both the active and placebo arms
were shipped from the core laboratory and tested at the pharmacology laboratory on a
monthly basis. Due to cost considerations, in February 2014, the data center created testing
lists containing randomly selected specimens by participant ID, visit and specimen ID, with
approximately 90-95% of available specimens from active dapivirine arm participants and
the remaining 5-10% from randomly-selected specimens from placebo arm participants. The
number of specimens was capped at 500 initially and later at 750, the maximum affordable
for testing in a month at the pharmacology laboratory. Core laboratory staff sent selected
specimens to the pharmacology laboratory where dapivirine testing was completed. The
relative proportions of active and placebo arm specimens were known only to the data center
staff.

Laboratory testing methods

Plasma specimens were tested using a validated ultra-high pressure liquid chromatographic-
tandem mass spectrometric (UHPLC-MS/MS) method.2! Lower (LLOQ) and upper
(ULOQ) limits of quantification for the assay were 20 pg/mL and 10,000 pg/mL,
respectively. Values below the LLOQ were reported as below the limit of quantification of
the assay; no results were above the assay ULOQ. The assay was validated in accordance
with the FDA, Guidance for Industry Bioanalytical Method Validation recommendations.??

Testing results processing

Pharmacology laboratory staff uploaded plasma test results to a secure data management
system where data center staff downloaded, conducted data quality checks, and linked
results to randomization arm assignments. Other members of the study team, including
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leadership and all site staff, did not have access to the raw or linked data. Instead, the data
center staff summarized results showing only the percentages and no sample sizes from
plasma samples among participants in the active arm where dapivirine was > 20 pg/mL and
> 95 pg/mL for each study site, and overall. The > 95 pg/mL level was chosen as an
indicator for use of the vaginal ring for at least eight hours, and to exclude those who
inserted the ring just prior to the study visit. Prior studies showed that plasma dapivirine
levels reached > 95 pg/mL with use of 8 hours or more.1®

Testing results summarization

On a monthly basis, data center staff prepared summary reports of the plasma dapivirine
results and communicated them to study leadership who, in turn, distributed the results to the
study site leadership. The data were presented across calendar quarters overall, and by study
site since interest was in changes in adherence behavior over calendar time. The first results
were shared with study sites in March 2013 and continued on a monthly basis for the
duration of the study. Figure 2 shows an example of how the tabular results were
summarized. Study site leadership were given only their site’s letter code and could see the
relative ranking of their performance over time in a blinded fashion. Only this summary
information was provided — no information on adherence by individual participants was
given, either to study site teams or to the study leadership. At the study sites, adherence data
were used to modify counseling messages, motivate staff, and create opportunities for
participant engagement in the research process. As reported previously, 18 adherence data
were also used to close enrollment at two sites where adherence and quality of study conduct
was suboptimal.

Preserving the study blind

At each step, preserving study blind was considered essential and only the unblinded
statistical staff within the data center had knowledge of the adherence results and
randomization arm assignment of individual subjects. Initially when all samples were
shipped, approximately equal numbers of specimens from active and placebo arm
participants were tested making identification of arm assignment impaossible. Later in the
study, specimens in the placebo arm were randomly distributed throughout specimen testing
lists using the parameters discussed previously, again making it impossible to identify a
participant’s arm assignment. The pharmacology laboratory staff who conducted the drug
level testing had sample identifying information based on test results only but did not have
contact with the study sites and only shared results directly with the data center. Thus, study
participants, clinical staff, site leadership, and study leadership remained blinded throughout
the entire adherence monitoring process.

Communications within the study team

Regular, on-going communications between and within organizations was required. A
weekly conference call was conducted between the core laboratory and the data center to
work through any challenges in sample identification, testing, and data processing.
Communications occurred regularly between the core, site and pharmacology laboratories,
and data quality checks were on-going between the data center and laboratories. In addition,
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the protocol coordination center organized a monthly call between study and site leadership
to discuss results.

Statistical analysis

To assess the feasibility of this adherence monitoring system, percentages of samples with
dapivirine detected are summarized overall by quarterly calendar time. Plasma results from
participants who were on a product hold or off product due to pregnancy are included.
Changes in adherence to ring use are assessed over calendar time using generalized
estimating equations with a logit link and exchangeable working correlation structure from
all available plasma dapivirine test results. Analyses were conducted in SAS, version 9.4
(SAS Institute).

Results

A total of 2,629 women were enrolled in MTN-020/ASPIRE. Their median age was 26 years
(IQR 22-31), and median follow-up was 1.6 years (IQR 1.1-2.3). From October 2012
through January 2014 all quarterly plasma samples were shipped and tested; 4,618 total with
2,322 in the active arm and 2,296 in the placebo arm. From February 2014 until the end of
the study in June 2015 only selected samples were tested; 8,548 total with 7,036 in active
arm and 1,512 in the placebo arm.

Adherence as defined by dapivirine levels of > 95 pg/mL of plasma steadily increased across
the 15 study sites (Figure 3). An upward linear trend was observed over calendar time, from
63% during Quarter 1 2013 to 84% during Quarter 1 2015 (p < 0.0001).

Discussion

In this phase 111, blinded, placebo-controlled study evaluating a vaginal ring containing 25
mg of dapivirine, a novel real-time adherence monitoring system was shown to be feasible
and the feedback and corrective actions taken as a result of this feedback were temporally
associated with improved adherence to vaginal ring use. Maintaining blinding to study
product assignments for study participants, site staff, and study leadership was considered an
essential aspect of the feasibility of this novel system, and was shown to be possible. The
success of the system also involved regular, on-going communication between the trial’s
data center, laboratories, study site staff, and study site leadership. To our knowledge, this is
the first example to report on the process for and outcomes of real-time adherence
monitoring in a blinded clinical trial of an HIV-1 prevention agent.

Other HIV-1 prophylaxis studies in African women have observed a strong relationship
between adherence and HIV-1 protection, with two prominent studies finding no protection
and very low adherence, which were only discovered after the trials were completed.2:3
Those studies did not conduct real-time adherence monitoring, thus did not have the
opportunity to modify their approaches to actively promote adherence, as was the case in
this study. The VOICE study, found that clinic-based product counts, face-to-face interviews
and audio computer-assisted self-interviewing widely overestimated adherence (86%, 90%,
88% respectively) compared to post-hoc testing of tenofovir levels in plasma (<30%).2
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Qualitative examination in the VOICE study and other studies found several factors that
influenced adherence to PrEP such as uncertainty of whether the investigational drug was
efficacious, ambivalence about randomization that included a placebo, differences in
participants’ perceived HIV risk, uncertainty about use of an antiretroviral drug for HIV
prevention, concerns about side effects, stigma, and partner support and/or acceptance of
their participation in the study.23-26 Moreover, motivation to take part in a phase 111 trial
may have been based on interest in access to health services, and fees for participation rather
than actual use of the investigational products, although participants were reluctant to
disclose non-use due to fears of termination of current or disqualification from future
research.1? Additional qualitative studies showed that participants indicated that individual,
social and structural factors were barriers to high adherence to PrEP,2% and the use of a
pictorial tool that supported discussion about drug levels between clinic staff and
participants helped elucidate patterns of drug use and adherence behaviors.12 Several of
these qualitative studies concluded that the use of objective measures for adherence would
result in a more accurate account of participants’ true levels of use, and that evaluating
objective measures of adherence in real-time were warranted.2-11-13

A qualitative sub-study conducted at 6 of the 15 study sites evaluated the acceptability of
and adherence to the dapivirine vaginal ring.2” Salient findings showed first that although
participants initially feared use of the vaginal ring, they grew to like it and had a sense of
ownership and ease of use over time. Second, support by staff and their peers aided in the
uptake and sustained use of the ring. Participants developed a sense of contributing to a
common good and felt part of a team at their study site, due to blinded adherence feedback.
Over time, the women developed a sense of ownership to a shared cause of contributing to a
large-scale study of a novel HIV prevention tool with the potential to show efficacy and
eventual licensure for future use in their communities. Last, male partner relationship
dynamics were the most prevalent determinant for participants’ acceptability and willingness
to use the ring. If their partners were accepting of their participation, and participated in site
activities promoting adherence, they were more likely to stay committed and adhere. These
qualitative results support the notion that changes in adherence over study follow-up
stemmed from the feedback provided by the real-time adherence monitoring system
implemented in MTNO20/ASPIRE.

An important goal in randomized, placebo-controlled phase Il trials is to obtain an unbiased
estimate of the true effect of treatment. Intent-to-treat analyses, the required primary analysis
for regulatory submission of an investigational product, is based on participants’ original
randomization assignment, or equivalently, the policy of receiving one treatment versus
another, regardless of adherence to assigned product, time off product, cross-over and loss to
follow-up.28 Adherence to assigned product during a phase 111 trial is, thus, a very important
aspect of study conduct that ensures an intent-to-treat effect estimate is closest to a causal
estimate. For example, when adherence to daily use of oral PrEP tenofovir-based products
was shown to be high in four out of six trials in serodiscordant couples, injection drug users
in Thailand, men who have sex with men, and heterosexual men and women intent-to-treat
analyses were found to be statistically significant and ranged from 44—75%.5.7.9.10
Adherence in these studies was > 50% and a linear relationship between effectiveness
estimates and adherence was seen. Furthermore, additional analyses among active arm
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participants where tenofovir was present in plasma showed increased effectiveness estimates
ranging from 85-100%.5:6:2 Two trials, VOICE and FEM-PrEP, with detection levels of
tenofovir in plasma of < 30% were not able to show an effect in intent-to-treat analyses of
similar products.22 These results underscore the importance of improving adherence in
phase I1I trials in order to provide an unbiased estimate of effect.

Notably, a statistically significant estimate of HIV-1 protection was found in MTN-020/
ASPIRE. The overall effectiveness of the dapivirine vaginal ring in providing protection
against HIV-1 infection over the duration of the trial was 27%, 37% after excluding the data
from two sites with the poorest adherence to product and study visits, and 56% in women
over 21 years of age.1® In other HIV-1 studies of treatment and prevention it has been
observed that use of product declines over time.82% However, in this study, we observed an
increase in product use in calendar time from 63-84% based on plasma measures,
suggesting that real-time adherence monitoring could promote and sustain participant
behaviors that lead to product adherence. The difference between this degree of adherence
(63-84%) and the levels of HIV-1 protection seen (27-56%) could indicate that plasma
dapivirine levels are an imperfect reflection of adherence, potential white coat dosing0, or
the maximum HIV-1 protection provided by the dapivirine vaginal ring, even with perfect
use, may be less than 100%. Ongoing exploratory analyses are assessing the relationship
between adherence and HIV-1 protection for this product.18

Whether it is feasible to monitor and counsel for adherence in the “real-world” roll out of
PrEP is an important question to answer, and is currently under investigation in a phase 1V,
prospective study among young African HIV-uninfected woman.3! Standard behavioral
adherence support will be compared to an enhanced version including counseling based on
real-time drug levels. The MTN-025/HOPE study, a phase 111B open-label follow-on study
examining safety and adherence to the dapivirine vaginal ring is also underway.32 Study staff
are providing drug levels to participants choosing to use the ring starting one month from
enrollment and until the 12-month follow-up visit. Furthermore, tenofovir urine testing was
found to be effective for assessing adherence and work is currently underway to develop
point of care urine assays.33 These initiatives will help to answer the question of feasibility
of monitoring and counseling for adherence in a “real-world” setting among women using
Prepr.

There were limitations to this adherence monitoring approach. First, only the active arm
participants’ data was used in evaluating adherence. If a comparable placebo-arm adherence
biomarker were available, estimates of overall ring use would have been possible. Second,
although plasma dapivirine level is one objective measure of adherence, and the level of 95
pg/mL is a lower bound chosen based on previous phase 1 and 2 studies of the dapivirine
ring14-16, this measure was likely not a perfect indicator of adherence across a full month,
nor use around the time of HIV-1 exposure. Moreover, because women were expected to
arrive for clinic visits with the ring in place, white coat dosing3® could have signaled
adherence for participants who were otherwise non-adherent. With further pharmacokinetic
studies, improvements could be made to prevent misclassification, as has been done in
clinical trials of tenofovir-based strategies.2?-34 Third, we measured plasma adherence levels
only at quarterly visits, although ultimately our goal was to characterize participants’
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adherence profile throughout the monthly visit window. One measure does not suffice to
adequately capture patterns of ring use over the entire quarter.

Women in Africa remain at high risk for HIV-1 and the dapivirine ring has been shown to
provide protection in a phase 11 trial with concurrent implementation of an adherence
monitoring system. Future large-scale effectiveness studies for HIV-1 prevention, including
those for microbicidal drugs delivered through a vaginal ring, should consider implementing
a real-time adherence monitoring system to improve the validity of HIV-1 effectiveness
estimates.
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§ Collection &
peclmse:lp':n;c fon Specimen Selection & Testing Testing Results Processing Testing Results Summarization

The trial's data center 1 | Once needed, data center generated | Pharmacology laboratory uploaded 1 Data center generated summary :

| generated blinded specimen 1 | blinded testing lists by participant ID, | results to a secure data management I reports showing only the percentages i
I shipping lists showing quarterly 1 | visit and specimen ID that included 90- | system, viewable only by the data I of plasma samples of participants in 1
plasma specimen IDs by : I 95% of randomly selected active arm | center. I the active arm meeting adherence 1

1 participant ID and visit on a 1 I participant specimens from all shipped | =« oo o o o o I levels of interest. No sample sizes |
1 monthly basis. 1 : samples and 5-10% placebo samples 1 l- Data center downloaded fesults and : were shqwn aqd results were 1
——————————— - up to 500 or 750 specimens per list. I applied quality control checks based I presented in a blinded fashion by 1

J 1

study site.

Core laboratory staff sent |\ S o o o on testing list expectations. Linkage

shipping lists to clinical sites. Core laboratory received testing lists back to testing lists and randomization
—_—— from the data center and shipped only || arms occurred at this stage. J Study and site leadership viewed
Clinical sites collected blood selected specimens to the | e mm s s s s s s s s s i summary |nformat|0n. Site leadership
plasma specimens from pharmacology laboratory. shared experiences for how to use
participants at quarterly visits. information to motivate staff and
i . counsel participants to strive toward
On an approxm‘]ate monthly Pharmacology laboratory received highat adh oiial
basis, all specimens from : igher adherence levels.
; blood plasma specimens from the core

shipping lists were shipped to

: laboratory and completed testing for
the trial’s core laboratory.

dapivirine levels.

Core laboratory received blood
plasma specimens shipped by
clinical sites and stored them
until ready for shipping to the
pharmacology laboratory.

l Process was repeated monthly until the end of the trial |

Figurel.
Flow diagram of MTN-020/ASPIRE real time adherence monitoring system:2

1 Orange represents the clinical sites, blue represents the data center, green represents the
core laboratory, yellow represents the pharmacology testing laboratory, and purple
represents the MTN-020/ASPIRE study leadership team.

2 Solid lines indicate that study blinding, defined as the identification of the linkage of
participant identifiers (IDs) to the randomization arm, is upheld by staff for the organizations
indicated by the color of the box. Small dashed lines indicate that randomization
assignments are linked by participant ID so therefore staff are unblinded to the
randomization assignment by participant ID. Large dashed lines indicate that the
randomization arm may be deduced based on levels of blood plasma found through
dapivirine test results so therefore staff were considered partially blinded to the
randomization assignment.
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Site Jan-March 2013 April-June 2015
> 20 pg/mL | > 95 pg/mL > 20 pg/mL | > 95 pg/mL
A 89 75 90 84
B 95 83 97 87
Cc 89 72 96 84
M 74 61 87 79
N 78 68 84 75
O 80 64 85 73
Total 82 63 89 84

Figure2.
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Example of summary table presented to study sites — percentage of plasma samples among
participants in the active arm with dapivirine > 20 pg/mL and > 95 pg/mL
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The first plasma samples were collected in Oct-Dec 2012, but were limited in numbers so are not shown.
Figure 3.

Percentage of tested plasma samples among participants in the active arm across all 15 study
sites with dapivirine > 95 pg/mL by calendar quarter beginning January 2013

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2018 November 01.



	Abstract
	Introduction
	Methods
	Population and study procedures
	Rationale to initiate ongoing monitoring of adherence
	Specimen collection and shipping
	Specimen selection and testing
	Laboratory testing methods
	Testing results processing
	Testing results summarization
	Preserving the study blind
	Communications within the study team
	Statistical analysis

	Results
	Discussion
	References
	MTN-020/ASPIRE Study Team
	Figure 1
	Figure 2
	Figure 3

