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Abstract

Background—Roughly 4% of the 1.25 million patients on antiretroviral therapy (ART) in Asia
are using second-line therapy. To maximize patient benefit and regional resources it is important
to optimize the timing of second-line ART initiation and use the most effective compounds
available.

Methods—HIV positive patients enrolled in the TREAT Asia HIV Observational Database who
had used second-line ART for =26 months were included. ART use and rates and predictors of
second-line treatment failure were evaluated.

Results—There were 302 eligible patients. Most were male (76.5%) and exposed to HIV via
heterosexual contact (71.5%). Median age at second-line initiation was 39.2 years, median CD4
cell count was 146 cellssmm3, and median HIV viral load was 16,224 copies/mL. Patients started
second-line ART before 2007 (n=105), 2007-2010 (n=147) and after 2010 (n=50). Ritonavir-
boosted lopinavir and atazanavir accounted for the majority of protease inhibitor use after 2006.
Median follow-up time on second-line was 2.3 years. The rates of treatment failure and mortality
per 100 patient/years were 8.8 (95%CI 7.1 to 10.9) and 1.1 (95%CI 0.6 to 1.9), respectively. Older
age, high baseline viral load and use of a protease inhibitor other than lopinavir or atazanavir were
associated with a significantly shorter time to second-line failure.

Conclusions—Increased access to viral load monitoring to facilitate early detection of first-line
ART failure and subsequent treatment switch is important for maximizing the durability of
second-line therapy in Asia. Although second-line ART is highly effective in the region, the
reported rate of failure emphasizes the need for third-line ART in a small portion of patients.
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Introduction

For the past decade, substantial effort has been devoted to the rapid scale-up of antiretroviral
therapy (ART) access in areas where it is most needed. The UNAIDS report for 20131 states
that 4.9 million people were living with HIV in the Asia Pacific region in 2012. Of these,
1.25 million where receiving ART. Roughly 4% of patients on ART are on second-line
therapy.?

The 2013 WHO guidelines recommend initial ART consists of a non-nucleoside reverse
transcriptase inhibitor (NNRTI) and two nucleoside reverse transcriptase inhibitors
(NRTIs).3 The rate of virological suppression on first-line ART commonly exceeds 80% at
one year on treatment among patients retained in care.* After failure on an NNRTI-
containing regimen, the WHO advise second-line ART consist of a boosted protease
inhibitor (P1) in combination with two NRTIs, at least one of which is new to the patient.3 In
wealthier areas, it is recommended that second-line ART consist of the most active drugs
available based on genotypic analysis, treatment and adverse event history, and availability
of additional classes of drugs.®

Pls, including the current WHO preferred Pls - ritonavir-boosted lopinavir (LPV/r) and
ritonavir-boosted atazanavir (ATV/r), have been available to varying degrees across Asia for
over a decade. In a study of second-line regimens containing LPV/r at a center in Cambodia,
85.7% of the 70 HIV-infected study participants had an undetectable viral load at 24 weeks.
However, significant challenges remain. A 2010 Cochrane review concluded that while
outcomes of second-line regimens with boosted Pls are generally favorable, there is limited
evidence to evaluate second-line ART in patients who fail first-line WHO-recommended
treatment.” Furthermore, very little of the currently available literature describes second-line
ART outcomes in HIV-infected patients in Asia.6: 810

Identification of treatment failure in Asia is frequently determined by clinical and immune
changes, which may occur long before or long after the loss of virological suppression.11-15
A delay in recognizing treatment failure can result in the accumulation of resistance
mutations that jeopardize next-line options and efficacy!! 1619, a greater risk of mortality20,
and may increase the transmission of (resistant) HIV. A 2012 study out of India found 24
(53%) of 45 viremic second-line patients genotyped had triple-class resistance to NRTIs,
NNRTIs, and P1s.1% On the other hand, switching to second-line ART before it is indicated
unnecessarily increases the use of expensive and less tolerated second-line agents and may
result in quicker progression to treatment exhaustion.

The number of patients requiring second-line ART in Asia will increase as the number of
patients accessing ART grows. To maximize patient benefit and the use of regional

resources, it is important to optimize the timing of second-line ART initiation and use the
most effective compounds available. The aims of this analysis are to describe the second-
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line ART regimens used in a regional cohort in Asia and evaluate rates and predictors of
treatment failure.

Methods

The study population consisted of patients on second-line ART who were enrolled in the
TREAT Asia HIV Observational Database (TAHOD) and/or the TREAT Asia Studies to
Evaluate Resistance-Monitoring (TASER-M). These cohorts have been described
previously.21: 22 Briefly, TAHOD is an observational study of patients with HIV involving
21 adult treatment centers in 12 countries and territories in Asia, which aims to assess HIV
disease natural history in treated and untreated patients in the region. Retrospective and
prospective data is collected at each site. Recruitment started in September 2003. TASER-M
was a multi-centre, cohort study monitoring development of HIV drug resistance in patients
taking ART. Patients eligible for first- or second-line ART initiation were enrolled
sequentially. Data on any previous antiretroviral use was collected retrospectively. Patient
recruitment commenced in March 2007 and ceased in 2011. Follow-up data continues to be
collected as TASER-M was merged with TAHOD in 2012. Currently, each TAHOD site has
contributed data from 100-450 patients. Data is transferred to the data management centre at
the Kirby Institute, Sydney, Australia twice annually in March and September.

TAHOD (and former TASER-M) patients from the March 2013 data transfer were included
in this analysis if they experienced treatment failure whilst on first-line ART and
subsequently used a regimen for =6 months that contained =3 antiretroviral drugs and at
least one drug class that was new to them. Day one of first-line ART was when the first
regimen containing =3 antiretrovirals used for >14 days was initiated. Patients that
underwent a drug class change on first-line ART without documentation of treatment failure
were excluded. Treatment breaks and regimen modifications that did not involve a drug
class change were ignored for first- and second-line ART. Since treatment monitoring
protocols between TAHOD sites differ substantially and have changed over time, we applied
a strict, multifaceted definition of treatment failure based on the current WHO guidelines.3
The first occurrence of virological, immunological or clinical failure whilst on first- or
second-line ART was considered the date of failure. Where multiple failure types were
documented on the same day, priority was given to virological, immunological, and then
clinical failure. Virological failure was considered a viral load >1,000copies/mL after 6
months of ART, confirmed within 6 months; immunological failure was defined as CD4 cell
count <100 cells/mm? or less than baseline CD4 cell count after 6 months of ART,
confirmed within 6 months and; clinical failure comprised of a new or recurrent WHO stage
3 or 4 illness or death after 6 months of ART. Baseline was considered the first day of
second-line ART.

The window period for baseline CD4 cell count and viral load was between 3 months prior
to, and 2 weeks after, second-line ART initiation. The measurement taken closest to second-
line ART initiation was used. Patients were considered hepatitis B co-infected if they had
any record of a positive hepatitis B surface antigen test in the database and hepatitis C co-
infected if they had any record of a positive hepatitis C antibody test.
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Statistical analysis

Cumulative incidence functions were used to evaluate rates of failure. Other types of failure
were considered competing events when individually assessing virological, immunological,
clinical and immunovirological failure. Cox regression stratified by study site was used to
evaluate predictors of second-line ART failure. Patients with missing data were included but
hazard ratios for missing categories are not reported. Follow-up time was measured from
second-line ART start or enrollment date (if already on second-line ART at enrollment) until
treatment failure or censoring. Censoring occurred at the last recorded clinic visit whilst still
on second-line ART or at the time of a drug class change without failure.

Predictors to be used in the multivariate model were selected based on a significance level of
<0.15 in the univariate analysis. Predictors were retained in the multivariate model if one or
more categories exhibited a p-value < 0.05. Multivariate hazard ratios were used to estimate
the absolute risk of failure based on the survival probabilities at 12, 24 and 36 months of
second-line ART in the reference group.

Stata software version 12.1 was used for all statistical analysis.

Results

Of 7,320 patients that had a history of =6 months of first-line ART use, 302 (4.1%) had
documented evidence of treatment failure with subsequent use of a second-line regimen for
>6 months and at least 1 day of prospective follow-up. Baseline data is presented in Table 1.
The majority of eligible patients were male (76.5%) and exposed to HIV via heterosexual
contact (71.5%). Median age at second-line ART initiation was 39.2 (interquartile range
[IQR] 34.1 to 44.5) years, median CD4 cell count was 146 (IQR 58 to 268) cells/mm3, and
median HIV viral load was 16,224 (IQR 2,060 to 84,656) copies/mL. Hepatitis B and C
status was positive in 22 (9.3%) of 237 patients tested and 25 (11.4%) of 220 patients tested,
respectively. Most patients (n=228, 75.5%) initiated ART with an NNRTI-based regimen
and median time on first-line ART was 3.5 (IQR 2.2 to 5.4) years. Median time from
confirmation of first-line failure to second-line initiation was 9.9 (IQR 2.0 to 29.4) months.
A total of 221 (73.2%) patients were switched to a dual NRTI plus PI regimen, 58 (19.2%) a
dual NRTI plus NNRTI regimen, and 23 (7.6%) to an alternative second-line regimen.
Alternative regimens included single NRTI plus NNRTI and/or PI (14; 60.9%), triple NRTI
(4; 17.4%) and dual NRTI plus raltegravir (5; 21.7%).

Figure 1 shows the initial second-line ART regimens used by year of start. Before 2007
(n=105), dual NRTI plus PI (51.4%) was the most commonly used second-line combination.
LPV/r (9.5%) and ATV/r (7.6%) use was outweighed by that of other Pls (34.3%). Other PI
use mostly comprised of indinavir (80.6%). In the same period, dual NRTI plus NNRTI was
used by 36.2% of patients; efavirenz being used by 23.8% of patients and nevirapine by
12.4%. Alternate second-line regimens were used by 12.4% of patients. Between 2007 and
2010 (n=147), dual NRTI plus PI (83.7%) remained the most commonly used second-line
regimen though LPV/r (51.7%) and ATV/r (21.1%) use dominated over other P1 (10.9%)
use. Indinavir (31.3%) and darunavir (31.3%) made up the majority of other PI use. Dual
NRTI plus NNRTI was used by 11.6% of patients and this mostly comprised of efavirenz-
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based therapy (10.9%). Other second-line regimens were used by 4.8% of patients. After
2010 (n=50), dual NRTI plus PI (88.0%) regimens comprised LPV/r (50.0%), ATV/r
(26.0%) and unboosted ATV or LPV (12.0%). Dual NRTI plus efavirenz was used by 4.0%
of patients and dual NRTI plus nevirapine by 2.0%. Other second-line ART was used by
6.0% of patients. Overall, the most commonly used NRTIs for second-line ART were
lamivudine/emtricitabine (76.5% of all patients), tenofovir (44.4%), zidovudine (32.1%),
stavudine (12.9%), and abacavir (12.3%).

The median viral load monitoring frequency was 1.5 (IQR 0.3 to 2.3) tests/patient/year.
Amongst those with any viral load result during follow-up (n=233, 77.2%), the median viral
load monitoring frequency was 1.9 (IQR 1.1 to 2.6) tests/patient/year. One hundred ten
(36.4%) patients had <2 viral loads documented whilst on second-line ART. Two hundred
eighty nine (95.7%) patients had a follow-up CD4 cell count and the median CD4
monitoring frequency was 2.0 (IQR 1.4 to 2.9) tests/patient/year. During second-line ART,
53 (17.5%) patients had <2 CD4 cell counts documented.

The cumulative incidence of treatment failure and sub-incidences of virological failure,
immunological failure and clinical failure are shown in Figure 2. Over a total follow-up time
of 924.2 years, 81 patients experienced second-line treatment failure, including 12 deaths.
The rate of treatment failure was 8.8 (95% confidence interval [CI] 7.1 to 10.9) per 100
patient/years and the rate of mortality alone was 1.1 (95%CI 0.6 to 1.9) per 100 patient/
years. Median follow-up time on second-line was 2.3 (IQR 1.1 to 4.4) years. Median time on
second-line regimen without any drug substitutions or treatment breaks was 1.8 (IQR 0.8 to
3.2) years. The rates of virological, immunological and clinical failure per 100 patient/years
were 2.1 (95%CI 1.3 to 3.2), 3.3 (95%CI 2.3 to 4.6) and 3.5 (95%CI 2.5 to 4.9) respectively.
Immunovirological failure occurred at a rate of 5.3 (95%CI 4.0 to 7.0) per 100 patient/years.

Predictors of second-line treatment failure are outlined in Table 2. In the final multivariate
model, age 41-50 years (hazard ratio [HR] 5.50 vs. age <30 years, 95%CI 1.51 to 20.07,
p=0.010), age >50 years (HR 7.50 vs. age <30 years, 95%CI 1.93 to 29.19, p=0.004),
baseline viral load >10,000 copies/mL (HR 2.90 vs. <1,000 copies/mL, 95%CI 1.17 to 7.18,
p=0.021), and an initial dual NRTI plus non-LPV/r, non-ATV/r Pl second-line regimen (HR
3.17 vs. LPV/r or ATVIr plus dual NRTI, 95%CI 1.65 to 6.06, p=0.001) were associated
with a significantly greater risk of failure. In a sensitivity analysis using only data from
patients with baseline viral load available, similar results were observed (data not shown).
Patients with <95% adherence during second-line were at greater risk of failure compared to
those with 295% adherence but this association was not significant (univariate HR 1.61,
95%CI 0.34 to 7.65, p=0.551). Similarly, longer time from first-line failure to second-line
ART initiation (univariate HR 0.96, 95%CI 0.56 to 1.67, p=0.896 for >18 months vs. <6
months) and baseline CD4 cell count <200 cells/mm? (univariate HR 1.33 vs. >200
cells/mm3, 95%CI 0.78 to 2.29, p=0.296) were not significant predictors of second-line
ART failure. Baseline CD4 cell count remained non-significant as a replacement for
baseline viral load in the final multivariate model (HR 1.13 vs. >200 cells/mm3, 95%Cl 0.64
to 1.99, p=0.669).
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Both linear trends of increasing failure risk with older age and increasing failure risk with
rising baseline viral load were significant (p<0.001 and p=0.031, respectively). The absolute
risks of failure for patients with baseline viral load <1,000 copies/mL after 12, 24 and 36
months of second-line ART were 6.3%, 17.1% and 21.3%, respectively (Figure 3). For the
same time points, Cox model estimates for absolute risk of failure were 13.4%, 34.1% and
41.2% for those with baseline viral load 1,000-10,000 copies/mL, and 17.1%, 42.0% and
50.0% for those with baseline viral load >10,000 copies/mL.

Discussion

Over 70% of eligible second-line patients used a dual NRTI plus PI regimen. The use of
LPV/r or ATV/r was particularly dominant beyond 2006. The rate of mortality was 1.1
deaths per 100 patient/years. Overall rate of second-line treatment failure was 8.8 failures
per 100 patient/years however the risk of failure was significantly elevated in older patients,
those with a viral load above 10,000 copies/mL at second-line initiation, and those using a
Pl other than LPV/r or ATVI/r.

Compared with other Pls, LPV/r and ATV/r exhibit equivalent or superior efficacy, better
safety, a more convenient dosing schedule and a higher genetic barrier to resistance.23-26
The current WHO guidelines indicate LPV/r or ATV/r are the preferred Pls to be used in
combination with two NRTIs after failure on a first-line NNRTI-based regimen.3 The high
proportion of first-line NNRTI use and second-line LPV/r and ATV/r use reported in this
study indicates good compliance with these guidelines. A reasonable extension of the WHO
advice is that second-line ART should comprise of two NRTIs and an NNRTI where a PI-
based regimen was used as first-line. A previous analysis of TAHOD found the common use
of Pl-based first-line ART in the 90s and early 2000s has been almost entirely displaced by
the regional scale up of first-line NNRTI-based therapy.2” Therefore, it is not surprising that
we found a much higher proportion of patients initiated dual NRTI plus NNRTI as second-
line before 2007 (36.2%) compared with later time periods (11.6% in 2007-2010, 6.0% after
2010).

Approximately 50,000 of the 1.25 million patients currently on ART in Asia are using a
second-line regimen.1: 2 Applying the rate of second-line treatment failure and mortality
reported here, and assuming 53% of failing patients exhibit triple-class drug resistance,10 an
estimated 2,040 patients per year will require third-line ART in the region. Our results
differ, however, from earlier work in resource-limited settings. Pujades-Rodriguez et al
(2010) analyzed data from 632 second-line patients enrolled in Médecins sans Frontiéres
(MSF) cohorts in East Africa, Southern Africa, West/Central Africa and Asia (Cambodia,
Myanmar, Laos).? Treatment failure occurred at a rate of 16.1 per 100 patient/years; almost
double what we report here. Thirty-month mortality occurred at a rate of 4.4 deaths per 100
patient/years; four times the rate we report for overall mortality. Importantly, work out of
South Africa and Zambia indicates mortality rates on second-line ART may differ
substantially between clinical sites (from 0.65 to 4.52 deaths per 100 patient/years in
Wanderler et al 28). Rates of immunovirological failure between our cohort and the MSF
cohort were the same (5.3 per 100 patient/years), suggesting the difference in treatment
failure rates is entirely due to different rates of clinical failure. Unlike us, Pujades-Rodriguez
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et al did not include death in their definition of clinical failure thus the rate of WHO stage 3
and 4 events was much higher in their cohort. Since their data was mostly from resource-
limited African countries, this may be representative of regional differences in the
occurrence of late stage WHO events and our inclusion of data from several high income
Asian countries.

Pujades-Rodriguez et al (2010) reported that the most important predictors of treatment
failure were a nelfinavir-based second-line regimen, low CD4 cell count at second-line
initiation, and poor adherence.? Concurrently, we found an initial second-line regimen based
on a Pl other than LPV/r or ATV/r was strongly predictive of treatment failure. Ferradini et
al (2011) found 85.7% of 70 HIV-infected study participants at a center in Phnom Penh had
undetectable viral load after 24 weeks of second-line ART containing LPV/r.% Recent
evidence from southern Africa also suggests that regimens without tenofovir may impair the
durability of second-line ART.28 Baseline CD4 cell count was not associated with failure in
our final model, however, another important measure of HIV disease status, baseline viral
load, was. Despite the widely acknowledged importance of good adherence in maintaining
ART efficacy, <95% adherence during second-line ART was not significantly associated
with treatment failure in our analysis. This was due to the high number of patients with
missing adherence data and the very low rate of poor adherence amongst those that had data
available.

Madec et al (2013) recently published a systematic review that estimated the incidence of
switching to second-line ART in sub-Saharan Africa was 2.65 per 100 patient/years.2°
Comparing this against regional estimates of 12 month virological failure rate, which range
from 5.0 to 24.5% 30-33 it appears the number of patients switched to second-line is only a
fraction of those in need, even taking into account that a portion of patients may achieve
virological suppression with improved adherence to a failing regimen.3 Similarly, in Asia,
treatment modification after confirmed failure is frequently subject to delay.35 In a study of
16,591 patients starting ART in sub-Saharan Africa, cumulative mortality at 1 year was
2.2% in patients on a non-failing first-line regimen, 4.2% in patients who switched from a
failing first-line regimen to a second-line regimen, and 11.7% in those who remained on a
failing first-line regimen (p<0.0001).20 Although patients that experienced a delay in
second-line initiation in our analysis did not fare worse than those switched within 6 months
of first-line failure, we did observe a significant association between high viral load at
switch and treatment failure. An explanation for this is that, because HIV rapidly acquires
resistance mutations when able to replicate in the presence of ART 11.16-19 4 higher viral
load at second-line initiation is indicative of added drug resistance. Unfortunately, we did
not have sufficient sequencing data to evaluate this further. It is also possible that high viral
load at switch was a marker for patients that adhere poorly to ART. Although adherence was
not associated with treatment failure in our model, self-report (as is used in TAHOD) is
known to overstate adherence3® and over 40% of patients did not have any adherence data
available.

Our results indicate it may be important to switch to second-line ART whilst the virus
remains partially suppressed. A 2009 study by the International Epidemiologic Databases to
Evaluate AIDS study group found that switching to second-line regimens occurred earlier
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and at higher CD4 cell counts in ART programs with viral load monitoring compared to
programs without.3” However, early switching may also lead to quicker exhaustion of
treatment options. The WHO recommends appropriate adherence counseling prior to
confirmation of virological failure.3 Supporting this notion, Gupta et al (2013) recently
reported that 27% of Ugandan patients with virological failure (viral load >1,000 copies/mL)
at week 48 of a trial comparing first-line nevirapine or abacavir with zidovudine and
lamivudine achieved re-suppression by week 96 without switching.3# Whilst suitable for a
minority, adherent patients experiencing first-line treatment failure require treatment
modification. Simplification of the second-line regimen could help ease the cost of
treatment, improve adherence, prevent unnecessary adverse effects, reduce the potential for
drug interaction and preserve future treatment options. In 2012, Bartlett et al reported that
LPV/r monotherapy achieved virological suppression in 107 of 123 (87%) patients from
Asia and Africa who had started the regimen after virological failure on NNRTI-based first-
line.8 Further work comparing the efficacy of LPV/r monotherapy, and other treatment
simplification measures, to currently recommended second-line ART is in progress.38-42

Interpretation of the above results and discussion should take into account several
limitations. Many patients lacked data on laboratory testing, adherence and drug resistance,
and median follow-up time was only 2.3 years. Also, definitions of ART failure and second-
line ART are inconsistent in practice and in the literature. This limits the comparability of
failure and switch rates between different clinical sites and studies. Indeed, TAHOD and
TASER-M are multicenter, observational cohorts and therefore patient characteristics and
patient care were heterogeneous even within in our study population. Nevertheless, given
the large number of sites involved, and because we have used documented evidence of
failure, applied tight criteria to define second-line treatment, and stratified our risk factor
analyses by study site, we believe our results are a reasonable reflection of ART use and
failure rates in Asia.

Most patients failing first-line ART in Asia are started on a Pl-based second-line regimen,
consistent with the current WHO guidelines. Increased access to viral load monitoring
across the region to facilitate early detection of first-line ART failure and subsequent
treatment switch would lead to earlier switches and maximize the durability of second-line
therapy. Although second-line ART is highly effective in Asia, the current rate of failure
emphasizes the need for third-line ART in a small portion of patients and the likelihood of
increasing numbers of such patients in the future.
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Figurel.
Second-line ART regimens by year of initiation
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Cumulative incidences and sub-incidences of second-line ART failure (n=302)
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Figure3.
Absolute risk of treatment failure after 12, 24 and 36 months of second-line ART by

baseline viral load
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Baseline data for eligible patients (n=302)

Table 1

Gender
Male 231 (76.5%)
Female 71 (23.5%)

Age (yrs) Median (xIQR) = 39.2 (34.1 - 44.5)

<30 30 (9.9%)
30-40 136 (45.0%)
41-50 102 (33.8%)
>50 34 (11.3%)
HIV Exposure

Heterosexual 216 (71.5%)
Homosexual 48 (15.9%)
IDU 23 (7.6%)
Other 15 (5.0%)

CD4 (cell¥mm3) Median (+IQR) = 146 (58 - 268)

>200 81 (26.8%)
<200 139 (46.0%)
Missing 82 (27.2%)

Viral Load (copiessml) Median (xIQR) =

16224 (2060 - 84656)

<1000 36 (11.9%)
1000-10000 44 (14.6%)
>10000 102 (33.8%)
Unknown 120 (39.7%)
Previous AIDS

None known 192 (63.6%)
Yes 110 (36.4%)
HBV status

Negative 215 (71.2%)
Positive 22 (7.3%)
Not tested 65 (21.5%)
HCV status

Negative 195 (64.6%)
Positive 25 (8.3%)
Not tested 82 (27.2%)
First lineregimen

NNRTI 228 (75.5%)
PI 64 (21.2%)
Other 10 (3.3%)
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Initial second lineregimen

LPV/r or ATVIr 163 (54.0%)
Other PI 58 (19.2%)
NNRTI 58 (19.2%)
Other 23 (7.6%)

Timeon first ART (yrs) Median (xIQR) = 3.54 (2.16 - 5.37)

<2 64 (21.2%)
2-4 112 (37.1%)
>4 126 (41.7%)

Timefrom first failureto second ART (mths) Median (xIQR) =9.9 (2.0 - 29.4)

<6 125 (41.4%)
6-18 59 (19.5%)
>18 118 (39.1%)

Year of second ART start

Before 2007

105 (34.8%)

2007-2010 147 (48.7%)
After 2010 50 (16.6%)
First-line ART failure

Virological 130 (43.0%)
Immunological 94 (31.1%)
Clinical 78 (25.8%)

Any second line adherence record

Yes

176 (58.3%)

No

126 (41.7%)

Page 16

Exposure category ‘Other’ includes those exposed to blood products and unknown exposures. ART = antiretroviral therapy; IDU = intravenous
drug use; HBV = hepatitis B; HCV = hepatitis C; NRTI = nucleoside reverse transcriptase inhibitor; NNRTI = non-nucleoside reverse transcriptase

inhibitor; PI = protease inhibitor; IQR = interquartile range; LPV/r = ritonavir-boosted lopinavir; ATV/r = ritonavir-boosted atazanavir.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2016 February 01.



Page 17

BOETTIGER et al.

(18°1T
00T 00T -62'1) 126 65 TT.L 99 3[en
Bpweo
) . (1874
$9000 f g7rg (957 -€8°0) ¥6'T 18700 [ g9 (292-¥50)6T'T -00'2) 20°€T 28'9. 0T 18y10
(88°€T
¥06°0 (#8'T - 05°0) 96°0 9080 (9,T-8%0) 260 - 06'G) S0'6 50°Z€e 14 1LUN [enp + | LYNN
(otLt
1000 (909-597T) T°€ €000 (szs-orT) 1L -1TL)STTT €£'88T 14 ILYN [enp + Id J8Y10
(LL6
00T 00T -2l 6L9 00°'L2V 62 ILHN [enp + J/ALY 10 J/Ad
uawiBe 1 aul|-puodss [elliu|
(TTeT
- - -78'9) 9’6 G5°08€ 9 umouyun
) ) (9z'sT
17800 | 12000 @rz-smoez | 47900 | oso0 (06'G - 00T) £7°2 - 1006801 | szose % 000'01<
(zTvtT
0€T'0 (v29-6L0) 222 8600 (LT'9-980) 0£°C -G5%) 208 29'6YT 4} 000'0T-000'T
(9z0T
00T 00T -€£7) 687 eTErT L 000'T>
(lW/se1doo) peoy [e.inaulpses
. . (6282
moo 0> [ vo00 6rez-s6m o5 | 17900 | v100 (68'LT-6ET) 86'F - €6°0T) 6G°LT G9'96 T 0§<
(TeLT
0100 (2002 -15°T) 0SS 6200 (OT€T-ST'T) 88°€ -G.'8) 1€2T 81'89¢ €e 05-Tv
(e0'6
06T°0 (15°8-59°0) 92 95€°0 (809-250)8.T -TEY) ¥2°9 688t 8z 0r-08
(zr8
00T 00T -88°0) 2L 87°0TT € 0e>
uﬁm._\c aby
dn
:\Aomma >>o__o\m
s1Andoot Sfes
Ifeseno d d | (10%S6) dH SELBAINN | | 51 d | (10%s6) yHowEIEAIN edomy | weied | siniey o sequiny a1e1A0D

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2016 February 01.

(zog=U) ain|Iey UBWILAI) BUIJ-PUOISS JO SI01J1Pald
zalqeL
NIH-PA Author Manuscript

NIH-PA Author Manuscript NIH-PA Author Manuscript



Page 18

BOETTIGER et al.

(99°01
8ST'0 (15'T-800) ¥€'0 €2€0 (90Z-1T0) 870 -19°0) 19 00'S. 2z AAINSOd
(19°TT
00T 00T -16'9) 96'8 15'9€9 1S anmreboN
snrels AOH
(2981
- - STV 9LTT 20°€ST 8T paisal 10N
(98'81
1060 (292-270) 90T ¥2L'0 (502 -9£0) 580 -18°€) L¥'8 18°0L 9 AAINSOd
(55°0T
00T 00T -82'9) ¥T'8 L€°00L 1S anmreboN
snies AgH
(S9vT
G050 (86'T-2L0)6T'T 9z€'0 (602-8L0)82T -29'1) LS0T 19°0vE 9 SBA
(eeoT
00T 00T S99 TLL €5°€85 1% UMOoU 8UON
1dVaull-puodss 03 Jondsaly
(or'6
- - -€6°€) 9§ G112 9T BuIsSIA
(09T
9680 (72T-€50) 960 9620 (622-8L0)€ET - 1€1)T00T GY'60% 1A% 00z
(TT°ST
00T 00T -6L°9) €TOT 00°2€2 e 002<
(swws|pd) Ao sulpseq
. . (8512
7260 | 9180 (69°2-820) /80 1180 | g6g10 (60°€-2£0) 20T -91'€) €26 Se'ey 14 ENTe)
(L8TT
8560 (Szv-520) 0T 8580 (9g°€ - €2°0) 680 -0ZT)ELE 1€°08 € nait
(e9sT
0TL0 (82°2-050)8T'T YEV'0 (65°T-¥€0) 720 -70'G) 888 9T'SET A [enxasowoH
(S6'TT
00T 00T -121)TE6 2€'699 29 [enxasousloH
aInsodxe AIH
(orTT
8960 (06'T - 15°0) 660 190 (09°T-2¥0) 280 -G2%) 90, 09212 GT alewad
dn
:\mm,me ;o__o\m
s1Andoot SJes
|ejonod d (199%56) dH »Em._az::_\,_ Irejono d d | (1D%S6) dHawrlreAlun »darey eIred | seunjrey jo JequinN arlenod

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2016 February 01.



Page 19

BOETTIGER et al.

(sT'S
00T 00T -¥0'7) S2°€ 19'¥8S 8T %S6<
aul|-puodss Bulinp aaus BYpPY
"
. ) (8091
+€56°0 | 1op°0 (eTz-ST0) 250 41650 | ggzo (19T -ST0) 670 -19T)6T'S 815 € 0T0Z Jeuv
(T6°'TT
T.€0 (L€2-€L0)T€T 6990 (68T-990)2TT -80'9) 168 19°66€ ve 0T0Z-2002
(292t
00T 00T -20') €V 89'99¢ 24 100z 840189
1iels | ¥V 8Ul|-puodss Jo fes A
. ) (svetT
W90 | y190 (eTz-v90) TT 164870 | 9680 (19T -950) 960 -00'2) 0.6 LTTLE 9 8T<
(veetT
1€9°0 (Tr'z-650)6T'T 7880 (86'T-950)S0°T - €7'G) 168 62°€2C 6T 8T-9
(85'TT
00T 00T - 1€°6) 68, €1'62€ 9z 9>
Syiw) 19V
9UI|-PUOJSS 018N |eyJ WO Jjawl |
. . (69°91
41080 | 46270 (L6'T-65°0)80'T 19620 | svs0 (S6'T-29°0) 0T'T -0T'L) 68°0T £6'26T 12 <
(e8°6
€60 (18'1-850) 20°T 0.L0 (85T -¥50) 260 -95'%) 69'9 0v'88€ 9z vz
(88°€T
00T 00T -60'L) 26'6 18°2v€ e >
(SJA) 1YV auI-S 1) uoBwl |
. . (74
12720 | egeg (6T'Z-€T0) €50 12280 [ 11 (#€T-LT0) 870 - 62'7) 00T 95'8Y S 1Byo
(95T
1950 (#0'9-8€0) TG'T 6020 (L9°'T-1¥0) 680 -€17'9) 196 61'L€2 €2 Id
(88°0T
00T 00T -GE'9) TE'8 G8°/€9 €5 1LYNN
uswiiBa 1aul|-1s 414
(1261
-18'9) ¥€'0T 69212 ra4 paisal 10N
dn
:\mm,me ;o__o\m
s1Andoot S Jea
|ejonod d (199%56) dH »Em._az::_\,_ Irejono d d | (1D%S6) dHawrlreAlun »darey eIred | seunjrey jo JequinN arlenod

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2016 February 01.



Page 20

BOETTIGER et al.

'SNUIA O siiedaH = ADH ‘SIIA g sinedaH = AGH ‘JIABUBZEIR P3ISO0Q-IARUOI = /ALY ‘JIAeUIdO] PaISO0g-JIABUOI = J/AdT ‘Adeay) paseq Jongiyul asesjoud = |4 ‘Adelayy
paseq Joqiyul aseldiIosuel) 8518A8) 8PISO8[ONU-UOU = | LHYNN ‘10)qiyul aseidiiosuel) 8s1Aal apISos|onu = | 1N ‘asn Bnup snousaenul = NA| ‘Adessy [esronainue = | 4y ‘Alsusbolsiay 1oy |jessno d

(uawiBal aulj-puodas [el

t

puaJ} Jeaul] 1oy |[eJano Q+

palepdn awii ]
*

1UI pUB ‘peO| [JIA BUIaseq ‘afk) [apow euly 8U) U1 PapNIoul ainjiey Jo si03o1paid oy paisnipy

A

[9pOuW [euty ut papnjoul
o

“ans Aq paIIiens sjspou |1y

(ezee
- - -90'¥T) L0°8T 0§',€€ 19 umouxun
(sv'se
L€S0 (65'8-€€°0) L9°T 1650 (S9'L-¥€'0) 19T -65°T) 9€'9 e 4 %S6>
dn
:mm,me ;o__o\m
sJAndoot SJeo
|ejonod d (199%56) dH »Em._az::_z Irejono d d | (1D%S6) dHawrlreAlun »darey eIred | seunjrey jo JequinN arlenod

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2016 February 01.



