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HIV Viral Dynamics of Lopinavir/Ritonavir
Monotherapy as Second-Line Treatment:
A Prospective, Single-Arm Trial
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Abstract
Background: Characterizing viral response to lopinavir/ritonavir (LPV/r) monotherapy as second-line treatment may guide
recommendations for resource-limited settings (RLS). Methods: We conducted a 48-week prospective, single-arm study of
LPV/r monotherapy in patients failing first-line therapy in Nigeria. The primary outcome was sustained HIV-1 viral load (VL)
<400 copies/mL at 48 weeks. Results: Of 30 enrolled patients, 28 (93%) achieved viral suppression on LPV/r, while 29 (96%)
experienced low-level viremia. At 48 weeks, 9 (30%) met the primary outcome of sustained viral suppression; 14 (47%) patients
were suppressed on LPV/r in a snapshot analysis. Detectable VLs at 12 and 24 weeks were strongly associated with treatment
failure at 48 weeks. New resistance mutations were not detected. The trial was stopped early due to treatment failure.
Conclusion: In this study, the rate of virologic failure among patients on a second-line lopinavir monotherapy regimen was
relatively high and predicted by early detectable viremia. However, no LPV/r-associated resistance mutations were detected
despite fluctuating low-level viremia, demonstrating the high genetic barrier to resistance of the protease inhibitor class which
could be useful in RLS.
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Introduction

As of 2012, nearly 10 million people in resource limited set-

tings (RLSs) had received antiretroviral therapy (ART), with an

estimated 6% of patients failing first-line therapy each year.1

Overall rates of failure of first-line therapy have been estimated

at 13% to 32%.2–4 As second-line ART is significantly more

expensive than first-line therapy,5 defining the most efficacious

and cost-effective second-line treatment strategy is of ever-

growing importance.6

First-line therapy in most RLS consists of dual nucleoside/

nucleotide reverse transcriptase inhibitors (NRTI/NtRTIs) and

one non-nucleoside reverse transcriptase inhibitor (NNRTI),

with the recommended second-line therapy being 2 NRTI/

NtRTIs plus a ritonavir-boosted protease inhibitor (PI).7

However, due to cross-class NRTI resistance, the nucleoside

backbone in second-line regimens may not retain activity par-

ticularly in those patients failing a thymidine analog-containing

first-line regimen. Relying on NRTIs despite cross-class resis-

tance unnecessarily exposes patients to potential drug toxicities

1 Institute of Human Virology, University of Maryland School of Medicine,

Baltimore, MD, USA
2 Northern Arizona Healthcare, Cottonwood, AZ, USA
3 Center for Clinical Care and Clinical Research, Abuja, Nigeria
4 University of Maryland, Maryland Global Initiatives Corporation, Abuja,

Nigeria

Corresponding Author:

Cassidy W. Claassen, Institute of Human Virology, University of Maryland

School of Medicine, Baltimore, MD, USA.

Email: cclaassen@ihv.umaryland.edu

Journal of the International
Association of Providers of AIDS Care
Volume 18: 1-10
ª The Author(s) 2019
Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/2325958218823209
journals.sagepub.com/home/jia

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons

Attribution-NonCommercial 4.0 License (http://www.creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial use,

reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and

Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

http://orcid.org/0000-0001-5059-7894
http://orcid.org/0000-0001-5059-7894
mailto:cclaassen@ihv.umaryland.edu
https://sagepub.com/journals-permissions
https://doi.org/10.1177/2325958218823209
http://journals.sagepub.com/home/jia
http://www.creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage


and added costs and effectively results in PI monotherapy. In

addition, many patients may be faced with dose-limiting NRTI

toxicities, such as renal insufficiency, anemia, and peripheral

neuropathies. Recently, the substitution of an integrase inhibitor

for 2NRTIs in combination with a boosted PI did not result in

significant improvements in second-line treatment outcomes.8,9

Despite this concern, the role of PI-based monotherapy for

second-line treatment in RLS remains undetermined, partially

as a result of study design as well as varying definitions of

treatment success: AIDS Clinical Trials Group 5230 concluded

that lopinavir/ritonavir (LPV/r) Mt with treatment intensifica-

tion was a promising strategy for durable viral suppression,10

while the Europe-Africa Research Network for Evaluation of

Second-Line Therapy (EARNEST) trial concluded that LPV/r

monotherapy did not result in good HIV disease control.8,10

Here, we report the viral dynamics of HIV in the setting of

boosted PI monotherapy as second-line treatment.

Methods

Study Design and Location

A prospective, single-arm, nonrandomized, open-label, proof-

of-concept study to evaluate the clinical safety and efficacy of

LPV/r monotherapy over 48 weeks was conducted at 2 HIV

treatment clinics in Jos, Nigeria: ECWA Evangel Hospital

(now Bingham University Teaching Hospital) and Plateau

State Specialist Hospital.

Study Eligibility

Adult patients experiencing treatment failure on their first-line

regimen of NNRTI þ 2NRTIs were recruited for the study.

First-line treatment failure was defined as recurrence of previ-

ous opportunistic infection (OI), development of a new OI, a

decline in absolute CD4þ T-cell count by 15% over 2 consec-

utive measurements, or a detectable VL >400 copies/mL after

at least 24 weeks on the primary antiretroviral (ARV) regimen.

In addition, treatment failure was confirmed with a VL >1000

copies/mL at the time of screening.

Patients were excluded from the study if they had laboratory

or clinical evidence of advanced AIDS (CD4 < 50 cells/mm3),

serious OI (defined as progressive multifocal leukoencephalo-

pathy, cytomegalovirus disease, cryptococcus meningitis, cer-

ebral toxoplasmosis, active tuberculosis, visceral Kaposi’s

sarcoma, or at clinician discretion), malignancy, hepatitis, cir-

rhosis, poorly controlled diabetes, pregnancy or breastfeeding,

or any other chronic illness or condition that may have posed a

risk to the patient. They were also excluded if they had previ-

ously been treated with a PI or had a genotype demonstrating

evidence of prior PI treatment.

Treatment Protocol

Following study entry, patients discontinued their previous

ARV regimens and began taking LPV/r (Alluvia, supplied by

Abbott Laboratories) in fixed-dose combination of lopinavir

133 mg/ritonavir 33 mg, given as 3 tablets by mouth twice a

day. Patients had a separate visit focused on medication adher-

ence. Patients completed a total of 15 visits over the 48-week

study period. At each visit, patients underwent clinical assess-

ment and screening for adverse events, as well as a symptom-

directed physical exam. HIV-1 Viral loads were measured

monthly. Hematologic and metabolic indices, including com-

plete blood counts, creatine, aspartate aminotransferase, ala-

nine aminotransferase, glucose, triglycerides, and total

cholesterol, were repeated at weeks 24, 32, and 48. CD4 counts

were repeated at weeks 12, 24, and 48. A random 10% of VL

samples were sent to the University of Maryland’s clinical

molecular laboratory for quality assurance purposes. Blood for

genotype analysis was collected and stored at enrollment (base-

line) and each subsequent visit. Patients that subsequently met

criteria for virologic failure had genotype analysis from the

baseline sample and at the time point of confirmed failure.

Patients meeting criteria for virologic failure underwent treat-

ment intensification with addition of a standardized regimen of

tenofovir/emtricitabine (TDF/FTC).

Study End Points

The primary outcome was defined as achieving and maintain-

ing viral suppression (defined as HIV-1 RNA < 400 copies/mL)

until trial completion at 48 weeks. Virologic failure was

defined as one of the following: (1) after achieving viral sup-

pression, 2 consecutive VLs >400 copies/mL; or (2) failure to

What Do We Already Know about This Topic?

In clinical trials, treatment efficacy of boosted protease

inhibitor monotherapy as second-line therapy has varied

from 55% to 87%; yet little is known about who is likely to

succeed or fail with this treatment strategy.

How Does your Research Contribute to the
Field?

In this prospective open-label study, the rate of virologic

failure at 48 weeks among patients on a second-line

boosted lopinavir monotherapy regimen was relatively

high and predicted by early detectable viremia at 12 and

24 weeks.

What Are Your Research’s Implications toward
Theory, Practice, or Policy?

Lopinavir/ritonavir (LPV/r) monotherapy may have a role

in certain patients but cannot be recommended as second-

line therapy in patients without a compelling reason due to

a significant risk of low-level viremia and subsequent vir-

ologic failure; clinically, patients virally suppressed at

24 weeks are likely to do well on LPV/r monotherapy.
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achieve viral suppression (<400 copies/mL) by week 24; or (3)

failure to achieve 1.0 log VL decline from baseline by week 12.

Immunologic failure was defined as 2 consecutive absolute

CD4 counts >50% lower than the baseline absolute CD4 count.

Statistical Methods

The intention-to-treat (ITT) analysis compared viral suppres-

sion at 48 weeks among patients who remained on LPV/r

monotherapy for the entire study, meeting all study require-

ments, to all patients who met any criteria for protocol failure.

Due to delays in VL reporting, some patients remained on

LPV/r monotherapy despite meeting protocol-defined failure;

hence, we conducted an on-treatment (OT) analysis of all those

who remained on LPV/r monotherapy through 48 weeks,

regardless of study protocol status. Secondary analyses were

also conducted of adverse events and toxicities, changes in

virologic and immunologic measurements, metabolic indices,

adherence reports, and evolution of resistance mutations. Uni-

variate and multivariate logistic regression were used to calcu-

late adjusted and unadjusted odds of treatment failure.

The sample size of 60 patients was calculated based on prior

evidence demonstrating 75% viral suppression in ARV-naive

patients on a 3-drug LPV/r-based regimen and an expected

suppression rate of at least 60% in ARV-experienced patients.

Therefore, using a one-sided alternative and a type I error rate

of 0.05, a sample size of 60 patients would provide 72% power

to detect a difference between the predicted success rate of

LPV/r of 75% and the nominal success rate, 60%. Imputation

was performed for missing VLs and CD4 counts by taking the

mean of the previous and subsequent values. Statistical analysis

was performed using Stata (version 13.1, StataCorp, College

Station, Texas).

Role of the Funding Source

The funder played no role in the design, conduction, analysis,

interpretation, manuscript development, or decision to submit

the manuscript for publication.

Results

One hundred five patients were screened for the study; 30

patients met inclusion criteria and were enrolled. Two patients

were excluded for CD4 <50 cells/mm3 and 73 because of VLs

<1000 copies/mL at screen. Seventeen of 506 data points were

missing, resulting in only 3.4% of data being imputed. Study

enrollment was halted at 30 when predetermined futility bench-

marks were reached as well as per data and safety monitoring

board recommendation.

Table 1 demonstrates the baseline characteristics of the par-

ticipants. Twenty-five (83%) were women, with median age of

34.5 (interquartile range [IQR]: 31-40) years. At study entry,

the median VL was 8302 (IQR: 1944-28 215) copies/mL and

the median CD4 was 259 (IQR: 163-314) cells/mm3; median

historic CD4 nadir was 143 (IQR: 81-190) cells/mm3. The

median duration of prior ART was 29 (IQR: 23-36) months.

Table 2 displays the outcomes of study participants.

Twenty-eight (93%) patients achieved viral suppression of any

duration on LPV/r monotherapy with a median of 4 (IQR: 4-8)

weeks to reach suppression; median total duration of viral sup-

pression on LPV/r monotherapy was 22 (IQR: 12-36) weeks.

No correlation was found between time to viral suppression and

initial VL or initial CD4 count. Viral blips, defined as a detect-

able VL (>400 copies/mL) between 2 undetectable VLs, were

experienced by 96% of the participants, with a median of 1

(IQR: 0-2) blip per patient over the course of the study; median

VL recorded during a blip was 1692 (IQR: 940-3621)

copies/mL. Seventy-three percent self-reported adherence of

greater than 95% throughout the entire study period.

Safety parameters, including cholesterol, triglycerides, glu-

cose, weight, and body mass index were assessed throughout

the study and no significant differences were observed between

baseline and end line values nor were any significant changes

correlated to study success or failure (data not shown).

Figure 1 displays each patient over study time, with viral

suppression and study status by line color and pattern. In the

ITT analysis, 9 (30%) participants met the primary outcome of

sustained viral suppression and 21 patients were ITT failures.

Of ITT failures, 17 were virologic failures, 2 persons failed to

achieve a 1-log reduction in VL by 12 weeks, and 1 person had

not achieved virologic suppression by 24 weeks. One person

was removed from the study due to new onset of diabetes. The

median VL at the time of protocol failure was 1245 (IQR: 524-

3215) copies/mL and the median week of study failure

occurred at 20 (IQR: 12-28) weeks. One person was lost to

follow-up after week 36 following virologic failure in week

20. The remaining 29 (97%) participants completed the trial.

Due to a time delay in reporting VLs, all of the 17 ITT

virologic failures continued for some period of time on

Table 1. Baseline Characteristics of Study Participants.

Characteristics
LPV/r Monotherapy

(N ¼ 30)

Evangel hospital, n (%) 23 (77%)
Female sex, n (%) 25 (83%)
Median age (IQR), years 34.5 (31-40)
Median HIV viral load (IQR), copies/mL 8302 (1944-28 215)
Median CD4 count (IQR), cells/mm3 259 (163-314)
Prior ART, n (%)

Efavirenz 11 (37%)
Nevirapine 23 (77%)
Tenofovir 2 (7%)
Emtricitabine or Lamivudine 30 (100%)
Stavudine 9 (30%)
Zidovudine 26 (87%)

Median duration prior ART (IQR), months 29 (23-36)
Median historic CD4 nadir (IQR), cells/mm3 143 (81-190)

Abbreviations: ART, antiretroviral therapy; CD4, CD4 þ T-cell; IQR,
interquartile range; LPV/r, lopinavir/ritonavir.
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LPV/r monotherapy. Twelve of the 17 subsequently resup-

pressed with no intervention and thus were allowed to continue

on LPV/r monotherapy until some additional indication to

intensify their regimen. Of these 12 patients, 7 remained on

monotherapy until the end of the study; of those 7, 5 were

virally suppressed at 48 weeks. These additional 5 patients

were considered to have failed according to the study protocol

definition, yet from a clinical perspective successfully

remained on LPV/r monotherapy.

Therefore, an OT analysis was also performed, examining

all patients who were still on LPV/r monotherapy regardless of

ITT status. In the OT analysis, 16 (53%) patients completed the

study while still on LPV/r monotherapy; of these, 14 (47%)

were suppressed on LPV/r monotherapy at 48 weeks. Further-

more, of the 21 who failed per protocol, 11 (52%) patients

resuppressed for at least some period of time while still on

LPV/r monotherapy.

Treatment intensification with the addition of 2 NRTIs

occurred at a median of 28 (IQR: 28-36) weeks; the median VL

at intensification was 1805 (IQR: 0-28 449) copies/mL. From the

time of ITT failure to treatment intensification, the median VL

decreased by 463 (IQR: �2275-1421) copies/mL. Of the 14

patients receiving dual-NRTI intensification, 9 were suppressed

at week 48. Thus at 48 weeks, 23 (76%) patients were suppressed

(14/16 on monotherapy and 9/14 on LPV/r þ 2NRTIs).

Baseline genotypes were performed on a selected subset of 8

patients and no PI resistance mutations were identified. By

week 48, all patients who had had a genotype done had failed

per protocol and were on a treatment-intensified regimen with

2NRTIs added to the PI. Six of 8 patients had VL <1000 by

week 48; all 3 patients with WT virus at baseline, 2 patients

with only M184V, and 1 of 3 patients with M184V þ TAMs.

Despite the presence of NRTI mutations, patients successfully

resuppressed on 2NRTI treatment intensification following vir-

ologic failure of PI monotherapy.

Figure 2 panels, A and B, display the graphical trends of

VLs over time (only VLs <10 000 copies/mL displayed to

permit visualization of low-level viremia). Low-level viremia

was present to some degree in all but one patient. Most patients

achieved a rapid reduction in VL by week 4 regardless of their

starting VL. This was followed by a “hectic” pattern, with high

spikes in viral replication followed by different degrees of viral

control, and only 3 patients losing complete viral control

>10 000 copies. Those patients who required treatment

Table 2. Results of 48 Weeks of LPV/r Monotherapy.

Viral Characteristics of LPV/r Monotherapy LPV/r Monotherapy (N ¼ 30)

Virologically suppressed for any duration on LPV/r, n (%) 28 (93%)
VL � 400 copies/mL at 12 weeks on LPV/r, n (%) 12 (40%)
VL � 400 copies/mL at 24 weeks on LPV/r, n (%) 13 (43%)
VL � 400 copies/mL at 48 weeks on LPV/r, n (%) 9 (30%)
Median week of initial viral suppression on study drug (IQR) 4 (4 to 8)
Median weeks duration of initial viral suppression on study drug (IQR) 8 (4 to 12)
Median total weeks suppressed on study drug (IQR) 22 (12 to 36)
Median number of blips on study drug (IQR) 1 (0 to 2)
Patients who self-reported >95% adherence to ART, n (%) 22 (73%)
Intention to treat analysis

Sustained virologic response until 12 weeks on LPV/r, n (%) 21 (70%)
Sustained virologic response until 24 weeks on LPV/r, n (%) 11 (37%)
Sustained virologic response until 48 weeks on LPV/r, n (%) 9 (30%)
Failure per protocol by 48 weeks, n (%) 21 (70%)

Reason for failure (n ¼ 21)
2 consecutive detectable VLs (>400 copies/mL) 17 (57%)
<1 log reduction in VL by 12 weeks 2 (7%)
Fail to suppress VL (<400 copies/mL) by 24 weeks 1 (3%)
Adverse event to study drug 1 (3%)
Median week of failure per protocol (IQR) 20 (12 to 28)
Median viral load at failure (n ¼ 21), copies/mL 1245 (524 to 3215)
Resuppressed on monotherapy after failure 12 (40%)

On treatmenta analysis
Effective LPV/r monotherapy until 12 weeks, n (%) 29 (97%)
Effective LPV/r monotherapy until 24 weeks, n (%) 27 (90%)
Effective LPV/r monotherapy until 48 weeks, n (%) 16 (53%)
Treatment intensification by 48 weeksb, n (%) 14 (47%)
Median week of ARV change (IQR) 28 (28 to 36)
Median VL at ARV change (IQR), copies/mL 1805 (0 to 28 449)
Median change in VL from failure per protocol to ARV change (IQR), copies/mL �463 (�2275 to 1421)

Abbreviations: ARV regime, antiretroviral regime; IQR, interquartile range; LPV/r, lopinavir/ritonavir; VL, viral load.
aRemained on LPV/r at end of study.
bAny other ARV regimen at end of study.
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Week of failure per protocol
Week of TI

Meeting protocol on LPV/r monotherapy
Failed per protocol, on LPV/r monotherapy
Failed per protocol, on LPV/r + 2 NRTIs
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Figure 1. Chart of each patient’s viral load and study status across study time. Each line represents a patient in the study with viral suppression
indicated by line height, antiretroviral therapy by line pattern, and study status by line color. Intention-to-treat successes are represented by the
lines in green at 48 weeks; on-treatment successes are represented by the lines that are solid (green or red) at 48 weeks. IQR indicates
interquartile range; LPV/r, lopinavir/ritonavir; NRTI, nucleoside reverse transcriptase inhibitor; Pt, patient; TI, treatment intensification; VL, HIV
viral load in copies/mL.

Claassen et al 5



intensification either lost viral control completely or were

unable to regain viral control <1000 copies.

In comparison of ITT and OT success versus failure at 48

weeks, there were no statistically significant differences

between groups in terms of baseline VL, CD4 count, historic

CD nadir, or self-reported adherence (analysis not shown).

Table 3 demonstrates the results of univariate logistic regres-

sion on the odds of ITT and OT failure. Female gender was

associated with ITT and OT success, as all 5 males in the study

failed LPV/r monotherapy (no P value due to collinearity).

Detectable VL (>400) at 12 weeks was strongly indicative

of treatment failure at 48 weeks, with odds of either ITT failure

(odds ratio [OR] ¼ 8.75, P ¼ .01) or OT failure (OR ¼ 6.11,

P ¼ .02), as compared to those who were undetectable at

12 weeks. HIV-1 viral loads at 24 weeks were also strongly

predictive of treatment failure at 48 weeks. Of those who had a

detectable VL at 24 weeks, all went on to be ITT failures

(P value not calculated due to collinearity). Detectable VL at

24 weeks showed a nonsignificant trend toward OT failure

(OR ¼ 3.25, P ¼ .15); however, this became statistically sig-

nificant when the VL cutoff was increased to 1000 copies/mL

(OT failure: OR ¼ 8.33, P ¼ .04).

Characteristics of prior ARV treatment were examined for

potential association with treatment failure. Prior treatment

with efavirenz (EFV) was significantly associated with failure;

those who had been on a prior EFV-based regimen had a 7.27-

fold higher odds of ITT failure (P ¼ .04) and 5.78 higher odds

of OT failure (P¼ .03), as compared to those who had not been

exposed to EFV. Self-reported adherence of <95% was not

associated with odds of treatment failure.

Multivariate logistic regression (not displayed) was also per-

formed to assess adjusted odds of treatment failure; however,

due to low study numbers and collinearity, ORs were frequently

inestimable. Intention-to-treat failure was perfectly associated

with male gender and detectable VL at 24 weeks, demonstrating

that the ITT successes all occurred among women and among

those who were suppressed at 24 weeks. Intention-to-treat out-

comes were also strongly associated with study location and

history of prior EFV treatment, as per the univariate regression.

On-treatment failure was also strongly predicted by detectable

VL at 24 weeks, male gender, and prior EFV use.

Discussion

In this prospective open-label study, we evaluated the efficacy

of second-line ART with LPV/r monotherapy to maintain viral

suppression below 400 copies. By strict ITT criteria, LPV/r

monotherapy maintained sustained viral suppression in only

9 (30%) patients. Of 30 patients, 28 (93%) suppressed for some

period of time on LPV/r monotherapy. In a 48-week snapshot

analysis, 14 (47%) patients were virally suppressed among

those who remained on LPV/r monotherapy for the duration

regardless of loss of viral control during the study. Across the

study, low-level viremia was prevalent and lack of viral sup-

pression at 12 weeks was a strong predictor of subsequent

failure. Of note, we found no adverse hematologic or metabolic

effects associated with LPV/r monotherapy use and no PI resis-

tance mutations emerged during monotherapy use.

Boosted-PI monotherapy trials in naive patients or first-line

deintensification trials have achieved treatment efficacy rang-

ing from 70% to 88%11–26; however, the MONotherapy Anti-

Retroviral Kaletra (MONARK) trial demonstrated only 47%
viral suppression for naive patients at 96 weeks.27 These trials,

primarily completed in Europe and the United States, provided

the basis for second-line treatment trials of LPV/r monotherapy

in RLS. These second-line treatment trials had treatment effi-

cacy rates of 60% to 65%,28,29 though the ACTG trial demon-

strated efficacy of 87% at 24 weeks.10 Notably, a recent trial

evaluating LPV/r monotherapy deintensification as a second-

line treatment strategy in sub-Saharan Africa demonstrated

efficacy of only 55%.8 A recent meta-analysis by Arribas

et al20 assessed efficacy of boosted PI monotherapy versus

triple therapy in 2303 patients in 13 randomized trials. They

Figure 2. Patient viral loads across study time by treatment status at
end of study. Display of all HIV viral loads less than 10 000 copies/mL
for patients who successfully remained on lopinavir/ritonavir mono-
therapy at 48 weeks (Panel A, on-treatment successes) and those who
failed lopinavir/ritonavir monotherapy by 48 weeks (Panel B, on-
treatment failures).
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found viral suppression in 73.9% (629/851) of patients on

boosted PI monotherapy in the primary switch-equals-failure

analysis as compared to 82.0% (710/865) of patients on triple

ART (absolute risk difference of 8.3%, 95% confidence inter-

val: 4.8%-11/9%, P < .0001). However, when treatment inten-

sification was included, there was no significant difference

between the 2 therapies (87% versus 85%).20

Working under an FDA IND, our trial was required to mon-

itor VLs every 4 weeks, which offered an opportunity to exam-

ine the viral kinetics of HIV in a previously treated population

under LPV/r monotherapy. We observed that low-level viremia

is pervasive and more frequent than previously described with

96% of patients experiencing viremia after suppression. In the

Bamrasnaradura Infectious Diseases Institute MONOtherapy

(BIDI-MONO) trial, which assessed VLs every 3 months,

24% had viral blips and 10% had persistent viremia.11 Mano-

suthi et al checked VLs at weeks 48, 96, and 144 and found

low-level viral rebound in 10% to 15% of patients.28 In a 2009

systematic review of LPV/r monotherapy, Bierman et al found

that only 10% of patients have viral rebound.30 However, the

Second-line Anti-Retroviral therapy in Africa (SARA) trial

which assessed efficacy of LPV/r monotherapy following a

24-week induction with combined LPV/r þ 2NRTIs found

that 40% of monotherapy patients had VLs greater than

50 copies/mL and 14% over 1000 copies/mL at 24 weeks;

5% of the monotherapy group had major PI mutations.31

Critically, we observed no major PI resistance mutations in

our patients. Other studies have similarly found a very low risk

of treatment-emergent resistance mutations or loss of future

treatment options with boosted PI monotherapy.18–20,22,23,32,33

Low-level viremia in PI monotherapy has been attributed to

higher adherence requirements given the short half-life of

boosted PIs, and nonadherence is a possible explanation for

the viremia seen in our patients, particularly those with high

spikes and subsequent resuppression in the absence of TI. How-

ever, the pattern of viral replication seen in our patients does

not suggest poor adherence. The patients were carefully

screened for a history of good adherence, had a comprehensive

adherence intervention prior to starting second-line, and main-

tained high levels of self-reported adherence and compliance

with study visits. Furthermore, we found no statistical associ-

ation between viral suppression and adherence. Finally, and

most convincingly, the successful viral suppression following

treatment intensification with 2 NRTIs without additional

adherence interventions suggests that adherence is not the only

factor for failure. A similar pattern of successful viral suppres-

sion following treatment intensification following boosted PI

monotherapy is seen in other trials.20,33

Protease inhibitors target postintegration, viral transla-

tional amplification. This might allow for a state of cellular

activation and increased potential for viral replication which

monotherapy PI treatment cannot reliably prevent. Increased

environmental stimuli for immune activation experienced in

RLS could also potentially increase viral replication, further

exposing the limitations for complete viral control on boosted

PI monotherapy.

The long-term success of LPV/r monotherapy for any given

patient is difficult to predict and precludes guideline recom-

mendation of PI monotherapy as second-line treatment. How-

ever, there will be patients in need of second-line therapy who

are intolerant to NRTIs, resistant to all NNRTIs and without

access to integrase inhibitors. Moreover, boosted PI monother-

apy has consistently been demonstrated to be a cost-effective

Table 3. Univariate Regression on Odds of LPV/r Monotherapy
Treatment Failure.

Logistic Regression

Intention
to Treat
Failure

On-Treatment
Failure

OR P OR P

Demographics
Female gender 1.00a - 1.00a -
Age (years) 1.02 .69 1.06 .26

>35 years 0.73 .69 1.00a -
Plateau state location 0.08 .01 0.37 .27

Entry HIV status
Initial VL (continuous) 1.00 0.47 1.00 0.80
Initial VL

<10 000 copies/mL - -
10 000-100 000 copies/mL 4.20 .23 2.78 .25
>100 000 copies/mL 1.20 .86 1.67 .60

Initial CD4 (continuous) 0.99 .52 1.00 .21
Initial CD4

<250 cells/mm3 — —
�250 cells/mm3 1.67 0.53 0.78 0.73

CD4 Nadir 1.00 0.96 1.00 0.25
VL and CD4 milestones

VL at 12 weeks 1.00 .01 1.00 .01
VL > 400 copies/mL at 12 weeks 8.75 .01 6.11 .02
VL > 1000 copies/mL at 12 weeks 5.68 .04 5.50 .03

VL at 24 weeks 1.00b - 1.00 .01
VL > 400 copies/mL at 24 weeks 1.00 - 3.25 .15
VL > 1000 copies/mL at 24 weeks 1.00 - 8.33 .04

Change in CD4 (0-12 weeks) 1.00 .18 1.00 .24
Change in CD4 (0-24 weeks) 1.00 .48 1.00 .65
Change in CD4 (0-48 weeks) 1.00 .38 1.00 .47

ART characteristics
Prior ART

Efavirenz 7.27 .04 5.78 .03
Nevirapine 0.31 .28 0.26 .13
Tenofovir 1.00 - 1.15 .92
Emtricitabine or lamivudine 1.00 - 1.00 -
Stavudine 1.75 .54 3.25 .15
Zidovudine 1.00 - 0.86 .89

Duration of prior ART (months) 1.02 .54 1.01 .56
Nonadherence (<95%) 0.63 .59 0.60 .54

Abbreviations: ART, antiretroviral therapy; CD4, CD4 þ T-cell; LPV/r,
lopinavir/ritonavir; OR, odds ratio; VL, HIV viral load.
aOne predicts failure perfectly, that is, being male predicted failure as did having
any detectable VL at week 24.

bAll who were not virally suppressed at week 24 were intention-to-treat
failures at 48 weeks.

Bolded values are statistically signficant at p < 0.05.

Claassen et al 7



treatment strategy compared to triple therapy,33–35 a key con-

sideration for RLS. All studies, including ours, point to a rea-

sonable expectation that LPV/r monotherapy would be

effective in some patients. We found that detectable VLs at

12 and 24 weeks were strongly indicative of treatment failure

at 48 weeks. Patients who had detectable VL at 12 weeks were

8.75 times more likely to fail at 48 weeks (P ¼ .01) and all

patients who had a detectable VL at 24 weeks would go on to

fail by ITT protocol. These VL milestones offer a clinically

useful tool: a VL can be checked 6 months after starting LPV/r

monotherapy, and if VL is detectable >400 copies, there may

not be utility in continuing treatment without intensification.

Other factors predictive of ITT success were female gender

and treatment at Plateau State Hospital, whereas ITT failure

was associated with prior EFV treatment. The association with

EFV treatment likely represents confounding with male gen-

der, as EFV was not prescribed to women of childbearing age;

EFV could also be associated with prior history of TB treat-

ment. The difference in boosted PI monotherapy success by

gender is interesting and to our knowledge has not been

described previously. This may represent a difference in adher-

ence, though to date there is conflicting evidence as whether

adherence differs by gender.36–38 Of note, in our study, initial

VL and CD4 count did not predict treatment success nor did

historic CD4 nadir or self-reported adherence. In other studies

of boosted PI monotherapy, such factors were correlated with

treatment outcomes.10,13,16,18,21,22,27,39–42

The primary weakness of this trial is the small sample size.

The trial was halted early, and only half of the estimated

needed participants were recruited. The frequency of VL mon-

itoring, while a key strength of this study, is also one of its

major weaknesses. Such frequent monitoring is neither repre-

sentative of clinical practice nor of clinical treatment trials.

Had we pursued less frequent VL monitoring we likely would

have had rates of failure similar to other studies.

In conclusion, low-level viremia is extremely common in

patients on LPV/r monotherapy in RLS, with 96% of patients in

this study experiencing at least 1 blip. Lopinavir/ritonavir

monotherapy may have a role in certain patients but cannot

be recommended as second-line therapy in patients without a

compelling reason due to a significant risk of low-level viremia

and subsequent virologic failure. For clinical purposes, patients

who are not virally suppressed by 24 weeks should not continue

on LPV/r monotherapy.
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