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Abstract

Background: Understanding the correlates of disengagement from HIV care and treatment 

failure during second-line antiretroviral therapy (ART) could inform interventions to improve 

clinical outcomes among people living with HIV (PLHIV).

Methods: We conducted a retrospective cohort study of PLHIV aged >15 years who started 

second-line ART at a tertiary centre in Nigeria between 2005 and 2017. Participants were 

considered to have disengaged from care if they had not returned within a year after each clinic 
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visit. Cox proportional hazards models were used to investigate factors associated with: i) viral 

failure (HIV-1 RNA >1,000 copies/mL), ii) immunologic failure (CD4 count decrease or <100 

cells/mm3), and iii) severe weight loss (>10% of bodyweight), after >6 months of second-line 

ART.

Results: Among 1031 participants, 33% (341) disengaged from care during a median follow-up 

of 6.9 years (IQR 3.7–8.5). Of these, 26% (89/341) subsequently re-entered care. Disengagement 

was associated with male gender, age <30, lower education level and low CD4 count at second-

line ART initiation. Among participants with endpoint assessments available, 20% (112/565) 

experienced viral failure, 32% (257/809) experienced immunologic failure, and 23% (190/831) 

experienced weight loss. A lower risk of viral failure was associated with professional occupations 

compared to elementary: adjusted hazard ratio 0.17 (95% confidence interval 0.04–0.70).

Conclusion: Adverse outcomes were common during second-line ART. However, re-

engagement is possible and resources should be allocated to focus on retaining PLHIV in care 

and providing services to trace and re-engage those who have disengaged from care.

Introduction

Protease inhibitor-based regimens remain the combination of choice for second-line 

antiretroviral therapy (ART) for people living with HIV (PLHIV).1 Most individuals starting 

such regimens have already experienced first-line treatment failure and, therefore, are at 

increased risk of subsequent treatment failure during second-line ART, compared to people 

who maintained viral suppression on first-line ART.2 Whilst many studies have investigated 

first-line ART failure, fewer have described outcomes on second-line ART, particularly 

in relation to engagement in care. There remains a need to understand the correlates of 

disengagement from care and treatment failure during second-line protease inhibitor-based 

therapy in order to inform optimized management and prevent adverse clinical outcomes.

Continuous engagement in care is a key requirement for the successful management of HIV, 

which requires lifelong adherence to ART. A meta-analysis of over 70,000 patients in the 

early years of the ART programmes in sub-Saharan Africa (2000–2007), estimated retention 

in care to be 75% at one year and 62% at two years after ART initiation.3 Death was thought 

to account for about 40% of attrition. A subsequent update that included the period 2008 to 

2013, suggested an improvement in retention with 81% in care at one year and 71% at two 

years after initiating ART among the sub-Saharan African cohorts.4

In Nigeria, varying definitions of retention have been used, which complicates interpretation 

of the existing literature. One analysis conducted early in the implementation of the national 

ART programme considered participants to be lost to follow-up if they had missed a clinic 

appointment and had not returned within 60 days of that missed visit.5 By that definition, 

26% of 5,760 patients across five centres, including the site for the present study, were 

deemed lost to follow-up. The median follow-up period was around seven months and most 

of the attrition occurred immediately after the first clinic visit. The largest study of its kind 

in Nigeria evaluated loss to follow-up in over 50,000 people who had initiated first-line 

ART between 2004 and 2011 and had returned to clinic at least once to collect ART.6 

Overall, 28% were considered lost to follow-up by 2012 as they had not collected ART 
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from pharmacy within two months following the last scheduled appointment on at least one 

occasion.

Less is known about engagement in care during second-line therapy despite the particular 

vulnerability of PLHIV on second-line regimens to viral failure and other adverse events.2,7 

The diagnosis of clinical, immunologic or viral failure requires engagement in care for 

clinical assessment, CD4 count measurement and HIV viral load testing, respectively. The 

World Health Organization (WHO) defines clinical failure in adults as, after at least six 

months of ART, a new or recurrent stage IV condition (such as wasting syndrome with 

severe weight loss of >10% of bodyweight) or certain stage III conditions, including 

pulmonary TB.8 Immunologic failure is defined by a poor CD4 response during ART of 

<100 cells/mm3 and/or a decrease compared to baseline levels. Viral failure is usually 

defined as a viral load >1,000 copies/mL, ideally confirmed by a second measurement.8

We conducted a retrospective cohort study to describe engagement in care and treatment 

failure among second-line ART recipients attending a tertiary hospital in central Nigeria. 

A pragmatic approach to follow-up was taken in this study, which recognised that a period 

of disengagement may not represent permanent loss-to-follow-up, and so participants could 

contribute data to the analysis if they returned to care.

Methods

Participants were selected from the second-line treatment cohort of PLHIV at the University 

of Abuja Teaching Hospital. As previously described, the ART programme is delivered 

by the AIDS Care and Treatment in Nigeria (ACTION) project, which is a collaboration 

between the Institute of Human Virology Nigeria (IHVN), the Federal Ministry of Health 

of Nigeria, the Institute of Human Virology of the University of Maryland and other local 

organisations.9,10 Second-line protease inhibitor therapy has been available in this setting 

since 2005 for people who have failed NNRTI-based first-line regimens. There have been 

major changes in ART programming over this time, including the CD4 threshold at which 

ART is initiated, the recommended antiretroviral agents, and the availability of laboratory 

monitoring. The preferred protease inhibitor is ritonavir-boosted lopinavir, though in the 

early years of the second-line programme (2005–2008) some people were started on older 

protease inhibitor agents (such as saquinavir, indinavir and nelfinavir), and in the most 

recent period (2013–2016) atazanavir has also been used.

The Nigerian national guidelines for HIV treatment and care from 2007 and 2010 

recommended routine follow-up every 3–6 months during ART, with a clinical evaluation 

including weight and adherence assessment at every visit.11,12 Routine blood tests (e.g. full 

blood count, renal and liver function) and a CD4 count were recommended every 6 months. 

While a six-monthly HIV-1 RNA “viral load” quantitation was listed as “desirable”, it was 

recognised that the availability of laboratory tests may differ between healthcare facilities. 

In the 2016 national guidelines, the viral load monitoring recommendation changed to 

“essential” every 12 months (and remained “desirable” every six months).13 This was the 

year that routine viral load monitoring was introduced at the study site. Prior to that, viral 
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load testing was not performed routinely, but could be requested on a case-by-case basis if 

treatment failure was suspected despite apparently good adherence.

The IHVN database of prospectively collected clinical and laboratory information was 

used to identify potential participants. The medical notes at the University of Abuja 

Teaching Hospital were also reviewed to determine eligibility and to collect additional 

data. Participants were included if they were aged >15 years and had initiated second-line 

protease inhibitor-based ART. The potential time-in-cohort for each participant started at the 

switch to second-line ART and ceased at death, transfer of care to another treatment centre 

or study end (25 May 2017). People who had switched to second-line ART less than one 

year before the study end were excluded to allow at least one year of potential follow-up 

for all participants. Participants were considered to be in-care for one year following each 

clinic visit. If they did not re-attend clinic within the year they were then considered to 

have disengaged from care. However, no one was considered completely “lost to follow-up”, 

and if a participant returned to clinic after a period of disengagement then they were 

considered to have re-entered care. In this way, each person’s total potential time-in-cohort 

was subdivided into a series of consecutive periods of time either in-care or out-of-care. 

Engagement in care was summarised via the proportion of potential time spent in-care and 

out-of-care, the number of distinct periods in-care, the number of clinic attendances per year, 

and the frequency of clinical and laboratory monitoring. The characteristics of participants 

who were continuously in-care were compared to those who had disengaged at any point.

Three types of treatment failure were considered, each defined after a minimum of six 

months following second-line ART switch. The primary treatment failure outcome of 

interest was viral failure, defined as HIV-1 RNA >1,000 copies/mL. Secondary outcomes 

were immunologic failure, defined as CD4 count <100 cells/mm3 or any decrease in CD4 

count from the “baseline” value (at second-line ART switch); and severe weight loss, 

defined as a decrease of >10% of bodyweight compared to the baseline value.

Risk factors for treatment failure were investigated during the first in-care period using Cox 

proportional hazards models to estimate hazard ratios (HR) and associated 95% confidence 

intervals (CI). Age, sex and year at the time of second-line ART switch were included 

a priori. Multivariable models were fitted parsimoniously. Variables associated with the 

outcome of interest in univariable analyses (p<0.1) were included in the multivariable 

analyses and retained if they remained significant (p<0.05). If two factors that were 

associated with the outcome of interest in univariable analysis were also strongly associated 

with each other, then the one with the strongest association with the outcome of interest was 

carried forward for the final model. The other was included instead in a sensitivity analysis. 

For analyses of each endpoint, individuals without the necessary clinical assessments during 

routine care at the time of and after second-line ART switch were excluded.

Sensitivity analyses were performed to examine the effect of different definitions of time-in-

care, treatment failure and the population included. The study definition of time-in-care as 

up to 12 months after the last clinic attendance was varied to allow up to 6, 24 or 36 months 

in-care after the last clinic attendance. The viral load threshold for viral failure was varied 

from the study definition of >1,000 copies/mL to >400 or >5,000 copies/mL. Immunologic 
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failure was varied from the study definition of any decrease in CD4 count or a CD4 count 

of <100 cells/mm3, to a >20% decrease in CD4 count, or to just an absolute CD4 count of 

<100 cells/mm3. Weight loss of >10% was varied to require both >10% and >5kg loss, and 

to >15% loss. The population included was varied to either include the whole cohort as the 

denominator, or just those in whom it was possible to ascertain treatment failure, e.g. those 

with viral load data for the viral failure endpoint, those with CD4 data for immunologic 

failure, and those with weight data for the weight loss endpoint. Statistical analyses were 

performed using SAS version 9.4 (SAS Institute, Cary, NC, US).

Ethical approval was granted by the Institute of Human Virology Nigeria 

Institutional Review Board, the National Health Research Ethics Committee of Nigeria 

(NHREC/01/01/2007), the University of Maryland, Baltimore Institutional Review 

Board (HP-00066914), and the University College London Research Ethics Committee 

(14865/002).

Results

Study participants

Over 9,000 people have been enrolled in the HIV treatment and care programme at 

the University of Abuja Teaching Hospital. The IHVN database query identified 1,111 

individuals as potential second-line ART recipients. One person was excluded as the medical 

notes could not be found, 28 had not received a protease inhibitor, and five were aged under 

15 at the start of second-line ART. A further 46 people were excluded from the analysis as 

they had less than one year of potential follow-up, having started second-line ART after 26 

May 2016. This left 1,031 adults and adolescents eligible for inclusion in the analysis.

Two-thirds of the cohort (671/1031, 65.1%) were women and the median age was 36 

(interquartile range [IQR] 31–42). The majority (720, 71.8%) were educated to at least 

secondary school level and 466 (47.1%) were in professional or skilled employment (Table 

1). Around one quarter were not in paid employment (264, 26.7%, in the “other” occupation 

group: 156 housewives, 61 students, 38 unemployed people and nine retirees). Most 

participants were married (688, 69.4%) and the median number of dependants was three 

(IQR 1–4). The median travel time to the clinic was 90 minutes (IQR 45–120), although 

the maximum journey time was over ten hours. First-line ART containing nevirapine 

or efavirenz had been given for a median duration of 2.5 years (IQR 1.5–4.1) prior to 

second-line switch. Three quarters of participants (768, 74.5%) had a HIV-1 RNA measured 

during first-line therapy (median 56,872 copies/mL, IQR 12,831–178,658). The median 

CD4 count at switch to second-line ART was 173 cells/mm3 (IQR 80–294) in women and 

116 cells/mm3 (IQR 52–205) in men (p<0.0001).

Second-line ART regimens

Most participants started ritonavir-boosted lopinavir as part of second-line ART (846, 

82.1%). Other protease inhibitors started included ritonavir-boosted atazanavir in 167 

(16.2%), mainly from 2013 onwards. Older agents had been started between 2005 and 

2008, including saquinavir in 12 participants (1.2%), indinavir in five (0.5%), and nelfinavir 
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in one (0.1%). The most common nucleos(t)ide reverse transcriptase inhibitor (NRTI) 

agents prescribed with the protease inhibitor were tenofovir disoproxil fumarate, zidovudine, 

lamivudine and emtricitabine, which were prescribed in some combination in 805 (78.1%) 

participants. Other combinations, including abacavir, stavudine and/or didanosine were also 

used.

Engagement in-care

About 95% of participants (983/1031) returned to the clinic at least once after starting 

second-line ART. Seventeen cohort members (1.6%) died at a median of 5.2 months (IQR 

1.1–24.7) after switching to second-line ART. Seventy people (6.8%) formally transferred 

care to another treatment facility.

Overall, the median potential time in-cohort (from second-line initiation to death, transfer 

or study end) was 6.9 years (IQR 3.7–8.5), but only two-thirds of participants (690/1031, 

66.9%) were continuously in-care for all of their potential follow-up time. Participants who 

spent time out-of-care were more likely to be male, aged under 30, to have started ART 

earlier, to have lower baseline CD4 counts at the start of second-line ART, and were less 

likely to be educated to post-secondary level, compared to those who remained continuously 

in-care (Table 1). For participants who remained in-care continuously, the first (and by 

definition, only) in-care period lasted a median of 5.8 years (IQR 3.4–7.9), compared to a 

median of 2.3 years (IQR 1.3–4.0) for the first in-care period of those who subsequently 

disengaged.

Of the 341 (33.1%) participants who became out-of-care, one quarter (89/341, 26.1%) later 

returned to the clinic for further periods in-care (up to five separate in-care periods in one 

individual). The characteristics of those who did and did not re-enter care after a period of 

disengagement were similar, with the exception of the CD4 count at the start of second-line 

ART, which was lower in those who did not return to care: median 116 cells/mm3 (IQR 41–

232) compared to those who later returned to care: 146 cells/mm3 (IQR 87–314), p=0.01. 

Participants who started second-line ART with a CD4 count of <50 cells/mm3 had the 

highest proportion of disengagement (43%, 80/186) and the lowest proportion of subsequent 

re-entry to care. Only 15% (12/80) of this group who had disengaged later returned to clinic 

during the follow-up period (Table 2).

The total time spent in-care for all periods for all participants was 4,773 person-years, 

representing 75.4% of the total 6,333 person-years that could potentially have been 

contributed by the cohort. The median number of clinic attendances per year was 4.4 (IQR 

3.6–4.8).

Ascertainment of treatment failure

Not everyone had an HIV viral load, CD4 count and weight recorded during second-

line therapy. The ascertainment of immunologic or weight failure also required baseline 

measurements prior to second-line initiation for comparison. Sufficient measurements to 

assess viral, immunologic and weight failure were available for 582 (56.5%), 822 (79.7%) 

and 840 (81.5%) people, respectively. Overall, treatment failure could not be assessed 

through any of the three approaches for 122 (11.8%) participants, including nine people who 
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died and 17 who transferred care to another centre (median time in-care: 6.6 months, IQR 

6.0 – 9.0). Among the whole cohort, assessments of weight, CD4 count and viral load were 

recorded a median (IQR) of 2.5 (1.9–3.1), 1.2 (1.0–1.5), and 0.26 (0.16–0.38) times per year 

of second-line therapy, respectively.

Viral failure

Viral failure was detected in 112 participants (19.8% of those with viral load data, 10.9% 

of the cohort), at a median of 2.6 years (IQR 1.2–4.9) after switch to second-line ART. 

The median viral load at viral failure was 28,103 copies/mL (IQR 5,520–124,340). Most 

people (85/112, 75.9%) did not have a repeat viral load measurement to confirm viral 

failure. In univariable analyses (Table 3) participants with higher levels of education and 

more professional occupations were less likely to experience viral failure. Participants with 

lower baseline weight and those who started second-line ART in later years were more likely 

to experience viral failure. Baseline viral load was strongly associated with viral failure, with 

over 50% increase in the hazard of viral failure for every log10 increment in baseline HIV-1 

RNA measurement. Results from the multivariable model confirmed the greatest risk of viral 

failure was among people with elementary occupations, high viral loads at first-line ART 

failure, and those starting second-line ART more recently.

Immunologic failure

Immunologic failure occurred in 257 participants (31.8% of those with CD4 count data, 

24.9% of the cohort). It was more common among participants with higher CD4 counts 

at second-line ART switch with an adjusted HR of 1.11, 95% CI 1.09–1.13, for every 50 

cells/mm3 higher baseline value (Table 3). There was a trend towards women having a lower 

hazard of immunologic failure than men once this was adjusted for baseline CD4 count 

(adjusted HR 0.77, 95% CI 0.58–1.01, p=0.06).

Weight loss

Weight loss was observed in 190 participants (22.9% of those with weight data, 18.4% of the 

cohort). Weight loss was 37% more common in women in univariable analysis, though the 

effect was attenuated after controlling for other factors (Table 3). People starting second-line 

ART between 2013 and 2016, had around half the risk of weight loss compared to those 

starting between 2005 and 2008. In the univariable analysis, married people had two thirds 

of the risk of weight loss of single people but the marital status did not remain significant in 

multivariable analyses.

Correlation between different types of treatment failure

At least one type of treatment failure occurred in 422 (40.9%) participants, but there was 

little overlap between the different types of treatment failure (Figure 1). Of those with viral 

failure, 51/112 (46%) did not have any other type of treatment failure, 56/112 (50%) also 

had immunologic failure, and 25/112 (22%) also had weight loss.
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Sensitivity analyses

A series of sensitivity analyses were performed to check the robustness of the findings to 

differences in study definitions; conclusions from all analyses were similar. The number 

of treatment failure events using different definitions of treatment failure and time in-care 

are shown in Supplementary table 1. The multivariable Cox regression models for viral 

failure using different definitions of time in-care, viral load threshold and population 

included are shown in Supplementary tables 2–3. The corresponding analyses are shown 

for immunologic failure in Supplementary tables 4–5 and for weight loss in Supplementary 

tables 6–7. Changing the definition of disengagement from a 12-month absence from clinic 

to six months since the last attendance would result in 55.5% (572/1031) of participants 

being considered to have disengaged during follow-up.

The decision to exclude the 46 people who had less than one year of potential follow-

up before the study end was tested by examining their outcomes. One had experienced 

viral failure, two had immunologic failure and one had weight loss. If the definition of 

disengagement was revised to allow six months in-care since last clinic attendance, then 

seven (15.2%) of the 46 would be considered to have disengaged.

Discussions

In this study of PLHIV in Nigeria, one third of the cohort members at least transiently 

disengaged from care after switching to second-line ART and 40% experienced treatment 

failure. Disengagement was more common in men, young people, those with a lower 

education level, and those with a lower CD4 count at switch to second-line ART. One 

of the strengths of the study is that follow-up was not censored at a pre-defined threshold 

for loss-to-follow-up, but rather participants could become out-of-care then later return to 

care and contribute more data. Importantly, we found that one quarter of participants who 

had disengaged from care later returned to clinic. Participants with a very low CD4 count 

of <50 cells/mm3 were more likely to disengage from care and were less likely to re-enter 

care following disengagement. This is concerning as these people who were profoundly 

immunosuppressed were most in need of lifesaving care. However, these data show that it is 

possible to re-engage people and strategies are needed to increase the proportion of PLHIV 

that return to care, perhaps via dedicated services to trace and welcome back those who have 

disengaged.

In the absence of a standard definition in the literature, engagement in care may be 

determined by the number and proportion of missed appointments, the visit constancy (i.e. 

whether a person attended clinic within a specified period) or by identifying gaps in clinic 

attendance that exceed a particular length of time.14 These varying definitions hamper direct 

comparisons with other studies. Furthermore, the bulk of the literature describes retention 

during first-line ART,3,6,14–16 which is known to be significantly impacted by the deaths 

of patients soon after ART initiation, so may not be applicable to engagement in care 

during second-line treatment. On the other hand, studies published to date usually have 

a much shorter observation period over which participants can become lost to follow-up. 

For instance, a multicentre study in Nigeria that included the present study site, reported 

retention in care of 74% of first-line ART recipients,5 but this was over a median follow-up 
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of around seven months, so may have missed the attrition that can occur later in the course 

of ART as a result of treatment fatigue and a return to health.14 Indeed we found that people 

who had started second-line ART in earlier years were more likely to become out of care, 

which is likely to reflect a longer potential follow-up period, prior to the end of the study.

Among participants with sufficient data to assess treatment failure, one fifth was diagnosed 

with viral failure, one third had immunologic failure and one quarter had severe weight 

loss, although these measures of treatment failure often identified different individuals. This 

mirrors the results from previous first-line ART studies from sub-Saharan Africa that have 

shown clinical and immunologic failure to be poor predictors of viral failure during first-line 

ART.10,17–19

Viral failure was identified less often than one might expect from other second-line 

studies,20–25 particularly when considering the long follow-up period of this analysis. 

However, the low frequency of viral load measurements, which was only done in 55% 

of participants, meant that this is likely to be an underestimate of the true proportion of the 

cohort that had viral failure. This is also indicated by the fact that participants who started 

second-line ART in the 2013–2016 period, when viral load testing was performed more 

frequently, were more than twice as likely to have viral failure compared to those starting in 

the earliest study period.

People with professional occupations were about five times less likely to experience 

viral failure than those with elementary jobs. Likewise, a higher level of education was 

associated with a lower risk of viral failure. This may reflect an improved knowledge of 

HIV and the importance of adhering to ART, or it may be that those participants with 

higher socioeconomic status had lifestyles that were more conducive to adhering to a daily 

regimen. The baseline viral load, measured prior to switch to second-line ART, was strongly 

associated with the risk of second-line viral failure. This is likely to reflect poor adherence to 

ART during first-line therapy that continued during second-line, as compared to participants 

with an undetectable viral load who had presumably switched to second-line therapy for 

other reasons, such as clinical or immunologic failure, or toxicity. This finding is similar 

to that observed in the SECOND-LINE and EARNEST trials, as well as observational 

studies.22,26,27

High CD4 count at the start of second-line ART was the strongest predictor of immunologic 

failure. This has been reported previously with pre-treatment CD4 count and first-line 

immunologic failure,28–30 however unlike these studies we did not find an association 

between immunologic failure and low CD4 count. This may reflect differences between 

first-line and second-line ART recipients. For example, people with advanced disease and 

low CD4 counts on first-line therapy may be less likely to survive to make the switch to 

second-line. In general, women started second-line ART with less advanced infection, as 

evidenced by higher baseline CD4 counts compared to men. When adjusted for CD4 count, 

there was a trend towards women having a lower hazard of immunologic failure, although 

this was not statistically significant.
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Weight is an important predictor of survival in PLHIV.31–34 Participants who switched to 

second-line ART most recently, between 2013 and 2016, were less likely to have weight 

loss and this may reflect better overall health. The test and treat strategy introduced in that 

period meant that ART was started earlier in the natural history of the infection, without 

waiting for clinical and immunologic deterioration. There is a paucity of data on weight 

loss during second-line ART in low and middle income countries and it is not clear whether 

it is as important as weight loss following first-line ART initiation in terms of associated 

mortality.35,36 However, it is plausible that weight loss may be a particular problem in 

this setting with the widespread use of the protease inhibitor lopinavir, which can cause 

diarrhoea and lipid abnormalities.37 There was a trend towards weight loss being more 

common in women. The Nigeria Demographic and Health Survey reported that women 

are generally more at risk of chronic energy deficiency than men, particularly during 

their reproductive years, for reasons that include poor intake and uneven household food 

distribution.

This retrospective cohort analysis has some limitations. It may not have captured all deaths, 

which in previous studies have accounted for a significant proportion of attrition.3,15 

However, one might expect a lower mortality among people switching to second-line 

regimens who have already survived first-line therapy, compared to people who have just 

initiated ART for the first time. The deaths that were recorded in the present study did tend 

to occur early after switch to second-line ART. It is possible that many of the people who 

disengaged and did not return to care had in fact died out of care. While contact tracing was 

utilized to ascertain reasons for non-attendance at clinic visits, it was not always possible to 

make contact in order to differentiate loss to follow-up due to death or any other reason. This 

strengthens the case for increased efforts to promote retention in care and re-engagement, 

particularly in people with low CD4 counts.

As the Nigerian national guidelines recommend follow-up every 3–6 months, it was felt 

that a disengagement definition of six months would be too strict and would likely capture 

participants whose appointments had been scheduled a few days after this period, or those 

in whom there may be missing data for some attendances. Therefore, one year was selected 

as an appropriate cut-off to define disengagement. This resulted in 33% of the cohort 

considered to have disengaged, compared to 55% had a stricter six-month definition been 

used. By definition, those considered disengaged using a six-month cut-off but not the one-

year cut-off had returned to care within the year. However, only one quarter of the people 

considered disengaged using a one-year cut-off ever attended the clinic again. Exclusion of 

participants with less than one year of exposure to second-line ART may have introduced 

some bias to our results. However, we found that these participants were less likely to 

disengaged from care than other cohort participants when applying the stricter definition 

for disengagement within six months that could be applied to participants with limited 

observation time. Our primary findings may therefore slightly overestimate the proportion of 

participants who disengaged from care.

With regard to the treatment failure outcomes, selection bias may have been introduced by 

differences in monitoring of viral load, CD4 count and weight. The study definition of viral 

failure only required a single measurement, rather than two consecutive measurements as 
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recommended by the WHO,8 because in most cases repeat viral load measurements had 

not been performed. The lack of routine genotypic resistance testing means it is not known 

whether virological failure was associated with drug resistance. We have previously reported 

extensive NRTI and NNRTI resistance at the time of first-line failure at this centre, so it 

is likely that the protease inhibitor was the only fully active agent in many second-line 

regimens.9 Further work is required to determine the prevalence of major protease resistance 

at second-line failure in this cohort.

The study definition of immunologic failure included a decrease in CD4 from baseline or 

<100, similar to the WHO definition.8 While it is recognised that a decrease in CD4 from 

a high level may not represent a significant deterioration, this cohort initiated second-line 

therapy with a median CD4 count of 151, and so would be expected to have an increase 

of 50–100 cells/mm3 during successful therapy, according to national guidelines.11–13 With 

regard to the weight loss definition, there were no other anthropometric measurements to 

contextualise the weight loss observed, and weight loss may have been a positive outcome if 

some participants were overweight at baseline.

During the study period there were few management options in the case of second-line 

treatment failure. Efforts concentrated on optimising adherence and it was recognised 

that a second-line regimen may have only partial activity. There were no third-line 

regimens available through the ART programme at that time. Salvage therapy, which may 

have included darunavir and/or raltegravir, would have to be sourced privately and was 

prohibitively expensive for most people. In 2018, the second-generation integrase inhibitor 

dolutegravir was rolled out for first-line therapy and for second-line therapy following 

failure of a NNRTI-based regimen. Some of the existing second-line PI recipients may 

have been switched to a third-line dolutegravir regimen, and further research is underway 

to examine the success of this strategy. We previously reported that the HIV-1 subtypes 

circulating in this cohort had a high prevalence of the integrase L74I variant, prior to 

integrase inhibitor exposure in this population.38 This variant has been associated with the 

emergence of major integrase resistance in trial participants with subtype A infection and 

may confer reduced susceptibility to this class.39 It is hoped that a regimen containing two 

NRTIs and dolutegravir will be efficacious even in the context of NRTI resistance, as was 

the case when dolutegravir was used as a second-line agent in the NADIA trial.40 However, 

studies into the outcomes of protease inhibitor therapy remain important, as protease 

inhibitors are recommended for second-line therapy following first-line dolutegravir failure.1

This in-depth analysis of a large second-line HIV treatment cohort in Nigeria shows 

that disengagement from care and treatment failure were common over several years of 

follow-up. Improved understanding of the long-term patterns of engagement in care may 

aid planning of ART programmes. Knowledge of the risk factors associated with adverse 

outcomes on second-line protease inhibitor-based regimens allows healthcare practitioners to 

identify people at risk and target resources effectively. This may include interventions aimed 

at improving engagement, return to care and adherence to second-line therapy, as well as 

increasing the availability of third-line ART regimens.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Venn diagram of treatment failure events
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Table 1

Participant characteristics overall and stratified by engagement in care status

All n=1031 Disengaged n=341 Stayed in-care n=690 p value*

Sex

Male, n (%) 360 (34.9) 142 (41.6) 218 (31.6) 0.002

Female, n (%) 671 (65.1) 199 (58.4) 472 (68.4)

Age

years, median (IQR) 36 (31–42) 35 (30–42) 36 (31–42) 0.06

<30, n (%) 202 (19.6) 85 (24.9) 117 (17.0) 0.02

30–39, n (%) 488 (47.3) 151 (44.3) 337 (48.8)

40–49, n (%) 253 (24.5) 76 (22.3) 177 (25.7)

≥50, n (%) 88 (8.5) 29 (8.5) 59 (8.6)

Year **

2005–2008, n (%) 290 (28.1) 127 (37.2) 163 (23.6) <0.0001

2009–2012, n (%) 451 (43.7) 154 (45.2) 297 (43.0)

2013–2016, n (%) 290 (28.1) 60 (17.6) 230 (33.3)

Viral load **

log10 copies/mL, median (IQR) 4.75 (4.10–5.25) 4.82 (4.13–5.31) 4.71 (4.10–5.23) 0.25

CD4 count **

cells/mm3, median (IQR) 151 (64–261) 125 (48–246) 161 (75–267) 0.003

Weight **

kg, median (IQR) 61.0 (53.0–71.0) 59.0 (51.3–68.0) 62.0 (54.8–72.1) 0.0002

Education

None/Primary, n (%) 283 (27.4) 98 (29.5) 185 (27.6) 0.03

Secondary, n (%) 384 (38.3) 141 (42.5) 243 (36.2)

Post-secondary, n (%) 336 (33.5) 93 (28.0) 243 (36.2)

Occupation

Professional, n (%) 95 (9.6) 25 (7.6) 70 (10.6) 0.11

Skilled, n (%) 371 (37.5) 118 (35.8) 253 (38.3)

Elementary, n (%) 260 (26.3) 101 (30.6) 159 (24.1)

Other, n (%) 264 (26.7) 86 (26.1) 178 (27.0)

Marital status

Single, n (%) 173 (17.4) 65 (19.5) 108 (16.4) 0.12

Married, n (%) 688 (69.4) 217 (65.2) 471 (71.5)

Other, n (%) 131 (13.2) 51 (15.3) 80 (12.1)

Dependants

median (IQR) 3 (1–4) 3 (1–4) 3 (1–4) 0.80

Travel time to clinic

minutes, median (IQR) 90 (45–120) 90 (45–150) 85 (45–120) 0.03

First-line ART duration

years, median (IQR) 2.5 (1.5–4.1) 2.1 (1.3–3.1) 2.6 (1.6–4.5) <0.0001

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2023 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

El Bouzidi et al. Page 17

*
p value for Chi-square or Kruskal-Wallis test, as appropriate.

**
Year, viral load (HIV-1 RNA), CD4 count and weight at start of second-line therapy.

Missing (all, in-care, disengaged): education - 28, 19, 9; occupation - 41, 30, 11; marital status- 39, 31, 8; dependants - 89, 60, 29; travel time - 6, 4, 
2; first-line antiretroviral therapy (ART) duration - 114, 65, 49; viral load - 319, 203, 116; CD4 count - 75, 45, 30; weight - 67, 51, 16.
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Table 2

Disengagement and return to care, by CD4 count at second-line ART initiation

CD4 count (cells/mm3) Disengaged (% of all participants) p value* Re-engaged (% of disengaged) p value*

<50 80/186 (43.0%) 12/80 (15.0%)

50–200 131/420 (31.2%) 0.002 40/131 (30.5%) 0.04

>200 100/350 (28.6%) 28/100 (28.0%)

*
p value for Chi-square test
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