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Introduction: Ethiopia has one of the highest HIV burdens in sub-Saharan Africa. Despite the fact that second-line antiretroviral
therapy (ART) has been available for more than ten years, studies on its effectiveness are scarce.

Objective: To assess treatment outcomes and predictors of unfavorable outcomes in HIV patients receiving second-line ART at Ayder
Comprehensive Specialized Hospital and Mekelle Hospital.

Materials and Methods: An institution-based retrospective cohort study was conducted in two hospitals in Tigray Region, Ethiopia.
We evaluated 192 patients aged >15 years who were switched to second-line from November 2009 to May 2020 after failure of first-
line ART. The primary outcome was the time from the initiation of second-line ART to the occurrence of unfavorable treatment
outcomes (treatment failure, death, and loss to follow-up). We performed Kaplan—Meier survival estimates to calculate the cumulative
incidence rates of unfavorable outcomes.

Results: The mean age (SD) at the initiation of second-line ART was 39 (10.03) years, and the median CD4 cell count was 121 cells/
microL. During a median follow-up of 4.6 years, 24 (12.5%) patients had died, 11 (5.7%) patients were lost to follow up, and 47
(24,4%) patients were experienced treatment failure. The incidence rates for unfavorable outcomes were 7.8 per 100 patients/years.
Predictors for unfavorable outcomes were body mass index (BMI) <18.5 (adjusted hazard ratio [aHR] = 2.51, 95% confidence interval
(CI): 1.27-4.95) and CD4 counts <100 cells/microL (aHR = 1.74, 95% CI: 1.09-2.79). Despite the failure of second-line ART, none of
the patients received third-line ART.

Conclusion: The incidence rate of unfavorable treatment outcomes for second-line ART was found to be high. A low BMI and a low
baseline CD4 count were significant predictors of unfavourable outcomes and should be given special consideration in HIV care.
A third-line ART regimen should also be considered for people who have failed second-line ART.
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Introduction
The human immunodeficiency virus (HIV) remains a major public health problem around the world. In Ethiopia, 613,000
people were living with HIV in 2018." The treatment of HIV has been revolutionized with the introduction of ART.? Access
to ART in resource-limited settings has increased dramatically over the past decade, leading to substantial reductions in
morbidity and mortality.> However, as more patients spend long periods on ART, the number of patients failing first-line
ART has increased.”> As a result, the number of patients needing second-line ART is increasing in sub-Saharan Africa.®

For patients who fail second-line treatment, treatment options are limited, which is a serious concern in resource-limited
settings.” Different treatment outcome rates with second-line ART have been reported. Studies in Africa and Asia have reported
that 6% to 40% of adults develop treatment failure on second-line ART.*® Some studies have also described predictors of second-
line ART failure such as baseline WHO clinical stage IV,'® CD4 counts below 100 cells/mm,'" suboptimal adherence,'? high
viral load," young age,'* lower body mass index,'” and delayed initiation of second-line therapy."®

Ethiopia is one of the highest HIV burden countries in sub-Saharan Africa with limited availability of HIV viral load
tests and HIV drug resistance tests to monitor patients receiving first and second-line ART.'® Although second-line ART
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has been available in the country for more than ten years, there are, however, limited data on the treatment outcome of
patients on second-line ART. Thus, with the limited ART drug options in the country, outcome data and predictors with
unfavorable second-line ART outcomes are required to inform policy. Therefore, this study aimed to determine the
incidence rate of second-line ART outcomes and its contributing factors in Tigray region, Ethiopia.

Materials and Methods

Study Setting and Period

The study was conducted at Ayder comprehensive specialized hospital (ACSH) and Mekelle hospital (MH), Tigray
region, northern Ethiopia. ACSH is a major public hospital in the region and serves over 10 million people in the
catchment area. It provides both outpatient and in-patient services. The hospital was also used as a teaching hospital and
research center for the College of Health Sciences, Mekelle University. Mekelle hospital is one of the oldest health
institutions administered under Tigray Regional Health Bureau, providing both a referral and non-referral healthcare
services in the region and its catchment areas. The study included HIV-infected adult patients who failed treatment and
switched to second-line antiretroviral therapy from November 2009 to May 2020.

Study Design and Population

We conducted an institutional-based retrospective cohort study. HIV patients aged >15 years who were on second-line
ART regimen for at least six months were included. Patients transferred from different health facilities and patients with
incomplete data were excluded.

Sample Size Estimation and Sampling Technique
The sample size was calculated using a single proportion sample size estimating formula

2
. P(1—P
a ( 1—%) ( ): (1.96)°0.136(1 — 0.136) _ .,
pE 0.05>

where n = sample size, Z = confidence interval (1.96), p = the probability of treatment failure (p = 0.136), by
considering a study conducted in southwest Ethiopia,'' and d = Margin of error to be tolerated (0.05). By adding 10%
contingency to the total sample (174X0.01=17.4), the total sample size required was 192. Subjects were recruited using
a consecutive sampling technique up to the full sample size.

Data Collection

Demographic, clinical, laboratory, and treatment-related factors were recorded on a standardized form (S1 Appendix)
using routinely available data. These variables were recorded from the patients’ medical charts by trained health
professionals. The standardized form consists of socio-demographic variables (age, sex, residence, marital status,
educational level, and occupation), antiretroviral drug timeline, serial BMI measurements, WHO staging, tuberculosis
status, serial CD4 count, serial HIV viral load, opportunistic infections, and death. We trained four data collectors on the
purpose of the study and the retrieval of data from the patient records. The data collectors then reviewed the records of
the eligible patients under the supervision of the research coordinator.

Treatment and Follow-Up

The treatment provided in the present study was performed as part of routine care. Upon diagnosis, an appropriate first-line

ART was chosen. For first-line treatment, a combination of two reverse transcriptase inhibitors (NRTIs) with one NNRTI

nonnucleoside reverse transcriptase inhibitor (NNRTT) was used. If a patient developed treatment failure on first-line therapy,

a switch to second-line ART was made. For second-line treatment, two NRTIs with one protease inhibitor (PI) were used.
During the first six months after starting treatment, patients were followed up at the ART clinic every 1 month.

Thereafter, patients underwent follow-up visits at least every 3 months. At each visit, patients’ clinical condition was
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assessed by the healthcare providers. The CD4 count was measured at baseline and every six months or when indicated.
Viral load was measured infrequently for few selected patients if treatment failures were suspected.

Outcome Measures and Definition of Terms
The primary outcome was time from second-line ART initiation to the occurrence of unfavorable treatment outcomes. We
considered unfavorable treatment outcomes when a patient died, lost to follow up, or the occurrence of virological,
immunological, or a clinical failure event after a six-month of effective treatment with second-line ART.

Clinical failure was defined as the occurrence of a new or recurrent clinical event indicating severe immunodeficiency
(WHO stage 4 condition and stage 3 condition (PTB, severe bacterial infection)) after six months of treatment.

Immunologic failure was defined as a CD4 count of <250 cell/mm’ following clinical failure or persistent CD4 levels
below 100 cells/mm® after six months of effective treatment.

Virologic failure was defined as a plasma viral load above 1000 copies/mL on two consecutive measurements after at
least 3 months of continued ART.

Death was defined as a record of death in a patient who was on second-line ART for at least six months.

Loss to follow-up (LTFU) was defined as loss of a patient from ART follow-up for 3 months or longer after the last
appointment and was not yet classified as “dead” or “drop-out”.

Statistical Methods

Data were entered into EPI-Data version 4.2.0.0 and exported to STATA version 14.1 (STATA Corp, TX, USA) for
analysis. We presented the data using the mean (SD) and median (IQR) for continuous variables or frequency (%) for
categorical variables. The cumulative incidence of unfavorable outcome rates at 12, 24, 48, and 84 months was calculated
using the Kaplan—Meier method. Follow-up time was calculated from second-line ART start until the occurrence of
unfavorable outcome or censoring. The risk factors associated with unfavorable outcomes (failure, dead, and LTFU) were
determined using the Cox proportional hazards model. Variables with a p-value <0.25 in the univariable analysis were
included in the multivariable Cox proportional hazards model to identify independent predictors of unfavorable
outcomes.

Results

Socio-Demographic Characteristics of HIV Patients on Second-Line ART

A total of 192 HIV infected patients who initiated second-line therapy after failing first-line therapy were included in this
study. Of these, 57.8% of the patients were male. The mean age (SD) at the start of second-line ART was 39 (10.03)
years. More than one-thirds had completed secondary school, and 45.3% of the patients were merchants (Table 1).

Clinical Characteristics of HIV Patients at Switch to Second-Line ART

The median duration on ART prior to initiation of second-line treatment was 5 years (interquartile range [IQR], 3 to 6).
At the start of second-line ART, most patients (75.5%) had a BMI <18.5 and the median CD4 count was 111 cells/microL
(IQR, 81.3 to 145.8). Viral load was not measured in the majority (71.9%) of the patients at the time of switch. The
majority of the patients (80.2%) were in WHO T stage III/IV. In total, 62.5% of the patients received LPV/r in
combination with 2 NRTIs and 37.5% of the patients received ATV/r with 2 NRTIs (Table 2).

Treatment Outcomes of Second-Line ART

The patients were followed for a median of 4.6 years (IQR, 2.0-6.7 years) after switching to second-line ART, with
a total observation period of 872 person-years. During this follow-up period, unfavorable outcomes were observed in 82
(42.7%) of the patients. In total, 24 (12.5%) patients had died, 11 (5.7%) patients were LTFU, and 47 (24,4%) patients
experienced treatment failure (either clinical, immunological, and virologic failure or a combination of them). None of
the patients received third-line ART despite failure to second-line.
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Table | Socio-Demographic Characteristics of Patients on Second-
Line ART in ACSH and MH, Ethiopia Between 2009 and 2020
Variables Category Frequency (%)
Institution Ayder Hospital 47(24.5)
Mekelle Hospital 145(75.5)
Gender Male 111(57.8)
Female 81(42.2)
Age(yrs) 15-29 56(29.2)
30-39 86(44.8)
4049 38(19.8)
=50 12(6.3)
Mean + SD 39(10.03)
Marital Status Never married 41(21.4)
Married 82(42.7)
Separated 48(25.0)
Divorced 21(11)
Religion Muslim 6 (3.1)
Orthodox 186(96.9)
Educational level No education 29(15.1)
Primary 61(31.8)
Secondary 70(36.5)
Diploma/ degree 32 (16.7)
Occupation Merchant 87(45.3)
Daily laborer 61(31.8)
Government employer 26(13.5)
Other 18 (9.4)
Table 2 Clinical, CD4+, and Viral Load Characteristics of HIV Patients at Switch to
Second-Line ART in ACSH and MH, Ethiopia Between 2009 and 2020
Variables Category Frequency (%)
Time on first-line ART (years) <5 84(43.8)
25 108(56.3)
Median (+IQR) 53 to 6)
BMI during switch <185 145(75.5)
2185 47 (24.5)
CD4 (cells/mm3) at switch <100 cells/microL 66(34.4)
2100 cells/microL 126(65.6)
Median (+IQR) 111 (81.3 to 145.8)
Viral Load (copies/mL) 1000-10,000 14 (7.3)
>10,000 40 (20.8)
Unknown 138(71.9)
WHO T staging at switch Stage T I/l 38 (19.8)
Stage T II/IV 154(80.2)
First-line ART regimens AZT+3TC+EFV 64(33.3)
AZT+3TC+ NVP 62(32.3)
TDF+3TC+ EFV 46(24.0)
Others 20(10.4)
(Continued)
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Table 2 (Continued).

Variables Category Frequency (%)

Initial second line ART AZT+3TC+ LVP/r 21 (10.9)
AZT+3TC+ATV/r 20 (10.4)
TDF+3TC+LVP/r 66 (34.4)
TDF+3TC+ATV/r 31 (l6.1)
ABC+3TC+LVP/r 33 (17.2)
ABC+3TC+ATV/r 21(10.9)

Initial second line regimen based on Pl Dual NRTI + LPV/r 120(62.5)
Dual NRTI + ATV/r 72(37.5)

Abbreviations: BMI, body mass index; IQR, interquartile range; ART, antiretroviral treatment; WHO, World
Health Organization; NRTI, nucleoside reverse-transcriptase inhibitors; TDF, tenofovir; AZT, zidovudine; 3TC,
lamivudine; ABC, abacavir; LPV/r, lopinavir/ritonavir; ATV/r, atazanavir/ ritonavir; NVP, nevirapine; EFV, efavirenz.

The incidence rate of unfavorable treatment outcome of second-line treatment was 7.84 (95% CI 6.32 to 9.74) per 100 person-
years of follow-up. Considering the composite outcome, the cumulative probability of unfavorable outcomes (failure, death, and
LTFU) at 12 months was 7.5% (95% CI 4.5% to 12.3%), at 24 months was 18.9% (95% CI 14.0% to 25.4%), at 48 months was
27.6% (95% CI 21.7% to 34.8%), and at 84 months was 46.5% (95% CI 38.5% to 53.3%) (Figure 1).

Predictors of Unfavorable Treatment Outcome

The individual risk factors associated with unfavorable outcomes (failure, death, and LTFU) were determined using the
univariable Cox proportional hazards model (Table S1). Age at second-line initiation, BMI <18.5, and CD4 counts were
the associated factors in the univariable analysis. Variables with a p-value <0.25 in the univariable analysis were included
in the multivariable Cox proportional hazards model to identify independent predictors of unfavorable outcomes. The
results of the Cox proportional hazards model indicated that patients who had a BMI <18.5 were more likely to have
unfavorable outcome (adjusted hazard ratio (aHR): 2.51, 95% confidence interval (CI): 1.27-4.95). Similarly, patients

Kaplan-Meier failure estimate

T T T T T T T T T
0 12 24 36 48 60 72 84 96 108
Follow up months on second-line ART

95% CI — Failure function

Figure | Kaplan-Meier failure estimate of second-line antiretroviral therapy second line ART in ACSH and MH, Ethiopia between 2009 and 2020.
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Table 3 Predictors of Unfavorable Outcomes in Patients on Second-Line ART in ACSH and MH, Ethiopia Between 2009 and 2020

Variables Unfavorable Outcomes Unadjusted HR (95% CI) p-value Adjusted HR (95% CI) p-value
No Yes
Gender
Male 58 53 Ref Ref
Female 52 29 0.66(0.42,1.04) 0.076 0.80(0.48, 1.34) 0.40
Age
1529 21 I Ref Ref
30-39 46 22 0.96(0.46, 1.98) 0.905 0.84(0.39, 1.79) 0.65
4049 31 33 1.91 (0.96, 3.79) 0.065 1.43(0.67, 3.04) 0.35
250 12 16 2.21 (1.02, 4.81)* 0.045 1.69(0.71, 4.02) 0.24
BMI at switch
<185 73 72 2.48(1.28,4.82) 0.007 2.51(1.27, 4.95)* 0.008
2185 37 10 Ref Ref
WHO T staging
Stage I/Il 39 19 Ref Ref
Stage III/IV 71 63 0.73(0.47, 1.14) 0.172 1.71(0.99, 2.98) 0.053
CD4 count at switch
<100 30 36 1.97(1.26, 3.07)* 0.003 1.74(1.09,2.79)* 0.02
=100 80 46 Ref Ref
First-line ART
AZT+3TC+EFV 34 30 Ref Ref
AZT+3TC+NVP 37 25 0.81(0.47, 1.39) 0.450 0.87(0.49, 1.54) 0.64
TDF+3TC+EFV 26 20 1.54(0.87, 2.75) 0.138 1.79(0.87, 3.68) 0.11
Others 13 7 0.72(0.31, 1.64) 0.436 0.79(0.33, 1.92) 0.61
Type of PI
Dual NRTI + LPV/r 65 55 Ref Ref
Dual NRTI + ATV/r 45 27 1.43(0.89, 2.29) 0.135 1.46(0.85, 2.52) 0.175
Time on first ART
<5 51 33 Ref Ref
25 59 49 1.36(0.87, 2.15) 0.179 1.27(0.76, 2.15) 0.365

Notes: *Statistical significance at p-value <0.05. The values in bold font represent variables that are significantly associated with the unfavourable outcomes.
Abbreviations: HR, hazard ratio; 95% Cl, 95% confidence interval; ART, antiretroviral treatment; WHO, World Health Organization; NRTI, nucleoside reverse-
transcriptase inhibitors; TDF, tenofovir; AZT, zidovudine; 3TC, lamivudine; Pl, protease inhibitor; LPV/r, lopinavir/ritonavir; ATV/r, atazanavir/ ritonavir; NVP, nevirapine;
EFV, efavirenz.

having CD4 counts <100 cells/microL were more likely to have unfavorable outcome (aHR = 1.74, 95% CI: 1.09-2.79)
(Table 3) than patients with higher CD4 counts (Table 3).

Discussion

One of the main goals of this study was to assess treatment outcomes for second-line ART in patients who failed first-line
ART therapy. We found an overall incidence rate of unfavorable treatment outcome of second-line ART to be 7.8 per
100 person-years of follow-up. Our results are consistent with previous results in Myanmar which reported the incidence
rate of unfavorable outcomes of 7.9 per 100 PYFU.? Similarly, the incidence of unfavorable outcomes in this study is in
agreement with studies conducted in a multicenter study in Asia which found 8.8 failures per 100 patient/years.'’

Our results differ, however, concerning the rates of unfavorable outcomes reported by Pujades-Rodriguez et al.
Treatment failure occurred at a rate of 16.1 per 100 patient-years; almost double what we report here.'? The reason for
this might be due to the difference in follow-up periods. Because most failures occur shortly after switching to a second
line, a shorter follow-up period is likely to find a higher chance of failure compared to a study with a longer follow-up
period. Another explanation may be differences in the diagnostic criteria for treatment failure. In the study by Pujades-

Rodriguez et al, viral load was used to assess treatment failure, in addition to other criteria. Viral load increases earlier
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than other immunologic and clinical markers, which can shorten the time to diagnosis. This may explain the lower rates
of virological failure in our study and may indicate under-diagnosis of second-line treatment failure.

Our study found that the incidence of unfavourable outcomes was significant during the first 24 months. This is
consistent with a meta-analysis study conducted in sub-Saharan Africa, which found that the pooled treatment failure
rates were high before 12 months and 12—18 months of follow-up after second-line drugs were initiated.” This could be
due to patients’ failure to respond to second-line therapy and the subsequent development of opportunistic infections and
mortality following first-line failure. The rate of unfavourable result was reduced after 24 months of follow-up, showing
that patients who responded initially had a comparably persistent virological response. Similarly, a relatively maintained
virological response was observed after 18 months of follow-up.’

Our study also identified the predictors of unfavorable treatment outcomes. Lower BMI (<18) at second-line ART
initiation was found to be a significant risk factor of unfavorable outcomes. This finding is in agreement with findings
conducted in Uganda'> and Malawi'® which showed a strong association between BMI and unfavorable outcomes. This
result may be explained by the fact that nutritional status of individuals has a positive effect on immunity.'*® This
finding highlights the importance of monitoring the nutritional status of HIV positive patients.

We found a CD4 count < 100 cells/microL at the time of the switch was a strong predictor of unfavorable outcomes.
Consistent with the present results, several studies have indicated that the failure of second-line treatment is associated with
a lower baseline CD4 cell count at the initiation of the second line.”'*?'">* One possible explanation for this could be that
opportunistic infections have occurred at lower CD4 levels, which could lead to patient mortality and other adverse outcomes.**

Virologic monitoring of ART is superior to timely diagnosis of treatment failure.”> However, in our study, only 28%
of the patients had a record of viral load when switching to second-line ART and in subsequent measures. Likewise, most
countries in sub-Saharan Africa still use clinical and CD4 count to monitor treatment response and decide to switch
to second-line ART. These indicators are poorly correlated with virological failure, resulting in long delays between
failure and switching.”® A delay in recognizing treatment failure can lead to the accumulation of resistance mutations that
compromise treatment options and efficacy.?’ Thus, policymakers and healthcare providers should consider routine viral
load monitoring for the patients on second-line ART.

Despite the large number of patients who failed treatment, none of the patients switched to any alternative third-line
ART. A study in Myanmar also reported that none of the patients who failed second-line treatment had switched to third-
line ART.” In fact, the third-line ART regimen is not available in the HIV program in these settings. Continuing the failed
regimen would not help the patient, and policymakers should consider a nationwide study of treatment outcomes and
initiation of third-line ART in a small portion of patients.

The results of this study have important implications. Treatment failure with PI-based second-line regimen observed
in a significant proportion of patients requires special attention. Policymakers and healthcare providers should consider
the need for third-line ART in a small portion of patients to improve treatment outcomes in the country. Since this study
shows that a lower BMI is an important predictor of unfavorable outcomes, attention should be paid to monitor the
nutritional status of HIV patients. Health education should also be provided on the importance of a balanced diet for such
patients. Moreover, a lower CD4 cell count at the time of switch was associated with unfavorable results. To maximize
the durability of second-line ART, it is very important to recognize the failure of first-line ART early and switch to
the second-line with a relatively high CD4 cell count.'”*® Thus, patients should be frequently monitored for treatment
failure before the CD4 declines. It is also recommended to increase access for viral load monitoring throughout the
region to promote early detection of treatment failures.

Interpretation of our results should take into account a number of limitations. The gold standard for assessing ART
failure is using viral load. In this study, however, we assessed treatment failure for most patients using CD4 cell counts and
clinical parameters. In the developed country settings, second-line ART failure would have been defined by results of
genotyping. In this case, the second-line ART choice was empiric, due to genotyping not being available, which may have
influenced the outcome of our patients. As our study was retrospective, some clinical variables such as adherence were not
well documented at each follow-up visit and were not included in the analysis. Nonetheless, given that the two sites
involved with a reasonable number of participants and a longer follow-up period, we believe our results reasonably reflect
ART use and treatment outcomes, particularly in Tigray Regional State and in Ethiopia in general.
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We recommend that further research be undertaken on the current topic. A prospective follow-up study using viral
load as a measure of treatment failure and possibly including drug resistance. Furthermore, national and international
policymakers should use the results of this assessment and other studies to improve HIV care.

Conclusion

The incidence rate of unfavorable outcomes for second-line ART in HIV-infected patients was found to be high. A low
BMI and low baseline CD4 count were significant predictors of unfavorable treatment outcomes. Thus, patients with low
CD4 count and low BMI should receive much attention in HIV care. Viral load was measured for only a few patients, and
greater access to viral load monitoring is required to facilitate early detection of ART failure. In addition, an alternative
third-line ART regimen should be considered for those receiving a failed second-line ART.
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ART, Antiretroviral Therapy; ATV/r, Atazanavir/ritonavir; BMI, Body Mass Index; cHR, crude hazard ratio; CI,
Confidence Interval; EFV, Efavirenz; HIV, Human Immunodeficiency Virus; LPV/r, Lopinavir/ritonavir; LTFU, Loss
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