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Background: Second-line antiretroviral treatment failure has become a major public health issue, and the time to treatment failure
among second-line ART clients varies globally, and the Sub-Saharan African region having a high rate of second-line ART treatment
failures. In addition, after the ART treatment guideline changed there is limited information on Ethiopia. Therefore, this study aimed to
assess time to treatment failure and its determinants among second-line ART clients in Amhara Region, Ethiopia.

Methods: A multi-centered retrospective follow-up study was conducted. A random sample of 860 people on second-line ART was
selected by using a computer-generated simple random sampling technique from January 30, 2016, to January 30, 2021, at the
University of Gondar Compressive Specialized Hospital, Felege Hiwot Compressive Specialized Referral Hospital, and Debre Tabor
Compressive Specialized Referral Hospital, in Amhara region, Ethiopia. Data was captured using a checklist.

Results: A total of 81 (9.4%) ART clients developed second-line treatment failure, with a median follow-up time of 29 months with
an interquartile range (IQR: 18, 41]. The risk of second-line treatment failure is higher among patients aged 15 to 30 years (adjusted
hazard ratio (AHR) = 2.01, 95% confidence interval (CI): [1.16, 3.48]). Being unable to read and write (AHR = 1.312, 95% CI: [1.068,
1.613]), and poor ART drug adherence (AHR = 3.067, 95% CI: [1.845, 5.099]) were significant predictors of second-line ART
treatment failures.

Conclusion: In the current study, the time to second-line ART treatment failure was high compared with a previous similar study in
Ethiopia. Factors like being younger age, ART clients who are not being able to read and write, and having poor ART drug adherence
was significant predictors of second-line ART treatment failure.

Keywords: HIV/AIDS, treatment failure, second-line ART, retrospective study, Amhara region, Ethiopia

Background

HIV/AIDS continues to be a major global public health issue; in 2023, globally, an estimated 38.4 million people were
living with HIV, and 650,000 people died from HIV-related causes.' Africa is the most affected region, in 2018, around
25.7 million people lived with HIV.? In Ethiopia, there were 610,000 HIV-infected patients; of those, around 404,405
patients were on antiretroviral therapy (ART).>*

ART should be initiated for all individuals living with HIV immediately after confirming the diagnosis, and it reduces
morbidity and mortality rates among HIV-infected people.*> Monitoring the viral load of individuals receiving ART is
important to ensure successful treatment and determine whether treatment failure occurs. Routine viral load testing is
a more sensitive indicator of treatment failure.® Currently, the possibility of treatment failure and the need for second-line

ART are increasing as more and more people enroll in ART treatments.”
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Second-line ART is started after first-line ART fails, and the first-line regimen contains two nucleoside reverse
transcript inhibitors (NRTI) and one non-nucleoside reverse transcript inhibitor (NNRTI). In the second-line regimen,
added protease inhibitors (PI).” The benefit of the change of regimen from early failure of first-line to second-line ART is
to decrease mortality and drug resistance, as well as to increase viral suppression.®

The time to treatment failure for second-line ART varies both within and between countries. Studies, in low-income
countries show that 18.8% of HIV-positive clients experience second-line treatment failure.” According to studies in
South Africa, there was a median time of 54 months for treatment failure.'® Other studies conducted indicated that the
time to second-line treatment failure was 13.23 months."" Various factors shorten the time to treatment failure of second-
line ART among adults. These factors are younger age, being male, marital status (widowed), rural residence, WHO stage
IIT and IV, and poor ART drug adherence status.'''*

According to the Ethiopian Public Health Institute’s (EPHI) national routine viral load program data, 40 (20%) out of
198 patients sampled had virological failure for second-line ART treatment.'> The definitions and criteria for ART
treatment failure have changed. Previous studies used clinical failure, immunological failure, or both as criteria for ART
treatment failure.

However, currently, viral load is recommended and used as the preferred monitoring method to diagnose and confirm
treatment failure.” Despite this, there is no adequate information about the time to second-line treatment failure and its
predictors in Ethiopia. Therefore, the purpose of this study aimed to determine the time to treatment failure and its
predictors among clients receiving second-line ART in Amhara Region, Ethiopia.

Methods
Study Design, Period, and Setting

An institutional-based retrospective follow-up study was conducted from January 30, 2016, to January 30, 2021.

The study was conducted at the University of Gondar Compressive Specialized Referral Hospital (UoGCSRH),
Felege Hiwot Compressive Specialized Referral Hospital, and Debre Tabor Compressive Specialized Referral Hospital,
which are located in the Amhara National Regional State, Ethiopia.

Sample and Population
All HIV-positive adults on second-line ART follow-up in Northwest Ethiopia were the source population.

All adults on second-line ART follow-ups at selected comprehensive and specialized referral hospitals in Amhara
Region, from January 30, 2016, to January 30, 2021, were included in the study population. A total of 860 study subjects
were estimated. The sample size was determined using a variable significantly associated with time to treatment failure
among second-line ART clients from a previous study conducted in the Amhara region.'® Using the following assump-
tions: power = 80%, o = 0.05, B = 0.2, withdrawal = 0.1, then adding 10% of the incompleteness of the chart, the
Schoenfeld formula was used to determine the sample size.'” Therefore, the large sample size selected is 782, adding to
the incompleteness of the chart by 10%. Therefore, 860 was the total sample size for this study.

All patients enrolled in second-line ART attained at the ART clinic, and those aged greater than or equal to 15 years,
were included in the study.

ART users’ incomplete documentation to the time of second-line ART treatment started, as well as an unknown
date for second-line treatment failure, were excluded. In the Amhara region, there are eight referral hospitals, and
the study was conducted in three randomly selected referral hospitals: The University of Gondar Compressive
Specialized Hospital, Felege Hiwot Referral Hospital, and Debre Tabor Referral Hospital. After the random selection
of hospitals, we distributed the sample size proportionally among those hospitals. In those referral hospitals, a total
of 1470 clients registered on second-line ART service, and then we proportionally allocated the sample size from
each hospital. Finally, the study participants’ charts were selected by using a computer-generated simple random

sampling method.
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Data Collection Procedure, Study Variable, and Measurement

A structured English version of the data collection checklist was developed. Data was collected from medical records,
registries, and computer databases. Two days of training were given to three ART nurses and one supervisor for each
hospital. The checklist was pretested at UoGCSH by 30 ART clients.

The dependent variable for this study was time to treatment failure, and it was defined as the length of time from the
start of second-line ART treatment until the patient has a high viral load level (>1000 copies/mL) in two consecutive
measurements is considered to have failed second-line antiretroviral treatment (ART).? This was determined by review-
ing whether the patient was diagnosed with second-line ART failure or not on his or her medical record.

The independent variables were socio-demographic variables: age, sex, residence, marital status, educational status,
and occupation.

Treatment and related factors: co-trimoxazol therapy, Isoniazid (INH) Preventive Therapy, drug regimen, second-line
ART regimen, such as AZT+3TC+LPV/r (Zidovudine, Lamivudine, Lopinavir/ritonavir), AZT+3TC+ATV/r
(Zidovudine, Lamivudine, Atazanavir/ritonavir), TDF+3TC+LPV/r (Tenofovir, Lamivudine, Lopinavir/ritonavir), TDF
+3TC+ATV/r (Tenofovir, Lamivudine, Atazanavir/ritonavir), ABC+3TC+LPV/r (Abacavir, Lamivudine, Lopinavir/
ritonavir).

HIV/AIDS and related factors, such as WHO stage, opportunistic infection, TB coinfection, adherence status, and
functional status.

A structured and pre-tested checklist was used to collect the data. Twelve BSc nurses, as data collectors reviewed and
extracted the data from patient charts and registries.

Data Processing and Statistical Analysis

Data was checked and entered using Epi-data version 4.6 statistical software and then exported to STATA version 14.2
for analysis. Before analysis, data was edited, verified, cleaned, coded, and merged as necessary to make it suitable for
analysis. In addition, multiple imputations were done to handle missing data. Descriptive statistics for categorical
variables were done by percentages, frequencies, and graphs. Continuous variables were also described using mean,
median, standard deviation, and IQR. A life table was used to estimate the cumulative survival of second-line ART
clients. The time to treatment failure among second-line ART clients was estimated using Kaplan—-Meier (KM) and Log
rank tests to compare survival times between groups of categorical variables.

From the survival sub-models, the Cox proportional hazard model was selected based on the lowest AIC values.
The factors significantly associated with time to treatment failure in the bi-variable analysis at p-values less than
0.2 were included in the multivariable survival model. Variables in the multivariable Cox-proportional hazard
model with a p-value <0.05 that were contained in the 95% CI were considered significant. Proportional hazard
assumptions were also checked using the cumulative hazard plot and global test, both of which indicate PHA was
satisfied.

Results

Socio-Demographic Characteristics

In this study, a total of 860 second-line ART patients were included. The mean (SD) age of study participants was 39.28
(11.36) years. The majority of study participants, 449 (52.2%) and 717 (83.1%) were males and urban residents,
respectively. Nearly half of the study participants, 428 (49.3%) and 463 (53.84%), were married and had secondary
and above educational status, respectively (Table 1).

Treatment and HIV/AIDS-Related Characteristics

The majority of study participants, 697 (92%) had good adherence, and 734 (85%) were on isoniazid preventive therapy
(IPT). Regarding the second-line ART regimen, nearly one-third of 306 (36%) patients were under AZT+3TC+AT V',
and other 359 (42%) were under TDF+3TC+ATV/r, respectively (Table 2).
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Table | Socio-Demographic Characteristics of ART Clients on Treatment at in
Ambhara Region, Ethiopia, January 30, 2016-January 30, 2021 (n = 860)

Variables Categories Frequency | Percent (%)
Sex Male 449 52.21
Female 411 47.79
Residence Urban 715 83.13
Rural 145 16.87
Marital status Single 182 21.16
Married 424 49.30
Divorce 100 11.62
Widowed 154 17.90
Educational status | Not being able to read and write | 185 21.51
Primary 212 24.65
Secondary or above 463 53.84
Occupation Daily labor 128 14.88
Employed 322 37.45
Farmer 95 11.05
Housewife 92 10.70
Merchant 133 15.46
Other 90 10.64

Note: Other= Student, None Employees.

Table 2 Treatment and HIV/AIDS-Related Characteristics Among Second-Line ART Clients
on Treatment in Amhara Region, Ethiopia, January 30, 2016-January 30, 2021

Variables Categories Frequency | Percent (%)
Adherence Good 697 92.44
Poor 57 7.56
Isoniazid preventive therapy (IPT) Yes 734 85.35
No 126 14.65
Cotrimoxazole preventive therapy (CPT) | Yes 765 88.95
No 95 11.05
Second-line ART Regimen AZT+3TC+LPV/r | 36 4.19
AZT+3TC+ATV/r | 306 35.58
TDF+3TC+LPV/r | 25 2.90
TDF+3TC+ATV/r | 359 41.74
ABC+3TC+LPV/r | 21 2.44
Other 99 11.51
(Continued)
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Table 2 (Continued).

Variables Categories Frequency | Percent (%)

Functional Status Work 761 88.48
Ambulate 96 11.16
Bedridden 3 0.46

Abbreviations: AZT+3TC+LPV/r, Zidovudine, Lamivudine, Lopinavir/ritonavir; AZT+3TC+ATV/r, Zidovudine,
Lamivudine, Atazanavir/ritonavir; TDF+3TC+LPV/r, Tenofovir, Lamivudine, Lopinavir/ritonavir; TDF+3TC+ATV/r,
Tenofovir, Lamivudine, Atazanavir/ritonavir; ABC+3TC+LPV/r, Abacavir, Lamivudine, Lopinavir/ritonavir; Other,
other specify Including DTG/Dolutegravir.

Time to Treatment Failure Among Second-Line ART Patients
The patients were followed for a minimum of 6 and a maximum of 60 months, with a median follow-up time of 29
months [IQR, (18, 41)], and the median survival time to treatment failure was 31 months with an IQR of [25.0 to 38.7].
Out of 860 study participants followed, a total of 81 (9.4%), 95% CI [7.4, 11.3] ART clients developed second-line
treatment failure in 25,970 person-months (PM) of observations. The incidence density was 3.01 per 1000 PM with
a 95% CI of [2.51, 3.87] or 37 per 1000 person-year (PY) with a 95% CI of [30.0, 46.0].

The cumulative survival probability of the client was 0.913 at 10 months and 0.728 at 30 months. The cumulative
survival probability for second-line ART treatment during the follow-up period was found to be decreased (Figure 1).

Variable Selection and Model Comparisons of Sub-Models

Variables substantially associated with second-line treatment failure in the bi-variable analysis with p-values less than 0.2 were
included in the multivariable survival model. Then, variable selection precedes model comparison, done by using AIC, BIC, and
log-likelihood to select a model among different survival sub-models. Based on our data, the Cox proportional hazard model was
the best-fitted survival sub-model, which has the lowest log-likelihood, AIC, and BIC for the model comparison (Table 3).
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Figure | Overall Kaplan-Meier estimate for second-line ART clients on treatment in Amhara region, Ethiopia.
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Table 3 Summary of Model Comparisons for the Survival Sub-Models

Survival sub-models
Model Weibull | Cox Exponential | Log-logistic | Log-normal
AIC 635.77 322.78 666.72 636.56 641.13
BIC 721.00 398.33 74721 7421.78 7426.35
Log-likelihood | —349.88 | —145.35 | —0.366.36 —350.28 —352.56

Abbreviations: AIC, Akaike information criteria; BIC, Bayesian information criteria.

Assessing Proportional Hazard Assumptions

To fit a survival sub-model, we have to assess the PHA of the model. The PHA states that the hazard ratio of the groups
needs to be the same over time. We checked PHA using a cumulative hazard plot and the Schoenfeld residual test method
(global test, X*= 21.68 with a p-value of 0.153). Both indicate PHA was satisfied.

Predictors of Time to Second-Line ART Treatment Failure
The result showed that some covariates were found to be statistically significant for the time to second-line ART
treatment failure.

After adjusting for other variables in the model, the age category of 15 to 30 second-line ART clients two times
increases the risk of developing second-line treatment failure as compared to an age greater than 46 years, (AHR = 2.01,
95% CI [1.16-3.48]).

When other variables are held constant, the risk of developing second-line treatment failure is 31% higher among
ART clients who are not being able to read and write (AHR = 1.31, 95% CI [1.06—1.61]) as compared to secondary and
above educational statuses.

After adjusting for other variables in the model, the hazard of developing second-line treatment failure is 3.1 times
higher among poor ART drug adherence compared to good ART drug adherence (AHR = 3.06, 95% CI [1.84-5.09]), as
presented in (Table 4).

Table 4 Factors Associated with Second-Line ART Treatment Failure Among ART Clients in Amhara Region, Ethiopia, January 30,
2016-January 30, 2021

Variables Categories Second-line ART Treatment AHR (95% CI) | P-value
Failure
Censored Event
Age 46 and above 287 6 |
31 to 45 age 450 16 1.21 [0.81-1.74] | 0.099
15 to 30 age 42 59 2.01 [I.16-3.48] | 0.000%**
Sex Female 388 23 |
Male 391 58 0.92 [79-1.06] 0.265
Educational status Secondary or above 440 23 |
Primary 203 9 0.76 [0.46—1.81] | 0.085
Not being able to read and write | 136 49 1.31 [1.06-1.61] | 0.010%*
(Continued)
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Table 4 (Continued).

Variables Categories Second-line ART Treatment AHR (95% CI) | P-value
Failure
Censored Event
Functional status Ambulated 83 13 |
Bedridden 3 0 0.50 [0.15-1.60] | 0.245
Work 698 68 0.80[0.63—1.02] | 0.078
Isoniazid preventive therapy (IPT) | No 110 16 |
Yes 671 65 1.19 [0.96-1.47] | 0.098
Adherence Good 657 40 |
Poor 41 16 3.06 [1.84-5.09] | 0.000%+*

Notes: ***Expressed as p-value <0.001, **p-value <0.01.
Abbreviation: AHR, adjusted hazard ratio.

Discussion

Second-line ART treatment failure is a major public health concern. It is associated with increased morbidity and
mortality. People who fail second-line ART are at higher risk of developing serious opportunistic infections and AIDS-
defining illnesses. It limits treatment options and contributes to the development of drug resistance. In addition, second-
line failure is a particularly serious problem in resource-limited settings. Therefore, this study investigated the time to
treatment failure and its predictors among second-line ART clients at referral hospitals in Amhara Region, Ethiopia. In
this study, factors like age, educational status, and ART drug adherence were significantly associated with the risk
of second-line ART treatment failure.

In this study, 81 (9.41%) study participants had failed second-line ART treatment, with a median survival time to
treatment failure was 31 months. This result indicates that the time to second-line treatment failure was longer than in
studies conducted in the Amhara region (13.23 months),'' and studies conducted in four resource limited countries were
11.9 months.'® However, it was lower than compared to studies in South Africa, with a median time to treatment failure
of 54 months.'® The possible reason for this variation might be due to the differences in the definition of treatment failure
criteria. The current study used WHO 2016 virological treatment failure criteria in contrast to the prior study’s use of
WHO 2006 immunological and clinical failure criteria.'®-*

The overall incidence of treatment failure in this study was 37 per 1000 PY. This result is low as compared with studies

2! and Tigray regions,”® where the incidence rate of treatment failure was 61.7 and 72.3 per 1000 PY.

done in Amhara,
However, this study’s result was higher than that of a study conducted in southeast Ethiopia, at 9.38 per 1000 PY.** The reason
for the difference could be related to the study time difference in the diagnostic criteria for treatment failure, the increase of
more ART treatment facilities, and increased ART drug supply, all of which may be contributing to this discrepancy.
According to our findings, the hazard of second-line ART treatment failure was higher in patients in the younger age
groups of 15 to 30 years compared to patients aged 46 and above. This result is in line with studies conducted in
northeast Ethiopia,”* Zimbabwe,** and Brazil,*® where age less than 30 years has been associated with increased second-
line treatment failure. This could be due to the fact that the prevalence of smoking and alcohol consumption is higher
among young adults than among adolescents.”’ In addition, alcohol can interfere the metabolism and absorption of
medications. It can also damage the liver, which is the primary organ responsible for metabolizing ART medications.*®
This study revealed that second-line treatment failure is higher among ART clients who are not being able to read and
write as compared to those with secondary and higher educational status. This result disagrees with a study done in

northeast Ethiopia, which showed that tertiary-level education had increased odds of treatment failure as compared to
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those who could not write or read.?” The difference could be due to a methodological difference from the previous study,
which was a case-control study, as well as a time difference contributing to the discrepancy.

In this study, it was found that patients who had poor second-line ART drug adherence increased the risk of treatment
failure. This result is in agreement with previous studies in Ethiopia that show the rate of treatment failure is higher for
clients who have poor ART drug adherence.'® Also, other studies in sub-Saharan Africa and southern Vietnam support
the finding that patients with suboptimal adherence to second-line treatment were independent predictors of treatment
failure compared to patients with optimal adherence.?*° The possible reason could be because of poor ART drug
adherence, in which patients take less of their ordered ART drugs, allows for more viral replication®' which in turn
increases viral loads and decreases CD4 count. Furthermore, ART clients will face treatment failure.

For those living with HIV, maintaining adherence to second-line antiretroviral medication is essential. Several
important strategies have demonstrated potential for raising adherence to second-line ART, such as peer support and
counseling, which can assist in identifying obstacles, formulating plans of action, and promoting strong commitment.
Additionally, mobile phone interventions like medication trackers, SMS reminders, and educational messages can help
reduce treatment failure and maximize adherence to ART treatment.

The clinical and public health implications of this study are enormous. This study was to provide valuable
information to healthcare professionals and ART clients about factors associated with the risk of second-line treatment
failure. Therefore, it helps to maximize the duration of second-line treatments and minimize the morbidity, mortality, and
loss of productivity associated with treatment failures by identifying the variable most significantly associated with
treatment failure in ART clients.

Conclusion

In the current study, the time to second-line ART treatment failure was high compared with a previous similar study in
Ethiopia. Factors like being younger age, not being able to read and write, and poor adherence were significant predictors
of time to second-line ART treatment failure.
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