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Abstract

Background—Access to combination antiretroviral therapy (cART) is expanding in Latin 

America and the Caribbean (LAC). There is little information in this region regarding incidence of 

and factors associated with regimen failure and regimen change.

Methods—Antiretroviral-naïve adults starting cART from 2000-2014 at sites in seven countries 

throughout LAC were included. Cumulative incidence of virologic failure and major regimen 

change were estimated with death considered a competing event.

Findings—14,027 cART initiators (60% male, median age 37 years, median CD4 156 cells/

mm3, median HIV-RNA 5·0 log10 copies/mL, and 28% with clinical AIDS) were followed for a 

median of 3·9 years. 1,719 patients presented virologic failure and 1,955 had a major regimen 

change. Excluding GHESKIO-Haiti (which did not regularly measure HIV-RNA), cumulative 

incidence of virologic failure was 7·8%, 19·2%, and 25·8% at one, three, and five years after 

cART initiation, respectively; cumulative incidence of major regimen change was 5·9%, 12·7%, 

and 18·2%. Incidence of major regimen change at GHESKIO-Haiti at five years was 10·7%. 

Virologic failure was associated with younger age (adjusted hazard ratio[aHR]=2·03 for 20 vs. 40 

years; 95% confidence interval[CI] 1·68-2·44), infection through injection-drug use (IDU) 

(aHR=1·60; 95%CI 1·02-2·52), initiation in earlier calendar years (aHR=1·28 for 2002 vs. 2006; 

95%CI 1·13-1·46), and starting with a boosted protease inhibitor (aHR=1·17 vs. non-nucleoside 

reverse transcriptase inhibitor; 95%CI 1·00-1·64).

Interpretation—Incidence of virologic failure was generally lower than in North America/

Europe. Our results suggest the need to design strategies to reduce failure and major regimen 

change among younger patients and those with a history of IDU.

Funding—US National Institutes of Health: U01 AI069923.

Introduction

Combined antiretroviral therapy (cART) has markedly reduced morbidity and mortality of 

patients living with HIV/AIDS.1 Improved access to cART has resulted in a sustained 
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increase in the number of people receiving cART in the last ten years reaching 12·9 million 

people at the end of 2013.2 Among resource-limited settings (RLS), Latin America and the 

Caribbean (LAC) have the highest rates of cART coverage, achieving more than 70% 

coverage of those in need in 2012, with 800,000 patients on cART at the end of 20133. 

National HIV programs in Brazil, Argentina, Colombia and Venezuela were established 

relatively early in the epidemic, and generally individualized provision of cART. This 

resulted in high coverage and also a very high number of different first-line regimens, a 

situation still observed in the region.

In 2013, the World Health Organization (WHO) updated its guidelines to promote earlier 

treatment initiation and enhanced patient monitoring.4 In LAC, the criteria for cART 

initiation vary among countries and have changed over time, with some countries now 

offering early treatment to all HIV-positive adults.5-11 However, the CD4 criterion for 

treatment initiation was below 350 cells/mm3 during much of 2000s. National clinical 

guidelines recommend measuring CD4 and HIV-1 viral load (VL) every three to six months 

in patients starting cART, and then every three to six months once VL suppression has been 

achieved.7,9-11 The number of VL determinations increased from a median of 1·2 per year in 

2010 to 1·8 in 2012 in LAC, but with significant differences between countries.3 In 2011, 

77% of adults on cART were receiving first-line regimens and 21% second-line regimens.

There is increasing evidence that the immunologic and virologic responses to treatment in 

RLS can equal those in high-income settings.12 However, switching to second-line regimens 

is less common in RLS, probably due to the cost of second-line drugs and lower frequency 

of VL monitoring.13,14 Therefore, reliable estimates of the incidence of first-line failure and 

major regimen change among individuals starting cART may help HIV programs to estimate 

the need for second-line drugs. In addition, the identification of factors associated with 

cART failure and regimen change may inform the development of preventive interventions 

aimed at improving durability of the first regimen. In this study, we analyzed data from the 

largest cohort of HIV-positive patients in LAC to estimate the cumulative incidence of 

failure and major change of initial cART and to study potentially relevant demographic and 

clinical factors.

Methods

Study design and Data sources

The Caribbean, Central and South America Network (CCASAnet) includes seven adult HIV 

clinical sites in seven countries (Argentina, Brazil, Chile, Haiti, Honduras, Mexico and Peru) 

within the International epidemiologic Databases to Evaluate AIDS (IeDEA).15 Clinical data 

were collected at each site, de-identified, and sent to the CCASAnet Data Coordinating 

Center at Vanderbilt University, Nashville, TN, USA (VDCC), for data harmonization and 

processing. The VDCC checked data for internal consistency and missingness, and the 

VDCC performed periodic quality assessment of data collection and validation through on-

site data audits. When necessary, data were re-abstracted and re-entered.

Sites contributing data to this study were: Centro Médico Huésped, Buenos Aires, Argentina 

(CMH-Argentina); Instituto de Pesquisa Clinica Evandro Chagas, Fundação Oswaldo Cruz, 
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Rio de Janeiro, Brazil (FC-Brazil); Fundación Arriarán, Santiago, Chile (FA-Chile); Le 

Groupe Haïtien d?Etude du Sarcome de Kaposi et des Infections Opportunistes, Port-au-

Prince, Haiti (GHESKIO-Haiti); Instituto Hondureño de Seguridad Social and Hospital 

Escuela, Tegucigalpa, Honduras (IHSS/HE-Honduras); Instituto Nacional de Ciencias 

Médicas y Nutrición Salvador Zubirán, Mexico City, Mexico (INCMNSZ-Mexico); and 

Instituto de Medicina Tropical Alexander von Humboldt, Lima, Perú (IMTAvH-Peru).

Institutional ethics review boards from all sites and Vanderbilt approved the project, waiving 

the requirement for individual patient informed consent except at IMTAvH-Peru where 

informed consent was obtained.

Antiretroviral-naïve adults (≥18 years) initiating their first cART on or after January 1, 2000 

were included in this study. Database closing varied by site; latest dates of cART initiation 

were November 2013 (CMH-Argentina), October 2013 (FC-Brazil), December 2013 (FA-

Chile), October 2011 (GHESKIO-Haiti), January 2014 (IHSS/HE-Honduras and 

INCMNSZ-Mexico), and February 2014 (IMTAvH-Peru).

Outcomes

Primary outcomes were time from cART initiation until virologic failure, major regimen 

modification, and a composite endpoint of the first of virologic failure or major regimen 

modification. The composite endpoint was used to try to capture the overall need for second 

line regimens due to either virologic failure and/or major regimen change Virologic failure 

was defined as one of the following: 1) VL never dropped below 400 copies/mL after 6 

months of therapy, 2) VL dropped below 400 copies/mL but then there were two 

consecutive values >400 copies/mL, 3) VL dropped below 400 copies/mL but then there 

was a single measurement >1000 copies/mL. The third criterion was included because it 

reflects clinical practice in much of the region; the sensitivity of results was investigated by 

removing the third criterion. The cutoff of 400 copies/mL was chosen because it was the VL 

detection limit for many of the sites over much of the study period. A major regimen 

modification required starting a „second-line regimen?, defined as a boosted protease 

inhibitor (PI)-based regimen; if a patient?s first cART regimen included a boosted PI, then a 

second-line regimen required switching the PI. VL was not available for patients from 

GHESKIO-Haiti, so they were not included in the virologic failure and composite endpoint 

analyses.

Clinical stage prior to first cART initiation, or up to 30 days thereafter, was categorized as 

AIDS or not AIDS; clinical AIDS was defined as CDC stage C, WHO stage IV, or a 

specification of AIDS at first visit. CD4 at cART initiation was the CD4 count closest to 

cART initiation but no more than 180 days before or 7 days after. VL at cART initiation was 

the measurement closest to cART initiation but no more than 180 days before; any VL 

measurement after cART initiation was not included.

Statistical Analysis

The cumulative incidence after cART initiation (time 0) of the primary outcomes was 

estimated treating death as a competing event. Patients lost to follow-up, defined as no 

information available for the patient within the year prior to the database closing date, were 
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censored at their last visit. In secondary virologic failure and composite endpoint analyses, 

patients with a gap of more than one year between VL measurements were censored at the 

date of the measurement preceding the gap. One year was chosen to avoid excessive 

censoring, because national guidelines for most of the sites recommend viral load 

monitoring every six months for patients on stable cART.

Risk factors for each of the endpoints were assessed using Cox proportional hazards models. 

All models, both unadjusted and adjusted, were stratified by CCASAnet site (i.e., the 

underlying hazard function was allowed to vary across sites).16,17 Primary models did not 

include data from GHESKIO-Haiti. The primary adjusted models included the following 

variables chosen a priori based on clinical relevance and availability: sex, probable route of 

infection (heterosexual, men who have sex with men [MSM], injection drug use [IDU], or 

other), first cART type (non-nucleoside reverse transcriptase inhibitor [NNRTI], PI, or 

Other), nucleoside reverse transcriptase inhibitor (NRTI) in first cART (zidovudine, 

stavudine, tenofovir, or Other), calendar year, age, CD4 count, VL, and clinical AIDS at 

cART initiation. CD4 was square root transformed and VL was log10 transformed. No 

interactions were included in the models. The adjusted analyses used multiple imputations 

with five replications to account for missing data; secondary analyses limited to only 

patients with complete data were performed and are shown in the Supplementary Material. 

Age, CD4, calendar year, and VL were included in the models using restricted cubic splines 

with four knots to relax linearity assumptions; the number of knots was pre-specified in an 

attempt to find a balance between flexibility and over-fitting.17 Non-linearity was examined 

with likelihood ratio tests. The proportional hazards assumption was examined using 

correlation with time tests of the scaled Schoenfeld residuals.18 In the imputed models, there 

was some evidence that the hazards were not proportional particularly according to year of 

cART initiation (p<0·05), but upon visualization, the violations did not seem extreme, and 

so for simplicity, Cox models remained unchanged. The Supplementary Material contains 

estimates based on models that relaxed the proportional hazards assumption by stratifying 

on year of cART initiation and type of first cART; these results are similar. Secondary 

analyses of predictors of major regimen modifications that included the site from 

GHESKIO-Haiti did not include VL and probable route of infection, as these variables were 

not available. All analyses were performed using R Statistical Software, Version 3.1.1; 

analysis scripts are available at http://biostat.mc.vanderbilt.edu/ArchivedAnalyses.

Role of the funding source

The sponsor of the study had no role in study design, data collection, data analysis, data 

interpretation, or writing of the report. The Principles of Collaboration under which the 

CCASAnet multi-national collaboration was founded and the regulatory requirements of the 

different countries' IRBs require the submission and approval of a project concept sheet by 

the CCASAnet executive committee and the principal investigators at participating sites. All 

datasets provided by CCASAnet are de-identified according to HIPAA Safe Harbor 

guidelines. CCASAnet promotes the signing of a Data Use Agreement before HIV clinical 

data can be released. The corresponding author had full access to all the data in the study 

and had final responsibility for the decision to submit for publication.
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Results

A total of 14,027 cART initiators met inclusion criteria (841 from CMH-Argentina, 1764 

from FC-Brazil, 978 from FA-Chile, 6434 from GHESKIO-Haiti, 940 from IHSS/HE-

Honduras, 792 from INCMNSZ-Mexico, and 2278 from IMTAvH-Peru). The median 

follow-up was 3·9 years (interquartile range [IQR] 2·0-6·5).

Table 1 shows characteristics of patients at cART initiation both by site and combined 

across sites and several site characteristics. More than two-thirds of patients were male at all 

sites except GHESKIO-Haiti and IHSS/HE-Honduras (44% and 55% respectively). The 

median age at cART initiation was 37 years. The majority of patients were in advanced 

stages of disease with a median CD4 of 156 cells/mm3 (IQR 61 to 253), 28% had a previous 

clinical AIDS diagnosis (ranging from 9% in FC-Brazil to 54% in INCMNSZ-Mexico), and 

a median VL of 5 log10 copies/mL (IQR 4·4-5·4). For sites performing VL monitoring, the 

median frequency of measurements was 2·7 per year, ranging from 0·5 in IHSS/HE-

Honduras to 3·9 in CMH-Argentina. VL at cART initiation was not available for 24% of 

patients in IHSS/HE-Honduras, whereas this proportion was less than 5% for the other sites. 

The vast majority of patients at all sites started an NNRTI-based cART. Zidovudine was part 

of the nucleoside backbone in 70% of initial regimens (ranging from 26% in INCMNSZ-

Mexico to 79% in IHSS/HE-Honduras), stavudine in 9% (ranging from 4% in FC-Brazil to 

18% in IHSS/HE-Honduras), and tenofovir in 18% (ranging from 2% in in IHSS/HE-

Honduras to 61% in INCMNSZ-Mexico).

Figure 1A shows the cumulative incidence of virologic failure for the 6 Latin American sites 

(excluding GHESKIO-Haiti): 7·8% one year after cART initiation (95% confidence interval 

[CI] 7·2-8·5%), 19·2% three years after cART initiation (95% CI 18·2-20·2%), and 25·8% 

five years after cART initiation (95% CI 24·6-27·0%). Estimates were highest for CMH-

Argentina, and slightly lower for FC-Brazil and FA-Chile. IMTAvH-Peru and INCMNSZ-

Mexico were lower, and patients in IHSS/HE-Honduras were least likely to present virologic 

failure.

The cumulative incidence of a major regimen change by study site is shown in Figure 1B. 

The cumulative incidence of a major regimen change across all sites excluding GHESKIO-

Haiti was 5·9% after one year of cART (95% CI 5·3-6·4%), 12·7% after three years (95% CI 

11·9-13·5%), and 18·2% after five years (95% CI 17·2-19·2%). The cumulative incidence of 

a major regimen change across all sites including GHESKIO-Haiti was 3·7% after one year 

of cART (95% CI 3·4-4·0%), 9·0% after three years (95% CI 8·5-9·5%), and 14·6% after 

five years (95% CI 13·9-15·3%).

The cumulative incidence of the composite endpoint, virologic failure or major regimen 

change, by study site, excluding GHESKIO-Haiti, is shown in Figure 1C. The cumulative 

incidence of the composite endpoint across all six sites was 12·1% after one year of cART 

(95% CI 11·3-12·9%), 24·9% after three years (95% CI 23·9-26%), and 32·4% after five 

years (95% CI 31·1-33·6%).

Table 2 reports the association between patient characteristics at cART initiation and 

virologic failure combined across sites. Younger patients were more likely to fail (adjusted 
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hazard ratio [aHR]=2·03 for 20 vs. 40 years; 95% CI 1·68-2·44; p<0·001). Compared with 

those whose probable route of infection was heterosexual sex, MSM were less likely to fail 

(aHR=0·73; 95% CI 0·64-0·83), whereas those with injection drug use history were more 

likely to fail (aHR=1·60; 95% CI 1·02-2·52). Patients starting cART in earlier calendar years 

were also more likely to fail (aHR=1·28 for 2002 vs. 2006; 95% CI 1·13-1·46). Compared 

with NNRTI-based regimens, boosted PI-based regimens were not significantly associated 

with increased virologic failure (aHR=1·17 [95% CI 1·00-1·36] whereas other regimens 

were more likely to fail (1·33 [1·07-1·64]). Compared with patients starting a zidovudine-

containing regimen, those starting with tenofovir were less likely to fail (aHR=0·71, 95% CI 

0·58-0·87).

Table 2 also reports the association between patient characteristics and a major regimen 

change across the 6 Latin American sites. Males were less likely to have a major regimen 

change (aHR=0·71, 95% CI 0·62-0·81). Similar to the virologic failure analyses, younger 

age and a history of IDU were associated with a major regimen change. In contrast to the 

virologic failure analyses, earlier year of first cART was associated with a decreased risk of 

regimen change (aHR=0·86 for 2002 vs. 2006), and patients starting a first cART not 

classified as NNRTI-based tended to be less likely to have a major regimen change 

(aHR=0·91, 95% CI 0·77-1·09 for boosted PI-based regimens and 0·63, 95% CI 0·46-0·87 

for other regimens). Similar to the virologic failure analysis, patients starting with stavudine 

were more likely to have a major regimen change whereas those starting with tenofovir were 

less likely (aHR 1·19 and 0·83, respectively). The association between patient characteristics 

and the composite endpoint of virologic failure or major regimen change is also shown in 

Table 2.

The association between predictors of interest and a major regimen change in GHESKIO-

Haiti and comparison with the six Latin American sites is shown in Table 3. Predictors of 

major regimen change were remarkably similar between GHESKIO-Haiti and the Latin 

American sites: female sex, younger age, more recent calendar year, and lower CD4 at 

cART initiation were associated with a greater risk of a major regimen change in adjusted 

analyses. Patients starting a first cART not classified as NNRTI- or PI-based were less likely 

to have a major regimen change.

Sensitivity analyses considered incidences and risk factors for virologic failure and the 

composite endpoint for the six Latin American sites, using a stricter definition for virologic 

failure (one measurement >1000 copies was not sufficient to establish virologic failure in 

this sensitivity analysis). Although the incidence of virologic failure was lower, results were 

largely unchanged. These results are included in the supplemental material.

A secondary analysis censored viral load measurements with gaps of more than a year at the 

start of the gap. Incidence of virologic failure and major regimen change were similar to the 

primary analysis. Female sex, younger age, more recent calendar year and cART type were 

associated with a greater risk of failure or a major regimen change in adjusted analyses. 

These results are shown in the supplemental material.
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Of the 1,719 patients who had virologic failure, 909 (52·8%) did not have a major regimen 

modification registered. Among the 909 patients who failed but who did not have a major 

regimen modification, 704 had VL data after the first failure, and of these, 379 were still 

failing. In contrast, of the 1,955 patients who had a major regimen change, only 810 (41·4%) 

had a previously documented virologic failure.

A total of 2176 (15·5%) of patients were lost to follow-up over the study period. LTFU was 

particularly high at the sites in Argentina (33%) and Honduras (25%). Patients LTFU were 

more likely to be younger than those who were alive at the end of follow-up – details are 

given in the Supplementary Material.

Discussion

This is the first study to evaluate cumulative incidences of virologic failure and major 

regimen change after first cART in seven Latin American countries. Incidences of virologic 

failure were low and comparable to those reported in middle- and low-income settings,19 

and lower than those in Europe and North America.20,21 Incidences of major treatment 

modification were also low and lower compared to those in Europe and North America.22

We found that younger patients and those with history of IDU were more likely to fail 

cART, and were more likely to have a major regimen change. These associations may be 

attributable to increased levels of medication non-adherence also observed in other 

studies.23

Consistent with other studies, patients starting a NNRTI-based regimen had lower 

incidences of failure than those starting a boosted PI regimen probably influenced by 

adherence rates and toxicities.24,25 Compared with patients starting a zidovudine-containing 

regimen, those starting with stavudine were more likely to fail or switch regimens whereas 

those starting with tenofovir were less likely to fail or switch. These results may reflect non-

adherence and poor tolerability due to toxicities; however, this study did not obtain 

information on medication adherence and reasons for switch of cART. The reason for major 

regimen change was likely different from virologic failure for many patients who changed 

cART. In any case, these patients required a major change to a second line regimen, which is 

an important event regardless of the reason for the change. Virologic failure was also 

associated with initiating treatment in earlier calendar years, which is consistent with trends 

seen in other studies.24,26,27 Improvements in efficacy and tolerability of antiretroviral 

agents, changes in clinical care such as increased clinician experience, and other 

unmeasured variables may be contributing to this trend. In contrast, incidence of major 

regimen change increased over time. This latter result may reflect increasing virologic 

monitoring and availability of second-line drugs. While the diversity of ARV regimens has 

changed over the 14-year period of the study, in an attempt to isolate associations, our 

analyses have controlled for study site, year of cART initiation and type of regimen in the 

first regimen.

We did not find the association between gender and failure described in other studies. 

However, major cART change was more likely among women. Women were reported to 
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stop PI-based treatment on their own28 and to present toxicity more frequently than men, 

specifically stavudine associated toxicities,29 zidovudine induced anemia,30 and nevirapine 

induced rash.31

A proportion of patients with documented virologic failure were not prescribed a new 

regimen. This may be explained by adherence concerns not measured in our study or by 

limited availability of a new regimen. These patients represent a risk for transmission of 

HIV-1 strains with resistant mutations. Conversely, a significant proportion of patients who 

switched regimens did not meet virologic criteria for failure.

This analysis has several strengths and limitations. Strengths include the large number of 

patients with systematically collected data in a real-world clinic setting, in a region where 

HIV has been under-studied. An additional strength includes the quality and accuracy of the 

data: VL measurements and other key variables were audited at each site by external 

investigators. A major study limitation is the lack of data on adherence and toxicity or 

reasons for ART change. Many of the virologic failures may be due to poor adherence and 

many of the major regimen changes may be due to toxicities or other non-failure reasons, 

which we were unable to capture. Regimen changes in this study were defined and classified 

retrospectively Other variables may be associated with virologic failure and major regimen 

change that we were not able to include, for example social and behavioral factors In 

addition, our measure of virologic failure is a function of the frequency of VL measurement, 

which was highly variable between sites. Indeed, the site in Honduras had the lowest 

estimated rates of virologic failure and major regimen change, and the lowest frequency of 

VL measurements. HIV/AIDS programs with limited access to virologic monitoring tend to 

be those with limited access to second-line regimens. All analyses stratified by study site, 

but estimated common hazard ratios for predictor variables across sites; it is likely that some 

hazard ratios differed by site, and an alternative, albeit more complicated, analysis would be 

to obtain separate hazard ratios by site and then to pool results.32 Another limitation is the 

lack of data on use of dose-fixed-formulations that can improve adherence and were more 

available in recent years. The lower probability of failure in patients initiating tenofovir may 

be confounded by the use of tenofovir in coformulated pills, but the same confounding effect 

is also possible for zidovudine. Finally, a substantial number of patients in some sites were 

loss to follow-up, and it is unclear whether these patients were receiving care at other 

facilities or had abandoned cART altogether.

Identifying patients failing first-line treatment is a major challenge in cART programs in 

RLS. Patients are often not switched to a second-line regimen in a timely manner, if ever, 

and risk of mortality is increased among patients who fail first-line ART.33 In settings where 

VL measurement is not routinely available, patients are switched to second-line cART 

regimens according to WHO clinical and immunologic criteria, which lack both sensitivity 

and specificity and are associated with unacceptable treatment failure misclassification.34 

Additionally, the development of NNRTI-associated resistance mutations resulting from 

virologic failure has been associated with infrequent VL monitoring.35 Therefore, increasing 

the availability of VL monitoring is crucial to improve treatment outcomes and minimize 

transmitted resistance.
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This study estimates the incidence of initial cART failure, thereby providing data that may 

be used to inform programs in LAC of the need for second-line ART. Approximately one-

quarter of patients starting cART may require changing to a second-line regimen within five 

years. In order to maximize the benefits of cART programs, specific support to young 

individuals and those with a history of drug use should be provided, viral load monitoring 

should be expanded, and more modern first-line regimens should be adopted.

Panel

Evidence before

Access to combination antiretroviral therapy (cART) is expanding in Latin America and the 

Caribbean. We searched PubMed using the following search terms: (“antiretroviral therapy” 

OR “antiretroviral treatment”) AND (“virologic failure” OR “treatment failure”) AND 

(“Latin America” OR “Caribbean”) in March 2014. There was little information in this 

region regarding incidence of and factors associated with regimen failure and regimen 

change.

Added value

This study assessed virologic failure and regimen change in 14,027 cART initiators who 

were followed for a median of 3·9 years. Data were collected systematically in a real-world 

clinic setting, VL measurements and other key variables were audited at each site by 

external investigators. Virologic failure was associated with younger age, infection through 

injection-drug use, initiation in earlier calendar years and starting with a boosted protease 

inhibitor.

Implications of all available evidence

Approximately one-quarter of patients may require changing to a second-line regimen 

within five years. To maximize cART benefits, specific support to young individuals and 

those with a history of drug use should be provided, viral load monitoring should be 

expanded and more modern treatment regimens should be adopted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1A. 
Cumulative incidence of virologic failure by site.
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Figure 1B. 
Cumulative incidence of major regimen change by site.
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Figure 1C. 
Cumulative incidence of virologic failure or major regimen change by site.
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