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Abstract

The aim of this study was to compare 4 different ARV regimens in a clinical cohort in Brazil,

with regard to the virologic and immunologic responses, clinical failure and reasons for

changing. To compare the virologic response and clinical failure between groups we used

the Cox and Kaplan Meier proportional hazard models. To analyze the immunologic out-

come, we used multilevel GLLAMM and mixed effect linear regression models. To compare

regimen change outcomes we used the Pearson’s chi-square test. We included 840 partici-

pants distributed across the groups according to the initial ART regimen. The mean follow-

up period was 27.8 months. Almost half the sample initiated ART with AIDS-related signs/

symptoms. Virologic response was effective in 79.6% of participants within 12 months. The

tenofovir/lamivudine/efavirenz group presented a higher proportion of virologic response

(VL<50 at 6 months) when compared to the zidovudine/lamivudine/efavirenz group. There

was no difference between the regimens regarding the immunologic response. A total of

17.3% of individuals changed regimen because of failure and 46.5% due to adverse events.

Changes due to adverse events were more frequent in the group using zidovudine/lamivu-

dine/efavirenz. The proportion of hospitalizations at 1 year was higher in the zidovudine/

lamivudine/efavirenz group when compared to the tenofovir/lamivudine/efavirenz group.

The effectiveness outcomes between the regimens were similar. Some differences may be

due to the individual characteristics of patients, toxicity and acceptability of drugs. Studies

are needed that compare similarly effective regimens and their respective treatment costs

and financial impacts on SUS (Integrated Healthcare System).

Introduction

Antiretroviral therapy (ART) has changed the prognosis of AIDS, and has increased longevity

and decreased mortality and morbidity [1–3]. The decision regarding the choice of antiretrovi-

ral regimen should consider factors such as: efficacy, immediate and long-term toxicity; the

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0239527 September 28, 2020 1 / 17

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Cavalcanti ATdAe, de Alencar Ximenes

RA, Montarroyos UR, d’Albuquerque PM, Fonseca

RA, de Barros Miranda-Filho D (2020)

Effectiveness of four antiretroviral regimens for

treating people living with HIV. PLoS ONE 15(9):

e0239527. https://doi.org/10.1371/journal.

pone.0239527

Editor: Marcel Yotebieng, Albert Einstein College of

Medicine, UNITED STATES

Received: January 14, 2020

Accepted: September 8, 2020

Published: September 28, 2020

Peer Review History: PLOS recognizes the

benefits of transparency in the peer review

process; therefore, we enable the publication of

all of the content of peer review and author

responses alongside final, published articles. The

editorial history of this article is available here:

https://doi.org/10.1371/journal.pone.0239527

Copyright: © 2020 Cavalcanti et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: In accordance with

the standards for good clinical research of the

HUOC/Procape Hospital Complex Ethics

http://orcid.org/0000-0001-8134-5438
https://doi.org/10.1371/journal.pone.0239527
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0239527&domain=pdf&date_stamp=2020-09-28
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0239527&domain=pdf&date_stamp=2020-09-28
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0239527&domain=pdf&date_stamp=2020-09-28
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0239527&domain=pdf&date_stamp=2020-09-28
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0239527&domain=pdf&date_stamp=2020-09-28
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0239527&domain=pdf&date_stamp=2020-09-28
https://doi.org/10.1371/journal.pone.0239527
https://doi.org/10.1371/journal.pone.0239527
https://doi.org/10.1371/journal.pone.0239527
http://creativecommons.org/licenses/by/4.0/


presence of co-infections and comorbidities; the concomitant use of other medicines; potential

of adherence; adequacy to the patient’s everyday routine; genetic barrier to drug resistance;

medication and food interactions and the cost of medication [2, 4]. The effectiveness of the

regimens is most often measured by their ability to suppress the viral load and restore immu-

nity, although this may be affected by toxicity and adverse events, which often leads to a modi-

fication of treatment [5, 6]. The reasons for virologic failure are complex, although poor

adherence to medication is the most common cause [7].

From 2013, based on the perspective of reducing HIV transmissibility, Brazil was the third

country worldwide to encourage the initiation of ART regardless of the T-CD4 lymphocyte

count, considering the motivation of the patient [8]. Thus, treatment protocols for people liv-

ing with HIV (PLWHIV) in Brazil have advanced in relation to adopting regimens with a

lower potential for adverse events, toxicity, a higher genetic barrier to resistance and dosage

convenience. Therefore, in countries where there is universal access to ART, it is of great

importance to monitor the effectiveness of different regimens frequently recomended in the

guidelines, taking into account individual population characteristics.

In this study, we evaluated the effectiveness of different initial antiretroviral regimens, com-

paring groups for virologic response, immunologic response, clinical failure, and reasons for

regimen changes in a cohort with PLWHIV, monitored at two outpatient services in Recife,

Brazil.

Material and methods

This was a bidirectional clinical cohort followed at the Hospital Universitário Oswaldo Cruz

and Hospital Correia Picanço, in Recife/PE, Brazil. Together, the two hospitals take in around

half the adult HIV/AIDS cases in the state of Pernambuco, in outpatient follow-up and also

provide beds for hospitalization, including intensive care.

Sample planning and ethical considerations

The patient universe registered at SICLOM (the drug logistic management system of the Bra-

zilian Ministry of Health) from the start of collection (January 5, 2015) made up the prospec-

tive phase of the study. Of the 626 registrations, 519 patients were eligible for the study. The

sample for the retrospective component was obtained from a simple random draw of the rec-

ords in the logistic drug control system of the two health services for a number of participants

proportional to that of the prospective component. The filter for eligibility of registrations was

to be over 18 years old and to start antiretroviral therapy with any of the four regimens that

would be studied. The number “six” was randomly drawn and every six number records, one

was selected to compose the sample. Of the 2196 eligible participants, 472 were drawn (Fig 1).

We included PLHIV over 18 years old who started their first ART regimen between January 2,

2011 and April 30, 2016. Follow-up information was obtained through May 30, 2017. Partici-

pants were guaranteed complete anonymity at the time of the draw, where they were selected

through the system registration number and medical record number. All selected participants

were identified by system registration numbers and their identity preserved. The study was

approved by the HUOC / Procape Hospital Complex Ethics Committee [CAAE No.

30658514.9.0000.5192—Opinion Number: 697.040] and complied with the requirements of

Resolution No. 466/2012 of the National Health Council, which establishes standards for

research involving human beings, with exemption from the Informed Consent Form (ICF).

The ART regimens compared were: tenofovir/lamivudine/efavirenz; zidovudine/lamivu-

dine/efavirenz; tenofovir/lamivudine/atazanavir/ritonavir and tenofovir/lamivudine/lopina-

vir/ritonavir. We considered losses participants whose medical records did not allow follow-
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up (some patients are registered at the system but are followed up in private services; others

may have been transferred to another health service). Women who changed ART in the first

year due pregnancy were accounted in the “losses”, and followed up at other health services.

The total loss was 151 patients, thereby resulting in a total of 840 participants.

Procedures for data collection

Participants were monitored from the moment that ART had been introduced, through a

review of outpatient records and from access systems for drug dispensing and examinations.

Data for the CD4 and viral load counts were retrieved from medical records and databases

from SISCEL (the laboratory examination control system). In order to investigate genotyping

and access the confirmation reports for cases of resistance mutations, in addition to the medi-

cal records, we also consulted SISGENO (the system and information for the genotyping net-

work). Information on hospitalization and death from any cause was taken from the

Hospitalization Information System (SIH) and from the Mortality Information System (SIM),

both from the Brazilian Ministry of Health. Between Jan/2011 and May/2017, we searched the

SIH database to identify individuals, date of hospitalization, diagnostic hypothesis and hospital

discharge. In SIM, we identified the individuals and the date of death. We used SICLOM to

identify people who were initiating ART for prospective follow-up.

Fig 1. Sample selection.

https://doi.org/10.1371/journal.pone.0239527.g001
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In order to measure the effectiveness, the participants’ records were investigated for at least

12 months after initiating ART in the following outcome variables: 1) Virologic response: a)

Viral suppression (viral load<50copies/mm3) at 6 and 12 months after initiating ART; b) time

until viral suppression (time from last viral load before ART to the first that was<50copies/

mm3); c) virologic treatment failure when participants presented at least two consecutive tests

of viral load (VL) >50copies/mm3 after 6 months on ART, with an interval of less than 6

months between them, or a level of VL>1,000copies/mm3.2 2) Immunologic response: a) an

increase of at least 50 cells in the CD4 count in up to 12 months in comparison to when treat-

ment was initiated5; b) average monthly increase in the CD4 cell count. 3) Clinical failure:

proportion of individuals who evolved to hospitalization and death. 4) Regimen change: pro-

portion of individuals who changed or modified at least one component of the ART regimen

(through adverse events, virologic failure and other causes).

The reasons for modifying the ART regimen were classified as they were recorded in medi-

cal records, characterized as: adverse events from drugs, virologic failure and other reasons,

including non-adherence, antiretroviral unavailable at the pharmacy, patient request, medical

decision, and drug interaction. The measure used to suggest adherence to therapy was assidu-

ity in dispensing at the pharmacy enabled by the SICLOM system, in addition to information

described in the medical records during consultations. Participants were considered as assidu-

ous when they were registered at SICLOM as having collected their monthly, bimonthly or

quarterly ART according to the justification described in the system. Treatment abandonment

was considered as failing to collect ART from the pharmacy within 100 days after the previ-

ously planned dispensation date.2

Characterization of clinical conditions when initiating ART followed the Rio de Janeiro/

Caracas, BRAZIL, 1998 score. Data were collected and gathered on standardized forms by

trained staff.

Data analysis

The database was built with double entry and was later compared and corrected. We used

Stata 12 for the analysis.

To analyze the virologic response, the frequency of individuals with a VL<50 copies/mm3

were calculated during the first 6 months of treatment, and only those who had repeated viral

load tests during this period were considered. The groups were compared using the Pearson’s

chi-square test. For the incidence ratio and in the person-time observation stage, the time was

calculated between the ART initiation date and the date on which the first VL measurement

was below 50 copies/mm3. We used the Cox proportional hazard calculation to estimate the

association between the exposure (antiretroviral) and the outcome (virologic response). The

Kaplan Meier curve was used to analyze the time until viral suppression and for the clinical

outcome related to hospitalization, considering the time of study follow-up. Individuals who

changed regimens before completing 28 days of treatment were excluded. We considered this

time criteria, because it was the habitual period they returned to the health service to receive

their medication. Follow-up was discontinued for those who changed to ART regimens other

than those in the study groups, while those who changed to one of the studied regimens were

considered as new exposure and the outcomes were independently observed. Cases confirmed

as lost to follow-up were censored on the date of the last follow-up recorded in the medical

records.

To assess the immunologic response, participants with at least two CD4 cell count tests

were considered eligible, the first count being <90 days before or up to 30 days after initiating

ART. The immunologic response was observed for up to 15 months after exposure.
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Participants were excluded if the first CD4 tests after initiating ART was after 12 months. To

analyze the cumulative incidence and factors associated with the immunologic response (an

increase in the CD4 count of at least 50 cells/mm3), the multilevel generalized linear latent and

mixed model (GLLAMM) was used since it is a sample with repeated measures and with vary-

ing time intervals between the tests in the period up to 15 months. We used the multilevel lin-

ear mixed-effect regression model to compare the mean increase in CD4/month by comparing

antiretroviral regimens. To minimize the effect of observation dependence, the odds ratios

confidence intervals and incidence of immune response were adjusted by the random effect.

For the multivariate analysis, variables were included with p<0.10 to verify association with

immune response.

The incidence rate, hazard ratio and p value were verified using the Cox proportional haz-

ard model to investigate the sociodemographic and clinical variables as potential confounders

of the virologic and immunologic responses. The variables studied were gender; sexual orien-

tation; age group; living with a family member, friend or partner; schooling; comorbidity; clin-

ical situation; history of hospitalization before ART; hospitalization after ART; disease after

initiating ART; ART adherence failure; CD4 when initiating ART. To test the association with

virologic and immunologic responses in the multivariate analyzes, those with p<0.10 were

inserted into the model.

In the assessment of clinical failure, the groups were compared regarding hospitalization

through survival analysis (Kaplan Mayer). For the outcome of death, the cases were described

with absolute numbers and proportions amongst the users of the regimens in the different

groups. Regimen changes were described in simple frequencies and compared using the Pear-

son’s chi-square test or Fisher’s exact test.

Results

From a cohort of 840 HIV-infected patients who had initiated antiretroviral treatment, com-

prising a total of 898 observations, 65.1% of whom were male (N = 547). The mean follow-up

period was 27.8 months, with a minimum of 28 days and a maximum of 78 months. Through

differentiating the regimens, the mean follow-up time in the study was 26 months for the tenofo-
vir/lamivudine/efavirenz and tenofovir/lamivudine/lopinavir/ritonavir regimens, 29 months for

the tenofovir/lamivudine/atazanavir/ritonavir and 31 months for the zidovudine/lamivudine/
efavirenz. In terms of education, 48.9% of the participants in the sample had attended school for

more than 9 years and 4.2% had never attended. Most individuals (87%) came from the city of

Recife or metropolitan region. With regard to sexual orientation, 55.7% of the sample identified

themselves as heterosexual. The main reason recorded for HIV testing amongst participants

was the presence of symptoms possibly associated with opportunistic diseases (48.5%) followed

by a positive diagnosis of a partner or former partner (24.7%). The mean time from HIV diag-

nosis to initiating antiretroviral treatment was 21 months (± 36.4), with 19 months for partici-

pants in the prospective stage and 23 months for those in the retrospective group.

On initiating ART, 22.3% presented with a diagnosis of some other sexually transmitted

disease besides HIV, of which syphilis was the most frequent (15.1%), and 23.3% presented

with other diagnoses, whereby hypertension was the most common (34%).

During the follow-up period, 43 (5.1%) individuals abandoned treatment and there were 15

deaths (1.8%), with no difference between groups. The most commonly used regimens for ini-

tiating treatment were two NRTI (Nucleoside Reverse Transcriptase Inhibitors) drugs and one

NNRTI (Non Nucleoside Reverse Transcriptase Inhibitors), which corresponded to the major-

ity of the sample (88.6%). The mean age was 38 years (18 to 74 years). The age group with the

largest number of participants (50%) was 25 to 39 years old. In terms of the immunologic
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status on initiating ART, 30.2% (n = 254) of all participants initiated treatment with severe

immunodeficiency (CD4 <200 and/or manifestations of opportunistic disease). The average

initial CD4 count was 324 cells/mm3, a median of 296.5 (114; 445). At the beginning of the reg-

imen, 52% (n = 437) presented with some type of AIDS-defining symptom or disease.

Virologic response

The overall incidence rate of virologic response (VL<50copies/mm3) at 12 months was 14.61

per 100 people treated-month (95%CI:13.58–15.73). The frequency of this response was 79.6%

(n = 715) in the first year of ART. Of the 451 participants who repeated a viral load test at 6

months, 366 (81.5%) presented a virologic response within the first 6 months of treatment.

Amongst those who initiated ART with the tenofovir/lamivudine/efavirenz regimen, 88.4%

presented a virologic response within one year, followed by the tenofovir/lamivudine/lopina-

vir/ritonavir regimen with 86.1%, the tenofovir/lamivudine/atazanavir/ritonavir regimen with

81.6% and the zidovudine/lamivudine/efavirenz regimen with 76%. There was a difference

when comparing the proportions between the groups with NNRTIs, with a better virologic

response in the group using tenofovir/lamivudine/efavirenz (p = 0.004), which did not occur

amongst participants using the Protease Inhibitor (PI) based regimen.

The Fig 2 presents the survival curves that represent the time to viral suppression taking

into account all observations during the cohort follow-up (2a) and between the separate ana-

lyzed groups (2b).

When comparing regimens in the group of participants who remained on the same regi-

men during the follow-up, there was no differences between the survival curves for virological

response by regimens (Fig 3A). The same we did found for those group who changed their reg-

imen during the follow-up. (Fig 3B). When comparing the survival curves of the virological

response between these two groups of participants, we observed differences in their survival

curves (p<0.001) (Fig 3C).

Fig 2. Survival curves for virologic response considering total observations during follow-up and different regimens.

https://doi.org/10.1371/journal.pone.0239527.g002
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The incidence rate of virologic response amongst the individuals who did not change regi-

men was 11.69, and amongst those who did, it was 5.33 per 100 person-months at follow-up,

respectively.

The variables selected for being associated with a virologic response in the univariate analy-

sis were: gender; sexual orientation; living with a family member/partner; comorbidity; clinical

situation; hospitalization for AIDS-defining illness before ART; hospitalization for AIDS-

defining illness after initiating ART; disease after initiating ART; treatment adherence failure;

CD4 count when initiating ART (Table 1). The proportionality of the risk ratio was tested in

all variables (Schoenfeld Residue), and the risk was proportional in all of them.

After the multivariate analysis, the characteristics associated with a virologic response were:

being female; living with a family member/partner; being asymptomatic when initiating ART;

not report of adherence failure and initiating ART with a CD4 count of between 200–350 cells/

mm3. There was no difference between the groups regarding the regimens after adjustment

(Table 2).

Fig 3. Survival curves for virologic response by regimen, considering regimen change.

https://doi.org/10.1371/journal.pone.0239527.g003
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Table 1. Incidence rate, HR and p value for the association of virological response between sociodemographic factors, clinical and immunological factors of patients

who started treatment for HIV-AIDS in two referral services in Pernambuco.

Variables Virological Response (number) Incidence rate (100 people / month) HR (IC 95%) p-value p-valuea

Biological variables

Sex

Male 460 8.87 (0.08–0.10) 1 - -

Female 255 11.65 (0.10–0.13) 1.27 (1.09–1.48) 0.002† 0.658

Sexual orientation
�

Heterosexual 399/614 8.82 (0.07–0.1) 1

Homo/bisexual 215/614 10.39 (0.09–0.11) 1.15 (0.98–1.36) 0.09 0.588

Age group

18–39 years old 422 9.30 (0.08–0.10) 1

40–59 years old 272 10.25 (0.09–0.11) 1.05 (0.90–1.22) 0.541

60 and over years old 21 11.85(0.08–0.18) 1.21 (0.78–1.88) 0.385 0.083

Living with a family member/partner

Yes 418/467 9.61 (0.08–0.10) 1

No 49/467 6.33 (0.04–0.08) 0.64 (0.48–0.87) 0.004 0.456

Education level

0 to 8 years of study 188/548 9.36(0.08–0.11) 1

9 to 11years of study 179/548 10.60 (0.09–0.12) 1.12 (0.9–1.38) 0.273

12 and over years of study 181/548 10.85(0.09–0.12) 1.14 (0.93–1.41) 0.186 0.341

Comorbidity

Yes 175/674 12.18(10.51–14.13) 1

No 499/674 9.22(8.45–10.07) 0.81(0.68–0.96) 0.015† 0.109

Cliical situation

Asymptomatic 366 12.29(0.11–0.14) 1

Symptomatic 349 7.94 (0.07–0.09) 0.65 (0.56–0.75) 0.000† 0.758

Hospitalization for AIDS-defining illness before

ART

Yes 168 7.51(0.06–0.09) 1

No 547 10.65(0.10–0.11) 1.36(1.14–1.62) 0.000† 0.189

Hospitalization for AIDS-defining illness after ART

Yes 166/714 7.64(0.06–0.09) 1

No 548/714 10.55(0.10–0.11) 1.27 (1.07–1.51) 0.006† 0.178

Disease after initiating ART

Yes 245/714 8.41(0.07–0.09) 1

No 469/714 10.53(0.10–0.11) 1.17(1.00–1.36) 0.048† 0.107

Treatment adherence failure

Yes 83 12.00 (0.09–0.14) 1

No 546 17.26(0.16–0.18) 1.62(1.28–2.05) 0.000† 0.534

CD4 count when initiating ART

<200 cell/mm3 188/587 26.56 (0.06–0.08) 1

>200<350 cell/ mm3 149/587 13.31 (0.09–0.13) 1.60 (1.30–2.00) 0.000†

>350<500 cell/mm3 121/587 10.11(0.10–0.14) 1.58 (1.26–1.99) 0.000†

>500 cell/mm3 129/587 11.11 (0.10–0.14) 1.52 (1.21–1.90) 0.000† 0.255

a Risk proportionality test (schoenfeld residue)
† Statistically significant risk (p <0.05

https://doi.org/10.1371/journal.pone.0239527.t001
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Immunologic response

To analyze the immunologic response, the sample consisted of 535 participants, out of a total

of 555 observations. Of the total participants, 82.5% presented immunologic response (an

increase of at least 50 cells/mm3 of CD4 T lymphocytes) within up to 15 months of treatment.

Most were male (62.8%), with a mean age of 39.2 years (± 10.6), who had attended school for

more than 9 years (65.7%), and 23.4% presented with comorbidities and other sexually trans-

mitted infections. More than half of the participants (52.9%) presented some symptoms sug-

gestive of AIDS on initiating ART. The median CD4 count before initiating ART was 281.5

(104; 420.5) with an average of 305.2 cells. Most individuals (57.6%) initiated ART with an ini-

tial CD4 cell count below 350, 18.3% were between 350 and 500 and 20.7% with a CD4> 500.

At the end of follow-up, 227 participants (42.4%) presented CD4 counts >500. Treatment

adherence failure was recorded in 17.8% of the participants.

When the group of participants was compared with the 305 losses, both had similar charac-

teristics, most were male, with a mean age of 39.2 ± 10.6 years for the analyzed group and 31.5

years for the group considered as lost and both had more than 60% of individuals with more

than 9 years of schooling.

In the univariate analysis, the chance of obtaining an immune response was higher in youn-

ger individuals, with a CD4 count on initiating ART of below 500 cells/mm3 and in individuals

with no record of treatment adherence failure within 1 year (Table 3).

The immunologic response was higher than 75% in all regimen groups studied, with no

observed difference between them (Table 4).

For the multivariate analysis, the following variables were included in the model: age group,

adherence failure and initial CD4 cell count, to verify association with immune response.

Treatment adherence failure was associated with an inadequate immunologic response and

initiating ART with a CD4 count above 500 cells/mm3 continued as a factor associated with a

Table 2. Adjusted HR and p-value for association between virological response and sociodemographic, clinical

and immunological factors of patients who started treatment for HIV-AIDS, in two referral services in

Pernambuco.

Variables HR (IC95%��) p-value

Regimen

tenofovir/lamivudine/lopinavir/ritonavir 1

tenofovir/lamivudine/efavirenz 1.18(0.69–2.00) 0.535

zidovudine/lamivudine/efavirenz 1.12(0.63–2.00) 0.677

tenofovir/lamivudine/atazanavir/ritonavir 0.90(0.45–1.78) 0.763

Sex

Female 1.29(1.03–1.60) 0.024

Living with a family member/partner

Yes 1.69(1.18–2.42) 0.004

Clinical situation

Asymptomatic 1.37(1.05–1.77) 0.019

Treatment adherence failure

No 3.32(2.42–4.54) 0.000

CD4 count when initiating ART

>200<350 cell/ mm3 1.69(1.24–2.30) 0.001

>350<500 cell/mm3 1.22(0.87–1.71) 0.245

>500 cell/mm3 1.33(0.94–1.88) 0.101

�� Adjusted HR (Cox Test Multivariate Analysis)

https://doi.org/10.1371/journal.pone.0239527.t002
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lower frequency of response. We observed no statistical difference between the analyzed regi-

mens (Table 4).

The multilevel mixed-effect linear regression model demonstrated that the mean increase

in CD4 cells per month compared to the antiretroviral regimens was similar within all the

groups (Table 5).

Clinical failure

The incidence proportion of hospitalization was 7.79 per 100 people (6.79–8.94). Thehe inci-

dence of hospitalization among those with CD4< 200 was significantly higher compared to

those with Cd4 count > = 200 (p< 0.001).

Table 3. Raw OR and p value for the association between immune response and sociodemographic factors, clinical and immunological factors of patients who

started antiretroviral treatment at two referral services in Pernambuco.

Variables OR (IC 95%)� p-value� OR(IC 95%)�� p-value��

Sex

Male 1

Female 0.77(0.49–1.23) 0.276 - -

Age Group

18–39 years old 2.62 (0.83–8.29) 0.045 2.99(0.99–11.29) 0.031†

40–59 years old 3.40 (1.02–11.13) 0.101 183(0.91–2.47) 0.033†

>60 years old 1 1

Living with a family member/partner

Yes 1

No 1.08 (0.46–2.52) 0.866 - -

Education level

0 to 8 years of study 1

9 to 11years of study 1.05 (0.57–1.93) 0.864 - -

12 and over years of study 0.93 (0.52–1.69) 0.823 - -

Comorbidity

Yes 1

No 1.43 (0.82–2.48) 0.203 - -

Other sexually transmitted infections

Yes 1

No 1.18 (0.70–2.00) 0.518 - -

Clinical situation

Asymptomatic 1

Symptomatic 1.48 (0.92–2.37) 0.113 - -

Treatment adherence failure

Yes 1 1

No 2.30 (1.17–4.53) 0.015 2.70(1.26–5.78) 0.010†

CD4 count when initiating ART

<200 cell/mm3 3.83 (2.11–6.94) <0.001 4.23(1.91–9.37) <0.001†

>200<350cell/ mm3 2.96 (1.52–5.74) <0.001 3.38(1.66–6.91) <0.001†

>350<500 cell/mm3 2.00 (1.05–3.79) 0.034 2.29(1.17–4.50) 0.015†

>500 cell/mm3 1 1

† Statistically significant risk (p < 0.05)

�Gross odds ratio

�� Adjusted OR (GLLAMM Multilevel Model)

https://doi.org/10.1371/journal.pone.0239527.t003
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With regard to hospitalization, there was no difference between the groups using PI-based

regimens (16.8%) when compared to those using NNRTIs (15.4%). When comparing those

using NNRTI regimens, the group using zidovudine/lamivudine/ efavirenz presented a higher

frequency of hospitalizations at 1 year (21.3%) with a significant difference compared to the

tenofovir/lamivudine/efavirenz regimen (13, 9%), with p = 0.032. There was no difference

amongst those using PIs (p = 0.317).

Of the 15 deaths that occurred during the cohort follow-up, 11 were male. The proportion

of users from the tenofovir/lamivudine/lopinavir/ritonavir regimen was 4.3% (2/47), followed

by the tenofovir/lamivudine/atazanavir/ritonavir regimen with 1.7% (1/57), the tenofovir/

lamivudine/efavirenz with 1.7% (10/518) and the zidovudinar/lamivudine/efavirenz with 1.3%

(2/158). The median initial CD4 cell count on initiating ART in cases of death was 202 (55;

229). The main causes involved opportunistic diseases such as AIDS complications (11/15),

followed by lung, colon and liver cancer (4/15).

Regimen changes

Regimens were changed in 28.1% (0.25–0.31) of the observations (n = 254) and 63.8%

(n = 162) of the changes were due to virologic failure and adverse events. The regimen with

the lowest rate of change for any cause was tenofovir/lamivudine/efavirenz (16.7%). When

compared at 1 year of ART treatment, the regimen with the highest proportion of change for

any reason was the zidovudine/lamivudine/efavirenz when compared to the tenofovir/lamivu-

dine/efavirenz (p<0.001). Adverse events were the reason for change in 46.5% (0.40–0.53),

and were the main reason for regimen changes in the cohort. Amongst the groups, considering

the first 6 months of treatment, that group taking zidovudine/lamivudine/efavirenz changed

regimen to a greater extent by adverse events when compared to tenofovir/lamivudine/efavir-

enz (p = 0.04). There was no difference between IP users.

Table 4. Comparison of immunological response between antiretroviral regimens, considering CD4 cell increase of 50 or more over 1 year, in two reference services

in Pernambuco.

Esquema No. comments No. Imune response % (95% CI)� OR (IC 95%)�� p-value

tenofovir/lamivudine/ efavirenz (1) 360 281 78(73.7–82.4) 1.11(0.43–2.84) 0.833

zidovudine/lamivudine /efavirenz (2) 111 90 81 (73.7–88.5) 1.33(0.47–3.80) 0.592

tenofovir/lamivudine/ lopinavir/ritonavir (3) 41 31 75.6 (61.9–8.9) 1

tenofovir/lamivudine/ atazanavir/ritonavir (4) 43 33 76.7 (63.6–89.9) 1.67(0.48–5.80) 0.899

�Cumulative incidence

��Adjusted OR- Multilevel Model (GLLAMM)

���OR between regimens (1 versus 2; 3 versus 4)

https://doi.org/10.1371/journal.pone.0239527.t004

Table 5. Mean increase in CD4 T lymphocytes / month comparing by ARV regimen.

Regimen Average increase No. cells / month % (IC 95%)�

tenofovir/lamivudine/ efavirenz (1) 6.7 (6.41–7.52)

zidovudine/lamivudine /efavirenz (2) 6.5 (5.98–7.06)

tenofovir/lamivudine/ lopinavir/ritonavir (3) 7.8 (6.75–8.87)

tenofovir/lamivudine/ atazanavir/ritonavir (4) 5.33 (3.95–6.71)

� Multilevel mixed effect linear regression model

https://doi.org/10.1371/journal.pone.0239527.t005
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Of the participants who changed regimens, 17.3% (0.13–0.22) did so because of virologic

failure (n = 44). The mean time between detecting virologic failure and changing the regimen

was 4.8 months. The least changed regimen was tenofovir/lamivudine/efavirenz (16.7%). In

the first year of ART, there was no regimen change because of virologic failure in the groups

using protease inhibitors, and no difference was observed between the groups that changed

due to virologic failure. Participants with a pre-treatment CD4<200 changed the initial regi-

men more frequently (37.2%) than those with a CD4>200 (23.4%) (p<0.001).

Discussion

We compared the effectiveness of four ART regimens at two referral hospital services in the

state of Pernambuco/Brazil in a bidirectional cohort. The proportion of participants with a

virologic response within the first 6 months of taking ART was higher in the tenofovir/lamivu-

dine/efavirenz group when compared to the zidovudine/lamivudine/efavirenz group, but did

not differ from the others. There was no difference between the regimens in relation to the

time until viral suppression and virologic failure. There was no difference between the groups

regarding immune response and the mean monthly increase in the CD4 count. Regimen

changes for any reason was more frequent in the zidovudine/lamivudine/efavirenz group. The

proportion of hospitalizations was also higher in the zidovudine/lamivudine/efavirenz group

when compared to the tenofovir/lamivudine/efavirenz group. In general, adverse events were

the main reason for changing regimens. Amongst the NNRTI users, the zidovudine/ lamivu-

dine/efavirenz group presented a higher chance of changing regimens for this reason. Partici-

pants who did not change the ART regimen during follow-up demonstrated a better virologic

response, as did females, those living with partners or relatives, asymptomatic individuals initi-

ating ART, and those who initiated treatment with a CD4>200. A better immune response

outcome was observed in younger people, those with no adherence failure, and CD4<500.

Our sample is similar to other cohorts with PLWHIV regarding general sociodemographic

characteristics, whereby the cases were mostly concentrated in heterosexual males with more

than 9 years of schooling [9, 10].

In order to assess the effectiveness of antiretroviral regimens, virologic response has been

used as the most practical and earliest outcome [4]. In the present study, a virologic response

was observed in almost 80% of participants at 1 year, which is similar to reports in other

cohorts and systematic reviews [10–12]. Amongst the participants who repeated the viral load

test at 6 months, more than 80% demonstrated a virologic response. No differences were

observed in the virologic response between the analyzed regimens regarding VL suppression

at 1 year. However, during the 6-month period, the tenofovir/lamivudine/efavirenz group pre-

sented a higher response rate when compared to the zidovudine/lamivudine/efavirenz. This

fact may be explained by a change from the tenofovir/lamivudine/efavirenz regimen to a fixed-

dose combined presentation, which may have favored participant adherence [12, 13]. A review

study analyzing randomized controlled trials and observational studies reported no difference

between tenofovir and zidovudine in relation to virologic response, but observed higher rates

of adherence and immune response in regimens containing tenofovir [12]. In a meta-analysis

comparing outcomes in clinical trials with zidovudine/lamivudine versus abacavir/lamivudine

versus tenofovir/emtricitabine regimens in fixed-dose combinations at 12 and 24 months, the

authors reported a more efficient virologic response to tenofovir/emtricitabine in comparison

to others, with the third drug composed of a PI or dolutegravir [11]. Dadi, Kefali and Mega,

et al [14] reported greater virologic suppression and tolerability in the tenofovir/emtricitabine/

efavirenz group in comparison to the zidovudine/lamivudine/efavirenz group as initial ART

for treatment naïve participants.
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In the multivariate analysis of our data, females presented a higher chance of virologic

response, thereby corroborating an observational cohort conducted in Uganda from 2004 to

2011 with 4537 participants [15]. Adherence may explain these differences [16].

Living with a partner or family member was associated with a better virologic response,

probably because social bonding has a strong influence over not feeling lonely or depressed,

and adhering and responding better to medication [17]. Onoya et al. in South Africa [18]

observed that the risk of virologic failure was up to 5 times higher in non-adherence cases. Lee,

et al, 2017 [19] reported that virologic failure after 6 months of ART is associated with a sub-

stantial risk of death. There is a drop of 14% in the risk of death for individuals with rapid viral

suppression.

In terms of the immunologic response, we observed no difference between the groups in the

first year of treatment, nor regarding the mean monthly increase in the CD4 count. When

adjusted for confounders, an increase in the CD4 was higher in younger people, thereby corrob-

orating other studies [20, 21]. In addition, individuals with no record of therapy adherence fail-

ure were 2.3 times more likely to have an immunologic response. It is commonly agreed that

taking ART correctly is important to control the viral load and consequently restore immunity

[16]. Failure to adhere seems to be the main factor associated with poorer outcomes [22, 23].

Participants with initial CD4<200 had a higher chance of immunologic response with the

criterion of a minimum increase of 50 cells after 6 months of treatment. However, it is known

that individuals with a severe immunologic condition may either take longer or indeed never

manage to reach a CD4 immune recovery threshold at normal levels, even maintaining viro-

logic suppression [19]. It is possible that with a lower pretreatment CD4 count, there may be a

temporary increase in CD4, but without restoring it to normal levels (CD4>500) [24]. In a

3-year cohort of 1327 participants, it was observed that 75% of those who initiated ART with a

CD4<200 did not achieve complete immune recovery [25]. Other authors have argued that

regardless of the CD4 count, the time spent with HIV until receiving treatment is the major

factor influencing CD4 recovery [19, 26].

In our study, initiating ART with a lower CD4 count was more often associated with

changes in the initial regimen and with a greater need for hospitalization. Initiating ART in

the first 6 months after infection is considered early [4, 27]. A study by the ART-CC [28]

group also observed that lower CD4 counts before initiating antiretroviral treatment is a risk

factor for regimen changes [29].

Several authors state that the pretreatment CD4 count acts as a prognostic indicator for the

effectiveness outcome [20, 21, 24, 29]. Robbins et al [30] observed almost twice as much pro-

pensity for therapy failure in participants who initiated ART with a CD4<200 when compared

to those who initiated with higher CD4 counts.

The group with the highest ART regimen change rate for any reason during follow-up was

the group on zidovudine/lamivudine/efavirenz. A significant part of these changes (31.3%)

was to simplify the regimen. During the follow-up period, the Ministry of Health advocated

changing this regimen to tenofovir/lamivudine/efavirenz in a fixed-dose combination in indi-

viduals with controlled viremia.

In this cohort, adverse events were the main cause for changing the regimen, which is often

the most common reason for regimen change [31], and is generally most evident in the first

trimester of treatment. The proportion of adverse events in the group using zidovudine/lami-

vudine/efavirenz group was higher in the NNRTI regimens users. Zidovudine may cause bone

marrow supression, with severe anemia, which is one of the reasons to change and for being

hospitalized for blood transfusion [32].

There was no difference between the regimens with regard to change because of failure. In

our findings, during the first year, there were no changes due to failure amongst the groups
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using PI-based regimens. This reinforces the safety of these drugs in terms of potency [33, 34].

For participants who changed regimens during follow-up, we observed an association with a

lower virologic response, suggesting that at least some of them changed regimens because a

detectable viral load had been maintained for more than one year. Consultations undertaken

at SISGENO served as an instrument to confirm virologic failure in cases where genotyping

was requested (3.7% of the sample). Virologic failure was observed after 6 months of treatment

and was the second leading cause of antiretroviral regimen change in both this and other stud-

ies [29, 31].

In terms of clinical failure, when comparing the groups, we observed no differences in the

proportion of hospitalizations at 1 year amongst PI-based regimen users. A higher frequency

of hospitalizations was observed amongst the NNRTI users, in the zidovudine/lamivudine/efa-

virenz group, when compared to the tenofovir/lamivudine/efavirenz group.

Investigating effectiveness in a clinical cohort portrays the “real” situation of the exposed

population and the inclusion criteria are less “restrictive” than in randomized trials, thereby

allowing for different information on treatment response in populations that may not be well

represented in clinical trials. One possible limitation of this study was collecting information

from secondary sources (medical records). In order to minimize information gaps and losses,

we complemented data collection with national information systems on laboratory data, drug

supplies, hospitalizations and mortality. The field team used a single instrument, standardized

after pilot testing and training for data capture. All inpatient data were collected from the Hos-

pitalization Information System, and no access was made to private services or generated

through other instances, but Hospitalization in private services must have been an exception

in our cohort. To minimize the possibility of underestimating hospitalization data, the hospital

records of participants who were not registered in the SIH were reviewed.

In this study we observed few differences between the compared regimens with regard to

the main outcomes. Virologic response in the sample was achieved in almost 80% within the

first year of treatment. All the regimens seemed to be effective in the comparison groups. Dif-

ferences in outcomes may be due more to individual characteristics of the participant, toxicity

of certain medications, acceptability, and dosage rather than to drug potency. In order to iden-

tify the most appropriate regimens for initiating ART, several factors, including treatment

costs, need to be taken into consideration, and we suggest further studies to compare regimens

with similar effectiveness, their respective costs and financial impacts on the Brazilian Inte-

grated Healthcare System.
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Miranda-Filho.

References
1. Hendrickson CJ, Pascoe SJS, Huber AN, Moolla A, Maskew M, Long LC, et al. “My future is bright. . .I

won’t die with the cause of AIDS”: ten-year patient ART outcomes and experiences in South Africa. J Int

AIDS Soc 2018; 21:1–14. https://doi.org/10.1002/jia2.25184.

2. Brasil M da S. Manejo da infecção pelo hiv em adultos. 2018. https://doi.org/10.1016/j.bone.2016.04.

028.

3. Lundgren JD, Babiker AG, Gordin F, Emery S, Grund B, Sharma S, et al. Initiation of antiretroviral ther-

apy in early asymptomatic HIV infection. N Engl J Med 2015; 373:795–807. https://doi.org/10.1056/

NEJMoa1506816 PMID: 26192873

4. AIDSinfo. Panel on Antiretroviral Guidelines for Adults and Adolescents. Guidelines for the Use of Anti-

retroviral Agents in Adults and Adolescents with HIV. Dep Heal Hum Serv 2018:298.

5. Sivadasan A, Abraham OC, Rupali P, Pulimood SA, Rajan J, Rajkumar S, et al. High rates of regimen

change due to drug toxicity among a cohort of South Indian adults with HIV infection initiated on generic,

first-line antiretroviral treatment. J Assoc Physicians India 2009; 57:384–8. PMID: 19634284

6. Estill J, Ford N, Salazar-Vizcaya L, Haas AD, Blaser Nello, Habiyambere V et al. Estimating the need of

second-line antiretroviral in adults in sub-Saharan Africa up to 2030: a mathematical model 2017;3.

https://doi.org/10.1016/S2352-3018(16)00016-3.Estimating

7. Oliveira L, Caixeta L, Martins J, Segati K, Moura R, Daher M, et al. Adherence to antiretroviral therapy

and correlation with adverse effects and coinfections in people living with HIV/AIDS in the municipality

of Goiás State. Rev Soc Bras Med Trop 2018; 51:436–44. https://doi.org/10.1590/0037-8682-0467-

2017 PMID: 30133625

8. Ministério da Saúde do Brasil. Protocolo Clı́nico e Diretrizes Terapêuticas para manejo da infecção
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doi.org/10.1590/0103-1104201811612.

18. Onoya D, Nattey C, Budgell E, Van Den Berg L, Maskew M, Evans D, et al. Predicting the Need for

Third-Line Antiretroviral Therapy by Identifying Patients at High Risk for Failing Second-Line Antiretrovi-

ral Therapy in South Africa. AIDS Patient Care STDS 2017; 31:205–12. https://doi.org/10.1089/apc.

2016.0291 PMID: 28445088

19. Lee JS, Cole SR, Richardson DB, Dittmer DP, William C, Moore RD, et al. antiretroviral therapy initiation

2018; 31:1989–97. https://doi.org/10.1097/QAD.0000000000001573.Incomplete.

20. Stirrup OT, Copas AJ, Phillips AN, Gill MJ, Geskus RB, Touloumi G, et al. Predictors of CD4 cell recov-

ery following initiation of antiretroviral therapy among HIV-1 positive patients with well-estimated dates

of seroconversion. HIV Med 2018; 19:184–94. https://doi.org/10.1111/hiv.12567 PMID: 29230953

21. Bishop J.D., DeShields S., Cunningham T. TSB. CD4 Count Recovery After Initiation of Antiretroviral

Therapy in Patients Infected With Human Immunodeficiency Virus. Am J Med Sci 2016; 352:239–44.

https://doi.org/10.1017/CBO9781107415324.004 PMID: 27650226

22. Li JZ, Gallien S, Ribaudo H, Heisey A BD and KD. NIH Public Access. AIDS 2014; 28:181–6. https://doi.

org/10.1097/QAD.0000000000000123.Incomplete PMID: 24361679

23. Ingle S, Crane H, Glass T, Yip B, Lima V, Gill M, et al. Identifying Risk of Viral Failure in Treated HIV-

Infected Patients Using Different Measures of Adherence: The Antiretroviral Therapy Cohort Collabora-

tion. J Clin Med 2018; 7:328. https://doi.org/10.3390/jcm7100328.

24. Kelley CF, Kitchen CMR, Hunt PW, Rodriguez B, Hecht FM, Kitahata M, et al. NIH Public Access 2009;

48:787–94. https://doi.org/10.1086/597093.Incomplete.

25. Palella FJ, Armon C, Chmiel JS, Brooks JT, Hart R, Lichtenstein K, et al. CD4 cell count at initiation of

ART, long-term likelihood of achieving CD4 >750 cells/mm3 and mortality risk. J Antimicrob Chemother

2016; 71:2654–62. https://doi.org/10.1093/jac/dkw196 PMID: 27330061

26. Ding Y, Duan S, Wu Z, Ye R, Yang Y, Yao S, et al. Timing of antiretroviral therapy initiation after diagno-

sis of recent human immunodeficiency virus infection and CD4 + T-cell recovery. Clin Microbiol Infect

2016; 22:290.e5-290.e8. https://doi.org/10.1016/j.cmi.2015.11.007.

27. Rocha A. Linhas orientadoras *. EACS Eur AIDS Clin Soc 2015; 8.0:2005–7.

28. May MT, Ingle SM, Costagliola D, Justice AC, Wolf F De, Cavassini M, et al. Cohort Profile: Antiretrovi-

ral Therapy Cohort Collaboration (ART-CC) 2014:691–702. https://doi.org/10.1093/ije/dyt010.

29. Ssempijja V, Nakigozi G, Chang L, Gray R, Wawer M, Ndyanabo A, et al. Rates of switching to second-

line antiretroviral therapy and impact of delayed switching on immunologic, virologic, and mortality out-

comes among HIV-infected adults with virologic failure in Rakai, Uganda. BMC Infect Dis 2017; 17:1–

10. https://doi.org/10.1186/s12879-017-2680-6 PMID: 28049444

30. Robbins GK, Johnson KL, Chang Y, Jackson KE, Sax PE, Meigs JB et al. NIH Public Access. Clin Infect

Dis 2010; 50:779–86. https://doi.org/10.1038/jid.2014.371 PMID: 20121574

31. Penna Braga L, Pinto Mendicino CC, Reis EA, Carmo RA, Menezes De Pádua C. Incidence and Predic-
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