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Abstract

Introduction

Estimating the incidence of antiretroviral discontinuations due to adverse drug reactions
(ADRs) is important to inform antiretroviral treatment (ART) regimen recommendations, and
to guide prescribing and monitoring policies. Routinely collected clinical data is a useful
source of pharmacovigilance data. We estimated the incidences of first-line antiretroviral
discontinuations due to ADRs using routine clinical data, and compared them with inci-
dences estimated using data enhanced by folder review, in two South African cohorts.

Methods

We included patients 16 years and older on first-line ART. We selected a stratified random
sample of 25% for checking of ART prescription data and reasons for antiretroviral discon-
tinuations retrospectively, including folders reviews where required (enhanced-data sam-
ple). We estimated the incidence of antiretroviral discontinuations using Kaplan-Meier and
competing risk analyses.

Results

In 15396 patients, 40% had a first-line antiretroviral discontinuation by three years on ART.
We could determine the reason for 65% of discontinuations using routine data only, and
84% of discontinuations, in the enhanced-data sample of 3837 patients. ADR was the most
common reason for discontinuations. In the enhanced-data sample, the cumulative inci-
dence of discontinuations due to ADRs by three years was 30.4% (95% CI: 24.4—-36.6) for
stavudine; 2.0% (95% CI: 1.5-2.6) for tenofovir, and 1.3% (95% CI: 0.8-2.1) for efavirenz.
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Using routine data only, the cumulative incidences of discontinuations due to ADRs by three
years for stavudine, tenofovir, and efavirenz respectively were 23.9% (95% Cl: 20.3-27.7),
1.2% (95% CI: 0.9—1.4) and 0.5% (95% CI: 0.3-0.7).

Conclusions

Although the relative rankings were similar using routine or enhanced data, lack of checking
for missing reasons for discontinuation resulted in underestimates of the incidence of antire-
troviral discontinuations due to ADRs. Systems to improve data collection of reasons for reg-
imen changes prospectively would increase the capacity of routine data to answer
pharmacovigilance questions.

Introduction

Adverse drug reactions (ADRs) caused by antiretroviral drugs can cause substantial morbidity
and can result in compromised adherence to treatment.[1] In order to minimise potential
harm to patients, it is important to determine the incidence, nature of, and risk factors for anti-
retroviral ADRs in routine clinical practice. Local data on drug-specific treatment-limiting
ADREs is needed to ensure that recommended antiretroviral regimens and monitoring policies
are appropriate, and to raise awareness amongst clinicians. Establishing cohorts specifically to
monitor antiretroviral ADRs has been recommended,[2, 3] but is expensive and time consum-
ing. Existing observational programme-based cohorts have been suggested as a good source of
pharmacovigilance data, particularly in resource-limited settings.[4] Observational cohorts
often do not routinely collect detailed data on all ADRs, but treatment discontinuations or
modifications are more likely to be recorded. However, the reason for treatment discontinua-
tion or modification may not be routinely recorded. Estimating the incidence and risk factors
specifically for discontinuations due to ADRs requires establishing the reason for antiretroviral
discontinuations.

Several previous African studies have used routine cohort data to describe antiretroviral
discontinuations due to ADRs.[5-9] In all cases, routine data collection systems were aug-
mented by folder review in order to establish reasons for antiretroviral discontinuations. Most
of the studies took place before the 2010 World Health Organization guideline change that
replaced stavudine with zidovudine or tenofovir as part of the preferred first-line ART regimen
and some of these were influential in changing ART prescribing policy.[8] One South African
study conducted after the guideline change showed that discontinuations due to ADRs were
much lower with tenofovir, rather than stavudine.[9]

We estimated the drug-specific incidence of first-line antiretroviral discontinuations due to
ADRSs using routine clinical data from two large South African cohorts. We compared the inci-
dences with those estimated in a sample of patients where we checked reasons for antiretroviral
discontinuations retrospectively. We also identified risk factors for antiretroviral discontinua-
tions due to ADRs.

Methods
Inclusion criteria and sites

We included all antiretroviral-naive patients who were at least 16 years old and started antire-
troviral treatment from 01 January 2010 until 31 December 2012 (Themba Lethu) or 15
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October 2013 (Khayelitsha). Khayelitsha HIV Treatment Programme, which comprises three
primary healthcare clinics, and Themba Lethu Clinic, which is based at a secondary hospital,
both manage patients according to standard ART guidelines published by the National Dep-
artment of Health, which follow the World Health Organization recommendations. Both sites
prospectively collect routine clinical data, including demographic details, antiretroviral pre-
scriptions, and laboratory results, electronically.[10, 11]

South African ART guidelines

The CD4 count threshold for ART eligibility changed from <200 cells/puL to <350 cells/uL in
April 2013.[12] Recommended first line ART from 2010 was tenofovir, emtricitabine or lami-
vudine, and efavirenz.[13]

Data management

Anonymised data were exported from both sites’ electronic databases using a standard data
transfer format. We checked for data inconsistencies and possible errors, which were sent to
the sites for resolution. In addition, we selected a stratified random sample (stratified by sex,
ART regimen, year of ART start, and baseline tuberculosis and pregnancy status) of 25% of
patients overall for detailed checking of ART prescription data against clinic records, and to
identify reasons for antiretroviral discontinuations where those were missing, through retro-
spective folder reviews where required (‘the enhanced-data sample’). The routine-data group
comprised all patients not included in the enhanced-data sample.

Analysis

We defined antiretroviral discontinuations as discontinuation of at least one first-line antire-
troviral drug for any reason, regardless of whether or not another drug was substituted. Rea-
sons for discontinuations were determined at the time of discontinuation by the treating
clinician, and included adverse drug reactions, treatment failure, contraindication (including
pregnancy and drug interactions), or guideline change. Causality assessment of adverse drug
reactions was based on clinical judgement of the treating clinician. In addition, discontinua-
tions of at least two drugs (including a switch from a non-nucleoside reverse transcriptase
inhibitor to a protease inhibitor), after at least one viral load >1000 copies/mL, that occurred
at least six months after treatment initiation were also classified as treatment failures, provided
that no other reason was given by the treating clinician.

We estimated the incidence of antiretroviral discontinuations for the five most-commonly pre-
scribed antiretrovirals using Kaplan-Meier analyses. We estimated the drug-specific incidence of
discontinuations for different reasons using competing risks analysis. We explored associations
between discontinuations due to adverse drug reactions and treatment site, sex, age, and baseline
weight, CD4 count, and estimated glomerular filtration rate using competing risks regression.
Antiretroviral discontinuations for reasons other than toxicity were considered competing risks.
Patients were censored at death, loss to follow up, transfer to another treatment facility, or analysis
closure (six months before database closure at each site). Patients were considered lost to follow
up if they had no clinic visit after analysis closure (six months before database closure).

Ethics

The University of Cape Town and the University of the Witwatersrand Human Research
Ethics Committees approved the sites’ contribution of anonymised data to the study. The Uni-
versity of Cape Town Human Research Ethics Committee approved the analysis. The study
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protocol was also reviewed and cleared as human subjects’ research by the U.S. Centers for
Disease Control and Prevention (CDC).

Results
Study cohort

We included 15 396 patients: 9 630 from Khayelitsha, and 5 766 from Themba Lethu. Their
characteristics at the time of ART initiation are summarized in Table 1. The characteristics of
the 3 837 patients in the enhanced-data sample were similar to those in the routine-data group
(S1 Table). The most common first-line ART regimen was tenofovir, lamivudine, and efavir-
enz (73.9%), followed by stavudine, lamivudine, and efavirenz (10.4%), and tenofovir, lamivu-
dine, and nevirapine (8.4%). The numbers of patients who received each antiretroviral are
shown in Table 1. Median duration of follow up was 12.7 months (interquartile range (IQR)
5.2t0 22.9). By the end of follow up 11 480 (75%) remained alive and in care at the sites, 2 580
(17%) were lost to follow up, 671 (4%) had transferred to other clinics, and 663 (4%) had died.

Antiretroviral discontinuations

Overall 1 832/15 396 patients (12%) had an antiretroviral discontinuation. The incidence of
antiretroviral discontinuation for any reason was 110.3 per 1 000 patient years (95% confidence
interval (CI) 105.3 to 115.4). Of those remaining in care for at least three years, 298/495 (60%)
remained on their initial regimen at three years. This differed according to ART regimen: 81/99
(82%) of those on any tenofovir-based regimen (predominantly combined with efavirenz and
either lamiviudine or emtricitabine), and 128/262 (49%) of those on any stavudine-based regi-
men were still on their original regimen at three years (risk difference 33%, 95% CI: 23 to 43%).

Reasons for antiretroviral discontinuations

The reason for antiretroviral drug discontinuation was unknown in 35% of patients in the rou-
tine-data group, and 16% in the enhanced-data sample (after reasons for antiretroviral

Table 1. Characteristics at first-line antiretroviral treatment initiation of adult patients from two South African cohorts, 2010-2013.

n

Males, n (%)

Mean age in years (SD)

Median CD4 count in cells/uL (IQR)
Pregnant, n (percentage of women)
Current tuberculosis, n (%)

First line antiretrovirals, n (%):
Abacavir

Zidovudine

Stavudine

Tenofovir

Efavirenz

Nevirapine

Lopinavir (ritonavir-boosted)

Atazanavir

1. Tuberculosis status unknown in 70 patients.

IQR: interquartile range; SD: standard deviation.

https://doi.org/10.1371/journal.pone.0203530.t001

All patients Khayelitsha Themba Lethu
15396 9630 5766
5669 (37) 3411 (35) 2258 (39)
36.7 (£9.1) 35.6 (+8.8) 38.7 (£9.4)
165 (84 to 238) 179 (98 to 250) 144 (68 to 219)
484 (5) 424 (7) 60 (2)
3110 (20)" 2400 (25)" 710 (12)
41 (0.2) 2(0.02) 39 (1)
611 (4) 463 (5) 148 (3)
1857 (12) 764 (8) 1093 (19)
12 888 (84) 8 401 (87) 4 487 (78)
13 462 (87) 8177 (85) 5285 (92)
1695 (11) 1379 (14) 316 (5)
237 (2) 74 (1) 163 (3)
2(0.01) 0 (0.03)
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discontinuations were checked). The incidence of antiretroviral discontinuations due to ADRs
was 28.2 (95% CI 25.4 to 31.3) per 1 000 patient years in the routine-data group, and 45.9 (95%
CI: 39.8 t0 52.9) per 1 000 patient years in those patients in the enhanced-data sample.

In the enhanced-data sample ADR was the most common reason for antiretroviral discon-
tinuation, followed by treatment failure: 12.1% and 10.0% of patients had an antiretroviral dis-
continuation because of toxicity or treatment failure respectively by 3 years on ART. The
proportion of antiretroviral discontinuations (amongst enhanced-data sample patients still
alive and in care at 1, 2, and 3 years) attributable to the various causes is shown in Fig 1A. In
patients in the routine-data group, the relative ranking of causes for antiretroviral discontinua-
tions was the same, although the proportions were lower for known causes, and unknown
causes comprised a much larger proportion (Fig 1B.)

Antiretroviral discontinuations due to ADRs in the enhanced-data sample

The cumulative incidence of antiretroviral discontinuations due to ADRs according to each
antiretroviral is shown in Fig 2A for patients in the enhanced-data sample. Although the pat-
tern of discontinuations was similar in the routine-data group, the absolute incidence was
underestimated (Fig 2B).

The majority of tenofovir discontinuations due to ADRs were for kidney toxicity (38/54,
70%). In a further 11 patients (20%) kidney toxicity was the likely reason, as they had a
decrease in estimated glomerular filtration rate (eGFR) (in 8 patients to less than 60 mL/min)
before tenofovir was discontinued.

O changes oxici reatment faliure ontrainaication uigeline change s« eér or unKknown
# Noch M Toxicity Il Treatment fail 7> Contraindication M | Guideline change & Oth k
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©
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0% +—— 0%

Time on ART (years) 1 3 1 2 3
Time on ART (years) 1 2 3 Time on ART (years) 1 2 3
Number of patients 1943 873 140 Number of patients 6016 2593 355
Toxicity (%) 4.4 7.2 121 Toxicity (%) 3.1 5.1 11.5
Treatment failure (%) 1.2 49 10.0 Treatment failure (%) 1.9 45 8.7
Contraindication (%) 2.4 3.6 5.0 Contraindication (%) 1.8 3.1 4.8
Guideline change (%) 0.2 0.2 0.0 Guideline change (%) 0.1 0.2 0.3
Other or unknown (%) 2.6 4.0 8.6 Other or unknown (%) 4.0 7.2 16.3
No changes (%) 89.2 80.1 64.3 No changes (%) 89.0 79.7 58.6

ART: antiretroviral treatment.

Fig 1. Antiretroviral discontinuations amongst a. enhanced-data sample patients (n = 3 837) and b. routine-data patients (n = 11 559) from two South African cohorts,
who initiated antiretroviral treatment from 2010-2013 (denominator is those who remained alive and in care for 1, 2, and 3 years after ART initiation respectively).

https://doi.org/10.1371/journal.pone.0203530.9001
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Time on antiretroviral treatment (years)

n at time points 0 1 2 3 Stopped by 3 years,
(years) % (95% CIl)
Tenofovir 3199 1450 542 25 2.0 (1.5 to 2.6)
Stavudine 476 217 109 40 30.4 (24.4 to 36.6)
Zidovudine 152 67 49 28 13.6 (7.2 to 21.9)
Efavirenz 3355 1459 537 56 1.3 (0.8 to 2.1)
Nevirapine 422 254 154 37 4.2 (2510 6.6)
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0 1 2 3
Time on antiretroviral treatment (years)

n at time points 0 1 2 3 Stopped by 3 years,
(years) % (95% CIl)
Tenofovir 12 888 4 517 1643 57 1.2 (0.9 to 1.4)
Stavudine 1857 632 308 90 23.9 (20.3 to 27.7)
Zidovudine 611 210 119 63 8.4 (5.4t0 12.1)
Efavirenz 13 462 4 545 1619 133 0.5(0.3t00.7)
Nevirapine 1695 751 428 77 2.7 (1.9 t03.8)

Fig 2. Cumulative incidence of antiretroviral discontinuations due to ADRs according to antiretroviral amongst a.
enhanced-data sample patients (n = 3 837) and b. routine-data patients (n = 11 559) from two South African cohorts,
who initiated antiretroviral treatment from 2010-2013.

https://doi.org/10.1371/journal.pone.0203530.9002

PLOS ONE | https://doi.org/10.1371/journal.pone.0203530 September 5, 2018 6/10


https://doi.org/10.1371/journal.pone.0203530.g002
https://doi.org/10.1371/journal.pone.0203530

@° PLOS | ONE

First-line antiretroviral discontinuations due to adverse drug reactions

Stavudine discontinuations due to ADRs were for lipodystrophy (34/84, 40%), peripheral
neuropathy (20/84, 24%), and hyperlactataemia (11/84, 13%); the toxicity was unspecified in
11 patients. The majority of zidovudine discontinuations due to ADRs were for haematological
toxicity (9/13 patients).

Efavirenz discontinuations due to ADRs were for hypersensitivity (11/29, 38%), neurologi-
cal/neuropsychiatric toxicity (10/29, 34%), and hepatotoxicity in 1 patient. Nevirapine discon-
tinuations due to ADRs were for hypersensitivity (9/16), or hepatotoxicity (7 patients).

Predictors of antiretroviral discontinuations due to ADRs

In a multivariable analysis of the enhanced-data sample patients, tenofovir, stavudine, and
nevirapine discontinuations due to ADRs were associated with treatment site (Table 2A). In
addition, tenofovir discontinuations were associated with older age, male sex, and lower base-
line CD4 count, weight, and eGFR. Stavudine and zidovudine discontinuations were associ-
ated with female sex. None of the predictor variables that we considered was associated with
efavirenz discontinuations. In the routine data group, associations between treatment discon-
tinuations and the variables listed above were broadly similar to those seen in the enhanced-
data sample (Table 2B).

Discussion

In our cohort of 15 396 patients, 40% had a first-line antiretroviral discontinuation by three
years on ART. In the enhanced-data sample of 3 837 patients, we were able to determine the
reason for 84% of discontinuations. ADR was the most common reason for antiretroviral

Table 2. Associations with discontinuations due to adverse drug reactions in a. enhanced-data patients (n = 3 837) and b. routine-data patients (n = 11 559) from two
South African cohorts, who initiated antiretroviral treatment from 2010-2013.

a.
n (in multivariable model)

Number of discontinuations due to ADRs

Themba Lethu site (reference: Khayelitsha)
Baseline age (per 10 year increase)

Baseline CD4 count (per 50 cells/uL decrease)
Baseline weight (per 10 kg decrease)

Baseline eGFR (per 10 mL/min decrease)
Female (reference: male)

b.

n (in multivariable model)

Number of discontinuations due to ADRs

Themba Lethu site (reference: Khayelitsha)
Baseline age (per 10 year increase)

Baseline CD4 count (per 50 cells/uL decrease)
Baseline weight (per 10 kg decrease)

Baseline eGFR (per 10 mL/min decrease)

Female (reference: male)

Tenofovir Stavudine Efavirenz Nevirapine Zidovudine
2217 353 2 341 305 99
37 67 20 12 8
SHR 95% CI SHR 95% CI SHR 95% CI SHR 95% CI SHR 95% CI
19.8 6.4 to 61.5 3.1 1.7 to 5.7 1.8 0.7 to 4.3 9.7 1.8to51.1 2.7 0.5to 16.4
1.6 1.1to02.3 1.0 0.8to 1.3 1.3 0.8to2.1 1.6 0.7 to 3.6 0.5 0.2to 1.3
1.2 1.0to 1.4 1.1 1.0to 1.3 1.0 0.8to 1.3 1.0 0.7to 1.5 1.4 0.8to 2.3
1.9 1.3t02.6 1.1 09to 1.3 1.0 0.7to 1.4 0.9 0.6to 1.2 1.0 0.7to 1.5
1.5 1.3to 1.7 1.0 09to 1.1 1.1 0.8to 1.4 1.2 09to 1.7 1.0 0.7t0 1.3
0.4 0.2 t0 0.6 2.5 1.4to 4.2 1.1 0.4to 3.1 1.4 0.2t08.9 0.2 0.0 to 0.9
Tenofovir Stavudine Efavirenz Nevirapine Zidovudine
6796 989 7 098 878 283
78 140 35 24 15
SHR 95% CI SHR 95% CI SHR 95% CI SHR 95% CI SHR 95% CI
22.5 9.1 to 55.6 1.9 1.3t0 2.8 2.8 1.4t0 5.6 1.9 0.7 to 5.0 2.9 0.8 to 10.7
1.2 0.9to 1.5 1.1 09to 1.3 1.2 0.8t0 1.7 0.7 0.3to 1.4 0.7 0.4to 1.1
1.2 1.1to 1.4 1.0 09to 1.1 0.9 0.8to 1.0 1.0 0.8to 1.3 1.0 0.8to 1.1
1.8 1.4t02.3 0.9 0.8to 1.0 1.1 09to 1.4 1.3 1.0to 1.8 1.2 09to 1.8
1.3 1.2to 1.5 1.0 09to 1.1 1.0 09to 1.2 1.0 09to 1.2 1.2 09to 1.5
0.5 0.3t00.8 2.2 1.5t0 3.2 1.4 0.6 to 3.0 0.4 0.1to 1.3 0.7 0.2t02.9

CI: confidence interval; eGFR: estimated glomerular filtration rate; SHR: sub hazard ratio. SHRs adjusted for the other variables in the model. Significant associations

are indicated in bold type.

https://doi.org/10.1371/journal.pone.0203530.t002
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discontinuations, followed by treatment failure, with 12% and 10% of patients having discon-
tinued antiretrovirals for those reasons respectively by three years on ART. The incidence of
discontinuations differed by antiretroviral drug: 30% and 2% of patients had stopped stavudine
or tenofovir respectively because of ADRs by three years on ART. Although the relative rank-
ings of antiretroviral discontinuations were similar using routine data only, lack of additional
checking for reasons resulted in underestimates of the incidence of antiretroviral discontinua-
tions due to ADRs. Standard first line antiretrovirals tenofovir and efavirenz had the lowest
incidences of discontinuations due to ADRs. The majority of tenofovir discontinuations were
due to decreases in kidney function, and the majority of efavirenz discontinuations were due
to hypersensitivity reactions or neuropsychiatric symptoms. Associations with tenofovir dis-
continuations due to ADRs included older age, and lower baseline CD4 count, weight, and
estimated glomerular filtration rate. We found no associations between efavirenz discontinua-
tions due to ADRs and potential risk factors that we considered. In general, discontinuations
for ADRs were more likely to occur at the hospital-based site (Themba Lethu) than the pri-
mary health care clinic (Khayelitsha).

We found an incidence of discontinuations due to ADRs of 45.9 (95% CI 39.8 to 52.9) per 1
000 patient years. This is slightly lower than estimates from other African cohort studies that
were conducted before the 2009 World Health Organization guideline change that replaced
stavudine with tenofovir as part of the preferred first-line ART regimen. A study in Cote
D’Ivoire reported an incidence of toxicity-related treatment modifications or interruptions of
5.2 (95% confidence interval 4.6 to 5.8) per 100 patient years.[7] A study in Kenya reported an
overall incidence of treatment modifications or interruptions of 13.3 (95% CI 12.7 to 14.1), of
which 46% were due to toxicity. Those antiretroviral discontinuation incidence rates are all
much lower than those reported from cohort studies in Europe or the United States,[14-18]
presumably in part because treatment options are more limited in lower income countries, so
clinicians are less able to change antiretrovirals for relatively minor adverse events. Interest-
ingly, while the rate of efavirenz discontinuations due to ADRs seen in our study is similar to
that found in a South African study from 2007, the rate of stavudine discontinuations has
increased, probably related to the more recent availability of tenofovir. As seen in previous
South African studies we found a much lower rate of treatment discontinuations with tenofo-
vir than with stavudine.[9, 19]

Using only routine data identified relative trends in antiretroviral discontinuation rates and
identified relevant risk factors for antiretroviral discontinuations due to ADRs; but substan-
tially underestimated the absolute incidence of discontinuations due to ADRs. The retrospec-
tive data checking process was labour intensive, and involved a substantial amount of time,
both for generating queries, and for site staff to perform folder reviews, but reasons that were
not recorded in the database were frequently available in the folders or other patient records.
This suggests that improving prospective data capture systems in routine databases would
increase the capacity of routine data to answer pharmacovigilance questions.

Patients at Themba Lethu, the hospital-based cohort, were more likely to have tenofovir
and stavudine discontinuations due to ADRs than patients at the Khayelitsha cohort primary
health care clinics. Patients at the hospital site had more frequent laboratory monitoring, and
healthcare workers there were more likely to have access to blood results sooner, which might
in part explain the difference. These differences in the patterns of reasons for antiretroviral dis-
continuations highlights the importance of using data from several representative sites in
order to make conclusions regarding ADR-related antiretroviral discontinuations.

Our study had several limitations. Data were from routine clinical practice, and even after
thorough data checks there were still missing data, including unknown reasons for antiretrovi-
ral discontinuations. Reasons for discontinuations were as recorded by the treating clinician.
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We might have underestimated the rates of ADR-related discontinuations if the reason wasn’t
adequately recorded. We assessed only the first antiretroviral discontinuation, so might have
underestimated rates of discontinuations that occurred later on in the course of treatment.
Similarly, we might have underestimated antiretroviral discontinuations owing to patients
being lost to follow up.

Conclusions

Currently recommended first-line antiretrovirals were relatively well-tolerated in our setting.

The routine data used in our study was adequate to estimate relative trends in, and identify
potential risk factors for, antiretroviral discontinuations due to ADRs. But obtaining more
accurate incidence estimates involved a time- and labour-intensive data-checking process.
Observational cohorts are a useful source of pharmacovigilance data. Improving prospective
data capture systems would increase the capacity of routine clinical data to answer pharmacov-
igilance questions.
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