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Abstract

Objectives—Treatment interruptions (T1) of combination antiretroviral therapy (CART) are
known to lead to unfavourable treatment outcomes but do still occur in resource-limited settings.
We investigated the effects of T1 associated with adverse events (AEs) and non-AE-related
reasons, including their durations, on treatment failure after CART resumption in HIV-infected
individuals in Asia.
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Methods—~Patients initiating CART between 2006-2013 were included. T was defined as
stopping cART for >1 day. Treatment failure was defined as confirmed virological, immunological
or clinical failure. Time to treatment failure during CART was analysed using Cox regression, not
including periods off treatment. Co-variables with p<0.10 in univariable analyses were included in
multivariable analyses, where p<0.05 was considered statistically significant.

Results—Of 4549 patients from 13 countries in Asia, 3176 (69.8%) were male and the median
age was 34 years. A total of 111 (2.4%) had Tls due to AEs and 135 (3.0%) had Tls for other
reasons. Median interruption times were 22 days for AE and 148 days for non-AE Tls. In
multivariable analyses, interruptions >30 days were associated with failure (31-180 days HR=2.66,
95%CIl (1.70-4.16); 181-365 days HR=6.22, 95%CI (3.26-11.86); and >365 days HR=9.10, 95%
Cl (4.27-19.38), all p<0.001, compared to 0-14 days). Reasons for previous TI were not
statistically significant (p=0.158).

Conclusions—Duration of interruptions of more than 30 days was the key factor associated
with large increases in subsequent risk of treatment failure. If T1 is unavoidable, its duration
should be minimised to reduce the risk of failure after treatment resumption.

Keywords

HIV; treatment interruptions; adverse events; Asia; antiretroviral

Introduction

Interruptions of HIV combination antiretroviral therapy (CART) are associated with
unfavourable outcomes. The largest clinical trial investigating the impact of CD4-guided
treatment interruptions (T1; SMART study) (1) found the risk for disease progression was
significantly greater in the TI group than in the continuous cART group, largely due to low
CD4 count and high viral load (VL). Other studies have also reported the link between Tl
and rapid decline in CD4 count, VL rebound and mortality (2, 3). Duration of Tl is a
significant predictor of virologic rebound. Longer time off therapy is often associated with
increased risk of viral failure after CART has been resumed (4).

Adverse events (AEs), including drug toxicities and side-effects, are commonly seen in HIV-
positive individuals receiving cART. AEs can vary from less serious (e.g., headaches, rash,
nausea) to more serious toxicities (e.g., severe hepatic toxicity, high-grade anaemia) (5-7). A
study in India has found that 79% of patients who developed rash or Stevens-Johnson
syndrome (SJS) had interrupted or stopped cART (7). In resource-limited settings where
CART normally consists of nucleoside and non-nucleoside reverse transcriptase inhibitors
(NRTIs and NNRTIs), the rate of AEs after cART initiation has ranged from 4.6 to 52 per
100 person-years (100PY) (8, 9).

Patients experiencing AEs are more likely to have treatment modifications, interruptions
and/or discontinuations (10, 11). Although the prevalence of Tls has fallen over recent years,
drug toxicities and side-effects have remained the most common causes of Tl (12-14).
Unplanned cART interruptions may be unavoidable when there are drug stockouts, in order
to manage cART-related AEs, or when there are adherence challenges.
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In this study, we investigated the reasons for unplanned TI in patients initiating CART from
2006 (post SMART study) and the effects of different causes of Tls and duration of
interruption on subsequent treatment failure after cCART resumption. Due to the known high
rates of detectable viral load during the absence of cART, the main focus of the study was to
examine how well patients responded to treatment after CART had been resumed, rather than
their virological responses during periods of TI.

Methods

Study population

Definition

Patients enrolled in the TREAT Asia HIV Observational database (TAHOD) who initiated
CART between 2006 to 2013, with at least six months of follow-up time were selected. A
detailed description of the cohort profile was published elsewhere (15), but briefly TAHOD
is a prospective HIV observational cohort which began recruitment in 2003, consisting of 23
sites in 13 countries in Asia. All TAHOD sites are major referral centres in urban cities with
data transfers occurring every six months. TAHOD patients are monitored and treated
according to local practices, with patients not seen for 180 days being at higher risk of
permanent loss to follow-up (LTFU) (16). CD4 testing occurs bi-annually and the overall
median CD4 cell count at cART initiation was 150 cells/pl but levels have increased over
time from 115 cells/pL in 2008 to 302 cells/uL after 2011. Nevertheless, most patients in
TAHOD continued to enter care late and had CD4 levels <350 cells/uL (17). VL testing
frequency in TAHOD has been reported to range from <1/year to >3/year (18). In this study,
we chose not to include patients who started cART before 2006 to avoid potential biases
associated with structured Tls. Patients who received prior mono/dual therapy were
excluded.

TI was defined as a period of no cART for >1 day. We used a minimum duration of one day
to incorporate all periods of no cART, including non-adherence, in the analyses and to
compare the effects of different T1 durations. Although this minimal TI duration is not
commonly used, it has been reported in previous literature (14, 19). Reasons for Tl were
categorised into one of two groups: stopped due to AEs and stopped due to other reasons.
For the purpose of this study, AEs included stop reasons specified as drug adverse reactions,
toxicity and/or side-effects. TAHOD collects cCART stop reasons according to the physician’s
clinical judgement, possibly in consultation with the patient. If multiple stop reasons were
recorded with at least one due to AEs, the reason was then coded AE-related TI. The
analysis outcome was treatment failure defined as the earliest date of clinical,
immunological or virological failure according to the World Health Organization (WHO)
(20). We combined the three types of failure into a common end-point in order to include
TAHOD sites that do not routinely perform VL testing in the analyses. Because disease
staging in TAHOD is done using U.S. Centers for Disease Control and Prevention (CDC)
criteria, new CDC stage C events were used to define clinical failure. Immunological failure
was defined as a CD4 count <100 cells/mm3 and confirmed within six months or a CD4
count equal to or below pre-treatment levels. Virological failure was defined as VL =1000
copies/mL with a second consecutive VL confirmation within six months. All failures must
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occur at least six months after CART initiation and while on treatment. Failures occurring
during periods of TI were not counted in the analyses because we wanted to measure
treatment failures after CART has been resumed. A sensitivity analysis was performed by
ignoring the requirement for a second confirmed test for immunological and virological
failures.

Statistical analyses

Time to first treatment failure was analysed using a Cox regression model. We stratified our
analyses by site to account for any site-level effects, such as differences in VL testing
frequency. Analysis risk time began at six months after CART initiation and ended at first
documented failure. Patients not experiencing treatment failure were censored at the date of
their last visit. Periods when patients were off treatment were not counted as risk time. In
other words, if a patient had not experienced treatment failure prior to Tl, the patient was
removed from the risk set during T1 and re-entered after CART had been resumed. Patients
who became LTFU defined as those not seen in the previous 12 months of the September
2013 data transfer, or died during T were censored on the last date of CART prior to TI.
Regression models were fitted using backward stepwise procedures. In the univariable
analysis, covariates with p-values <0.10 were chosen for inclusion in the multivariable
model. After the backward stepwise model selection, covariates with p-values <0.05 were
considered statistically significant. Other non-significant covariates are each presented
adjusted for the significant variables, however they did not form part of the final model.

Time-fixed covariates adjusted in the regression models were age, sex, mode of HIV
exposure, pre-treatment VL and CD4, initial CART regimen, hepatitis B/C co-infection and
prior AIDS diagnosis. Time-updated covariates, where a patient is allowed to change
between categories with the effect sizes calculated based on the varying risk time spent in
each category, were “Reasons for Previous TI1” and “Previous TI duration variables.
“Reasons for Previous TI” was coded as (i) no previous TI, (ii) previous Tl due to AE, and
(iii) previous TI due to other reasons (Figure 1) and “Previous TI Duration” variable was
coded as (i) 0-14 days, (ii) 15-30 days, (iii) 31-180 days, (iv) 181-365 days, and (vi) >365
days. We used these categories to approximately aggregate the T1 duration according to the
period commonly not considered as a Tl :0-14 days (21-23); and according to those reported
in previous literature :15-30 days (22, 24, 25), 31-180 days (13, 26, 27), 181-365 days (28,
29) and >365 days (30). It was decided a priori that self-reported adherence levels would not
be included in the analyses due to the potential collinearity between adherence and the
Reasons for Tl variable, and that prospective adherence data was only collected in TAHOD
from 2011 onwards.

Ethics approvals were obtained from UNSW Australia Ethics Committee, Western
Institutional Review Board, and respective local ethics committees of all TAHOD-
participating sites, the data management and biostatistical center (UNSW Australia Ethics
Committee), and the coordinating center (TREAT Asia/amfAR). All data management and
statistical analyses were performed using SAS software version 9.3 (SAS Institute Inc.,
Cary, NC, USA) and Stata software version 13.1 (Stata Corp., College Station, TX, USA).
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Results

Patient characteristics

A total of 4549 patients from Cambodia, China, Hong Kong, India, Indonesia, Japan,
Malaysia, Philippines, Singapore, South Korea, Taiwan, Thailand and Vietnam were
included. Table 1 shows that 111/4549 (2.4%) patients experienced Tls as a result of AEs,
while 135 (3.0%) had Tls due to other reasons, and 4303 (94.6%) never had an interruption.
The median duration of TI caused by AE-related reasons was 22 days (interquartile range
(IQR): 12-47) compared to 148 days (IQR: 27-319) for non-AE-related causes. Of the 246
patients who had a Tl, 189 (76.8%) resumed cART after the first episode of TI with the
same drug classes as the initial regimen, which were mostly NRTI+NNRTI. Others had a
drug class change, mainly from NNRTI to a protease inhibitor. 52 (1.1%) patients died and
493 (10.8%) became LTFU prior to experiencing treatment failure. Of the dead and LTFU
patients, 5 and 32, respectively, had a TI during follow-up.

Reasons for Tl

Taking into account that a patient can have multiple reasons for Tl and T1 can occur multiple
times, we found that skin side effects were the most common reasons for Tl due to AEs (55
patients). Liver toxicities (17 patients) included jaundice, hepatitis, raised liver function tests
and hyperbilirubinemia. Drug allergies (11 patients) were hypersensitivity reactions and SJS.
Gastrointestinal side effects (8 patients) included nausea, vomiting and diarrhoea. When
cART was stopped due to reasons other than AEs, the most frequently entered reasons were
“other” (70 patients) and “patient decision/request” (50 patients).

Treatment failure

A total of 730 (16.0%) patients experienced at least one type of treatment failure: 89 had
virological failure, 396 had CD4 below baseline values, 105 had CD4 below 100 cells/uL
and 175 had clinical failure. Combining these totals resulted in 765 failures associated with
730 patients, indicating that some experienced more than one type of failure on the same
day. Of the immunological failures, 36 patients continued to have CD4 counts <100 cells/uL
well beyond six months from cART initiation, with eventual rise in CD4 levels. These
patients were counted as having immunological failure on the first CD4 measurement <100
cells/uL after six months on cART. The crude failure rate was 5.89 per 100PY. The median
time from cART initiation up to treatment failure or censoring date was 3.0 years (IQR:
1.8-4.6).

Factors associated with time to treatment failure

From Table 2, the multivariable model shows that the TI duration variable was significant
(p<0.001) with interruptions >30 days being associated with treatment failure (31-180 days
HR=2.66, 95%ClI (1.70-4.16); 181-365 days HR=6.22, 95%CI (3.26-11.86); and >365 days
HR=9.10, 95%CI (4.27-19.38); compared to 0-14 days). The Reasons for Previous Tl
variable, however, was not significant (p=0.158). The interaction between Reasons for
Previous Tl and TI duration was also not significant (p=0.443). Other factors associated with
treatment failure were age >50 years (HR=1.56, 95%CI (1.17-2.08)) compared to age <30
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years, and higher pre-cART CD4 count of 101-200 cells/pL (HR=1.42, 95%CI (1.42-1.78))
and CD4 counts >200 cells/uL (HR=1.76, 95%CI (1.42-2.18)), compared to CD4 counts
<50 cells/uL. Factors that showed a protective effect against treatment failure were female
sex (HR=0.74, 95%CI (0.61-0.89)) vs. male sex, and homosexual HIV exposure (HR=0.74,
95%CI (0.56-0.97)) and other/unknown exposure group (HR=0.69, 95%CI (0.49-0.99)) vs.
heterosexual HIV exposure. Pre-cART VL, initial CART regimen, hepatitis B/C co-infection
and previous AIDS diagnosis were not associated with treatment failure.

Sensitivity analysis

In the sensitivity analysis (Table 3) where a second confirmatory test for CD4 or VL failure
was not required, the total patients who experienced treatment failure increased to
1152/4549 (25.3%), with the failure rate of 10.15 per 100PY. Of 1152 patients 348 had VL
failure, 376 had CD4 below baseline values, 415 had CD4 below 100 cells/uL and 159
experienced a clinical failure. The Reasons for Previous Tl variable was significant in the
multivariable model where resuming cART after an interruption due to other reasons was
significantly associated with higher hazard of failure (HR=1.91, 95%ClI (1.13-3.22)).
Resuming after interruption due to AEs showed a slight increase in hazard compared to the
no interruption group, but was not statistically significant (HR=1.05, 95%CI (0.63-1.75)).
The duration of previous interruption remained significant in the adjusted model with
increasing HR for treatment failure for Tls >30 days (31-180 days HR=1.83, 95%Cl
(1.01-3.29); 181-365 days HR=3.27, 95%ClI (1.63-6.57); and >365 days HR=9.97, 95%ClI
(4.55-21.86); compared to 0-14 days). There was no interaction between Reasons for
Previous Tl and TI duration (p=0.750). Female sex (HR=0.68, 95%CI (0.58-0.79)) and
homosexual HIV exposure (HR=0.78, 95%CI (0.63-0.96)) showed similar effects to the
main analysis shown in Table 2. The CD4 variable, however, now showed a protective effect
at all levels compared to CD4 counts <50 cells/pL (CD4 51-100 cells/uL HR=0.49, 95%Cl
(0.39-0.61); CD4 101-200 cells/uL HR=0.60, 95%CI (0.51-0.72); CD4 >200 cells/uL
HR=0.69, 95%CI (0.59-0.81)). This is in contrast to results derived from Table 2 where
higher CD4 count was associated with higher risk of treatment failure. The reversion of the
HR in the CD4 count variable reflects the different definitions used to define our treatment
failure endpoint in both analyses. In the main analysis, only 89 of the 730 failures (12.2%)
were due to virological failures. However, 348/1152 (30.2%) failures in the sensitivity
analysis were due to having VL >1000 copies/mL.

Discussion

Our results show that the overall proportion of TAHOD patients having TI after CART
initiation was reasonably low at 5.45%, with reasons for interruptions varying greatly from
common clinical adverse reactions such as rash and liver toxicities, to interruptions recorded
as being due to patient decision/request. Longer time off treatment was associated with
treatment failure. Tls caused by AEs remained non-significant in both the main and
sensitivity analyses, while patients with non-AE related Tls were almost twice as likely to
fail compared to those with no previous Tl in the sensitivity analysis.
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Studies conducted in the post-SMART era have shown proportions of Tl ranging from
12.8% to 53.4%, with TI defined as periods of no CART from 2 to 90 days (26, 31, 32). Tl in
our study was defined as no cART for >1 day, however we have combined those with T1 <14
days to enable comparison with longer TI durations. Our study reports 5.45% of patients
with at least one TI. Given the minimal definition of TI used in this study, this proportion is
considered to be relatively low compared to other studies. We hypothesise that this may
reflect the observational nature of the cohort where some T1 episodes may have been missed,
and the patient sampling in our TAHOD sites where clinicians are encouraged to enrol
patients who are likely to remain in follow-up and adhere to treatment programs.

The results from our study show that T1 >30 days increased the chances of treatment failure
after CART resumption. These findings are consistent with other studies reporting an
increase in virologic rebound with longer intervals of Tl (4, 33). Reasons for Previous Tl
was not significant in the main analysis, however the sensitivity model suggests the risk of
treatment failure was higher after interruption from non-AE-related causes, while
interruption due to AEs only showed a ~5% increase in the hazard for failure. These
associations were similar to those observed in a Spanish study (34), which categorised
reasons for T1 as (i) due to physician’s advice in response to AEs or toxicities and (ii) due to
the patient’s own choice (14). Compared to the no interruption group, the HR for detectable
VL for group (i) was 1.36 (p=0.13). The HR for group (ii) was 3.62 (p<0.0001). The
findings of the Spanish study convey a similar message to ours in that interruption due to
AEs may be a less undesirable consequence than interruption caused by other reasons. A
possible explanation to these findings could be that patients experiencing this type of Tl are
largely managed under medical care and clinicians may switch antiretrovirals in response to
AEs thus allowing patients to achieve optimal treatment outcomes once cART has been
resumed. Our study has further shown that the short duration of AE-related TI could be
another contributing factor. Because T1 >30 days showed significant associations in both the
main and sensitivity analyses while shorter Tls did not, we believe that the length of Tl
rather than their reasons was the key factor affecting treatment response.

Age, sex and mode of HIV transmission were shown to be significant predictors of treatment
failure, which is consistent with previous studies (15, 35, 36). An interesting phenomenon
was observed between the association of CD4 count and treatment failure. By requiring a
secondary confirmed VL or CD4 test, the results showed higher CD4 count being associated
with treatment failure. In this analysis, a high proportion of treatment failures were
attributed to immunological failure. This is because VL testing in resource-limited settings,
which includes many TAHOD sites, is recommended every 12 months (20, 37). Therefore, it
is most likely that many virological failures would have been missed due to the long lag time
between the first and second consecutive VL test. The association seen here is therefore a
reflection of a higher proportion of patients who initiated cART with high CD4 count having
at some point a CD4 count dropping below their initial pre-treatment level as maintaining
CD4 count above the already high baseline level may be difficult to achieve compared to
those who started with lower CD4 count. This is supported by a previous TAHOD study
which showed that higher CD4 count prior to CART was associated with smaller increases in
CD4 count (38). In the sensitivity analysis, however, a second confirmatory testing was not
required. The number of virological failures in this sensitivity analysis was increased which
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resulted in high CD4 count having a protective effect over treatment failure consistent with
previous studies (39-41).

This study has several limitations including the lack of HIV drug resistance information
after periods of TI. It is known that T1 can lead to the development of HIV drug resistance
mutations, especially NNRTI-related mutations as drugs belonging to this particular class
tend to have longer half-life than other HIV drug classes. It has been shown that NNRTI
mutations can occur in high proportions after CART interruption, which could ultimately
lead to virological failure after resumption of therapy (4, 42-44). A recent Thai study has
shown that the incidence of virological failure and resistance mutations was higher, but not
statistically significant, in patients who had treatment interruption of all drugs in a
nevirapine-based regimen, than in pateints who continued with NRTIs after discontinuation
of nevirapine . As the majority of TAHOD patients initiated on an NNRTI-based regimen,
the risk for treatment failure may have been confounded by the development of drug
resistance mutations which could not be adjusted for in our study. Another limitation
included the free text field used to record stop reasons. It was not possible to completely
classify all reasons, and therefore misclassification of the Tl variable may have occurred.
Immune reconstitution syndrome (IRIS) was not taken into consideration in our clinical
failure definition as the information has not been reported consistently in our cohort. Lastly,
we did not adjust for LTFU patients in the analyses. However, a previous TAHOD study
found no association between LTFU and HIV disease progression indicators suggesting that
these patients who are LTFU are not substantially different from patients remaining in care
(16).

Conclusions

Tls in our regional cohort were relatively uncommon, with interruptions due to AEs being
shorter than Tls due to other reasons. Length of interruption was the key factor in
associations with treatment failure and the lack of an association between AE-related
interruptions and treatment failure could be due to their shorter time span. These findings
should not be interpreted as advocating short term Tls. However, if Tl is unavoidable, in
situations such as when a patient experiences a drug reaction, the length of time cART is
suspended should be minimised.
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other
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Figure 1. Example of the time-updated reasons for previous treatment interruption variable
coding
Abbreviations: TI — treatment interruption, AE — adverse event, CART - combination

antiretroviral therapy.
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Patient demographics

Table 1

Total (%)
4549 (100)
Reasons for TI
No interruption 4303 (94.6)
At least 1 Tl due to adverse events | 111 (2.4)
All Tl due to other reasons 135 (3.0)

Duration of TI (days)
Interruption due to adverse events
Interruption due to other reasons

median = 22, IQR (12-47)
median = 148, IQR (27-319)

Age at CART initiation (years)

median =34 , IQR (29-41)

<=30 1433 (31.5)
31-40 1895 (41.7)
41-50 860 (18.9)
>50 361 (7.9)
Sex

Male 3176 (69.8)
Female 1373 (30.2)
Mode of HIV exposure

Heterosexual contact 2791 (61.4)
Homosexual contact 952 (20.9)
Injecting drug use 496 (10.9)
Other/unknown 310 (6.8)
Pre-cART viral load (copies/mL) | median =100000, IQR (31697-260000)
<100000 1290 (28.4)
>100000 1238 (27.2)
Missing 2021 (44.4)

Pre-cART CD4 (cells/uL)

median =131, IQR (41-226)

<=50 1169 (25.7)
51-100 564 (12.4)
101-200 1015 (22.3)
>200 1290 (28.4)
Missing 511 (11.2)
Initial CART regimen

NRTI+NNRTI 4103 (90.2)
NRTI+PI 401 (8.8)
Other 45 (1.0)
Hepatitis B co-infection

Negative 3363 (73.9)
Positive 379 (8.3)
Not tested 807 (17.7)
Hepatitis C co-infection

Negative 2839 (62.4)
Positive 616 (13.5)
Not tested 1094 (24.1)
Previous AIDS

No 2907 (63.9)
Yes 1642 (36.1)

Page 14

Abbreviations: TI — treatment interruption, CART - combination antiretroviral therapy, NRTI — nucleoside reverse tran-scriptase inhibitors, NNRTI
- non-nucleoside reverse transcriptase inhibitors, P — protease inhibitors.
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