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Abstract

Background—There have been improvements in combination antiretroviral therapy (CART)
over the last 15 years. The aim of this analysis was to assess whether improvements in ART have
resulted in improvements in surrogates of HIV outcome.

Methods—~Patients in the Australian HIV Observational Database who initiated treatment using
mono/duo therapy prior to 1996, or using CART from 1996 onwards, were included in the
analysis. Patients were stratified by era of ART initiation. Median changes in CD4+ and the
proportion of patients with detectable HIV viral load (>400 copies/ml) were calculated over the
first 4 years of treatment. Probabilities of treatment switch were estimated using the Kaplan-Meier
method.

Results—2,753 patients were included in the analysis: 28% initiated treatment <1996 using
mono/duo therapy; and 72% initiated treatment =1996 using CART (30% 1996-99; 12% 2000-03;
11% 2004-07; and 19% >2008). Overall CD4 response improved by later era of initiation
(p<0.001), although 2000-03 CD4 response was less than that for 1996-99 (p=0.007). The
average proportion with detectable viral load from 2 to 4 years post treatment commencement by
era was: <1996 mono/duo 0.69 (0.67-0.71); 1996-99 cART 0.29 (0.28-0.30); 2000-03 cART
0.22 (0.20-0.24); 2004-07 cART 0.09 (0.07-0.10); =2008 cART 0.04 (0.03-0.05). Probability of
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treatment switch at 4 years after initiation decreased from 53% in 1996-99 to 29% after 2008
(p<0.001).

Conclusions—Across the five time-periods examined, there have been incremental
improvements for patients initiated on cART, as measured by overall response (viral load and
CD4 count), and also increased durability of first-line ART regimens.

Introduction

There have been incremental improvements in combination antiretroviral therapy (CART)
over the last 15 years, including increased potency, reduced pill burden, combination
formulations and new drug classes(1-5). Determining the extent to which these are reflected
by improvements in surrogates of HIV outcome, such as median CD4 cell count and the
proportion of patients with an undetectable HIV viral load, is important for developing
health care management strategy but analysis is challenging at the epidemiological level.
Responses to CART can be affected by individual patient factors including baseline clinical
status and treatment history, genotypic variation, drug interactions, toxicities and
tolerability, as well as lifestyle (6). The complex interaction of these factors is difficult to
explicitly model, especially without limiting the scope of results, and can lead to differences
between the estimated and actual utility of treatment. Descriptions of population level trends
based on large-scale longitudinal studies can produce generalizable results by avoiding
confounding inherent in smaller studies of discrete populations.

Conversely, large-scale long-term longitudinal studies (often observational) can be
confounded by temporal trends associated with both treatment stage and calendar year. The
pattern of surrogate response to CART is strongly characterised by duration of treatment,
particularly by the first months after treatment initiation when there is often a rapid decrease
in HIV viral load (7, 8). Outcomes are also influenced by broader changes to available ART,
contemporary resourcing, guidelines and interventions associated with calendar year (9, 10).
For example, Australian cCART initiation guidelines have shifted from early stage
intervention (“hit hard, hit early”) (1996-99), to delayed intervention (at CD4 cell counts
<200 cells/uL in asymptomatic patients) (2000), and back to relatively early stage
intervention (at CD4 cell counts <350 cells/uL in asymptomatic patients) (2008) (11-13).
However, few analyses of population level trends in treatment response simultaneously
resolve both of these time scales which may in part be because many studies do not have
both long-term follow up and ongoing recruitment necessary to reflect these changes.

In particular, early post-treatment initiation response is strongly indicative of overall
treatment utility. At early stages (less than 4 years after treatment initiation), response is
most strongly influenced by pre-initiation conditions and baseline disease stage as well as by
the potency of implemented ART, and is also predictive of later outcomes (14-17).
Generally, significant levels of virological control are reached within a year of treatment (7,
8, 18, 19). Phillips et al have shown attainment of at least one viral load measure less than
500 copies/ml in 85% of patients within 32 weeks after initiating therapy for early CART era
patients, but that there were subsequently increasing rates of viral rebound over the duration
of that study (up to 192 weeks) (7). Subsequent immunological repletion has been shown to
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be more gradual (between 4 and 8 years in patients with sustained virological control) and
strongly influenced by baseline levels (16).

We investigated trends in response to ART over the first 4 years of treatment by duration of
treatment and calendar year of treatment initiation using the Australian HIV Observational
database (AHOD). AHOD is a large observational cohort study with extensive treatment and
clinical data, and ongoing patient recruitment. The aim of this analysis was to assess
whether improvements in ART over calendar time have resulted in improvements in
surrogates of HIV outcome.

Study population

The Australian HIV Observational Database (AHOD) is an observational clinical cohort
study of patients with HIV infection seen at 27 clinical sites throughout Australia. AHOD
uses methodology which has been described in detail elsewhere (20). Data are transferred
electronically to The Kirby Institute, University of New South Wales every 6 months.
Prospective data collection commenced in 1999, with retrospective data provided where
available.

Ethics approval for the AHOD study was granted by the University of New South Wales
Human Research Ethics Committee, and all other relevant institutional review boards.
Written informed consent was obtained from participating individuals. All study procedures
were developed in accordance with the revised 1975 Helsinki Declaration.

This analysis included all patients who had been recruited to AHOD as part of general
AHOD recruitment prior to 31 March 2013 who initiated treatment using mono therapy/dual
therapy (mono/duo therapy) prior to 1996, or using CART from 1996 onwards. Patient
follow-up was from treatment initiation until censoring at the earlier of death, lost to follow-
up, 4 years after treatment commencement, or cohort censoring date (31 March 2013).
Patients were defined as lost to follow-up at date of last clinical visit if they had no recorded
visit in the year prior to cohort censoring date (31 March 2013). Patients were retained in the
analysis until censoring regardless of interruptions or changes to treatment using an
intention-to-treat approach. Patients were stratified by time period of treatment initiation as
follows: <1996 mono/duo, 1996-99 cART; 2000-03 cART; 2004-07 cART, 22008 cART.
Patients were excluded if they did not have a record of CD4 or HIV-RNA tests after
commencing ART.

Covariates analysed were: sex; age (“<20”, “20-29”, “30-39”, “40-49”, “50-59”, “60-69”,
“70-79”); mode of HIV exposure (men who have sex with men (MSM), heterosexual,
injecting drug user (IDU), other/unknown); time updated instance of first AIDS defining
illness (ADI); HCV antibody (no/not tested, positive); HBV surface antigen (HBVsAQ)
(no/not tested, positive); CD4 cell count (from the closest test date between 180 days prior
to a given analysis time-point and up to 30 days after that time-point — “0-199”,7200-349",
“350-499”, “>500" cells/ml); viral load (from the closest test date between 180 days prior to
a given analysis time-point and up to 30 days after that time-point — “<400”, “401-1000",
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“1001-10,000", >10000 copies/ml) and drug class (“Nucleoside/Nucleotide Reverse
Transcriptase Inhibitors (NRTI)”, “Non-Nucleoside Reverse Transcriptase Inhibitors
(NNRTI)”, “Protease Inhibitors (PI)”, “Integrase Inhibitors (11)”).

Statistical Analysis

Patient characteristics at start of ART were summarised by era of ART commencement.
Median and interquartile range for CD4 cell count and viral load at start of treatment was
summarised by era. Kruskal-Wallis rank test of equality of baseline CD4 cell count by era
was performed. Median changes in CD4 cell counts for the first 4 years of treatment were
calculated using the closest CD4 test result to each 90 day cut point following first ART per
patient.

Percentage of patients with detectable viral load (>400 copies/ml) for the first 4 years of
treatment was calculated using the closest viral load test result to each 90 day cut point
following first ART per patient. The threshold of >400 copies/ml was used to allow
comparison of all treatment eras including earlier treatment eras when more sensitive assays
were not available. Kruskal-Wallis rank test of equality of the logg of baseline viral load by
era was performed.

Equality of response by era for the first 4 years after CART was assessed using multivariate
generalised estimating equation modelling with assumed exchangeable variance structure,
and robust calculated variances. Models were adjusted for era, age group, IDU mode of
exposure, prior ADI and baseline CD4. For immune response, a normal distribution of
change in CD4 cell count per unit time was assumed, while for virological response a
binomial distribution of detectable viral load with logistic link was used. Wald tests of the
overall significance of era (excluding the mono/duo era) and pairwise comparison of the
predicted probability of CD4 cell response conditional on era category levels (excluding the
mono/duo era) were also conducted. The mono/duo era was excluded from tests of response
by era because mono/duo regimen response has been shown to be minimal in comparison to
CART response (21) and would have otherwise masked the differentiation of CART era
response using overall tests of the association of era with response.

Rates of first switch of treatment were calculated by era for all switches; for switches with
recent virological failure (from the closest viral load test within 180 days prior to switch and
up to 30 days after switch >1000 copies/ml); for switches without recent virological failure
(closest viral load test within 180 days prior to switch and up to 30 days after switch <1000
copies/ml); and for switches without a recent viral load reading (closest viral load test was
over 180 days prior to switch and/or over 30 days after switch). A switch was defined as the
commencement of 2 or more new antiretroviral drugs and/or the commencement of a new
class.

Kaplan-Meier curves by era were generated from treatment start until first change of
regimen for up to 4 years after baseline for specific treatment switch types (all switches,
switch with recent virological failure, and switch without recent virological failure). A log
rank test of equality of curves was conducted but excluding the mono/duo era for reasons
discussed above.
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Patient characteristics

Immunology

Virology

By March 2013, 3,607 patients had been recruited to AHOD as part of general recruitment,
of whom 854 were excluded from the analysis: 327 had no record of treatment initiation;
481 had treatment commencement prior to or later than analysis treatment era censoring
dates; and 46 had no record of subsequent CD4 cell count or viral load test. The remaining
2,753 patients were included in the analysis (Table 1): 767 (28%) from the mono/duo
treatment era (<1996); 817 (30%) from the early cCART era (1996-99); 330 (12%) from the
middle cART era (2000-03); 310 (11%) from the middle/late cART era (2004-07); and 529
(19%) from the late cART era (=2008).

Patients were predominantly male (94%), and mode of exposure was predominantly via
MSM (75%). The mean age at ART initiation was 39.4 years (standard deviation (SD)
10.08), which increased by later era (38.4 (SD 9.79) 1996-99, 42.1 (SD 10.9) =2008). Over
CART eras the proportion of patients commencing with NNRTI containing regimens
increased from 42% (1996-99) to 66% (=2008), and the number commencing with P1 based
regimens fell from 58% (1996-99) to 26% (=2008).

Base line CD4 cell counts were relatively similar by era of treatment commencement but
were slightly lower for middle era commencements. Median CD4 cell counts at
commencement were: 294 cells/ul (IQR 190-435) for <1996 mono/duo; 320 cells/ul (IQR
170-475) for 1996-99 cART; 250 cells/pl (IQR 120-420) for 2000-03 cART; 250 cells/ul
(IQR 170-373) for 2004-07 cART; and 320cells/pl (IQR 220-430) for 22008 cART (Table
1). Kruskal-Wallis rank test of baseline CD4 cell count by era (excluding mono/duo)
showed significant change over time (p<0.001).

Median CD4 cell counts increased by year from first treatment for cART regimens. Median
CDA4 cell count change from baseline was greatest in the first year after treatment (Figure 1).
A global Wald test indicated that era of commencement was a significant predictor of
change from baseline CD4 (p<0.001) in an adjusted model. Pairwise comparison of
predicted change in CDA4 cell count by different eras of treatment initiation (excluding the
mono/duo era) showed difference between 2000-03 cART compared to all other eras
(1996-99 cART p=0.007, 2004-07 cART p=0.006, 2008-13 cART p<0.001), and marginal
difference between 1996-99 cART compared to 2008-13 cART (p=0.044). There was no
difference for other pairwise comparisons (1996-99 cART compared to 2004-07 cART
p=0.603; and 2004-07 cART compared to 2008-13 cART p=0.252).

Baseline viral loads were elevated across all eras of treatment commencement. Medians of
logyq of viral load copies/ml were similar by era of commencement: 5.16 (IQR 4.61-5.71)
for <1996 mono/duo; 4.89 (IQR 4.28-5.43) for 1996-99 cART; 5.00 (IQR 4.60-5.51) for
2000-03 cART; 4.99 (IQR 4.26-5.35) for 2004-07 cART; and 4.78 (IQR 4.13-5.04) for
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>2008 cART. Kruskal-Wallis rank test of log,q of baseline viral load by era (excluding
mono/duo era) showed a significant lower viral load at initiation in later eras (p<0.001).

Median viral load dropped to below detectable thresholds after the first year of treatment for
patients commencing on cART from relatively similarly high baseline levels. The proportion
of patients with detectable viral load more rapidly reached lower thresholds by later era of
treatment commencement (Figure 2). The average proportion with detectable viral load per
quarter from 2 years to 4 years post treatment commencement by era was: <1996 mono/duo
0.69 (0.67-0.71); 1996-99 cART 0.29 (0.28-0.30); 2000-03 cART 0.22 (0.20-0.24); 2004—
07 cART 0.09 (0.07-0.10); 22008 cART 0.04 (0.03-0.05).

Treatment Switching

The rate of first treatment switches by era and viral measure category is shown in Table 2.
The overall rate of switching was 17.3 (95% CI 16.4-18.3) per 100 person years. There were
declines by cART era in the rate of switching overall (p<0.001); with recent virological
failure (p<0.001); and with unrecorded recent viral record (p<0.001). There was no change
in the observed rate of switching without recent viral failure (p=0.428).

Kaplan Meier probability of having switched treatment (all switches) decreased by later era
of cCART commencement (Figure 3A). Kaplan Meier probability of having switched
treatment (all switches) after 4 years was 0.58 (95% CI 0.54-0.61) for <1996 mono/duo;
0.53 (95% CI 0.50-0.57) for 1996-99 cART; 0.44 (95% CI 0.39-0.50) for 2000-03 cART;
0.39 (95% CI 0.34-0.45) for 2004-07 cART; and 0.29 (95% CI 0.25-0.35) for 22008
CART. Log rank test of time to switch by era (excluding the mono duo era) showed
significant difference (p<0.001).

Kaplan Meier probability of having switched treatment with recent virological failure also
decreased by later era of CART commencement (p<0.001) (Figure 3B) but there was not a
difference for switches without recent virological failure (p=0.424) (Figure 3C).

Discussion

We measured trends in early stage response to treatment for a large HIV-positive cohort.
Over the first 4 years of treatment CD4 cell count response was marginally improved by
later cART era of treatment commencement although 2000-03 cART commencements were
seen to have relatively less CD4 cell count recovery. However, there were significantly
improved rates of virological suppression by later era of treatment commencement for all
eras. We found improving durability of ART over the same period of follow-up.

Median baseline CD4 cell counts were low across all eras of treatment initiation (<350
counts/uL), although levels were relatively lower for middle eras (2000-2007) (p<0.001).
There was indication of difference in rates of immunological recovery across different eras
of treatment initiation. Plots of median change in CD4 cell count and pairwise comparison
of CD4 cell count response by era of treatment initiation suggested that later era responses
were marginally improved. However, there was relatively reduced recovery of early middle
era counts (2000-03) compared to early era CART (1996-99). Baseline CD4 levels were
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lower for 2000-03 compared to 1996-99 but were similar to those for 2004-07 (where there
was improved CD4 cell count response). This suggests that level of response by era may be
influenced by factors other than initiation stage related to era for example, although
investigation of these potential causal factors is beyond the scope of this study. The
observed trends in baseline CD4 cell count and CD4 cell count response are consistent with
findings from similarly resourced countries although baseline levels in this study are
generally higher than elsewhere (19). Generally, while there is indication of improved later
era CD4 cell count response, we found that CD4 cell count measures alone are likely to be
insufficient surrogates to differentiate HIV treatment outcomes. In particular, observed
changes in CD4 cell count were not stratified by baseline CD4 cell count, baseline viral
load, or rate of attainment of viral suppression or patient age which have been shown to
significantly modify immune response (22, 23). In this study the improvement in immune
response by era of initiation was less evident than that observed for virological suppression.
Changes in proportions with detectable viral load following treatment were clearly different
by era despite generally high baseline levels. In particular, we observed increasing rate of
on-treatment community return to virological control, and a clear trend towards lower
asymptotic proportions with detectable viral loads for later eras. The average proportion
with detectable viral load over the period from 2 years (when viral loads had reached
asymptotic thresholds for all eras) to 4 years post ART fell from 69% (95% CI 66.7%—
71.6%) in the mono/duo era and 29% (95% CI 27.8%-30.0%) in the early cART era to 4%
(95% CI 2.8%—4.5%) in the late CART era. This is consistent with increasing effective ART
potency from the suppression of HIV-RNA aspect although it should be noted that this study
uses an intention-to-treat approach and findings are not stratified by potentially different
levels of adherence per era which might also modify rates of suppression. Our results are
qualitatively consistent with those of Torian et al who have shown improved rates of
virological suppression by year of diagnosis for diagnoses between 2006 and 2009 (17)
although that study did not look at time from cART initiation. We have found limited
publication of comparable measures for other in-care cohorts.

We observed a clear, measureable decrease in all first line CART switches by later era of
commencement (p<0.001). This was attributable to decreased rates of switching with
associated virological failure in recent eras (p<0.001). Only moderate changes in rates of
switching were observed for switches without associated virological failure (p=0.428) and
there were very low rates of observed switching with missing recent viral load tests,
particularly after 2000. This suggests improved durability of first line regimens and that later
era patients who commence ART early will not be disadvantaged by frequent treatment
switches and less treatment choices in the future. While we did not observe any difference in
time to first switch without virological failure across CART eras, other studies have shown
increased tolerability of many later era regimens (1, 24, 25). It is possible that recent
reductions in switching associated with increased tolerability might have been offset by
other factors such as increases in relative rates of switching associated with the increased
availability of regimens with improved potency, reduced toxicity and reduced pill burden,
although this was not examined by this analysis (26).

Generally, while we found improving overall therapeutic utility at the on-treatment
community level, there were not consistent trends in observed clinical baselines. Baseline
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CD4 cell count dropped to a minimum of 247cells/ul in the middle eras (2000-2007) before
increasing again in the later era (from 2008). Similarly, baseline viral load did not uniformly
fall over calendar time. This is consistent with contemporary Australian treatment guidelines
which have shifted from aggressive early stage initiation immediately following the
inception of CART in 1996, towards relatively delayed treatment initiation in asymptomatic
patients with lower CD4 cell counts (<200 cells/uL) over the middle eras of this study
(2000-2007) (11, 27). From 2008 onwards guidelines supported earlier treatment initiation
(at <350 cells/uL in asymptomatic patients) (11). Given the relatively advanced stage of
immunological decline and virological failure observed at baseline across all periods in this
study and improved treatment response, then this supports a focus of HIV care on treatment
naive populations, including on improved early risk assessment, symptom awareness and
diagnosis.

A limitation of this study is the generalizability of findings to the wider on-treatment
community, as well as to the wider HIV-positive population. AHOD represents a significant
subset (15-20%) of the Australian on-treatment population (28, 29), which has access to
publicly funded ART. While AHOD data may be reasonably representative of the Australian
HIV-positive population who are in care, key subsets of the broader HIVV-positive population
are not included in this analysis. In particular trends in off-treatment, as well as of in-care
but irregular or chaotic treatment groups with likely significantly increased viral loads are
difficult to assess.

The selection bias represented by cohort data in general has been described in detail by other
papers (30-32). In particular, likely higher rates of detectable viral load associated with out-
of-care patients are not collected in AHOD. Generally, this study focuses on on-treatment
community level trends and measures do not incorporate off-treatment subpopulations that
are more difficult to reliably capture. Although our results do highlight off-treatment
subpopulations as relatively important targets of intervention because of trends towards
more highly effective treatment, extrapolation of our results to broader HIV-positive
communities should be made with caution.

Secondly, in this study, observations from early treatment eras (<2000) are likely to reflect a
healthy survivor bias to an extent. Response in surrogates of HIV outcome for these eras
would otherwise be lower than those observed by this study because patients with advanced
disease who died or were lost to clinical follow-up before 2000 were not included in AHOD
enrolment. However, in this study virological response was found to be significantly
improved in later eras regardless of survivor bias and similarly, CD4 response was
marginally improved for 2004-13 cART compared to earlier eras (1996-99 and 2000-
03).Overall, this study demonstrates continuing improvement in surrogates of HIV treatment
outcomes by later era of treatment initiation.

A third limitation of our findings is that community level observation cannot necessarily be
attributed to causal effects at the individual level (30). In terms of immunological and
virological response in this study, we describe treatment response in broad or net terms, and
conversely, have examined a relatively uniform, stratified on-treatment community.
However, results are likely also attributable to unaccounted for exogenous factors for any
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given patient, and or a causal structure of determinants not necessarily described in these
analyses (30).

A strength of our study is that the population size, its extended follow up and further
recruitment have facilitated estimation of generalizable indicators of treatment response. In
particular, our measures resolve both treatment duration and calendar year related effects.
Very few studies adjust population level indicators for temporal confounding in this way and
therefore may have relatively limited generalizability.

Conclusions

Across the five time-periods examined, there have been incremental improvements for
patients initiated on CART, as measured by overall response of surrogates of HIV outcome
(viral load and CD4 count) across treatment eras, and also increased durability of first-line
regimens. There were inconsistent changes in clinical stage of initiation which might be
explained by evolving attitudes of patients and prescribers to the risk/benefit of cART
initiation as the era of CART has unfurled. Population level indicators of treatment response
should be adjusted for both calendar time and treatment duration to properly assess these
outcomes.
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Figure 1.
Median change in CD4 cell count after first treatment by first treatment type and era of

treatment commencementl

IClosest patient CD4 cell count test date to each 90 day interval following first treatment;
global Wald test for era (excluding mono/duo era) p<0.001 (based on GEE model using
normal family, identity link, adjusted for age, IDU exposure, prior ADI and baseline CD4)
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Figure 2.
Percentage of tests with undetectable viral load by first treatment type and era of treatment

commencementl

IClosest patient viral load test date to each 90 day interval following first treatment. Viral
loads less than or equal to 400 cells/ul categorised as undetectable; global Wald test p-value
for era p<0.001 (based on GEE model using normal family, identity link, adjusted for age,
IDU exposure, prior ADI and baseline CD4)
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Figure 3.
Kaplan-Meier probabilities of time to first switch by era. A, All switches. B, Switches with

recent virological failure. C, Switches without recent virological failurel

Lvirological failure defined as viral load >1000 copies/ml at most recent test within 180
days prior to and up to 30 days after switch; Log rank test of era for (excluding mono/duo
era) A: p<0.001; B: p<0.001; C: p=0.424
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