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Abstract

Objective—We compared the effectiveness of different highly active antiretroviral therapy
(HAART) regimens considering, separately, history of injection drug use (IDU) (yes/no).

Design, methods—A total of 1163 HIV-infected patients initiated HAART between 1 January
2000 and 28 February 2009 in British Columbia, Canada, and were followed until 28 February
2010. HAART effectiveness was measured by the ability to achieve viral suppression below 50
copies/ml at 6 months. We compared HAART regimens containing efavirenz and boosted
atazanavir. We developed logistic regression models using different techniques to control for
potential confounders.

Results—Among the 1163 patients, 796 (68%) achieved viral suppression at 6 months (32%
reporting a history of IDU). Different confounding models yielded very similar odds ratios for
achieving viral suppression. Boosted atazanavir-based HAART demonstrated to be the most
effective regimen, showing a surprisingly higher benefit for patients with a history of IDU (odds
ratios from different models ranged from 1.74-1.95 to 1.45-1.51).

Conclusions—The literature has conflicting results regarding the effectiveness of HAART to
treat HIV infection among those with a history of IDU. We have shown that most patients, with
and without a history of IDU, were able to achieve viral suppression at 6 months. Boosted
atazanavir-based HAART was the most resilient regimen and it was more effective than efavirenz-
based HAART among IDUs. Given the limited inclusion of IDU in clinical trials of HAART’s
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efficacy, a randomized clinical trial comparing different first-line HAART regimens among IDU
is warranted based on these results.
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Methods

The primary goal of highly active antiretroviral therapy (HAART) is to achieve full and
long-term suppression of HIV-1 RNA plasma viral load (hereafter viral load) at all stages of
HIV disease, even among those infected with multiple drug-resistant HIV [1,2]. As a result,
HAART can predictably suppress viral replication, which in turn allows immune
reconstitution to take place, and it prevents the emergence of resistance and AIDS-related
morbidity and mortality [1-4].

The most commonly recommended first-line HAART regimen typically includes two
nucleoside reverse transcriptase inhibitors (NRTIs), or a NRTI and a nucleotide reverse
transcriptase inhibitor (NtRTI) and either a non-nucleoside reverse transcriptase inhibitor
(NNRTI), or a ritonavir-boosted protease inhibitor (boosted protease inhibitor) [1]. This
approach is expected to lead to a full treatment response, namely sustained undetectable
viral load and consequent CD4 cell count recovery leading to a remission of the disease, in
the vast majority of patients [2]. However, incomplete response to therapy can occur, and
the reasons for treatment failure are varied, with incomplete adherence being often a key
determinant [2]. Consequently, healthcare providers often take into consideration a patient’s
potential for non-adherence such as housing instability, consumption of opioids and alcohol,
or the presence of comorbidities when selecting a HAART regimen in this setting [5-9].
Thus, a history of injection drug use (IDU) is a confounder by indication in nonrandomized
studies assessing HAART’s effectiveness [9-11].

The literature to date has conflicting results regarding the effectiveness of HAART among
IDUs [12-15]. To address this controversy, in this study, we compared the effectiveness of
different HAART regimens considering, separately, individuals with and without a history
of IDU. HAART effectiveness was measured by the likelihood of achieving viral
suppression at 6 months. We hypothesized that there is no difference in clinical response
among those with and without a history of IDU.

Study population

Study data from eligible participants were extracted from the British Columbia Centre for
Excellence in HIV/AIDS Drug Treatment Program (DTP)’s monitoring and evaluation
system to form the HAART Observational Medical Evaluation and Research (HOMER)
cohort. HOMER is a population-based registry of all HIV-positive individuals first
prescribed HAART in British Columbia [16]. Treatment-naive individuals were enrolled
between 1 January 2000 and 28 February 2009 and followed until the last available viral
load before 28 February 2010. In addition, these individuals were required to have at least 6
months of follow-up time, to be 19 years or older, and to have started HAART consisting of
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two NRTIs or a NRTI and a NtRTI, and either a NNRTI: efavirenz (EFV), or a boosted
protease inhibitor: atazanavir-boosted with a ritonavir dose of 400 mg/day or less (ATA/r).

For all patients in this study, viral loads were determined using the Roche Amplicor Monitor
assay (Roche Diagnostics, Laval, Quebec, Canada) using the ultra-sensitive adaptation until
31 January 2008. On 1 February 2008, a new COBAS Ampliprep Tagman HIV-1 assay
(Roche Diagnostics Systems, Inc., Laval, Quebec, Canada) replaced Roche’s Amplicor
assay. Because of the change in viral load assays, the lower and upper limits of
quantification of these assays changed from (50; 100 000) to (40; 1 000 000) copies/ml, and
therefore, viral load measurements were re-coded to range from 50 to 100 000 copies/ml to
minimize the measurement bias that would have been introduced if the data were left
unchanged. Plasma samples were stored chronologically as they were drawn and securely
stored (frozen at —20°C) for future use. CD4 cell counts were measured by flow cytometry,
followed by fluorescent monoclonal antibody analysis (Beckman Coulter, Inc., Mississauga,
Ontario, Canada).

Viral load suppression was defined as two consecutive viral load measurements below 50
copies/ml (coded as yes vs. no). Patients were then classified as being suppressed at 6
months if the date of viral load suppression was 6 months or less and not suppressed,
otherwise. It is important to mention that we gave a 3-month grace period to obtain the viral
load measurements to make sure that patients who have started HAART with very high viral
loads are not penalized, and to accommodate delays in measuring their viral load for various
reasons.

Epidemiological analysis

The theoretical model being considered is described in Fig. 1. In this model, having a history
of IDU was considered a confounder by indication, and therefore, we controlled for this by
initially stratifying the data by history of IDU.

First HAART regimen containing EFVor ATA/r was the main exposure in this analysis.
Acknowledging that treatment changes over time, we decided to use an ‘intention-to-treat’
approach due to the complexity in the data and in the interpretation of results. Adherence
measured during the first year was the primary confounder. The choice for this adherence,
instead of only measuring it during the first 6 months, relied on the fact that HAART
regimens in our program are given to patients at 1, 2 or 3-month intervals depending on how
well they are coping with their treatment. Therefore, to avoid patients being penalized for
their prescription refill scheduling, we decided, a priori, to incorporate adherence measured
over a full year into our analyses. The rate of adherence, or refill compliance [2,3], was
defined as the number of days of antiretroviral drugs dispensed divided by the number of
days of follow-up (expressed as a percentage). This approach has been found to be
independently associated with short and long-term outcomes [2,15,17]. The other potential
confounders measured at baseline included age, sex, CD4 cell count, viral load (logsg
transformed), and year of first HAART (2000-2004, 2005-2006, and 2007-2009).
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Statistical analyses

Results

In bivariable analyses, categorical variables were compared using the Fisher’s exact test and
continuous variables were compared using the Wilcoxon rank-sum test. In multivariable
analysis, we have built logistic regression models using different methodologies to control
for confounding [18-27]. Among these methodologies, we included a confounder selection
technique published by our group based on the work by Maldonado and Greenland [20,21],
and methods based on propensity scores [22-25] and on the inverse-probability-of-
treatment-weighted (IPTW) estimator [26,27]. For means of comparison, we have also
included the results for the univariable and multivariable logistic regression models without
any control for confounding. Please refer to the appendix for a more detailed description of
each of these methods (http://links.lww.com/QAD/A221). Note that for these analyses all
reported P values were two-sided, significance level a was set at 0.05, and they were
performed using SAS software (version 9.2; SAS Institute Inc., Cary, North Carolina, USA).

Description of study population

A total of 1163 patients started HAART between 1 January 2000 and 28 February 2009 and
were followed until the date of the last viral load before 28 February 2010. Table 1a shows
the baseline characteristics stratified by history of IDU, and in this retrospective cohort,
those with a history of IDU (N = 433; 37%) were more likely to be female (60%; P <
0.0001), to be less than 95% adherent during the first year on HAART (56%; P < 0.0001), to
have started HAART between 2000 and 2004 (46%; P < 0.0001), and to have a lower
baseline CD4 cell count (170 vs. 200 cells/ul; 25th—75th percentile: 110-230 vs. 120-280
cells/ul; P < 0.0001).

At the time of first HAART, 549 (47%) patients were prescribed an EFV-based HAART and
614 (53%) an ATA/r-based HAART (Table 1b). Those on an EFV-based HAARTwere more
likely to have started HAART between 2000 and 2004 (60%; P < 0.0001), to have a higher
baseline CD4 cell count if these patients had no history of IDU (230 vs. 190 cells/ul; 25th—
75th percentile: 150-290 vs. 90-260 cells/ul; history of IDU — same values for both regimen
groups: 170; 25th—75th percentile: 110-230 cells/ul; P < 0.0001), and a lower baseline viral
load (no history of IDU: 4.9 vs. 5.0 logyq copies/ml; 25th—75th percentile: 4.4-5.0 vs. 4.6—
5.0 logyg copies/ml; history of IDU: 4.9 vs. 5.0 logq copies/ml; 25th—75th percentile: 4.4—
5.0 vs. 4.5-5.0 logyg copies/ml; P =0.0121).

Results from models without confounding adjustment

In total, 796 (68%) patients achieved viral suppression at 6 months, with 542 (68%)
reporting no history of IDU and 254 (32%) reporting having such a history. Once the data
were stratified by history of IDU, the univariable (crude model) and the multivariable
models estimated an odds ratio (OR) of experiencing viral suppression at 6 months for
individuals firstly given an ATA/r-based HAART vs. an EFV-based HAART, respectively,
of 1.66 [95% confidence interval (ClI) 1.18-2.33] and 1.51 (95% CI 1.04-2.18) for those
without a history of IDU, and 1.51 (95% CI 1.03-2.23) and 1.95 (95% CI 1.25-3.04) for
those with a history of IDU (Table 2).
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Understanding the propensity of receiving ATA/r or EFV by history of injection drug use

Table 3a shows the breakdown of patient’s characteristics by viral load suppression at 6
months and history of IDU. Men, those who started HAART on an EFV-based HAART,
with higher baseline CD4 cell count, lower baseline viral load and who were at least 95%
adherent within the first year were more likely to achieve suppression. Note that for patients
without a history of IDU, starting HAART in 2007-2009 was associated with higher
chances of achieving viral suppression at 6 months. The period of higher chance of
achieving viral suppression at 6 months for those with a history of IDU was 2000-2004.
Table 3b shows which of these factors were most influential in achieving viral suppression
at 6 months. We fitted different univariable logistic regression and obtained the area under
the receiver operating curve for each factor. We observed that the most influential factors
were baseline viral load and CD4 cell count and first year adherence, for those with and
without a history of IDU. The remaining factors had very similar influence on the main
outcome.

The logistic regression model used to obtain the propensity scores estimated that, for those
without a history of IDU, the probability that patients would have received ATA/r-based
HAART based on their observed baseline variables was 0.4224 (i.e. overall mean propensity
score) and 0.5128 for those who received EFV-based HAART. For those with a history of
IDU, the estimated overall mean propensity scores for receiving ATA/r and EFV were,
respectively, 0.4530 and 0.5189.

Figure 2 shows the probability density functions of the distribution of propensity scores for
those with and without a history of IDU. The overlap in both curves is quite significant, and
both distributions are multimodal. The distribution of propensity scores for patients without
a history of IDU, based on their baseline age, sex, CD4 cell count, viral load, adherence, and
year of first HAART, showed that these patients had high probabilities of being assigned
either EFV or ATA/r in their first HAART, and those with a history of IDU, based on the
same set of baseline variables, were more likely to have been given a EFV-based HAART as
their first HAART regimen.

Figure 3 presents the distribution of the empirical OR of achieving suppression at 6 months
according to the percentiles of the propensity score by history of IDU and third drug in the
first HAART regimen (ATA/r or EFV). By removing the propensity scores in the tail of the
distribution (<5% and =95% percentiles), there was no clear trend on the distribution of the
empirical ORs for those without a history of IDU across the percentiles of the propensity
scores. However, for those with a history of IDU, the probability of achieving suppression at
6 months increased as the propensity score comparing those first prescribed ATA/r vs. EFV
(reference category) increased. In this case, the empirical OR increased from 0.30 (5th-9th
percentile) to 3.00 (90th—94th percentile).

Results from different confounder models

We compared the ORs according to the different methods of controlling for confounding by
history of IDU (Table 2). The four methods resulted in very similar ORs for achieving viral
suppression, with those initiating on an ATA/r-based HAART having higher odds than those
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first given an EFV-based HAART, with a higher benefit for those with a history of IDU. For
patients without a history of IDU, the ORs ranged from 1.43 (method: regression adjusted
using quintiles of the propensity scores; 95% CI 1.00-2.04) to 1.51 (method: confounder
model; 95% CI 1.05-2.17), and for those with a history of IDU it ranged from 1.74 (method:
regression adjusted using IPTW; 95% CI 1.32-2.28) to 1.95 (method: confounder model;
95% CI 1.27-2.98). Note that the confounder model and the multivariable model yield
almost identical ORs, probably due to the significant overlap in the density distributions. By
removing the propensity scores in the tail of the distribution (<5% and =95% percentiles) for
both group of patients, the estimated ORs by the different methods (univariable and
multivariable models) became more similar and those starting on ATA/r-based HAART still
had higher OR of being suppressed at 6 months than those initially given an EFV-based
HAART, regardless of history of IDU.

Discussion

Our results show a higher effectiveness of ATA/r over EFV-based HAART in achieving
short-term viral suppression, among those with and without a history of IDU. EFV-based
HAART has been for sometime the simplest of the HAART regimens available, as it
requires fewer pills and it can be taken once a day without dietary restrictions. Some argue
that these regimens are better suited to individuals who may have substantial adherence
challenges (i.e. homelessness, addiction, mental illness, etc.). However, our results suggest
that this notion may need to be re-evaluated in a clinical trial among IDUs, as we found that
EFV-based HAART was associated with inferior short-term virologic outcomes, in part due
to inferior adherence by these patients, regardless of history of IDU. It should also be
mentioned that patients starting on ATA/r-based HAARTwere in general sicker, but had
similar demographics as the ones starting on an EFV-based HAART.

Note that the comparison of the efficacy of boosted protease inhibitors and NNRTIs has
been done in previous randomized clinical trials. There were several trials comparing
lopinavir/r vs. EFV, very few comparing ATA/r and EFV, and some recent ones comparing
newer boosted protease inhibitors and EFV [28-33]. The results are quite puzzling since
several of these trials were inconclusive (i.e. regimens were equivalent, noninferior, or
nonsuperior). In other trials, which showed EFV to be superior to boosted protease
inhibitors, they used as boosted protease inhibitor lopinavir/r instead of ATA/r. Thus, we
believe that although our results were based on observational data and caution in the
interpretation of results is warranted, these results should not be dismissed and yet further
investigated as a valuable first-line option for populations with potential adherence issues.

Several factors might explain the results in this study, such as drug tolerability, potency,
side-effects and choice of backbone (given the large number of drug combinations), which
were not controlled for in these analyses, and therefore could have potentially introduced
residual bias in our results. A further limitation is that, in this study, we used history of IDU
instead of current use, and as such, we were not able to assess the impact of ongoing drug
use on viral suppression. Note that there were other confounders not available to us that
should have been controlled for, giving room to the possibility of residual confounding,
which is a reality in any observational study and is an important limitation when
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medications are being compared. Finally, several adherence studies have shown that women
tend to be more adherent than men in taking HAART. However, in British Columbia, the
HIV epidemic among women has been concentrated among IDUs and the epidemic among
men has been concentrated among men who have sex with men. Thus in our study, as
expected, women were more likely to have a history of IDU, and those with such a history
were more likely to be less than 95% adherent.

We, however, believe that this study also has important advantages. Clinically, patients were
closely followed by physicians and their medications and laboratory monitoring were
provided free of charge, thus enabling us to eliminate some bias if patients were required to
pay for their treatment. We were able to control for adherence, and patients did not exhibit
drug resistance at baseline to either regimen, thus also eliminating these factors as possible
explanation for our results. Also, our sample size was large and given that we have based
our analysis on data from a registry of patients, our results reflect and represent British
Columbia’s patient population demographics, and they can be generalized to other settings.
Statistically, it was interesting to observe the consistency in the results produced by different
confounder-adjustment techniques. This study demonstrated that regardless of how noble a
particular methodology is, if the theoretical framework was not properly thought of or
incorrectly modeled, we would most likely draw incorrect conclusions in our study. Once
we identified the different sources of confounding, this study has shown that all individuals
had a higher likelihood of achieving viral suppression at 6 months if initially given ATA/r-
based HAART. Note that the confounder model selection previously published by our group
seems to overestimate the OR and produce results very similar to the multivariable model,
whereas the remaining models based on propensity scores or IPTW produced very similar
results.

Failure to achieve short-term suppression of viral load has negative patient and public health
implications. From a patient standpoint, failing at 6 months on an EFV-based regimen
maybe associated with a lower likelihood of suppression at a later disease stage, given the
increased risk of emergence of resistance [1]. The higher barrier to resistance posed by the
boosted protease inhibitor regimens, such as ATA/r, offers an advantage in a setting in
which less than perfect adherence may be more frequent. Given the increased recognition of
the added secondary preventive value of HAART in decreasing the rate of HIV
transmission, these findings are also of potential relevance to the roll out of ‘Treatment as
Prevention’ strategies, particularly in settings in which viral monitoring is not readily
available and continued drug supply may be unreliable [34].

In summary, this observational study has shown that individuals, regardless of having or not
a history of IDU, had better virologic outcomes if initiated on an ATA/r-based HAART than
those who initiated on EFV. Given that suppression at 6 months is a crucial outcome for
individuals on antiretroviral therapy, and it has been shown to have important consequences
to the availability of future treatment options, closer monitoring of patients is vital to
maximize short-term viral suppression, especially in settings in which most individuals are
on EFV-based HAART.
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Fig. 1. Theoretical epidemiological model being tested
ATA/r, atazanavir boosted with 400 mg/day or less of ritonavir; EFV, efavirenz.
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Fig. 2. Estimated probability density function of the propensity scores for EFV-based HAART
vs. ATA/r-based HAART, stratified by history of injection drug use

(a) No history of injection drug use; (b) history of injection drug use. ATA/r, atazanavir
boosted with 400 mg/day or less of ritonavir; EFV, efavirenz; X-axis, propensity scores; Y-
axis, density distribution.
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Fig. 3. Distribution of the probability of achieving viral suppression at 6 months for those
patients who started on an EFV-based HAART or on an ATA/r-based HAART according to the
percentiles of the propensity score for the entire study population stratified by history of
injection drug use

ATA/r, atazanavir boosted with 400 mg/day or less of ritonavir; EFV, efavirenz.
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Table 1
Patient characteristics stratified by (a) history of injection drug use and (b) first HAART
regimen
(a) History of injection drug use
Factors History of injection drug use

No(N=730) Yes(N=433) Pvalue

Sex
Male 650 (67%) 315(33%)  <0.0001
Female 80 (40%) 118 (60%)

HAART regimen
EFV-based 391 (67%) 223 (36%) 0.5045
ATA/r-based 339 (62%) 210 (38%)

First year adherence to HAART
>95% 604 (69%) 274 (31%)  <0.0001
<950 126 (44%) 159 (56%)

First year of HAART
20002004 109 (54%) 93 (46%) <0.0001
2005-2006 220 (59%) 151 (41%)
2007-2009 401 (68%) 189 (32%)

Age (years) 43 (37-51) 42 (36-49) 0.0646

Baseline CD4 cell count (cells/ul) 200 (120-280) 170 (110-230) <0.0001
Baseline viral load (log;o copies/ml) 4.9 (4.5-5.0) 4.9 (4.5-5.0) 0.9446

(b) First HAART regimen
Factors No history of injection drug use History of injection drug use

HAART regimen

ATA/r-based (N = EFV-based (N = 339) ATA/r-based (N = EFV-based (N =210) P value
391) 223)
Sex
Male 345 (36%) 305 (32%) 176 (18%) 139 (14%) <0.0001
Female 46 (23%) 34 (17%) 47 (24%) 71 (36%)
First year adherence to
HAART
>95% 322 (37%) 282 (32%) 152 (17%) 122 (14%) <0.0001
<95% 69 (24%) 57 (20%) 71 (25%) 88 (31%)
First year of HAART
2000-2004 46 (23%) 63 (31%) 34 (17%) 59 (29%) <0.0001
2005-2006 160 (43%) 60 (16%) 90 (24%) 61 (16%)
2007-2009 185 (31%) 216 (37%) 99 (17%) 90 (15%)
Age (vears) 43 (36-51) 43 (36-51) 42 (36-49) 43 (37-49) 0.2890
(Egslfs'/'ﬂle) CD4 cell count 190 (90-260) 230 (150-290) 170 (110-230) 170 (110-230)  <0.0001
Baseline viral load (loga 5.0 (4.6-5.0) 4.9 (4.4-5.0) 5.0 (4.5-5.0) 4.9 (4.4-5.0) 0.0121

copies/ml)

ATA/r, atazanavir boosted with 400 mg/day or less of ritonavir; EFV, efavirenz.
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Table 2
Comparison of the estimates for the effect of first HAART regimen and history of

injection drug use on the probability of achieving viral suppression at 6 months according
to different methods to control for confounding

Qdds ratio (95% confidence interval)

No history of injection drug use  History of injection drug use

Crude model

First HAART regimen (ATA/r vs. EFV) 1.66 (1.18-2.33) 1.51 (1.03-2.23)
Different modeling techniques

First HAART regimen (ATA/r vs. EFV)

1duosnue Joyiny 1duosnuen Joyiny

1duasnuen Joyiny

Multivariable model

Confounder model

Regression adjusted using propensity score
Regression adjusted using quintiles of the propensity score

Regression adjusted using IPTW

1.51 (1.04-2.18)
151 (1.05-2.17)
1.45 (1.01-2.07)
1.43 (1.00-2.04)
1.46 (1.15-1.86)

1.95 (1.25-3.04)
1.95 (1.27-2.98)
1.76 (1.17-2.63)
1.77 (1.18-2.66)
1.74 (1.32-2.28)
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ATA/r, atazanavir boosted with 400 mg/day or less of ritonavir; EFV, efavirenz; IPTW, inverse probability of treatment weighted.
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Table 3
Patient characteristics (a) and their influence (b) in explaining the achievement of
suppression at 6 months (through separate univariable logistic regressions)

(@)

No history of injection drug use  History of injection drug use

Achieved suppression at 6 months since HAART initiation P value

Factors No (N = 188) Yes(N=542) No(N=179) Yes(N=254)
Sex
Male 163 (17%) 487 (51%) 129 (13%) 186 (19%)  <0.0001
Female 25 (13%) 55 (28%) 50 (25%) 68 (34%)
HAART regimen
EFV-based 70 (13%) 269 (49%) 76 (14%) 134 (24%) 0.0035
ATA/r-based 118 (19%) 273 (44%) 103 (17%) 120 (20%)
First year adherence to HAART
>95% 134 (15%) 470 (54%) 77 (9%) 197 (22%)  <0.0001
<95% 54 (19%) 72 (25%) 102 (36%) 57 (20%)
First year of HAART
20002004 26 (13%) 83 (41%) 39 (19%) 54 (27%) 0.0022
2005-2006 58 (16%) 162 (44%) 65 (17%) 86 (23%)
2007-2009 104 (18%) 297 (50%) 75 (13%) 114 (19%)
Age (years) 44 (38-52) 43 (36-51) 42 (35-48) 43 (37-49) 0.0805
Baseline CD4 cell count (cells/pl) 180 (80-260)  215(130-280) 150 (90-220) 185 (120-240) <0.0001
Baseline viral load (logyo copies/ml) 5.0 (4.9-5.0) 4.9 (4.4-5.0) 5.0(4.7-5.0) 4.9(43-5.0) <0.0001
(b)

Influence of each Factor on the achievement of suppression at 6 months since HAART

initiation — AUC (rank)
Factors Overall No history of IDU History of IDU
History of injection drug use 0.584 (4) NA NA
Sex 0.525 (6) 0.516 (6) 0.506 (7)
HAART regimen 0.554 (5) 0.562 (4) 0.551 (4)
First year adherence to HAART 0.632 (1) 0.577 (3) 0.673 (1)
First year of HAART 0.516 (7) 0.509 (7) 0.517 (6)
Age (years) 0.504 (8) 0.534 (5) 0.537 (5)
Baseline CD4 cell count (cells/pl) 0.592 (3) 0.585 (2) 0.583 (3)
Baseline viral load (log,o copies/ml) 0.627 (2) 0.662 (1) 0.592 (2)

ATA/r, atazanavir boosted with 400 mg/day or less of ritonavir; AUC, area under the receiver operating curve; EFV, efavirenz.
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