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ABSTRACT

Background: Several studies have reported an aggotbetween abacavir (ABC)
exposure and increased risk of myocardial infanc(M|) among HIV-infected
individuals. Randomized controlled trials (RCT) andooled analysis by
GlaxoSmithKline, however, do not support this asstomn. To better estimate the effect
of abacavir use on risk of Ml, the U.S. Food anddAdministration (FDA) conducted a
trial-level meta-analysis of RCTs in which abacaise was randomized as part of a
combined antiretroviral regimen.

Methods: From a literature search conducted amoungdatabases, 26 RCTs were
selected that met the following criteria: condudteddults, sample size greater than 50
subjects, status completed, not a pharmacokin&ic and not conducted in Africa. The
Mantel-Haenszel method, with risk difference anéoQonfidence interval, was used for
the primary analysis, along with additional alteiveanalyses, based on FDA-requested
adverse event reports of MI provided by each ingasir.

Results: The 26 RCTs were conducted from 1996 1@ 28@nd included 9868 subjects
(5028 ABC, 4840 non-ABC). Mean follow-up was 1.43gon-years in the ABC group
and 1.49 person-years in the non-ABC group. Fary&47%) Ml events were reported
(24 [0.48%] ABC, 22 [0.46%] non-ABC), with no sidicant difference noted between
the two groups (risk difference 0.008% with 95%-0126%, 0.27%)]).

Conclusions: To the best of our knowledge, ourregresents the largest trial-level

meta-analysis to date of clinical trials in whidhaaavir use was randomized. Our
analysis found no association between ABC use ahiskl

Keywords. abacavir, myaocardial infarction, antiretroviral therapy, meta-analysis
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I ntroduction

Combination antiretroviral therapy (CART) has dréically decreased the morbidity and
mortality associated with HIV infection and has tedprolonged survival overdllAs a
result of declines in AIDS-related mortality, aslmas the increasing age of the HIV-
infected population, non-AIDS causes of death saglcardiovascular disease (CVD),
viral hepatitis, and malignancy now account for thajority of deaths among HIV-
infected persons receiving cART. While traditional cardiovascular risk factors
contribute to MI risk in HIV-infected persons astime general population, the risk of
myocardial infarction (MI) in HIV-infected persoms CART appears to be significantly
higher*® Both HIV infection itself and cART may contribuiedependently to this
increased cardiovascular risk.

Data collection of Adverse events of Anti-HIV Drug®:A:D) study, a large,
prospective, observational study with an intermalocohort of 33,347 HIV-1-infected
individuals, was initiated to explore the assooiatbetween cCART and risk of MI. The
D:A:D study has reported a 26% increase in theivelaisk of Ml per year of exposure
to cART in general, and a 16% increase with thetgame inhibitor drug class.
Unexpectedly, the D:A:D study also reported aneased risk of Ml associated with
current or recent (within six months) use of abac&xBC) (relative risk 1.9, 95%
confidence interval (CI): 1.47 to 2.45, p = 0.008hy didanosine (relative risk 1.49, 95%
Cl: 1.14 to 1.95, p=0.003) after a median follow-aip5.1 yearsas compared to other
antiretroviral drugs®

Because the D:A:D data are observational, otherarekers have sought to replicate the
ABC association using independent datasets. Tlknfys have been conflicting. Several
observational studies appear to support the restilthe D:A:D study-**? Also, the
Strategies for Management of Anti-Retroviral Therd®MART) trial, a randomized
clinical trial (RCT) evaluating treatment stratefgrind an association between ABC and
increased risk of CVDB® On the other hand, analysis of pooled data from 52
GlaxoSmithKline (GSK) sponsored clinical trials iat least 24 weeks of cART found
no excess risk of Ml with ABC therag§.Among the GSK sponsored trials, 36 were
RCTs: 12 randomized with respect to ABC therapyrdiflomized with respect to other
antiretrovirals and used ABC as a background méditaand ten permitted ABC as a
background medication or did not include ABC at &lkteen GSK trials were single arm
trials: 13 included ABC as a component of CART #mee allowed ABC as background
medication. Similarly, a recent analysis of datarfrsix RCTs of initial CART regimens
in the AIDS Clinical Trials Group (ACTG) found nagsificant association between
recent ABC use and risk of MY.Since the pooled analysis of GSK data did notiftra
by trial, it cannot be considered a proper metdyaiga The ACTG pooled analysis has
the important limitation that only three of the gnals included in the analysis had a
randomized ABC arm.

Given the conflicting results from the observatiostadies, the SMART trial, and pooled
analyses by GSK and ACTG, the U.S. Food and DrumiAtration (FDA) set out to
conduct a meta-analysis of RCTs in which ABC usse vemdomized as part of CART to



FDA Meta-analysis: Abacavir and Ml Risk

estimate the effect of ABC use on the risk of MheTmeta-analysis of RCTs was
undertaken to reduce potential biases that maybeotontrolled for in analyses of
observational studies and to preserve randomizawghin a trial which was not

accounted for in the GSK and ACTG analyses.

Methods

The FDA conducted a literature search in March 002 for all clinical trials that
included a randomized abacavir treatment arm. Ik literature search, the term
“abacavir” was queried in either the Subject odeTfor articles about human studies
utilizing three data bases: IPA, Inteleos, and Eseb&SK conducted a similar search on
the Scopus database. Based upon the queries bybéttand GSK, the literature search
produced 544 non-unique references. The FDA remdugticate articles and screened
articles meeting the following pre-specified incarsand exclusion criteria:

Include parallel-arm, randomized trials where abedeeatment was randomized.
Exclude pharmacokinetic trials.

Exclude pediatric trials.

Exclude trials with fewer than 50 subjects.

Exclude prematurely terminated or unfinished trials

Exclude trials conducted in Africa.

oA WNE

Trials with fewer than 50 subjects randomized toacalvir were generally

pharmacokinetic, Phase 1 or Phase 2 studies. Tatmdinor unfinished trials were

excluded from the meta-analysis due to the difficof obtaining data and possible poor
or incomplete adverse event records. Trials cormdlot Africa were excluded because
of differing cardiovascular risks, comorbiditiesnda access to care in that subject
population.

After removing duplicates, 47 unique articles niet inclusion and exclusion criteria for
trial selection. Thirty-four of the 47 articles eeénced at least one of the five ACTG
trials or 16 GSK trials. The remaining 13 articleferenced 11 trials conducted by
academic centers. The EDA review team contacted @®kthe investigators responsible
for these trials to assess their relevance tontt@g-analysis and to request subject level
data. A standardized data request was sent toathers of these datasets.

MI was the pre-specified endpoint of interest. Whall available subject level data was
obtained for the majority of clinical trials, th@®RA was able to obtain only subject level

data for adverse event reports of Ml for five sidFor trials in which the FDA was not

able to obtain additional subject level data, sumynh@vel data, such as treatment arm,
demographics and baseline characteristics, werees¢ed from each sponsor/investigator
in order to obtain consistent trial level infornoarti

All reported MI events were included in this an@ys€Events were reported by trial
investigators, but were not adjudicated by FDA tukack of access to additional subject
level data for laboratory values, electrocardioggampatient narratives, and medical
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records. As such, we were not able to independeiatigrmine the number of MI events
for each trial.

Statistical analysis methods were specified in adeaand documented in a statistical
analysis plan (SAP). The primary analysis method W&antel-Haenszel (M-H) risk

difference and the associated 95% confidence iakefhis method used all trials,

including trials with no MI events. For trials withore than two arms, arms that were
part of the same comparison group (abacavir versusabacavir) were combined.

Calculation of the Mantel-Haenszel odds ratio asslbaiated 95% confidence interval
was also planned; this method only used trials veithleast one event of interest.
Additional alternative analysis were planned toeassthe robustness of the results,
including a random effects model and exact appresch

Results

As shown in Figure 1, a total of 26 randomized oalted clinical trials were included in
the meta-analysis. These trials are listed in T@blEhe FDA procured subject level data
from all 16 GSK trials and five academic trialstbvas unable to get any data for six
other academic trials, as shown in Table 1. The ACTG trials provided trial level data
following the FDA data request. Within this 26 tridata base, 5028 subjects were
randomized to ABC-containing CART regimens and 48dDjects were randomized to
non-ABC cART regimens. The mean follow-up for the tPials was 719 person-years
with a minimum of 42.2 person-years and a maximumi2b7.3 person-years. This
resulted in an average duration of follow-up ofZlpgrson-years for each subject with a
minimum of 0.49 person-years per subject (COL3020f) a maximum of 4.72 person-
years per subject (ACTG 372A).

Baseline subject characteristics were not providetthe FDA for any of the 26 trials. If
available, these data were obtained from publioatiolable 3 depicts a summary of
baseline subject characteristics grouped by tpahsor (GSK, ACTG, other academic).
As shown in the table, important baseline covasiateluding gender, age, body mass
index (BMI), CD4 count, and HIV viral load are coarpble between the ABC group and
the non-ABC group.

Of the 9868 subjects included in the analysis, tal tof 46 (0.47%) MI events were
reported, including 24 (0.48%) MI events from sgbgerandomized to an ABC-
containing regimen and 22 (0.46%) MI events frorhjects randomized to a non-ABC
regimen. Table 4 depicts a summary of overall tssag well as results by trial sponsor
(GSK, ACTG, other academic). Overall, no statislycasignificant difference in Mi
events was detected between subjects receiving édftaining regimens and non-ABC
regimens: risk difference=0.008% with a 95% CI 060.26%, 0.27%) and a
corresponding odds ratio of 1.02 with 95% CI (0.5®84). Separate analyses by the trial
sponsors (GSK, ACTG, and other academic) also didshow statistically significant
difference in the MI risk between the ABC-treatatbjects and the non-ABC treated
subjects. Figure 2 depicts a forest plot of thetr2&ls sorted by average duration of
follow-up (longest duration at the top to shortdsration at the bottom). No trends
regarding total person-years of follow-up were seethe meta-analysis. No single trial
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showed a statistically significant increased ridkdeveloping Ml between subjects
treated with ABC and subjects treated with non-AGimens.

Alternative Analyses

In the previous section, results based on Manterdzel (M-H) risk difference and
Mantel-Haenszel odds ratio are presented. The MdH difference method uses
information from all the trials, including thosettvizero events; in contrast, the M-H
odds ratio method excludes trials without events.

Based on the exact and efficient inference proaedhe risk difference between ABC-
containing regimen and non-ABC regimen is 0.03%thwa 95% CI of (-0.44%,

0.50%)%" This result is consistent with the primary resbéised on the M-H risk

difference. This method also utilizes data fromals&riwith zero events. Similar to many
exact approaches, this exact risk difference tendprovide conservative confidence
intervals.

In the pre-specified statistical analysis plangedixeffect models were chosen over a
random effect model because of the small numbeewants expected. In order to
evaluate the heterogeneity in the data, the Coth@rstatistic and the? btatistic were
calculated based on all the trials with at leagt event. The Q statistic was 20.51 and the
corresponding p-value for test of heterogeneity @a@%, suggesting that no statistically
significant heterogeneity was found. Similarly, thestatistic was 0.17, suggesting that
only 17% of the between-trial variation was dueh&terogeneity rather than to random
chance. Therefore, the choice of fixed effects rh@lappropriate in this meta-analysis.
However, a random effects model that incorporatatstwith zero events, the modified
D-L method, yielded a risk difference of 0.0003%hna 95% CI of (-0.26%, 0.269%.%°
The result is very similar to the primary resultséd on a fixed effect model (the M-H
risk difference).

Stratified odds ratios based on the exact methadl the Peto method were also

conducted as alternative analyses. The stratifedb gatio based on the exact method
was 1.02 with 95% CI (0.54, 1.92), and the Petati§ted odds ratio was 1.02 with 95%

Cl (0.56, 1.83). These results are consistent whth primary analysis based on the
Mantel-Haenszel odds ratio. Note that trials wignazevents do not contribute to any of
the analyses based on odds ratios.

Duration of Follow-up

If a differential duration of follow-up were to estibetween the ABC and non-ABC
groups (for example, ABC subjects might have tenedrop out of a trial earlier than

non-ABC subijects), the results of this meta-analysight be biased. As shown in Table
5, for all 21 trials with available information, éhaverage duration of follow-up was
similar between the ABC and the non-ABC groups. @lethe average duration of

follow-up was 1.43 years for the ABC group and lyéfrs for the non-ABC group.
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As shown in Table 5, the duration of follow-up wasll balanced between the ABC and
non-ABC groups within each trial. The duration, lewer, varied noticeably across the
different trials. The interpretation of the riskifdrence in a trial-level meta-analysis is
challenging when trials have different durations.olur meta-analysis, though, results
were consistent regardless of the measure ofireskthe risk difference or odds ratio.

Discussion

Recent observational studies have suggested sern@arisk of Ml for patients with
current or recent exposure to abacavir. Becausduadsconfounding is not completely
controllable in observational studies and becauseoacerns of multiple testing, we
conducted a meta-analysis with a pre-specified gmynendpoint and statistical analysis
plan of prospective, controlled trials in which ehar use was randomized and.in which
MI risk was moderate (0.45%).

Through a process of literature search, trial ifieation, and data acquisition, the FDA
conducted a meta-analysis based on 26 RCTs in wkBfD was randomized as part of
CART to estimate the effect of ABC use on MI risKe originally intended to obtain
subject level data for each trial in order to cartda subject level meta-analysis that
utilized a consistent definition of MI, as this wdyrovide a greater level of evidence
than a trial-level meta-analysis. However, subjegtl data were not procured for the
five ACTG trials, thereby not allowing a subjectdé meta-analysis. Realizing that a trial
level meta-analysis has some limitations as diszud®low, we felt that obtaining key
trial characteristics, such as a pre-specificatibthe primary safety endpoint, Ml, and a
statistical analysis plan, would provide meaningfifibrmation for the research question
of interest.

Based upon our trial-level meta-analysis, no gtaesily significant association between
the use of ABC and increased risk of developingwdls found. The Mantel-Haenszel
risk difference between ABC-containing cART regirmemd non-ABC cART regimens
was 0.008% with a 95% CI of (-0.26%, 0.27%). Thenk&Haenszel odds ratio of ABC
compared with non-ABC was 1.02 with a 95% CI 0566).1.84). These results were
robust to various alternative analyses.

The major strengths of our meta-analysis are thaimmation or elimination of
confounding and selection bias through maintairtingy abacavir randomization within
each trial and preserving the study level randotioima In addition, our analysis was
based upon the pre-specification of a single hygsththat does not have the weakness
of multiple testing associated with it.

One weakness in our analysis is that Ml events wetedjudicated and were reported as
part of adverse event reporting in clinical tridis.our analysis, Ml was based upon an
FDA request to the trial sponsor/investigator antan events reported in the literature.
In addition, protocols were provided for the majprbf studies to confirm event
ascertainment similarities. While such steps wereamh to limit errors in event
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ascertainment, absent a consistent and thorougldiadfion process from all trials we
were left to rely on event ascertainment as regdstetrial investigators.

Another weakness of our meta-analysis is thatlaised upon trial level information and
not subject level information because we were g &0 procure the subject level data
for all trials included in our meta-analysis. A fadi level analysis with adjudicated event
ascertainment would be considered the highest atdnd the assessment of Ml risk with
abacavir use. This would allow, for example, anesssent of the timing of events,
assessments of data quality, application of camsishethods for event determination,
and assessments of informative censoring. Givesethmitations, it is still worth noting
that discontinuation rates were low overall in théHV trials, minimizing the possible
effects of informative censoring.

One potential limitation associated with the usecbiical trial data relates to the
possibility that subjects enrolled in these clihitaals may be at decreased risk of Ml
relative to the general population due to varioxdwesion criteria. This could lessen the
likelihood of finding a positive association with M However, recent observational
studies involving French and Kaiser-Permanentetineakord databases demonstrate a
risk of Ml amongst HIV-infected patients that isnilar to that seen in our study.®
Furthermore, in the D:A:D study, the relative rigk MI was constant within all risk
groups with current use of abacavir. If this isetrour study’s ability to identify a risk
difference observed between abacavir and non-abaegadomized subjects should not
have been impacted by the particular magnitude lofi$k inherent to the subjects in our
study. While several limitations are noted with dtal-level meta-analysis, to our
knowledge this represents the largest trial-levetaranalysis to date of clinical trials in
which abacavir use was randomized. When taken hegetith the results from other
publications, our meta-analysis raises questiormitabn association between MI and
ABC use, re-affirming that a clear determinationMf risk remains uncertain. For a
more certain understanding of the cardiovasculdetgaorofile of abacavir use, an
appropriately powered randomized clinical trial lwd pre-specified analysis plan and
adjudicated primary CVD endpoints would need teteducted.
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Figure Legends

Figure 1: Flow Diagram of Trial Selection

Figure 2: Forest Plot of Meta-Analysis Results

Trials sorted based on person-years of follow-gmgést duration on top to shortest
duration on bottom.
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Table 1: Summary of Trials Conducted by Academic oResearch Centers

Total
subjects
Trial Name or description Included in FDA meta-analsis | randomized

ABCDE"™ Yes 237
NEFAY Yes 460
STEAL'® Yes 357
ABC-randomized substudy of CPCRA 058
(FIRST)" Yes 182
BICOMBO? Yes 333
ABC for d4T switch stud No 112
RAVE?* No 105
Gilead NCT00270558 No 105
Swiss HIV Cohort Studyf No 163
MITOX® No 111
Treatment naive strategy stddy No 180

ABCDE: Abacavir vs. d4T (stavudine) plus EfavireNEFA: Nevirapine, Efavirenz and Abacavir;
STEAL: Simplification of antiretroviral therapy witTenofovir-Emtricitabine or Abacavir-Lamivudine;
CPCRA: Community Programs for Clinical ResearchADS; FIRST: Flexible Initial Retrovirus
Suppressive Therapies; RAVE: Randomized Abacaviead Evaluation; MITOX: Mitochondrial Toxicity




Table 2: Summary of All 26 Trials Included in the Meta-analysis

Source Trial Name | Total number | Total number | Total Average
randomized | randomized to | follow-up follow-up
to ABC arm Non-ABC arm | (person- (person-

years) years)

GSK CNA109586 192 193 354.8 0.92

submitted] CNA30017 80 127 209.7 1.01

data CNA30024 324 325 766.4 1.18

CNAA3006 102 103 215.8 1.05
CNAB3001 49 50 75.4 0.76
CNAB3002 91 93 199.9 1.09
CNAB3014 165 164 306.7 0.93
CNAC3003 156 80 402.4 1.71
CNAC3005 262 264 701.3 1.33
CNAF3007 96 91 176.4 0.94
COL30305 58 29 42.2 0.49
EPZ104057 343 345 1078.3 1.57
ESS100327 137 141 239.5 0.86
ESS40002 85 166 349.1 1.39
ESS40003 51 44 50.9 0.54
NZTA4002 150 152 319.3 1.06

ACTG ACTG 368 140 143 548 1.94

data ACTG 372A 116 113 1082 4.72

ACTG 5095 758 376 3016 2.66
ACTG A5110 48 53 107 1.06
ACTG A5202 923 925 4779 2.59
Other STEAL 178 175 647.2 1.83
sources | BICOMBO 167 166 540 1.62
FIRST 93 89 812.7 4.47
NEFA 149 311 1257.3 2.73
ABCDE 115 122 418 1.76
Total 5028 4840 18695.3 1.62
GSK: GlaxoSmithKline; ACTG: AIDS Clinical Trials @up
2
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Table 3: Comparison of Baseline Subject Characterigs

GSK ACTG! Other”
ABC Non-ABC ABC Non-ABC ABC Non-ABC
N 2341 2367 1985 1610 702 863
Gender (% male)  78% 76% 81% 83% 82% 66%
Age 36(11.3) 37(11.2) 38 39 42 (10) 42 (10)
BMI 3 24.3(7.0) 24.4(78) - - 24.1 (4.5) 24.3(4.1)
CD4 count * 360 (280) 360 (300) 237 235 255 (276) 250 (279)

Log viral load"®>  4.38 (1.08) 4.38 (1.08) 4.72 4.7 5.03 (0.73)4.94 (0.71)

*Mean (SD), t Characteristics approximated froraltlevel summaries, 2 other non-ACTG academic
sources BMI not available for NEFA and BICOMBJCD4 count not available for NEFA Viral load
not available for NEFA, STEAL and BICOMBO.



Table 4: Trial Level Analysis Results

Events / Subjects

Studies =~ ABC  Non-ABC RD (95% CI)t OR (95% CI)?
Overall 24/5028  22/4840 0-008% (-0.26%, 0.27%) {0086, 1.84)
GSK 6/2341 9/2367  -0-11% (-0.43%, 0.21%)  0(V2%, 2.00)
ACTG  12/1985  9/1610  0-03% (-0.45%, 0.51%) 1083, 2.61)
Othef  6/702 4/863  0-31% (-0.53%, 1.16%)  1.60 (0.46,)5.62

1 Mantel-Haenszel Risk Difference
2 Mantel-Haenszel Odds Ratio
30ther non-ACTG academic sources
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Table 5: Comparison of Average Duration of Follow-p between Groups by Trial

Source | Trial Name | Total Total Average Average
number number Follow-up in | Follow-up in
randomized | randomized | ABC arm Non-ABC arm
to ABC to Non-ABC | (year) (year)
group group

GSK CNA109586 192 193 0.875 0.968

CNA30017 80 127 1.019 1.009
CNA30024 324 325 1.206 1.156
CNAA3006 102 103 1.025 1.081
CNAB3001 49 50 0.732 0.79
CNAB3002 91 93 1.076 1.097
CNAB3014 165 164 0.955 0.910
CNAC3003 156 80 1.659 1.795
CNAC3005 262 264 1.337 1.329
CNAF3007 96 91 0.956 0.930
COL30305 58 29 0.469 0.517
EPZ104057 343 345 1.605 1.530
ESS100327 137 141 0.874 0.849
ESS40002 85 166 1.409 1.381
ESS40003 51 44 0.504 0.570
NZTA4002 150 152 0.964 1.15
Other | STEAL 178 175 1.822 1.845
sources | BICOMBO 167 166 1.589 1.654
FIRST 93 89 4510 4.420
NEFA 149 311 2.766 2.718
ABCDE 115 122 1.765 1.762
Total 3043 3230 1.429 1.491
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Figure 1: Flow Diagram of Trial Selection
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