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Abstract
Background—Antiretroviral therapy (ART) is indicated during tuberculosis (TB) treatment of
patients infected with HIV-1, but the urgency to start ART at TB diagnosis for patients of varying
levels of immune compromise is not known.

Methods—We conducted an open label, randomized study comparing immediate (within 2
weeks of TB treatment initiation) to early (8–12 weeks) ART among HIV-1 infected patients with
CD4+ lymphocytes < 250/mm3 and suspected TB. The primary study endpoint was proportion of
patients who survived without an AIDS-defining illness at 48 weeks.

Results—809 patients with median baseline CD4+ lymphocytes of 77 cells/mm3 and HIV-1
RNA of 5.43 log10 copies/mL were enrolled. In the immediate arm, 12.9% of patients experienced
an AIDS-defining illness or death by 48 weeks compared to 16.1% in the early arm (p=0.45; 95%
confidence interval (CI) for difference: −1.8%, 8.1%). In patients with screening CD4+
lymphocytes <50 cells/mm3, 15.5% of patients on the immediate arm vs. 26.6% on early ART
experienced an AIDS defining illness or death (p=0.02; difference CI: 1.5%, 20.5%). TB immune
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reconstitution inflammatory syndrome (IRIS) was more common with immediate ART (11% vs.
5%: p=0.002). Viral suppression at 48 weeks was 74% and did not differ between arms (p=0.38).

Conclusion—Overall, immediate ART did not reduce AIDS-defining illnesses and death
compared to early ART. For persons with CD4+ lymphocytes < 50 cells/mm3, immediate ART
had 42% less AIDS defining illnesses and death compared to early ART. (ClinicalTrial.gov
number NCT00108862.)

INTRODUCTION
Management of patients with tuberculosis (TB) and newly identified HIV-1 infection is one
of the most challenging aspects of HIV medicine. Antiretroviral therapy (ART) must be
started during TB treatment; 1, 2 yet starting ART very early in the course of TB therapy
increases pill burden, potential drug toxicity and the risk of TB immune reconstitution
inflammatory syndromes (IRIS).3, 4 For these reasons, programs, providers, and patients are
reluctant to start ART during the intensive eight-week induction phase of TB therapy where
the burden and toxicity of TB medications are greatest. Conversely, delaying ART until after
the completion of TB therapy increases AIDS-related morbidity and mortality.2 The optimal
timing of ART for patients during TB therapy is thus a critical question to address because
over a half million persons die annually from HIV-associated TB.5

We designed a strategy trial to evaluate the optimal timing of ART during TB therapy that
included subjects with both confirmed and suspected TB. This population reflects the
common clinical situation where the decision to start or delay ART must be made before a
definitive TB diagnosis is made, due to the current limitations of and access to TB
diagnostics.6 We sought to include patients from a wide geographic spectrum to maximize
generalizability of the findings and to inform policy.

METHODS
Study Population

The study population included HIV-1 infected persons 13 years of age and older with CD4+
lymphocytes <250 cells/mm3, naïve to ART, with confirmed or probable TB. Confirmed TB
was defined by demonstration of acid fast bacilli from sputum or lymph node or positive TB
culture from sputum, lymph node, or other sterile site. Probable TB required clinician’s
assessment that signs and symptoms merited empiric TB therapy. Patients were required to
have received 1 to 14 days of a rifamycin-based TB treatment. Entry criteria also included
absolute neutrophil count ≥500 cells/mm3; hemoglobin ≥7 g/dL; platelet count ≥50,000/
mm3; AST, ALT and bilirubin ≤5 times the upper limit of normal; Karnofsky status ≥20;
and no known or suspected multidrug resistant (MDR) or extensively drug resistant TB. All
participants gave written informed consent.

Study Design
This was a randomized, open-label, 48-week study comparing immediate and early ART in
persons with HIV-1 infection initiating therapy for TB. Immediate ART was initiated within
2 weeks and early therapy between 8–12 weeks after initiation of TB treatment.
Randomization was stratified by screening CD4+ <50 vs. ≥ 50 cells/mm3 and balanced by
site.

The study–provided ART regimen consisted of efavirenz 600 mg daily (Stocrin®, provided
by Merck) and a fixed- dose combination of emtricitabine (FTC) 200 mg daily and tenofovir
disopoxil fumarate (TDF) 300 mg daily, formulated as Truvada®(provided by Gilead
Sciences). Substitutions of antiretroviral drugs were permitted for toxicity management. TB
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therapy was provided to the patients by the sites according to the country’s national TB
guidelines. The protocol was approved by the institutional review boards or ethics
committees at all sites.

Clinical and laboratory evaluations were conducted at entry, weeks 4, 8, 12, 16 and every 8
weeks thereafter until 48 weeks. Plasma HIV-1 RNA (Roche Amplicor assay) and CD4+
counts were measured at Division of AIDS (DAIDS) certified laboratories. Adverse events
were graded with the National Institute of Allergy and Infectious Diseases (NIAID) DAIDS
Table for Grading the Severity of Adult and Pediatric Adverse Events.7

Study Endpoints
The primary study endpoint was the proportion of participants who survived to week 48
without a new AIDS- defining event. An independent blinded reviewer assessed AIDS-
defining events based on standardized ACTG definitions. Cause of death was reviewed by
the study team. TB IRIS cases were classified by a blinded reviewer and required at least
one major or two minor clinical criteria.8 Concurrent ART was not required to qualify as TB
IRIS. 3

Statistical Analysis
As this was a strategy study, all participants meeting clinical eligibility criteria were
included in analyses. Participants were followed up to 48 weeks whether or not they started
ART as scheduled. The target sample size of 400/arm would provide 90% power (two-sided
α = 0.05) to detect a difference of 15% failure in the immediate arm vs. 25% in the early
arm, adjusted for 10% loss to follow-up and interim analyses. Treatment assignments were
generated by a central computer using permuted blocks within strata.

Estimated proportions surviving without a new AIDS event at 48 weeks and failure-time
plots were calculated using the Kaplan-Meier method. 9 Failure was defined at the first
qualifying event. Stratified tests and confidence intervals as well as interactions with respect
to the primary endpoint were calculated by weighting by the inverse of the Greenwood’s
variance in each CD4+ stratum.10 Two pre-specified subgroup analyses of the primary
endpoint by CD4 strata and TB confirmation level were performed and reported. Two post-
hoc subgroup analyses of the primary endpoint by body mass index (BMI) and an analysis
of mortality were performed; the BMI results were reported. These analyses were tested in
the same manner as above. Unstratified log rank, Fisher’s exact, Pearson chi-square, and
Wilcoxon tests were used to assess between-group differences in secondary endpoints.

A NIAID DSMB monitored the trial annually. Pre-specified interim reviews of efficacy
employed the O'Brien-Fleming method 11 with a Lan-Demets spending function. 12 Two
efficacy analyses were presented to the DSMB. Adjusted for these analyses, p-values for the
primary endpoint were required to be ≤ 0.0492 to be considered statistically significant.
Confidence intervals related to the primary endpoint were similarly adjusted.

RESULTS
Study Subjects

From September 2006 to August 2009, 809 subjects enrolled (Figure 1) from 4 continents
and 26 clinical research sites (Table 1). Three were medically ineligible, removed from the
study, and excluded from the analysis. Subjects had a median (IQR) baseline CD4+ of 77
cells/mm3 (34, 146); 46% of subjects had confirmed TB. Among 120 subjects with baseline
TB drug susceptibility testing, 8 had isoniazid resistance, 5 had MDR TB, and 3 had single-
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drug resistance to rifampin, pyrazinamide, or ethambutol. Trimethoprim-sulfa prophylaxis
was used in 94% of subjects.

Primary Outcome
There were 26 AIDS and 26 death events in the immediate arm and 37 AIDS and 27 death
events in the early arm (Table 2) with no difference between the arms (12.9% in immediate
ART versus 16.1% in early; 95% CI for difference: −1.8%, 8.1%; stratified p=0.45; Figure
2). In pre-specified analyses of the primary endpoint within CD4+ strata, the rate of AIDS or
death was significantly lower in subjects in the <50 cells/mm3 CD4+ stratum in the
immediate compared to the early arm (15.5% versus 26.6%; CI for difference: 1.5%, 20.5%;
p=0.02); there was no difference within the ≥50 cells/mm3CD4+ stratum (p=0.67). There
was no interaction between CD4+ stratum and arm (p=0.13). When the analysis was
performed within subgroups defined by confirmed or probable TB, there were no differences
between the arms (stratified p=0.21 and 0.35, respectively); results by CD4+ stratum within
these subgroups were consistent with the primary result. Within those with low BMI at
baseline (≤18.5 kg/m2), there were fewer events in the immediate arm (stratified p=0.06),
largely driven by results in the <50 cells/mm3CD4+ stratum, with significantly fewer events
in the immediate arm (15.2% vs. 38.2%; CI for difference: 8.0%, 37.8%; p=0.003).

The most common AIDS events for the primary outcome were extrapulmonary cryptococcal
disease, candida esophagitis and Kaposi’s sarcoma (Table 3). Overall, there were 31 and 37
deaths in the immediate and early arms, respectively. Sixty-eight percent (21/31) of deaths
in the immediate arm and 57% (21/37) in the early arm were attributed to HIV- related
disease including progression of TB. The 21 deaths attributed to HIV-related disease
included: bacterial infection or sepsis (10), cryptococcal meningitis (5), cytomegalovirus
disease (2), Mycobacterium avium complex (2), toxoplasmosis (1), lymphoma (1). Among
the 21 deaths attributed to TB, there were 14 in the immediate and 7 in the early arm;
p=0.18. Twelve of these deaths were ascribed to pulmonary TB, and 8 deaths to extra
pulmonary TB, including 4 cases of reported central nervous system tuberculosis.

In a sensitivity analysis including 23 patients with a single-bacterial pneumonia episode as
primary endpoints, results of the study did not change (14.6% in immediate vs. 19.7% in
early arms; CI for difference: −0.2%, 10.4%; stratified p=0.14). However, the difference
between the arms among subjects in the <50 cells/mm3 CD4+ stratum was amplified (16.2%
versus 31.0; CI for difference: 4.9%, 24.6%; p=0.003).

HIV RNA and CD4 Response to Antiretroviral Therapy
Suppression of plasma HIV RNA ≤ 400 copies/mL was achieved in 95% of 663 subjects
with available data by 48 weeks (Table 4). In all 806 subjects, 74% achieved viral
suppression at the end of 48 weeks, with no difference between arms (p=0.38). Thirty-five
subjects met the definition of virologic failure with no difference between arms. The median
change in CD4+ lymphocytes at 48 weeks was 156/mm3 in 666 subjects and was not
different between arms (p=0.49).

TB Immune Reconstitution Inflammatory Syndrome
Sixty-two (8% of 806) subjects met the criteria for the TB IRIS, 43 (11%) subjects on the
immediate and 19 (5%) on the early arms at a median of 4.6 and 11.7 weeks from TB
treatment start in subjects randomized to the immediate versus early arms, respectively
(p<0.001). Four events in the early arm occurred in patients prior to ART initiation. Median
times to resolution of symptoms were 75 and 69 days in the immediate versus early arms.
Prednisone was utilized in 29 of the 62 subjects for a median duration of 15 days. No deaths
were associated with patients classified as having TB IRIS.
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Adverse Events
Grade 3 or 4 signs or symptoms were reported in 18% of subjects and were comparable
between study arms. Constitutional symptoms including fever and weight loss were the most
common grade 3 or 4 event occurring in 8% of patients. Grade 3 or 4 laboratory
abnormalities were reported in 46% of patients and were comparable between study arms;
the notable exceptions were neutropenia (36 versus 69 subjects, p=0.0004) and
thrombocytopenia (3 versus 13 subjects, p=0.01), with fewer events in the immediate arm
than in the early arm. Twenty-one of 783 subjects who started ART changed regimen, 14 on
the immediate and 7 on the early arm. Fifty six percent of patients completed TB treatment
without TB regimen modification or interruption, with no difference between the arms.

DISCUSSION
Our study demonstrates ART can be safely administered early in the onset of TB treatment
and that the urgency of starting ART during the course of TB therapy is dependent on the
immune status of the patient. For patients with CD4+ counts below 50 cells/ mm3, AIDS-
related illnesses and mortality were reduced by 42% from 26.6% to 15.5% in those who
started ART two weeks after start of TB treatment compared to those who started 8 to 12
weeks after initiation of TB therapy. That such a small delay in time to initiate ART for
those with low CD4+ T lymphocytes would have such a detrimental effect on AIDS and
mortality highlights the vulnerability and suppression of the host immune system to AIDS
complications in the setting of TB, and the remarkable capacity for ART to abrogate this
effect rapidly.

Our study shows that for those with CD4+ lymphocytes greater than 50 cells/mm3, waiting
8–12 weeks after the initiation of TB therapy did not confer any increased risk of an AIDS-
defining illness or death and was associated with less TB IRIS. For several reasons including
TB IRIS, this brief delay in starting ART may simplify TB management, although TB IRIS
still occurred in the early treatment arm. Our study should not be interpreted to indicate that
there is no urgency to starting ART in this group of patients; indeed, delaying ART until
after completion of TB therapy increased mortality in a concurrent randomized study. 2

Results from this trial complement and extend findings from other concurrent randomized
studies of ART among HIV-1 infected persons with TB. Mortality in the CAMELIA study
(median entry CD4+ lymphocyte counts of 25 cells/mm3(IQR,10,56) ) and death or AIDS
defining illness in the low CD4+ strata (<50 cells/mm3) of our study and in the SAPIT study
were all significantly reduced among patients starting immediate vs early ART. 13, 14 Our
study also extends the generalizability of prior studies through its inclusion of these patients
from four continents and those with either confirmed or probable TB.

Clinicians are often hesitant to start ART because of potential medication toxicity and
laboratory abnormalities that may occur when ART and TB therapy are started in close
proximity. Overall, there was no difference in these events between the immediate and early
ART strategies; interestingly, there was a higher frequency of neutropenia and
thrombocytopenia in the early as compared to the immediate arm. The explanation for the
difference is likely multi-factorial, although immediate ART could have exerted a more
rapid effect on reversing bone marrow suppression characteristic of untreated HIV disease.

Consistent with earlier studies, there was a higher rate of TB IRIS in the immediate
compared to early ART arm of the study. 8 However, the more frequent and earlier
occurrence of these events did not lead to worse overall outcomes. Prednisone was used to
alleviate symptoms by about half of the subjects with TB IRIS in our study; the optimal use
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of prednisone in this setting to reduce symptoms without increasing susceptibility to
masking other complications is an area of active study. 15

Assessment of optimal ART strategies must take into account rates of plasma HIV-1 RNA
suppression and CD4+ lymphocyte response. Starting ART early could potentially
jeopardize adherence and lead to higher rates of virologic failure, development of viral
resistance and worse immune response. Patients simultaneously treated for both TB and
HIV-1 have an extremely high pill burden and side effects of the antimicrobial agents are
overlapping with not only each other but also with the clinical manifestations of TB. Thus, it
is reassuring that despite the additional burden to adhere to a complex treatment regimen
with the immediate start of ART, participants on the immediate arm achieved similar rates
of viral suppression at 48 weeks on study compared those who delayed treatment until at
least 8 weeks of TB treatment. Similar results were observed in ACTG A5164, an ART
strategy study for patients with AIDS conditions other than TB. 16

Patients with known drug-resistant TB were ineligible for our study; thus results here may
not be applicable to this population.17 For patients with TB meningitis where TB IRIS can
lead to inflammation in the central nervous system, our study does not provide definitive
guidance. A recent randomized study of adults exclusively with TB meningitis in Viet Nam
reported extraordinary high mortality rates in both arms and no benefit of immediate versus
early ART. 18 These exceptions withstanding, our study provides evidence that it is feasible
and safe to start ART within 2 weeks of TB treatment start, and that for individuals with
CD4+ lymphocytes <50 cells/mm3, it significantly reduces morbidity and mortality.

Applying the findings of this study to the clinical setting will require a concerted and
coordinated effort on behalf of TB and HIV programs worldwide. Prompt HIV testing
among TB patients is critical to the application of our findings. 19 Although progress is
visible on this front, less than half of patients in sub-Saharan Africa who reported to TB
control programs had HIV testing in 2008.5 Implementation of these findings also means
that ART services must either be available at the TB clinic or there must be a seamless
referral to HIV clinics that can rapidly absorb patients and initiate ART.20, 21 Time
requirements for HIV and ART adherence counseling prior to ART initiation will need to be
balanced with the substantial risk of morbidity and mortality with treatment delay. Training
for TB IRIS identification and treatment may need to be increased. Implementation studies
that identify barriers to adaptation of the clinical practice of immediate ART for patients
with low CD4 cell counts newly diagnosed with TB are clearly warranted to ensure the
benefits of this research are realized.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Enrollment and Follow-up of Study Subjects
The disposition of the subjects from screening tuberculosis suspects to study completion is
shown.
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Figure 2. Time to New AIDS Defining Illness or Death
Shown are the times to the primary endpoint of AIDS defining illness or death for the entire
study population (Panel A) and for the study population by CD4+ lymphocyte stratum
(Panel B).
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Table 1

Characteristics of the Patients

Characteristic

Immediate ART
Arm

(N=405)

Early ART
Arm

(N=401)

All Patients
(N=806)

Continent – no. (%)

   Africa 275 (68) 279 (70) 554 (69)

   Asia 29 (7) 23 (6) 52 (6)

   North America 21 (5) 18 (4) 39 (5)

   South America 80 (20) 81 (20) 161 (20)

Gender

   Male – no. (%) 266 (66) 235 (59) 501 (62)

Median (IQR) age at enrollment (yr) 34 (29, 40) 34 (29, 42) 34 (29, 41)

Tuberculosis – no. (%)

   Confirmed 193 (48) 181 (45) 374 (46)

   Probable 208 (51) 218 (54) 426 (53)

   Not TB 4 (1) 2 (1) 6 (1)

Median (IQR) CD4 Count
(cells/mm3)

70
(34, 146)

82
(40, 144)

77
(36, 145)

Median (IQR) HIV-1 RNA
(log10 copies/mL)

5.39
(4.94, 5.79)

5.50
(5.03, 5.79)

5.43
(5.00, 5.79)

Prior AIDS diagnosis – no. (%) 26 (6) 29 (7) 55 (7)

Median (IQR) Body Mass Index
(kg/m2)

19.1
(17.3, 21.1)

19.4
(17.7, 21.8)

19.2
(17.5, 21.4)

Initial ART Regimen – no. (%*)

   EFV, TDF, FTC 394 (98) 368 (97) 762 (97)

Median (IQR) days of tuberculosis therapy at time of ART start 10 (7, 12) 70 (66, 75) 14 (10, 70)

*
Percentage based on number of subjects who started ART in this study.
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Table 3

Frequency of AIDS-Defining Illnesses in the Primary Study Endpoint

AIDS-Defining Illness Immediate ART Arm Early ART Arm Total Patients

Extrapulmonary cryptococcus 6 7 13

Esophageal candidiasis 4 8 12

Kaposi’s sarcoma 3 8 11

Pneumocystis pneumonia 3 3 6

Toxoplasma ncephalitis 2 3 5

Cytomegalovirus disease 2 2 4

Mycobacteria, non TB, disseminated 2 1 3

Chronic or visceral herpes simplex 1 2 3

Chronic intestinal cryptosporidiosis 1 1 2

Histoplasmosis 1 1 2

Recurrent bacterial pneumonia 1 0 1

HIV associated cardiomyopathy 0 1 1
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Table 5

Grade 3 or 4 Clinical Events or Laboratory Abnormalities

Event –no(%)
Immediate

(n=405)
Early

(n=401)
Total

(n=806)

Grade 3 or 4 Clinical Event

Constitutional 31 (8) 31 (8) 62 (8)

Respiratory 17 (4) 16 (4) 33 (4)

Cardiac/Circulatory 11 (3) 7 (2) 18 (2)

Gastrointestinal 17 (4) 20 (5) 37 (5)

Skin 11 (3) 11 (3) 22 (3)

Neurological 22 (5) 28 (7) 50 (6)

Grade 3 or 4 Laboratory Abnormality

Absolute Neutrophil count <750/mm3† 36 (9) 69 (17) 105 (13)

Hemoglobin 28 (7) 22 (5) 50 (6)

Platelets† 3 (<1) 13 (3) 16 (2)

Hepatic aminotransferases >5 times ULN‡ 26 (6) 41 (10) 67 (8)

Creatinine >1.9 times ULN 12 (3) 7 (2) 19 (2)

Chemistry, general 65 (16) 55 (14) 120 (15)

Any 3 or 4 Adverse Event  177 (44) 190 (47) 367 (46)

†
P<0.05

‡
Included in this category were aspartate aminotransferase, alanine aminotransferase, or both.
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