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A BS T R AC T
BACKGROUND

Early initiation of antiretroviral therapy (ART) in human immunodeficiency virus
(HIV)–infected patients who have tuberculosis reduces mortality among patients with
low CD4 counts, but it increases the risk of paradoxical tuberculosis-associated immune reconstitution inflammatory syndrome (IRIS).
METHODS

We conducted this randomized, double-blind, placebo-controlled trial to assess
whether prophylactic prednisone can safely reduce the incidence of paradoxical tuberculosis-associated IRIS in patients at high risk for the syndrome. We enrolled HIVinfected patients who were initiating ART (and had not previously received ART), had
started tuberculosis treatment within 30 days before initiating ART, and had a CD4
count of 100 cells or fewer per microliter. Patients received either prednisone (at a dose
of 40 mg per day for 14 days, then 20 mg per day for 14 days) or placebo. The primary end point was the development of tuberculosis-associated IRIS within 12 weeks
after initiating ART, as adjudicated by an independent committee.
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RESULTS

Among the 240 patients who were enrolled, the median age was 36 (interquartile
range, 30 to 42), 60% were men, and 73% had microbiologically confirmed tuberculosis; the median CD4 count was 49 cells per microliter (interquartile range, 24 to 86),
and the median HIV type 1 RNA viral load was 5.5 log10 copies per milliliter (interquartile range, 5.2 to 5.9). A total of 120 patients were assigned to each group, and 18
patients were lost to follow-up or withdrew. Tuberculosis-associated IRIS was diagnosed in 39 patients (32.5%) in the prednisone group and in 56 (46.7%) in the placebo
group (relative risk, 0.70; 95% confidence interval [CI], 0.51 to 0.96; P = 0.03). Openlabel glucocorticoids were prescribed to treat tuberculosis-associated IRIS in 16 patients (13.3%) in the prednisone group and in 34 (28.3%) in the placebo group (relative
risk, 0.47; 95% CI, 0.27 to 0.81). There were five deaths in the prednisone group and
four in the placebo group (P = 1.00). Severe infections (acquired immunodeficiency
syndrome–defining illnesses or invasive bacterial infections) occurred in 11 patients
in the prednisone group and in 18 patients in the placebo group (P = 0.23). One case
of Kaposi’s sarcoma occurred in the placebo group.
CONCLUSIONS

Prednisone treatment during the first 4 weeks after the initiation of ART for HIV
infection resulted in a lower incidence of tuberculosis-associated IRIS than placebo,
without evidence of an increased risk of severe infections or cancers. (Funded by the
European and Developing Countries Clinical Trials Partnership and others; PredART
ClinicalTrials.gov number, NCT01924286.)
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n resource-limited countries, a substantial proportion of patients infected with
the human immunodeficiency virus (HIV)
present for care with advanced immunosuppression and low CD4 counts,1 and tuberculosis is the
most common opportunistic infection.2 Paradoxical tuberculosis-associated immune reconstitution inflammatory syndrome (IRIS) — an
immunopathologic reaction characterized by recurrent or new inflammatory features of tuberculosis that manifest shortly after the initiation
of antiretroviral therapy (ART) in patients receiving antituberculosis treatment3 — occurs in 18%
of patients (range, 4 to 54), according to a pooled
estimate derived from 40 observational cohort
studies.4 Features include recurrent symptoms,
fever, lymphadenitis, and worsening pulmonary
infiltrates on radiography. Low CD4 counts and
a short interval between the start of antituberculosis treatment and the start of ART increase the
risk of tuberculosis-associated IRIS.4 Tuberculosis-associated IRIS is associated with considerable morbidity, and 25% of patients with this
syndrome are hospitalized.4
Clinical trials that evaluated the timing of
ART in patients with tuberculosis showed that
early initiation of ART (initiation approximately
2 weeks after the start of antituberculosis treatment) resulted in a higher survival rate than ART
initiated approximately 8 weeks after the start of
antituberculosis treatment in patients with CD4
counts of 50 cells or fewer per microliter.5 These
findings informed World Health Organization
(WHO) guidelines, which emphasize accelerating
ART initiation in patients with tuberculosis and
low CD4 counts.6 However, despite the survival
benefit, early initiation of ART more than doubles the risk of tuberculosis-associated IRIS.5 No
evidence-based strategy to prevent tuberculosisassociated IRIS exists.
Studies that evaluated adjunctive glucocorticoids for the treatment of various forms of tuberculosis showed reduced mortality among patients
with tuberculous meningitis and fewer complications related to tuberculous pericarditis.7,8 Studies
involving HIV-infected patients showed that the
use of adjunctive glucocorticoids to treat tuberculosis was associated with adverse events, particularly Kaposi’s sarcoma,9,10 but in these studies, most patients were not receiving ART when
Kaposi’s sarcoma was diagnosed. We previously
reported the results of a placebo-controlled trial
1916
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that showed that administration of prednisone
resulted in a shorter duration of hospitalization
and faster alleviation of symptoms than placebo
when used as treatment for paradoxical tuberculosis-associated IRIS.11 We hypothesized that a low
dose of glucocorticoids to attenuate the aberrant
inflammatory response that underlies tuberculosis-associated IRIS during early ART3 would reduce the risk of this syndrome.

Me thods
Trial Design and Oversight

We conducted a phase 3, randomized, doubleblind, placebo-controlled trial to assess the efficacy and safety of prednisone for the prevention of paradoxical tuberculosis-associated IRIS
in high-risk patients starting ART. The methods
have been published previously12 and are provided
in the protocol and statistical analysis plan, available with the full text of this article at NEJM.org.
The protocol was approved by the University
of Cape Town human research ethics committee, the Institute of Tropical Medicine institutional review board, and the Antwerp University
Hospital ethics committee. The trial was conducted in accordance with International Conference on Harmonisation and South African Good
Clinical Practice guidelines and the principles of
the Declaration of Helsinki. The authors vouch
for the accuracy and completeness of the data
and for the fidelity of the trial to the protocol.
The University of Cape Town was responsible for
the conduct of the trial and hired a consultant to
monitor the trial. The funders had no role in the
design of the trial; in the collection, analysis, or
interpretation of the data; or in the writing of
the manuscript. An independent data and safety
monitoring board, which was appointed by the
University of Cape Town, performed two planned
reviews.
Trial Setting

The trial was conducted at the Site B HIV–TB
clinic in Khayelitsha, Cape Town, South Africa,
a government-run outpatient primary care clinic. Khayelitsha is a township of approximately
500,000 people; in 2015, 917 cases of tuberculosis per 100,000 persons were reported in this
township, and 60% of those patients were coinfected with HIV (Caldwell J, City of Cape Town
Department of Health: personal communication).
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Participants

We enrolled patients who were 18 years of age or
older, were infected with HIV, had not previously
received ART and were now initiating ART, had
a CD4 count of 100 cells or fewer per microliter,
had microbiologically confirmed tuberculosis or
a clinical diagnosis with symptomatic response
to antituberculosis treatment, and had been
receiving antituberculosis treatment for less than
30 days before initiating ART. The inclusion
criteria were designed to result in enrollment of
a high-risk group, since the incidence of tuberculosis-associated IRIS is high among patients
with a CD4 count of 100 cells or fewer per microliter and among patients who start ART within
30 days after the start of antituberculosis treatment.4,13 Exclusion criteria were Kaposi’s sarcoma,
pregnancy, neurologic or pericardial tuberculosis, rifampin-resistant tuberculosis, hepatitis B
infection, receipt of nonstandard antituberculosis treatment (the standard intensive-phase treatment was considered to be rifampin, isoniazid,
pyrazinamide, and ethambutol), poor clinical
response to antituberculosis treatment before the
start of ART, uncontrolled diabetes, an alanine
aminotransferase level of more than 200 IU per
liter, an absolute neutrophil count of less than
500 per cubic millimeter, and systemic glucocorticoid use within the previous 7 days. Written
informed consent was obtained for screening
and again for enrollment.
Interventions and Randomization

The prednisone and identical-appearing placebo
tablets were manufactured by the Gulf Drug
Company (Durban, South Africa) and were registered in South Africa and paid for by the trial
budget. Identical packages containing prednisone
or placebo were prepared at an independent offsite pharmacy and were sealed and numbered
from 1 to 240. Participants were enrolled by the
trial doctor, were assigned a trial number from
1 to 240, sequentially, and received the corresponding numbered package. Randomization was
performed in a 1:1 ratio with a block size of 8;
the randomization sequence was prepared by an
independent statistician. Patients in the prednisone group received 40 mg of prednisone (in
5-mg tablets) per day for 14 days, followed by
20 mg per day for 14 days, and those in the placebo group received the equivalent number of
placebo tablets. The prednisone or placebo was
n engl j med 379;20

started within 48 hours after the initiation of ART.
Group assignments remained concealed from
the staff and patients throughout the course of the
trial.
Trial Procedures

Visits were scheduled at weeks 0 (when ART and
the trial regimen were initiated), 1, 2, 4, 8, and 12.
Patients could return to the clinic for unscheduled visits if they had new or worsening symptoms. If tuberculosis-associated IRIS symptoms
persisted at week 12, follow-up was extended so
that the date on which the symptoms of the
syndrome resolved could be ascertained.
During the course of this trial, results of a
trial of prednisolone for the treatment of tuberculous pericarditis became available; the results
showed a higher incidence of cancer among HIVinfected patients in the prednisolone group than
in the placebo group.9 On the basis of these results, the data and safety monitoring board for
our trial advised that patients should be followed
up with a visit to the clinic at 28 weeks and with
a telephone call at 1 year to monitor for HIVrelated cancers. All other analyses were restricted
to data obtained over 12 weeks.
When tuberculosis-associated IRIS was suspect
ed, testing was performed (e.g., bacterial blood
culturing and chest radiography) to exclude alternative causes of clinical deterioration. If tuberculosis-associated IRIS was diagnosed, the trial
regimen could be stopped and open-label prednisone could be started at a dose of 1.5 mg per
kilogram of body weight per day if the episode
was severe enough to warrant glucocorticoid
therapy. The decision to treat with open-label
glucocorticoids was made by the trial doctor, who
remained unaware of the group assignment. Details regarding ART, tuberculosis treatment, and
cryptococcal antigen screening, as well as reasons
for stopping the trial regimen, are provided in the
Supplementary Methods section in the Supplementary Appendix, available at NEJM.org.
End Points

The primary end point was the development of
paradoxical tuberculosis-associated IRIS, determined according to the International Network
for the Study of HIV-associated IRIS (INSHI) consensus case definition, within 12 weeks after
initiating ART.14 All adverse events that could
possibly be attributed to paradoxical tuberculosis-
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associated IRIS were adjudicated by a committee
of three expert clinical investigators who were
unaware of the group assignments and were not
active at the trial clinic; the members of this
committee decided by consensus whether INSHI
criteria were met. Further details are provided in
the Supplementary Appendix. The database was
locked and data were unblinded after the final
committee adjudication.
Secondary efficacy end points included the
time to tuberculosis-associated IRIS; the duration
of tuberculosis-associated IRIS; death (from any
cause and attributed to tuberculosis-associated
IRIS); hospitalization (for any cause and attributed to tuberculosis-associated IRIS); neurologic
tuberculosis-associated IRIS; a composite end
point of death, hospitalization, and hepatotoxicity; and adverse events resulting in a switch or
interruption of antituberculosis treatment or ART.
Secondary safety end points were severe infections
and cancers, serious adverse events, adverse drug
reactions, and grades 1 through 4 adverse events.
Statistical Analysis

Assuming that there would be a 35% incidence
of tuberculosis-associated IRIS in the placebo
group (approximating the 33% incidence in the
early ART group in the Cambodian Early versus
Late Introduction of Antiretrovirals [CAMELIA]
trial15) and 50% fewer cases in the prednisone
group than in the placebo group, we calculated
that 110 patients would need to be enrolled in
each group to provide 80% power to test for the
difference between the groups in the incidence
of tuberculosis-associated IRIS, at a two-sided
significance level of 5%. Assuming a 10% loss to
follow-up, we planned to enroll a total of 240
patients.
The statistical analysis plan was finalized before the database was locked and unblinded.
Analyses of the primary end point and the secondary efficacy end points used the intentionto-treat approach; safety analyses used the perprotocol approach. The analysis of the primary
end point was performed with the use of the chisquare test. Secondary end points were analyzed
with the use of chi-square, Fisher’s exact, or
Wilcoxon rank-sum tests, as appropriate. The
duration of hospital stay was compared between
the groups with the use of a zero-inflated Poisson
model. In the comparison of the time from the
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initiation of ART to the development of tuberculosis-associated IRIS, death and loss to followup were considered to be competing risks, and a
cause-specific hazard ratio was estimated, together with a 95% confidence interval. Cumulative incidence curves were plotted according to
group.16 Subgroup analyses were prespecified.
Adverse events were coded according to the Medical Dictionary for Regulatory Activities, version 19.1.
All P values were two-sided, and P values of less
than 0.05 were considered to indicate statistical
significance. Analyses of secondary efficacy end
points were not adjusted for multiple comparisons and therefore relative risks are reported with
95% confidence intervals, without P values. The
95% confidence intervals are not adjusted for multiple comparisons and may not be reproducible.

R e sult s
Trial Population

From August 2013 through February 2016, a total
of 321 adult patients were screened, and 240 were
randomly assigned to receive prednisone (120 patients) or placebo (120 patients). The most frequent reasons for exclusion were hepatitis B infection and previous receipt of ART (Fig. 1). One
patient in each group did not receive the assigned regimen. Therefore, 240 patients constituted the intention-to-treat population, and 238
made up the per-protocol population. During 12
weeks of follow-up, 17 patients were lost to follow-up (although 8 of these patients returned to
the trial clinic after 12 weeks), 1 withdrew, and
9 died. These outcomes occurred in similar numbers in the two groups.
The trial regimen was started on the same
day that ART was started in 231 patients (4 patients started within 3 days before the start of
ART, and 3 patients started 1 day after the start
of ART). Of the 238 patients in the per-protocol
population, 66 (27.7%) stopped the trial regimen
early; the most common reasons were prescription of open-label glucocorticoids to treat tuberculosis-associated IRIS (36 patients), diagnosis of
severe infection (8 patients), discontinuation of the
regimen at the time of hospital admission because the trial medication was left at home or
owing to a misunderstanding (7 patients), and
poor adherence to the trial regimen (5 patients)
(Table S13 in the Supplementary Appendix). Dur-
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321 Patients were assessed for eligibility

81 Were excluded
23 Were positive for hepatitis B surface antigen
16 Had previously received ART
11 Were unable to start ART within 30 days
after starting TB treatment
7 Were not receiving standard TB treatment
3 Had rifampin-resistant TB
3 Had Kaposi’s sarcoma
18 Had other reason

240 Underwent randomization

120 Were assigned to receive
prednisone

120 Were assigned to receive
placebo

14 Did not complete wk 12
visit
5 Died
1 Withdrew
8 Were lost to follow-up
4 Returned to trial
clinic after wk 12

13 Did not complete wk 12
visit
4 Died
9 Were lost to follow-up
4 Returned to trial
clinic after wk 12

106 Completed wk 12 visit

107 Completed wk 12 visit

Figure 1. Screening, Randomization, and Follow-up.
ART denotes antiretroviral therapy, and TB tuberculosis.

ing the trial, the ethics committee requested that
the data be unblinded for 1 patient who died.
Three patients (2 in the prednisone group and
1 in the placebo group) received a diagnosis of
rifampin-resistant tuberculosis after trial entry
and were switched to treatment for drug-resistant
tuberculosis.
The baseline characteristics were balanced
across the two groups (Table 1). The median age
was 36 (interquartile range, 30 to 42), 60% were
men, and 73% had microbiologically confirmed
tuberculosis; the median CD4 count was 49 cells
per microliter (interquartile range, 24 to 86), and
the median HIV type 1 (HIV-1) RNA viral load
was 5.5 log10 copies per milliliter (interquartile
range, 5.2 to 5.9). Patients had received anti
tuberculosis treatment for a median of 17 days
before starting ART. The ART regimen in 233 of
the 240 patients (97.1%) was tenofovir, emtricita
bine (or lamivudine), and efavirenz.

n engl j med 379;20

Primary End Point

A total of 39 of 120 patients (32.5%) in the prednisone group and 56 of 120 patients (46.7%) in
the placebo group received a diagnosis of paradoxical tuberculosis-associated IRIS (relative risk,
0.70; 95% confidence interval [CI], 0.51 to 0.96;
P = 0.03) (Fig. 2A). The absolute difference between
the groups in the incidence of tuberculosis-associated IRIS was 14.2 percentage points (95% CI,
1.9 to 26.4). The estimates of relative risk associated with prednisone in prespecified subgroups
were similar to the overall estimate for the total
trial population, but for most subgroups this
difference was not significant (Table 2).
Among patients in the prednisone group who
received a diagnosis of tuberculosis-associated
IRIS, 10 had lymph-node involvement or abscess
formation, 15 had new or worsening features on
radiography, and 2 had new or worsening serositis. Fourteen patients met the INSHI criteria on
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Table 1. Characteristics of the Patients at Baseline.*
Prednisone Group
(N = 120)

Placebo Group
(N = 120)

Median age (IQR) — yr

36 (31–42)

36 (29–42)

Male sex — no. (%)

71 (59.2)

73 (60.8)

Median body-mass index (IQR)†

21 (19–24)

21 (19–24)

Median CD4 count (IQR) — no. of cells/μl

51 (27–84)

49 (23–88)

Median HIV-1 RNA viral load (IQR) — log10 copies/ml

5.5 (5.2–5.9)

5.6 (5.2–5.9)

Microbiologically confirmed TB — no. (%)‡

86 (71.7)

89 (74.2)

Characteristic

Median hemoglobin level (IQR) — g/dl

9.7 (8.8–11.1)

9.8 (8.5–10.9)

Median white-cell count (IQR) — ×10−9/liter

3.7 (2.9–5.1)

3.4 (2.6–5.0)

Median neutrophil count (IQR) — ×10−9/liter

2.3 (1.5–3.1)

2.0 (1.4–2.9)

Median platelet count (IQR) — ×10−9/liter

311 (259–413)

300 (226–396)

Median sodium level (IQR) — mmol/liter

136 (134–139)

137 (135–139)

57 (50–66)

59 (50–70)

Median creatinine level (IQR) — μmol/liter
Median total bilirubin level (IQR) — μmol/liter

6 (4–7)

6 (4–8)

26 (18–38)

28 (20–40)

Median alkaline phosphatase level (IQR) — IU/liter

113 (87–149)

115 (91–163)

Median C-reactive protein level (IQR) — mg/liter

Median alanine aminotransferase level (IQR) — IU/liter

10.9 (4.0–30.1)

10.7 (4.6–29.9)

Median Karnofsky performance score (IQR)§

90 (80–90)

90 (80–90)

Median duration of TB treatment before initiation of ART
(IQR) — days

16 (15–22)

17 (15–21)

*	To convert the values for creatinine to milligrams per deciliter, divide by 88.4. To convert the values for bilirubin to milligrams per deciliter, divide by 17.1. ART denotes antiretroviral therapy, HIV-1 human immunodeficiency virus type 1,
IQR interquartile range, and TB tuberculosis.
†	The body-mass index is the weight in kilograms divided by the square of the height in meters.
‡	Microbiologically confirmed TB was defined as Mycobacterium tuberculosis detected on culture or with the use of the
Xpert MTB/RIF assay (Cepheid) or as positive acid-fast bacilli on smear microscopy.
§	The Karnofsky performance score ranges from 0 to 100, with lower scores indicating greater disability.

the basis of two or three minor criteria alone.14
In the placebo group, 23 patients had lymph-node
involvement or abscess formation, 26 had new or
worsening features on radiography, 2 had new
or worsening serositis, and 12 patients met the
INSHI criteria on the basis of two or three minor
criteria alone. No cases of neurologic tuberculosis-associated IRIS were diagnosed.
Secondary Efficacy End Points

The cumulative incidence of tuberculosis-associated IRIS over 84 days was lower in the prednisone group than in the placebo group (hazard
ratio, 0.61; 95% CI, 0.41 to 0.92) (Fig. 2B). Among
the 95 patients who received a diagnosis of tuberculosis-associated IRIS, the median time to the
onset of symptoms related to the syndrome was
similar in the two groups (10 days [interquartile
range, 5 to 13] in the prednisone group and 8 days
1920
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[interquartile range, 4 to 12] in the placebo
group).
Fewer patients in the prednisone group than
in the placebo group met at least one major INSHI
criterion (relative risk, 0.57; 95% CI, 0.37 to 0.87)
(Table 3). Fewer patients in the prednisone group
than in the placebo group were treated for tuberculosis-associated IRIS with open-label glucocorticoids (relative risk, 0.47; 95% CI, 0.27 to 0.81).
When the analysis was restricted to the 95 patients who received a diagnosis of tuberculosisassociated IRIS, 16 of 39 (41.0%) in the prednisone group and 34 of 56 (60.7%) in the placebo
group received treatment with open-label glucocorticoids (relative risk, 0.68; 95% CI, 0.44 to
1.04) (Table S10 in the Supplementary Appendix).
During the 12 weeks of follow-up, there were
five deaths in the prednisone group and four in
the placebo group (P = 1.00); one death was attrib-
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A Cumulative Incidence of TB-Associated IRIS at 12 Weeks

B Cumulative Incidence of TB-Associated IRIS over 84 Days

100

Relative risk, 0.70 (95% CI, 0.51–0.96)
P=0.03 by chi-square test

90

Cumulative Incidence
of TB-Associated IRIS

Patients with TB-Associated IRIS (%)

1.0

Hazard ratio, 0.61 (95% CI, 0.41–0.92)
P=0.02

0.9

80
70
56/120
(46.7%)

60
50

39/120
(32.5%)

40
30

0.8
0.7
0.6
Placebo

0.5
0.4
0.3

Prednisone

0.2
0.1

20

0.0

10
0

Prednisone

0

10

20

30

40

50

60

70

80

90

Days

Placebo

No. at Risk
Placebo
119
Prednisone 119

62
87

59
78

58
74

51
66

Figure 2. Cumulative Incidence of Paradoxical TB-Associated Immune Reconstitution Inflammatory Syndrome (IRIS).
Panel A shows the cumulative incidence of the primary end point of paradoxical TB-associated IRIS at 12 weeks. If paradoxical TB-associated IRIS had not developed before a patient died, withdrew, or was lost to follow-up, the patient was considered not to have had the
syndrome. Panel B shows the cumulative incidence of TB-associated IRIS over 84 days. Diagnosis of TB-associated IRIS was determined
according to the International Network for the Study of HIV-associated IRIS criteria.14 Day 0 is the day ART was initiated.

Table 2. Analysis of the Primary End Point in Prespecified Subgroups.*
Prednisone Group
(N = 120)

Subgroup

Placebo Group
(N = 120)

Relative Risk
(95% CI)

no./total no. (%)
CD4 count at screening
≤50 cells/μl

28/60 (46.7)

37/62 (59.7)

0.78 (0.56–1.10)

>50 cells/μl

11/60 (18.3)

19/58 (32.8)

0.56 (0.29–1.07)

>100,000 copies/ml

36/102 (35.3)

50/99 (50.5)

0.70 (0.50–0.97)

≤100,000 copies/ml

3/17 (17.6)

5/20 (25.0)

0.71 (0.20–2.53)

HIV-1 RNA viral load at screening

Microbiologically confirmed TB†

33/86 (38.4)

43/89 (48.3)

0.79 (0.56–1.12)

No rifampin-resistant TB diagnosed after
enrollment‡

39/118 (33.1)

55/119 (46.2)

0.72 (0.52–0.99)

*	The primary end point was the development of paradoxical TB-associated IRIS within 12 weeks after enrollment according to the International Network for the Study of HIV-associated IRIS (INSHI) criteria.14
†	Microbiologically confirmed TB was defined as Mycobacterium tuberculosis detected on culture or with the use of the
Xpert MTB/RIF assay (Cepheid) or as positive acid-fast bacilli on smear microscopy.
‡	In three patients (two in the prednisone group and one in the placebo group), rifampin-resistant TB was diagnosed after enrollment, and these patients are excluded from the denominator in this analysis.

uted to tuberculosis-associated IRIS (Table S3 in
the Supplementary Appendix). Fewer patients in
the prednisone group than in the placebo group
were hospitalized (17 vs. 27), but the difference
was not significant. In a zero-inflated Poisson
model, which included all patients, the duration
of hospital stay was shorter in the prednisone
n engl j med 379;20

group than in the placebo group. Fewer patients
in the prednisone group than in the placebo
group required a switch or interruption of ART
or antituberculosis treatment owing to adverse
events, but the difference was not significant; 37
events occurred among 29 patients (10 in the
prednisone group and 19 in the placebo group).
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Table 3. Primary and Secondary End Points.*
End Point
Primary end point
TB-associated IRIS meeting INSHI criteria — no. (%)
Secondary efficacy end points
TB-associated IRIS meeting at least 1 major INSHI
criterion — no. (%)
Sustained TB-associated IRIS — no. (%)†
Median duration of TB-associated IRIS (IQR) — days†
Open-label glucocorticoid treatment of TB-associated
IRIS — no. (%)
Hospitalization for TB-associated IRIS — no. (%)
Hospitalization for any cause — no. (%)
Death from any cause — no. (%)
Death attributed to TB-associated IRIS — no. (%)
Composite end point of death, hospitalization, and
hepatotoxicity — no. (%)
Interruption of ART, TB treatment, or both owing to
adverse event — no. (%)
Interruption of ART, TB treatment, or both owing to
drug-induced liver injury or rash — no. (%)
Secondary safety end points‡
Severe infection — no./total no. (%)§
Grade 3 clinical adverse event — no./total no. (%)¶
Grade 4 clinical adverse event — no./total no. (%)¶
Serious adverse event — no./total no. (%)‖
Adverse drug reaction — no./total no.**
Definitely related to trial regimen
Probably related to trial regimen
Possibly related to trial regimen
CD4 count at week 12
No. of patients in analysis
Median (IQR) — no. of cells/μl
Decrease in HIV-1 RNA viral load of <2 log10 copies/ml
at week 12 — no./total no. (%)

Prednisone Group
(N = 120)

Placebo Group
(N = 120)

Relative Risk
(95% CI)

P Value
0.03

39 (32.5)

56 (46.7)

0.70 (0.51–0.96)

25 (20.8)

44 (36.7)

0.57 (0.37–0.87)

35 (29.2)
49 (31–97)
16 (13.3)

50 (41.7)
35 (19–82)
34 (28.3)

0.70 (0.49–0.99)

5 (4.2)
17 (14.2)
5 (4.2)
0

9 (7.5)
27 (22.5)
4 (3.3)
1 (0.8)

22 (18.3)

32 (26.7)

0.56 (0.19–1.61)
0.63 (0.36–1.09)
1.25 (0.34–4.54)
Could not be
calculated
0.69 (0.43–1.11)

10 (8.3)

19 (15.8)

0.53 (0.26–1.08)

6 (5.0)

8 (6.7)

0.75 (0.27–2.10)

11/119 (9.2)
33/119 (27.7)
8/119 (6.7)
24/119 (20.2)
22/119
0/22
1/22
21/22
106
164 (97–226)
6/105 (5.7)

18/119 (15.1)
53/119 (44.5)
10/119 (8.4)
30/119 (25.2)
21/119
0/21
2/21
19/21
106
150 (100–226)
9/105 (8.6)

0.47 (0.27–0.81)

1.00
1.00

0.61 (0.30–1.24)
0.62 (0.44–0.89)
0.80 (0.33–1.96)
0.80 (0.50–1.28)
1.05 (0.61–1.80)

0.23
0.01
0.81
0.44
1.00

0.67 (0.25–1.81)

0.73
0.59

*	For contingency analyses, the chi-square test was used, unless the expected cell frequency was less than 6, in which case Fisher’s exact
test was used. The Wilcoxon rank-sum test was used to compare continuous variables.
†	Sustained TB-associated IRIS was defined as a duration of more than 14 days, the need for open-label glucocorticoid treatment, or both.
For the duration of TB-associated IRIS, we excluded three participants, all of whom were receiving glucocorticoid treatment: two participants with ongoing TB-associated IRIS who died and one participant with ongoing TB-associated IRIS who was lost to follow-up.
‡	Additional information on secondary safety end points is provided in Tables S1, S5 through S8, and S16 through S19 in the Supplementary
Appendix.
§	Severe infections were considered to be acquired immunodeficiency syndrome (AIDS)–defining illnesses or invasive bacterial infections;
33 severe infections occurred among 29 participants: cryptococcal meningitis in 3 (1 in the prednisone group and 2 in the placebo group),
esophageal candidiasis in 10 (4 in the prednisone group and 6 in the placebo group), sepsis in 7 (4 in the prednisone group and 3 in the
placebo group), pneumonia in 7 (2 in the prednisone group and 5 in the placebo group), pyelonephritis in 1 patient in the placebo group,
Clostridium difficile colitis in 3 patients in the placebo group, and dysentery in 2 (1 in the prednisone group and 1 in the placebo group).
¶	Adverse events of grade 1, 2, 3, and 4 were defined according to the Division of AIDS Table for Grading the Severity of Adult and Pediatric
Adverse Events, version 1.0. In the prednisone group, there were 517 clinical events of grade 1 severity, 167 events of grade 2 severity, 66
events of grade 3 severity, and 10 events of grade 4 severity. In the placebo group, there were 660 clinical events of grade 1 severity, 218
events of grade 2 severity, 112 events of grade 3 severity, and 12 events of grade 4 severity.
‖	Serious adverse events were defined according to International Conference on Harmonisation guidelines for Good Clinical Practice definitions. In the prednisone group, there were 55 serious adverse events among 24 patients; in the placebo group, there were 56 serious adverse events among 30 patients.
**	Adverse drug reactions were defined as adverse events determined by the trial doctor to be possibly, probably, or definitely related to the
trial regimen but not to open-label prednisone. A total of 45 probable or possible adverse drug reactions were reported among 43 patients. None of these were categorized as serious adverse events.
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Secondary Safety End Points

Fewer patients in the prednisone group than in
the placebo group had clinical adverse events of
grade 3, but there was no significant difference
in grade 4 events. There were also no significant
differences between the groups in grade 3 or 4
laboratory adverse events. A total of 33 severe
infections (defined as new acquired immunodeficiency syndrome [AIDS]–defining illnesses or
invasive bacterial infections) were diagnosed in
29 patients: 11 (9.2%) in the prednisone group
and 18 (15.1%) in the placebo group (P = 0.23).
There was no significant between-group difference in prespecified adverse events related to
glucocorticoid treatment (18 events in the prednisone group and 23 in the placebo group). There
was no significant difference between the groups
in CD4 cell count or HIV-1 RNA suppression at
week 12.
Vital status at 1 year was available for 239
patients: 18 had died (8 in the prednisone group
and 10 in the placebo group). Status with respect
to cancer was ascertained for 220 patients at 1 year.
One case of Kaposi’s sarcoma was diagnosed:
the patient (who was in the placebo group) had
received open-label prednisone starting at week 2
to treat presumed tuberculosis-associated IRIS
and then discontinued ART at week 20; the patient returned to the trial clinic at week 28 with
a Kaposi’s sarcoma lesion that resolved after reinitiation of ART. Additional information on secondary efficacy end points, adverse events, and
other safety variables is provided in the Supplementary Appendix.

Discussion
Prophylactic prednisone during the first 4 weeks
after the initiation of ART in adult patients at
high risk for tuberculosis-associated IRIS resulted
in a 30% lower incidence of tuberculosis-associated IRIS than placebo. Prednisone use was not
associated with an excess risk of severe infections, cancers, or adverse events. Prednisone
might exert its effect by suppressing the symptoms
of only mild cases of tuberculosis-associated
IRIS, but our findings suggest that this was not
the case. We found that prescription of openlabel glucocorticoids, which are generally prescribed to treat patients with more severe tuberculosis-associated IRIS, was 53% less in the
prednisone group than in the placebo group,
and a significantly smaller proportion of patients
n engl j med 379;20

in the prednisone group than in the placebo group
met at least one major INSHI criterion.
The development of tuberculosis-associated
IRIS in 47% of the patients in the placebo group
in our trial is higher than the pooled estimate of
18% from a meta-analysis of 40 cohort studies4;
our finding reflects our enrollment of patients at
high risk for tuberculosis-associated IRIS who
had low CD4 counts and short intervals between
starting antituberculosis treatment and starting
ART. A study in India involving patients with a
similar high-risk profile showed an incidence of
tuberculosis-associated IRIS of 54%.17 In one
previous trial of a prophylactic strategy for IRIS,
the CCR5 antagonist maraviroc was evaluated
for prevention of all causes of IRIS, but the trial
did not show a lower incidence of IRIS in the
group that received maraviroc than in the group
that received placebo.18
The dose of prednisone used in our trial was
relatively low, considering that rifampin reduces
plasma exposure to prednisone (clearance is increased 45% by rifampin).19 In several rheumatologic conditions (e.g., rheumatoid arthritis), lowdose glucocorticoids are effective,20-22 which
indicates that there is a substantial antiinflammatory effect. Lower doses of glucocorticoids
may cause less harm than higher doses, which
is an important consideration in the prevention
of tuberculosis-associated IRIS.
Kaposi’s sarcoma was diagnosed in one patient in the placebo group who received openlabel prednisone and in whom ART was interrupted. By contrast, in the Investigation of the
Management of Pericarditis (IMPI) trial, prednisolone for the treatment of tuberculous pericarditis resulted in a significant excess risk of HIVrelated cancers.9 The differences between our
trial and the IMPI trial were that we used a
lower dose of prednisone for a shorter duration,
and all the patients in our trial started ART at
the same time that they started the trial regimen.
In the IMPI trial, 22% of HIV-positive patients were
receiving ART at entry, and 72% by 6 months.9
Our findings show that short-course glucocorticoids can be used safely in patients receiving ART.
We found a trend toward fewer interruptions
of ART or antituberculosis treatment in the prednisone group than in the placebo group. This
finding is consistent with two previous observations from placebo-controlled trials of adjunctive
glucocorticoids: in one trial, there were fewer
events of drug-induced liver injury in the group
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assigned to dexamethasone for the treatment of
tuberculous meningitis than in the group assigned to placebo23; in another trial, in which
methylprednisolone was assessed for the treatment of AIDS-related pneumocystis pneumonia,
fewer participants in the methylprednisolone
group than in the placebo group stopped trimethoprim-sulfamethoxazole owing to hypersensitivity.24 Reducing the risk of adverse drug reactions, which are more frequent in HIV-infected
patients,25 is another potential benefit of glucocorticoids. The lower incidence of grade 3 clinical
adverse events in the prednisone group than in
the placebo group may reflect that these patients
had fewer symptoms related to tuberculosisassociated IRIS and fewer adverse drug reactions
to ART and antituberculosis treatment.
Our trial has several limitations. First, our
findings may not be generalizable to inpatients;
however, most patients with HIV-associated tuberculosis are ambulatory. Our trial site was a busy
government-run clinic in which guidelines for
HIV and tuberculosis management are aligned
with WHO guidelines. Second, our trial was not
sufficiently powered to detect mortality differences. Third, a quarter of our patients had clinically diagnosed tuberculosis, and they may have
had other opportunistic diseases. However, this
is unlikely, since we enrolled only patients with
a clinical diagnosis of tuberculosis who had a
response to antituberculosis treatment. Fourth,
the 30% lower incidence of tuberculosis-associated IRIS in the prednisone group than in the
placebo group was smaller than the 50% predicted in our sample-size calculation, but the
difference was statistically significant because
the event rate was higher than predicted.
In conclusion, we found that among adult
HIV-infected patients receiving antituberculosis
treatment who were at high risk for tuberculosisassociated IRIS, the incidence of tuberculosis-
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associated IRIS was lower among those who received a 4-week course of prednisone, prescribed
when ART was started, than among those who
received placebo. Future studies could evaluate
higher doses of prednisone or target prednisone
prophylaxis in patients identified as having a
high risk of tuberculosis-associated IRIS on the
basis of immune biomarkers.17
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