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ABSTRACT

BACKGROUND

A combination of prednisone, azathioprine, and N-acetylcysteine (NAC) has been
widely used as a treatment for idiopathic pulmonary fibrosis. The safety and effi-
cacy of this three-drug regimen is unknown.

METHODS

In this randomized, double-blind, placebo-controlled trial, we assigned patients with
idiopathic pulmonary fibrosis who had mild-to-moderate lung-function impairment
to one of three groups — receiving a combination of prednisone, azathioprine, and
NAC (combination therapy), NAC alone, or placebo — in a 1:1:1 ratio. The primary
outcome was the change in longitudinal measurements of forced vital capacity dur-
ing a 60-week treatment period.

RESULTS

When approximately 50% of data had been collected (with 77 patients in the com-
bination-therapy group and 78 in the placebo group), a planned interim analysis
revealed that patients in the combination-therapy group, as compared with the
placebo group, had an increased rate of death (8 vs. 1, P=0.01) and hospitalization
(23 vs. 7, P<0.001). These observations, coupled with no evidence of physiological
or clinical benefit for combination therapy, prompted the independent data and
safety monitoring board to recommend termination of the combination-therapy
group at a mean follow-up of 32 weeks. Data from the ongoing comparison of the
NAC-only group and the placebo group are not reported here.

CONCLUSIONS
Increased risks of death and hospitalization were observed in patients with idio-
pathic pulmonary fibrosis who were treated with a combination of prednisone,
azathioprine, and NAC, as compared with placebo. These findings provide evidence
against the use of this combination in such patients. (Funded by the National Heart,
Lung, and Blood Institute and the Cowlin Family Fund; ClinicalTrials.gov number,
NCT00650091.)
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PREDNISONE, AZATHIOPRINE, AND NAC FOR PULMONARY FIBROSIS

DIOPATHIC PULMONARY FIBROSIS IS A

chronic, progressive lung disease of unknown

cause characterized by the histopathological
pattern of usual interstitial pneumonia. The me-
dian survival of patients with idiopathic pulmo-
nary fibrosis after diagnosis is 2 to 5 years.t

The use of glucocorticoids or immunosuppres-
sive agents has been the conventional approach
to the treatment of patients with this disease.
A consensus-based guideline suggested that a
two-drug regimen (a combination of prednisone
and either azathioprine or cyclophosphamide) be
used in a subgroup of patients with idiopathic
pulmonary fibrosis.2 A survey of pulmonologists
showed that almost 50% used a regimen of either
two drugs (azathioprine plus prednisone) or three
drugs (azathioprine, prednisone, and N-acetylcys-
teine [NAC]) when therapy was offered to their
patients with mild idiopathic pulmonary fibrosis.3

A trial of the three-drug regimen showed that
this treatment preserved pulmonary function bet-
ter than the two-drug regimen.* However, since
no placebos for azathioprine and prednisone were
included, the efficacy of this three-drug regimen
has remained controversial.> Consequently, inter-
national guidelines have differed in giving this
three-drug regimen a “weak no™ or “weak yes”®
recommendation.

In this clinical trial, called Prednisone, Azathio-
prine, and N-Acetylcysteine: A Study That Evalu-
ates Response in Idiopathic Pulmonary Fibrosis
(PANTHER-IPF), we evaluated the three-drug regi-
men against NAC alone (plus matched identified
placebos for prednisone and azathioprine), as com-
pared with matched placebos for each of the
active therapies, in patients with idiopathic pul-
monary fibrosis who had mild-to-moderate im-
pairment in pulmonary function. On the basis of a
prespecified interim assessment by the data and
safety monitoring board, the three-drug regimen
was stopped on October 14, 2011; the NAC-only
and placebo groups continue to recruit and be fol-
lowed for the prespecified duration of 60 weeks.
The prednisone and azathioprine placebos were
discontinued in the remaining study groups. Here
we report the results of the three-drug regimen
as compared with the placebo group at the time
of the interim assessment.

METHODS

STUDY OVERSIGHT
The study was designed and conducted by the
Idiopathic Pulmonary Fibrosis Clinical Research
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Network (IPFnet) steering committee and was car-
ried out at 25 clinical centers. (A complete listing
of IPFnet sites is included in the Supplementary
Appendix, available with the full text of this article
at NEJM.org.) An independent protocol review com-
mittee, appointed by the National Heart, Lung, and
Blood Institute (NHLBI), reviewed and approved
the protocol (available at NEJM.org) for scientific
merit. An NHLBI-appointed data and safety mon-
itoring board and all local institutional review
boards approved the protocol and all amendments.
All patients provided written informed consent.
The Duke Clinical Research Institute served as
the data-coordinating center, and the IPFnet steer-
ing committee oversaw all aspects of the study’s
conduct. The scientific steering committee under
the direction of the coprimary investigators de-
veloped the design and concept of the study,
approved the statistical plan, had full access to
all the data, and interpreted the data. The writing
committee wrote the first draft of the manuscript.
The steering committee made subsequent revi-
sions, deemed the manuscript to be faithful to
the protocol, and made the decision to submit it
for publication. The PANTHER-IPF writing com-
mittee and the IPFnet steering committee approved
the final manuscript. Prednisone and azathio-
prine were purchased, and matching placebos
were produced during the overencapsulation pro-
cess. NAC and matching placebo were donated
by the manufacturer, Zambon. Zambon was ap-
prised of the progress of the study and reviewed
a draft of the manuscript before submission for
publication. All authors assume responsibility for
the overall content and integrity of the article.

STUDY PATIENTS
Patients with idiopathic pulmonary fibrosis be-
tween the ages of 35 and 85 years who had mild-
to-moderate lung-function impairment (defined
as a forced vital capacity [FVC] of >50% and a
carbon monoxide diffusing capacity of >30% of
the predicted value) were potentially eligible. All
patients met the modified criteria of the Ameri-
can Thoracic Society, European Respiratory Soci-
ety, Japanese Respiratory Society, and Latin Amer-
ican Thoracic Association for the diagnosis of
idiopathic pulmonary fibrosis.»»” Patients had
received the diagnosis of idiopathic pulmonary
fibrosis on the basis of high-resolution comput-
ed tomography (CT) or biopsy 48 months or less
before enrollment. Detailed exclusion criteria are
listed in the study protocol.
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STUDY DESIGN

PANTHER-IPF was a randomized, double-blind,
placebo-controlled trial of a combination of oral
azathioprine, prednisone, and NAC (combination
therapy) or NAC alone plus placebos for azathio-
prine and prednisone, as compared with matched
placebos for each of the active therapies. The
prednisone dose was started at 0.5 mg per kilo-
gram of ideal body weight and was tapered to
0.15 mg per kilogram during a period of 25 weeks.
The azathioprine dose (maximum, 150 mg per day)
was based on the patient’s ideal weight, concur-
rent use of allopurinol, and thiopurine methyl-
transferase (TPMT) activity. NAC was prescribed
at 600 mg orally three times a day. Detailed algo-
rithms were provided for dose adjustment in case

of potential adverse events. Patients were seen at
the clinical centers for screening, at baseline, and
at 4, 15, 30, 45, and 60 weeks. Patients with acute
respiratory events were treated by their primary
care physician if they were not seen at IPFnet sites.
In the study protocol, specific guidelines were
provided with respect to doses of glucocorticoids.

RANDOMIZATION
A permuted-block randomization plan was creat-
ed with varying block sizes stratified according to
clinical center. Once the screening process was
completed, patients were randomly assigned to
receive one of the three study regimens in a 1:1:1
ratio through telephone contact with a central
interactive voice-response system.

362 Patients were assessed for eligibility

112 Were excluded

24 Had DLco <30% predicted
13 Did not have a diagnosis of IPF
12 Withdrew consent
10 Had FVC <50% predicted
4 Were withdrawn by physician
4 Had history of triple
therapy >12 wk
45 Had other reasons
14 Were undergoing screening
at time of discontinuation
of study group

236 Underwent randomization

81 Were assigned to receive NAC

77 Were assigned to receive pred-

78 Were assigned to receive placebo

alone (data from this ongoing
study not included)

nisone, azathioprine, and NAC

2 Underwent lung transplan-
tation

2 Withdrew consent

2 Had consent withdrawn
by physician

Permanent discontinuation

23 Discontinued pred-
nisone

31 Discontinued azathio-
prine

24 Discontinued NAC

2 Withdrew consent
1 Had consent withdrawn
by physician
Permanent discontinuation
3 Discontinued pred-
nisone placebo
4 Discontinued azathio-
prine placebo
4 Discontinued NAC
placebo

77 Were included in the primary
analysis

analysis

78 Were included in the primary

Figure 1. Enrollment and Outcomes.

DLco denotes carbon monoxide diffusing capacity, FVC forced vital capacity, IPF idiopathic pulmonary fibrosis, and NAC N-acetylcysteine.
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OUTCOME MEASURES

The primary outcome was the change in FVC
during the 60-week period, as derived from the
serial measurements made at clinic visits. Second-
ary outcome measures included the rate of death,
time until death, frequency of acute exacerba-
tions, frequency of maintained FVC response,
time to disease progression, and a broad panel of
other clinical and physiological measures (Table
S2 in the Supplementary Appendix). Predefined
groups of interest included patients with a FVC
value that was higher than the group median at
enrollment, typical versus atypical results on the
baseline high-resolution CT, the timing of the
diagnosis of idiopathic pulmonary fibrosis (<1 year
or 21 year before enrollment), a baseline compos-
ite physiological index® below the group median at
enrollment, medical therapy for gastroesophageal
reflux, ethnic background, sex, smoking history,
and emphysema (>25% on high-resolution CT).

ADJUDICATION
The IPFnet adjudication committee reviewed all
deaths, hospitalizations, and suspected acute ex-
acerbations for cause. The definition of an acute
exacerbation was prespecified and was in accor-
dance with criteria reported previously.®

STATISTICAL ANALYSIS
On the basis of findings in previous clinical trials
involving patients with idiopathic pulmonary
fibrosis, we estimated that the decline in FVC
would be approximately 0.20 liters during the
60-week study period in the placebo group. We
determined that a difference of 0.15 liters from
that in the placebo group (i.e., a decline in lung
function of 0.05 liters from baseline) would be
clinically meaningful. After accounting for po-
tential dropout and imperfect compliance,° we
determined that 130 patients per group would
provide a power of 90% for the first step of the
testing procedure under most scenarios.!* The tar-
get sample size was expected to provide a power
of approximately 93% to detect a significant dif-
ference at the two-sided 0.05 level for the hypothe-
sized difference of 0.15 liters between study groups
at 60 weeks.

All analyses are based on the intention-to-
treat principle with data from all patients who
underwent randomization. For continuous base-
line factors, summary measures are presented
using means (+SD) and medians and interquar-

N ENGL ) MED 366;21

tile ranges. For categorical variables, counts and
percentages are presented.

The trial was designed with a two-step proce-
dure to control the experiment-wise error rate at
the 0.05 level. The first step was based on an
overall test of 2 degrees of freedom. If any dif-
ference between study groups was statistically
significant at the 0.05 level, then each of the three
pairwise comparisons would be tested at the
0.05 level.

For the primary analysis, we used a mixed-
model repeated-measures analysis to compare
changes in FVC in the three study groups during
the 60-week study period.'? Variables in the re-
gression model included study group, time, time
according to treatment, age, sex, race, and height.
Contrast estimates of differences in slopes of
treatment according to time (along with confi-
dence intervals) were used to estimate the treat-
ment effect. For binary end points, statistical
comparisons were based on two-sided Fisher’s
exact tests. For time-to-event outcomes, we used
a Cox proportional-hazards regression model.
Kaplan—-Meier curves were used to display event
rates. All test statistics were presented with two-
sided P values.

The protocol specified that the data and safety
monitoring board would meet multiple times
approximately every 6 months to review data for
safety and overall trial progress. During the one
planned interim analysis for efficacy, a Bonfer-
roni approximation was applied to protect against
inflation of the type I error rate. For the interim
analysis, the critical value for the test of 2 degrees
of freedom in differences in FVC was set to have
an alpha level of 0.0001 because of the impor-
tance of the secondary end points.

RESULTS

INTERIM ASSESSMENTS
After the planned midpoint interim analysis,
the data and safety monitoring board recom-
mended discontinuation of the three-drug regi-
men because of an excess in the number of deaths,
hospitalizations, and serious adverse events
among patients in the combination-therapy group,
as compared with the placebo group. The NHLBI
accepted this recommendation and on October
14, 2011, instructed the investigators to discon-
tinue the three-drug regimen effective immedi-
ately. Data from the ongoing study of patients in

NEJM.ORG MAY 24, 2012

The New England Journal of Medicine
Downloaded from nejm.org on April 4, 2014. For personal use only. No other uses without permission.
Copyright © 2012 Massachusetts Medical Society. All rights reserved.

1971



1972

The NEW ENGLAND JOURNAL of MEDICINE

the NAC-only and placebo groups are not report-
ed here.

BASELINE CHARACTERISTICS

From December 2009 through October 2011, a
total of 77 patients were enrolled in the combina-
tion-therapy group and 78 in the placebo group

(Fig. 1). The mean age of the patients was 68 years;
25% were women, and 97% were white. The mean
percent predicted FVC was 71%, and the mean per-
cent predicted carbon monoxide diffusing capac-
ity was 44%. The two groups were well matched
with respect to demographic and clinical charac-
teristics (Table 1). Findings on high-resolution CT

Table 1. Characteristics of the Patients at Baseline.*

Characteristic

Age —yr
Mean
Median (IQR)

Female sex — no. (%)

Race or ethnic group — no. (%)
White
Black
Hispanic

History of smoking — no. (%)
Current
Past
Never

Time since diagnosis — yr
Mean
Median (IQR)

Coexisting illness — no. (%)
Coronary artery disease
Diabetes
Gastroesophageal reflux disease

Lung function
Forced vital capacity — %

Mean
Median (IQR)

% of predicted value
Mean
Median (IQR)

air—mm Hg
Mean
Median (IQR)
Composite physiologic index::
Mean
Median (IQR)
6-Minute walk distance — m
Mean
Median (IQR)

Carbon monoxide diffusion capacity corrected for hemoglobin —

Partial pressure of oxygen in arterial blood while breathing ambient

Combination Therapy Placebo
(N=77) (N=78)
68.8+7.3 67.9+8.1
68.6 (63.9-74.3) 67.9 (62.4-74.0)
18 (23) 21 (27)
75 (97) 75 (96)
1(1) 0
1(1) 5 (6)
3 (4) 4(5)
51 (66) 54 (69)
23 (30) 20 (26)
0.9+1.1 1.1+1.0
0.5 (0.2-1.1) 0.8 (0.2-1.6)
13 (17) 17 (22)
11 (14) 14 (18)
48 (62) 45 (58)
69.3+15.1 72.1+14.4

65.2 (56.6-80.3) 69.4 (63.2-80.5)

42.1£10.2
40.1 (34.5-47.6)

45.3:12.4
43.0 (37.4-50.1)

79.6+9.7 78.8+12.6
80.0 (74.0-85.3) 81.0 (71.4-87.0)

49.8+13.5
51.9 (43.1-60.0)

53.7+11.7
56.8 (46.9-63.3)

362.0+113.0
366.0 (300.0-439.0)

368.9+117.3
381.5 (320.0-447.0)
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Table 1. (Continued.)

Characteristic
Patient-reported outcome
Score on Shortness of Breath Questionnairef
Mean
Median (IQR)
Total score on St. George's Respiratory Questionnaireq|
Mean
Median (IQR)
SF-36 aggregate physical score|
Mean
Median (IQR)
SF-36 aggregate mental score||
Mean
Median (IQR)

Combination Therapy

(N=77)

30.1+20.1

27.5 (14.0-39.0)

38.7+17.4
38.0 (25.5-47.2)

40.3+9.8
39.9 (33.4-46.5)

53.9+9.6
55.7 (49.7-61.3)

29.1x19.4
24.0 (16.0-40.0)

39.4+17.4
37.3 (28.0-52.6)

40.6+9.3
417 (35.0-47.7)

55.7+7.4
56.5 (50.4-61.8)

Placebo
(N=78)

* Plus—minus values are means +SD. Combination therapy refers to a three-drug regimen consisting of prednisone, aza-
thioprine, and N-acetylcysteine. There were no significant differences between groups. IQR denotes interquartile range.

7 Race or ethnic group was self-reported. Patients could select more than

one category.

I There is no official upper or lower limit on the composite physiological index. Higher scores indicate more severe disease.

§ Scores on the Shortness of Breath Questionnaire range from 0 to 120, with higher scores indicating worse function.

9 Scores on St. George’s Respiratory Questionnaire range from 0 to 100, with higher scores indicating better function. The sug-
gested minimal important difference for patients with idiopathic pulmonary fibrosis has been estimated at 5 to 8 points.*?

| Scores on the Medical Outcomes Study 36-ltem Short-Form Health Survey (SF-36) range from 0 to 100, with higher scores
indicating better function. The suggested minimal important difference for patients with idiopathic pulmonary fibrosis

has been estimated at 2 to 4 points.*?

Table 2. Safety End Points.*

Combination Therapy

End Point (N=77)
Death — no. (%)
From any cause 8 (10)
From respiratory causes 7 (9)
Hospitalization for any cause — no. (%) 23 (30)
Acute exacerbation — no. (%) 5(6)
Serious adverse event — no. (%) 24 (31)

Based on Kaplan—Meier estimate at 60 wk —
% (95% Cl)
Death from any cause 19.8 (9.9-37.2)
43.6 (30.7-59.0)

36.3 (23.7-53.0)

Death from any cause or hospitalization

Death from any cause or =10% decline in FVC

Placebo
(N=78)

2.0 (0.3-13.6)
16.9 (8.7-31.5)
32.4 (19.7-50.3)

Hazard Ratio

9.26 (1.16-74.1)
3.74 (1.68-8.34)
1.46 (0.70-3.05)

P Value

0.01
0.02
<0.001
0.03

0.001

0.01
<0.001
0.30

* FVC denotes forced vital capacity.
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A Time to Death

1.0+
0.9
0.8
0.7
0.6
0.5
0.4+

0.3
0.2 Combination therapy

Probability

017 Placebo
0.0 T T T 1
0 15 30 45 60

Weeks since Randomization

No. at Risk
Combination therapy 77 50 34 29 14
Placebo 78 57 44 31 17

B Time to Death or Disease Progression
1.0+
0.9
0.8
0.7+
0.6

0.5+
0.4 Combination therapy

Probability

0.3
0.2
0.1
0.0

Weeks since Randomization

No. at Risk
Combination therapy 77 46 29 22 12
Placebo 78 55 39 24 11

C Time to Death or Hospitalization

1.0+
0.9
0.8
0.7
£ 06
T 054 .
3 Combination therapy
& 0.4+
0.3
0.2
0.1
0.0
0 15 30 45 60
Weeks since Randomization
No. at Risk
Combination therapy 77 40 29 23 10
Placebo 78 55 42 26 16
1974 N ENGLJ MED 366;21

Figure 2. Kaplan—Meier Curves for the Time until
Death, Disease Progression, or Hospitalization.

Shown are the time until death (Panel A), until a com-
posite of death or disease progression (defined as a
decrease in the forced vital capacity of 210%) (Panel B),
or until a composite of death or hospitalization (Panel C).
Combination therapy refers to a three-drug regimen
consisting of prednisone, azathioprine, and N-acetyl-
cysteine.

were sufficient to diagnose definite idiopathic
pulmonary fibrosis in 66 patients (86%) in the
combination-therapy group and 61 (78%) in the
placebo group. The diagnosis of idiopathic pul-
monary fibrosis was based on a surgical lung-
biopsy sample in 38 patients (49%) in the combi-
nation-therapy group and 37 (47%) in the placebo
group.

STUDY-DRUG ADHERENCE
A total of 20 of 77 patients in the combination-
therapy group and 3 of 78 in the placebo group
discontinued all three study medications. There
were significant differences in the numbers of
patients who discontinued prednisone (23 in the
combination-therapy group and 3 in the placebo
group), azathioprine (31 and 4, respectively),
and NAC (24 and 4) (P<0.001 for all compari-
sons) (Table S1 in the Supplementary Appendix).
Among patients who completed the 15-week vis-
it, 38 of 52 (73%) in the combination-therapy
group were taking all three study drugs, as com-
pared with 56 of 57 (98%) in the placebo group
(P<0.001). Similar results were observed at 30
weeks (64% vs. 98%, P<0.001), 45 weeks (66% vs.
97%, P=0.003), and 60 weeks (60% vs. 100%,
P=0.001).

PRIMARY OUTCOME
Because the combination-therapy group was
stopped early, it was not possible to assess the
primary outcome at 60 weeks in all study pa-
tients. At the time of the interim analysis, there
was no significant difference in the change in
FVC between the combination-therapy group and
the placebo group (-0.24 liters vs. —0.23 liters,
P=0.85). There was no significant difference in
the primary outcome in any of the predefined
subgroups.
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NAC
Azathioprine
Prednisone

NAC
Azathioprine
Prednisone

NAC
Azathioprine
Prednisone

Prednisone

NAC
Azathioprine Respiratory death
Combination Prednisone
Therapy
NAC
Azathioprine Respiratory death
Prednisone
NAC
Azathioprine Respiratory death M Receiving study drug
Prednisone Not receiving study drug
[[] Dropout for lung transplantation
NAC 1 - Definite acute exacerbation
Azathioprine Respiratory death 2 — Respiratory SAE
Prednisone 3 — Nonrespiratory SAE
4 — Confirmed =10% FVC decrease
NAC 5 — Unclassifiable acute worsening
Azathioprine Respiratory death
| Prednisone
hed B NAC
h;l:fe:o Azathioprine Respiratory death

Nonrespiratory
death

4

Respiratory death

Respiratory death

0 15 30 45 60

Weeks since Randomization

Figure 3. Timeline until Death during the 60-Week Study Period, According to Study Group.

placebo. For each patient, three bars are plotted (for N-a

in which the drug was not administered. The dark vertical
of a serious adverse event (SAE), as listed.

Shown are follow-up data for patients from randomization until death (from left to right). Each set of bars represents
one patient who died, including eight patients receiving combination therapy and one patient receiving matched

darker shading indicating the interval in which the drug was administered and lighter shading indicating the interval

cetylcysteine [NAC], azathioprine, and prednisone), with

lines with a corresponding number indicate the occurrence

SECONDARY OUTCOMES AND SAFETY

The three-drug regimen provided little benefit
with respect to the secondary outcomes (Table S2
in the Supplementary Appendix). There was an im-
balance in all-cause mortality, with 8 deaths in the
combination-therapy group and 1 in the placebo
group (P=0.01) (Table 2 and Fig. 2A). The time-
line for events preceding death is shown in Fig-
ure 3. An imbalance was noted in the combina-

N ENGL ) MED 366;21

tion-therapy group, as compared with the placebo
group, for the number of all-cause hospitalizations
(23 vs. 7, P<0.001). No significant difference was
seen in the proportion of patients with disease
progression (as defined by a composite outcome
of death or a relative drop in FVC of >10%) (Fig.
2B). At 15 weeks, the composite outcome of all-
cause mortality or hospitalization was higher in
the combination-therapy group than in the pla-
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Table 3. Adverse Events.

Combination Therapy  Placebo
Adverse Event (N=77) (N=78) P Value

no. of patients (%)

Serious adverse event
Any 24 (31) 8(10)  0.001
Respiratory system 12 (16) 4 (5) 0.03
Infectious 5 (6) 1(1) 0.12
Gastrointestinal system 1(1) 3(4) 0.62
Cardiac 3(4) 0 0.12
General disorder* 3 (4) 0 0.12
Neoplasm 2 (3) 0 0.25
Metabolism 1(1) 0 0.50
Musculoskeletal system 0 1(1) 1.00
Nervous system 1(1) 0 0.50
Reproductive system 1(1) 0 0.50
Adverse eventy
Any 68 (88) 61 (78) 0.09
General disorder 34 (44) 21 (27) 0.03
Skin 13 (17) 4 (5) 0.02
Renal and urinary system 10 (13) 1(1) 0.005

* Included in this category were all serious adverse events that did not fall into
another body-system category, including adverse drug reactions and drug fever.

 Listed are specific adverse events with a significant between-group difference.

A complete list of adverse events is provided in Table S3 in the Supplementary

Appendix.

1976

cebo group, with estimated event rates of 32%
versus 3% (hazard ratio, 12.11; 95% confidence
interval [CI], 2.83 to 51.85; P<0.001) (Fig. 2C).
Acute exacerbations occurred in 5 patients (6%)
in the combination-therapy group and none in
the placebo group. The adjudicated cause of
death was related to respiratory events in 8 of the
9 patients.

Assessment of safety showed that treatment-
related adverse events were common, with 129
patients (83%) reporting at least one adverse event
(Table S3 in the Supplementary Appendix). Serious
adverse events occurred more frequently in the
combination-therapy group than in the placebo
group (24 vs. 8, P=0.001) (Table 3). Patients re-
ceiving the three-drug regimen who had a serious
adverse event were more likely to discontinue a
study drug than were those receiving placebo.

DISCUSSION

Combined immunosuppression and NAC has
been a widely used, conventional approach to the
treatment of idiopathic pulmonary fibrosis,? de-
spite conflicting recommendations by interna-
tional guidelines.>® In our study, we found that
the combined three-drug regimen of prednisone,
azathioprine, and NAC, compared with placebo,
was associated with increased all-cause mortal-
ity, all-cause hospitalizations, and treatment-
related severe adverse events. Deaths and hospital-
izations happened early in the combination-therapy
group. Although follow-up of the patients was
limited, the three-drug regimen provided little or
no benefit for primary and secondary outcomes.

In the Idiopathic Pulmonary Fibrosis Interna-
tional Group Exploring N-Acetylcysteine I Annual
(IFIGENIA) study,* the only randomized clini-
cal trial using the three-drug regimen, the pa-
tients had a physiological disease severity (mean
FVC, 65.6% of the predicted value; mean carbon
monoxide diffusing capacity, 43.9% of the pre-
dicted value) similar to that in the patients in
our study. The rate of death in the combination-
therapy group in the IFIGENIA study (9%) was
similar to that in our study (10%). However, the
Kaplan—Meier estimate of 60-week mortality in
our combination-therapy group was higher
(19.8%; 95% CI, 9.9 to 37.2). The rates of death
among patients with idiopathic pulmonary fi-
brosis who were receiving placebo in several
studies (3.6 to 9%)*416 are similar to that ob-
served in our study (2.0%; 95% CI, 0.3 to 13.6).
Given the differences in the study groups and the
longer duration of the other clinical trials, com-
parison of mortality among these studies should
be made with caution. Nonetheless, our findings
show that the excess mortality was attributable
to the three-drug therapy.

The merits of our study include a rigorous
ascertainment of the diagnosis of idiopathic pul-
monary fibrosis by multidisciplinary assessment.
In addition, our algorithm-driven approach to
dose selection, including measurement of TPMT
levels, allowed consistency in the treatment pro-
tocol. Furthermore, the dose of azathioprine that
was used in our trial was relatively lower than
that used in previous clinical trials.
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Our study has potential limitations. The early
termination of the combination-therapy group
limited our ability to address the effect on the
primary outcome (FVC), on many of the second-
ary outcomes, and on various subgroups, as
originally planned. Second, the precise reasons
for the increased rates of death and hospitaliza-
tion are unknown. And third, it is difficult to
assess which components of the three-drug regi-
men may be responsible for the observed nega-
tive outcomes. The ongoing comparison of NAC
alone and matching placebo will address the
therapeutic role of NAC alone for patients with
idiopathic pulmonary fibrosis. We anticipate
screening of the last patient in the ongoing study
groups by the second quarter of 2012.

It must be emphasized that our results are
applicable only to patients with well-defined id-

iopathic pulmonary fibrosis who meet the inclu-
sion and exclusion criteria of this trial. Our data
that show increased rates of death and hospital-
ization provide compelling evidence against the
use of the combination of azathioprine, predni-
sone, and NAC for patients with idiopathic pul-
monary fibrosis who have mild-to-moderate im-
pairment in pulmonary function.
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