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ABSTRACT

BACKGROUND
Idiopathic pulmonary fibrosis is a progressive, fatal disease with no known efficacious
therapy.

METHODS

In a double-blind, multinational trial, we randomly assigned 330 patients with idiopath-
ic pulmonary fibrosis that was unresponsive to corticosteroid therapy to receive subcu-
taneous interferon gamma-1b or placebo.

RESULTS

Over a median of 58 weeks, interferon gamma-1b therapy did not significantly affect the
primary end point of progression-free survival, defined as the time to disease progression
or death, and no significant treatment effect was observed on measures of lung function,
gas exchange, or the quality of life. Ten percent of patients in the interferon gamma-1b
group died, as compared with 17 percent of patients in the placebo group (P=0.08).
Treatment with interferon gamma-1b was associated with more frequent constitutional
symptoms. However, the rates of treatment adherence and premature discontinuation
of treatment were similar in the two groups. More pneumonias were reported among
patients in the interferon gamma-1b group, but the incidence of severe or life-threaten-
ing respiratory tract infections was similar in the two groups.

CONCLUSIONS

In a well-defined population of patients with idiopathic pulmonary fibrosis, interferon
gamma-1b did not affect progression-free survival, pulmonary function, or the quality
oflife. Owing to the size and duration of the trial, a clinically significant survival benefit
could not be ruled out.
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DIOPATHIC PULMONARY FIBROSIS IS A
fatal lung disease of unknown cause character-
ized by worsening dyspnea, progressive loss of
lungvolumes, and abnormal gas exchange. The out-
come is dismal, with a median survival of only two
to three years.1-3 Although no therapy has been
demonstrated to be efficacious, a recent consensus
statement recommends treatment of idiopathic pul-
monary fibrosis with antiinflammatory and immu-
nosuppressive therapies such as prednisone in com-
bination with azathioprine or cyclophosphamide.*
However, the only two randomized, controlled trials
of these therapies failed to demonstrate significant
clinical benefit.5-¢ Moreover, both corticosteroids
and cytotoxic agents may have serious side effects.?-
Interferon-y is an endogenously produced cyto-
kine with diverse properties, including antifibrotic,
antiinfective, antiproliferative, and immunomodu-
latory effects.10 Its dose-dependent inhibition of fi-
broblast proliferation, collagen-matrix deposition,
and collagen synthesis has been demonstrated in
vitro and in rodent models.11-13 In idiopathic pul-
monary fibrosis, inflammation and widespread fi-
brosis are believed to result from repeated occult
episodes of focal parenchymal injury. The condition
is also characterized by an excess of profibrotic
cytokines14-17 and a relative deficiency of interfer-
on-vy.18:19 Exogenous interferon gamma therapy
inhibits the expression of these profibrotic cyto-
kines,2° enhances the activation of macrophages
and killing of ingested bacteria,? shifts the T-cell
response toward a macrophage-dominated inflam-
matory response,22-24 and up-regulates the in vitro
expression of antimicrobial peptides by alveolar
macrophages and monocytes.25 Therefore, inter-
feron gamma-1b may influence the course of idio-
pathic pulmonary fibrosis through antifibrotic, an-
tiinflammatory, or antiinfective effects.
In a previous randomized, controlled study,2°
18 patients with corticosteroid-refractory idiopath-
ic pulmonary fibrosis were treated with interferon
gamma-1b (200 pg three times weekly) plus daily
prednisolone or prednisolone alone over a 12-
month period. Treatment with interferon gamma-
1b was associated with significant improvements
in total lung capacity and the partial pressure of ar-
terial oxygen (Pa0,).2° Other studies have suggest-
ed that interferon gamma-1b therapy may reverse or
slow the fibrotic process in cutaneous systemic scle-
rosis2®27 and chronic hepatitis C.28 Given the poor
prognosis of patients with idiopathic pulmonary
fibrosis, the inadequacy and toxic effects of current

treatment options, and encouraging preliminary
data, we performed a randomized, double-blind,
placebo-controlled clinical trial of therapy with in-
terferon gamma-1b in patients with this condition.

METHODS

PATIENTS

Between September 2000 and October 2001, 330
patients from 58 centers in the United States, Eu-
rope, Canada, and South Africa underwent ran-
domization. The diagnosis of idiopathic pulmonary
fibrosis was established according to previously de-
scribed clinical, radiologic, and histologic criteria.*
Eligible patients were 20 to 79 years of age, had had
clinical symptoms of idiopathic pulmonary fibrosis
for at least three months, and had a forced vital ca-
pacity (FVC) thatwas 50 to 90 percent of the predict-
ed value, a carbon monoxide diffusing capacity that
was at least 25 percent of the predicted value, and a
PaO, of more than 55 mm Hg while they were
breathing ambient air at rest.

High-resolution computed tomography (CT)
had to show definite or probable idiopathic pulmo-
nary fibrosis. Definite idiopathic pulmonary fibro-
sis was defined by all of the following: the presence
of a reticular abnormality, traction bronchiectasis,
or both, with a basal and peripheral predominance;
the presence of honeycombing with a basal and pe-
ripheral predominance; and the absence of atypical
features of usual interstitial pneumonia — micro-
nodules, peribronchovascular nodules, consolida-
tion, isolated (nonhoneycomb) cysts, ground-glass
attenuation (or if present, it had to be less extensive
than the reticular opacity), and mediastinal adenop-
athy (or if present, it had to be too limited to be vis-
ible on a chest radiograph). Probable idiopathic pul-
monary fibrosis was defined by the presence of a
bilateral, predominantly basal and subpleural retic-
ular pattern with subpleural cysts (honeycombing),
traction bronchiectasis, or both in the absence of
atypical features of usual interstitial pneumonia.2®
The diagnosis of idiopathic pulmonary fibrosis was
confirmed by either the finding of usual interstitial
pneumonia on surgical lung biopsy or findings on
transbronchial biopsy that were not diagnostic of an
alternative condition.

Additional criteria for eligibility were a decrease
in the predicted FVC of atleast 10 percent, evidence
of worsening disease on a chest radiograph, or evi-
dence of worsening dyspnea at rest or on exertion
within one year before enrollment, as well as a lack
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of improvement despite the receipt of prednisone
therapy (a total dose of atleast 1800 mg) within the
preceding two years. Patients were permitted to con-
tinue taking prednisone (15 mg or less per day) if the
dose remained stable.

Criteria for exclusion were clinically significant
exposure to known fibrogenic agents (e.g., expo-
sure to birds, asbestos, and iatrogenic drugs known
to cause pulmonary fibrosis), an alternative cause of
interstitial lung disease, a ratio of the forced expira-
tory volume in one second (FEV,) to FVC of less
than 0.6 after the use of a bronchodilator, a residual
volume that was more than 120 percent of the pre-
dicted value, active infection within one week before
enrollment, unstable cardiovascular or neurologic
disease, uncontrolled diabetes, pregnancy, lacta-
tion, or a likelihood of death, as predicted by the in-
vestigator, within the next year. Laboratory results
mandating exclusion were a total bilirubin level that
was at least 1.5 times the upper limit of the normal
range; an aspartate aminotransferase, alanine ami-
notransferase, or alkaline phosphatase level that
was more than 3 times the upper limit of the normal
range; a creatinine level that was more than 1.5
times the upper limit of the normal range; an albu-
min level of less than 3.0 mg per deciliter; a white-
cell count of less than 2500 per cubic millimeter;
a hematocritvalue of less than 30 percent or more
than 59 percent; and a platelet count that was less
than 100,000 per cubic millimeter. Prior treatment
with any interferon was prohibited, as was treat-
ment for idiopathic pulmonary fibrosis other than
corticosteroids within the six weeks preceding en-
rollment or the use of investigational agents within
six months before enrollment.

STUDY DESIGN

At each study center, patients were randomly as-
signed in a 1:1 ratio to receive interferon gamma-1b
or placebo subcutaneously three times weekly. The
randomization code was generated by an external
statistician before the trial was initiated, and eligible
patients were randomly assigned to the treatment
groups in equal proportions. Randomization was
performed at each center with the use of a permuted-
block design and stratified according to smoking
status, with nonsmokers defined as patients who
had never smoked cigarettes or who had stopped
smoking more than one year before enrollment, and
smokers as those who had smoked within the pre-
vious year.30 Written informed consent was ob-
tained from each patient or guardian, and the study

was approved by the institutional review board at
each center.

The dose of the study drug was increased from
100 pg to 200 pg three times a week after two weeks.
Bedtime administration of the study drug was rec-
ommended, and pretreatment with acetaminophen
or ibuprofen was required. Patients, their caregivers,
or both were trained at enrollment to administer an
accurate volume of the study drug using aseptic
techniques. Patients kept diaries to provide a rec-
ord of injections and oxygen use; compliance was
monitored by reviewing the diaries and by count-
ing the number of used medication vials.

After base-line measurements had been obtained
and arterial blood gases measured while the patient
was breathing ambient air at rest, pulmonary-func-
tion tests (FVC, FEV,, lung volumes, and carbon
monoxide diffusing capacity) were performed, and
St. George’s Respiratory Questionnaire3! and the
Transition Dyspnea Index32 were administered and
repeated at three-month intervals. Total lung capac-
ity was measured by means of body box plethysmog-
raphy and chest radiography and high-resolution
CT were performed at base line and again at week
48. The difference between alveolar and arterial
oxygen tension (P(A—a)0,) was calculated with use
of a simplified form of the alveolar gas equation
and the known barometric pressure for that day
and site: partial pressure of alveolar oxygen=par-
tial pressure of inspired oxygen— (partial pressure
of arterial carbon dioxide+R), where R, the respi-
ratory quotient, was assumed to be 0.8. Two expert
chest radiologists performed central and indepen-
dent scoring of the extent of lung fibrosis on high-
resolution CT scans obtained from each patient at
base line and week 48. In the event of discrepant
interpretations, a third radiologist evaluated the
scans. Worsening disease on high-resolution CT
was defined as progression in the extent of reticu-
lar opacities or subpleural cysts (honeycombing)
as compared with the base-line findings. The radi-
ologists were unaware of the patients’ identifica-
tion, the patients’ treatment assignments, and the
temporal sequence of the studies.

STATISTICAL ANALYSIS

The primary efficacy end point was progression-
free survival, measured from randomization to ei-
ther disease progression or death. Comparison of
the study groups and estimation of the hazard ra-
tio, with 95 percent confidence intervals, were per-
formed with the likelihood score test from the Cox
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proportional-hazards model, stratified according to
smoking status. Progression of disease was defined
by either of the following changes from base line,
confirmed on a visit 4 to 14 weeks later: a decrease
of at least 10 percent in the predicted FVC or an in-
crease of at least 5 mm Hg in the P(A—a)O, at rest.
Secondary end points were the change from base
line to week 48 in the carbon monoxide diffusing
capacity, FVC, P(A—a)0, at rest, the score on the
St. George’s Respiratory Questionnaire, the score
on the Transition Dyspnea Index, and the extent of
lung fibrosis on high-resolution CT; the most se-
vere monthly requirement for supplemental oxygen;
and progression-free survival. The secondary end
point of progression-free survival was estimated
with the use of an alternative definition of disease
progression, which was any two of the following:
a decrease from base line in the FVC of at least 10
percent, an increase from base line in P(A—a)O, of at

Table 1. Characteristics of the Study Population at Entry.*
Interferon
Gamma-1b Placebo

Characteristic (N=162) (N=168)
Age (yr) 63.6+8.6 63.4+8.6
Male sex (% of patients) 72 66
Race or ethnic group (% of patients){

White 91 86

Black 2 5

Asian 0 3

Hispanic 5 4

Other 2 1
Smoking status (% of patients):

Nonsmokers 95 91

Current smokers 5 9
Days since diagnosis of idiopathic pulmonary ~ 425.3+368.6 378.2+295.2

fibrosis
PaO, at rest (mm Hg) 73.5+10.2 74.1+10.3
Forced vital capacity (% of predicted) 63.9+10.7 64.1+11.3
Carbon monoxide diffusing capacity 37.2£11.2 36.8+10.6
(% of predicted)

Use of prednisone or equivalent (% of patients) 75 77
Use of supplemental oxygen (% of patients) 41 31

3%

Plus—minus values are means +SD. There were no significant differences be-

tween the groups with the use of t-tests for continuous data and chi-square
tests for categorical data. PaO, denotes partial pressure of arterial oxygen.
Because of rounding, percentages may not total 100.

i The race or ethnic group was assigned by the investigator, who used a check-

list comprising these five categories. In the checklist, “white” was referred to

as “Caucasian.”

I Current smokers were defined as those who had smoked cigarettes within the

year before study entry; nonsmokers were defined as those who had never
smoked or who had stopped smoking more than one year before study entry.
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least 5 mm Hg, or a decrease from base line in the
carbon monoxide diffusing capacity of at least 15
percent. Survival was compared in two prespecified
populations with the use of the log-rank test strati-
fied according to smoking status: all randomized
patients according to the intention-to-treat princi-
ple and patients who received at least 80 percent of
the scheduled doses of study drug (the treatment-
adherent cohort). Exploratory subgroup analyses
of survival divided the population at median base-
line values for FVC and carbon monoxide diffusing
capacity. Cox regression models that included vari-
ables for treatment, smoking status, and base-line
FVC were used to test for an interaction between
treatment effect and base-line FVC with respect to
survival.

Final data analysis was performed at a prespeci-
fied point 48 weeks after the 306th patient under-
went randomization. Efficacy analyses included all
randomized patients. Safety analyses included all
patients who received at least one dose of the study
drug. Analysis of covariance was used for continu-
ous variables; categorical variables were analyzed
with the use of the Cochran—Mantel-Haenszel row
mean-scores test, stratified according to smoking
status. For end-point evaluations, values were car-
ried forward from the last available observation for
all patients.

The planned sample of 306 patients provided the
study with 94 percent power to detect a 50 percent
reduction in the primary end point, the rate of dis-
ease progression or death at one year (i.e., from 40
percent to 20 percent). An independent data moni-
toring committee regularly reviewed emerging safe-
ty and efficacy data. Patients were to continue blind-
ed therapy for up to four months after the primary
study analysis. Mortality is being monitored for five
years from the date of randomization for all patients.

All the authors participated fully and integrally
in the design and conduct of the trial, analysis of the
data, and reporting of the results. All were members
of the steering committee, which met regularly to
devise the protocol and discuss issues regarding
study performance, analysis, and interpretation.
The data were held and analyzed by the sponsors.
All authors had full access to the raw data after the
initial analysis, and all authors were encouraged by
the study sponsor to suggest and review additional
analyses that were performed, with the results re-
ported when relevant. No limits were placed on the
analysis or content of the manuscript by the study
Sponsor.
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RESULTS

Of the 330 patients who underwent randomization,
162 received interferon gamma-1b and 168 received
placebo. No imbalances in clinically relevant base-
line characteristics were apparent between the two
groups (Table 1). The majority of patients were
white men 61 to 80 years of age who were nonsmok-
ers and who had received the diagnosis of idiopathic
pulmonary fibrosis more than one year before en-
rollment. The diagnosis was confirmed by the iden-
tification of usual interstitial pneumonia on surgical
lung biopsy in 62 percent of patients in the interfer-
on gamma-1b group and 67 percent of patients in
the placebo group. Findings on high-resolution CT
were interpreted as indicating definite idiopathic
pulmonary fibrosis in 84 percent of patients in the
interferon gamma-1b group and 83 percent of pa-
tients in the placebo group.

The median duration of treatment was 383 days
in the interferon gamma-1b group (range, 13 to 643)
and 374 days in the placebo group (range, 12 to
6406). An average of 93 percent of all scheduled dos-
es were received (i.e., 94 percent in the interferon
gamma-1b group and 92 percent in the placebo
group), and 90 percent of patients complied with
the protocol-specified follow-up visits overall, even
ifthey discontinued treatment. Sixty of the 330 ran-
domized patients (18 percent) — 33 in the interfer-
on gamma-1b group and 27 in the placebo group
— discontinued treatment prematurely: 16 pa-
tients in each group asked to be withdrawn; 8 and
2, respectively, stopped because of an adverse
event; 5 and 1, respectively, withdrew because of an
expected lung transplantation; 1 and 4, respective-
ly, withdrew for other reasons; 3 in each group
were withdrawn by the investigator; and 1 patient
in the placebo group used prohibited therapy. Four
patients in each group underwent lung transplan-
tation during the study period. Seven patients (one
in the interferon gamma-1b group and six in the
placebo group) who discontinued blinded treat-
ment received interferon gamma-1b therapy out-
side the study protocol.

DISEASE PROGRESSION AND MORTALITY

In the primary efficacy analysis, there was no sig-
nificant difference in the duration of progression-
free survival between the interferon gamma-1b and
placebo groups: median time to death or disease
progression, 439 and 344 days, respectively (P=0.5)
(Fig. 1). The hazard ratio for death or disease pro-
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gression in the interferon gamma-1b group, as com-
pared with the placebo group, was 0.9 (95 percent
confidence interval, 0.6 to 1.2). Disease progression
or death occurred in 46 percent of patients in the in-
terferon gamma-1b group and 52 percent of those
in the placebo group. The majority of primary end-
pointevents (88 percent) were disease-progression
events rather than death, and the majority of dis-
ease-progression events in both groups (62 percent)
were increases in the P(A—a)O, at rest.

No treatment effect was discernible with respect
to the mean change from base line to week 48 in the
FVC (—0.20 liter in the interferon gamma-1b group
and —0.16 liter in the placebo group), the P(A—2a)O,
(3.3 and 2.9 mm Hg, respectively), or the carbon
monoxide diffusing capacity (-1.0 and —0.7 ml per
minute per mm Hg, respectively). There was also
no significant difference between the groups in the
mean change in lung fibrosis on high-resolution CT
or in the prespecified alternative definition of pro-
gression-free survival (data not shown).

Vital status was ascertained in all enrolled pa-
tients at the time of study completion. There was no
statistically significant effect on overall survival. Six-
teen of the 162 patients in the interferon gamma-
1b group (10 percent) died, as compared with 28 of
the 168 patients in the placebo group (17 percent)
(P=0.08). The hazard ratio for death in the interfer-
on gamma-1b group, as compared with the placebo
group, was 0.6 (95 percent confidence interval, 0.3
to 1.1) (Fig. 2). Analysis of the treatment-adherent
cohort of patients showed an absolute reduction
in the risk of death of 9 percent in the interferon
gamma-1b group, as compared with the placebo
group, and a relative reduction in the risk of 66 per-
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Figure 1. Kaplan—Meier Estimates of Progression-free Survival among
Patients with Idiopathic Pulmonary Fibrosis.
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Figure 2. Kaplan—Meier Estimates of Overall Survival among Patients
with Idiopathic Pulmonary Fibrosis.

cent (5 percent of 126 patients in the interferon
gamma-1b group and 14 percent of 143 patients in
the placebo group died, P=0.02). The hazard ratio
for death in the interferon gamma-1b group, as
compared with the placebo group, was 0.3 (95 per-
cent confidence interval, 0.1 to 0.9).

Exploratory analyses suggested that the effect of
treatment on the risk of death depended on the FVC
at base line (P=0.05 with the use of a test for inter-
action) and that treatment appeared to have had a
greater effect on survival among patients with less
severe impairment in lung function than among
those with more severe impairment. Among pa-
tients with a base-line FVC above the median (at
least 62 percent of the predicted value), 4 percent of
the 86 patients in the interferon gamma-1b group
died, as compared with 12 percent of the 88 patients
in the placebo group (P=0.04). Conversely, among
156 patients with a base-line FVC thatwas less than
62 percent of the predicted value, no survival bene-
fit was apparent (mortality rate of 17 percent in the
interferon gamma-1b group and 21 percent in the
placebo group, P=0.6). Among patients with a base-
line carbon monoxide diffusing capacity that ex-
ceeded the median (atleast 35 percent of the predict-
edvalue), 5 percent died in the interferon group, as
compared with 13 percent in the placebo group
(P=0.00).

Respiratory events were reported as the cause of
death in 81 percent of the patients in the interferon
gamma-1b group who died and in 82 percent of
those in the placebo group who died. Respiratory in-
sufficiency or progression of idiopathic pulmonary

fibrosis accounted for 62 percent and 71 percent of
these events, respectively. The duration of disease,
sex, a definite diagnosis of idiopathic pulmonary fi-
brosis on high-resolution CT, the mode of histo-
pathological diagnosis of idiopathic pulmonary fi-
brosis, and the use of prednisone during the study
period did not affect the differences in survival be-
tween the groups (data not shown).

DYSPNEA AND THE QUALITY OF LIFE

Neither dyspnea, as assessed by the score on the
Transition Dyspnea Index at week 48, nor the quali-
ty of life, according to the score on the St. George’s
Respiratory Questionnaire at week 48, was affected
by treatment (P=0.9 and P=0.2, respectively).

SAFETY

The overall incidence of adverse events during the
study period was high, with events occurring in
99 percent of patients in the interferon gamma-1b
group and 98 percent of patients in the placebo
group (Table 2). The most common adverse events
in both groups were headache, cough, and upper
respiratory tract infection. The incidence of mild ad-
verse events was 15 percent in the interferon gam-
ma-1b group and 17 percent in the placebo group;
the incidence of moderate adverse events, 40 per-
cent and 47 percent, respectively; the incidence of
severe adverse events, 36 percentand 26 percent, re-
spectively; and the incidence of life-threatening ad-
verse events, 8 percent in each group. The following
severe or life-threatening events occurred in at least
5 percent of patients in each group: hyperglycemia,
defined by a serum glucose level of more than 13.9
mmol per liter (250 mg per deciliter) (9 percent of
the interferon gamma-1b group and 6 percent of the
placebo group); lymphopenia, defined by an abso-
lute lymphocyte count of less than 500 per cubic
millimeter (6 percent and 2 percent, respectively);
and pneumonia (6 percentand 5 percent, respective-
ly). The respective overall incidence of severe or life-
threatening infections was 9 percent in the interfer-
on gamma-1b group and 10 percent in the placebo
group.

Constitutional symptoms, such as fever, rigors,
an influenza-like illness, headache, and myalgia,
were significantly more common among patients
who received interferon gamma-1b, whereas nau-
sea and vomiting were significantly more frequent
among patients who received placebo (Table 2). Se-
vere constitutional symptoms occurred in 6 percent
of patients given interferon gamma-1b, as com-
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pared with 1 percent of those given placebo; no con-
stitutional symptom in either group was graded as
life-threatening. A time-based analysis of fever and
rigors among patients receiving interferon gamma-
1b showed that these symptoms diminished greatly
after the first several weeks, despite continued ther-
apy. Whereas 14 percent of patients reported fever
and 14 percent of patients reported rigors in the first
two weeks of interferon gamma-1b therapy, only
8 to 9 percent of patients reported either symptom
in the subsequent two weeks; these percentages
decreased further to 5 percent or less in any subse-
quent month during the next six months. Also, no
more than 3 of the 33 patients reporting fever or 2 of
the 34 patients reporting rigors in the first month
of interferon gamma-1b therapy reported these
symptoms in any of the subsequent five months of
therapy.

Respiratory tract infections, reported by site in-
vestigators without the use of predefined criteria,
occurred in 68 percent of patients in the interferon
gamma-1b group and 56 percent of those in the pla-
cebo group. Of these infections, pneumonias (re-
ported without the use of predefined criteria) ac-
counted for 15 percent and 8 percent, respectively,
and unspecified respiratory tract infections account-
ed for 12 percentand 11 percent, respectively. Severe
or life-threatening respiratory tract infections were
reported in 8 percent of patients in each group.
Twenty-nine respiratory tract infections resulted in
the hospitalization of 26 patients in the interferon
gamma-1b group (16 percent), as did 19 such infec-
tions in 16 patients in the placebo group (10 per-
cent). Respiratory tract infections resulted in three
deaths in each group. Only one respiratory tract in-
fection — acute bronchitis and pneumonia in a pa-
tient in the placebo group — resulted in the with-
drawal of treatment.

DISCUSSION

We conducted a large, randomized, multinational,
double-blind, placebo-controlled trial in a well-
defined population of patients with idiopathic pul-
monary fibrosis who had high rates of adherence
to the protocol and treatment regimen. No signifi-
cant differences were noted in the primary outcome
measure of progression-free survival (defined as ei-
ther disease progression or death) or in convention-
al measures of lung function and gas exchange at
rest, or the quality of life. Our results differ from
those of another randomized, controlled trial of in-
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Table 2. Adverse Events Occurring in at Least 15 Percent of Patients.
Interferon
Gamma-1b  Placebo
Adverse Event (N=162) (N=168) P Value*
no. of patients (%)

Any adverse event 161 (99) 165 (98) 0.33
Headache 86 (53) 52 (31) <0.001
Upper respiratory tract infection:: 82 (51) 63 (38) 0.02
Coughf 59 (36) 59 (35) 0.81
Fever 53 (33) 16 (10) <0.001
Rigors 53 (33) 15 (9) <0.001
Fatigue€| 39 (24) 33 (20) 0.33
Dyspnea| 39 (24) 43 (26) 0.74
Pain 37 (23) 23 (14) 0.03
Diarrhea®* 37 (23) 35 (21) 0.66
Arthralgia 33 (20) 23 (14) 0.11
Influenza-like illness 31(19) 13 (8) 0.002
Myalgia 30 (18) 15 (9) 0.01
Nausea, vomiting, or both7 29 (18) 49 (29) 0.02
Back pain 29 (18) 20 (12) 0.13
Chest pain 26 (16) 27 (16) 0.10
Nasal congestion 25 (15) 26 (15) 0.10
Bronchitisii 25 (15) 29 (17) 0.65
Dizziness 18 (11) 29 (17) 0.11

P values were derived from the chi-square test.

7 Headache includes headache, aggravated (worsened) headache, migraine,
and sinus headache.

I Upper respiratory tract infection includes any upper respiratory tract infec-
tion, viral upper respiratory tract infection, sinusitis, acute sinusitis, otitis
media, ear infection, laryngitis, nasopharyngitis, and streptococcal pharyngitis.

§ Cough includes any cough, aggravated (worsened) cough, and productive
cough.

9§ Fatigue includes any fatigue and aggravated (worsened) fatigue.

| Dyspnea includes any worsening dyspnea, exacerbated dyspnea, and exertion-
al dyspnea.

*#* Diarrhea includes diarrhea and aggravated (worsened) diarrhea.

7{This category includes any nausea, aggravated (worsened) nausea, and vom-
iting.

TiBronchitis includes any bronchitis, acute bronchitis, acute exacerbation of

chronic bronchitis, and tracheobronchitis.

terferon gamma-1b therapy in 18 patients with idio-
pathic pulmonary fibrosis, which reported a signif-
icant improvement in total lung capacity and PaO,
over a one-year period.2° The reason for these differ-
ences is notapparent. In the previous study, lung tis-
sue from all patients was characterized by a nearly
complete lack of expression of interferon-vy at entry;
we did not perform a similar molecular analysis.
Conceivably, therefore, patients in the prior study
represent a subgroup of patients with idiopathic

JANUARY 8, 2004

Downloaded from www.nejm.org on November 11, 2009 . For personal use only. No other uses without permission.
Copyright © 2004 Massachusetts Medical Society. All rights reserved.

131



132

The NEW ENGLAND JOURNAL of MEDICINE

interstitial pneumonia who were not well repre-
sented in our study.

Our study was designed and powered to detecta
difference in the composite primary outcome, which
measured disease progression or death, rather than
in overall survival. Nevertheless, we observed a trend
toward enhanced survival in all randomized patients
who were treated with interferon gamma-1b, as
compared with those receiving placebo (an abso-
lute reduction in the risk of death of 7 percent and a
relative reduction in the risk of 41 percent), which
was more pronounced in patients who adhered to
treatment (an absolute reduction in the risk of death
of 9 percent and a relative reduction in the risk of
66 percent). This finding in treatment-adherent pa-
tients may reflect either a true benefit of treatment
or a post-randomization bias somehow related to
the administration of the study medication. For ex-

of patients who had less severe impairment in lung
function at base line. Our study design and data do
not allow us to draw treatment inferences from
these analyses.

In summary, our results demonstrate that over
a one-year period interferon gamma-1b therapy
does not significantly influence conventional mark-
ers of disease progression measured at rest in
patients with idiopathic pulmonary fibrosis. Long-
er and larger studies are needed to investigate fur-
ther whether interferon gamma-1b increases sur-

vival among patients with this devastating disease.
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APPENDIX

The members of the Idiopathic Pulmonary Fibrosis Study Group are as follows: Investigators (listed first) and Study Coordinators (listed
second) — A. Adlakha, S. Tarczynski (Carolina Pulmonary Physicians, Rock Hill, S.C.), G. Ainslie, R. Kalam (Groote Schuur Hospital,
Capetown, South Africa), T. Bai, H. Truchan (St. Paul’s Hospital, Vancouver, B.C., Canada), R. Baughman, D. Wingst (University of Cincin-
nati Medical Center, Cincinnati), S. Bhorade, L. Norwick (Loyola University Medical Center, Maywood, 1ll.), K.K. Brown, D. Kervitsky (Na-
tional Jewish Medical Center, Denver), W. Calhoun, L. DiNella (University of Pittsburgh Medical Center, Pittsburgh), C. Chan, L. Jamieson
(University of Toronto, Toronto), K. Chan, T. Turpen (Henry Ford Hospital, Detroit), J. Chapman, S. Slattery (Cleveland Clinic Foundation,
Cleveland), L. Chen, J. Turner (San Francisco General Hospital, San Francisco), M. Clark, R. Sanders (Pulmonary and Critical Care Consult-
ants of Austin, Austin, Tex.), M. Crain, D. Pate (Princeton Pulmonary Group, Birmingham, Ala.), G. Davis, M. Lynn (University of Vermont,
Burlington), A. Dhar, M. Hrytsytk (Pulmonary and Critical Care Consultants, Windsor, Ont., Canada), M. Drent, E. terr Hoor (Academisch
Ziekenhuis Maastricht, Maastricht, the Netherlands), R. du Bois, N. Goh (Royal Brompton Hospital, London), J. Egan, N. Anthony (Mater
Misericordiae Hospital, Dublin, Ireland), R. Enelow, T. Haram (University of Virginia Medical Center, Charlottesville), N. Ettinger, S. Merli
(Cardiopulmonary Associates, Chesterfield, Mo.), A. Frost, R. Holy (Baylor College of Medicine, Houston), M. Glassberg, A. Brown (Uni-
versity of Miami School of Medicine, Miami), J. Golden, M. DesMarais (University of California, San Francisco, San Francisco), Y.D. Haim,
B. Rzeszutko (Central Florida Pulmonary Group, Orlando), P. Hassoun and G. Finlay, L. Lawler (New England Medical Center, Boston), H.
Hollingsworth, P. Goncalves (Boston University School of Medicine, Boston), R. Jackson, T. Meadows (University of Alabama at Birming-
ham, Birmingham), M. Kallay, A. Celebie (Highland Hospital, Rochester, N.Y.), M. King-Biggs, A. Beyle (University of Minnesota, Minne-
apolis), L. Lancaster, R. Sanderson (Vanderbilt University Medical Center, Nashville), J. Lasky, S. Ditta (Tulane University Medical School,
New Orleans), D. Lorch, T. Schoh (Pulmonary Associates of Brandon Clinical Research, Brandon, Fla.), J. Lynch, A. Alousha (Washington
University School of Medicine, St. Louis), Y. Mageto, M. Meachom (University of Texas, Dallas), F. Martinez, D. Dahlgren (University of
Michigan, Ann Arbor), C. McKee, T. Hamilton (Brigham and Women’s Hospital, Boston), K. Meyer, S. Wilson (University of Wisconsin,
Madison), A. Millar, A. Hann (Southmead Hospital, Bristol, United Kingdom), Z. Mohsenifar, D. Balfe (Cedars Sinai Medical Center, Los
Angeles), F. Morell, L. Reyes (Hospital General Vall d’Hebron, Barcelona, Spain), S. Nathan, S. Theodoslod (Inova Institute of Research,
Falls Church, Va.), PW. Noble, K. Shrauger (Yale University School of Medicine, New Haven, Conn.), I. Noth and M. Strek, J. Au (University
of Chicago, Chicago), K. Olivier, R. Wells (Wilford Hall Medical Center, Lackland AFB, Tex.), M. Padilla, A. Behnegar (Mount Sinai Medical
Center, New York), A. Polito, C. Bloom (Johns Hopkins School of Medicine, Baltimore), G. Raghu, A. Snydsman (University of Washington,
Seattle), G. Rosen, S. Jacobs (Stanford University Medical Center, Stanford, Calif.), J.H. Ryu, K. Carlson (Mayo Clinic, Rochester, Minn.),
S.A. Sahn, R. Oser (Medical University of South Carolina, Charleston), T. Schaumberg and M. Chesnutt, S. Leonard (Oregon Clinic, Port-
land), N. Schluger, P. Jellen (Columbia University, New York), M. Steele, C. Willis (Duke University Medical Center, Durham, N.C.), R. Stri-
eter, V. Christedoulou (University of California, Los Angeles, Los Angeles), V. Valentine, T. Lanning (Ochsner Clinic Foundation, New Or-
leans), M. Wencel, D. Sturgeon (Wichita Clinic, Wichita, Kans.), A. Xaubert (Servei de Pneumologia Hospital Clinic, Barcelona, Spain), D.
Zisman, L. Douglas (University of Pennsylvania Health System, Philadelphia); Radiologists— D.A. Lynch (University of Colorado Health Sci-
ences Center, Denver), J.D. Godwin (University of Washington, Seattle), W.R. Webb (University of California San Francisco, San Francisco);
Data Monitoring Committee — T. Fleming (University of Washington, Seattle), A. Reis (University of California, San Diego, La Jolla), D. Riley
(Rutgers Medical School, Newark, N.J.).
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