
Introduction

Idiopathic pulmonary fibrosis (IPF) is a chron-
ic progressive form of restrictive lung disease that in-
volves fibrosis and distortion of lung architecture.
Most patients die from progressive respiratory fail-
ure (1). Lack of clinical response to immunosuppres-
sive therapies has led to the concept that repetitive
epithelial injury, fibroblast activation, microvascular
injury, and dysregulation of normal wound repair
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lead to fibrosis (2-6). Primary Endpoints for treat-
ment protocols have included mortality as well as
pathophysiologic surrogates e.g. the 6-minute walk
and Forced Vital Capacity (FVC), as a substitute for
mortality but many patients exhibit relatively small
changes in all of these parameters over time com-
pared to placebo (7-9).

Identification of short-term predictors of disease
progression and mortality i.e. ‘disease surrogates’
would be very valuable in assessing potential drug ther-
apies and prognosis. For example in this Journal, Lup-
pi and colleagues measured endogenous interferon-
gamma (IFN-γ) production in seven patients before
and after treatment with subcutaneous IFN-γ. 

They found that 3 of the 7 with the lowest base-
line levels of endogenous IFN-γ had worsening pul-
monary function over time, the other patients re-
mained stable or improved (10).

In general, most investigators follow serial pul-
monary function testing to monitor the clinical
course of the disease with a combination of small
changes in multiple physiological endpoints used to
predict prognosis (7). Currently, antifibrotic agents
for IPF in phase 3 trials are focusing on the surro-
gate endpoint, FVC (6,9,11).

Although subcutaneous IFN-γ failed to modify
the course of IPF in large clinical trials, IFN-γ is the
signature Th1 cytokine endogenously produced by T
cells and natural killer cells which, exhibits antifi-
brotic, antiproliferative, and immunomodulatory
properties (5,12-14). Our group feels that the failure
of subcutaneous therapy may be due to the difficulty
in getting much of the agent into the lung. 

We have hypothesized that targeting the lung
directly with inhaled IFN-γ may be more successful.
In a recently published Phase I/II safety study, Diaz
et al. (12), successfully administered aerosolized
IFN-γ to 10 patients with IPF for over 80 weeks. 

They demonstrated that it was safely and effec-
tively delivered to the lung parenchyma with no sys-
temic side effects. Similar to the study of Luppi et al,
we are looking for a treatment signal by analyzing the
serial full pulmonary function data (PFTs) measured
by Diaz et al, before and after inhaled IFN-γ therapy. 

The paper by Diaz et al was not an efficacy
study and it was not intended to look for changes in
PFTS. Diaz et al. measured serial PFTs, 6 min walk,
plasma levels, bronchoalveolar drug and cytokine
levels for safety. 

Those authors reported PFT data for 80 weeks
of therapy. Besides the fact that inhaled IFN-γ was
found to be safe, the PFT data suggested a possible
drug effect. 

The present paper presents the results of a for-
mal analysis of that data. 

We found evidence for a drug effect following
inhaled IFN-γ. 

We also performed a power analysis of that da-
ta to help design future placebo controlled clinical
trials.

METHODS

We performed a statistical assessment of the re-
sults reported in Diaz et al and developed a model to
design phase 3 treatment trials. Full description of
materials and methods of the Diaz study are de-
scribed in detail in Diaz, et al (12).

Ten patients with IPF received inhaled IFN-γ
(Actimmune, InterMune) 100µg 3x/week for 80-
130 weeks delivered with I-neb [Philips Respiron-
ics], using a monitored slow and deep breathing pat-
tern. Deposition of radiolabeled IFN-γ in the lungs
was determined using a gamma camera. Full PFTs
were measured 20-50 weeks before treatment and
monthly during treatment (average 13 tests/patient). 

STATISTICAL ANALYSIS

Effects of inhaled IFN-γ on PFTs

Our approach was to compare trends of the
available PFT data before and after inhaled therapy.
While there was no placebo group the patient’s own
data acted as a control. Linear mixed models for
modeling longitudinal data were used to test if the
PFT change over time was significantly different be-
fore and after inhaled IFN-γ. 

Autoregressive dependence structure with order
one was consistently selected as the best one to mod-
el the intra-patient correlation over time based on
Akaike Information Criteria (AIC). Normality as-
sumption was confirmed. Eighty-nine observations
were used to build models. Significance level was set
at 0.05 and all analysis was done in SAS 9.3 (SAS
Institute Inc., Cary, NC). 



39Inhaled interferon and diffusion capacity in idiopathic pulmonary fibrosis (IPF)

Statistical consideration for randomized controlled trial
design

We designed randomized control trials compar-
ing interferon vs placebo and comparing interferon
vs pirfenidone, a therapy approved in Europe and
under evaluation in the US based on longitudinal
PFT data.

These calculations provide an estimate of the
power of the effects of inhaled IFN-γ compared to
placebo or, if needed, for a comparative trial with
pirfenidone.

Statistical Study design

Patients will be randomized to two treatment
arms on a 1:1 ratio; both treatments last for 48
weeks. Patients’ PFT measurements will be record-
ed at baseline and every 4 weeks till week 48. The
primary endpoint is the longitudinal DLCO mea-
surement (% predicted).

Historical data

In both PIPF-004 and PIPF-006 studies (No-
ble et al. (2011) (11) the change in FVC over time
can be well approximated by a linear function (Fig-
ure 2 in ref 11). We assume that the change pattern

in DLCO is similar to that in FVC, that is, it also
has a linear changing pattern over time. Table 2 in
Noble et al. (2011) suggested that the change rates in
DLCO over 72 weeks were -8.8/72=-0.122%/week
and -9.6/72= -0.133%/week in patients who were
treated with pirfenidone 2403 mg/day and placebo,
respectively. 

Average baseline DLCO in both studies were
about 47% predicted.

Our in-house data suggested that the change
rate in DLCO was estimated about -0.2579 %/week
before interferon treatment and +0.06%/week after
interferon treatment started. Average baseline DL-
CO were estimated at 49% predicted. 

Therefore, in the sample size calculation based
on simulation, it is assumed that the change rates in
DLCO in interferon, pirfenidone, and placebo
groups are +0.06%/week, -0.125%/week, and-
0.25%/week, respectively and Baseline DLCO was
assumed at 50% predicted. 

Variance components values used in simulation
were all based on our in-house data. 

RESULTS

Detailed PFT data are listed in the table. Pa-
tients were treated for a maximum of 132 weeks. On
average there was an obvious decline in TLC and

Table 1. Patient demographics and pulmonary function tests before and after treatment with inhaled IFN-γ. Inhaled therapy started at
baseline. 

Demographics FVC as % predicted TLC as % predicted DLCO as % predicted

Pt Age Sex -20 Baseline Final % Final -20 Baseline Final % Final -20 Baseline Final % Final
weeks FVC Week weeks TLC Week weeks DLCO Week

1 58 M 76.5 82 82 132 76.0 70 74 132 66.6 58 82 132

2 75 M 86.7 85 78 109 78.0 78 65 109 35.2 33 20 109

3 67 M 64.0 58 55 118 64.5 59 83 118 56.0 48 57 118

4 71 M 84.2 75 96 103 99.5 79 89 103 77.7 62 71 103

5 67 F 67.5 68 43 109 56.7 60 46 109 51.0 47 40 109

6 75 M 63.3 69 83 107 78.6 72 79 107 44 52 107

7 63 F 70.0 72 46 87 61.0 61 50 87 36.1 38 37 87

8 64 M 85.5 93 90 88 75.9 74 78 88 67.8 63 65 88

9 75 M 103.5 104 107 97 92.0 92 85 97 47.1 43 43 97

10 69 M 84.2 86 69 81 78.8 75 60 81 69.1 52 53 81

MEAN 68.4 78.5 79.2 74.9 76.1 72.0 70.9 56.3 48.8 52.0
SEM 1.8 4.0 4.3 6.8 4.2 3.2 4.7 5.0 3.2 5.7
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DLCO during the period of observation before start
of inhaled therapy with IFN-γ (inhaled therapy ini-
tiated at baseline).

At the end of treatment TLC was unchanged
from baseline, and DLCO increased. Figure 1 is a
spaghetti plot of individual PFT data for all 10 pa-
tients. 

The figure illustrates an inflection point at base-
line for TLC and DLCO with an increase in DLCO
soon after initiation of inhaled IFN-γ. 

The rate of change in DLCO was about 
-0.2579 %/week before interferon treatment and
+0.06%/week after interferon treatment started. The
average baseline DLCO was estimated at 49% pre-
dicted. 

The change over time in DLCO was signifi-
cantly different before and after interferon treat-
ment. More specifically, DLCO decreased over time
before treatment but increased after treatment (p-
value=0.03). Changes in TLC, FRC, RV and FVC
were not statistically significant in this small pilot
study.

Figures 2 and 3 have the estimated powers for
different sample sizes based on 1000 simulation runs
at each sample size. Solid lines result from assuming
all patients are fully evaluable while dashed lines as-
sume 10% patients have partial PFT measurements

because of early withdrawal or death. For example,
with a sample size of 60, a placebo controlled, ran-
domized trial has about 90% power to detect signif-
icant difference in the change rate of DLCO in the
groups of patients treated with Interferon and those
treated with placebo. Figure 3 represents the power
curves for a trial comparing interferon vs pir-
fenidone.

DISCUSSION

Our analysis of the data reported by Diaz et al
demonstrates that inhaled IFN-γ significantly im-
proved DLCO, an effect that may be important in
the long-term treatment of the disease. 

This effect has not been seen in trials using sub-
cutaneous IFN-γ and our results support the idea of
targeted therapy direct to the lungs via aerosol (15-
17). Further, because the effect was significant in
such a small group the changes in DLCO have a
strong influence in the design of a randomized
placebo controlled study (e.g. 90% power in 60 pa-
tients). 

While preliminary, comparison with the report-
ed pirfenidone data reported by Noble et al indicate
that inhaled IFN-γ may be a more potent drug be-

Fig. 1. Spaghetti plot of pulmonary functions before and after initiation of inhaled interferon therapy (inhaled therapy started at “baseline”. O
weeks). Data are plotted as percent change from baseline. Mean data shown as bold line. There is an inflection point after therapy for TLC and
DVCO. The change in slope of the DLCO was significant.
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cause the proposed pirfenidone vs inhaled IFN-γ
RCT requires only 180 patients to demonstrate a
significant superior effect. 

It is difficult to conclude with certainty that a
change over time in FVC or DLCO is a valid surro-
gate for survival (18). However, IPF is a rare disease
and using survival as a primary endpoint raises prac-
tical and ethical questions (19,20).

Although FVC is used as a surrogate marker for
treatment effect, baseline FVC is of unclear predic-
tive value (9). Baseline and serial decline in PFT val-
ues have shown mixed associations with survival and
therapeutic effect in IPF. Our analysis differs from
those reported because we looked at serial tests be-
fore and after an intervention. 

Abnormal DLCO levels are important in pa-
tients with restrictive lung disease. The DLCO de-
clines with restrictive lung disease because of the re-
duced area for gas exchange (2).

Therefore, DLCO has been shown as a reliable
predictor of survival at baseline, and a threshold of
approximately 40 percent predicted has been associ-
ated with an increased risk of mortality (1,2). Han-
son et al was able to demonstrate that patients with
an improved or unchanged DLCO over 1 year had a
enhanced survival as compared to those with a
greater than or equal to 20% decrease in DLCO (21)
DLCO has been shown as a critical factor for evalu-
ating disease status and prognosis in IPF patients
(21,22).

Why did IFN-γ affect the DLCO in our pa-
tients? Inhibition of TGF-β is desirable on a cellular
level but connecting cellular responses to a measured
clinical parameter is difficult. However, there are
other possible effects of IFN-γ that may be impor-
tant. Folicik et al have found evidence for repeated
viral infection in patients with IPF (23). In 21 pa-
tients with IPF lung biopsies were examined for a
series of γ-herpesviruses’ DNA/RNA and related
proteins using in situ hybridization and reverse tran-
scriptase-polymerase chain reaction (RT-PCR)-
based methods. They detected four proteins known
to be in the genome of several γ-herpesviruses (cy-
clin D, thymidylate synthase, dihydrofolate reduc-
tase, and interleukin-17). IFN-γ has antiviral effects
and this may be an additional potential mechanism
for therapy in this disease.

Our results are preliminary and limited by the
small number of patients. In addition, the DLCO,
as a test, is more difficult to perform than simple
spirometry. However, if there was random variation
in the DLCO test for technical reasons then we

Fig. 2. Power curve to detect a significant different change rate in
DLCO using a placebo controlled, randomized trial. Dashed line as-
sumes 10% dropouts.

Fig. 3. Power curve to detect a significant different change rate in
DLCO using a randomized trial with pirfenidone as active control.
Dashed line assumes 10% dropouts.
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should not have been able to detect a significant
therapeutic effect in only 10 patients.

Our results suggest a rationale for using serial
changes in measured PFT before and after treatment
as criteria for comparing therapeutic regimens (12).
A decreasing DLCO before treatment may be a use-
ful parameter for selecting the cohort of individuals
declining more rapidly over time. 

These patients may have a more readily identi-
fiable disease pattern before and after treatment with
inhaled IFN-γ.
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