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ABSTRACT: Idiopathic pulmonary fibrosis (IPF) is a disease with progressive and
devastating deterioration of lung function and a fatal prognosis, despite aggressive
therapeutic attempts, which, in the majority of cases are futile.

Recently, a preliminary study of long-term treatment with interferon (IFN)-c1b and
low-dose prednisolone in patients with IPF suggested that IFN-c1b treatment may
improve lung function parameters of patients with IPF. Ever since, specialists in
respiratory medicine who treat patients with IPF, are called by patients demanding
treatment with IFN-c1b. Therefore, the authors here present another prospective
investigation of IFN-c1b in five patients with IPF.

According to the previously published design, patients received 200 mg IFN-c1b

subcutaneously three-times per week and 10 mg prednisolone orally for 12 months. Two
patients stopped IFN-c1b treatment after 4 months due to side-effects and further lung
function deterioration and one patient died 3 months after commencement of therapy.
In total, pulmonary function improved in only one patient during IFN-c1b treatment,
while four patients deteriorated.

To conclude, this small series of idiopathic pulmonary fibrosis cases treated with
interferon-c1b and corticosteroids does not support previous data that this treatment
improves pulmonary function or alters the natural course of idiopathic pulmonary
fibrosis. Furthermore, in the authors9 experience, side-effects of interferon-c1b

treatment can significantly reduce patients9 quality of life.
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Idiopathic pulmonary fibrosis (IPF) is a devastating disease
with progressive deterioration of lung function and a fatal
prognosis, despite aggressive therapeutic attempts. Studies
using the definition of IPF according to the renewed
classification by KATZENSTEIN and MYERS [1] indicated that
irrespective of treatment, the median survival of patients with
IPF is 3–5 yrs after the onset of symptoms [2, 3]. No
pharmacological therapy has been proven to alter or reverse
the pathological changes of IPF [4]. Recently, a preliminary
study of long-term treatment with interferon (IFN)-c1b and
low-dose prednisolone in these patients, suggested that
subcutaneous IFN-c treatment not only prevented further
pulmonary function deterioration, but also led to a slight
improvement of lung function parameters in IPF [5]. A
reanalysis of this study on a case-by-case basis by RAGHU et
al. [6] using the criteria of the American Thoracic Society
(ATS)/European Respiratory Society (ERS)/American Col-
lege of Chest Physicians (ACCP) [4] concluded that this study
was limited by a low number of patients and heterogeneity in
the patient cohort. Furthermore, the expert panel emphasised
that the results needed confirmation by a phase-III clinical
trial to determine the potential efficacy of IFN-c1b in the
treatment of IPF.

The rationale to use recombinant IFN-c1b in the treatment
of IPF is supported by in vitro data and animal studies. The
production of collagen by fibroblasts is blocked by IFN-c [7].
In an animal model of bleomycin-induced pulmonary fibrosis,

recombinant IFN-c ameliorated the resulting pulmonary
fibrosis [8]. Furthermore, several studies suggested that in
pulmonary fibrosis there is a shift towards a T-helper (Th) cell
type-2 immune response [9]. Therefore, the Th1 cytokine
IFN-c may be able to rebalance the shifted Th1/Th2 response
[10].

Although the preliminary nature of their results was
emphasised by the authors [5] and further studies were
requested (that are now ongoing), this study generated
enormous demand for IFN-c treatment in affected patients.
Since the publication of the study, specialists for respiratory
medicine attending IPF patients in Europe, and presumably
also in North America, have been approached by patients
demanding treatment with IFN-c1b despite its enormous
costs. Based on this background, the authors have treated five
patients with IPF with IFN-c1b. The authors acknowledge
that this study has similar limitations to those previously
reported [5]. The present data with IFN-c1b in the treatment
of IPF, which is based on a similar number of patients as
previously published, will aid in such therapeutic decisions.

Methods

Patients were enrolled for treatment after giving written
informed consent. The study was approved by the local ethics
committee. Recombinant IFN-c1b was kindly provided by
Boehringer Ingelheim, Biberach an der Riss, Germany. Every
patient received IFN-c1b subcutaneously in a maintenanceFor editorial comments see page 872.
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dose of 200 mg three-times per week. The initial dose was
50 mg, which was increased by 50 mg per injection until the
maintenance dose was reached. During therapy, patients were
allowed to take paracetamol as needed to treat side-effects of
IFN-c1b, namely flu-like symptoms. In addition, every patient
was maintained on low-dose prednisolone (10 mg once daily),
which all patients had received prior to entry into the study
without any noticeable clinical improvement or improvement
in pulmonary function parameters.

Pulmonary function

Repeated pulmonary function tests were performed in a
body plethysmograph (Jäger, Würzburg, Germany). Blood-
gas analyses were performed with arterialised capillary blood
from the earlobe at rest and during a steady-state bicycle
exercise at a level of 25, 50, 75 or 100 Watts depending on the
clinical status of the patient. The carbon monoxide transfer
factor (DL,CO) was measured by a single-breath method,
using a gas mixture of 0.2% carbon monoxide and 8% helium
and was corrected for haemoglobin levels.

Patients9 follow-up visits were arranged at least every 3
months with complete lung function testing at each visit.
The response to IFN-c1b was determined according to the
published ATS/ERS/ACCP criteria [4]. Total lung capacity
(TLC) improvement was defined as an increase of o10% of
the predicted per cent value or an absolute increase of
o200 mL. A response was regarded as stable when the
change in TLC was notw9% orv200 mL, and worsening was
defined as a decrease in TLC of o10% or a decrease of
o200 mL. An improvement in arterial oxygen tension (Pa,O2)
was defined as an increase of o0.53 kPa (4 mmHg) from
baseline, a stable response was recognised as a change of
v0.53 kPa (4 mmHg), and a worsening in Pa,O2 was defined
as a decrease of o0.53 kPa (4 mmHg) from baseline. An
increase of o15% predicted of DL,CO was defined as an
improvement. Worsening DL,CO was defined as a decrease of
o15% pred.

Histopathological analysis

An initial histopathological analysis of open lung biopsies
was performed at the local pathology institutes, where each
biopsy was performed. For final reanalysis, specimens were
sent to an expert pulmonary pathologist. The histopatholo-
gical diagnosis of IPF was based on typical microscopic
findings in the absence of infection, granuloma, vasculitis or
malignancy. Tissue sections were examined according to the
recently published criteria by KATZENSTEIN and MYERS [1],
which were adopted by the ATS/ERS/ACCP [4]. These are
defined as a nonuniform histological pattern with zones of
fibroblast foci, normal lung architecture, alveolitis and
interstitial fibrosis.

High-resolution computed tomography: thorax

High-resolution computed tomography (HRCT) scans
were available for each patient. An expert group of two
specialists for respiratory medicine and one radiologist
reviewed all scans. The diagnosis of IPF on HRCT was
made according to the published criteria by the ATS/ERS/
ACCP [4]. These are defined as patchy, predominately
peripheral, subpleural bibasilar reticular abnormalities and
ground-glass opacities, usually limited in extent. In areas of
more severe involvement and advanced disease, traction

bronchiectasis and bronchioloectasis and/or subpleural honey-
combing was described. The ATS/ERS/ACCP state that the
accuracy of a confident computed tomography diagnosis of
IPF made on HRCT by a trained observer appears to be
y90%, according to data from JOHKOH et al. [11].

Statistics

Due to the limited patient number, results are reported by
descriptive statistics only. To compare the patient cohort
described by ZIESCHE et al. [5] with the present patient cohort,
an unpaired t-test was performed.

Results

The study was started in 1997, and the last patient was
included in 2000. Five patients were enrolled in the study.
Results are presented as mean¡SD. Age was 57.8¡7.6 yrs and
all patients were currently nonsmoking males. Three patients
were significant exsmokers. Further patient characteristics are
described in table 1. Four of the five patients showed a usual
interstitial pneumonia (UIP) pattern on histopathological
examination of surgical lung biopsies (high confidence level),
while one patient (patient 4) was classified as probable UIP.
In this patient the tissue specimen showed only diffuse
honeycombing and extensive interstitial fibrosis. Clinical and
radiological data of this patient, however, also suggested IPF.
In every patient, case history, clinical examination and
laboratory analyses did not reveal any pathological results
typical for rheumatic disease.

High-resolution computed tomography scans

Each patient showed predominantly bibasilar, subpleural
honeycombing and more or less pronounced ground-glass
opacification. The computed tomography scans of each patient
were compatible with a UIP pattern according to the ATS
criteria [4].

Duration of therapy

Two patients completed 12 months of treatment with IFN-
c1b. Two patients terminated further therapy after 4 months
because of side-effects (severe flu-like symptoms following
IFN-c1b injection), in addition to further deterioration of
pulmonary function. One patient died after 3.5 months of
therapy with IFN-c1b. At autopsy, the cause of death was
attributed to acute right heart failure due to end-stage pulmo-
nary fibrosis. Patient 3 decided to continue treatment after the
study was finished.

Pulmonary function

TLC % pred before entry into the study was 57.2¡9.1%. At
entry into the study, only one patient (patient 5) had a TLC
that was v50% pred. However, the baseline TLC % pred of
the patient cohort was significantly lower (unpaired t-test,
p=0.038) than in the study by ZIESCHE et al. [5] (nine patients,
TLC 70¡10%). After 12 months, mean TLC % pred
decreased in three of four patients and one patient died
(patient 5). Individual values are depicted in figure 1. In
addition, there was a deterioration of mean Pa,O2 at rest in
three patients, one of which died (fig. 1). The individual
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courses of the TLCs are shown in figure 2. Patient 4 was lost
to follow-up with pulmonary function tests, while patient 3
continued treatment after the end of this 1-yr study.

Mean Pa,O2 at rest before entry into the study was
8.91¡1.34 kPa (67.0¡10.1 mmHg), and on maximal exertion

was 7.25¡1.57 kPa (54.5¡11.8 mmHg). Pa,O2 at rest main-
tained stable in two patients and decreased in three patients
by w0.53 kPa (4 mmHg). Furthermore, there was a decrease
in the Pa,O2 measured during maximally tolerated exertion
in three of four patients by w0.53 kPa (4 mmHg). Based on

Table 1. – Patient characteristics

Patient

1 2 3 4 5

Age yrs 49 54 68 63 55
Origin White White White White White
Sex Male Male Male Male Male
Nationality German German German Assyrian German
First diagnosis 1996 1992 1996 April 1999 1997
Previous therapy Prednisolone since

1996, warfarin
since 1992

Prednisolone since
1997, azathioprine
1997– February
1998

Prednisolone since 1997,
cyclophosphamide
1997– 1998

Prednisolone since
1999

Prednisolone since
1997

Concomitant disease Portal vein
thrombosis due
to protein C
and AT III
deficiency

Goiter Myocardial infarction
1992, DVT 1988

1997 transurethral
resection of
prostate gland

None

Smoking status 20 pack-yrs until
1985

50 pack-yrs until
1986

50 pack-yrs until 1992 Never smoked Never smoked

Profession Businessman Heating technician College teacher Army officer Lawyer
Treatment date with

IFN-c1b

September 1997–
January 1998

May 1998–
September 1998

May 1998–May
1999

January 2000–
January 2001

March 2000–June
2000

Special remarks Sister died of
probable
IPF. Was listed
for LTx and
received a graft
lung in 2000

Was listed for LTx
and received graft
lung May 1999

Lost for follow-up Was listed for LTx.
Died after 3
months of therapy
with IFN-c;
autopsy findings
and clinical data
suggest right
heart failure

TLC at study entry L 5.4 4.2 4.0 3.3 4.0
TLC at end of study L 4.1 4.1 4.6 2.9 3.8
IVC at study entry L 3.9 2.4 2.7 1.7 2.7
IVC at end of study L 2.8 2.4 2.8 1.6 2.5
FEV1 at study entry L 3.2 2.1 2.1 1.6 1.7

AT: antithrombin; DVT: deep vein thrombosis; IFN: interferon; IPF: idiopathic pulmonary fibrosis; TLC: total lung capacity; IVC: inspiratory vital
capacity; FEV1: forced expiratory volume in one second; LTx: lung transplant.
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Fig. 1. – Total lung capacity (TLC) and arterial oxygen tension (Pa,O2) before and after 12 months of treatment with interferon (IFN)-c1b and
prednisolone. a) Course of TLC per cent predicted. b) Pa,O2 at rest. c) Pa,O2 on maximal exertion. Two patients (patient 1 and 2) declined further
IFN-c1b therapy after 4 months of treatment. These patients received prednisolone for a further 8 months (dotted line). Patient 5 died 3.5
months after starting IFN-c1b therapy. Patient 2 was excluded from bicycle training because of low Pa,O2 at rest. &: patient 1; h: patient 2; #:
patient 3; $: patient 4; ': patient 5.
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clinical findings in one patient it was decided to withhold
exercise testing because of low baseline oxygen levels at rest
and a considerable decrease in transcutaneously monitored
oxygen saturation while speaking and slow walking. Indivi-
dual values are depicted in figure 1. Single-breath DL,CO %
pred decreased in one patient (patient 1) by w15%; while no
patient improved, three patients remained stable (decrease by
v15%). Individual values are shown in figure 3.

Discussion

Based on an uncontrolled study in a small number of
patients who were supposed to suffer from UIP and who were
reported to improve with treatment of IFN-c1b and low-dose

prednisolone, a similar prospective investigation was per-
formed. Criteria for the diagnosis of IPF in this series were a
typical clinical presentation, pulmonary HRCT scans with a
typical pattern, pulmonary function parameters and patho-
logical evaluation of an open lung biopsy specimen. Thus, the
diagnosis of IPF was established in the patient population
with a high level of confidence. In contrast, however, to the
results recently published [5], the authors9 observations are
less encouraging. During the study period, pulmonary
function deteriorated in four of the five patients with IPF.
One patient died 3 months after commencement of therapy.
In fact, one patient, who had initially presented with only a
moderate decline in pulmonary function over time, experi-
enced a very rapid deterioration in TLC shortly after
introduction of IFN-c1b therapy. In addition, this patient
developed peripheral blood eosinophilia (7%), which resolved
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Fig. 2. – Course of total lung capacity (TLC) of each patient. a)
Course of TLC in patient 1; immediately after starting interferon
(IFN)-c1b treatment pulmonary function deteriorated. Therefore,
treatment was terminated. The patient received a lung graft (arrow).
b) Course of TLC in patient 2. The patient received a lung graft
(arrow). c) Course of TLC in patient 3. The patient continued IFN-
c1b treatment after the study was finished. d) Course of TLC in
patient 4. The patient lost follow-up after the study was finished. e)
Course of TLC in patient 5. The patient died after 3.5 months of
therapy with IFN-c1b (arrow). At autopsy the cause of death was
attributed to acute right heart failure due to end-stage pulmonary
fibrosis. IPF: idiopathic pulmonary fibrosis. #: treatment with IFN-
c1b; $: no treatment.
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after discontinuation of therapy. Improvement in pulmonary
function after 12 months of therapy with IFN-c1b was
observed in only one patient. This patient9s TLC increased
by 600 mL and the Pa,O2 increased by 0.67 kPa (5 mmHg) on
maximal exertion. In this patient, Pa,O2 at rest decreased by
0.40 kPa (3 mmHg; a nonsignificant change according to
ATS/ERS/ACCP criteria) and DL,CO % pred decreased by 7%
(also a nonsignificant change according to ATS/ERS/ACCP
criteria). Although this patient decided to continue treatment
after the end of the 1-yr study period, their pulmonary
function deteriorated during the follow-up.

Clinical and radiological data were compatible with the
diagnosis of IPF in all five patients investigated. In addition,
the authors were able to get surgical lung biopsies in all
patients. To increase the level of confidence with this diag-
nosis, all histological specimens were further evaluated by an
independent pulmonary pathologist, who confirmed a UIP
pattern in four patients and labelled one patient9s biopsy
tissue as compatible with end-stage pulmonary fibrosis, with
extensive honeycombing from the obtained wedge resections.
In connection with the HRCT scan of the thorax and clinical
data, this patient was labelled as having probable UIP.

In a retrospective analysis of the study by ZIESCHE et al. [5],
RAGHU et al. [6] determined that only four patients in this
study had definite IPF in the group treated with IFN-c1b. Five
patients in the control group were considered to suffer from
IPF, while two patients in the IFN-c1b treatment group and
one patient in the control group did definitely not suffer from
IPF. In the prednisolone-only control group from this study
[5], seven patients were stable and one deteriorated. Interest-
ingly, although based on a similar number of patients with
IPF, it is surprising that in the identically designed present
study four of five patients deteriorated despite IFN-c1b

treatment. These differences may be based on patient
selection. In the present study, baseline TLC % pred was
significantly lower (p=0.038) than in the other study [5].
However, there was no statistically significant difference in
the mean Pa,O2 at rest and on maximal exertion between the
previous report [5] and the current patient cohort (p=0.7 and
p=1.0, respectively). It is therefore not entirely clear whether
patients in the other cohort had predominantly earlier stages
of the disease, as suggested by their better overall pulmonary

function, whereas patients in the present study may have
suffered from more advanced or more rapidly progressing
IPF. Unfortunately, individual patient data concerning onset
and progress of the disease to allow a formal comparison are
not given in the previous report [5].

Since reliable data on the pre-study course of the individual
patients are lacking and since only patients with an
apparently relatively mild disease were included, the patient
population investigated by ZIESCHE et al. [5] is most likely
a highly unrepresentative population. In this context it is
striking that even patients who were treated with placebo,
progressed extraordinarily slowly. Unfortunately, it is a
common clinical experience that patients with IPF tend to
present late in the course of their disease. Thus, on the basis of
the data available it seems premature to conclude that IFN-c1b

treatment may be appropriate for patients with early stages of
IPF. Two further reports [12, 13] regarding IFN-c1b treatment
in IPF patients were published at the ACCP 2001 Congress.
Both reports document the authors own experiences in
uncontrolled, open studies. KALRA et al. [12] could not observe
any improvement in 17 patients. In contrast, RAGHU et al. [13]
observed a stabilisation upon IFN-c1b treatment in some
patients with advanced IPF who had demonstrated previous
deterioration despite prednisone and azathioprine therapy.
Both reports are limited by inhomogenous duration of therapy,
and open lung biopsy was not performed in all patients.

Another point of interest, which is in contrast to the report
by ZIESCHE et al. [5], is the fact that the present authors
observed considerable side-effects with subcutaneously admi-
nistered IFN-c1b. Although an identical dose of IFN-c1b was
used, as in the protocol by ZIESCHE et al. [5], two of the
present patients declined further therapy after 4 months
because of intolerable side-effects, despite having actively
sought this particular treatment in the face of a disabling
and fatal disease. Both patients complained about severe
flu-like symptoms following injections of IFN-c1b. The
peripheral blood eosinophilia that developed in one patient
during treatment resolved after discontinuation of therapy.
Peripheral blood eosinophilia is a common side-effect of
interleukin-2 therapy, but it has not been reported with IFN-
c1b. Recently, RAANANI and BEN-BASSAT [14] reported several
immune-mediated complications during IFN therapy in
haematological patients. Especially in patients with auto-
immune disease, such as systemic lupus erythematodes, IFN-
c1b therapy may cause exacerbations including respiratory
insufficiency [15, 16]. Therefore, at present, underlying
autoimmune disease should be carefully excluded in patients
with pulmonary fibrosis before starting IFN-c1b treatment.
One of the current patients had a history of myocardial
infarction. In this patient, an ST depression without any
change in cardiac enzyme levels and no clinical symptoms was
observed. After 12 months of therapy, IFN-c1b was discon-
tinued and these electrocardiogram abnormalities resolved.
FRIESS et al. [17] described minor ventricular tachycardias in
patients treated with IFN-c1b. In the present study, coronary
angiography in the patient showed no major stenosis,
suggesting a submyocardial ischaemia. It is noteworthy that
ZIESCHE et al. [5] reported that the side-effects (fever, chills,
muscle pain) subsided within the first 9–12 weeks, a finding
that the present authors cannot confirm.

IFN-c treatment has been previously investigated in pro-
gressive systemic sclerosis, a disease associated with pulmonary
fibrosis [18], which can also show a UIP pattern. Although
preliminary data [19] suggested some, however, nonsignificant
benefit of IFN-c treatment in patients with pulmonary
fibrosis, other studies failed to show any effects of IFN-c in
patients with systemic sclerosis [20–22]. Overall, there was
only a moderate (nonsignificant) effect on skin sclerosis and
no significant change in pulmonary function [23]. However,
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Fig. 3. – Single breath carbon monoxide transfer factor (DL,CO) per
cent predicted corrected for haemoglobin, before and after 12 months
of treatment with interferon (IFN)-c1b and prednisolone. In two
patients (patients 1 and 2), IFN-c1b therapy was stopped after 4
months of treatment. These patients received prednisolone for a
further 8 months (dotted line). Patient 5 died 3.5 months after
starting therapy. &: patient 1; h: patient 2; #: patient 3; $: patient
4; ': patient 5.
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these studies were limited by the fact that histopathological
analysis of pulmonary fibrosis was lacking [19–22] and the
dosage of IFN-c treatment was lower. All studies reported
side-effects of IFN-c treatment in up to 65% of the study
population and the mean drop-out rate resulting from side-
effects was 28% [23].

Based on the present authors9 experience, they cannot
recommend the use of interferon-c1b in idiopathic pulmonary
fibrosis patients. Side-effects of interferon-c1b treatment
significantly reduce the patients9 quality of life with no
convincing improvement in health status and pulmonary
function. Especially in patients with advanced disease, those
of older age and comorbidity, these side-effects have to be
considered. Moreover, based on a similar treatment design
with an identical protocol, the current authors could not
reproduce the results of ZIESCHE et al. [5]. Although they
cannot exclude that interferon-c1b treatment may be able to
stabilise disease in patients presenting with an early stage of
idiopathic pulmonary fibrosis, the effects are, in the authors9
interpretation (especially in patients with advanced disease)
likely to be minimal, if they exist at all. In view of the
enormous costs and the considerable side-effects, controlled
studies preferably using different doses of interferon-c1b are
urgently needed to define a role for interferon-c1b in the
treatment of idiopathic pulmonary fibrosis.
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