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Abstract
Objective
To study the potential effectiveness of tumor necrosis factor o (TNF-a) inhibitor treatment for pulmonary fibrosis associated
with a collagen vascular disease, CVD (rheumatoid arthritis, RA and systemic sclerosis, SSc) refractory to conventional
treatment.

Methods
Four patients (three men with RA, one woman with SSc) were treated with infliximab. All patients received 3mg/kgr of
infliximab at intervals 0, 2 and 6 weeks, and then maintenance infusions every 8 weeks afterwards for at least a 12-month
period. Patients had active disease despite treatment with corticosteroids and other immunomodulatory agents.

Results
Treatment was well-tolerated from all patients. Pulmonary fibrosis remained stable during treatment in terms of symptoms,
pulmonary function tests (PFTs) and High resolution computed tomography (HRCT) appearance. As expected, a clinical
response was observed in joint symptoms in patients with RA as evaluated by the DAS28 (Disease Activity Score, the 28
joint version).

Conclusion
This study suggests that inhibition of TNF-a with infliximab may stabilize the progression of pulmonary fibrosis asso-
ciated with CVD. Prospective, controlled trials are necessary to determine the efficacy of infliximab in pulmonary fibrosis
associated CVD.
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Introduction

TNF-a is a potent proinflammatory
mediator that can modulate the func-
tion and development of most nucle-
ated cells, including those involved
in chronic inflammatory lung disease
(1, 2). A number of studies, involving
animal models and patients, have dem-
onstrated that TNF-a is upregulated in
fibrosing alveolitis (2). Furthermore,
blockade of TNF-a in animal models
results in reduction of inflammation
and subsequent fibrosis (3). Therapeu-
tic TNF blockade has been successful-
ly used for treating various conditions
including rheumatoid arthritis (RA)
and Crohn’s disease (4). Infliximab is
a chimeric monoclonal human mouse
antibody that binds with high affinity
and specificity to both the soluble and
membrane-bound forms of TNF-a.
Infliximab has demonstrated efficacy
in reducing the signs and inflamma-
tory symptoms of RA and in inhibiting
joint erosion in clinical trials. In addi-
tion, infliximab has been shown to sig-
nificantly inhibit joint space narrowing
(5). It has been recently reported that it
could be also effective in patients with
refractory sarcoidosis and in cases of
severe manifestations of Behget’s dis-
ease (6, 7).

Collagen vascular diseases (CVD)
comprise a heterogeneous group of dis
orders, which includes RA and sys-
temic sclerosis. Treatment options for
patients with pulmonary fibrosis asso-
ciated with CVD are limited. There are
two case reports in literature suggest-
ing evidence that inhibition of TNF-a
may be on benefit to patients with fi-
brosing lung conditions in the setting
of RA (8, 9). In this report we describe
the use of the anti-TNF-o. monoclonal
antibody, infliximab, in three patients
with RA and one woman with systemic
sclerosis and pulmonary fibrosis.

Methods

Patients and treatment

Four patients were included in this
uncontrolled, open label, prospective
study.

All patients selected had a severe active
disease and non-responding to corticos-
teroids and/or other immunosuppres-
sive therapies, including methotrexate.
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Patients were eligible for this study if
their respiratory symptoms (dyspnea,
cough) had become worse with an asso-
ciated deterioration of > 10% of forced
Vital Capacity (FVC) and/or diffusing
capacity for carbon monoxide (TLco )
> 15% in lung physiology.

They received infliximab in the recom-
mended dose of 3mg/kgr during weeks
0, 2, 6, and thereafter every 8 weeks.

Patient evaluation

Patients were evaluated at baseline and
after 6 and 12 months of treatment. The
assessment of clinical response of pul-
monary fibrosis was based on:

a) symptomatology (dyspnea, cough);
b) Pulmonary function tests (PFTs);
¢) imaging by high resolution CT scan
(HRCT) and DTPA scan.

Furthermore, the assessment of clini-
cal response of RA was done using the
DAS28 (Disease Activity Score, the 28
joint version) (10, 11).

HRCT evaluation: The HRCT slices
were evaluated at five predetermined
levels: the aortic arch, the tracheal ca-
rina, the pulmonary hilae, the pulmo-
nary venous venous confluence, and
1-2 cm above the right diaphragm.
The scans were performed with 1mm
thickness and 1 to 2 sec scanning time
during breath holding at end of inspira-
tion. Mean total extent of involvement
of any interstitial abnormality at each
of the previously described levels, (ex-
pressed as a percentage of the area af-
fected at each given slice) at the level of
5% was recorded. Mean values of these
percentages per patient represented the
Total Interstitial Disease Score (TID).
This HRCT scoring was also applied in
previous studies with good correlations
with parameters of lung function (12).
Individual slice scores and TIDs were
recorded from the HRCT at the begin-
ning of the study before the adminis-
tration of treatment. Lung parenchyma
involvement was classified as 0-20%:
mild (grade 1), 21-40%: moderate
(grade 2), > 40%: severe (grade 3).
99mTc-DTPA scan: An aerosol of Tc-
99m diethylenetriamine pentaacetate
(DTPA) was produced using a Venticis
I radioaerosol delivery system (CIS
bio international, Cedex, France). The
radioaerosol delivery system was ad-
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Table I. PFTs and HRCT scores before and after infliximab treatment in different time points.

Patient 1 Patient 2 Patient 3 Patient 4

0 mo 6mo 12 mo 0 mo 6 mo 12 mo 0 mo 6 mo 12 mo 0 mo 6 mo 12 mo
FVC%pred 77.3 78.9 79.2 83.1 78.2 79.5 73.1 76.2 74.1 74.5 76.2 75
TLCO%pred 42.1 384 39.1 57.3 65.2 67.1 55.1 64.1 58.1 56.1 54.2 533
TID score 46.6 36.6 47.5 333 31.6 29.1 31.6 31.6 333 42.5 39.1 35
GGO* 5 0 5 13.3 3.3 0 12.5 10 10 19.1 9.1 5
reticulation 31.6 36.6 42,5 20 28.3 29.1 19.1 22.5 22.5 25 30 26.6
DTPA(min) 23 26 27 35 36 38 34 38

FVC: Forced vital capacity; TLco: Diffusing capacity for carbon monoxide.

ministered to patients for 4 minutes.
A dynamic study consisting of 30 one-
minute frames were then acquired by
GE Millennium MPS y-camera (GE,
Milwuakee, Wisconsin, USA). The
half-time of clearance was estimated
in minutes for each lung and the aver-
age value was obtained. A clearance
half-time of < 40 min was regarded as
abnormal. A clearance half-time of less
than 20 min (50% of normal) was cat-
egorized as very rapid (13).

Results

The treatment was well tolerated in all
our patients without adverse reactions.
Results are shown in Table I. Patient
1, is a 62-year-old man, ex-smoker,
with a ten-year history of seropositive
RA with a 5-year history of respira-
tory symptoms. He was treated with
interferon gamma-1b (IFN-y-1b) (200
mg sc thrice a week). After one year of
treatment and stabilization of PFTs and
TID score (from 45.5 remained at 46)
the patient discontinued the drug be-
cause of intense flu-like syndrome. He
was then treated with infliximab for 12
months. His initial DAS28 score was
6.8 and decreased to 3.6 after 12 months
of treatment. In addition, morning stiff-
ness decreased from 2 hours to less
than 30 minutes. The patient already
had a HRCT appearance with already
extended disease and a predominant
reticular pattern in addition to limited
macrocystic disease (honeycombing).
There were also ground glass opaci-
ties extending at approximately 10%
of each slice level. After 6 months of
treatment, HRCT revealed complete
resolution of ground glass opacities
but the reticular pattern remained un-

changed (TID score from 46 decreased
to 36). After 12 months of treatment,
HRCT showed coarsening of the re-
ticular pattern with replacement of fine
reticulation or microcystic disease with
honeycombing. Reticular changes had
extended to previously unaffected are-
as (TID score remained stable at 47%)
(Fig. 1). The patient reported stabiliza-
tion in dyspnea, cough and exercise tol-
erance, with stabilization in PFTs. Be-
fore starting infliximab, PFTs showed
a restrictive pattern with a forced vital

capacity, FVC% pred 78.9 which re-
mained at 79% and transfer factor of
the lung for carbon monoxide, TLCO
% pred, from 38.4 to 39.1%. Abnor-
mal DTPA clearance half-time (t1/2 <
40min) was before (23 min) and after
treatment (26 min).

Patient 2 is a 64-year-old man, current
smoker (30py) with a two-year history
of seropositive RA, initially treated with
methotrexate and prednisolone, and
one year history of pulmonary involve-
ment. The clinical response of RA was

Fig. 1. Patient 1: Comparing consecutive HRCT images at the level of the right upper lobe, resolu-
tion of the ground glass opacities seen on (A) are seen on the consecutive image obtained six months
later (B). However, the macrocystic honeycomb component definitely seen in A has clearly extended

in image (B).

120
100

Fig. 2. Patient 2: Comparable images at the level of the right upper lobe bronchus. Subtle GGOs seen
in A have resolved. Peripheral reticulation seems less intense and thick in B. Small pleural effusion on

the right in B.
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evaluated with a decrease in DAS28
score, from 5.78 to 4.8 after 12 months
of treatment. The TID score decreased
from 33 to 31 after 6 months and to 29
after one year of treatment (Fig. 2). Ab-
normal DTPA clearance half-time (t1/2
< 40min) was found before (27 min)
and improved after one year of treat-
ment (35 min). PFTs remained stable
while the symptomatology of this pa-
tient was slightly improved.

Patient 3, is a 70-year-old man, ex -

smoker, with a five-year history of
seropositive RA, and two years his-
tory of respiratory disease. He treated
with methotrexate and corticosteroids
unsuccefully. Following one year of
therapy with infliximab the patient
reported improvement in pulmonary
symptoms, in addition to improvement
in joint symptoms. The DAS28 score
decreased significantly from 5.8 to 3.6.
The TID score remained unchanged
after the first 6 months of treatment

Fig. 3. Patient 3: Regional resolution of GGOs at (B) (after 6mo)compared to (A) (baseline) (arrows).

(31.6%) and slightly increased after
one year of treatment (33.3%) (Figs. 3
and 4). PFTs, the FVC% and the TLCO
% pred did not change significantly.
Patient 4 is a 58-year-old female, non-
smoker, with a five-year history of
systemic sclerosis with Raynaud’s,
esophageal and lung involvement but
no skin involvement (scleroderma sine
scleroderma). The pulmonary fibro-
sis was refractory to azathioprine and
corticosteroids received for at least one
year.

The TID score slightly decreased after
the first 6 months of treatment (from
42.5 to 39%) with improvement of the
ground glass opacities (Fig. 5). The
HRCT appearance improved even after
one year of therapy in both parameters
(ground glass opacities and TID score)
(Fig. 6). Pulmonary symptoms also im-
proved with stabilization in PFTs after
12 months of treatment.

Discussion

This is a report of our experience in
the treatment of interstitial pulmonary
fibrosis with infliximab in CVD. To the
best of our knowledge, this is the first
report of the treatment of pulmonary
fibrosis associated systemic sclerosis
with an anti-TNF agent. Furthermore,
three patients with pulmonary fibrosis
associated RA showed stabilization of

Fig. 4. Patient 3: Regional resolution of GGOs at (B) compared to (A) (arrows). Essentially stability of the disease between (B) and (C).
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Fig. 5. Patient 4: The extensive GGOs seen in (A) (at baseline) around the bronchiectasis and the mac-
rocystic parenchymal changes (only a few of them indicated with asterisks) have almost completely
resolved in (B) (after 6 mo). There is a subtle increase in caliber both in the bronchiectatic and cystic

changes in (B).

Fig. 6. Patient 4: Virtually all GGOs seen in (A) (at baseline) around the bronchiectasis and the macro-
cystic parenchymal changes have resolved in (B) (after 6 mo). In (C) the GGO surrounding the traction
bronchiectasis in the middle lobe have resolved . Resolution of the ground glass element is also evident
in the areas marked in circles (after 12 mo).

their lung disease and significant im-
provement of their joint symptoms.
These findings suggest that infliximab
can be given safely to patients with in-
terstitial lung disease, but the impact
on the disease on the disease severity is
still unknown from this short report.

There are only two case reports in the
literature indicating that infliximab
may have beneficial effects in the treat-
ment of RA associated with interstitial
lung disease. The first, reported by
Vassallo et al., suggests improvement
of the pulmonary symptomatology and
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stabilization of pulmonary function;
the authors did not provide information
about the HRCT findings (8). The sec-
ond, was recently reported by Bargagli
et al., provides more information about
the HRCT abnormalities, although the
patient was treated in combination with
methotrexate (9). On the contrary, there
is emerging experience that anti-TNF
drugs could have lung toxicity (14-17).
Ostor et al. reported three cases of pa-
tients who developed rapid fatal exac-
erbations of rheumatoid arthritis asso-
ciated fibrosing alveolitis after taking
infliximab (14). Being over 60 years
old and previous lung fibrosis appear to
be risk factors for developing fibrosing
alveolitis in RA patients treated with
TNE-blockade in four fatal cases (15).
We also recommend caution in the ad-
ministration of infliximab in pulmo-
nary fibrosis, as the pathophysiology of
a potential lung injury is unknown and
unproven. On the other hand, we did
not detect a similar phenomenon in our
clinical practice and after a longer fol-
low-up period. Randomized-controlled
are needed in order to conclude about
the efficacy and safety of these agents.
TNF-a is a key cytokine in the early
immune response of a variety of in-
flammatory disorders, and a critical
mediator in the pathogenesis of lung
fibrosis (18). The introduction of TNF-
a antagonists has dramatically changed
the treatment of RA; infliximab has
been shown to be efficacious and well
tolerated in large, randomized, placebo
controlled trials in the treatment of RA.
However, serious infections, including
disseminated tuberculosis (TB) and
opportunistic infections have been re-
ported in patients treated with inflixi-
mab. Furthermore, it is not clear how
biological therapies will affect patients
over the long term (19, 20). These
biological drugs suppress inflamma-
tion in RA by inhibiting the activity of
the proinflammatory cytokine, TNF-
o. On the other hand, chronic inhibi-
tion of this cytokine could potentially
result in increased incidence of infec-
tions or tumours in some patients (20).
Whether anti-TNF increases the risk of
malignancies remains to be determined
with no data suggesting such an effect
at present. Our patients did not de-
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velop infection or tumour, even after 6
months of follow-up after the 12 month
treatment with infliximab.

In our study, there was one patient with
fibrosing alveolitis of systemic scle-
rosis (FASSc) treated with infliximab.
Despite the evaluation of large cohorts
of patients with systemic sclerosis, the
pathogenesis (21) and the optimal ap-
proach to FASSc remains elusive and
for many years, idiopathic pulmonary
fibrosis (IPF) and FASSc were viewed
as histologically identical. The large
study by Bouros et al. established that
NSIP is much more prevalent than UIP,
although, survival did not differ be-
tween NSIP and UIP/end-stage lung
disease (22). Our patient was refractory
to azathioprine and improved pulmo-
nary symptoms stabilized the HRCT
TID score in combination with resolu-
tion of the ground glass opacities.
Lung fibrosis in RA is usually the re-
sult of UIP on histology. Although our
patients had not histologically proven
disease, the HRCT appearance is con-
sistent with a fibrotic process, showing
small areas of ground glass opacities.
The pulmonary fibrosis associated with
RA is progressive with an estimated
median survival of < 4 years (23). We
did not observe improvement in lung
function, however, all our patients
showed stabilization in the HRCT ap-
pearance with simultaneous stabili-
zation or improvement in PFTs and
symptomatology. Similar to our find-
ings, Niden and colleagues, in an open
pilot study reported tolerability in nine
subjects with IPF patients. Although
the subjects were severelly ill (with
DLCO < 30% pred), there was a func-
tional improvement in some (24). A
phase II, double-blind, parallel, place-
bo-controlled, randomized study of the
efficacy and safety of etanercept in pul-
monary fibrosis is underway. The pri-
mary endpoint of the trial is to evaluate
safety and efficacy and the secondary
objective is to evaluate quality of life
and pharmacokinetics (25).

Our data indicate that infliximab may
be a useful treatment in pulmonary
fibrosis associated collagen vascular
disease. Randomized-controlled clini-
cal trials are required for the better
evaluation of this agent in the treatment
of these patients.

References

1. LO SK, EVERITT J, GU J, MALIK AB: Tumor
necrosis factor mediates experimental pul-
monary oedema by ICAM-1 and CD-18 de-
pendent mechanisms. J Clin Invest 1992; 89:
981-8.

2. PANTELIDIS P, MCGRATH DS, SOUTHCOTT
AM, BLACK CM, bU BOIS RM: Tumour necro-
sis factor-a production in fibrosing alveolitis
is macrophage subset specific. Respir Res
2001; 2: 365-72.

3. ZHANG K, GHAREE-KERMANI M, MCGARRY
B, REMICK D, PHAN SH: Tnf-alpha-mediated
lung cytotoxic networking and eosinophil re-
cruitment in pulmonary fibrosis. J Immunol
1997; 158: 954-9.

4. KALDEN JR: Emerging role of anti-tumor
necrosis factor therapy in rheumatic diseas-
es. Arthritis Res 2002; 4: S34-S40.

5. LIPSKY PE, VAN DER HEIJDE DM, ST CLAIR
EW et al.: Anti-Tumor Necrosis Factor Trial
in Rheumatoid Arthritis with Concomi-
tant Therapy Study Group. Infliximab and
methotrexate in the treatment of rheumatoid
arthritis. Anti-Tumor Necrosis Factor Trial
in Rheumatoid Arthritis with Concomitant
Therapy Study Group. N Engl J Med 2000;
343: 1594-1602.

6. NADARAJAH K, PRITCHARD C: Tumour
necrosis factor a inhibitor treatment for
sarcoidosis refractory to conventional treat-
ments: a report of five patients. Ann Rheum
Dis 2004; 63; 318-20.

7. LICATA G, PINTO A, TUTTOLOMONDO A et
al.: Anti-tumour necrosis factor alpha mono-
clonal antibody therapy for recalcitrant cer-
ebral vasculitis in a patient with Behget’s
syndrome. Ann Rheum Dis 2003; 62: 280-1.

8. VASSALLO R, MATTESON E, THOMAS CF:
Clinical response of rheumatoid arthritis as-
sociated pulmonary fibrosis to tumor necrosis
factor a inhibition. Chest 2002; 122: 1093-6.

9. BARGAGLI E, GALEAZZI M, ROTTOLI P:
Infliximab treatment in a patient with rheu-
matoid arthritis and pulmonary fibrosis. Eur
Respir J 2004; 24: 708-12.

10. BSR: Guidelines for prescribing TNF-o
blockers in adults with rheumatoid arthritis.
Report of a working party of the British Soci-
ety for Rheumatology. London: BSR, 2001.

11. SIDIROPOULOS P, BERTSIAS G, KRITIKOS
HD, KOUROUMALI H, VOUDOURIS K,
BOUMPAS DT: Infliximab treatment for rheu-
matoid arthritis, with dose titration based on
the Disease Activity Score: dose adjustments

28

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

are common but not always sufficient to as-
sure sustained benefit. Ann Rheum Dis 2004
63: 144-8.

WELLS AU, RUBENS MB, DU BOIS RM,
HANSELL DM: Functional impairment in fi-
brosing alveolitis: relationship to reversible
disease on thin section computed tomogra-
phy. Eur Respir J 1997; 10: 280-5.

WELLS AU, HANSELL DM, HARRISON NK,
LAWRENCE R, BLACK CM, DU BOIS RM:
Clearance of inhaled *™Tc-DTPA predicts
the clinical course of fibrosing alveolitis. Eur
Respir J 1993; 6: 797-802.

OSTOR AJ, CRISPAJ, SOMERVILLE MF, SCOTT
DG: Fatal exacerbation of rheumatoid arthri-
tis associated fibrosing alveolitis in patients
given infliximab. BMJ 2004; 329:1266.
TENGSTRAND B, ERNESTAM S, ENGVALLIL,
RYDVALD Y, HAFSTROM I: TNF blockade in
rheumatoid arthritis can cause severe fibros-
ing alveolitis. Six case reports. Lakartidnin-
gen 2005; 102: 3788-90.

TURESSON C, JACOBSSON L, SAXNE T,
GEBOREK P: Serious lung disease in RA
and TNF-blockade - is there a connection?
Lakartidningen 2006; 103: 308; author reply
308-309.

CHATTERIJEE S: Severe interstitial pneumoni-
tis associated with infliximab therapy. Scand
J Rheumatol 2004; 33: 276-7.

ANTONIOU KM, ALEXANDRAKIS MG, SIA-
FAKAS NM, BOUROS D: Cytokine network in
Idiopathic Pulmonary Fibrosis. Sarcoidosis
Vasc Diffuse Lung Dis 2005; 22: 91-104.
KOURBETI IS, BOUMPAS DT: Biological
therapies of autoimmune diseases. Curr
Drug Targets Inflamm Allergy 2005; 4: 41-6.
MOOTS R, TAGGART A, WALKER D: Biologic
therapy in clinical practice: enthusiasm must
be tempered by caution. Rheumatology 2003;
42: 614-6.

BEON M, HARLEY RA, WESSELS A, SILVER
RM, LUDWICKA-BRADLEY A: Myofibroblast
induction and microvascular alteration in
scleroderma lung fibrosis. Clin Exp Rheuma-
tol 2004; 22: 733-42.

BOUROS D, WELLS AU, NICHOLSON AG
et al.: Histopathologic subsets of fibrosing
alveolitis in patients with systemic sclero-
sis and their relationship to outcome. Am J
Respir Crit Care Med 2002; 15: 165: 1581-
6.

GOCHUICO BR: Potential pathogenesis and
clinical aspects of pulmonary fibrosis associ-
ated with rheumatoid arthritis. Am J Med Sci
2001; 321: 83-8.

NIDEN AH, KOSS M, BOYLEN CT et al.: An
open label pilot study to determine the po-
tential efficacy of TNFR.FC in the treatment
of usual interstitial pneumonitis (UIP). Am J
Respir Crit Care Med 2001; A25.

BOUROS D, ANTONIOU KM: Current and
future therapeutic approaches in idiopathic
pulmonary fibrosis. Eur Respir J 2005; 25:
1693-702.



