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ABSTRACT

Pulmonary fibrosis is characterized by the accumulation of excessive connective tissue in the lungs. Its causes include
chronic administration of some drugs for example bleomycin, cyclophosphamide, amiodarone, procainamide,
penicillamine, gold and nitrofurantoin; exposure to certain environmental factors such as gases, ashestos and silica and
bacterial or fungal infections. Some systemic diseases also predispose to the disease for example rheumatoid arthritis
and systemic lupus erythematosus. The disease is associated with release of oxygen radicals and some mediators such
as tumor necrosis factor-alpha (TNF-alpha), transforming growth factor-beta (TGF-beta), PDGF, 1GF-I, ET-1 and
interleukins 1, 4, 8 and 13. The symptoms of the disease include dyspnea, non-productive cough, fever and damage to
the lung cells. It is diagnosed with the aid of chest radiography, high resolution computed tomographic scanning and
the result of pulmonary function tests. Drug-induced pulmonary fibrosis may involve release of free oxygen radicals
and various cytokines for example IL-I1beta and TNF-alpha via activation of nuclear transcription factor (NF-beta) asin
the case of bleomycin and mitomycin or via release of TGF-beta as in case of tamoxifen or via inhibition of
macrophages and lymphocytes phospholipases as in the case of amiodarone with the resultant accumulation of
phospholipids and reduction of the immune system.
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he lungs are highly susceptible to awide array

of xenobiotics that enter viainhalation or blood
stream. The large surface area of the respiratory
passages and alveolar region and the large volume
of air delivered to that area provide great
opportunity for interaction between inhaed
materials and lung tissue. On the other hand, since
the lungs receive the entire cardiac output of blood,
the tissue may be exposed to xenobiotics that have
entered the body via ingestion or injection. Thus,
administration of various therapeutic modalities
may be associated with respiratory alterations
ranging from mild reversible parenchymal
destruction to severe chronic pulmonary fibrotic
disorder.! Pulmonary fibrosis is a pathologic
condition that denotes an excessive amount of
connective tissue in the lung, as a result of a
common response to various insults or injuries. The
pulmonary fibrotic disorders occur usualy in the
pulmonary interstitium and are termed interstitial

lung disease (ILD). The pulmonary interstitium
comprises the aveolar walls (and lumens),
pulmonary microvasculature, interstitial
macrophages, fibroblasts, myofibroblasts and matrix
components of the lung. Although thereis variety of
initiating factors, the terminal stages of pulmonary
fibrosis are characterized by proliferation and
progressive accumulation of connective tissue
replacing the normal functional parenchymaz A
variety of factors have been associated with
pulmonary fibrosis with or without a preceding
acute pneumonitis.2

Pathogenesis of pulmonary fibrosis. A
common sequence of events that results in ILD
begins when either a recognized (drugs) or an
unidentified agent (as in case of idiopathic
pulmonary fibrosis [IPF]) induces alveolitis and
vasculitis. Persistence of this inflammatory lesion
results in alveolar, capillary or parenchymal cell
injury. Abnormal repair leads to proliferation of
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mesenchymal cells, with the production of
connective tissue elements. At later stages, the
normal lung is replaced by cystic spaces separated
by thick bands of fibrous tissue, a condition called
honeycomb lung.2 An early feature in the
pathogenesis of fibrosis is epithelia or capillary
endothelial injury, which promotes recruitment into
the lung, of circulating immune cells such as
monocytes, neutrophils, lymphocytes  and
eosinophils. These effector cells together with
resident lung cells such as macrophages, aveolar
epithelial cells and endothelial cells release
cytokines, which stimulate target cells, typically
fibroblasts to replicate and synthesize increased
amounts of collagen. Breakdown of extracellular
matrix proteins may be aso inhibited thereby
contributing to the fibrotic process.*

Cytokinesimbalance. Interferon (IFN-g) is one
of the major Th1l cytokines that possesses profound
regulatory activity for collagen deposition during
chronic inflammation. It has suppressor effects on
the production of extracellular matrix proteins. It
inhibits fibroblast expression of type | and Il
procollagen messenger ribonucleic acid, and up
regulates the  maor  matrix  degrading
metalloproteinases. It also reduces platelet - derived
growth factor (PDGF) - induced lung fibroblast
growth.5 Interferon-gtreatment in patients with |PF
for one year improved pulmonary functions.® The
opposing effects of Thl and Th2 cytokines in
fibrotic processes are supported by a number of
recent investigations demonstrating that IL-4 is a
major Th2 cytokine that promotes the production of
fibroblast derived extracellular matrix including
type | and IIl procollagen and fibronectin.” 1L-13
also has similar biological properties as IL-4 and
has been implicated in the development of
fibroproliferative disorders.?

Extracellular matrix remodeling and
fibrosis. Transforming growth factor-beta
(TGF-R) has the most potent stimulatory effect on
extracellular matrix deposition of any cytokines.*
Transforming growth factor-betais the key cytokine
during development of pulmonary fibrosis. It was
found by immunohistochemical studies to be
localized in bronchial epithelial cells, epithelial cells
of honeycomb cysts and hyperplastic type Il
pneumocyte in lungs of IPF patients and animal
models of bleomycin induced pulmonary fibrosis.®
Multiple sources of TGF-I3 appear to be activated
during the development of pulmonary fibrosis with
macrophages and epithelial cells being the primary
sources. Transforming growth factor-beta is
chemotactic for fibroblasts and polymorphonuclear
cells

The role of apoptosis in pulmonary
fibrosis. The potentially important effect of
TGF-R is the induction of programmed cell death
(apoptosis) in epithelial cells. This can be achieved

through induction of P53 (an apoptosis inducible
protein on the surface of cells with damaged DNA),
which causes increased expression and clustering of
Fas receptors (cell death receptors) and activation of
caspases (endonucleases) with subsequent cellular
apoptosis.’® Thiswas evidenced by the finding of
increased expression of P53 in lungs of patients
with IPF and animal models of bleomycin induced
pulmonary fibrosis.1°

Oxidants or antioxidants imbalance. Altered
antioxidant status with pulmonary glutathione
deficiency may be factors influencing lung injury
and subsequent fibrosis in | PF patients and animal
models of bleomycin induced pulmonary fibrosis.41
The epithelia lining fluid contains a number of
antioxidants such as ascorbic acid, glutathione,
metal binding proteins such as ceruloplasmin and
transferrin  and antioxidant enzymes such as
superoxide dismutase and catalase.’2  Oxidants or
antioxidants imbalance in the lower respiratory tract
has been proposed as a mechanism for the lung
injury in a number of inflammatory conditions
including IPF and bleomycin induced pulmonary
fibrosis. An increased oxidant burden in the lungs
of patients with IPF was thought to arise from
accumulation of inflammatory cells including
activated aveolar macrophages and neutrophils,
which show an exaggerated release of free radicals.
Oxidants may also be released by target cells.’213 In
the presence of iron and oxygen, bleomycin is a
powerful oxidizing agent and oxidants generated
may induce DNA bresks leading to cellular
apoptosis. Also, bleomycin causes activation of
cytokines particularly TGF-13 leading to induction of
apoptosis.io

Diagnosis of pulmonary fibrosis. Clinical
manifestations. The clinical consequences of wide
spread lung fibrosis is diminished lung compliance,
which presents as restrictive lung disease. Patients
usually describe a gradual or an insidious onset of
exertional dyspnea and non-productive cough. Fever
may be present. Chest examination reveasfine late
inspiratory crackles at the lung bases. Digita
clubbing is seen in 25-50% of cases especially in
patients with IPF. The history, particularly
occupational and medication history may provide an
evidence of a specific cause.?

Chest radiography. Lung fibrosis can be
diagnosed using chest radiography; however, it is
non-specific.3 A significant advance in diagnosisis
the use of high resolution computed tomography. If
it is combined with clinical data, it can lead to
specific diagnosisin 60-80% of cases.* In addition,
complete pulmonary function tests should be
performed.’s

Drug-induced pulmonary fibrosis. Many drugs
have been reported to induce pulmonary fibrosis,
which usually occurs in asmall fraction of patients
who receive such drugs. Drug-induced pulmonary
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fibrosis can be classified into @ cytotoxic
antineoplastic drugs induced and b) non-cytotoxic
drugs induced.

Cytotoxic drugs-induced pulmonary
fibrosis. Pulmonary disorders induced by cancer
chemotherapeutic agents vary in severity from mild
to life threatening. Based on their presentation, they
can be divided into early onset and late onset.l
Early onset chemotherapy induced pulmonary injury
isin the form of hypersensitivity type inflammatory
interstitial pneumonitis, which may be induced by
methotrexate or carmustine (BCNU). Chemotherapy
induced acute pneumonitis generally resolvesif the
offending agent is discontinued.’® Late onset
chemotherapy induced pulmonary disease occursin
the magjority of chemotherapy induced lung injury
presenting more than 2 months after therapy has
been started, with the most common manifestation
being pulmonary fibrosis.

1) Antibiotics. a Bleomycin is an antibiotic
isolated from the fungus Streptomyces verticillus
with anti-tumor activity. It is commonly used as a
part of the cytostatic treatment of several tumor
types. Bleomycin exerts its antitumor effect by
inducing tumor cell death and inhibition of tumor
angiogenesis.'’ Its cytotoxicity occurs by induction
of free radicals. Bleomycin forms a complex with
Fe(l1), which is subsequently oxidized to Fe(lll),
resulting in reduction of oxygen to free radicals.
These free radicals cause DNA breaks leading to
cell death.’® Bleomycin can be deactivated by the
enzyme bleomycin hydrolase, which is found
predominantly in the liver, spleen, bone marrow and
intestine® Due to the lack of this enzyme in the
lungs and skin, bleomycin induced toxicity occurs
predominantly in these organs® The most
hazardous and dose limiting side effect of
bleomycin is its induction of pulmonary toxicity.
Severa distinct pulmonary syndromes have been
associated with the use of bleomycin such as
bronchiolitis obliterans with organizing pneumonia
(BOOP), eosinophilic hypersensitivity and most
commonly interstitial pneumonitis, which may
progress to fibrosis. Overall, approximately 4% of
patients treated with bleomycin devel op fibrosis.1

The mechanism and pathogenesis of bleomycin
induced pneumonitis (BIP) has been intensively
studied in animals, but data from human studies are
scarce. In animals, the first event noted is
endothelial damage of the lung vasculature
accompanied by edema. Thisis followed by influx
of inflammatory cells such as neutrophils,
macrophages and lymphocytes in the lung
parenchyma and subsequently by fibroblasts |eading
to pulmonary fibrosis2 The mechanism of BIP
includes the production of reactive oxygen
intermediates (free radicals), induction of apoptosis
and induction of cytokines®® such as IL-13 and
TNF-a % released from alveolar macrophages. The
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free radicals that contribute to the endothelial
damage are produced by bleomycin directly after
oxidation of the bleomycin-Fe(ll) complex and by
activated mononuclear leucocytes.#2  After the
damage of endothelial cells and the subsequent
infiltration of inflammatory cellsin the interstitium,
fibroblasts are activated with deposition of collagen.
The fibroblasts are activated by bleomycin directly?
and indirectly through cytokines induction
especially TNF-a and TGF-[3, which is one of the
central mediators in the process of collagen
production by fibroblasts.z There is an evidence
from an experimental study that the activation of
nuclear transcription factor (NF-R3), through
generation of reactive oxygen intermediates, plays a
central role in bleomycin induced lung injury and
fibrosis in mice. The activation of nuclear factor
leads to increased expression of genesfor IL-1, IL-6
and TNF-a.

Often BIP starts gradually during treatment, but it
was reported to occur up to 6 months after
discontinuation of therapy.?”  Patients present
initially with a non-productive cough, exertional
dyspnea and sometimes fever, with progressive
pneumonitis, dyspnea at rest, tachypnea and
cyanosis may occur. Because bleomycin is
assumed to induce its toxicity partially by induction
of free radicals, the administration of high inspired
oxygen could be hazardous. Anima studies have
shown this relation, for instance, in hamsters treated
with bleomycin and 70% oxygen for 72 hours, the
mortality was 90% compared with 15% in those
animals that received bleomycin only.22 The
mortality of patients with BIP has been reported to
be approximately up to 3% of all patientstreated
with bleomycin.2

b) Peplomycin is an analogue of bleomycin.
Chemically it isidentical in structure to bleomycin
except for a phenylethylamine propylamine at the
terminal amine position of bleomycin, it also causes
pulmonary fibrosis.®

¢) Mitomycin (adso commonly known as
mitomycin-C) is an antineoplastic antibiotic isolated
from the bacteria Caespitosus. It is an alkylating
agent, which requires activation by reduction of its
quinone group and loss of the methoxy group. Its
mechanism of action is thought to be an inhibition
of DNA synthesis and degradation of preformed
DNA.3 The incidence of pulmonary reactions in
patients receiving mitomycin in combination with
vinca akaloids may be as high as 39%. The
prevalence of mitomycin induced fibrosisis lower
(5%),% and the devel opment of pneumonitis usually
occurs 3-12 months after completion of therapy. In
addition, use of mitomycin as a part of
multiple-drug regimens containing bleomycin,
cyclophosphamide and doxorubicin appear to show
increased lung toxicity.’* Pneumonitis or fibrosis
induced by mitomycin is histologically



Pulmonary fibrosis ... Daba et al

indistinguishable from that caused by other
cytotoxic drugs except for increased degree of
interstitial mononuclear cell infiltrates.

2) Alkylating agents. a Busulfan is a
bifunctional akylating agent. It interacts with
cellular thiol groups and nucleic acid producing
crosslinks primarily between DNA and proteins and
asmall amount of DNA interstrand cross linking.
Busulfan is indicated for use in the palliative
treatment of chronic myelogenous leukemia (CML).
Interstitial pulmonary fibrosisisarare but clinically
significant adverse effect necessitating immediate
discontinuation of busulfan. Bronchopulmonary
dysplasiawith pulmonary fibrosisis potentially fatal
and can develop within 8 months to 10 years after
therapy initiation. Reported cases have involved
average therapy duration of 4 years. There have
been isolated cases of pulmonary toxicity occurring
only after 4-8 weeks of busulfan treatment.®*3* The
basic pathological process of this syndrome appears
to be a chemically induced alveolitis with
proliferation of granular pneumocytes, followed by
fibrosis of aveolar walls. Microscopically, the
lesion is an organizing fibrinous edema with
atypical cells derived from type Il granular
pneumocytes.®® Thorax radiotherapy prior to or
following busulfan administration may enhance
development of interstitial pneumonitis.3

b) Cyclophosphamide has been associated with
an intergtitial pneumonitis, alveolar injury and
pulmonary fibrosis. The frequency of these
unwanted effects is <1%. It usually presents with
dry cough, exercise dyspnea and fever.?
Cyclophosphamide-induced pneumonitis has been
reported as occurring from 3 weeks to 3 years after
treatment has begun. The mortality rate is nearly
50%.% If patients were being treated with high
doses of cyclophosphamide and pulmonary
radiotherapy, the frequency of pneumonitis or
pulmonary fibrosis is approximately 33%. Although
not completely proven, cyclophosphamide could be
a senditizing agent for the injury induced by
radiotherapy. The discontinuation of
cyclophosphamide is usually followed by clinical
recovery in approximately 50% of patients and in
some cases, reversal of lung injury.

¢) Chlorambucil administration has been rarely
associated with occurrence of acute pneumonitis,
interstitial pneumonia and pulmonary fibrosis.®

d) Mephaan - the incidence of melphalan
induced pulmonary injury appears to be very low.
Interstitial pneumonitis and pulmonary fibrosis are
described, which are gradually reversible upon
discontinuation of the drug.#

e) Nitrosoureas - all the nitrosoureas have been
implicated in the development of pulmonary
fibrosis. Thus, monitoring of pulmonary function is
indicated during prolonged therapy due to its fatal
cases that have been reported. However, BCNU is

the most frequently used and has the highest
frequency of producing pulmonary fibrosis.t
Carmustine partially inhibits glutathione reductase,
the enzyme required to regenerate glutathione, thus
reducing tissue stores. The reduced glutathione
reserves might lead to pulmonary injuries through
alteration of the oxidant or antioxidant balance.*
Carmustine has been implicated in 3 pulmonary
syndromes: (&) an early-onset fibrosis and alveolitis
occurring in 1% of the patients receiving low doses
and 30% of the patients receiving high doses of
carmustine, (b) alate onset fibrosis (up to 17 years
after therapy) and (c) a contributing agent to the
bone marrow transplantation-induced pulmonary
fibrosis. Up to 40% of the patients who receive this
combination will, within 2 years, develop a
pulmonary fibrosis syndrome.:

3) Antimetabolites. @ Methotrexate induces
pulmonary toxicity in approximately 7% of patients
who receive the drug. The occurrence of pulmonary
complications may be acute, chronic or delayed a
few weeks after discontinuation of the drug. Higher
doses used in treatment of malignancy and lower
doses used as a part of an anti-inflammatory
regimen have been associated with pulmonary
toxicity but probably less frequent in the latter case.
Pulmonary reactions have occurred after 1V or
intrathecal  administration of  methotrexate.
Methotrexate can cause pulmonary fibrosis,
athough the predominant syndrome is more of a
hypersensitivity pneumonitis. Methotrexate can be
associated with an acute fibrotic syndrome with
features of hypersensitivity pneumonitis.’® Risk
factors that appear to be associated with
methotrexate-induced pulmonary toxicity include
frequency of administration, multidrug regimen,
corticosteroid tapering and previous adrenalectomy.!
The etiology of methotrexate induced pneumonitis
is unknown. Postulated actions leading to injury
include direct toxic effect of methotrexate on the
lung and hypersensitivity reaction to methotrexate.2

b) Edatrexate is an antineoplastic analog of
methotrexate. Pulmonary toxicity characterized by
pneumonitis with symptoms of fever, cough and
dyspnea and radiologic evidence of diffuse
interstitial changes have been reported after several
courses of edatrexate therapy in some patients.®
Another 2 antimetabolites that are associated with
pneumonitis and fibrosis are azathioprine® and
fludarabine.1

4) Plant alkaloids. a) Vincaakaloids are cell
cycle specific antimitotic antineoplastic agents.
They block cells in mitosis by binding to tubulin
and inhibiting microtubule formation in the mitotic
spindle# There are numerous reports concerning
respiratory distress syndrome "acute shortness of
breath and severe bronchospasm” following
administration of vinca akaoids, vincristine,
vinblastine and vindesine. These reactions are most
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frequently encountered when the vincaakaloid is
used in combination with mitomycin C. It has been
suggested that vinca alkaloids not only potentiate an
acute toxicity but may contribute to the chronic
toxicity of mitomycin C.#

Non-cytotoxic drugs that may induce pulmonary
fibrosis. Diffuse interstitial pulmonary disease
(alveolitis or fibrosis) may result from a variety of
non-cytotoxic agents including the following:

1) Hormonal therapy - tamoxifen therapy given to
postmastectomy  patients receiving radiation
increases the risk of radiation-induced pulmonary
fibrosis. Tamoxifen isinvolved in the induction of
TGF-3 secretion, which has been implicated in the
pathogenesis of radiation-induced fibrosis.*
Bicautamide is a pure non-steroidal antiandrogen
used in the treatment of prostate cancer. Interstitial
pneumonitis, eosinophilic lung disease, dyspnea,
cough, pharyngitis and rare cases of pulmonary
fibrosis have been reported with bicalutamide use.*
Nilutamide is a non-steroidal antiandrogen, which
has demonstrated efficacy in the treatment of
metastatic prostatic carcinoma. There is a strong
evidence that nilutamide is responsible for
interstitial pneumonitis with or without interstitial
fibrosisin some individuals. The incidence of this
adverse reaction is higher in patients receiving both
nilutamide and leuprolide (LHRH analogue)
combination or buserelin.#’

2) Drugs used for treatment of cardiovascular
diseases: a) Amiodarone is an iodinated benzofuran
derivative with a chemical structure similar to
thyroxine.* Pulmonary toxicity induced by
amiodarone has been described as pulmonary
alveolitis, pulmonary infiltrates, pneumonitis, lipoid
pneumonia and pulmonary fibrosis. Asthmatic
symptoms have been reported in patients with or
without bronchia asthma. Amiodarone induced
pulmonary fibrosisis an infrequent adverse reaction,
observed in only 1-4.5% of patients. It is definitely
dose related and the onset ranges between a few
weeks and several years after the initiation of
treatment.*

The mechanism of the adverse reaction is still a
matter of research. There are 2 main hypotheses: (i)
favoring a toxic and (ii) the immunologicaly
mediated reaction. It is well documented that
amiodarone induces the accumulation of
phospholipids in macrophages, lymphocytes and
other cell types by inhibiting phospholipase A1, A2
and C. The above dlterations affect cellular
immunity, which offers a possible explanation for
amiodarone induced interstitial lung tissue damage.
There is aso some evidence that the injury may be
due, in part, to damage caused by toxic oxygen
metabolites. The binding of amiodarone or one of its
metabolites to pulmonary proteins could dlicit an
immune reaction towards the drug behaving as a
hapten. Otherwise, toxic injuries of pulmonary
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tissue could produce neo-antigens that can be able
to trigger an autoimmune response4  More
recently, in an in vitro study, it was found that
amiodarone  (AM) and its  metabolite
N-desethyl-amiodarone (DEA) caused disruption of
mitochondrial membrane and adenosine
triphosphate (ATP) depletion and subsequent cell
death of isolated hamster alveolar and bronchiolar
epithelia cells. It was suggested that amiodarone
and DEA induce perturbations of mitochondrial
functions, which may initiate pulmonary toxicity.s°
b) Mexiletineis a class IB anti-arrhythmic drug with
pharmacological properties similar to lidocaine.
Pulmonary fibrosis was reported in a 75-year-old
male following 3 months of mexiletine therapy.
Three other cases have been reported. Mexiletine
causes an alveolitis or fibrosis with reticulonodul ar
infiltrates on chest radiographs.st ¢) Procainamide
isaclass |A anti-arrhythmic drug. It is commonly
used to treat supraventricular and ventricular
arrhythmias. A case of reversible pleura fibrosis
due to procainamide was reported in a 65-year-old
male. The patient had been receiving procainamide
for 5 years prior to symptoms of arthralgia and
progressively increasing pleuritic type chest pain.
Discontinuation of procainamide after one year of
follow up; the examination revealed resolution of
restrictive and diffusion defects.5’2 d) Bumetanide is
a loop diuretic similar in structure to frusemide,
used for treatment of edema. Pulmonary fibrosis,
granulocytic alveolitis and chronic inflammation
developed after 4 months of therapy with
bumetanide in a patient who had received thiazides
for 20 years and then was switched to bumetanide.
The patient also experienced migratory arthralgia,
dyspnea and chest heaviness.s

3) Antibacterials - Nitrofurantoin is a synthetic
nitrofuran antimicrobial. It has been used for several
decades in the treatment of acute urinary tract
infection and in chronic suppression therapy for
asymptomatic bacteriuria. Nitrofurantoin was one
of the first drugs to be implicated as a cause of
pulmonary disease. Although acute respiratory
distress syndrome and aveolar hemorrhage have
been reported, most cases of nitrofurantoin toxicity
fall into one of 2 distinct categories: an acute form,
which typically fits the pattern of hypersensitivity
lung disease and a chronic aveolitis fibrosis
syndrome.* Chronic nitrofurantoin toxicity often
occurs in elderly patients undergoing chronic oral
suppressive therapy for bacteriuria. Asin the acute
form, dyspnea, cough and cyanosis are seen.
Fatigue, weight loss and other constitutional
symptoms are often observed. The mechanism of
pulmonary toxicity is unknown but there is some
evidence that toxic oxygen metabolites play arole
ininducing lung injury.

4) Anti-inflammatory drugs such as @)
Penicillamine is a degradation product of penicillin
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and acts as a chelator of heavy metals. It has been
very successful for treatment of rheumatoid arthritis.
The pulmonary manifestations of penicillamine
toxicity include ILD, bronchiolitis obliterans, and
alveolar hemorrhage occurring as a pat of
pumonary  renal  syndrome.  Penicillamine
associated interstitial lung disease in the form of
chronic alveolitis or fibrosis has been reported only
in patients being treated for rheumatoid arthritis.
The patients condition was improved after
discontinuation of penicillamine therapy.s b) Other
drugs - with regard to other drugs, isolated reports
implicated gold compounds,® mesalamine” and
nabumetone® in induction of pulmonary fibrosis.

5) Miscellaneous drugs - induced pulmonary
toxicity. Various drugs have also been implicated in
induction of pulmonary fibrosis. These included
phenytoin,> bromocriptine® and cabergoline.t:
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