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Chemotherapy-induced lung disease
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Chemotherapeutic agents are used extensively in the exclusion of other causes of the lung damage. Un-
solid and hematologic malignancies and are increas-

ingly used for their immunosuppressive properties

in the management of inflammatory disorders. Pul-

monary diseases that are induced by chemotherapy

represent particular challenges for pulmonary and

critical care practitioners. These pulmonary reactions

can be severe and rapidly fatal. In addition, the

presentations of drug-induced pulmonary disease

must be rapidly and effectively differentiated from

other causes, including pulmonary infection, whose

clinical presentations of fever and diffuse radiographic

abnormalities may be virtually identical to chemo-

therapy-induced pulmonary reactions. Chemotherapy-

induced lung disease was first recognized in the early

1960s in association with busulfan [1]. Over the past

15 years these reactions have become a major prob-

lem, particularly in relation to therapeutic regimens

that contain bleomycin, methotrexate, cyclophospha-

mide, and a host of newer agents. Virtually all patients

who take these drugs are immune suppressed, from

their underlying disease as well as from the chemo-

therapy agents themselves. This makes them suscep-

tible to a variety of usual and atypical infections, as

well as lung recurrence of their underlying disease,

that are important competing diagnoses that need to

be excluded.

Universal criteria for the diagnosis of drug-in-

duced pulmonary disease are not available. The diag-

nosis of cytotoxic lung damage generally depends

upon an appropriate history of drug exposure, histo-

logic evidence of lung injury, and, most importantly,
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fortunately, there is no single diagnostic test or tissue

biopsy that definitively can confirm the diagnosis

of chemotherapy-associated lung disease. Thus, a

careful and thorough evaluation to eliminate the

possibilities of other conditions that produce these

effects, particularly infection, is warranted. Clinicians

who care for these patients must be aware of the

myriad of chemotherapeutic agents that can injure

the lungs. Overall, less than 10% of patients who re-

ceive chemotherapeutic agents develop pulmonary

toxicities [2,3]. Thus, the clinician must maintain a

high index of suspicion and be aware of factors that

are associated with increased risk of pulmonary injury

from these agents [2–12].

A wide variety of chemotherapeutic agents have

been associated with pulmonary toxicities (Box 1).

The clinical presentation of many drug effects is

similar; however, some present more acutely, whereas

others are insidious in their onset. In general, dyspnea,

nonproductive cough, and, often, fever, begin weeks

to years after the medication is first taken. Fever is

common with most chemotherapeutic drug-induced

pulmonary injuries, but it may not be consistently

present. Chills are usually absent; weight loss is

prevalent. The chest radiograph during chemothera-

py-induced lung disease may be unremarkable for

days or weeks before showing typical changes of a

diffuse interstitial infiltrative pattern. Alternatively,

there may be a diffuse mixed alveolar-interstitial

pattern that, on occasion, may be useful in recogniz-

ing early drug effects [2]. These patterns are, how-

ever, not diagnostic. There is no characteristic

radiographic pattern that is specific for a particular

chemotherapy agent, with the possible exception of

hilar lymphadenopathy that is associated with meth-
s reserved.



Box 1. Pharmacologic action of selected
chemotherapeutic agents with associated
pulmonary toxicities

Antibiotics

Bleomycin
Mitomycin C

Alkylating agents

Busulfan
Cyclophosphamide
Chlorambucil
Melphalan

Antimetabolites

Methotrexate
6-mercaptopurine
Azathioprine
Cytosine arabinoside
Gemcitabine
Fludarabine

Nitrosamines

Bischloroethyl nitrosourea (BCNU)
Chloroethyl cyclohexyl nitrosourea

(CCNU)
Methyl CCNU

Podophyllotoxins

Etoposide
Paclitaxel
Docetaxel
Novel antitumor agents
All trans retinoic acid (ATRA)
Gefinitnib
Imatinib mesylate
Irinotecan

Immune modulatory agents used in
malignancy

Interferons (IFNs)
Interleukin (IL)-2
Tumor necrosis factor (TNF)-B

Other miscellaneous chemotherapy
agents

Procarbazine
Zinostatin
Vinblastine
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otrexate lung [13,14]. Auscultation of the lungs usu-

ally reveals crackles, which is a nonspecific finding.

In some instances, small pleural effusions may be

present during adverse drug reactions, but these are

not present consistently enough to be of any diagnos-

tic benefit. Clubbing has not been reported in any

chemotherapeutic pulmonary toxicities.

The results of lung function studies are abnormal

in virtually every patient who has chemotherapeutic

drug disease when compared with pretreatment test-

ing. The carbon monoxide diffusing capacity may

decrease before decreased volumes are detected. In

addition, the decrease in carbon monoxide diffusing

capacity may precede the onset of symptoms and ra-

diographic changes by days or weeks [15]. In several

prospective studies, diffusing capacity was used to

detect the early onset of pulmonary reaction, at

which time, the drug or drugs were discontinued to

minimize progression into clinical disease [16,17].

Gallium (67Ga) uptake was shown to increase in most

of these chemotherapeutic drug reactions; this shows

that the lungs are affected before the chest radiograph

becomes abnormal. Bronchoalveolar lavage (BAL)

may be another means of assessing early lung damage

from these drugs; however, the results are variable. In

general, the greatest usefulness of BAL in the diag-

nosis of chemotherapy-associated lung disease is to

exclude atypical or typical infections.

Some reactions that are related to chemotherapeu-

tic agents were associated with cytologic atypia in

affected pulmonary tissues. The histologic findings

of markedly atypical type II pneumocytes, with rela-

tive fewer type I cells, was reported. The type II pneu-

mocytes may exhibit a ‘‘bizarre’’ appearance. The

nuclear to cytoplasmic ratio remains normal, however,

and there is no increased number of mitoses in these

cells [4]. Therefore, these changes should not be

interpreted as malignant. The presence of cytologic

atypia cannot be used to establish definite chemother-

apy-associated lung injury. For instance, cytologic

atypia may be present in an occasional patient who

is treated with busulfan and does not have clinical,

radiographic, or pathologic evidence of lung disease.



A.H. Limper / Clin Chest Med 25 (2004) 53–64 55
Hence, cytologic atypia does establish the presence

of significant drug exposure but is not diagnostic

of toxicity [16]. In addition, tissue examination in

chemotherapy-associated lung injury may demon-

strate a prominent inflammatory reaction in the inter-

stitium as well as deposition of fibrin and collagen

in the septal walls. Lung remodeling can progress

to the point of severe fibrosis and result in respira-

tory insufficiency.
Fig. 1. Diffuse lung injury pattern in a patient who received

bleomycin for a hematologic malignancy and subsequently

underwent general anesthesia with supplemental oxygen.
Antibiotic chemotherapy agents

Bleomycin

Bleomycin pulmonary toxicity is the most preva-

lent and best-defined chemotherapeutic-induced pul-

monary disease [16]. Investigations of surveillance

pulmonary function testing and chest radiographs re-

veal that as many as 20% of patients who are treated

with bleomycin develop clinical pulmonary disease;

as many as 1% die from pulmonary consequences

of bleomycin therapy [15]. The incidence of bleo-

mycin-related pulmonary disease is significantly

greater in those who received a total dose of more

than 450 U, with a 10% death rate in those who

received a cumulative dose of more than 550 U.

Pulmonary toxicity can develop after low doses of

the drug, however. Pulmonary toxicity also is in-

creased in patients who are older than 70 years of

age and in those who have pre-existing lung disease or

renal failure. In these investigations, frequent moni-

toring of the carbon monoxide diffusing capacity

predicted subsequent clinical deterioration. Progres-

sive decreases in the carbon monoxide diffusing

capacity should prompt withdrawal of bleomycin

therapy [18]. In addition, the enhanced sensitivity of

CT imaging may be useful in establishing an early

diagnosis of bleomycin pneumonitis [19,20]. In one

study of 100 patients who received bleomycin ther-

apy, thoracic CT imaging was abnormal in 38%,

whereas the chest radiographs were abnormal in

only 15% [19].

Several other agents synergistically predispose

patients to developing bleomycin pneumonitis. Pre-

vious or concomitant thoracic radiation therapy is

associated with a substantially increased incidence

of severe bleomycin pulmonary toxicity. In addition,

there is strong evidence of a synergistic effect between

previous bleomycin exposure and subsequent expo-

sure to high-inspired oxygen concentrations (Fig. 1).

This is a problem during anesthesia and in the post-

operative recovery period [21,22]. It is not known for

how long after bleomycin exposure that breathing a
high-inspired oxygen concentration predisposes to

bleomycin toxicity. In particular, exposures within

the previous 6 months should be considered highly

risky, although the hazard may extend for month or

years beyond this period. High-inspired oxygen con-

centrations should be avoided whenever possible. In

addition, there seems to be synergistic toxicity be-

tween bleomycin and concomitant administration

of cyclophosphamide.

Bleomycin pulmonary toxicity may be reversible

if minimal changes have occurred and further bleo-

mycin therapy is withheld. One study demonstrated

that if the patient survives the acute event, the pul-

monary findings may improve substantially [23]. If

significant fibrosis is present, however, the process

may progress insidiously, despite the administration

of corticosteroids. Histologically, end-stage bleomy-

cin pneumonitis may be indistinguishable from idio-

pathic usual interstitial pneumonitis.

A more frequent form of bleomycin pneumoni-

tis has been described, namely a hypersensitivity

type of bleomycin reaction that is associated with

acute onset, fever, and peripheral blood or BAL eo-

sinophilia. Discontinuation of bleomycin and initiat-

ing corticosteroids usually causes reversal of this

hypersensitivity variant of bleomycin pneumonitis.

In addition, a rare, but clinically important, pre-

sentation of bleomycin pneumonitis can occur, the

clinical presentation of nodular pulmonary lesions that

mimic tumor metastasis [24,25]. These reactions have
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been described in the setting of seminoma or lympho-

ma and sometimes require surgical biopsy to dif-

ferentiate bleomycin-associated lung injury from

recurrence of the primary malignancy. The nodular

lesions of bleomycin pneumonitis frequently display

the histologic pattern of bronchiolitis obliterans with

organizing pneumonitis (BOOP) [4]. Similar, BOOP-

like reactions were described in association with

other chemotherapeutic agents, including cyclophos-

phamide, methotrexate, mitomycin, chlorambucil, and

interferon, as well as nonchemotherapeutic agents,

including amiodarone, gold, and nitrofurantoin [4].

Mitomycin C

Mitomycin C has been used in the management

of bladder tumors, lung cancer, metastatic breast

carcinoma, anal cancer, esophageal malignancies,

and metastatic liver tumors. The exact incidence of

mitomycin-induced pneumonitis is uncertain. One

series stated that the incidence is approximately 8%;

two additional series estimated the incidence from

12% to 39% [26,27]. The symptomatology, radio-

graphic abnormalities, and histologic findings of mi-

tomycin-induced pneumonitis generally are similar to

those of other alkylating drug reactions. It was sug-

gested, however, that the carbon monoxide diffusing

capacity may not decrease before the onset of clinical

symptoms [26]. In addition, the favorable response

to corticosteroid therapy was dramatic in several

patients, possibly greater than in other forms of

chemotherapy-associated lung injury.

In addition to mitomycin-induced pneumonitis,

there are accumulating reports of an unusual reaction

to mitomycin C that consists of microangiopathic

hemolytic anemia with associated renal failure and

noncardiogenic pulmonary edema [28]. Most of

these patients developed side effects between 6 and

12 months after beginning mitomycin C chemother-

apy, but the syndrome has been described several

month after termination of treatment. Approximately

one half of the patients develop adult respiratory

distress syndrome. The mortality of patients who have

respiratory complications may be as high as 95%,

compared with 50% in patients who do not have lung

involvement. Many of these patients with mitomycin

C associated hemolytic-uremic syndrome also re-

ceived fluorouracil (5 FU), an agent without signifi-

cant known pulmonary toxicity. In some instances,

this unusual drug reaction seemed to be precipitated

by blood transfusions. Histologically, microangio-

pathic changes are seen in the kidneys and lungs with

intimal hyperplasia of the arterioles (sometimes asso-

ciated with complete occlusion of the lumen), along
with prominent nuclear atypia of the capillary cells

and capillary fibrin thrombi.
Alkylating agents

Busulfan

Busulfan has been used for the management of

chronic myeloproliferative diseases in conditioning

protocols preceding autologous bone marrow stem

cell transplantation. The average time from the initi-

ation of therapy to the onset of respiratory symptoms

is approximately 3.5 years and ranges from 8 months

to 10 years. Busulfan pulmonary toxicity can occur

as early as 6 weeks following initiation of therapy.

The incidence of busulfan pulmonary toxicity is

estimated to be 6%, with a reported range of 2.5% to

43% [29]. Dyspnea, fever, and cough begin in a more

insidious fashion than with most other chemotherapy-

associated lung toxicities. Symptoms have been

reported to begin months after busulfan therapy was

discontinued. Withdrawal of the agent and adminis-

tration of corticosteroids results in variable clinical

response. Although some patients improve, most

experience progressive respiratory impairment and

death. It is not clear whether busulfan-related injury

is a dose-dependent phenomenon. Concomitant ra-

diation therapy may potentiate the effect of busulfan,

as it does with some of the other chemotherapeutic

agents. The chest radiograph in busulfan toxicity

reveals a combined alveolar and interstitial infiltrative

process, that is more severe than in other chemother-

apy-induced pulmonary reactions. This is likely due to

a high degree of desquamation of injured epithelial

cells into the alveolar spaces. Accordingly, the alveo-

lar debris was so extensive that it yielded a pattern that

was suggestive of alveolar proteinosis in several

patients who received busulfan. This form of alveolar

proteinosis is more refractory to therapeutic lavage

than idiopathic alveolar proteinosis [30–32].

Cyclophosphamide

Cyclophosphamide is included in several combi-

nation chemotherapeutic regimens for hematologic

malignancies and solid tumors, including breast car-

cinoma. This agent is also used extensively, alone, or

in combination, with corticosteroids for immune sup-

pression in the vasculitides and other inflammatory

conditions. Accumulating evidence suggests that the

incidence of cyclophosphamide-induced pneumonitis

may be largely underestimated [33]. A comprehensive

retrospective review at a tertiary referral center iden-
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tified six patients over 20 years in whom cyclophos-

phamide was the only factor that contributed to

pulmonary injury [34]. Clinical features of cyclophos-

phamide-associated pulmonary toxicity include dysp-

nea, fever, cough, gas exchange abnormalities,

parenchymal infiltrates, and pleural thickening. Two

patterns of cyclophosphamide-induced lung toxicity

were appreciated in that series. First, an early-onset

pneumonitis occurred within the first 1 to 6 months

after institution of therapy. This form generally

responded to withdrawal of cyclophosphamide. In

contrast, a late-onset pneumonitis can develop after

months, or years, of therapy, and result in progressive

lung fibrosis and bilateral pleural thickening. This

late-onset variety has minimal response to withdrawal

of cyclophosphamide or to corticosteroid therapy

[34]. The dose of cyclophosphamide and the subse-

quent development of pulmonary disease are not

related clearly. There have been rare reports of nega-

tive rechallenge with cyclophosphamide (ie, without

subsequent recurrence of the pulmonary toxicity);

however, this is not generally recommended.

Chlorambucil

This alkylating agent is prescribed primarily for

chronic lymphocytic disorders but also has been

used as an immunosuppressant. The clinical presen-

tation, chest radiographic abnormalities, and histo-

logic features of chlorambucil-associated pneumonitis

are similar to those described in other alkylating

agent– induced pulmonary toxicities [3]. The presen-

tation is generally insidious and occurs 6 months to a

year or more after beginning therapy. Surveillance of

lung function, particularly diffusing capacity, may be

beneficial in anticipating which patients will deterio-

rate and require discontinuation of the agent. Little

data are available on the efficacy of corticosteroid

therapy in chlorambucil-associated lung toxicity.

Melphalan

Melphalan has been used in the treatment of

multiple myeloma. Few well-documented cases of

pulmonary toxicity that were associated with melpha-

lan were reported, although the overall incidence may

be underestimated [2]. The course of melphalan-

associated pulmonary injury varies from acute to

subacute. There are no particular clues for predicting

which patient will develop side effects. The incidence

of pulmonary side effects from melphalan must be

low because this agent has been used widely in the

treatment of a chronic hematologic malignancy.
Antimetabolites

Methotrexate

Methotrexate is present in many combination pro-

grams for neoplasms and also is used extensively for

nonmalignant conditions, including psoriasis and

rheumatoid arthritis. Several hundred cases of ad-

verse pulmonary reactions that were related to

methotrexate have been reported. Methotrexate pneu-

monitis is unique and has been associated with a few

fatalities. Dyspnea, nonproductive cough, and fever

usually commence a few days to several weeks after

initiation of therapy; in rare cases, symptoms may

begin a few months or years after the onset of ther-

apy [35]. Methotrexate-associated pneumonitis is al-

most always reversible with or without the addition of

corticosteroids. Eosinophilia, usually mild, is seen in

at least half of the cases; therefore, the disease is be-

lieved to represent a hypersensitivity state [3]. The

intriguing feature of this reaction is that the drug may

be reinstituted following resolution of methotrexate

pneumonitis without triggering a subsequent recur-

rence of symptoms or findings. In about one third of

the patients, weakly formed granulomas are docu-

mented in lung biopsy; this is an unusual finding in

other forms of chemotherapy-associated lung disease

[4]. There is no cellular atypia, such as is seen in

other cytotoxic drug reactions.

The chest radiograph usually reveals a homoge-

neous infiltrate throughout all lung fields. Hilar ade-

nopathy or pleural effusion occurs in at least 10%

of patients who have methotrexate pulmonary tox-

icity. In contrast to most other chemotherapy pulmo-

nary toxicities, prospective investigations of patients

who received methotrexate did not demonstrate a

diminished diffusing capacity that might precede

subclinical toxicity. In addition, pulmonary toxicity

in response to methotrexate does not seem to be dose

related. There were a few reports of fatal reactions

that occurred from intrathecal methotrexate or from

oral ingestion after previous intrathecal injections.

Exclusion of opportunistic infections in the setting

of methotrexate use is particularly important. Pneu-

mocystis pneumonia was reported in patients who

received methotrexate, either alone, or in combination

with corticosteroids [36]. The clinical presentation,

chest radiograph, and other clinical features can be

similar to methotrexate lung [36,37].

Azathioprine

Azathioprine is frequent component of several

combination chemotherapy regimens for malignan-



Fig. 2. BCNU lung injury is frequently associated with

bilateral upper lobe infiltration as demonstrated on this chest

radiograph. Discontinuation of the agent and institution of

corticosteroid yields little sustained improvement.
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cies and is being used increasingly for its immune

suppressive properties during inflammatory condi-

tions and following organ transplantation. There are

more than one dozen case reports of azathioprine

pneumonitis. The net overall incidence must be low,

because of the widespread use of this agent for

neoplastic and nonneoplastic conditions [2]. Regard-

less, the possibility of an azathioprine pneumonitis

must be considered in any individual who receives

this agent. Azathioprine is metabolized to 6-mercap-

topurine and there has been a handful of reports that

detailed cytotoxic interstitial pneumonitis in associa-

tion with this metabolite [6]. Many of these patients

received other drugs that potentially could be impli-

cated in the lung injury described.

Cytosine arabinoside

Cytosine arabinoside (ara-C) is a cytotoxic agent

that is used to induce remission in acute leukemia

and other hematologic malignancies before bone

marrow transplantation. Intensive ara-C treatment

regimens have been associated with rapidly fatal

noncardiac pulmonary edema [38]. Histologic exami-

nation of lung tissue during ara-C pulmonary toxicity

reveals marked intra-alveolar proteinaceous material

without the cellular atypia and mononuclear infiltra-

tion that is described with other cytotoxic drugs. In

two large series, 13% to 28% of the patients who

had toxicity developed respiratory distress during

the administration of the drug; nearly one half de-

veloped symptoms within a month of completing

drug administration [38,39]. The mechanism that

underlies this reaction is unknown and the associated

mortality is high. Treatment for ara-C pulmonary

toxicity is largely supportive, with mechanical venti-

lation, careful management of fluid status, and sur-

veillance for superimposed infectious complications.

Gemcitabine

Gemcitabine is a pyrimidine analog, with struc-

tural similarities and activities parallel to cytarabine

(ara-C). It is highly active against nonsmall cell lung

cancer, pancreatic carcinoma, and breast and ovarian

cancers. It is generally well-tolerated; most toxicities

are bone marrow suppression, nausea, rash, transam-

inase increase, and edema. The incidence of pulmo-

nary toxicity in association with gemcitabine has

emerged only recently and probably has been under-

estimated [40]. Dyspnea was reported in 10% of

treated patients; severe dyspnea was found in up to

5% [41–43]. There are three major patterns of res-
piratory involvement in gemcitabine-related pul-

monary toxicity. The first pattern is a nonspecific,

self-limiting dyspnea that occurs within hours to days

of treatment. A second, uncommon pattern is an

acute hypersensitivity reaction with bronchospasm.

A third pattern of severe respiratory involvement is

seen occasionally. This is a severe idiosyncratic reac-

tion with marked dyspnea and pulmonary infiltrates

that may progress to life-threatening respiratory in-

sufficiency (Fig. 2). Most cases of gemcitabine-related

pulmonary toxicity resolve with discontinuation of

this agent. In cases of severe symptoms, discontinua-

tion of the agent, with institution of corticosteroids,

careful fluid management, and diuretic therapy may

be warranted [42].

Fludarabine

Fludarabine is another nucleoside analog that is

widely used in the management of chronic lympho-

proliferative disorders. The incidence of pulmonary

toxicity related to fludarabine was estimated to be

8.6% [44]. Affected individuals experience dyspnea

as early as 3 days after the first cycle of chemother-

apy, although later onset of pulmonary symptoms

have been described. The chest radiograph reveals

either interstitial or mixed interstitial-alveolar infil-

trates. Most patients seem to respond to discontinua-

tion of this drug and receive symptomatic and

objective benefits from corticosteroid therapy.
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Nitrosamines

Nitrosourea compounds have activity in treatment

regimens for gliomas and other central nervous sys-

tem tumors, as well as in conditioning protocols that

precede autologous bone marrow stem cell transplan-

tation. Pulmonary toxicity that is related to nitroso-

ureas have been known since the 1970s and represents

one of the most common side effects of these agents

[45]. In particular, BCNU (carmustine) was reported

to induce acute onset pulmonary injury and delayed-

onset pulmonary fibrosis, with a predilection for

the upper lobes [45]. The incidence of pulmonary

toxicity that is associated with the administration of

BCNU varies from 1.5% to 20% and seems to be dose

related, with up to a 50% incidence of lung disease

in patients who received a total dose of more than

1500 mg/m2 [46]. There also have been reports of

pulmonary effects that occurred with much lower

doses [46]. The duration of therapy before the onset

of pulmonary toxicity for the acute variety of nitro-

sourea lung injury varies from 6 months to 3 years.

There seems to be a synergistic effect with cyclo-

phosphamide, radiation therapy, and, possibly, other

chemotherapeutic agents. The clinical course is simi-

lar to that for bleomycin and cyclophosphamide. The

outcome may be unpredictable and sometimes fatal.

There have been fewer case reports of pulmonary

toxicity with methyl-chloroethyl cyclohexyl nitro-

sourea and chloroethyl cyclohexyl nitrosourea. Fever

is less commonly associated with this form of pulmo-
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Fig. 3. Gemcitabine pulmonary toxicity occurred in this in-

dividual following treatment for transitional cell carcinoma.

These bilateral infiltrates that are demonstrated by high-

resolution CT scanning resolved after discontinuation of

the agent.
nary toxicity than with most other chemotherapeutic

drugs. Therapy usually consists of withholding the

offending agent and institution of corticosteroids,

which has variable, and often only transient, benefi-

cial effects [47].

A long-term complication of BCNU toxicity is

evidence of upper lobe pulmonary fibrosis many

years after the completion of chemotherapy (Fig. 3).

O’Driscoll and colleagues [48] followed 17 patients

for up to 17 years; 12 of the 17 (71%) developed upper

lobe fibrosis. The fibrosis is insidious in onset and

seems to be intractably progressive. Corticosteroid

therapy has not proven to be effective in delayed

BCNU upper lobe fibrosis. Pneumothorax is another

unusual complication that is almost exclusively asso-

ciated with nitrosourea compounds [49]. This may

be related to the upper lobe fibrobullous changes that

are present in patients who have BCNU lung toxicity.
Novel and emerging chemotherapeutic agents

All trans retinoic acid

Tretinoin (All trans retinoic acid) has been used

in acute promyelocytic leukemia where it induces

differentiation of myeloid precursors and accelerates

the maturation of leukemic cells, thereby promoting

remission. It also has been used to reduce dissemi-

nated intravascular coagulation and hemorrhagic com-

plications of promyelocytic leukemia. The drug is

associated with several toxicities, including edema

and fluid retention with pleuropericardial effusions

that may evolve into a generalized capillary leak

syndrome. In addition, multiple hemorrhagic compli-

cations have been described. In a series of 35 cases of

promyelocytic leukemia that were treated with ATRA,

nine patients developed respiratory distress [50].

Respiratory symptoms occurred between Day 2 and

Day 21 of treatment with ATRA. Intravenous corti-

costeroid therapy seemed to be beneficial to patients

who were affected with ATRA pulmonary syndrome.

Based upon these observations, an additional study

suggested that the incidence of ATRA-associated

pulmonary syndrome can be reduced to roughly

10% with the use of preventative treatment with oral

corticosteroids [51]. Autopsy examinations of lungs

that were affected by ATRA revealed interstitial

infiltration with maturing myeloid cells. The overall

spectrum of the ATRA-associated pulmonary syn-

drome continues to evolve and includes the observa-

tions of myeloid cells and blasts in BAL, pulmonary

leukostasis, nodular pulmonary infiltrates, noncardio-

genic pulmonary edema, the adult respiratory distress
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syndrome, Sweet’s syndrome, and diffuse alveolar

hemorrhage [52].

Gefitinib

Gefitinib (Iressa, ZD1839) is a selective tyrosine

kinase inhibitor that is active downstream from

the epidermal growth factor receptor. It is approved

for patients who have advanced nonsmall cell lung

cancer and failed to respond to platinum-based

chemotherapy regimens. At least six cases of acute

interstitial pneumonia have been associated with this

agent; the overall incidence of gefitinib-associated

interstitial lung disease may be in the range of 1%

[53]. Diffuse ground glass opacities have been ob-

served on CT imaging. Tissue examination in the

available cases revealed diffuse alveolar damage.

Although some patients respond to withdrawal of

the agent and institution of corticosteroid therapy,

others progress to fatal respiratory insufficiency.

Hence, the clinician needs to remain mindful of this

pulmonary complication of gefitinib therapy and

discontinue the agent if symptoms and radiographic

abnormalities are observed. Recently, a limited num-

ber of cases that showed pulmonary infiltration

were reported in association with imatinib mesylate

(Gleevec, ST1571), a novel tyrosine kinase inhibitor

that is used in the treatment of chronic myelogenous

leukemia and gastrointestinal stromal tumors [54].

Irinotecan

Irinotecan, a semisynthetic camptothecin, has been

used in some lung cancer trials and is prescribed

for advanced colorectal cancer, either alone, or in

combination with 5-fluorouracil. Early irinotecan

registration studies in Japan documented a 1.8%

incidence of pneumonitis [63,64]. In those reports,

clinical features included fever, dyspnea, and reticu-

lonodular infiltrates on chest radiography. Empiric

corticosteroids have been recommended, but some

patients progressed to fatal respiratory insufficiency.

In subsequent United States trials, cough and dyspnea

were described in roughly 20% of treated patients

[65]; however, many of these patients had intratho-

racic malignancies. Overall, the incidence of serious

pulmonary toxicity related to irinotecan was much

lower in the subsequent trials (approximately 0.4%)

[65]. Nonetheless, cases of irinotecan-associated in-

terstitial pneumonitis have been reported in the United

States. Patients who have pre-existing pulmonary

disease may be at particular risk.
Podophyllotoxins

Etoposide

Etoposide (VP-16) has been used widely in com-

bination chemotherapy for small cell and nonsmall

cell carcinoma of the lung. Despite its extensive use,

only a few cases of etoposide-associated pulmonary

toxicity have been reported [55]. Onset may occur

after the first round of chemotherapy, although most

of the associated cases occurred after prolonged

treatment. Tissue examination reveals feature of alve-

olar edema, diffuse alveolar damage, and atypical type

II pneumocytes. Withdrawal of the agent and cortico-

steroid therapy has been used with variable results.

Paclitaxel

Paclitaxel (Taxol) is one of the most potent chemo-

therapeutic agents in the treatment of breast, lung,

and ovarian carcinomas and has experienced wide-

spread use over the past 5 years. A limited number of

case reports associated this agent with respiratory

symptoms, including dyspnea, cough, wheezing and

chest tightness [56]. Interstitial and reticulonodular

infiltrates have been described on chest radiographic

examination [57]. Cases of transient pulmonary infil-

trates and suspected interstitial pneumonitis have

been reported, although the true incidence of lung tox-

icity that is directly related to paclitaxel is not

well understood. A prospective study of lung func-

tion in 33 patients who received paclitaxel with car-

boplatin (an agent with little evidence for direct

lung toxicity) for nonthoracic malignancy revealed

an isolated decrease in diffusing capacity without other

clinical or radiographic evidence of pulmonary toxicity

[58]. In other series of patients who had lung carcino-

ma, significant early and late pulmonary toxicity was

noted in 10% and 68% of patients, respectively [59].

Attributing the toxicity directly to paclitaxel is clouded

by the underlying thoracic neoplasm, as well as other

cytotoxic agents that were used in these patients [60].

Nonetheless, clinicians should be aware of the poten-

tial for paclitaxel to impair pulmonary function.

Docetaxel

Docetaxel (Taxotere) is a new taxane derivative

that has shown activity in the treatment of breast and

nonsmall cell lung cancer. Occasional pulmonary

toxicity, that presents as a hypersensitivity reaction,

has been observed [61]. These cases responded rap-

idly to corticosteroid therapy. Recently, a small case

series suggested that the combination of docetaxel
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and gemcitabine has a particular propensity to induce

severe pulmonary toxicity [62].
Immune modulatory agents

Interferons

IFNs have been used in a wide variety of malig-

nant, idiopathic, infectious, and inflammatory con-

ditions, including idiopathic pulmonary fibrosis. In

particular, IFN-a and -b have been used in the

treatment of hairy cell leukemia, myeloma, T-cell

lymphoma, chronic myelogenous leukemia, malig-

nant pleural effusions, melanoma, renal cell carcino-

ma, and Kaposi’s sarcoma. IFN-g has been included

in investigative trials for mesothelioma and nonsmall

cell lung carcinoma.

Administration of IFN compounds has been asso-

ciated with a variety of pulmonary reactions. For

example, IFN-a was associated with severe exacer-

bation of bronchospasm in patients who had pre-

existing asthma [66]. In addition, a granulomatous

reaction that was indistinguishable from sarcoidosis

was described in association with IFN therapy [67].

These usually respond to reduction or withdrawal of

the agent with or without the addition of cortico-

steroids. Noncaseating granulomas have been docu-

mented in the lung, lymph nodes, liver, and skin.

IFN-associated interstitial lung disease also has

been described, occurring within weeks to months

after initiation of IFN therapy [68]. Dyspnea and

cough are observed and bilateral infiltrates are noted

on chest radiography. A CD8 predominant lympho-

cytic response is found on BAL and a cellular inter-

stitial pattern is present on histologic examination.

IFN therapy was associated with a bronchiolitis oblit-

erans organizing pneumonia in some biopsies [69].

Most affected patients respond to discontinuation of

the IFN and addition of corticosteroid therapy. Re-

cently, IFN-g was used in idiopathic pulmonary fi-

brosis (IPF). Notably, a series reported 4 patients who

had advanced IPF and developed acute hypoxemic

respiratory failure during IFN-g therapy [70]. This

was not responsive to corticosteroid administration

and was fatal in three cases. IFN-g also was reported

to be associated with a high incidence of severe

radiation pneumonitis when used in multi-modality

therapy for nonsmall cell lung carcinoma [71].

Interleukin-2

IL-2 has been used, with or without lymphokine-

activated killer cells, as an investigational agent for
treatment of certain malignancies [72–74]. More than

50% of the patients who were treated with IL-2

developed one or more pulmonary complications,

including noncardiogenic pulmonary edema, the adult

respiratory distress syndrome, bronchospasm, and

cardiac dysfunction that led to cardiogenic pulmo-

nary edema. In some individuals, a generalized capil-

lary leak syndrome was described.

Tumor necrosis factor

TNF-a is a macrophage-derived cytokine that

promotes inflammation and induces necrosis of cer-

tain neoplasms. TNF-a has been used as an investi-

gational agent in treatment protocols for patients

who have advanced malignancies [75,76]. In one

series of 27 patients who were treated with TNF-a,
pulmonary function studies showed a statistically

significant decline in carbon monoxide diffusing ca-

pacity in all patients studied, beginning about 2 weeks

after the initiation of therapy. The results of other tests

of pulmonary function did not change significantly

[76]. Associated respiratory impairment was noted in

some individuals.

Granulocyte-macrophage colony-stimulating factor

and granulocyte colony-stimulating factor

Although not chemotherapy agents, granulocyte-

macrophage colony-stimulating factor (GM-CSF) and

granulocyte colony-stimulating factor receive wide

application in the treatment of bone marrow suppres-

sion during chemotherapy, thereby enhancing the

immune response of treated patients. Pulmonary in-

filtrates often occur during neutrophil recovery. Sev-

eral case reports and small patient series proposed

that GM-CSF and G-CSF may potentiate pulmonary

toxicity of other chemotherapeutic agents [77]. It was

also suggested that GM-CSF may induce a recall

phenomenon of toxicity from other agents. These

possibilities continue to be debated and require fur-

ther observation.
Other chemotherapeutic agents

Procarbazine

Procarbazine has found use in treatment regimens

for Hodgkin’s disease and other lymphoproliferative

disorders. Adverse pulmonary side effects that are

related to procarbazine are fairly infrequent; only a

few cases of probable procarbazine pneumonitis

have been described [2,3]. These lung reactions may
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be cytotoxic in nature. In other patients, toxicity was

related to a rapid-onset hypersensitivity reaction that

was associated with eosinophilia that declined after

the drug was discontinued.

Zinostatin

Zinostatin has been associated with a few reports

of pulmonary toxicity that usually occurred in pa-

tients who received the drug for prolonged periods

of time [3]. This agent has been associated with

the unique drug reaction of hypertrophy of the

pulmonary vasculature which may be related to be

a direct cytotoxic effect of the drug on the pulmo-

nary endothelium.

Vinblastine

Vinblastine, a vinca plant alkaloid, is one of the

oldest chemotherapeutic agents that is still commonly

use. Vinblastine is included in a wide variety of

chemotherapeutic regimens for hematologic and solid

malignancies. Traditionally, vinblastine was believed

to have little, if any, pulmonary toxicity. Reports

associated vinblastine with pulmonary complications

when it is combined with other agents, particularly

mitomycin C. This combination was complicated by

bronchospasm, interstitial pneumonitis, and a noncar-

diac pulmonary edema [78,79].
Summary

The lung has significant susceptibility to injury

from a variety of chemotherapeutic agents. The clini-

cian must be familiar with classic chemotherapeutic

agents with well-described pulmonary toxicities and

must also be vigilant about a host of new agents

that may exert adverse effects on lung function. The

diagnosis of chemotherapy-associated lung disease

remains an exclusionary process, particularly with

respect to considering usual and atypical infections,

as well as recurrence of the underlying neoplastic pro-

cess in these immune compromised patients. In many

instances, chemotherapy-associated lung disease may

respond to withdrawal of the offending agent and

to the judicious application of corticosteroid therapy.
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