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Respiratory Failure in Cancer Patients: Non-Infectious Complications of
Antineoplastic Agents for Solid Tumors

Bobbak Vahid” and Paul E. Marik

Thomas Jefferson University Hospital, Department of Pulmonary and Critical Care Medicine, Philadelphia, USA

Abstract: Chemotherapy-induced respiratory failure is being increasingly recognized as a cause of respiratory failure in
the intensive care unit. The frequency of chemotherapy-induced respiratory failure is low, however with increasing num-
ber of patients receiving new chemotherapeutic agents more cases can be expected to be seen. Chemotherapy-induced
respiratory failure can be due to bronchospasm and hypersensitivity reactions, pulmonary hemorrhage, interstitial pneu-
monitis, eosinophilic pneumonia, and non-cardiogenic pulmonary edema. Pulmonary and critical care physicians should
be aware of the clinical presentation of chemotherapy-induced respiratory failure.
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INTRODUCTION

Chemotherapy-induced respiratory failure is being in-
creasingly recognized as a cause of respiratory failure in the
intensive care unit. The frequency of chemotherapy-induced
respiratory failure is low, but with increasing number of the
patients receiving new chemotherapeutic agents more cases
can be expected to seen. Chemotherapy-induced respiratory
failure can be due to bronchospasm and hypersensitivity re-
actions, pulmonary hemorrhage, interstitial pneumonitis,
eosinophilic pneumonia, and non-cardiogenic pulmonary
edema. Since more patients are being treated with new che-
motherapeutic agents and regimens, associated acute respira-
tory failure can be expected to be increasingly recognized as
a cause of acute respiratory distress syndrome (ARDS) in the
intensive care unit. Clinicians should be aware of the clinical
and radiographic presentation of chemotherapy-induced res-
piratory failure. Unfortunately, the diagnosis is complicated
by an extensive differential diagnosis (pneumonia, cardio-
genic pulmonary edema, etc). Physical examination, routine
laboratory work-up, and radiographic findings are usually
non-specific and do not allow for a definitive diagnosis.
Bronchoscopy or open lung biopsy may be necessary in se-
lected cases to establish the diagnosis. Chemotherapy-
induced respiratory failure should be considered in all pa-
tients receiving chemotherapeutic agents. Cessation of the
presumed culprit agent and treatment with systemic corticos-
teroids may result in resolution of respiratory failure [1, 2].
The major categories of chemotherapy induced respiratory
failure are reviewed below.

INTERSTITIAL PNEUMONITIS

Several solid tumor antineoplastic agents are known to
cause interstitial pneumonitis (Table 1). The incidence of
chemotherapy-induced pneumonitis ranges roughly from
0.5% to 10% [3-37]. The combination of two or more agents
may have synergistic effect and higher a frequency of pneu-
monitis can be expected. The risk factors for chemotherapy-
induced pneumonitis are not well understood [5, 38]. Pre-
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existing lung disease, smoking, and radiotherapy are possible
risk factors [38, 39]. A high inspired oxygen concentration
(FiO2 > 0.5) may potentiate mitomycin-induced pneumonitis
[21].

The clinical manifestations of chemotherapy-induced
pneumonitis are nonspecific and include cough, fever, dysp-
nea, and hypoxemia. Rapid progression to respiratory failure
and ARDS is not uncommon. The timing of clinical presen-
tation is unpredictable. Most patients develop interstitial
pneumonitis within 8 weeks after chemotherapy. Pre-
medication with or concurrent treatment with corticosteroids
may not prevent the development of interstitial pneumonitis.
Leukocytosis, elevated erythrocyte sedimentation rate, and
elevated C-reactive protein are common. Chest imaging may
show diffuse or patchy ground-glass opacities or consolida-
tions (Fig. 1). Unilateral pulmonary infiltrates do not exclude
the diagnosis of drug-induced pneumonitis [1-38]. Broncho-
scopy with bronchoalveolar lavage (BAL) plays an impor-
tant role in the evaluation of patients with suspected chemo-
therapy-induced pneumonitis. BAL cell count may show a
neutrophilia, lymphocytosis, or rarely eosinophilia. Broncho-
scopy is also necessary to exclude infectious pneumonitis
and pneumonia. The presence of malignant cell in BAL may
suggest lymphangitic carcinomatosis. Elevated serum Krebs
von den Lunge-6 (KL-6) levels have been reported in about
50% of patients with drug-induced pneumonitis. KL-6 is a
mucin-like glycoprotein that is expressed by type Il alveolar
pneumocytes. Elevated levels of KL-6 however can also be
seen in idiopathic interstitial pneumonitis, pneumonitis re-
lated to collagen vascular disease, hypersensitivity pneu-
monitis, radiation pneumonitis, viral pneumonia, pneumo-
cystis pneumonia, and sarcoidosis [40-42]. Lung biopsy ei-
ther by transbronchial technique or video-assisted thoracic
surgery can be extremely helpful to demonstrate the presence
of pneumonitis and exclude alternative diagnoses.

ORGANIZING PNEUMONIA

Organizing pneumonia (OP) is a well known manifesta-
tion of drug-induced lung disease. The clinical manifesta-
tions OP are similar to bacterial pneumonia, namely fever,
cough, dyspnea, and consolidation of chest imaging. The
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Fig. (1). A computed tomography scan of the chest showing bilateral diffuse pulmonary infiltrates in a patient with thalidomide-induced lung

toxicity.

Tablel. Classification and Agents Associated with Chemo-
therapy-Induced Respiratory Failure

Pneumonitis
Chlorozotocin
Erlotinib
Etoposide
Everolimus
Gefitinib
Gemcitabine
Ifosfamide
Irinotecan
Mitomycin-C
Mitoxantrone
Piritrexim
Taxanes
Temozolomide
Temsirolimus
Thalidomide
Topotecan
Trastuzumab

Organizing pneumonia
Doxorubicin
Thalidomide
Teniposide
Topotecan
Trastuzumab

Erlotinib
Etoposide
Irinotecan
Gemcitabine
Mitomycin-C
Trastuzumab

Non-cardiogenic pulmonary edema

Pulmonary Hemorrhage
Bevacizumab
Gefitinib
Gemcitabine
Mitomycin-C

Severe Infusion Reaction
Etoposide
Gemcitabine
Oxaliplatin
Matuzumab
Mitomycin-C
Taxanes
Teniposide
astuzumab

lung biopsy shows polypoid intraluminal plugs of proliferat-
ing fibroblasts and myofibroblasts within alveolar ducts and
interstitial infiltrates. Doxorubicin, thalidomide, teniposide,
topotecan, and trastuzumab have been reported as a cause of
OP. Cessation of culprit agent and systemic corticosteroids
should result in rapid resolution of respiratory disease [43-
46].

NON-CARDIOGENIC PULMONARY EDEMA

Non-cardiogenic pulmonary edema (NCPE), acute lung
injury, and ARDS are described after presumed chemother-
apy-induced lung injury. The mechanisms of lung injury are
not well understood. Systemic release of cytokines (gemcit-
abine), direct injury to the alveolar epithelium (etoposide,
mitomycin, irinotecan), hypersensitivity reactions (etopo-
side, mitomycin) and impairment of alveolar repair by type
Il pneumocytes (erlotinib, trastuzumab) are suggested [9, 20,
38, 39, 47]. Elevated BAL neutrophils and diffuse alveolar
damage with fibrin membrane formation may be found [32,
47-50]. Supportive care is mainstay of treatment. The role of
corticosteroids is not clear.

PULMONARY HEMORRHAGE

Diffuse alveolar hemorrhage (DAH) is characterized by
bloody BAL return and the presence of hemosiderin-laden
macrophages in BAL. The clinical presentation is nonspe-
cific and includes fever, dyspnea, and hemoptysis. Drug-
induced DAH has been described with gefitinib, gemcit-
abine, and mitomycin-C [7, 38, 51]. Pulmonary hemorrhage
and hemoptysis has been reported in 2.3% of patients with
non-squamous non-small cell lung cancer treated with
bevacizumab. In these patients pulmonary hemorrhage may
lead to respiratory failure and fatalities. Pulmonary hemor-
rhage associated with bevacizumab is more common in pa-
tients with squamous cell carcinoma and has been reported
in 31% of patients [52-54]. Diffuse alveolar hemorrhage as a
manifestation of mitomycin-C induced hemolytic-uremic-
like syndrome is rare [51].

INFUSION REACTIONS

Bronchospasm and hypersensitivity reaction (angioe-
dema, rash, utricaria, hypotension, arthralgia, nausea, vomit-
ing, hypotension or hypertension) during infusion or shortly
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thereafter (within minutes) are potentially fatal complica-
tions of several chemotherapeutic agents (Table 1). These
infusion reactions are usually self limited (less than 24
hours). Premedication with anti-histamines and corticoster-
oids may prevent infusion-related reactions. The incidence of
infusion-related reactions is usually higher than the inci-
dence of interstitial pneumonitis. Oxaliplatin infusion-related
reactions occur with frequency of 1.3%. Patients become
symptomatic within 5 to 50 minutes after starting oxaliplatin
infusion. Hypertensive crisis resulting in change in mental
status is particularly common with oxaliplatin infusion-
related reactions [55]. Mitomycin-infusion results in bron-
chospasm in about 5% patients [47]. Hypersensitivity reac-
tion to teniposide has been reported in 3.6% to 6.5% of pa-
tients. Clinical manifestations develop within first 10 to 20
minutes of teniposide infusion. It is interesting to note that in
patients with leukemia, infusion reactions tend to occur after
completion of the infusion. The timing of infusion-related
reactions are unpredictable and may occur during the first or
subsequent treatment cycles [56]. Monoclonal antibodies
may also cause hypersensitivity reactions. Bronchospasm
related to matuzumab has been reported in 5% of patients
and less than 1% of matuzumab infusions. Infusion-related
symptoms due to trastuzumab can be seen in 15% of the pa-
tients. Severe episodes of hypotension, bronchospasm and
hypoxemia leading to death are rare [57, 58].

DIAGNOSIS

The diagnosis of chemotherapy-induced respiratory fail-
ure is complicated. Pneumonia, cardiogenic pulmonary
edema, aspiration, lymphangitic carcinomatosis, radiation
pneumonitis and adult respiratory distress syndrome secon-
dary to sepsis should be excluded before considering the
diagnosis of chemotherapy-induced respiratory failure.
Blood culture, serum serology, echocardiogram, and bron-
choscopy are important to exclude infections (bacterial, viral,
fungal), heart failure, and lymphangitic carcinomatosis.
Open lung biopsy in selected cases can be helpful to exclude
alternative diagnoses and establishing the diagnosis of
pneumonitis.

MANAGEMENT

The mainstay of drug-induced pneumonitis is the cessa-
tion of the presumed culprit agent. There are no data to guide
corticosteroids treatment in chemotherapy-induced pneu-
monitis. Methyl-prednisolone 1 gm a day for 3 days in pa-
tients with respiratory failure can be used. Lower doses of
corticosteroids (methyl-prednisolone 60 mg every 6hours)
may be used in less severe cases of pneumonitis [1, 2]. We
taper the corticosteroids based on clinical response and im-
provement in oxygenation.
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