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31.1  Introduction

Patients with hematologic diseases who are being 
treated with therapy drugs, or receive radiation ther-
apy or blood transfusions may develop a host of poten-
tially fatal infectious and noninfectious pulmonary 
complications [1]. The increased complexity of multi-
modality and high-dose treatment regimens with the 
intended benefit of augmented antineoplastic efficacy 
and prolonged disease-free survival, the use of a panel 
of novel drugs to treat malignant and nonmalignant 
hematologic conditions (e.g., azacytidine, bortezomib, 
cladribine, dasatinib, fludarabine, imatinib, lenalido-
mide, rituximab, and thalidomide), total body irradia-
tion (TBI) and hematopietic stem cell transplantation 
(HSCT) have increased the incidence of severe some-
times life-threatening pulmonary complications.

As the incidence of infectious complications has 
decreased as a result of improved diagnostic methods 

Pleuropulmonary Changes Induced 
by Drugs in Patients with Hematologic 
Diseases

Philippe Camus 

P. Camus  
Department of Pulmonary Disease and Intensive Care, 
University Medical Center Le Bocage & Medical School at the 
Université de Bourgogne, F-21079,  
Dijon, France 
e-mail: ph.camus@chu-dijon.fr, phil.camus@orange.fr,  
www.pneumotox.com

31

Contents

31.1  Introduction ........................................................ 387

31.2  Diagnostic Criteria for Drug-Induced  
Respiratory Disease ............................................ 389

31.3  Patterns of Reactions to Drugs  
and Radiation ...................................................... 390

31.3.1  Interstitial-Infiltrative Lung Diseases (ILD) ......... 390
31.3.2  Pulmonary Nodules .............................................. 396
31.3.3  Acute Chest Pain .................................................. 396
31.3.4  Bronchospasm ...................................................... 396
31.3.5  Pleural Involvement .............................................. 397
31.3.6  Late Changes ........................................................ 397
31.3.7  Drug-Induced Lymphoma and Second Cancers......... 397

31.4  Drugs Causing Pleuropulmonary Toxicity  
in Hematology ..................................................... 398

31.4.1  Amphotericin B .................................................... 398
31.4.2  Anti-thymocyte Globulin ...................................... 398
31.4.3  All-trans-Retinoic Acid (ATRA) and Arsenic  

Trioxide As
2
O

3
 ............................................... 398

31.4.4  Azacytidine ........................................................... 399
31.4.5  Bis-Chlororethyl Nitrosourea Carmustine ............ 399
31.4.6  Bleomycin ............................................................ 399
31.4.7  Blood and Blood Products: Transfusion-Related  

Acute Lung Injury ................................................ 401
31.4.8  Bortezomib ........................................................... 403
31.4.9  Busulfan (Myleran) .............................................. 403
31.4.10  Chlorambucil ........................................................ 403
31.4.11  Colony-Stimulating Factors .................................. 403
31.4.12  Corticosteroids ...................................................... 404
31.4.13  Cyclophosphamide ............................................... 404
31.4.14  Cytosine-Arabinoside (Ara-C) ............................. 404
31.4.15  Dasatinib ............................................................... 404
31.4.16  Deferoxamine ....................................................... 405

31.4.17  Etoposide .............................................................. 405
31.4.18  Fludarabine ........................................................... 405
31.4.19  Gemcitabine .......................................................... 406
31.4.20  Hydroxyurea ......................................................... 406
31.4.21  Interferon .............................................................. 406
31.4.22  Imatinib ................................................................ 407
31.4.23  Lenalidomide ........................................................ 407
31.4.24  Melphalan ............................................................. 407
31.4.25  Methotrexate ......................................................... 408
31.4.26  Procarbazine ......................................................... 409
31.4.27  Rituximab ............................................................. 409
31.4.28  Thalidomide .......................................................... 410
31.4.29  Vinca Alkaloids .................................................... 410

31.5  Adverse Effects of Radiation Therapy  
to the Chest .......................................................... 410

References ........................................................................... 411



388 P. Camus

and effective prophylaxis, noninfectious, iatrogenic 
radiation- and drug-induced pulmonary complications 
have emerged as a major cause of early and late pul-
monary morbidity, which may claim the lives of long-
term survivors of hematologic malignancies. Toxic 
pneumonitis may account for 16% of all pulmonary 
events in this setting [2], and long-term adverse effects 
of treatments require prolonged follow-up in regard to 
the development of nonneoplastic and neoplastic con-
ditions in heart and lung [3]. Noninfectious pulmonary 
complications represent a real challenge to the practi-
tioner who needs be wary of the multitude of drug-, 
radiation- and procedure-induced adverse effects. 
Drug-induced respiratory disease in hematology 
patients may manifest acutely or subacutely by hyper-
sensitivity reactions (bronchospasm, anaphylaxis), 
pulmonary edema, acute lung injury (ALI), an adult 
respiratory distress syndrome (ARDS) picture, diffuse 
alveolar hemorrhage, interstitial lung disease (ILD) 
with or without tissue eosinophilia, pleural effusion or 
pulmonary vasculopathy.

The diagnosis of iatrogenic disease is complex, and 
it is by exclusion. The diagnosis is made against [1] 
pulmonary involvement from the underlying benign 
(e.g., sickle cell disease, myelodysplastic syndrome, 
polycythemia vera) or malignant hematologic condi-
tion (e.g., acute and chronic leukemias, Hodgkin’s and 
non-Hodgkin’s lymphoma, multiple myeloma), [2] 
alveolar hemorrhage, [3] circulatory overload, left 
ventricular dysfunction and [4] an opportunistic viral, 
bacterial, fungal or protozoan infection with few reli-
able clinical or imaging discriminators to separate 
these entities. To complicate matters, there is often 
little time for establishing the diagnosis and initiating 
appropriate therapy before the patient’s condition dete-
riorates irreversibly. Patients who require mechanical 
ventilatory support have an ominous outcome. There is 
almost no specific pattern of drug-induced lung 
involvement on pathology. Thus, the lung biopsy is 
mainly used to rule out diagnoses other than drugs, and 
patients suspected of having drug-induced lung dis-
ease may be managed conservatively using bronchoal-
veolar lavage (BAL), transbronchial lung biopsy 
(TBLB) and microbiological tests as the main diagnos-
tic tools. Drug discontinuance followed by resolution 
of symptoms is a simple test that may aid in the recog-
nition of drug-induced disease.

The diagnosis of DIRD can be straightforward in 
patients with a benign underlying hematologic 

condition who are being treated with a compatible 
drug as a solo agent, and drug discontinuance is fol-
lowed by remission of symptoms. Drug-induced dis-
ease is more complex to diagnose in patients with a 
background of hematologic malignancy who received 
several potentially pneumotoxic drugs, each having 
different times for drug-induced disease to present, 
and/or who have received radiation therapy, blood 
transfusions or have a history of exposure to oxygen or 
corticosteroids. Such patients are likely to be severely 
immunocompromised under the combined influence 
of underlying illness, drugs used to treat their condi-
tion, corticosteroid and radiation therapy, and an 
opportunistic lung infection is a strong consideration 
[4]. Diagnosing drug-induced disease is even more 
complex in recipients of hematopoietic stem cell trans-
plants, who in addition to the above complications, 
may develop several distinctive post-transplant mani-
festations, including engraftment syndrome, pulmo-
nary edema, bronchiolitis obliterans organizing 
pneumonia (BOOP), diffuse alveolar hemorrhage 
(DAH) and late-onset noninfectious pulmonary com-
plications including idiopathic pulmonary syndrome 
(IPS) [5, 6]. In rare instances, pulmonary complications 
develop in hematopoietic stem cell donors in the form 
of pulmonary infiltrates during colony-stimulating 
 factor-(CSF)-induced stem cell mobilization [7].

The older literature is replete with cases of pulmo-
nary toxicity induced by drugs such as busulfan, BCNU 
or other nitrosoureas, bleomycin, chlorambucil, cyclo-
phosphamide, hydroxyurea or melphalan when patients 
with varied hematologic conditions were exposed to 
these drugs as a solo agent. Sometimes, the pattern of 
pulmonary involvement from these drugs is distinctive 
and can still be detected even though the drug is part of 
a multiagent chemotherapy or conditioning regimen. 
Establishing which drug in the regimen causes the lung 
injury is useful, for it may enable withholding the spe-
cific drug instead of all drugs in the regimen. Diagnosing 
drug-induced lung disease is not of pure academic 
interest. An important practical consequence is selec-
tive drug withdrawal while other nonpneumotoxic 
drugs are continued to the benefit of the patient. 
Although rechallenge was once considered hazardous 
and still is with many drugs, rechallenge and steroid-
supported rechallenge can be attempted with vital 
drugs such as imatinib or dasatinib.

Here we review the pulmonary complications induced 
by drugs, blood transfusion and radiation therapy. 
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 Drug-induced opportunistic infections, respiratory man-
ifestations in recipients of bone marrow and stem cell 
transplant and iatrogenic complications of chest tubes 
and central venous access are covered elsewhere [8, 9].

31.2  Diagnostic Criteria for  
Drug-Induced Respiratory Disease

Criteria for diagnosis include the following [10]:

1. Correct identification of the drug [11]
Dose and duration of treatment with each drug taken in 
isolation or in a chemotherapy regimen should be 
reviewed. Causality is more difficult to assess when 
several pneumotoxic drugs were received concomi-
tantly or in sequence. The likelihood and delay time 
for drug-induced disease to present vary with drug, 
dosage, whether the drug was coadministered with 
other pneumotoxic drugs and the patient. Patients of 
Asian descent may be at increased risk for certain 
drug-induced pulmonary complications. It is also nec-
essary to compute exposure to G/GM-CSF, blood and 
blood components (e.g., fresh frozen plasma, whole 
blood-derived platelets), anesthetic agents, oxygen, 
parenteral nutrition and nonhematologic drugs, for all 
of these may effectuate lung injury [11].

2.  Temporal eligibility
Respiratory signs and symptoms should follow (not 
predate) the onset of treatment with the suspected drug. 
Time to onset of the respiratory reaction varies with 
drug, host, schedule of administration and pattern of 
involvement. The shorter the latency period is, the eas-
ier the suggestion of the drug etiology. Longer delay 
times increase the likelihood that the drug etiology 
goes unrecognized. Drug-induced- bronchospasm, 
anaphylaxis, pulmonary edema (e.g., gemcitabine- or 
acaytine-induced), acute lung injury (e.g., transfusion-
related acute lung injury or TRALI), acute respiratory 
distress syndrome (ARDS) and alveolar hemorrhage 
tend to develop shortly after exposure to the causal 
agent, with a time to onset of minutes to hours or at 
most a few days. Instead, it may take weeks, months or 
years for drug- (viz. methotrexate, azathioprine or tha-
lidomide) induced cellular interstitial pneumonia to 
develop. Drug- and radiation-induced pulmonary 
fibrosis develops after months or years into treatment 
or after termination of treatment. For instance, patients 

who received busulfan, cyclophosphamide, nitrosou-
reas or radiation therapy in the past may be diagnosed 
with iatrogenic pulmonary fibrosis or the idiopathic 
pulmonary syndrome many years later [12, 13].

3. Drug singularity
Assessment of causality is problematic if patients were 
exposed to several pneumotoxic drugs. This creates 
confusion about which drug is responsible for the lung 
reaction, and it may at times be impossible to sort this 
out. In patients treated with several chemotherapy 
agents, drug toxicity may develop at dosages of each 
drug that are lower than the threshold above which 
drug toxicity develops when the drug is taken in isola-
tion. Weighing the responsibility of each drug taken 
separately is critical regarding future management of 
the underlying hematologic disease. Identification of 
the causal drug may enable selective cessation of the 
culprit drug. A review on nonhematology drugs is 
indicated, as many drugs can injure the lung [11]

4. Whether the pulmonary reaction is appropriate for 
the particular drug

The pattern of involvement from some drugs can be 
suggestive, owing to the close temporal relationship of 
exposure versus onset of respiratory symptoms (e.g., 
the swift development of pulmonary infiltrates follow-
ing treatments with anti-thymocyte globulin, gemcit-
abine, ATRA, cytarabine or blood transfusion (TRALI) 
[14]. For other drugs it is because the clinical, imag-
ing, BAL and/or pathologic pattern of involvement is 
distinctive [e.g., bleomycin and bibasilar shadowing or 
multiple lung nodules, cyclophosphamide and severe 
pleuropulmonary involvement, imatinib or dasatinib 
and pleural effusion, methotrexate and an acute hyper-
sensitivity pneumonitis with a granulomatous pattern 
of involvement, rituximab and ARDS; retinoic acid 
(ATRA) and diffuse alveolar hemorrhage (DAH), of 
BCNU/CCNU or busulfan with otherwise unexplained 
pulmonary fibrosis].

It is difficult to predict the pathologic background 
of drug-induced reactions using HRCT data alone [15], 
and in one study of 20 patients [16], imaging and 
pathology were concordant in only nine cases (45%). 
A confirmatory lung biopsy (open or transbronchial) 
can be necessary in selected cases mainly to discard 
etiologies other than drugs rather than to prove the 
drug etiology. Any attempt at deducing pathology from 
imaging as done in some studies [17] should be viewed 
with caution.
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5. Exclusion of other causes
There are many diagnostic contenders to consider 

when pulmonary infiltrates develop in patients with 
hematologic disease treated with drugs. These include 
the pulmonary manifestations of the native benign or 
malignant hematologic condition (for instance, pulmo-
nary involvement from malignant lymphoma [15] or 
acute leukemia [18], extramedullary hematopoiesis 
[19], multiple myeloma [20–22], interstitial lung dis-
ease including pulmonary alveolar proteinosis that 
may occur in association with untreated hematologic 
diseases [23]), capillary leak, tumor lysis syndrome, 
cardiac pulmonary edema, an opportunistic viral, bac-
terial, fungal or protozoan infections including 
Pneumocystis jiroveci pneumonia, a common encoun-
ter in hematology patients [24–28], and a graft-versus-
host reaction [29]. All of these can produce similar 
patterns of involvement on imaging. The BAL and 
TBLB with appropriate sample staining, culture and 
molecular techniques should be routinely performed to 
help exclude an infection [2]. Heart ultrasonography 
and diuresis may also aid in the recognition of drug-
induced vs. cardiogenic pulmonary edema.

6. Remission of signs and symptoms with removal of 
the drug

Signs and symptoms typically clear after drug removal. 
However, fulminate iatrogenic reactions to drugs (e.g., 
drug-induced pulmonary edema, TRALI, methotrex-
ate pneumonitis, bleomycin lung) may progress despite 
removal. Similarly, pulmonary fibrosis induced by 
drugs or that develops as a late consequence of condi-
tioning regimens often is an irreversible process that 
may not respond to drug discontinuance. Corticosteroid 
therapy is often given to patients with severe drug-
induced lung disease to accelerate recovery. However, 
this is at the expense of drug causality assessment.

7. Recurrence with rechallenge
Rechallenge followed by recurrence is central to the 
diagnosis of any drug-induced disease [10], but sel-
dom is performed intentionally because of risks [30]. 
Of note, drug-induced pleuropulmonary reactions to 
imatinib [31], dasatinib [32] or antithymocyte globulin 
[33] were shown not to relapse in all patients upon 
reexposure, enabling continued treatment of the under-
lying hematologic disease. Rechallenge is reserved for 
cases where the drug is vital, there is no alternative 
efficacious drug to treat the underlying condition, and 
it is given in small incremental doses of the drug and 
corticosteroid therapy.

8. Tests may support the diagnosis of DILD
BAL is instrumental in ruling out an infection and may 
show an increased percentage of lymphocytes, eosino-
phils or neutrophils depending on which drug caused 
the reaction (for a review, see [14]).

Studies of peripheral or BAL lymphocyte activation 
or migration following in vitro challenge with the sus-
pected drug have produced inconsistent results, and 
overall, evidence for the usefulness of this test is low, 
and there is a lack of consensus about the appropriate-
ness of these tests inasmuch as in a recent series, there 
was no correlation of lymphocyte stimulation with the 
clinical result effect of rechallenge with the drug [34].

KL-6 has been found to be elevated in some patients 
with drug-induced fibrosis. However, this marker 
remained normal in cases of pulmonary toxicity from 
rituximab, methotrexate and radiation therapy. 
Similarly, time-related changes in plasma or BAL 
TGF-ß1 and IL1 in patients receiving chemotherapy 
and/or radiation therapy yielded inconsistent results, 
and there is no consensus regarding their measure-
ments in routine.

Areas of drug-, radiation- and talc-induced reac-
tions can be tracer-avid on FDG-PET scans [35].

31.3  Patterns of Reactions to Drugs  
and Radiation

31.3.1  Interstitial-Infiltrative Lung 
Diseases (ILD)

ILD is a group of conditions characterized by pulmo-
nary infiltrates, restrictive physiology, impaired gas 
exchange, shifts in BAL cells percentages (lympho-
cytes, eosinophils or neutrophils) and pathologic evi-
dence of parenchymal inflammation. Fever, a 
nonproductive cough and dyspnea are common pre-
senting symptoms. Diagnosis of drug-induced ILD is 
supported by BAL, a negative workup for lung infec-
tion and reversal of the symptom following drug 
removal. Tissue sampling is not always required. 
Severity of ILD ranges from mild transient pulmonary 
infiltrates and the asymptomatic state to diffuse shad-
owing or dense consolidation with the gas exchange 
features of ALI or ARDS [36]. Histological findings 
are dominated by interstitial inflammation with or 
without tissue eosinophilia or a granulomatous pattern 
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of involvement, organizing pneumonia, pulmonary 
edema, diffuse alveolar damage (DAD) or alveolar 
hemorrhage. The lung architecture is retained [37].

31.3.1.1  Cellular or Nonspecific Interstitial 
Pneumonia

Drug-induced cellular interstitial pneumonia, also 
known as alveolitis or hypersensitivity pneumonitis, is 
a common pattern of pulmonary reaction to drugs 
[11]. Drugs causing cellular interstitial pneumonia 
in hematology include azacytidine, azathioprine, 
chlorambucil, 2-chlorodeoxyadenosine (cladribine), 
cyclophosphamide, cytarabine, dasatinib, floxuridine, 
fludarabine, GM-CSF, gemtuzumab, hydroxurea, ima-
tinib, interferon alpha and beta, lenalidomide, metho-
trexate, procarbazine, rituximab, thalidomide, vinca 
alkaloids and chest radiation therapy [11]. Time to 
onset is a few days to several years into treatment and 
is unpredictable as serial pulmonary function is not 
capable of predicting development of this complica-
tion. Onset of the disease may be insidious over a few 
days or weeks, with moderate fever followed by the 
development of cough and breathlessness. Methotrexate 
lung is known to accelerate, causing rapidly progres-
sive respiratory failure. Radiographic studies indicate 
bilateral, usually symmetrical interstitial or alveolar 
ground-glass opacities, mosaic attenuation or consoli-
dation. The infiltrates may predominate in the lung 
bases and mid-lung zones, or they can be diffuse. 
Radiographic attenuation can be a discrete haze, 
ground-glass, inter- or intralobular septal thickening, 
a crazy-paving, mosaic appearance or dense bilateral 
consolidation with air bronchograms [38–42]. A mil-
iary pattern, pleural effusions and mediastinal lymph 
node enlargement are occasional features of metho-
trexate lung [36, 43]. Imaging features may not enable 
the separation of ILD due to drugs from infectious 
pneumonia or from the manifestations of the underly-
ing hematologic condition [26, 44, 45]. Pulmonary 
function indicates restrictive physiology and impaired 
gas exchange [36]. Physiology tends to correlate with 
the extent of involvement on imaging [46] except in 
azathioprine pneumonitis and bleomycin lung [47, 
48]. Fiberoptic bronchoscopy and BAL are indicated 
to rule out an infection. The BAL usually shows a 
lymphocyte predominance [49]. The contribution of 
lymphocyte typing is unclear, because increases in 
both CD4+ or CD8+ subsets have been observed 

depending on time from onset of pneumonitis and 
whether the patient has received corticosteroid therapy 
[50]. A low ratio of CD4+ to CD8+ lymphocytes is 
suggestive for the drug etiology, but this is not a spe-
cific finding. Other BAL patterns include neutrophilia 
or a pattern of lymphocytosis and neutrophilia or 
eosinophilia. BAL samples should be processed with 
special stains, cultures and molecular techniques for 
the detection of bacteria, fungi and protozoa and 
viruses, including the recently recognized metapneu-
movirus and H1N1 [51]. A lung biopsy may be 
required in selected cases, since drug-induced lung 
disease may be a mimic of Pneumocystis pneumonia 
[52] and other opportunistic infections [53]. The 
TBLB approach can document interstitial pneumonia 
although sample size may be an issue. Histopathological 
features include interstitial inflammation, edema and a 
cellular interstitial infiltrate. Less common findings 
include granulomas during treatments with metho-
trexate [43], interferon [54] or lenalidomide [55], 
organizing pneumonia with rituximab or thalidomide, 
and interstitial fibrosis [43]. Alveolar edema or hem-
orrhage may be found as a manifestation of severe 
ILD [43, 56].

Management includes drug removal and supportive 
care. This may suffice in benign cases [57]. 
Corticosteroids are indicated in severe cases once an 
infection has been reasonably ruled out. Oral predniso-
lone or i.v. methylprednisolone daily for a few days is 
indicated depending on severity, followed by a taper-
ing dosage of oral corticosteroid therapy. Mega-doses 
of methylprednisolone of 1 g/day are given to patients 
in some countries, with no documented benefit com-
pared to a standard dose regimen. Fatalities have been 
reported in patients with severe disease, particularly if 
corticosteroids were not given in time and in patients 
rechallenged with the drug [30]. Lung fibrosis follow-
ing recognition and treatment of this problem is sel-
dom seen. Although rechallenge with the drug may not 
be followed with relapse [32, 58], this should be dis-
cussed on an individual basis. Patients and caregivers 
should be instructed to avoid unjustified reexposure to 
the drug or to a congener.

 31.3.1.2 Eosinophilic Pneumonia

The association of pulmonary infiltrates with blood 
and/or tissue eosinophilia defines eosinophilic pneu-
monia. This is an uncommon pattern of lung response 
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to drugs used in hematology, contrasting with non-
steroidal antiinflammatory drugs and minocycline. 
Causal hematology drugs include bleomycin, chloram-
bucil, cladribine, cotrimoxazole, fludarabine, GM-CSF, 
interferon, inhaled or parenteral pentamidine, procarba-
zine and radiocontrast media. More common causal 
agents include nonsteroidal antiinflammatory drugs or 
minocycline [11]. Adverse reactions to methotrexate or 
blood transfusion can be accompanied by mild periph-
eral eosinophilia, but the BAL and pathologic features 
are not those of eosinophilic pneumonia. Onset of the 
condition is unpredictable. Acute eosinophilic pneumo-
nia may produce acute respiratory failure. Unusual PIE 
cases present with rash and internal involvement, and 
this has been aptly coined DRESS for drug-rash and 
eosinophilia with systemic symptoms. A few DRESS 
cases were described with the use of azathioprine, bort-
ezomib, hydroxyurea and imatinib [59]. On imaging, 
PIE is in the form of the photographic negative of pul-
monary edema, or it is disseminated with faint shadow-
ing, discreet ground-glass, Kerley “B” lines, or dense 
and diffuse infiltrates. An increase in blood, BAL and/
or lung tissue eosinophils is diagnostic. The lung biopsy 
rarely is required and shows an interstitial infiltrate of 
eosinophils admixed with mononuclear cells. Drug dis-
continuance is indicated. Corticosteroids are reserved 
for severe cases. Outcome is good.

31.3.1.3  Interstitial Lung Disease  
with a Granulomatous Component

Granulomatosis has been reported in a few patients 
after treatment of non-Hodgkin’s disease in the form 
of reticulo-nodular infiltrates and/or medisatinal 
lymphadenopathy [60, 61]. Most cases of drug-induced 
granulomatosis with or without extrathoracic organ 
involvement and hypercalcemia are related to treat-
ments with interferon alpha or beta. Methotrexate and 
lenalidomide can also produce a granulomatous pul-
monary reaction (see below under interferon and 
methotrexate).

31.3.1.4  Organizing Pneumonia

Organizing pneumonia (OP/BOOP) is a distinctive 
pattern of lung response to a few drugs and to 
hematopoietic stem cell transplantation as well, which 

is best defined by the pathologic finding of alveolar 
and ductal buds of connective tissue or fibrosis. Strictly 
speaking, organizing pneumonia is best diagnosed 
when a large sample of lung tissue is available for 
review to make sure BOOP is not an incidental finding 
among other more distinctive pathologic features. 
Claimed cases of BOOP without pathologic evidence 
are equivocal. This is not trivial, for pulmonary asper-
gillosis and BOOP can be indistinguishable on imag-
ing [53]. Causal drugs used to treat hematologic 
conditions include bleomycin, busulfan (mostly the 
acute busulfan lung), cyclophosphamide, interferon, 
lenalidomide, rituximab, thalidomide and chemother-
apy [11, 62]. At any rate, the diagnosis of drug-induced 
BOOP is against the background of BOOP, which can 
occur as a late noninfectious pulmonary complication 
in hematopoietic stem cell transplant recipients [5]. 
BOOP can manifest with chest pain, dyspnea and areas 
of consolidation or without respiratory failure [63], or 
it is discovered incidentally on imaging [64]. Nodular 
organizing pneumonia is a distinctive pattern of bleo-
mycin pulmonary toxicity and is in the form of round-
shaped areas of consolidation that may localize in lung 
bases and simulate metastatic lung disease [65]. A lung 
biopsy may be required to exclude this possibility [66], 
although clinical reasoning and observation coupled to 
18F-dideoxyglucose PET scanning may suffice [67]. 
There is no BAL pattern that is characteristic of this 
condition. The percentage of lymphocytes and/or of 
neutrophils or eosinophils can be increased. If a lung 
biopsy is contemplated, the video-assisted approach is 
preferred as a larger sample lends greater support to 
the diagnosis. Histology reveals interstitial inflamma-
tion, superimposed on the dominant background of 
alveolar and ductal fibrosis [68]. Some patients present 
with overlapping features of organizing and eosino-
philic pneumonia [66]. Drug discontinuation with cor-
ticosteroid therapy in severe cases is followed by 
improvement.

 31.3.1.5  Diffuse Alveolar Damage  
and the Chemotherapy Lung

The treatment of hematologic malignancies with che-
motherapy agents, particularly alkylating agents but 
not exclusively so, may induce a pattern of lung 
derangements termed the “chemotherapy lung,” a wide-
ranging term [14, 69]. Patients treated for leukemia, 
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particularly patients with high blast counts during 
remission induction [70], Hodgkin’s disease or non-
Hodgkin’s lymphoma and recipients of bone marrow or 
stem cell transplant are at risk. The entity refers to non-
hemodynamic, noninfectious and nonneoplastic pul-
monary complications, which develop in a variable 
proportion of patients (<1–60% in some phase I or II 
studies) following administration of single-agent (e.g., 
BCNU or other nitrosoureas, bleomycin, bortezomib, 
busulfan, chlorambucil, cyclophosphamide, docetaxel, 
gemcitabine, melphalan, methotrexate, procarbazine, 
vinblastine) or multi-agent chemotherapy, particularly 
when drugs were used at elevated dosages or there is an 
association of several lung-toxic drugs with or without 
radiation therapy in the treatment schedule [71–73]. 
Substitution of one agent in a chemotherapy regimen 
can markedly alter the safety profile. For instance, in 
patients with de novo-treated Hodgkin’s disease, the 
substitution of gemcitabine with dacarbazine in the 
ABVD regimen [doxorubicin, bleomycin, vinblastin, 
gemcitabine instead of dacarbazine (ABVG)] resulted 
in an unacceptable 42% incidence rate of pulmonary 
toxicity [74]. Likewise, in a phase I/II dose-escalation 
study in 27 patients with advanced-stage Hodgkin’s 
disease, the substitution of gemcitabine for etoposide 
in the escalated BEACOPP regimen (bleomycin, doxo-
rubicin, cyclophosphamide, vincristine, procarbazine, 
prednisone and gemcitabine instead of etoposide) 
resulted in pulmonary toxicity in 29.6% of the patients 
[75]. Crucially, the disease needs be separated from an 
infection, mainly pneumonia due to Pneumocystis 
jiroveci or viral agents [76], acute heart failure and an 
acute transfusion reaction [77, 78]. If investigation of 
the sputum, BAL, blood and other fluids is unrevealing, 
especially on two consecutive evaluations for an infec-
tion, the diagnosis of chemotherapy lung is entertained 
further. It is challenging to assess the specific responsi-
bility of each drug in the regimen to the syndrome if 
patients have received several pneumotoxic agents con-
comitantly or in sequence. Assessing causality is 
important though, for identification of the causal drug 
may allow selective drug discontinuation rather than 
withdrawal of all drugs in the chemotherapy regimen. 
It may be possible to discern methotrexate or bleomy-
cin pulmonary toxicity when it occurs in patients 
receiving a multi-agent chemotherapy regimen. For 
instance, non-Hodgkin’s lymphoma patients who 
received m-BACOD or m-ACOD regimens developed 
a picture similar to methotrexate lung, whereas 

no pulmonary infiltrates were observed in patients 
receiving the CHOP regimen, which does not include 
methotrexate [79]. Similarly, the different incidence of 
pulmonary events in two arms of a therapeutic regimen 
that differed by only one drug (for instance with or 
without bleomycin, BCNU, CSF, gemcitabine, or radi-
ation therapy) or by the dosage of one particular drug 
(e.g., low vs. high BCNU) enabled deducing which 
drug was exactly causing the reaction [80]. The likeli-
hood of developing chemotherapy lung is increased 
when radiation therapy to the chest, TBI, oxygen, and 
possibly CSFs are given concomitantly. The term ‘che-
motherapy lung’ is not ideal, because non-chemother-
apy agents such as ATRA, IL-2 and imatinib, oxygen, 
transfusion of blood or proteins including IVIG, infu-
sion of stem cells, radiation therapy and nonchemo 
agents can also cause the syndrome [11].

In addition to the intrinsic risk attendant to specific 
drugs, with busulfan carrying an extra risk compared 
to other chemotherapeutic agents [81], other factors 
include advanced age, current smoking, drug dosage 
and intensity of the conditioning regimen [myeloabla-
tive vs. nonmyeloablative, multi-agent combination 
chemotherapy, abrupt corticosteroid withdrawal, the 
type of stem cell transplantation (allogeneic vs. autolo-
gous, T-cell depleted) and a background of graft-vs.-
host reaction in transplant recipients].

Time to onset of the chemotherapy lung is variable 
from shortly after the first administration of low doses 
of the drug [70, 82] to months into treatment or after 
termination of treatment. Usual doses of oral corticos-
teroids may not prevent the condition from developing. 
Depending on patient and time of diagnosis, the che-
motherapy lung may have overlapping features with, 
and be difficult to distinguish clinically and on imag-
ing from acute pulmonary edema, diffuse alveolar 
hemorrhage, accelerated pulmonary fibrosis or dense 
interstitial pneumonias. The main histopathological 
feature of chemotherapy lung is diffuse alveolar dam-
age (DAD) with, characteristically, hyaline membranes 
and fibrin deposits lining the alveolar border, dysplasia 
of type II cells, free alveolar fibrin, cells and debris in 
alveolar spaces, and various stages of interstitial edema 
and alveolar inflammation and organization [83–85]. 
Reactive type II pneumocytes are sometimes present in 
BAL mounts [86]. The term idiopathic pneumonia 
syndrome (IPS) or delayed pulmonary toxicity syn-
drome (PTS) is used in recipients of stem cell trans-
plant [5] to denote late lung changes that may result 
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from previously inflicted insult collectively induced by 
chemotherapeutic agents, conditioning regimens and 
total body irradiation [87, 88].

The clinical imaging expression of chemo- or 
chemo-radiotherapy lung is wide ranging [38–40, 89]. 
At one end of the spectrum, patients present with iso-
lated dyspnea and a progressive decrease in the diffus-
ing capacity as the only manifestation of toxicity [90]. 
Others present with bilateral interstitial and/or alveolar 
shadowing, which abates after discontinuation of the 
drugs and/or corticosteroid therapy [91]. Yet other 
patients with severe presentation progress to respira-
tory failure and respiratory death despite drug discon-
tinuation [92]. The HRCT discloses scattered 
ground-glass haze, inter- and/or intralobular septal 
thickening or areas of condensation [40]. If patients 
are able to withstand the test, pulmonary function is 
restrictive, and hypoxemia is present. The diffusing 
capacity is decreased, and typically the decrease pre-
dates the onset of symptoms or the development of 
radiographic abnormalities. The changes are progres-
sive or can be reactivated with further treatment with 
the causal drug, notably bleomycin or rituximab, and 
careful follow-up is needed before any further admin-
istration of the drug is contemplated [73, 90]. The BAL 
indicates an increase in neutrophils, or neutrophils and 
activated lymphocytes [93].

A lung biopsy is reserved for patients with an atypi-
cal presentation or those who do not improve on 
empiric antibiotic and steroid treatment [94]. Judicious 
use of lung biopsy may help to diagnose an infection 
and tailor treatment accordingly [2, 85]. However, the 
critical condition of these patients often precludes this 
option, as the procedure is associated with increased 
mortality when it is done in patients with significant 
respiratory impairment. In the setting of chemother-
apy, the respective benefit of a minimally invasive 
approach with drug removal, empiric treatment with 
antibiotics and corticosteroids [95] as opposed to the 
more invasive approach remains unclear [96]. A frac-
tion of patients respond favorably to drug discontinua-
tion and corticosteroid drugs, especially if the condition 
is recognized early. For instance, in a series of 65 
patients with hematologic malignancies who received 
a carmustine-based conditioning regimen prior to bone 
marrow transplantation, 17 (26%) developed pulmo-
nary infiltrates thought to be drug-induced. Of these, 
15 responded to corticosteroids [97]. One patient died 
of pneumonitis [97]. Corticosteroids should be tapered 

carefully to avoid catastrophic respiratory failure [98, 
99]. Despite occasional success with immunosuppres-
sive drugs [100], the response to treatment and the 
prognosis of this condition when it is advanced, when 
corticosteroids fail or when ventilatory support is 
required are disappointing. Chemotherapy-induced 
lung toxicity may also negatively impact on the man-
agement of the underlying hematologic disease, as a 
change in therapy may be required toward less effica-
cious or more toxic drugs.

In patients who recover from chemotherapy lung, 
mild reduction of vital capacity and/or the diffusing 
capacity may persist in the long term [101], and the 
likelihood of permanent physiologic impairment is 
greater in smokers [102]. Patients who receive alkylat-
ing agents for Hodgkin’s disease or non-Hodgkin’s 
lymphoma should be discouraged from smoking, as 
persistent smoking greatly increases the likelihood of 
developing lung cancer later in life [103, 104].

The high incidence, severity and unpredictability of 
pulmonary complications from chemotherapy raise the 
question of whether early detection is meaningful using 
pulmonary function tests or imaging. Deterioration of 
indices of pulmonary function is common in patients 
exposed to chemotherapeutic agents [105, 106], includ-
ing conditioning regimens for hematopoietic stem cell 
transplantation [107]. Changes cannot be predicted on 
an individual basis and occur more in patients who 
receive TBI in addition to drugs. Corticosteroids may 
mitigate or reverse these changes [107]. In the majority 
of patients, though, these subclinical changes do not 
predict the development of overt disease. In contrast, 
exposure to methotrexate does not alter lung functions 
[108]. Some investigators believe it is prudent to dis-
continue chemotherapy once the diffusing capacity has 
decreased to <50% of pretherapy values, while others 
do not rely on this measurement since it is their belief 
that the diffusing capacity does not equate to and may 
not predict toxicity, and there is the risk of unnecessar-
ily withdrawing an effective chemotherapy [109]. An 
abrupt fall in the monthly measurement of the diffusing 
capacity may indicate impending toxicity. When radia-
tion therapy is planned after administration of chemo-
therapeutic agents, it is advisable to wait for any 
chemotherapy-induced decrease in the diffusing capac-
ity to stabilize or show a trend toward improvement, 
before the patient undergoes radiation therapy [90]. 
Although changes on imaging are common in patients 
receiving bleomycin or rituximab, it is impractical to 



39531 Pleuropulmonary Changes Induced by Drugs in Patients with Hematologic Diseases

rely on imaging to detect changes consistent with pul-
monary toxicity of chemotherapeutic agents. Patients 
on chemotherapy may develop new opacities on CT 
although they never develop symptomatic disease 
[110]. There is no current agreement as to how 
patients on chemotherapy should be followed to reli-
ably and cost-effectively detect meaningful therapy-
induced pulmonary complications. However, many 
treating physicians have a chest radiograph, PFT and 
diffusing capacity measured serially during treat-
ment, particularly if patients are being treated with 
bleomycin.

31.3.1.6  Cell Lysis Pneumopathy

A subset of patients with acute leukemia and high blast 
counts may develop acute pulmonary complications 
during induction of remission in the form of diffuse 
pulmonary infiltrates and an ARDS picture with or 
without alveolar hemorrhage [111, 112]. This was 
coined cell lysis pneumonopathy [111] because the 
pathology indicates blasts in pulmonary capillaries 
and cell remnants or debris on a background of diffuse 
alveolar damage. [113]. In a recent study, pulmonary 
failure developed acutely (within 2 weeks of the initia-
tion of chemotherapy) in 8% of 1,541 patients during 
remission induction. Male sex, acute promyelocytic 
leukemia, poor performance status, lung infiltrates at 
diagnosis and increased creatinine were risk factors for 
the development of this syndrome. Seventy-three per-
cent of the patient died [70].

31.3.1.7  Drug-Induced and Iatrogenic 
Pulmonary Fibrosis

The condition mostly develops in hematology patients 
treated with BCNU, bleomycin, busulfan, chlorambu-
cil, cyclophosphamide, melphalan and/or radiation 
therapy/TBI. Less often, drug-induced fibrosis com-
plicates treatments with gemcitabine, mercaptopurine, 
methotrexate and rituximab [11]. Drug-induced fibro-
sis may develop during treatment with drugs or it is 
diagnosed after termination of treatment. Imaging 
prior to onset of treatment with the drug helps confirm 
the time course of lung changes with respect to expo-
sure to the drug or drugs, and enables separation from 
fibrosis of other causes. Early disease is in the form of 

linear or streaky opacities and loss of volume. 
Honeycombing is a late and inconsistent finding. For 
those patients who are still on the causal drug, drug 
removal may not be followed by improvement, and 
the response to steroids is often not gratifying. On his-
tology, there is interstitial fibrosis, and the lung struc-
ture may not be retained. A reactive epithelium is 
suggestive of but not specific to exposure to alkylating 
agents and/or radiation therapy. In children or adults 
who have received cyclophosphamide for the treat-
ment of hematologic malignancy, pleural and subpleu-
ral fibrosis can develop in addition to the more classic 
changes of pulmonary fibrosis [114]. This results in 
encasing of the lung, anteroposterior narrowing of the 
chest and severe restrictive physiology causing respi-
ratory failure. It is unfortunate when the syndrome 
develops in a child, while the basic disease is cured. 
A few patients who received chlorambucil or metho-
trexate develop accelerated pulmonary fibrosis in the 
form of acute interstitial pneumonia [115, 116]. The 
outcome of pulmonary fibrosis is poor, despite drug 
withdrawal and institution of high-dose corticoster-
oids. Lung transplantation has been an option in a few 
patients.

 31.3.1.8 Drug-Induced Pulmonary Edema

Noncardiac pulmonary edema (NCPE) shows a clas-
sic pattern of response to several chemotherapeutic 
agents used to treat hematologic conditions. NCPE is 
due to the loss of integrity of the endothelial barrier 
and consequent fluid leakage. NCPE is characterized 
by the rapid or sudden onset of dyspnea, hypoxemia 
and  alveolar infiltrates, with no evidence of left ven-
tricular dysfunction or iatrogenic circulatory overload 
[although drugs used to treat malignancies may cause 
deterioration of cardiac function and cardiogenic pul-
monary edema [117–121]. There is often close tem-
poral association of exposure to the drug, onset of 
dyspnea and the development of pulmonary infiltrates. 
Chemotherapeutic agents associated with NCPE 
include ATG, cytosine arabinoside, all-transretinoic 
acid (ATRA), amphotericin-B, arsenic trioxide 
(As

2
O

3
), bleomycin, blood and blood components, 

carmustine, CSF, cyclophosphamide, deferoxamine, 
docetaxel, doxorubicine, fludarabine, gemcitabine, 
interleu-kin-2, methotrexate, mitomycin, radiocon-
trast agents,  rituximab, vinorelbine and vinblastine 
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and several multiagent chemotherapy regimens [11, 
122]. Most patients present with NCPE as an isolated 
finding, but in a few, weight gain, lower extremity or 
more diffuse edema and pleural and/or pericardial effu-
sions suggest capillary leak [122, 123]. Pathology indi-
cates bland pulmonary edema, with proteinaceous fluid 
filling most alveolar spaces and sometimes diffuse alve-
olar damage with little or no inflammation [37]. Severe 
cases can be fatal, but in most the infiltrates resolve with 
supportive care and corticosteroid therapy.

31.3.1.9  Diffuse Alveolar Hemorrhage

DAH is a unusual pattern of response to drugs in 
hematology patients [124]. This condition is on the 
background of DAH as a manifestation of the under-
lying disease with or without thrombocytopenia. 
Alemtuzumab, anticoagulants, ATRA, cytosine arabi-
noside and CSFs can produce this condition [11]. 
DAH can also occur with induction of remission in 
leukemia [125] and as a complication of hematopoi-
etic stem cell transplantation [5, 29, 126, 127]. DAH 
is characterized by dyspnea, recent anemia, bilateral 
infiltrates and hypoxemia. The diagnosis is by BAL, 
which shows increased blood staining in sequential 
aliquots. DAH can be fatal [127].

31.3.2  Pulmonary Nodules

Single or multiple nodules with the features of BOOP 
or circumscribed fibrosis on pathology may develop in 
children and in adults following treatments with aracyt-
ine, bleomycin, bleomycin and cyclophosphamide, and 
vinblastine [66, 67, 128–130]. Nodules can pose a dif-
ficult challenge in a patient with a history of malignancy, 
particularly when they assume a round shape. A critical 
review of other etiologies is necessary [131]. Close fol-
low-up including imaging and 18F-dideoxyglucose 
PET scan is indicated. A lung biopsy may be required to 
confidently exclude malignancy. A patient with chronic 
lymphatic leukemia developed multiple shaggy lung 
nodules during treatment with fludarabine [132]. The 
nodules corresponded to sterile aggregates of mononu-
clear cells on pathology. They disappeared after drug 
withdrawal and corticosteroid therapy.

Hematopoietic stem cell recipients may develop 
multiple pulmonary nodules in the context of fever a 
few months after infusion. Histological studies indi-
cate sterile necrotic aggregates of leukocytes and a dis-
rupted endothelium. The lesions have been coined 
pulmonary cytolytic thrombi [133].

Careful exclusion of malignancy and an infection is 
required in all cases, for infection due to Pneumocystis 
jiroveci, Aspergillus sp. and other fungi, HSP, Rhodo
coccus, Mucor, Cryptococcus, Fusarium and tubercu-
losis can manifest with lung nodules.

31.3.3  Acute Chest Pain

White et al. reported on 12 episodes of severe chest 
pain during infusions of bleomycin, suggesting the 
diagnosis of acute cardiac or pulmonary events [134]. 
Incidence of the syndrome was 2.8% of the patients 
being treated with the drug. Electrocardiographic 
changes suggestive of pericarditis were found in two 
cases and radiographic evidence of a small pleural 
effusion in one. The syndrome was self-limited or 
relieved with analgesics, and improvement was seen 
when the infusions were stopped. Further courses of 
bleomycin did not lead to recurrent episodes. There 
were no long-term sequelae. Substernal pain or pres-
sure also was described during treatments with high-
dose etoposide [135, 136] and methotrexate [137]. The 
lupus syndrome induced by drugs (for instance inter-
feron) may manifest with acute chest pain [138]. 
Infusions of 5-fluorouracil or etoposide can produce 
acute coronary spasm and consequent chest pain [136]. 
Chest pain is a recognized adverse event in stem cell 
donors during mobilization [139].

31.3.4  Bronchospasm

Wheezing and bronchospasm are common symptoms 
in patients receiving antineoplastic drugs including 
monoclonal antibody therapy such as alemtuzumab or 
rituximab [140, 141]. Wheezing may be part of the 
“infusion reaction,” a constellation of symptoms 
including dyspnea, cough, facial flushing, skin rash or 
urticaria, pruritus, chest tightness and malaise. There 
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is relapse upon rechallenge, except if pretreatment is 
given or the dose is reduced.

Bronchospasm has been reported with the use of 
amphotericin B, l-asparaginase, amphotericin B, 
campath-1H, etoposide, GM-CSF, methotrexate, pro-
carbazine, vinca alkaloids and corticosteroid drugs 
[11]. The excipients and solvents dimethylsulfoxide 
[142] and cremophor [143] have also been implicated. 
There is a close temporal relation of drug administra-
tion and wheezing, and in most patients symptoms 
are mild to moderate. Patients with bronchospasm 
could be successfully rechallenged using slower doses 
or infusion rate, or following premedication with 
antihistamines and corticosteroids.

Some patients develop anaphylaxis, a life-threaten-
ing reaction with upper airway obstruction, severe 
bronchospasm, abdominal cramps and shock [144]. 
Drugs including antibiotics, anesthetic agents, oxalip-
latin and blood can cause this condition [145, 146].

31.3.5  Pleural Involvement

Pleural effusion can be present on imaging in patients 
with pulmonary reactions to methotrexate, procarba-
zine or ATRA, especially if the reaction is severe [11, 
147]. Bleomycin, cyclophosphamide, IL-2, IVIG, 
methotrexate, ATRA and radiation therapy can pro-
duce lone exudative pleural effusions [11, 148]. Pleural 
thickening and retraction is a form of late cyclophos-
phamide toxicity [114, 149]. Pneumothorax can com-
plicate fibrosis induced by BCNU, cyclophosphamide 
or bleomycin [150]. Radiation-induced pleural changes 
are mentioned below.

31.3.6  Late Changes

Mild drug-induced reduction of vital capacity and/or 
diffusing capacity may persist for a few months in 
patients treated for hematologic malignancies. The 
likelihood of permanent physiological impairment is 
greater in smokers [102]. Follow-up of patients is 
required, especially in those who received a stem cell 
transplant, to monitor progressive changes (although 
their incidence is lower than it used to be [151]) and to 

detect post-treatment lymphoproliferative disease and 
other malignancies.

31.3.7  Drug-Induced Lymphoma  
and Second Cancers

As basic disease-related mortality has decreased with 
time in patients with Hodgkin’s disease and non- 
Hodgkin’s lymphoma once remission is obtained, ther-
apy-related mortality increases with time and is 
becoming the most prevalent cause of late deaths [152]. 
Although a downward trend in mortality has been 
noted in more recent years (1980–1995) compared to 
the prior treatment era (1962–1980), second cancers 
and cardiovascular complications still account for 20% 
and 14% of late deaths, respectively [152]. The risk of 
second or higher-order lung cancer in Hodgkin’s dis-
ease and non-Hodgkin’s lymphoma is increased [153], 
and it correlates with the dose of radiation delivered to 
the lung, amount of chemotherapeutic agents received 
and whether the patient is a smoker. In one study, the 
relative risk of lung cancer in patients who received 
³9.6 Gy was 9.6 compared to <1 Gy. Patients who had 
smoked >10 pack-years after the diagnosis of 
Hodgkin’s disease had a further sixfold increase in 
risk, compared with patients who smoked <1 pack-
year. A positive interaction on a multiplicative scale 
was observed between the carcinogenic effects of 
smoking and radiation [103]. Studies have found a 
positive interaction between treatment with MOPP 
(mechlorethamine, vincristine, procarbazine and pred-
nisone), the number of cycles and the risk of lung can-
cer [154]. Radiation therapy added to the risk [155]. In 
another study, treatment with MOPP was associated 
with a greater risk of lung cancer, compared to chloram-
bucil, vinblastine, procarbazine and prednisone [156]. 
Since tobacco use appears to synergize the risks from 
treatments and increase lung cancer risk more than 15- 
to 20-fold, physicians treating these patients need to be 
wary of the risk and should make a special effort to 
dissuade patients with Hodgkin’s disease from smok-
ing after receiving chemotherapy and radiotherapy. 
Smoking cessation is a vital part of long-term manage-
ment of such patients.

Incidence of pleural mesothelioma increases post- 
radiation therapy in malignant lymphoma survivors [157]
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31.4  Drugs Causing Pleuropulmonary 
Toxicity in Hematology

31.4.1  Amphotericin B

Not uncommonly, infusions of amphotericin B pro-
duce wheezing and bronchospasm [11, 158]. Rarely, 
amphotericin evokes an anaphylactic reaction with or 
without upper airway obstruction [159]. Not all mani-
festations will return upon rechallenge, and there are 
guidelines to reexpose patients to the drug [160].

Wright et al. described 14 patients who developed 
pulmonary infiltrates and acute respiratory failure 
shortly after infusion of amphotericin B and granulo-
cytes [161]. Lung biopsy and autopsy studies disclosed 
DAH and pulmonary edema. Other studies failed to 
confirm an association. The possibility of a TRALI 
syndrome induced by coadministered granulocytes is 
a possibility. No further case has appeared in the 
literature.

Infusion of liposomal amphotericin B or amphoteri-
cin in 20% intralipid can produce dyspnea, chest tight-
ness, pulmonary infiltrates and pulmonary edema 
[162]. Histopathological studies in a fatal case evi-
denced fat embolism with lipid material in pulmonary 
capillaries [163].

31.4.2  Anti-thymocyte Globulin

Transient pulmonary infiltrates thought to represent 
mild pulmonary edema or, less often, an ARDS picture 
have been described following anti-thymocyte globu-
lin (ATG) infusion [164]. Rechallenge was followed 
by recurrence of pulmonary infiltrates [164]. In one 
recent report, steroid-supported rechallenge was not 
followed by relapse [33].

31.4.3  All-trans-Retinoic Acid (ATRA) 
and Arsenic Trioxide As

2
O

3

All-trans-retinoic acid or ATRA, the active metabolite 
of vitamin A, and arsenic trioxide (As

2
O

3
) have 

emerged as important agents to induce remission in 

newly diagnosed or relapsed acute promyelocytic leu-
kemia [165], where these agents accelerate the differ-
entiation and maturation of normal promyelocytic 
cells, which quenched the life-threatening hemor-
rhagic complications of the disease at its onset. The 
administration of ATRA during induction of remission 
is often followed in a few days by a sharp increase in 
the number of circulating myeloid cells and neutro-
phils. This is temporally associated in some patients 
with the development of fever, weight gain, pleuritic 
chest pain, pleural or pericardial effusion, lower 
extremity edema, dyspnea, pulmonary infiltrates, pul-
monary edema, alveolar hemorrhage, or an ARDS pic-
ture [166–169]. This aggregate of symptoms developed 
an average of 8 days after initiation of treatment and is 
grouped under the eponym “retinoic acid- or ATRA 
syndrome” [166]. Similar manifestations are observed 
in patients who receive As

2
O

3
 in up to 31% in one 

study [170], causing respiratory death [171]. The con-
dition is also referred to as ATRA or retinoic acid syn-
drome. Onset of ATRA syndrome can be heralded by 
an increase in circulating neutrophils. Patients with 
neutrophil counts above 10,000/mL are considered at 
risk of developing the syndrome, while the condition 
is considered unusual in leukopenic patients [166]. 
ATRA syndrome is thought to result from the seques-
tration of activated neutrophils in pulmonary capillar-
ies, leading to acute lung injury and vascular leakage. 
Radiographic studies indicate ill-defined infiltrates, 
ground-glass opacities, lung nodules that may prog-
ress to diffuse alveolar shadows, and pleural effusions 
[172]. Blasts and promyelocytes containing Auer rods 
were evidenced in the BAL in one case [173]. Post-
mortem studies indicate maturing and mature myeloid 
cells within the pulmonary interstitium [166]. 
Capillaritis and diffuse alveolar hemorrhage have been 
reported once [174]. Patients improve on drug removal 
and high-dose corticosteroids [166]. Prophylactic cor-
ticosteroids have decreased both the severity and inci-
dence of ATRA syndrome down to about 8% [175]. 
Mortality from ATRA syndrome is about 8% or 1% of 
all patients treated with these agents. In most cases, 
ATRA therapy can be reinstituted once the syndrome 
has resolved [176], although at 75% of the initial dos-
age [177]. ATRA may also cause venous thromboem-
bolism and infarction in several end organs, including 
the lung [178]. As

2
O

3
 may also cause adverse cardiac 

effects [179].
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31.4.4  Azacytidine

The DNA hypomethylating agent azacitidine was 
approved for treatment of myelodysplastic syndrome. 
A few cases report the association of treatments with 
the drug and episodes of ILD, BOOP, or reversible 
ARDS [180–182]

31.4.5  Bis-Chlororethyl Nitrosourea 
Carmustine

The bis-chlororethyl nitrosourea (BCNU, carmustine) 
drug derives from the vesicant chemical warfare mus-
tard. BCNU is an alkylating agent introduced in 1963 
in the treatment of malignant brain tumors because of 
its low molecular weight. Currently, BCNU is used for 
the treatment of high-risk breast carcinoma and as a 
conditioning regimen for bone marrow and stem cell 
transplantation along with busulfan or cyclophosph-
amide and total body irradiation (TBI). BCNU and 
TBI are thought to play a crucial role in the pathogen-
esis of chemotherapy lung and idiopathic pulmonary 
syndrome (see above). The lower incidence of idio-
pathic pulmonary complications with nonmyeloabla-
tive as opposed to myeloablative preconditioning 
regimens supports the causal role of the intensity of the 
conditioning regimen in its development. The pulmo-
nary complications of BCNU when the drug was used 
as a solo agent have been described in children and in 
adults, and BCNU has caused pulmonary toxicity more 
often than the other nitrosoureas CCNU (lomustine), 
DCNU (chlorozotocin), methyl-CCNU, streptozoto-
cine, fotemustine, and estramustine. Carmustine lung 
damage is dose-related, and the incidence is between 
1% and 10%. BCNU pulmonary toxicity is one form 
of chemotherapy lung, and it resembles clinically, 
pathologically and on imaging the pneumonitis induced 
by bleomycin, busulfan, chlorambucil, cyclophosph-
amide, melphalan, and vinblastine. A total dose of 
1,000–1,200 mg/m2 of BCNU is considered the thresh-
old above which the incidence of pulmonary toxicity 
increases steeply when the drug is used as a single 
agent [183]. Incidence of BCNU toxicity increases 
about tenfold when cyclophospamide or irradiation is 
given concomitantly. Up to two thirds of patients 

treated with high-dose chemotherapy and BCNU 
develop clinical and physiological evidence of pulmo-
nary toxicity [184]. An attempt to reduce pulmonary 
toxicity in a modified CBV regimen using CCNU 
instead of BCNU followed by autologous hematopoi-
etic cell transplantation in 16 patients with relapsed or 
refractory Hodgkin’s disease or non-Hodgkin’s lym-
phoma was associated with a 63% incidence of inter-
stitial pneumonitis, and 6 of 16 affected patients died 
of interstitial pneumonitis [185].

Early disease presents subacutely, a form of BCNU 
lung toxicity that is more amenable to corticosteroid 
therapy, thereby having an improved prognosis [107, 
184]. Late BCNU toxicity is characterized by pulmo-
nary fibrosis [186] and progressive respiratory failure 
[187]. The histopathological appearances of BCNU 
pneumonitis are similar to those from other alkylating 
agents with interstitial edema, diffuse alveolar dam-
age, a reactive epithelium, and interstitial fibrosis 
[188–190]. Less common features include pleural 
fibrosis [189], vascular thrombosis, venoocclusive dis-
ease, or pulmonary alveolar proteinosis [187]. Long-
term follow-up indicates that a fraction of patients with 
hematologic malignancies may die late from nitros-
ourea-related respiratory failure [191].

31.4.6  Bleomycin

In the 1960s, bleomycin was one of the first drugs rec-
ognized as a cause of lung disease [192]. Bleomycin 
pulmonary toxicity (BPT) is common [193, 194] and 
there are recent reports in patients who received the 
drug with other antineoplastic agents for the treatment 
of malignant lymphoma [195, 196] or solid tumors 
[197, 198]. Many therapy-related pneumonitis cases 
that occur in patients receiving chemotherapy regi-
mens containing bleomycin (e.g., ABVD, BACOD) 
are reported as BPT [196].

Onset of BPT is not as acute as that of methotrexate 
lung. BPT can be severe, but this form of toxicity may 
be less debilitating than busulfan, nitrosoura, or 
myleran lung. The characteristics of BPT may be dis-
cernible even though bleomycin is given along with 
other chemotherapeutic agents [193]. Even though 
early reports warned of the possibility of BPT after 
low cumulative dosages of the drug [199], for many 



400 P. Camus

years it was believed that bleomycin caused pulmo-
nary toxicity only above 500 mg. In fact, although the 
incidence of BPT is dose-dependent [193], BPT can 
occur with as little as 20 or 34 mg bleomycin [200, 
201]. Renal failure places patients at higher risk of 
developing BPT [79, 202], owing to decreased clear-
ance of the drug. Slow as opposed to rapid i.v. infusion 
and intramuscular administration of bleomycin lessen 
the risk of BPT. Previous use of bleomycin should be 
considered in those patients requiring retreatment, as 
there is cumulative toxicity. In some but not all stud-
ies, advancing age was a risk factor for BPT. 
Concomitant or recent irradiation [203, 204], treat-
ments with cyclophosphamide [205], and exposure to 
high concentrations of oxygen add to the risk and may 
trigger the onset of BPT [206]. Although not everyone 
will agree [207], it is prudent to request that anesthe-
tists use the lowest possible fractional concentration of 
oxygen when patients with a history of exposure to 
bleomycin undergo any surgical procedure. In some 
but not all studies, a history of BPT negatively impacts 
overall survival of patients with malignant lymphoma 
[196, 208].

Incidence of BPT was once estimated to be 2–3% 
[209, 210], but recent figures are around 10–15% [196, 
197, 202]. Recently, a 11.5% incidence of BPT was 
reported when bleomycin was administered with vin-
cristine and cisplatin every 10 days [197]. Mortality is 
about 10%, and overall mortality was 2.3% in a study 
of 194 patients treated for germ cell tumors with this 
agent [202]. Mortality is higher in older patients, in 
those with renal failure [202], and in those with severe 
BPT, where mortality can be as high as 60% [209].

Clinically, BPT presents acutely or subacutely with 
dyspnea, and sometimes chest pain [134, 194, 210]. 
Some chest discomfort may be present at some point 
before BPT is suspected, representing early BPT that 
went unrecognized [210]. Crackles on auscultation 
may precede the radiographic changes of BPT. Imaging 
studies indicate the predominant involvement of the 
lung bases as opposed to the apices, costophrenic 
angles, and subpleural regions, and there is often gen-
eralized loss of lung volume [193, 211]. A retrospec-
tive review of chest films may show the gradual 
development of these changes, and it is easy to miss 
the actual onset of BPT. On HRCT in mild cases, a 
diffuse ill-defined ground-glass pattern or haze is 
 present. Later, patients develop discrete subpleural 
 crescent-like opacities, streaky opacities along the 

bronchovascular bundles, alveolar infiltrates, alveolar 
densities, consolidation, or the clinical-radiographic 
picture of ARDS [48, 194, 212, 213]. Changes on 
imaging correlate poorly with impairment of the dif-
fusing capacity [48]. Some patients present with 
masses on imaging that may about the pleura [48, 
214]. Pleural thickening or an effusion is an unusual 
finding. Several of the above mild HRCT findings are 
common (up to 80%) in asymptomatic patients during 
treatments with bleomycin [193]. However, they do 
not necessarily indicate toxicity, and drug discontinu-
ance is not always required. In one study, such changes 
occurred in 15 out of 18 patients [215], none of which 
developed clinically recognizable disease. Thus, serial 
HRCT may not be a practical test to ensure early 
detection of BPT, which is best monitored using his-
tory, clinical examination, pulmonary function, and 
the chest radiograph.

On pulmonary function tests a restrictive defect, 
hypoxemia, and a reduction in the diffusing capacity 
are present. A low diffusing capacity does not equate 
toxicity and may predate onset of overt toxicity by 
weeks. The BAL pattern is neutrophilic [216]. 
Pathologic features of BPT resemble those seen with 
the other alkylating agents such as busulfan, chloram-
bucil, cyclophosphamide, melphalan, and nitrosoureas. 
Tissue eosinophilia is uncommon and has been reported 
in patients with the diffuse [198, 217] and nodular 
(BOOP) [66] form of the disease. The development of 
parenchymal lung nodules in patients receiving bleo-
mycin is almost unique to this compound, and it can be 
problematical [218], raising the possibility of paren-
chymal involvement from the underlying hematologic 
malignancy [66]. The area’s BPT can be tracer-avid on 
PET scan [35, 219]. Previous imaging, time course of 
disease markers, earlier PET scan, and response to 
chemotherapy will dictate whether watchful waiting is 
indicated or a lung biopsy is necessary so separate 
these entities. Nodular BPT corresponds to the histo-
logical pattern of BOOP with or without eosinophilia 
in the tissue. Nodular BPT may shrink or clear in a few 
weeks.

Overall, the prognosis of BPT is less dismal than 
with the other alkylating agents. A sizable fraction of 
patients with BPT have reversible disease [194], even 
though there was evidence for fibrosis on pathology 
[220]. Corticosteroids are the mainstay of treatment, 
and, although no controlled study is available, there is 
clinical evidence for benefit of this form of treatment 
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in mild or moderate BPT. Corticosteroid therapy can 
be without an effect in severe BPT [197]. It is consid-
ered that if patients survive the initial episode of BPT, 
they are likely to recover gradually [194]. Early or 
abrupt withdrawal of corticosteroids is discouraged, as 
this may lead to a severe relapse of BPT [209], and a 
slow taper is recommended. Some patients develop 
irreversible bleomycin-induced pulmonary fibrosis 
[221] with, ultimately, honeycomb lung and clubbing, 
and die from the condition [209].

The question of whether serial pulmonary function 
testing is useful in identifying patients who will 
develop BPT was assessed in 59 men with non-semi-
nomatous testicular carcinoma (the findings probably 
apply to hematology patients as well) [110]. Patients 
received a three-course regimen consisting of vinblas-
tine, bleomycin, and platinum. The average bleomycin 
dose was 555.5 units. Pulmonary physiology was seri-
ally evaluated prior to each treatment course. The 
 diffusing capacity fell significant by 11.8% with bleo-
mycin treatment. However, the diffusing capacity 
failed to predict which patients would develop clinical 
toxicity. The reduction in the total lung capacity had a 
better correlation with clinical toxicity [110]. Despite 
the inability of the diffusing capacity to detect patients 
who will develop clinical toxicity [110, 222], serial 
measurement of lung volumes and of diffusing capac-
ity are still routinely performed in this population also 
for medical-legal reasons [223]. The diffusing capacity 
decreases in up to 75% of the patients treated with 
bleomycin, and in only a few will clinical toxicity 
develop [223]. Any asymptomatic impairment of the 
DLCO is likely to improve slowly upon termination of 
treatment. The lung of patients exposed to bleomycin 
in the remote past should be considered vulnerable, as 
suggested by occasional reports of unexpected ARDS 
after minor insults years after termination of treatment 
with this agent [224].

31.4.7  Blood and Blood Products: 
Transfusion-Related Acute 
Lung Injury

TRALI is a potentially devastating complication 
defined by hypoxemic respiratory failure within 6 h of 
transfusion, once other causes are excluded. To some 

extent, TRALI is avoidable and can be prevented. By 
definition, acute lung injury is defined by a PaO

2
/FIO

2
 

ratio <300, hence the term TRALI. However, some 
severe TRALI cases would deserve the eponym 
TR-ARDS, for the PaO

2
/FIO

2
 ratio in those cases is 

<200. TRALI is a noncardiogenic pulmonary edema 
that is temporally and mechanistically related to trans-
fusion of blood and/or blood components. TRALI 
occurs within 6 h of transfusion. TRALI results from 
the sequestration of primed and activated neutrophils 
in the pulmonary circulation, thereby causing endothe-
lial injury and consequent fluid leakage. TRALI is 
more common in ICU patients [225], and the condition 
adversely affects outcome. TRALI has a 10% atten-
dant mortality and is the leading cause for transfusion-
related deaths [78, 225–231]. Although all blood 
components have been implicated in TRALI, those 
that contain a significant amount of plasma, namely 
fresh frozen plasma and whole blood-derived platelet 
concentrates, are exposed to a higher risk, compared to 
red blood cells or whole blood [230, 232]. Plasma-rich 
components carry a greater risk of containing a sub-
stantial quantity of antibody from a donor, which in the 
majority of cases is the cause of TRALI. Whole blood, 
immunoglobulins, stem cells, or, rarely, autologous 
blood have also been implicated [230, 232].

TRALI results from the transfusion of an anti-
HLA I, -HLA AII, or human neutrophil alloantigen 
(HNA-3a-(5b)) antibody from one donor in the pool 
into patients whose leukocytes express the correspond-
ing cognate antigens [230]. Such antibodies are found 
in 60–85% of cases. The case for a relationship is more 
compelling if concordance between the antigen speci-
ficity of the leukocyte antibodies in the donor plasma 
and the corresponding antigen on the cells of the 
affected recipient is demonstrated [233]. This is found 
in about 50% of cases. The antibody-antigen interac-
tion causes complement-mediated activation and 
sequestration of neutrophils in the pulmonary circula-
tion and intravascular cholesterol crystal formation 
[234], endothelial damage, vascular leakage, and con-
sequent pulmonary edema [230, 234, 235]. Antibodies 
are more prevalent in women with a history of preg-
nancies, and the antibody titer increases with the num-
ber of pregnancies. Antibody prevalence is lowest in 
men and in nulliparous women. Although this anti-
body-antigen hypothesis is attractive, there are anti-
body negative TRALI cases, TRALI can occur in 
neutropenic patients, and there is one cause of TRALI 
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following auto-transfusion. Understanding and recog-
nizing TRALI are important. The responsible donor, 
generally a multiparous woman with high titers of 
antibody, should be identified. Laboratory investiga-
tions should be undertaken in donors to identify the 
antibody and in the recipient to determine whether his 
leukocytes bear the cognate antigen. Then the TRALI 
case can be classified into immune or nonimmune 
TRALI, the blood bank should be notified to quaran-
tine other components from the same donation until 
the diagnosis is confirmed, and the implicated donor is 
identified. The implicated donor should be deferred 
from further blood donation or their blood diverted to 
prepare plasma-poor products, not whole blood, FFP, 
or platelets [232].

TRALI is poorly known [236], and it is underre-
ported [237]. Incidence of TRALI is about 1 in 5,000 
transfusions in the US (between 0.08% and 0.16% of 
all blood transfusions) and is less in Europe. Incidence 
is higher in ICU patients and in patients with a history 
of recent bypass surgery, recent infection, in patients 
with hematologic diseases, and in those who received 
CSF. This is consistent with a two-hit hypothesis for 
TRALI, whereby pulmonary endothelial cells are first 
activated, and PMN are primed and sequester in the 
pulmonary circulation. Then, transfusion of a biologic 
response modifier such as anti-granulocyte antibody or 
biologically active lipids activates adherent neutrophils 
resulting in endothelial damage vascular leakage and 
TRALI [238].

By definition, the symptoms of TRALI develop 
within 6 h of the transfusion in the form of abrupt 
respiratory failure with rigors, dyspnea, tachypnea, 
cyanosis, hypotension, leukopenia, mild eosinophilia 
“whiteout” of the lungs [239], and evidence for fluid 
leakage [240]. Severe cases are heralded by a protein-
rich exudate at the mouth or in ventilator tubings 
[241]. Sudden intraoperative hypoxemia during blood 
transfusion or infusion of FFP should raise the suspi-
cion of TRALI [242, 243]. Transient hypoxemia fol-
lowing blood transfusion in patients on the respirator 
may correspond to TRALI [238]. The main competing 
diagnoses include transfusion-associated circulatory 
overload or TACO (both conditions can coexist), 
transfusion-related sepsis, anaphylaxis, and hemolytic 
reactions [244]. Imaging studies and measurement of 
BNP levels may aid in separating TACO from TRALI 
[245], and an important distinction for diuretics is 

contraindicated in TRALI [230]. Once TRALI is 
 suspected, laboratory investigation should be under-
taken on the remains of transfused products, in the 
recipient, and in donors whose blood or component 
were given within 6 h prior to the development of 
TRALI for the presence of antibodies [226]. 
Retrospective investigation can evidence an antibody 
in one donor in the pool in up 89% of cases [246], and 
a cognate antigen-antibody correlation was identified 
in 14 of 16 TRALI cases in one study [247].

Underrecognition and underreporting of TRALI 
may have detrimental consequences. A lookback 
investigation following a fatal case of TRALI indicated 
that administration of blood from the implicated donor 
had produced 15 previous adverse reactions in 14 
patients, of which eight were severe [226]. Only two 
were reported to the regional blood collection facility, 
and the donor was not deferred from blood donation 
[226]. Other less common mechanisms for TRALI 
include antileukocyte antibody in the recipient that 
react with donor’s leukocytes [248] and shelf aging of 
blood products, leading to accumulation of lipid-
derived biologic response modifiers.

Management of TRALI is supportive and includes 
judicious fluid management, oxygen, and mechanical 
ventilation in severe cases. Approximately three 
quarters of patients with TRALI need ventilatory 
support. The effect of corticosteroid drugs is contro-
versial. Diuretics should be used with caution as 
TRALI often is associated with fluid leakage, and 
diuretic therapy may aggravate hemodynamic insta-
bility [249]. Diuretics are reserved for cases with 
documented fluid overload and/or left ventricular 
failure [244, 249]. Most TRALI cases will recover 
within 96 h.

Prevention of TRALI relies on parsimonious use of 
blood transfusion, particularly of plasma rich blood 
components and in the ICU. Other measures include 
blood washing to remove biologically active sub-
stances, the use of solvent-detergent plasma, improved 
donor selection, male predominant or male only pol-
icy, which is associated with a reduction in the inci-
dence of TRALI, and minimization of shelf life of 
blood products. Awareness, proper recognition, and 
reporting of TRALI are essential. Screening blood 
donors or testing donors with a history of pregnancy or 
transfusion is a logical and cost-effective TRALI pre-
vention strategy. However, this may not meet with 
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success, as not all blood components with antibodies 
will produce TRALI in the clinic.

31.4.8  Bortezomib

Treatments with the proteasome inhibitor bortezomib 
have been associated with the development of pulmo-
nary infiltrates [250–253]. The incidence is 3% in 
Japan and is less in the West. The highest recorded 
incidence was 31% [254]. Corticosteroid therapy may 
prevent the development of bortezomid-associated 
pulmonary infiltrates. The condition needs be sepa-
rated from the pulmonary manifestations of multiple 
myeloma, which include plasma cell infiltrates and 
crystal-storing histiocytosis, and from an infection 
[20, 22].

31.4.9  Busulfan (Myleran)

Most cases of busulfan lung were described in the 
1960s and 1970s [255], when the drug was used as a 
single-agent for the treatment of chronic myelogenous 
leukemia [256]. Nowadays, busulfan is mainly used in 
conditioning prior to hematopoietic stem cell trans-
plantation, where busulfan pulmonary toxicity is 
enhanced by drug dosage as seen in recipients of 
autologous stem cell transplant [257] and by concomi-
tant irradiation [257]. Time to onset of busulfan lung is 
from a few weeks to 10 years. Administration of other 
chemotherapy agents increases the risk of developing 
the condition. Busulfan lung is notable for hugely 
reactive alveolar cells in the lung and in other epithelia 
[258], pulmonary fibrosis [259], and, less commonly, 
a pattern of organizing pneumonia [260], or pulmo-
nary alveolar proteinosis [261]. Long-term exposure 
to busulfan may produce a brownish discoloration of 
the skin simulating Addison’s disease [256]. Although 
the incidence of busulfan lung is relatively high, with 
figures up to 6%, the disease is difficult to predict as 
pulmonary function of unaffected patients may remain 
unchanged during treatment [262]. Although reports 
of pure busulfan lung have decreased in the past years, 
busulfan pulmonary toxicity continues to afflict 
patients with hematologic malignancies or breast 

carcinoma who receive chemotherapy regimens 
including this drug, although the lung illness in these 
cases is not coined busulfan lung any longer [257].

31.4.10  Chlorambucil

Chlorambucil is prescribed primarily for the treatment 
of chronic lymphatic leukemia and low-grade lympho-
mas. The clinical imaging presentation and pathologic 
features of chlorambucil pulmonary toxicity are not 
dissimilar to those described in other alkylating agent-
induced pulmonary toxicity [263–265]. Notably, there 
are atypical changes in alveolar lining cells. A handful 
of cases of seemingly cellular interstitial lung disease 
have been reported, with recovery following drug dis-
continuance and corticosteroid therapy [265]. One 
recent case report of focal BOOP is thought to reflect 
chlorambucil pulmonary toxicity [266].

31.4.11  Colony-Stimulating Factors

Colony-stimulating factors (G & GM-CSF) stimulate 
the production of neutrophils from committed 
hematopoietic progenitor cells. These agents are used 
to restore neutrophil counts in patients who are receiv-
ing myeloablative chemotherapy or have aplastic ane-
mia, and to mobilize progenitor cells in stem cell 
donors. A few case reports described pulmonary infil-
trates in patients receiving G-CSF monotherapy [7, 
267, 268]. Most cases described pulmonary infiltrates 
or ARDS in patients who were being treated with che-
motherapeutic agents (bleomycin, busulfan, metho-
trexate, or TBI) in conjunction with G- or GM-CSF 
[208, 269]. In a series of 36 patients with non- 
Hodgkin’s lymphoma receiving a BACOP regimen, 
12 received recombinant G-CSF. Out of these 12, four 
developed respiratory complications (3 died), as 
opposed to 1 of 24 unexposed patients [270]. Other 
reports reported fatal respiratory distress in patients 
receiving CSF for hematologic malignancies [271] or 
nonneoplastic conditions [271].

Experimental evidence indicates that G-CSF leads 
to sequestration of activated neutrophils in lung [272] 
and enhances the damage from bleomycin [273]. 
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However, a randomized study in patients with germ 
cell tumors failed to demonstrate an increase in inci-
dence of BPT in patients who were exposed G-CSF 
compared to bleomycin controls [274]. In several 
patients, but not in all, pulmonary infiltrates developed 
concomitant with CSF-induced peak in circulating 
neutrophils [275]. A few cases were described in 
patients who had persistently low neutrophil counts.

Clinical severity ranged from transient subclinical 
hypoxemia [276] to diffuse pulmonary infiltrates or an 
ARDS picture [276]. Lymphocytosis was found in the 
BAL in one case [277]. CSF-associated infiltrates 
cleared in a few days or they persisted for weeks. 
Mortality is about 20%, and prognosis is improved on 
corticosteroid therapy [275]. Rechallenge may not lead 
to relapse of the pulmonary infiltrates [275].

CSF-induced mobilization in donors can also induce 
pulmonary complications. These range from a subclin-
ical drop in PaO

2
 with a widened A-a oxygen gradient 

[278] to pulmonary infiltrates, ARDS, or capillary leak 
and pleuropericardial effusion [7, 268, 278, 279].

31.4.12  Corticosteroids

Long-term corticosteroid therapy leads to mediastinal 
lipomatosis, a radiographic curiosity in most patients 
and a cause for cough or mediastinal hemorrhage in a 
few [280, 281].

Corticosteroids may induce respiratory muscle weak-
ness, with consequent restrictive lung dysfunction [282].

Allergy and anaphylaxis are rare [283–285].
Corticosteroids exert a broad range of immunosup-

pressive activities [286], and patients on corticoster-
oids long-term run the risk of developing opportunistic 
pulmonary infections, including Pneumocystis jiroveci 
pneumonia [8].

31.4.13  Cyclophosphamide

Like busulfan and nitrosoureas, cyclophosphamide is 
an alkylating agent used in the treatment of various 
forms of leukemias and lymphomas and as a condi-
tioning agent prior to stem cell transplantation. 
Cyclophosphamide may produce early or late pleuro-
pulmonary toxicity [114].

Early cyclophosphamide pulmonary toxicity resem-
bles that of other alkylating agents, is associated with 
BAL lymphocytosis [287], and is reversible upon 
removal of the drug, except in patients who develop 
early ARDS [288]. The prognosis of early cyclophos-
phamide pulmonary toxicity exceeds that for the 
nitrosoureas and busulfan, and if diagnosed early, this 
form of cyclophosphamide pulmonary toxicity is largely 
reversible upon removal of the drug and institution of 
corticosteroid therapy. It is important to rule out an 
infection [289], especially Pneumocystis jiroveci pneu-
monia, which is difficult to differentiate from, and can 
coexist with cyclophosphamide pneumonitis [290].

Late cyclophosphamide pulmonary toxicity mostly 
follows chronic oral exposure [114, 291], occurring 
with up to 13 years of treatment [292]. Chronic cyclo-
phosphamide pneumonitis takes the form of progres-
sive pulmonary fibrosis with respiratory failure, and 
sometimes digital clubbing is present [293]. The pecu-
liar feature in a subset of patients with late cyclophos-
phamide toxicity is a pattern of pleuropulmonary 
fibroelastosis that involves the upper and lateral aspects 
of the pleura, which is thickened, in addition to more 
conventional changes of pulmonary fibrosis of the 
underlying lung [114, 149, 294, 295]. Progressive nar-
rowing of the anteroposterior aspect of the thorax may 
develop in children, contributing the restrictive physi-
ology, which is progressive with time [149, 296]. 
Pneumothorax may complicate this form of late cyclo-
phosphamide pleuropulmonary toxicity, and it is diffi-
cult to treat as the underlying fibrotic lung reexpands 
poorly. Chronic cyclophosphamide pneumonitis is 
irreversible, even with drug withdrawal and institution 
of corticosteroid therapy [114].

31.4.14  Cytosine-Arabinoside (Ara-C)

Treatments with high-dose Ara-C can be complicated 
by transient pulmonary infiltrates or pulmonary edema 
[297–299]. The condition develops in close temporal 
association with administration of the drug [299, 300]. 
In a series of 181 autopsies of patients with leukemia, 
unexplained massive proteinaceous pulmonary edema 
correlated with recent administration of Ara-C [297]. 
Pathology discloses bland alveolar flooding by pro-
teinaceous material, suggesting acute fluid leakage 
[301]. Little or no inflammation is present. Less severe 
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cases show diffuse alveolar damage [85]. Several case 
histories are consistent with a beneficial effect of cor-
ticosteroid therapy in aracytine-induced pulmonary 
edema.

Recently, acute pulmonary edema and bilateral 
pleural effusion were diagnosed in a patient who 
received methotrexate 1,000 mg/m2 daily and cytara-
bine 3,000 mg/m2 twice a day on day 2 and 3 and 
G-CSF [302]. A patient who received 10 mg/m2 mitox-
antrone daily for 6 days and 3 g/m2 IV ARA-C devel-
oped histologically documented BOOP. Chagnon et al. 
described transient centrilobular nodules in six patients 
with acute myelogenous leukemia and treatment-
induced neutropenia [303]. These abnormalities of 
uncertain background and significance were thought to 
represent drug toxicity.

31.4.15  Dasatinib

Dasatanib is a multitargeted inhibitor of bcr-abl and 
SRC family tyrosine kinases that is approved for res-
cue therapy in patients with imatinib-resistant chronic 
myelogenous leukemia, and it is also used when ima-
tinib induces adverse effects. The drug is known to 
cause pleural effusions in 10–35% of patients who 
receive it [304, 305]. The effusion was an exudate in 
78% of the assessable cases [306]. Dasatinib may also 
cause lung injury in the form of pulmonary infiltrates 
[32]. In 40 patients on dasatinib, 6 had a lymphocyte 
predominant pleural exudates, and 7 had parenchymal 
ground-glass or alveolar opacities or septal thickening 
[32]. Lymphocytes represented up to 92% of the cells 
in the BAL, and lymphocytes were confirmed in pleu-
ral tissue in one case. Upon dasatinib discontinuance 
(with corticosteroid therapy in one patient), manifesta-
tions of the disease abated or resolved in all nine cases. 
Interestingly, no relapse occurred in three of four 
rechallenged patients [32], enabling resumption of 
treatment with this often vital drug. Lymphocyte-rich 
effusions (bilateral in one case) were also reported in 
two patients [304]. Chylous fluid was present in one 
patient. The authors suggested that the effusions were 
the result of PDGFR inhibition [304].

Dasatinib 100 mg once daily instead of the classic 
70 mg twice daily retains efficacy and reduces toxicity 
with reduced incidence of pleural effusions from 
16% to 7% [307]. With the better delineation of 

 dasatinib-induced pleuropulmonary toxicity, noninva-
sive diagnosis and management should enable cost 
containment of this adverse effect [308].

31.4.16  Deferoxamine

Deferoxamine is used to treat iron overload in transfu-
sion-dependent thalassemia. When given in high dos-
ages or over more than 24 h, deferoxamine may cause 
diffuse alveolar damage or pulmonary edema [309]. 
IgE-coated mast cells were evidenced in lung tissue 
[310]. Rarely, deferoxamine triggers an anaphylactic 
reaction [311]. No recent case has been published.

31.4.17  Etoposide

The podophylotoxin derivative etoposide (VP16-213) 
is part of conditioning regimens for stem cell trans-
plantation, and the drug is used in the management of 
refractory Hodgkin’s lymphoma. Pulmonary reactions 
are of the hypersensitivity type, with suggestive chro-
nology, facial flushing, wheezing, and hypotension 
[141]. Prudent rechallenge with the drug can be 
attempted and was successful in up to three quarters of 
cases [135]. Very few patients with presumed etopo-
side pneumonitis have been described. The histo-
pathological features may include diffuse alveolar 
damage, alveolar hemorrhage, and type II cells reac-
tive changes [312].

31.4.18  Fludarabine

Fludarabine monophosphate, the 2-fluoro, 5¢ phos-
phate derivative of 9-beta-d-arabinofuranosyl adenine 
(ara-A), is a purine analogue used in the treatment of a 
variety of hematologic malignancies, including chronic 
lymphatic leukemia, other low-grade non-Hodgkin’s 
lymphoma resistant to alkylating agents, and acute 
leukemias. Acute interstitial pneumonitis due to flu-
darabine was first described in 1987 [313]. The disease 
improved on high-dose steroids, recurred with steroid 
withdrawal, and abated with further steroid therapy 
[313]. Fludarabine pneumonitis can occur as early as 
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7 days into treatment, with an incidence rate of 1–8.6% 
[314]. Patients with a background of chronic lymphatic 
leukemia and preexisting interstitial pulmonary opaci-
ties may be at higher risk of developing pulmonary 
toxicity [315, 316]. On pathology, cellular interstitial 
pneumonia, eosinophilic pneumonia, granulomas, 
BOOP, and DAD with reactive type II cell changes 
have been described [316, 317]. Fludarabine pneu-
monitis can occasion severe symptoms and can be fatal 
[318]. In most cases, symptoms abate with drug 
removal and corticosteroid therapy. Rechallenging the 
patient leads to recurrence of manifestations of the 
 disease [316, 318].

31.4.19  Gemcitabine

Gemcitabine (2,2-difluorodeoxycytidine) is a deoxycyti-
dine analog with structural similarities to cytosine arabi-
noside. The drug is to treat several hematologic and 
nonhematologic malignancies, including malignant lym-
phoma and lung cancer. The first description of gemcit-
abine pulmonary toxicity was in 1997 in the form of 
noncardiac pulmonary edema, ARDS, and alveolar hem-
orrhage in three patients, and corticosteroid therapy was 
effective in reversing symptoms [92]. Thirty-one reports 
of gemcitabine pulmonary toxicity were available in the 
literature in 2006, and there were 147 other unpublished 
reports gathered in the RADAR project [319].

The incidence of gemcitabine pulmonary toxicity is 
0.02–3% [122, 320, 321]. Gemcitabine pulmonary 
toxicity may develop after one or several courses with 
the drug, with a mean time to onset of 48 days (range 
1–529 days). Drugs that cause pulmonary injury such 
as bleomycin or docetaxel may synergize gemcitabine 
pulmonary toxicity [319]. The incidence of gemcit-
abine pulmonary toxicity was 22% when the drug was 
added to bleomycin, doxorubicine, and vinblastine in a 
phase I/II trial in end-stage Hodgkin’s disease [75]. 
Combining gemcitabine and docetaxel induced a 37% 
incidence rate of pneumonitis [322]. In yet another 
study where gemcitabine was added to doxorubicin, 
bleomycin and vinblastine for the treatment of de novo 
Hodgkin disease, the incidence of pulmonary toxicity 
was 41.7% [74]. In a recent study, gemcitabine given 
with the anti-CD30 antibody VGN-30 was associated 
in a 31% rate of pulmonary toxicity [323]. Whether 
and to what extent pulmonary toxicity in these studies 

is due to gemcitabine or to the coadministered drugs is 
unclear. Gemcitabine potentiates the adverse effects of 
radiation therapy [324].

Gemcitabine pulmonary toxicity manifests with 
cough, dyspnea, and fever in the context of diffuse 
bilateral ground-glass or denser shadowing with or 
without pleural effusion. Features consistent with cap-
illary leak such as weight gain and lower extremity or 
generalized edema can be present [122]. On HRCT, 
the appearances of gemcitabine pulmonary toxicity 
include inter- and intralobular thickening, ground-
glass opacities, and pleural effusions. Histopathological 
appearances include alveolar edema, hyaline mem-
branes, diffuse alveolar damage, and accelerated lung 
fibrosis, whereas alveolar hemorrhage, interstitial 
pneumonia, and reactive type II cells are less common 
features [92, 325–327]. Corticosteroids were used 
with benefit in several cases. Mortality is about 20% 
[328]. Rechallenge with the drug produces relapse of 
symptoms [329] and may occasion fatal respiratory 
failure [92].

Gemcitabine pulmonary toxicity may also manifest 
in the form of the hemolytic and uremic syndrome 
(HUS). Presenting features include systemic hyperten-
sion, anemia, thrombocytopenia, hematuria, renal fail-
ure, and circulating schizocytes. The incidence is up to 
2.2%, and 35 cases were reviewed [330]. Subclinical 
HUS has been described, and monitoring of hemoglo-
bin, creatinine, and circulating schizocytes is advised 
in patients who have received the drug.

31.4.20  Hydroxyurea

Eleven cases of hydroxyurea-induced pneumonitis 
were reviewed in 2003 [331]. The pulmonary reaction 
developed after 3–12 weeks on the drug in the form of 
fever and bilateral reticular or nodular infiltrates, and a 
small pleural effusion was present in five cases. 
Rechallenge with the drug was followed by recurrence. 
Outcome is good [331].

31.4.21  Interferon

Interferon (IFN) alpha and beta are a therapeutic 
option in patients with chronic myelogenous 



40731 Pleuropulmonary Changes Induced by Drugs in Patients with Hematologic Diseases

leukemia, myeloma, and myelofibrosis, in addition to 
their established use for the treatment of chronic hepa-
titis C virus infection and multiple sclerosis. Interferon 
gamma has been used experimentally as a salvage 
therapy of corticosteroid-resistant pulmonary toxicity 
syndrome following BCNU-based chemotherapy and 
met with limited success in the treatment of pulmo-
nary fibrosis. The respiratory complications from IFN 
(mostly alpha 2b [332]) may be dose-dependent and 
occur more commonly following the use of pegylated 
IFN, and may develop regardless of the underlying 
disease for which IFN is given. However, most reports 
are in patients with hepatitis C virus infection [333]. 
The most distinctive adverse effect of IFN alpha and 
beta is a picture indistinguishable from naturally 
occurring sarcoidosis. After a few months into treat-
ment, patients develop de novo sarcoidosis or there is 
reactivation of previously diagnosed quiescent sarc-
oidosis. The lung, liver, heart, central nervous system, 
and skin can be involved [333], and hypercalcemia has 
been reported [334]. On imaging, IFN-induced sarc-
oidosis-like disease is in the form of hilar or mediasti-
nal lymphadenopathy, ground-glass shadowing, 
micronodular infiltrates, or thickening along the bron-
chovascular bundles [335]. Increased lymphocytes, 
generally of the CD8+ phenotype, are present in the 
BAL [335, 336], and this is at variance with the find-
ings in naturally occurring sarcoidosis. Eighty-five 
percent of patients stabilize or improve, 15% develop 
chronic stable disease, and a third require corticoster-
oid  treatment [333].

Interferons can induce other forms of ILD. Interferon 
therapy may induce volume loss with a disproportion-
ate decrease of diffusing capacity for CO and no dis-
cernible pulmonary opacities [337, 338], cellular 
interstitial pneumonia, ARDS [339], desquamative 
interstitial pneumonia [340], pulmonary fibrosis [340], 
eosinophilic pneumonia [341], and BOOP [342]. The 
latter condition may manifest with diffuse infiltrates 
[343, 344] or a mass [64]. Most cases of IFN-induced 
interstitial lung disease respond to diminution of drug 
dosage, drug removal, and corticosteroid therapy 
[336]. A recent review of 25 published cases showed 
onset of the disease after 23 days to 10 months into 
treatment [332]. There was one fatality [332].

Other adverse effects of IFN include lone dyspnea, 
chronic cough [345], exacerbation of asthma [346], 
pleural effusion [347], pulmonary hypertension [348], 
and drug-induced lupus [349].

31.4.22  Imatinib

Imatinib is a protein kinase inhibitor that downregu-
lates the Bcr-Abl protein kinase generated by the 
Philadelphia chromosome in chronic myelogenous 
leukemia. Pneumonitis [17, 350], fluid retention, and 
pleural effusion [351] have been reported during treat-
ments of chronic myelogenous leukemia with the drug. 
A series of 27 interstitial pneumonitis cases (with a 
preponderance of males) was published in 2006 [17]. 
Onset of the disease was after a median of 49 days into 
treatment with no evidence that drug dosage was play-
ing a role. Clinical presentation included dyspnea and 
hypoxemia. Histopathological findings included inter-
stitial inflammation, fibrosis, organizing pneumonia, 
and eosinophilic pneumonia, and a reactive epithelium 
[17]. Drug lymphocyte stimulation test was negative in 
all nine patients so tested [17]. The drug was with-
drawn in all patients, and most patients received corti-
costeroid therapy to alleviate symptoms. The condition 
resolved in seven patients and improved in 16. In the 
11 patients who were rechallenged, the disease relapsed 
in only 4, an important consideration regarding the 
management of the native hematologic malignancy. 
One patient was successfully rechallenged while 
receiving 60 mg of prednisolone [352]. At least seven 
cases of imatinib-induced pneumonitis with or without 
fluid retention and pleural effusion have been reported 
in the interim of the above report [17]. One case of 
eosinophilic pneumonia ascribed to this agent is avail-
able [353], and pulmonary alveolar proteinosis devel-
oped in another patient [354].

31.4.23  Lenalidomide

Three cases of lenalidomide-induced pneumonitis 
have been reported in patients with multiple myeloma. 
Lymphocytes were increased in the BAL two cases. 
Pathology disclosed interstitial pneumonia and granu-
lomas and BOOP in one case each [55, 355–358].

31.4.24  Melphalan

Meplhalan produces epithelial changes in the lung that 
resemble those of other alkylating agents [359]. There are 



408 P. Camus

not many well-documented cases of melphalan-induced 
pneumonitis [360–362]. The condition typifies the che-
motherapy lung. In early cases, the disease is acute and 
reverses with drug withdrawal and corticosteroid therapy 
[361]. Later cases present with the features of late chemo-
therapy lung, i.e., lung fibrosis and reactive type II cell 
changes [363]. Corticosteroids are indicated and have 
reversed late melphalan toxicity [362].

31.4.25  Methotrexate

Methotrexate lung can complicate treatments of vari-
ous neoplastic and nonneoplastic conditions (mainly 
rheumatoid arthritis nowadays) in 0.86–6.9% of 
patients on the drug [364]. Risk factors in rheumatoid 
arthritis include prior ILD, advanced age, diabetes 
mellitus, and low serum albumin. A previous episode 
of methotrexate pneumonitis is the strongest risk fac-
tor for relapse, should the patient be reexposed to the 
drug. The first report of methotrexate pneumonitis 
dates back 41 years [365]. Acute pulmonary disease 
developed in seven children in clinical remission from 
their hematologic malignancy. The disease was life 
threatening in six. Open lung biopsy showed intersti-
tial pneumonitis with granuloma formation. Cessation 
of the drug and corticosteroid therapy were effective 
with a return to normal in 10–40 days. Methotrexate 
could be continued in some patients.

In 2000, 123 cases of methotrexate lung in hematol-
ogy and rheumatology patients were summarized [43]. 
Methotrexate pneumonitis can develop after treatment 
of leukemia, solid tumors, rheumatoid arthritis, psoria-
sis, primary biliary cirrhosis, asthma, or molar or ecto-
pic pregnancy [36]. The majority of patients (62%) are 
women. Methotrexate pneumonitis develops after 
doses of the drug ranging from 2.5 to 1,400 mg/week. 
Duration of treatment was from single exposure to 
5 years, although half of the patients developed the dis-
ease within the first 32 weeks of treatment [366]. The 
development of methotrexate pneumonitis is unpre-
dictable. There is no correlation between dose and 
time to onset, or clinical severity. Fatal methotrexate 
pneumonitis can occur with the low-dosage regimen of 
methotrexate used in the treatment of rheumatoid 
arthritis. All routes of administration including the 
oral, parenteral, and intrathecal ones expose the patient 
to the risk. The majority of patients are on the drug at 

the time of pneumonitis, with rare cases of delayed 
onset of the condition [367]. Methotrexate lung is 
annunciated by the insidious onset of a dry cough for 
days or a few weeks, contrasted with unchanged chest 
radiograph. Then, the disease accelerates with cough 
in 81% of the patients, fever in 76%, shortness of 
breath in 82%, dense ILD on imaging, and hypoxemia. 
Mild peripheral eosinophilia is present in about 40% 
of patients [368]. Radiographic studies indicate diffuse 
symmetrical interstitial lung shadowing, and in severe 
cases dense bilateral alveolar opacities with air bron-
chograms and volume loss [369]. HRCT discloses 
dense, patchy, widespread, or diffuse septal lines, geo-
graphic ground-glass or alveolar densities [370]. 
Pulmonary physiology is restrictive, with a low diffus-
ing capacity and significant hypoxemia. Unusual pat-
terns of methotrexate pulmonary toxicity include a 
subacute presentation, eosinophilic pneumonia, pul-
monary fibrosis, and acute chest pain. The BAL is best 
done in the ICU where provision is made to correct the 
hypoxemia that almost invariably occurs with the pro-
cedure. The BAL discloses increased cellularity with a 
percentage of lymphocytes averaging 58% vs. 10% in 
normals [371]. Interindividual differences in lympho-
cyte counts and/or CD4+ or CD8+ subtype percent-
ages are likely to be the result of when into the disease 
the BAL is performed and whether corticosteroids 
have been given [50]. Rare cases show eosinophilia in 
the BAL.

The condition must be separated from an opportu-
nistic infection, mainly Pneumocystis pneumonia, 
which methotrexate pneumonitis can resemble mainly 
when a granulomatous pattern of reaction is present, 
with no reliable clinical or radiological discriminators. 
The arsenal of tools to diagnose Pneumocystis jiroveci 
in BAL specimens should be used, for Pneumocystis is 
not detected in all cases on direct stains of BAL fluid, 
and sputum examination may be unrewarding. A lung 
biopsy may be needed to separate these entities. 
Methotrexate lung must also be separated from other 
opportunistic infections due to Cytomegalovirus, 
Cryptococcus, Herpes zoster and Nocardia, which 
have been described as a complication of chronic treat-
ments with methotrexate [8], especially but not exclu-
sively so when blood CD4+ cells are <150/mL or 
cumulated doses of methotrexate are above 700 mg.

Histological findings in methotrexate lung include 
interstitial inflammation, fibrosis, granuloma forma-
tion, and increased tissue eosinophils in 71%, 59%, 
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35%, and 18% of the cases, respectively [43]. Gran-
ulomas in methotrexate pneumonitis are typically small 
and ill-defined, with sterile necrosis being an unusual 
feature [43]. In patients with predominantly granu-
lomatous methotrexate lung, the disease is patchy with 
intervening areas of normal lung tissue or tissue show-
ing mild cellular inflammation [43]. Type II cell hyper-
plasia is an occasional feature in methotrexate lung. 
Alveolar edema, diffuse alveolar damage, hyaline 
membranes, and DAH are unusual findings that denote 
severe cases. Rare appearances include a DIP pattern, a 
sarcoid-like reaction, and acute interstitial pneumonia 
[43, 115]. Although the differential diagnosis of meth-
otrexate lung is complex, the clinical-pathologic pat-
tern of an acute granulomatous pneumonitis with no 
evidence of infection and mild blood eosinophilia is 
distinctive compared to any other chemotherapeutic 
agent [43].

Methotrexate pneumonitis responds to drug discon-
tinuation. Corticosteroid therapy is indicated in severe 
cases. A few cases responded to corticosteroid therapy 
even though treatment with methotrexate was contin-
ued [43]. Dose and duration of corticosteroid treatment 
have not been determined precisely and are guided by 
clinical, physiologic, and radiographic response. It is 
estimated that 85% of patients with methotrexate pneu-
monitis recover. Mortality is 15%, mainly from pro-
gressive respiratory failure [372]. Pulmonary fibrosis 
following the diagnosis of this condition is unusual 
[43]. Rechallenge with methotrexate will not lead to 
recurrence in all patients. However, the disease relapses 
in up to two thirds of the patients, so tested with a 50% 
mortality rate in those patients who relapse [30].

Pulmonary function has been prospectively evalu-
ated in patients on methotrexate long-term, in an attempt 
to detect methotrexate lung at an earlier stage than when 
the condition is diagnosed clinically [364]. As opposed 
to alkylating agents, nearly all studies found no deterio-
ration of lung function or imaging that would enable 
early detection of methotrexate lung [108]

31.4.26  Procarbazine

Procarbazine is one drug in the MOPP regimen. The 
drug was mostly used to treat Hodgkin’s disease 
and other malignant lymphomas. Eight cases of pro-
carbazine pulmonary toxicity have been described 

[373]. Typically, procarbazine lung manifests acutely 
with fever, cough, and dyspnea. Pulmonary infiltrates 
may be discreet. Pleural effusion [374] and mild 
peripheral eosinophilia [375] were present in one case 
each. Procarbazine pulmonary toxicity can be fatal 
[376, 377]. Symptoms decline upon drug discontinu-
ance and corticosteroid therapy. There is no recent case 
in the literature.

31.4.27  Rituximab

Rituximab is a chimeric monoclonal antibody directed 
against the CD20-receptor on B cells. The drug is 
mainly used to treat malignant lymphomas of B cell 
lineage, post-transplantation lymphoproliferative dis-
orders, bullous pemphigoid, and rheumatoid arthritis. 
Incidence of pulmonary toxicity is 0.03–8% [378]. 
Most patients were receiving rituximab in association 
with CHOP, CEOP, or CVP and had increased inci-
dence of pulmonary toxicity compared to the pre-
rituximab era [379]. Bitzan et al. reviewed 30 cases 
of rituximab-associated lung disease. Seventy-one 
percent of the patients received concomitant chemo-
therapy. Time to onset from the last rituximab dose 
was 14 days. Eleven of 31 patients required mechani-
cal ventilatory support, and nine died (29%). High-
dose glucocorticoid therapy did not improve survival 
or prevent the development of severe lung disease or 
death [380]. Forty-five cases of rituximab-associated 
pulmonary injury were reviewed [381]. The most 
common presentation in 37 of the 45 cases was in the 
form of acute or subacute BOOP and respiratory fail-
ure within 2 weeks after the fourth course of treat-
ment, resolving (in most cases with corticosteroid 
therapy. A CD4 + - predominant lymphocytosis (up to 
90% of all cells) was found in the BAL. Five patients 
developed early acute pneumonitis, DAD, or ARDS 
within a few hours after the first infusion of the drug, 
a pattern consistent with acute cell lysis pneumopa-
thy or cytokine release. Two of these five patients 
died. Three patients developed macronodules of 
 organizing pneumonia, a form of toxicity that res-
ponded successfully to corticosteroid therapy. Mor-
tality was 18%. Pulmonary infiltrates relapsed in 
about 2/3 of the patients rechallenged with the drug. 
Two cases of DAH have from this agent have also 
been reported [11].
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31.4.28  Thalidomide

Thalidomide was approved in 2006 for the treatment 
of multiple myeloma, myelodysplastic syndrome, and 
graft-vs.-host disease. The first cases of thalidomide-
associated pneumonitis was from Spain [382, 383] in 
the form of ILD, which improved with drug removal 
and corticosteroid therapy. Two cases had excess lym-
phocytes in the BAL [384, 385], and eosinophilia was 
present in another case [386]. One case of BOOP has 
been reported [387]. Rechallenge with the drug was 
followed by relapse [384]. A patient was switched to 
lenalidomide after an episode of thelidomide pulmo-
nary toxicity and did not experience relapse of the 
interstitial pneumonia [356]. Other adverse effects of 
thalidomide include pulmonary hypertension [388] 
and venous thromboembolism [389, 390]. The risk of 
thromboembolic events is higher when thalidomide is 
given in association with darpoietin-alpha [390].

31.4.29  Vinca Alkaloids

Treatments with vinca alcaloids (vinblastine, vinorel-
bine) alone or in combination with mitomycin C in 
lung cancer patients can be complicated by wheezing, 
bronchospasm, abrupt dyspnea, or pulmonary infil-
trates that correspond to pulmonary edema or diffuse 
alveolar damage on pathology [391]. Ventilatory sup-
port is required is some patients. Incidence of acute 
shortness of breath and pulmonary infiltrates is 4–6%. 
On PFTs, there is deterioration of gas exchange and of 
the diffusing capacity. In several patients, rechallenge 
with the drug was followed by recurrence of symptoms. 
Approximately 60 percent of the patients experienced 
residual chronic respiratory impairment, in the form of 
restrictive lung function impairment with or without 
hypoxemia, and residual pulmonary opacities that only 
respond incompletely to corticosteroid therapy [391].

31.5  Adverse Effects of Radiation 
Therapy to the Chest

For those patients who receive in-field radiation 
therapy to the chest, the clinical imaging picture of 
radiation pneumonitis includes classic radiation 

pneumonitis, which typically develops 1–2 months 
after the onset of treatment in the form of a discrete 
haze, ill-defined patchy opacities, or an area of con-
densation predominantly in the radiation field. 
Radiation metrics (area, beam trajectory, fraction-
ation, mean lung dose, and volume of the lung that 
receives >20 Gy) are used to monitor the risk of radi-
ation pneumonia. A lymphocyte-predominant BAL 
accompanies these changes, and, interestingly, the 
lymphocytic reaction also involves the contralateral 
lung. These changes usually reverse within 6 months, 
or slowly progress towards a demarcated area of 
fibrosis and distortion, with volume loss and later 
bronchiectasis [392, 393]. Late complications of this 
form of radiation scar are unusual, and include pneu-
mothorax or colonization by Aspergillus sp. Although 
patients with early radiation pneumonitis usually 
respond well to the administration of corticosteroids, 
these drugs are not required in all cases, and the dos-
age and duration of treatment are guided by the 
severity of symptoms. In rare instances, infiltrates of 
radiation pneumonitis extend outside the radiation 
field to involve the lung diffusely or both lungs bilat-
erally. This is associated with significant clinical 
symptoms, and, in some patients, respiratory failure 
or an ARDS picture develops [394]. Most patients 
respond satisfactorily to the administration of corti-
costeroids. Acute diffuse radiation/chemoradiation 
pneumonitis may develop in stem cell transplant 
recipients following the administration of a condi-
tioning regimen followed by TBI. Whether or not TBI 
is given and the amount of radiation (>12 Gy) influ-
ence the likelihood of developing diffuse pulmonary 
toxicity, a detrimental prognostic indicator [392].

Most chronic complications from radiation therapy 
that are now seen are the result of methods, indications, 
and equipment used in the past [13]. Radiation therapy 
is not given any longer to patients who achieve complete 
response after ABVD, and extended field radiation ther-
apy has been supplanted by newer conformal tech-
niques, which spare more of the normal lung. Due to the 
anatomical complexity and intricateness of multiple 
organs in the chest, there are a multitude of early or late 
complications that may cause severe impairment [13]. 
Depending on the radiation dose and beam, long-term 
progressive changes following chest radiation therapy 
may injure the lung, airways, pleura, heart valves, myo-
cardium, pericardium, coronary arteries, mediastinum, 
lymphatics, esophagus, and cranial nerves, imparting 
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varied clinical and imaging expressions to late radiation-
induced injury [13, 395, 396]. A restrictive lung dys-
function can be found in up to a third of patients who 
received radiation therapy in childhood or adolescence 
[397]. A fraction of patients (about 3%) develop pro-
gressive restrictive lung dysfunction, impacting the 
quality of life. Paramediastinal sharply demarcated 
opacities of fibrosis and architectural distortion are pres-
ent in the previously irradiated area. These changes are 
greater in patients previously exposed to bleomycin 
[204]. Fibrosis localizes in the bilateral apices, and 
paramediastinal and parahilar areas following mantle 
irradiation. However, these changes are not found in 
every patient, and the presence and severity of the 
fibrosis are influenced by the area and size of the radia-
tion fields, particularly with regard to the volume of the 
irradiated lung, and on whether or not in-field coverage 
of the hilum or lung was required. The “amount” of 
chemotherapy, and particularly the dose of bleomycin 
or other alkylating agents, also may influence the 
expression of radiation-induced changes in the lung 
[204]. In severe cases, a distinctive, Y-shaped pattern of 
fibrotic changes is present on frontal chest films. Severe 
restriction or encasing of mediastinal structures may 
ensue. Pleural effusion and chylothorax [13, 398] and 
the “dropped head syndrome” may be present [13]. 
Lymphoma survivors must also be evaluated and moni-
tored using auscultation, cardiac ultrasonography, and 
cardiac stress regarding the frequent development of 
 valvular incompetence/regurgitation, coronary disease, 
atrioventricular block, or other late cardiac compli cations 
of radiation therapy (e.g., heart failure, pericardial 
 thickening/effusion, and pulmonary vein compression), 
phrenic nerve, or left vocal cord palsy [13, 397, 
399, 400].

Patients must also be explored regarding esopha-
geal dysmotility and cranial nerve dysfunction, which 
may cause chronic aspiration and inflict further lung 
damage. Late patients also need to be followed up 
carefully, because second and higher order cancers 
may occur years after irradiation, including lung can-
cer, which accounts for one fifth of all lung cancers in 
lymphoma survivors. Of note, late fibrotic changes in 
the chest when present may hamper optimal manage-
ment of lung cancer. Since radiation and antineoplastic 
drugs synergize the effect of smoking, smoking cessa-
tion is an essential step in long-term management and 
follow-up of patients with a history of cured hemato-
logic malignancy.

References

 1. Carver JR, Shapiro CL, Ng A, Jacobs L, Schwartz C, Virgo 
KS, Hagerty KL, Somerfield MR, Vaughn DJ (2007) 
American Society of Clinical Oncology Clinical Evidence 
Review on the ongoing care of adult cancer survivors: car-
diac and pulmonary late effects. J Clin Oncol 25(25): 
3991–4008

 2. Mulabecirovic A, Gaulhofer P, Auner HW, Popper H, 
Krause R, Hesse C, Sill H (2004) Pulmonary infiltrates in 
patients with haematologic malignancies: transbronchial 
lung biopsy increases the diagnostic yield with respect to 
neoplastic infiltrates and toxic pneumonitis. Ann Hematol 
83:420–422

 3. Liles A, Blatt J, Morris D, Wardrop R, Sharma A, Sznewajs 
A, Goldsby R (2008) Monitoring pulmonary complications 
in long-term childhood cancer survivors: guidelines for the 
primary care physician. Clev Clin J Med 75:531–539

 4. Chemaly RF, Ghosh S, Bodey GP, Rohatgi N, Safdar A, 
Keating MJ, Champlin RE, Aguilera EA, Tarrand JJ, Raad II 
(2006) Respiratory viral infections in adults with hemato-
logic malignancies and human stem cell transplantation 
recipients – a retrospective study at a major cancer center. 
Medicine (Baltimore) 85:278–287

 5. Tanaka N, Matsumoto T, Miura G, Emoto T, Matsunaga N 
(2002) HRCT findings of chest complications in patients 
with leukemia. Eur Radiol 12:1512–1522

 6. Kotloff RM, Ahya VN, Crawford SW (2004) Pulmonary 
complications of solid organ and hematopoietic stem cell 
transplantation. Am J Respir Crit Care Med 170:22–48

 7. Arimura K, Inoue H, Kukita T, Matsushita K, Akimot M, 
Kawamata N, Yamaguchi A, Kawada H, Ozak A, Arima N, 
Te C (2005) Acute lung injury in a healthy donor during 
mobilization of peripheral blood stem cells using granulo-
cyte-colony stimulating factor alone. Haematologica 90: 
ECR10

 8. White DA (2004) Drug-induced pulmonary infection. Clin 
Chest Med 25:179–188

 9. Plataki M, Bouros D (2004) Iatrogenic and rare pleural effu-
sion. In: Bouros D (ed) Pleural disorders. Marcel Dekker, 
New York, pp 897–913

10. Naranjo CA, Busto U, Sellers EM, Sandor P, Ruiz I, Roberts 
EA (1981) A method for estimating the probability of 
adverse drug reactions. Clin Pharmacol Ther 30:239–245

11. Pneumotox® Website: 1997. Producers: P Foucher – Ph 
Camus: Last update: June 4, 2010, http://www.pneumotox.
com

12. O’Driscoll BR, Hasleton PS, Taylor PM, Poulter LW, 
Gattamaneni HR, Woodcock AA (1990) Active lung fibrosis 
up to 17 years after chemotherapy with carmustine (BCNU) 
in childhood. N Engl J Med 323:378–382

13. Cabot RC, Harris NL, Shepard J-A O, Rosenberg ES, Cort 
AM, Ebeling SH, Peters CC, Ng AK, Abramson JS, 
Digumarthy SR, Reingold JS, Stone JR (2010) Case records 
of the Massachusetts General Hospital. Case 24 – 2010. A 
56-year-old woman with a history of Hodgkin’s lymphoma 
and sudden onset of dyspnea and shock. N Engl J Med 
363:664–675

14. Camus P, Rosenow EC III (2010) Drug-induced and iatro-
genic lung disease. Hodder Arnold, London

http://www.pneumotox.com
http://www.pneumotox.com


412 P. Camus

15. Vargas HA, Hampson FA, Babar JL, Shaw AS (2009) 
Imaging the lungs in patients treated for lymphoma. Clin 
Radiol 64:1048–1055

16. Cleverley JR, Screaton NJ, Hiorns MP, Flint JD, Müller NL 
(2002) Drug-induced lung disease: high-resolution CT and 
histological findings. Clin Radiol 57:292–299

17. Ohnishi K (2006) Twenty-seven cases of drug-induced inter-
stitial lung disease associated with imatinib mesylate. 
Leukemia 20:1162–1164

18. Tanaka N, Newell JD, Brown KK, Cool CD, Lynch DA 
(2004) Collagen vascular disease-related lung disease. High-
resolution computed tomography findings based on the 
pathologic classification. J Comput Assist Tomogr 
28:351–360

19. Bajwa AA, Usman F, Wolfson D, Laos LF, Cury JD (2010) 
A 62-year-old woman with dyspnea, leukocytosis, and dif-
fuse ground-glass opacities. Chest 137:1470–1473

20. Kintzer JS Jr, Rosenow EC III, Kyle RA (1978) Thoracic 
and pulmonary abnormalities in multiple myeloma. A review 
of 958 cases. Arch Intern Med 138:727–730

21. Chantranuwat C (2007) Noncrystallized form of immuno-
globulin-storing histiocytosis as a cause of chronic lung 
infiltration in multiple myeloma. Ann Diagn Pathol 
11:220–222

22. Todd WU, Drabick JJ, Benninghoff MG, Frauenhoffer EE, 
Zander DS (2009) Pulmonary crystal-storing histiocytosis 
diagnosed by computed tomography-guided fine-needle 
aspiration. Diagn Cytopathol 38(4):274–278

23. Chung JH, Pipavath SJ, Myerson DH, Godwin D (2009) 
Secondary pulmonary alveolar proteinosis: a confusing and 
potentially serious complication of hematologic malignancy. 
J Thorac Imaging 24:115–118

24. Roychowdhury M, Pambuccian SE, Aslan DL, Jessurun J, 
Rose AG, Manivel JC, Gulbahce E (2005) Pulmonary com-
plications after bone marrow transplantation. An autopsy 
study from a large transplantation center. Arch Pathol Lab 
Med 129:366–371

25. Franquet T, Muller NL, Lee KS, Gimenez A, Flint JD (2005) 
High-resolution CT and pathologic findings of noninfectious 
pulmonary complications after hematopoietic stem cell 
transplantation. AJR Am J Roentgenol 184:629–637

26. Franquet T (2006) High-resolution computed tomography 
(HRCT) of lung infections in non-AIDS immunocompro-
mised patients. Eur Radiol 16:707–718

27. Franquet T, Rodriguez S, Martino R, Gimenez A, Salinas T, 
Hidalgo A (2006) Thin-section CT findings in hematopoi-
etic stem cell transplantation recipients with respiratory 
virus pneumonia. AJR Am J Roentgenol 187:1085–1090

28. Marchiori E, Escuissato DL, Gasparetto TD, Considera DP, 
Franquet T (2009) “Crazy-paving” patterns on high-resolu-
tion CT scans in patients with pulmonary complications 
after hematopoietic stem cell transplantation. Korean J 
Radiol 10:21–24

29. Coy DL, Ormazabal A, Godwin JD, Lalani T (2005) Imaging 
evaluation of pulmonary and abdominal complications fol-
lowing hematopoietic stem cell transplantation. Radiographics 
25:305–317, discussion 318

30. Kremer JM, Alarcon GS, Weinblatt ME, Kaymakcian MV, 
Macaluso M, Cannon GW, Palmer WR, Sundy JS, St Clair 
EW, Alexander RW, Walker-Smith GJ, Axiotis CA (1997) 
Clinical, laboratory, radiographic, and histopathologic 

 features of methotrexate-associated lung injury in patients 
with rheumatoid arthritis. Arthritis Rheum 40:1829–1837

31. Grimison P, Goldstein D, Schneeweiss J, Murray N (2005) 
Corticosteroid-responsive interstitial pneumonitis related 
to imantinib mesylate with successful rechallenge, and 
potential causative mechanisms. Intern Med J 35: 
136–137

32. Bergeron A, Rea D, Levy V, Picard C, Meignin V, Tamburini 
J, Bruzzoni-Giovanelli H, Calvo F, Tazi A, Rousselot P 
(2007) Lung abnormalities after dasatinib treatment for 
chronic myeloid leukemia: a case series. Am J Respir Crit 
Care Med 176:814–818

33. Goligher EC, Cserti-Gazdewich C, Balter M, Gupta V, 
Brandwein JE (2009) Acute lung injury during antithymo-
cyte globulin therapy for aplastic anemia. Can Respir J 
16:e3–e5

34. Hirata S, Hattori N, Kumagai K, Haruta Y, Yokoyama A, 
Kohno N (2009) Lymphocyte transformation test is not help-
ful for the diagnosis of methotrexate-induced pneumonitis in 
patients with rheumatoid arthritis. Clin Chim Acta 
407:25–29

35. Kirsch J, Arrossi AV, Yoon JK, Wu G, Neumann DR (2006) 
FDG positron emission tomography/computerized tomogra-
phy features of bleomycin-induced pneumonitis. J Thorac 
Imaging 21:228–230

36. Zisman DA, McCune WJ, Tino G, Lynch JPI (2001) Drug-
induced pneumonitis: the role of methotrexate. Sarcoidosis 
Vasc Diffuse Lung Dis 18:243–252

37. Flieder DB, Travis WD (2004) Pathologic characteristics of 
drug-induced lung disease. Clin Chest Med 25:37–46

38. Rossi SE, Erasmus JJ, McAdams P, Sporn TA, Goodman PC 
(2000) Pulmonary drug toxicity: radiologic and pathologic 
manifestations. Radiographics 5:1245–1259

39. Erasmus JJ, McAdams HP, Rossi SE (2002) Drug-induced 
lung injury. Semin Roentgenol 37:72–81

40. Erasmus JJ, McAdams HP, Rossi SE (2002) High-resolution 
CT of drug-induced lung disease. Radiol Clin North Am 
40:61–72

41. Lindell RM, Hartman TE (2004) Chest imaging in iatrogenic 
respiratory disease. Clin Chest Med 25:15–24

42. Mellot F, Scherrer A (2005) Imaging features of drug-
induced lung diseases. J Radiol 86:550–557

43. Imokawa S, Colby TV, Leslie KO, Helmers RA (2000) 
Methotrexate pneumonitis: review of the literature and his-
topathological findings in nine patients. Eur Respir J 
15:373–381

44. Chong S, Lee KS, Yi CA, Chung MJ, Kim TS, Han JH 
(2006) Pulmonary fungal infection: imaging findings in 
immunocompetent and immunocompromised patients. Eur J 
Radiol 59:371–383

45. Washington L, Palacio D (2007) Imaging of bacterial pul-
monary infection in the immunocompetent patient. Semin 
Roentgenol 42:122–145

46. Akira M, Ishikawa H, Yamamoto S (2002) Drug-induced 
pneumonitis: thin-section CT findings in 60 patients. 
Radiology 224:852–860

47. Rubin G, Baume P, Vandenberg R (1972) Azathioprine and 
acute restrictive lung disease. Aust NZ J Med 3:272–274

48. Bellamy EA, Nicholas D, Husband JE (1987) Quantitative 
assessment of lung damage due to bleomycin using com-
puted tomography. Br J Radiol 60:1205–1209



41331 Pleuropulmonary Changes Induced by Drugs in Patients with Hematologic Diseases

49. Costabel U, Uzaslan E, Guzman J (2004) Bronchoalveolar 
lavage in drug-induced lung disease. Clin Chest Med 
25:25–36

50. Fuhrman C, Parrot A, Wislez M, Prigent H, Boussaud V, 
Bernaudin JF, Mayaud C, Cadranel J (2001) Spectrum of 
CD4 to CD8 T-cell ratios in lymphocytic alveolitis associ-
ated with methotrexate-induced pneumonitis. Am J Respir 
Crit Care Med 164:1186–1191

51. Joos L, Chhajed PN, Wallner J, Battegay M, Steiger J, 
Gratwohl A, Tamm M (2007) Pulmonary infections diag-
nosed by BAL: a 12-year experience in 1066 immunocom-
promised patients. Respir Med 101:93–97

52. Wondergem MJ, Grunberg K, Wittgen BP, Sonneveld P, 
Zweegman S (2009) Interstitial pneumonitis caused by 
Pneumocystis jirovecii pneumonia (PCP) during bortezomib 
treatment. Histopathology 54(5):631–633

53. Forghieri F, Potenza L, Morselli M, Maccaferri M, Pedrazzi 
L, Barozzi P, Vallerini D, Riva G, Zanetti E, Quadrelli C, 
Rossi G, Rivasi F, Messino M, Rumpianesi F, Grottola A, 
Venturelli C, Pecorari M, Codeluppi M, Torelli G, Luppi M 
(2010) Organizing pneumonia mimicking invasive fungal 
disease in leukaemic patients. Eur J Haematol 85(1):76–82

54. Marzouk K, Saleh S, Kannass M, Sharma OP (2004) 
Interferon-induced granulomatous lung disease. Curr Opin 
Pulm Med 10:435–440

55. Lerch E, Gyorik S, Feilchenfeldt J, Mazzucchelli L, Quadri 
F (2010) A case of lenalidomide-induced hypersensitivity 
pneumonitis. Onkologie 33:249–252

56. Stetter M, Schmidli M, Krapf R (1994) Azathioprine hyper-
sensitivity mimicking Goodpasture’s syndrome. Am J 
Kidney Dis 23:874–877

57. Berkani K, Bayle JY, Perol M, Bejui-Thivolet F, Perrot D, 
Guérin JC (2003) “Spontaneous” resolution of two severe meth-
otrexate-induced pneumonias. Rev Pneumol Clin 59:301–305

58. Fehr T, Jacky E, Bachli EB (2003) Successful reintroduction 
of methotrexate after acute, pneumonitis in a patient with 
acute lymphoblastic leukemia. Ann Hematol 82:193–196

59. Ben m’rad M, Leclerc-Mercier S, Blanche P, Franck N, 
Rozenberg F, Fulla Y, Guesmi M, Rollot F, Dehoux M, 
Guillevin L, Moachon L (2009) Drug-induced hypersensi-
tivity syndrome: clinical and biologic disease patterns in 24 
patients. Medicine (Baltimore) 88:131–140

60. Hirschi S, Lange F, Battesti JP, Lebargy F (1998) Pulmonary 
sarcoid-like granulomatosis associated with Hodgkin’s dis-
ease and complicated by bleomycin-induced pulmonary 
nodules. Ann Med Interne (Paris) 149:164–166

61. Kornacker M, Kraemer A, Leo E, Ho AD (2002) Occurrence 
of sarcoidosis subsequent to chemotherapy for non-Hodg-
kin’s lymphoma: report of two cases. Ann Hematol 
81:103–105

62. Egerer G, Witzens M, Spaeth A, Breitbart A, Moller P, 
Goldschmidt H, Ho AD (2001) Successful treatment of 
bronchiolitis obliterans organizing pneumonia with low-
dose methotrexate in a patient with Hodgkin’s disease. 
Oncology 61:23–27

63. Kalambokis G, Stefanou D, Arkoumani E, Kitsanou M, 
Bourantas K, Tsianos EV (2004) Fulminant bronchiolitis 
obliterans organizing pneumonia following 2 days of treat-
ment with hydroxyurea, interferon-alpha and oral cytarabine 
ocfosfate for chronic myelogenous leukemia. Eur J Haematol 
73:67–70

64. Ferriby D, Stojkovic T (2001) Bronchiolitis obliterans with 
organizing pneumonia during interferon ß-1a treatment. 
Lancet 357:751

65. Gehl HB, Hauptmann S, Sohn M, Bohndorf K (1992) Late 
pulmonary changes following bleomycin administration in 
computed tomography. Nodular fibrosis mimicking a semi-
noma metastasis. Radiologe 32:80–82

66. Santrach PJ, Askin FB, Wells RJ, Azizkhan RG, Merten DF 
(1989) Nodular form of bleomycin-related pulmonary injury 
in patients with osteogenic sarcoma. Cancer 64:806–811

67. Weyl Ben-Arush M, Roguin A, Zamir E, Et-Hassid R, Pries 
D, Gaitini D, Dale A, Postovsky S (1997) Bleomycin and 
cyclophosphamide toxicity simulating metastatic nodules to 
the lungs in childhood cancer. Pediatr Hematol Oncol 
14:381–386

68. Drakopanagiotakis F, Polychronopoulos V, Judson MA 
(2008) Organizing pneumonia. Am J Med Sci 335:34–39

69. Limper AH (2004) Chemotherapy-induced lung disease. 
Clin Chest Med 25:53–64

70. Al Ameri A, Koller C, Kantarjian H, Ravandi F, Verstovsek 
S, Borthakur G, Pierce S, Mattiuzzi G (2010) Acute pulmo-
nary failure during remission induction chemotherapy in 
adults with acute myeloid leukemia or high-risk myelodys-
plastic syndrome. Cancer 116:93–97

71. Roig J, Domingo C, Gea E (2006) Pulmonary toxicity caused 
by cytotoxic drugs. Clin Pulmonary Med 13:53–62

72. Vahid B, Marik PE (2008) Pulmonary complications of 
novel antineoplastic agents for solid tumors. Chest 
133:528–538

73. Herishanu Y, Polliack A, Leider TL, Grieff Y, Metser U, 
Naparstek E (2006) Fatal interstitial pneumonitis related to 
rituximab-containing regimen. Clin Lymphoma Myeloma 
6:407–409

74. Friedberg JW, Neuberg D, Kim H, Miyata S, McCauley M, 
Fisher DC, Takvorian T, Canellos GP (2003) Gemcitabine 
added to doxorubicin, bleomycin, and vinblastine for the 
treatment of de novo Hodgkin disease. Unacceptable acute 
pulmonary toxicity. Cancer 98:978–982

75. Bredenfeld H, Franklin J, Nogova L, Jesting A, Fries S, 
Mailander V, Oertel J, Diehl V, Engert A (2004) Severe pul-
monary toxicity in patients with advanced-stage Hodgkin’s 
disease treated with a modified bleomycin, doxorubicin, 
cyclophosphamide, vincristine, procarbazine, prednisone, 
and gemcitabine (BEACOPP) regimen is probably related to 
the combination of gemcitabine and bleomycin: a report of 
the German Hodgkin’s lymphoma Study Group. J Clin 
Oncol 22:2424–2429

76. Vento S, Cainelli F, Ternesgen Z (2008) Lung infections 
after cancer chemotherapy. Lancet Oncol 9:982–992

77. Sokolovic M, Pastores SM (2010) Transfusion therapy and 
acute lung injury. Expert Rev Respir Med 4:387–393

78. Sihler KC, Napolitano LM (2010) Complications of massive 
transfusion. Chest 137:209–220

79. Hoskin PJ, Lowry L, Horwich A, Jack A, Mead B, Hancock 
BW, Smith P, Qian W, Patrick P, Popova B, Pettitt A, 
Cunningham D, Pettengell R, Sweetenham J, Linch D, 
Johnson PW (2009) Randomized comparison of the Stanford 
V regimen and ABVD in the treatment of advanced 
Hodgkin’s lymphoma: United Kingdom National Cancer 
Research Institute Lymphoma Group Study ISRCTN 
64141244. J Clin Oncol 27:5390–5396



414 P. Camus

80. Moormeier JA, Williams SF, Kaminer LS, Garner M, Bitran 
JD (1990) High-dose tri-alkylator chemotherapy with autol-
ogous stem cell rescue in patients with refractory malignan-
cies. J Natl Cancer Inst 82:29–34

81. Rubio C, Hill ME, Milan S, O’Brien MER, Cunningham D 
(1997) Idiopathic pneumonia syndrome after high dose che-
motherapy for relapsed Hodgkin’s disease. Br J Cancer 
75:1044–1048

82. Quigley M, Brada M, Heron C, Horwich A (1988) Severe 
lung toxicity with a weekly low dose chemotherapy regimen 
in patients with non-Hodgkin’s lymphoma. Hematol Oncol 
6:319–324

83. Flieder DB, Koss MN (2004) Nonspecific interstitial pneu-
monia: a provisional category of idiopathic interstitial pneu-
monia. Curr Opin Pulm Med 10:441–446

84. Leslie KO (2009) My approach to interstitial lung disease 
using clinical, radiological and histopathological patterns. 
J Clin Pathol 62:387–401

85. Parambil JG, Myers JL, Aubry MC, Ryu JH (2007) Causes 
and prognosis of diffuse alveolar damage diagnosed on sur-
gical lung biopsy. Chest 132:50–57

86. Linssen KC, Jacobs JA, Poletti VE, van Mook W, Cornelissen 
EI, Drent M (2004) Reactive type II pneumocytes in bron-
choalveolar lavage fluid. Acta Cytol 48:497–504

87. Wong CC, Brown D, Howling SJ, Parker NE (2003) 
Hydroxyurea-induced pneumonitis in a patient with chronic 
idiopathic myelofibrosis after prolonged drug exposure. Eur 
J Haematol 71:388–390

88. Patriarca F, Poletti V, Costabel U, Battista M, Sperotto A, 
Medeot M, Toffoletti E, Fanin R (2009) Clinical presenta-
tion, outcome and risk factors of late-onset non-infectious 
pulmonary complications after allogeneic stem cell trans-
plantation. Curr Stem Cell Res Ther 4:161–167

89. Boiselle PM, Morrin MM, Huberman MS (2000) 
Gemcitabine pulmonary toxicity: CT features. J Comput 
Assist Tomogr 24:977–980

90. Lind PA, Marks LB, Jamieson TA, Carter DL, Vredenburgh 
JJ, Folz RJ, Prosnitz LR (2002) Predictors for pneumonitis 
during locoregional radiotherapy in high-risk patients with 
breast carcinoma treated with high-dose chemotherapy and 
stem-cell rescue. Cancer 94:2821–2829

91. Wilczynski SW, Erasmus JJ, Petros WP, Vredenburgh JJ, 
Folz RJ (1998) Delayed pulmonary toxicity syndrome fol-
lowing high-dose chemotherapy and bone marrow trans-
plantation for breast cancer. Am J Respir Crit Care Med 
157:565–573

92. Pavlakis N, Bell DR, Millward MJ, Levi JA (1997) Fatal 
pulmonary toxicity resulting from treatment with gemcit-
abine. Cancer 80:286–291

93. Bhalla KS, Wilczynski SW, Abushamaa AM, Petros WP, 
McDonald CS, Loftis JS, Chao NJ, Vredenburgh JJ, Folz RJ 
(2000) Pulmonary toxicity of induction chemotherapy prior 
to standard or high-dose chemotherapy with autologous 
hematopoietic support. Am J Respir Crit Care Med 
161:17–25

94. Dai MS, Lee SC, Ho CL, Chen YC, Kao WY, Chao TY 
(2001) Impact of open lung biopsy for undiagnosed pulmo-
nary infiltrates in patients with hematological malignancies. 
Am J Hematol 68:87–90

95. Chap L, Shpiner R, Levine M, Norton L, Lill M, Glaspy J 
(1997) Pulmonary toxicity of high-dose chemotherapy for 

  breast cancer: a non-invasive approach to diagnosis and 
treatment. Bone Marrow Transplant 20:1063–1067

 96. White DA, Wong PW, Downey R (2000) The utility of 
open lung biopsy in patients with hematologic malignan-
cies. Am J Respir Crit Care Med 161:723–729

 97. Alessandrino EP, Bernasconi P, Colombo A, Caldera D, 
Martinelli G, Vitulo P, Malcovati L, Nascimbene C, 
Varettoni M, Volpini E, Klersy C, Bernasconi C (2000) 
Pulmonary toxicity following carmustine-based prepara-
tive regimens and autologous peripheral blood progenitor 
cell transplantation in hematological malignancies. Bone 
Marrow Transplant 25:309–313

 98. Richter JE, Hastedt R, Dalton JF, Marshall D, Raymond 
LW (1979) Pulmonary toxicity of bischloronitrosourea. 
Report of a case with transient response to corticosteroid 
therapy. Cancer 43:1607–1612

 99. White DA, Orenstein M, Godwin TA, Stover DE (1984) 
Chemotherapy-associated pulmonary toxic reactions during 
treatment for breast cancer. Arch Intern Med 144:953–956

100. Zappasodi P, Dore R, Castagnola C, Astori C, Varettoni M, 
Mangiacavalli S, Lazzarino M, Corso A (2007) Rapid 
response to high-dose steroids of severe bortezomib-related 
pulmonary complication in multiple myeloma. J Clin Oncol 
25:3380–3381

101. Bossi G, Cerveri I, Volpini E, Corsico A, Baio A, Corbella 
F, Klersy C, Arico M (1997) Long-term pulmonary seque-
lae after treatment of childhood Hodgkin’s disease. Ann 
Oncol 8:19–24

102. Jensen BV, Carlsen NLT, Groth S, Nissen NI (1990) Late 
effects on pulmonary function of mantle-field irradiation, 
chemotherapy or combined modality therapy for Hodgkin’s 
disease. Eur J Haematol 44:165–171

103. van Leeuwen FE, Klokman WJ, Stovall M, Hagenbeek A, 
van den Belt-Dusebout AW, Noyon R, Boice JD Jr, Burgers 
JMV, Somers R (1995) Roles of radiotherapy and smoking 
in lung cancer following Hodgkin’s disease. J Natl Cancer 
Inst 87:1530–1537

104. Tward JD, Wendland MM, Shrieve DC, Szabo A, Gaffney 
DK (2006) The risk of secondary malignancies over 
30 years after the treatment of non-Hodgkin lymphoma. 
Cancer 107:108–115

105. Rivera MP, Detterbeck FC, Socinski MA, Moore DT, 
Edelman MJ, Jahan TM, Ansari RH, Luketich JD, Peng G, 
Monberg M, Obasaju CK, Gralla RJ (2009) Impact of pre-
operative chemotherapy on pulmonary function tests in 
resectable early-stage non-small cell lung cancer. Chest 
135:1588–1595

106. Yumuk PF, Kefeli U, Ceyhan B, Dane F, Eroglu BT, Gumus 
M, Cabuk D, Basaran G, Abacioglu U, Turhal NS (2009) 
Pulmonary toxicity in patients receiving docetaxel chemo-
therapy. Med Oncol. Dec 25. [Epub ahead of print)

107. Kalaycioglu M, Kavuru M, Tuason L, Bolwell B (1995) 
Empiric prednisone therapy for pulmonary toxic reaction 
after high-dose chemotherapy containing carmustine. Chest 
107:482–487

108. Dawson JK, Graham DR, Desmond J, Fewins HE, Lynch 
MP (2002) Investigation of the chronic pulmonary effects 
of low-dose oral methotrexate in patients with rheumatoid 
arthritis: a prospective study incorporating HRCT scanning 
and pulmonary function tests. Rheumatology (Oxford) 41: 
262–267



41531 Pleuropulmonary Changes Induced by Drugs in Patients with Hematologic Diseases

109. Bell MR, Meredith DJ, Gill PG (1985) Role of carbon 
monoxide diffusing capacity in the early detection of major 
bleomycin-induced pulmonary toxicity. Aust NZ J Med 
15:235–240

110. Wolkowicz J, Sturgeon J, Rawji M, Chan CK (1992) 
Bleomycin-induced pulmonary function abnormalities. 
Chest 101:97–101

111. Tryka AF, Godleski JJ, Fanta CH (1982) Leukemic cell 
lysis pneumonopathy. A complication of treated myelo-
blastic leukemia. Cancer 50:2763–2770

112. Azoulay E, Fieux F, Moreau D, Thiery G, Rousselot P, 
Parrot A, LeGall JR, Dombret H, Schlemmer B (2003) 
Acute monocytic leukemia presenting as acute respiratory 
failure. Am J Respir Crit Care Med 167:1329–1333

113. Dombret H, Hunault M, Faucher C, Dombret MC, Degos L 
(1992) Acute lysis pneumopathy after chemotherapy for 
acute myelomonocytic leukemia with abnormal marrow 
eosinophils. Cancer 69:1356–1361

114. Malik SW, Myers JL, DeRemee RA, Specks U (1996) 
Lung toxicity associated with cyclophosphamide use. Two 
distinct patterns. Am J Respir Crit Care Med 154: 
1851–1856

115. Bedrossian CWM, Miller WC, Luna MA (1979) 
Methotrexate-induced diffuse interstitial pulmonary fibro-
sis. South Med J 72:313–318

116. Attar EC, Ervin T, Janicek M, Deykin A, Godleski J (2000) 
Acute interstitial pneumonitis related to gemcitabine. J Clin 
Oncol 18:697–698

117. Trigg ME, Finlay JL, Bozdech M, Gilbert E (1987) Fatal 
cardiac toxicity in bone marrow transplant patients receiv-
ing cytosine arabinoside, cyclophosphamide, and total 
body irradiation. Cancer 59:38–42

118. Singal PK, Iliskovic N (1998) Doxorubicin-induced cardi-
omyopathy. N Engl J Med 339:900–905

119. Chanan-Khan A, Srinivasan S, Czuczman MS (2004) 
Prevention and management of cardiotoxicity from antine-
oplastic therapy. J Support Oncol 2:251–256, discussion 
259–261, 264–256

120. Hayek ER, Speakman E, Rehmus E (2005) Acute doxoru-
bicin cardiotoxicity. N Engl J Med 352:2456–2457

121. Yahalom J, Portlock CS (2008) Long-term cardiac and pul-
monary complications of cancer therapy. Hematol Oncol 
Clin North Am 22:305–318, VII

122. Briasoulis E, Pavlidis N (2001) Noncardiogenic pulmonary 
edema: an unusual and serious complication of anticancer 
therapy. Oncologist 6:153–161

123. Schwartz RN, Stover L, Dutcher J (2002) Managing toxici-
ties of high-dose interleukin-2. Oncology (Williston Park) 
16:11–20

124. Schwarz MI, Fontenot AP (2004) Drug-induced diffuse 
alveolar hemorrhage syndromes and vasculitis. Clin Chest 
Med 25:133–140

125. Salvucci M, Zanchini R, Molinari AL, Zuffa E, Poletti V, 
Poletti G, Zaccaria A (2000) Lung toxicity following flu-
darabine, cytosine arabinoside and mitoxantrone (FLAN) 
treatment for acute leukemia. Haematologica 85: 
769–770

126. Ben-Abraham R, Paret G, Cohen R, Szold O, Cividalli G, 
Toren A, Nagler A (2003) Diffuse alveolar hemorrhage fol-
lowing allogeneic bone marrow transplantation in children. 
Chest 124:660–664

127. Terrabuio AA Jr, Parra ER, Farhat C, Capelozzi VL (2007) 
Autopsy-proven causes of death in lungs of patients immu-
nocompromised by secondary interstitial pneumonia. 
Clinics (Sao Paulo) 62:69–76

128. Glasier CM, Siegel MJ (1981) Multiple pulmonary nod-
ules: unusual manifestation of bleomycin toxicity. AJR Am 
J Roentgenol 137:155–156

129. Franchi F, Seminara P, Gualdi GF (1984) Lung pseudome-
tastases due to vinblastine toxicity. Klin Wochenschr 
62:1047–1048

130. Scharstein R, Johnson JF, Cook BA, Stephenson SR (1987) 
Bleomycin nodules mimicking metastatic osteogenic sar-
coma. Am J Pediatr Hematol Oncol 9:219–221

131. Boitsios G, Bankier AA, Eisenberg RL (2010) Diffuse pul-
monary nodules. AJR Am J Roentgenol 194:W354–W366

132. Garg S, Garg MS, Basmaji N (2002) Multiple pulmonary 
nodules: an unusual presentation of fludarabine pulmonary 
toxicity: Case report and review of literature. Am J Hematol 
70:241–245

133. Gulbahce HE, Pambuccian SE, Jessurun J, Woodard P, 
Steiner ME, Manivel JC, Hite S, Ramsay NKC, Baker KS 
(2004) Pulmonary nodular lesions in bone marrow trans-
plant recipients. Impact of histologic diagnosis on patient 
management and prognosis. Am J Clin Pathol 
121:205–210

134. White DA, Schwartzberg LS, Kris MG, Bosl GJ (1987) 
Acute chest pain syndrome during bleomycin infusions. 
Cancer 59:1582–1585

135. Hudson MM, Weinstein HJ, Donaldson SS, Greenwald C, 
Kun L, Tarbell NJ, Humphrey WA, Rupp C, Marina NM, 
Wilimas J et al (1993) Acute hypersensitivity reactions to 
etoposide in a VEPA regimen for Hodgkin’s disease. J Clin 
Oncol 11:1080–1084

136. Yano S, Shimada K (1996) Vasospastic angina after che-
motherapy by with carboplatin and etoposide in a patient 
with lung cancer. Jpn Circ J 60:185–188

137. Urban C, Nirenberg A, Caparros B, Anac S, Cacavio A, 
Rosen G (1983) Chemical pleuritis as the cause of acute 
chest pain following high-dose methotrexate treatment. 
Cancer 51:34–37

138. Rubin RL (2005) Drug-induced lupus. Toxicology 209: 
135–147

139. Pulsipher MA, Chitphakdithai P, Miller JP, Logan BR, 
King RJ, Rizzo JD, Leitman SF, Anderlini P, Haagenson 
MD, Kurian S, Klein JP, Horowitz MM, Confer DL (2009) 
Adverse events among 2408 unrelated donors of peripheral 
blood stem cells: results of a prospective trial from the 
National Marrow Donor Program. Blood 113:3604–3611

140. Shepherd GM (2003) Hypersensitivity reactions to chemo-
therapeutic drugs. Clin Rev Allergy Immunol 24:253–262

141. Syrigou E, Makrilia N, Koti I, Saif MW, Syrigos KN (2009) 
Hypersensitivity reactions to antineoplastic agents: an 
overview. Anticancer Drugs 20:1–6

142. Santos NC, Figueira-Coelho J, Martins-Silva J, Saldanha C 
(2003) Multidisciplinary utilization of dimethyl sulfoxide: 
pharmacological, cellular, and molecular aspects. Biochem 
Pharmacol 65:1035–1041

143. Price KS, Castells MC (2002) Taxol reactions. Allergy 
Asthma Proc 23:205–208

144. Ferrucci PF, Martinoni A, Cocorocchio E et al (2002) 
Evaluation of acute toxicities associated with autologous 



416 P. Camus

peripheral blood progenitor cell reinfusion in patients 
undergoing high-dose chemotherapy. Bone Marrow 
Tranplant 25:173–177

145. Shen Y, Li L, Grant J, Rubio A, Zhao Z, Zhang X, Zhou L, 
Fowler D (2009) Anaphylactic deaths in Maryland (United 
States) and Shanghai (China): a review of forensic autopsy 
cases from 2004 to 2006. Forensic Sci Int 186(1–3):1–5

146. Worth A, Soar J, Sheikh A (2010) Management of anaphy-
laxis in the emergency setting. Expert Rev Clin Immunol 
6:89–100

147. Camus P (2004) Drug-induced pleural disease. In: Bouros 
D (ed) Pleural disorders. Marcel Dekker, New York, 
pp 317–352

148. Camus P (2010) Drug-induced pleural diseases. In: Bouros 
D (ed) Lung biology in health and disease: pleural diseases, 
2nd edn. Marcel Dekker, New York, Basel, p 843

149. Becker CD, Gil J, Padilla ML (2008) Idiopathic pleuro-
parenchymal fibroelastosis: an unrecognized or misdiag-
nosed entity? Mod Pathol 21:784–787

150. Jain TP, Thulkar S, Saha S, Bakhshi S, Dominic J (2005) 
Extensive pneumothorax, pneumomediastinum and surgi-
cal emphysema as a complication of bleomycin therapy. 
Pediatr Radiol 35:1227–1229

151. Fanfulla F, Locatelli F, Zoia MC, Giorgiani G, Bonetti F, 
Spagnolatti L, Cerveri I (1997) Pulmonary complications 
and respiratory function changes after bone marrow trans-
plantation in children. Eur Respir J 10:2301–2306

152. Hoppe RT (1997) Hodgkin’s disease: complications of 
therapy and excess mortality. Ann Oncol 8:115–118

153. Moser EC, Noordijk EM, van Leeuwen FE, Baars JW, 
Thomas J, Carde P, Meerwaldt JH, van Glabbeke M, Kluin-
Nelemans HC (2006) Risk of second cancer after treatment 
of aggressive non-Hodgkin’s lymphoma; an EORTC cohort 
study. Haematologica 91:1481–1488

154. Travis LB, Gospodarowicz M, Curtis RE, Clarke EA, 
Andersson M, Glimelius B, Joensuu T, Lynch CF, van 
Leeuwen FE, Holowaty E, Storm H, Glimelius I, Pukkala 
E, Stovall M, Fraumeni JF, Boice JD, Gilbert E (2002) 
Lung cancer following chemotherapy and radiotherapy for 
Hodgkin’s disease. J Natl Cancer Inst 94:182–192

155. Gilbert ES, Stovall M, Gospodarowicz M, van Leeuwen 
FE, Andersson M, Glimelius B, Joensuu T, Lynch CF, 
Curtis RE, Holowaty E, Storm H, Pukkala E, van’t Veer 
MB, Fraumeni JE, Boice JD, Clarke EA, Travis LB (2003) 
Lung cancer after treatment for Hodgkin’s disease: focus 
on radiation effects. Radiat Res 159:161–173

156. Swerdlow AJ, Schoemaker MJ, Allerton R, Horwich A, 
Barber JA, Cunningham D, Lister TA, Rohatiner AZS, 
Hudson GV, Williams MV, Linch DC (2001) Lung cancer 
after Hodgkin’s disease: a nested case-control study of the 
relation to treatment. J Clin Oncol 19:1610–1618

157. De Bruin ML, Burgers JA, Baas P, vantVeer MB, Noordijk 
EM, Louwman MW, Zijlstra JM, van den Berg H, Aleman 
BM, van Leeuwen FE (2009) Malignant mesothelioma fol-
lowing radiation treatment for Hodgkin’s lymphoma. Blood 
113(16):3679–3681

158. Spitzer TR, Creger RJ, Fox RM, Lazarus HM (1989) Rapid 
infusion amphotericin B: effective and well-tolerated ther-
apy for neutropenic fever. Pharmatherapeutica 5:305–311

159. Lowery MM, Greenberger PA (2003) Amphotericin-
induced stridor: a review of stridor, amphotericin prepara-

tions, and their immunoregulatory effects. Ann Allergy 
Asthma Immunol 91:460–466

160. Collazos J, Martinez E, Mayo J, Ibarra S (2001) Pulmonary 
reactions during treatment with amphotericin B: review of 
published cases and guidelines for management. Clin Infect 
Dis 33:E75–E82

161. Wright DG, Robichaud KJ, Pizzo PA, Deiseroth AB (1981) 
Lethal pulmonary reactions associated with the combined 
use of amphotericin B and leukocyte transfusions. N Engl J 
Med 304:1185–1189

162. Arning M, Heer-Sonderhoff AH, Wehmeir A, Schneider W 
(1995) Pulmonary toxicity during infusion of liposomal 
amphotericin B in two patients with acute leukemia. Eur J 
Clin Microbiol Infect Dis 14:41–43

163. Tolentino LF, Tsai SF, Witt MD, French SW (2004) Fatal 
fat embolism following amphotericin B lipid complex 
injection. Exp Mol Pathol 77:246–248

164. Maillard N, Foucher P, Caillot D, Durand C, Sgro C, Camus 
P (1999) Transient pulmonary infiltrates during treatment 
with anti-thymocyte globulin. Respiration 66:279–282

165. Castaigne S, Chomienne C, Daniel MT, Ballerini P, Berger 
R, Fenaux P, Degos L (1990) All-trans retinoic acid as a 
differentiation therapy for acute promyelocytic leukemia. 
I: Clinical results. Blood 76:1704–1709

166. Frankel SR, Eardley A, Lauwers G, Weiss M, Warrell RP Jr 
(1992) The “retinoic acid syndrome” in acute promyelo-
cytic leukemia. Ann Intern Med 117:292–296

167. Su YC, Dunn P, Shih LY, Kuo MC, Chang H, Wu JH, Lin 
TL, Wang PN, Tang TC, Hung YS (2009) Retinoic acid 
syndrome in patients following the treatment of acute pro-
myelocytic leukemia with all-trans retinoic acid. Chang 
Gung Med J 32:535–542

168. Zimmerman JJ (2007) Understanding another acute respi-
ratory distress syndrome. Crit Care Med 35:974–975

169. Schreiber J, Kachel R, Florschutz A (2007) ATRA-
syndrome. Pneumologie 61:226–227

170. Camacho LH, Soignet SL, Chanel S, Ho R, Heller G, 
Scheinberg DA, Ellison R, Warrell RP Jr (2000) 
Leukocytosis and the retinoic acid syndrome in patients 
with acute promyelocytic leukemia treated with arsenic 
 trioxide. J Clin Oncol 18:2620–2625

171. Beer TM, Tangen CM, Nichols CR, Margolin KA, Dreicer 
R, Stephenson WT, Quinn DI, Raghavan D, Crawford ED 
(2006) Southwest Oncology Group phase II study of arse-
nic trioxide in patients with refractory germ cell malignan-
cies. Cancer 106:2624–2629

172. Davis BA, Cervi P, Amin Z, Moshi G, Shaw P, Porter J 
(1996) Retinoic acid syndrome: pulmonary computed 
tomography (CT) findings. Leuk Lymphoma 23: 
113–117

173. Maloisel F, Petit T, Kessler R, Oberling F (1996) Cytologic 
examination of broncho-alveolar fluid during the retinoic 
acid syndrome. Eur J Haematol 56:319–320

174. Nicolls MR, Terada LS, Tuder RM, Priniville SA, Schwarz 
MI (1998) Diffuse alveolar hemorrhage with underlying 
pulmonary capillaritis in the retinoic acid syndrome. Am J 
Respir Crit Care Med 158:1302–1305

175. Wiley JS, Firkin FC (1995) Reduction of pulmonary toxic-
ity by prednisolone prophylaxis during all-trans retinoic 
acid treatment of acute promyelocytic leukemia. Leukemia 
9:774–778



41731 Pleuropulmonary Changes Induced by Drugs in Patients with Hematologic Diseases

176. Koenig SM (2007) Drug-induced respiratory disease: “the 
great mimicker”. South Med J 100:863–864

177. Ahmed Z, Shaikh MA, Raval A, Mehta JB, Byrd RP Jr, 
Roy TM (2007) All-trans retinoic acid syndrome: another 
cause of drug-induced respiratory failure. South Med 
J 100:899–902

178. Goldschmidt N, Gural A, BenYehuda D (2003) Extensive 
splenic infarction, deep vein thrombosis and pulmonary 
emboli complicating induction therapy with all-trans-retin-
oic acid (ATRA) for acute promyelocytic leukemia. Leuk 
Lymphoma 44:1433–1437

179. Raghu KH, Yadav GK, Singh R, Prathapan A, Sharma S, 
Bhadauria S (2009) Evaluation of adverse cardiac effects 
induced by arsenic trioxide, a potent anti-APL drug. 
J Environ Pathol Toxicol Oncol 28:241–252

180. Gryn J, Zeigler ZR, Shadduck RK, Lister J, Raymond JM, 
Sbeitan I, Srodes C, Meisner D, Evans C (2002) Treatment 
of myelodysplastic syndromes with 5-azacytidine. Leuk 
Res 26:893–897

181. Adams CD, Szumita PM, Baroletti SA, Lilly CM (2005) 
Azacitidine-induced interstitial and alveolar fibrosis in a 
patient with myelodysplastic syndrome. Pharmacotherapy 
25:765–768

182. Hueser CN, Patel AJ (2007) Azacitidine-associated hyper-
thermia and interstitial pneumonitis in a patient with myel-
odysplastic syndrome. Pharmacotherapy 27:1759–1762

183. Aronin PA, Mahaley MSJ, Rudnick SA, Dudka L, Donohue 
JF, Selker RG, Moore P (1980) Prediction of BCNU pul-
monary toxicity in patients with malignant gliomas: an 
assessment of risk factors. N Engl J Med 303:183–188

184. Cao TM, Negrin RS, Stockerl-Goldstein KE, Johnston LJ, 
Shizuru JA, Taylor TL, Rizk NW, Wong RM, Blume KG, 
Hu WW (2000) Pulmonary toxicity syndrome in breast 
cancer patients undergoing BCNU-containing high-dose 
chemotherapy and autologous hematopoietic cell trans-
plantation. Biol Blood Marrow Transplant 6:387–394

185. Stuart MJ, Chao NS, Horning SJ, Wong RM, Negrin RS, 
Johnston LJ, Shizuru JA, Long GD, Blume KG, Stockerl-
Goldstein KE (2001) Efficacy and toxicity of a CCNU-
containing high-dose chemotherapy regimen followed by 
autologous hematopoietic cell transplantation in relapsed 
or refractory Hodgkin’s disease. Biol Blood Marrow 
Transplant 7:552–560

186. Tucci E, Verdiani P, Di Carlo S, Sforza V (1986) Lomustine 
(CCNU)-induced pulmonary fibrosis. Tumori 72:95–98

187. Massin F, Coudert B, Foucher P, Lombard JN, Reybet-
Degat O, Jeannin L, Camus P (1992) Nitrosourea-induced 
pneumonitis. Rev Mal Respir 9:575–582

188. Mitsudo SM, Greenwald ES, Banerji B, Koss LG (1984) 
BCNU (1 3-bis-(2-chloroethyl)-1-nitrosourea) lung. Drug-
induced pulmonary changes. Cancer 54:751–755

189. Parish JM, Muhm JR, Leslie KO (2003) Upper lobe pulmo-
nary fibrosis associated with high-dose chemotherapy con-
taining BCNU for bone marrow transplantation. Mayo Clin 
Proc 78:630–634

190. Skorupski KA, Durham AC, Duda L, Sorenmo KU (2008) 
Pulmonary fibrosis after high cumulative dose nitrosourea 
chemotherapy in a cat. Vet Comp Oncol 6:120–125

191. Lohani S, O’Driscoll BR, Woodcock AA (2004) 25-Year 
study of lung fibrosis following carmustine therapy for 
brain tumor in childhood. Chest 126:1007

192. Ishizuka M, Takayama H, Takeuchi T, Umezawa H (1967) 
Activity and toxicity of bleomycin. J Antibiot (Tokyo) 
20:15–24

193. Balikian JP, Jochelson MS, Bauer KA, Skarkin AT, Garnick 
MB, Canellos GP, Smith EH (1982) Pulmonary complica-
tions of chemotherapy regimens containing bleomycin. 
AJR Am J Roentgenol 139:455–461

194. Sleijfer S (2001) Bleomycin pneumonitis. Chest 120: 
617–624

195. Godoy MCB, Nonaka D, Raphael BG, Vlahos I (2008) 
Diffuse ground-glass opacities in a patient with Hodgkin 
lymphonia and progressive respiratory failure. Chest 
134:207–212

196. Ngeow J, Tan IB, Kanesvaran R, Tan HC, Tao M, Quek R, 
Lim ST (2010) Prognostic impact of bleomycin-induced 
pneumonitis on the outcome of Hodgkin’s lymphoma. Ann 
Hematol. Jul 31. (Epub ahead of print)

197. Ki KD, Lee JM, Lee SK, Tong SY, Huh CY, Ryu JK, Kim 
KY (2010) Pulmonary toxicity after a quick course of com-
binatorial vincristine, bleomycin, and cisplatin neoadjuvant 
chemotherapy in cervical cancer. J Korean Med Sci 
25:240–244

198. Hapani S, Chu D, Wu S (2010) Eosinophilic pneumonia 
associated with bleomycin in a patient with mediastinal 
seminoma: a case report. J Med Case Rep 4:126

199. Iacovino JR, Leitner J, Abbas AK, Lokich JJ, Snider GL 
(1976) Fatal pulmonary reaction from low doses of bleo-
mycin: an idiosyncratic tissue response. JAMA 
235:1253–1255

200. Bechard DE, Fairman RP, DeBlois GG, Via CT (1987) 
Fatal pulmonary fibrosis from low-dose bleomycin therapy. 
South Med J 80:646–649

201. Real E, Roca MJ, Vinuales A, Pastor E, Grau E (1999) Life 
threatening lung toxicity induced by low doses of bleomy-
cin in a patient with Hodgkin’s disease. Haematologica 
84:667–668

202. Simpson AB, Paul J, Graham J, Kaye SB (1998) Fatal bleo-
mycin pulmonary toxicity in the west of Scotland 1991–95: 
a review of patients with germ cell tumours. Br J Cancer 
78:1061–1066

203. Einhorn L, Krause M, Hornbarck N, Furnas B (1976) 
Enhanced pulmonary toxicity with bleomycin and radio-
therapy in oat cell lung cancer. Cancer 37:2414–2416

204. Loyer E, Fuller L, Libshitz HI, Palmer JL (2000) 
Radiographic appearance of the chest following therapy for 
Hodgkin disease. Eur J Radiol 35:136–148

205. Krous HF, Hamlin WB (1973) Pulmonary toxicity due to 
bleomycin. Report of a case. Arch Pathol 95:407–410

206. Toledo CH, Ross WE, Hood CI, Block ER (1982) 
Potentiation of bleomycin toxicity by oxygen. Cancer Treat 
Rep 66:359–362

207. Donat SM, Levy DA (1998) Bleomycin associated pulmo-
nary toxicity: is perioperative oxygen restriction necessary? 
J Urol 160:1347–1352

208. Martin WG, Ristow KM, Habermann TM, Colgan JP, 
Witzig TE, Ansell SM (2005) Bleomycin pulmonary toxic-
ity has a negative impact on the outcome of patients with 
Hodgkin’s lymphoma. J Clin Oncol 23:7614–7620

209. White DA, Stover DE (1984) Severe bleomycin-induced 
pneumonitis. Clinical features and response to corticoster-
oids. Chest 86:723–728



418 P. Camus

210. Kawai K, Akaza H (2003) Bleomycin-induced pulmonary 
toxicity in chemotherapy for testicular cancer. Expert Opin 
Drug Saf 2:587–596

211. Daba MH, El-Tahir KE, Al-Arifi MN, Gubara OA (2004) 
Drug-induced pulmonary fibrosis. Saudi Med J 25: 
700–706

212. Bellamy EA, Husband JE, Blaquiere RM, Law MR (1985) 
Bleomycin related lung damage: CT evidence. Radiology 
156:155–158

213. Müller NL, White DA, Jiang H, Gemma A (2004) Diagnosis 
and management of drug-associated interstitial lung dis-
ease. Br J Cancer 91:S24–S30

214. Mills P, Husband J (1990) Computed tomography of pul-
monary bleomycin toxicity. Semin Ultrasound CT MR 
11:417–422

215. Rimmer MJ, Dixon AK, Flower CDR, Sikora K (1985) 
Bleomycin lung: computed tomographic observations. Br J 
Radiol 58:1041–1045

216. White DA, Kris MG, Stover DE (1987) Bronchoalveolar 
lavage cell populations in bleomycin lung toxicity. Thorax 
42:551–552

217. Yousem SA, Lifson JD, Colby TV (1985) Chemotherapy-
induced eosinophilic pneumonia. Relation to bleomycin. 
Chest 88:103–106

218. Trump DL, Bartel E, Pozniak M (1988) Nodular pneu-
monitis after chemotherapy for germ cell tumors. Ann 
Intern Med 109:431–432

219. Morikawa M, Demura Y, Mizuno S, Ameshima S, Ishizaki 
T, Okazawa H (2008) FDG positron emission tomography 
imaging of drug-induced pneumonitis. Ann Nucl Med 
22:335–338

220. O’Neill TJ, Kardinal CG, Tierney LM (1975) Reversible 
interstitial pneumonitis associated with low-dose bleomy-
cin. Chest 68:265–267

221. Tashiro M, Izumikawa K, Yoshioka D, Nakamura S, 
Kurihara S, Sakamoto N, Seki M, Kakeya H, Yamamoto Y, 
Yanagihara K, Mukae H, Hayashi T, Fukushima K, Tashiro 
T, Kohno S (2008) Lung fibrosis 10 years after cessation of 
bleomycin therapy. Tohoku J Exp Med 216:77–80

222. Lewis BM, Izbicki R (1980) Routine pulmonary function 
tests during bleomycin therapy. Tests may be ineffective 
and potentially misleading. JAMA 243:347–351

223. Maher J, Daly PA (1993) Severe bleomycin lung toxicity: 
reversal with high dose corticosteroids. Thorax 48:92–94

224. Schaaf W, Vogel H, Kresuer E, Demandt M (2003) 
Postoperative ARDS as a possible consequence of bleomy-
cin therapy performed 7 years ago: a case study. Anästhesiol 
Intensivmed 44:436–440

225. Li G, Kojicic M, Reriani MK, Perez ERF, Thakur L, 
Kashyap R, Van Buskirk CM, Gajic O (2010) Long-term 
survival and quality of life after transfusion-associated pul-
monary edema in critically ill medical patients. Chest 
137:783–789

226. Kopko PM, Marshall CS, MacKenzie MR, Holland PV, 
Popovsky MA (2002) Transfusion-related acute lung injury. 
Report of a clinical look-back investigation. JAMA 
287:1968–1971

227. Vlaar AP, Schultz MJ, Juffermans NP (2009) Transfusion-
related acute lung injury: a change of perspective. Neth J 
Med 67:320–326

228. Moiz B, Sharif H, Bawany FA (2009) Transfusion related 
acute lung injury-TRALI: an under diagnosed entity. JPMA 
J Pak Med Assoc 59:39–41

229. Federico A (2009) Transfusion-related acute lung injury. 
J Perianesth Nurs 24:35–37, quiz 38–40

230. Silliman CC, Fung YL, Ball JB, Khan SY (2009) 
Transfusion-related acute lung injury (TRALI): current 
concepts and misconceptions. Blood Rev 23:245–255

231. Kopko PM (2010) Transfusion-related acute lung injury. 
J Infus Nurs 33:32–37

232. Popovsky MA (2008) Transfusion-related acute lung 
injury: incidence, pathogenesis and the role of multicom-
ponent apheresis in its prevention. Transfus Med Hemother 
35:76–79

233. Curtis BR, McFarland JG (2006) Mechanisms of transfu-
sion-related acute lung injury (TRALI): anti-leukocyte 
antibodies. Crit Care Med 34:S118–S123

234. Jensen HM, Galante JM, Kysar PE, Tolstikov VV, Reddy 
KJ, Holland PV (2010) TRALI is due to pulmonary venule 
damage from leucocytes with cholesterol crystal formation. 
Vox Sang. Feb;98(2):130–137

235. Popovsky MA (2001) Transfusion and lung injury. Transfus 
Clin Biol 8:272–277

236. Kram R, Loer SA (2005) Transfusion-related acute lung 
injury: lack of recognition because of unawareness of this 
complication? Eur J Anaesthesiol 22:369–372

237. Vlaar AP, Wortel K, Binnekade JM, van Oers MH, Beckers 
E, Gajic O, Schultz MJ, Juffermans NP (2010) The practice 
of reporting transfusion-related acute lung injury: a national 
survey among clinical and preclinical disciplines. 
Transfusion. Feb;50(2):443–451

238. Silliman CC, McLaughlin NJD (2006) Transfusion-related 
acute lung injury. Blood Rev 20:139–159

239. Droog W, van Thiel SW, Visser SJ, Rhemrev JP (2009) 
Complications due to transfusion-related acute lung injury. 
Obstet Gynecol 113:560–563

240. Carilli AD, Ramamurthy MV, Chang Y-S, Shin D, Sehti V 
(1978) Noncardiogenic pulmonary edema following blood 
transfusion. Chest 74:310–312

241. Djalali AG, Moore KA, Kelly E (2005) Report of a patient 
with severe transfusion-related acute lung injury after mul-
tiple transfusions, resuscitated with albumin. Resuscitation 
66:225–230

242. Dubois M, Lotze MT, Diamond WJ, Kim YD, Flye MW, 
MacNamara TE (1980) Pulmonary shunting during leu-
koagglutinin-induced noncardiac pulmonary edema. JAMA 
244:2186–2189

243. Yost CS, Matthay MA, Gropper MA (2001) Etiology of 
acute pulmonary edema during liver transplantation. Chest 
119:219–223

244. Popovsky MA (2004) Transfusion and the lung: circulatory 
overload and acute lung injury. Vox Sang 87:62–65

245. Zhou L, Giacherio D, Cooling L, Davenport RD (2005) 
Use of B-natriuretic peptide as a diagnostic marker in the 
differential diagnosis of transfusion-associated circulatory 
overload. Transfusion 45:1056–1063

246. Gajic O, Moore SB (2005) Transfusion-retaled acute lung 
injury. Mayo Clin Proc 80:766–770

247. Kopko PM, Paglieroni TG, Popovsky MA, Muto KN, 
MacKenzie MR, Holland PV (2003) TRALI: correlation of 



41931 Pleuropulmonary Changes Induced by Drugs in Patients with Hematologic Diseases

antigen-antibody and monocyte activation in donor-recipi-
ent pairs. Transfusion 43:177–184

248. Knop S, Bux J, Kroeber SM, Bader P, Hebart H, Kanz L, 
Einsele H (2004) Fatal immune-mediated pancytopenia 
and a TRALI-like syndrome associated with high titers of 
recipient-type antibodies against donor-derived peripheral 
blood cells after allogeneic bone marrow transplantation 
following dose reduced conditioning. Haematologica 
89:ECR12

249. Levy GJ, Shabot MM, Hart ME, Mya WW, Goldfinger D 
(1986) Tranfusion-associated noncardiogenic pulmonary 
edema. Report of a case and a warning regarding treatment. 
Transfusion 26:278–281

250. Boyer JE, Batra RB, Ascensao JL, Schechter GP (2006) 
Severe pulmonary complication after bortezomib treatment 
for multiple myeloma. Blood 108:1113

251. Chew E, Filshie R, Wei A (2007) Development of fatal 
bortezomib induced acute lung injury despite concurrent 
therapy with high-dose dexamethasone. Leuk Lymphoma 
48:212–213

252. Pitini V, Arrigo C, Altavilla G, Naro C (2007) Severe pul-
monary complications after bortezomib treatment for mul-
tiple myeloma: an unrecognized pulmonary vasculitis? 
Leuk Res 31:1027–1028

253. Zhou X, Sun C, Wang J, Mao J, Guo H (2010) Rapid fatal 
pulmonary complications in a chinese patient after borte-
zomib treatment for ALK-negative anaplastic large-cell 
lymphoma. Clin Lymphoma Myeloma Leuk 10:152–154

254. Narimatsu H, Hori A, Matsumura T, Kodama Y, Takita M, 
Kishi Y, Hamaki T, Yuji K, Tanaka Y, Komatsu T, Kami M 
(2008) Cooperative relationship between pharmaceutical 
companies, academia, and media explains sharp decrease 
in frequency of pulmonary complications after bortezomib 
in Japan. J Clin Oncol 26:5820–5823

255. Oliner H, Schwartz R, Rubio F Jr, Dameshek W (1961) 
Interstitial pulmonary fibrosis following busulfan therapy. 
Am J Med 31:134–139

256. Massin F, Fur A, Reybet-Degat O, Camus P, Jeannin L (1987) 
Busulfan-induced pneumonitis. Rev Mal Respir 4:3–10

257. Kalaycio M, Pohlman B, Kuczkowski E, Rybicki L, 
Andresen S, Sobecks R, Bolwell B (2006) High-dose 
busulfan and the risk of pulmonary mortality after autolo-
gous stem cell transplant. Clin Transplant 20:783–787

258. Nelson BM, Andrews GA (1964) Breast cancer and cyto-
logic dysplasia in many organs after Busulfan. Am J Clin 
Pathol 42:37–44

259. Anonymous (1997) Case records of the Massachusetts 
General Hospital – Case 25-1997. N Engl J Med 337: 
480–489

260. Kirschner RH, Esterly JR (1971) Pulmonary lesions associ-
ated with busulfan therapy of chronic myelogenous leuke-
mia. Cancer 27:1074–1080

261. Aymard JP, Gyger M, Lavallee R, Legresley LP, Desy M 
(1984) A case of pulmonary alveolar proteinosis compli-
cating chronic myelogenous leukemia. A peculiar patho-
logic aspect of busulfan lung ? Cancer 53:954–956

262. Littler WA, Ogilvie C (1970) Lung function in patients 
receiving busulphan. Br Med J ii:530–532

263. Giles FJ, Smith MP, Goldstone AH (1990) Chlorambucil 
lung toxicity. Acta Haematol 83:156–158

264. Mohr M, Kingreen D, Rühl H, Huhn D (1993) Interstitial 
lung disease: an underdiagnosed side-effect of chlorambu-
cil? Ann Hematol 67:305–307

265. Khong HT, McCarthy J (1998) Chlorambucil-induced pul-
monary disease: a case report and review of the literature. 
Ann Hematol 77:85–87

266. Kalambokis G, Stefanou D, Arkoumani E, Tsianos E 
(2004) Bronchiolitis obliterans organizing pneumonia fol-
lowing chlorambucil treatment for chronic lymphocytic 
leukemia. Eur J Haematol 73:139–142

267. Ruiz-Argüelles GJ, Arizpe-Bravo D, Sanchez-Sosa S, 
Rojas-Ortega S, Moreno-Ford V, Ruiz-Argüelles A (1999) 
Fatal G-CSF-induced pulmonary toxicity. Am J Hematol 
60:82–83

268. Halter J, Kodera Y, Ispizua AU, Greinix HT, Schmitz N, Favre 
G, Baldomero H, Niederwieser D, Apperley JF, Gratwohl A 
(2009) Severe events in donors after allogeneic hematopoietic 
stem cell donation. Haematologica 94:94–101

269. Azoulay E, Attalah H, Harf A, Schlemmer B, Delclaux C 
(2001) Granulocyte colony-stimulating factor or neutro-
phil-induced pulmonary toxicity: myth or reality? 
Systematic review of clinical case reports and experimental 
data. Chest 120:1695–1701

270. Lei KIK, Leung WT, Johnson PJ (1994) Serious pulmonary 
complications in patients receiving recombinant granulo-
cyte colony-stimulating factor during BACOP chemother-
apy for agressive non-Hodgkin’s lymphoma. Br J Cancer 
70:1009–1013

271. Gertz MA, Lacy MQ, Bjornsson J, Litzow MR (2000) Fatal 
pulmonary toxicity related to the administration of granu-
locyte colony-stimulating factor in amyloidosis: a report 
and review of growth factor-induced pulmonary toxicity. 
J Hematother Stem Cell Res 9:635–643

272. Gatti E, Scagliotti GV, Ferrari G, Mutti L, Pozzi E, Stacchini 
A, Fubini L, Aglietta M (1995) Blood cell redistribution in 
the lung after administration of recombinant human granu-
locyte-macrophage colony-stimulating factor. Eur Respir J 
8:1566–1571

273. Azoulay E, Herigault S, Levame M et al (2003) Effect of 
granulocyte colony-stimulating factor on bleomycin-
induced acute lung injury and pulmonary fibrosis. Crit Care 
Med 31:1442–1448

274. Saxman SB, Nichols CR, Einhorn LH (1997) Pulmonary 
toxicity in patients with advanced-stage germ cell tumors 
receiving bleomycin with and without granulocyte colony 
stimulating factor. Chest 111:657–660

275. Yokose N, Ogata K, Tamura H, An E, Nakamura K, 
Kamikubo K, Kudoh S, Dan K, Nomura T (1998) 
Pulmonary toxicity after granulocyte colony stimulating 
factor-combined chemotherapy for non-Hodgkin’s lym-
phoma. Br J Cancer 77:2286–2290

276. Schilero GJ, Oropello J, Benjamin E (1995) Impairment in 
gas exchange after granulocyte colony stimulating factor 
(G-CSF) in a patient with the adult respiratory distress syn-
drome. Chest 107:276–278

277. Philippe B, Couderc LJ, Balloul-Delclaux E, Janvier M, 
Caubarrère I (1994) Pulmonary toxicity of chemotherapy 
and GM-CSF. Respir Med 88:715

278. Yoshida I, Matsuo K, Teshima T, Hashimoto D, Tanimoto 
Y, Harada M, Tanimoto M (2006) Transient respiratory 



420 P. Camus

 disturbance by granulocyte-colony-stimulating factor 
administration in healthy donors of allogeneic peripheral 
blood progenitor cell transplantation. Transfusion 46: 
186–192

279. de Azevedo AM, Tabak DG (2001) Life-threatening capil-
lary leak syndrome after G-CSF mobilization and collec-
tion of peripheral blood progenitor cells for allogeneic 
transplantation. Bone Marrow Transplant 28:311–312

280. Sorhage F, Stover DE, Mortazavi A (1996) Unusual etiol-
ogy of cough in a woman with asthma. Chest 110: 
852–854

281. Taillé C, Fartoukh M, Houël R, Kobeiter H, Rémy P, 
Lemaire F (2001) Spontaneous hemomediastinum compli-
cating steroid-induced mediastinal lipomatosis. Chest 
120:311–313

282. Decramer M, de Bock V, Dom R (1996) Functional and 
histologic picture of steroid-induced myopathy in chronic 
obstructive pulmonary disease. Am J Respir Crit Care Med 
153:1958–1964

283. Kilpiö K, Hannuksela M (2003) Corticosteroid allergy in 
asthma. Allergy 58:1131–1135

284. Erdmann SM (2005) Anaphylaxis induced by glucocorti-
coids. J Am Board Fam Pract 18:143–146

285. Nahum A, Garty BZ, Marcus N, Shoenfeld T, Levy Y 
(2009) Severe hypersensitivity reactions to corticosteroids 
in children. Pediatr Emerg Care 25:339–341

286. Lionakis MS, Kontoyiannis DP (2003) Glucocorticoids 
and invasive fungal infections. Lancet 362:1828–1838

287. Cuguillière A, Bérard H, N’Guyen G, Miltgen J, Martert G, 
Eskandari J, Bonnet D (1999) Pneumopathie interstitielle 
liée au cyclophosphamide. Rev Pneumol Clin 55:100–104

288. Woolley RJ (1993) Salicylate-induced pulmonary edema: a 
complication of chronic aspirin therapy. J Am Board Fam 
Pract 6:399–401

289. Kulke MH, Vance EA (1997) Pneumocystis carinii pneu-
monia in patients receiving chemotherapy for breast cancer. 
Clin Infect Dis 25:215–218

290. Anonymous (1984) Case records of the Massachusetts 
General Hospital – Case 35-1984. N Engl J Med 
311:585–593

291. Burke DA, Stoddart JC, Ward MK, Simpson CGB (1982) 
Fatal pulmonary fibrosis occurring during treatment with 
cyclophosphamide. Br Med J 285:696

292. Karim FWA, Ayash RE, Allam C, Salem PA (1983) 
Pulmonary fibrosis after prolonged treatment with low-
dose cyclophosphamide. Oncology 40:174–176

293. Topilow AA, Rothenberg SP, Cottrell TS (1973) Interstitial 
pneumonia after prolonged treatment with cyclophosph-
amide. Am Rev Respir Dis 108:114–117

294. Hamada K, Nagai S, Kitaichi M, Jin G, Shigematsu M, 
Nagao T, Sato A, Mishima M (2003) Cyclophosphamide-
induced late-onset lung disease. Intern Med 42:82–87

295. Frankel SK, Cool CD, Lynch DA, Brown KK (2004) 
Idiopathic pleuroparenchymal fibroelastosis: description of 
a novel clinicopathologic entity. Chest 126:2007–2013

296. Tucker AS, Newman AJ, Alvorado C (1977) Pulmonary, 
pleural and thoracic changes complicating chemotherapy. 
Radiology 125:805–809

297. Haupt HM, Hutchins GM, Moore GW (1981) Ara-C lung: 
non-cardiogenic pulmonary edema complicating cytosine 
arabinoside therapy of leukaemia. Am J Med 70:256–261

298. Jehn U, Göldel N, Rienmüller R, Wilmanns W (1988) 
 Non-cardiogenic pulmonary edema complicating interme-
diate and high-dose Ara C treatment for relapsed acute leu-
kemia. Med Oncol Tumor Pharmacother 5:41–47

299. Kopterides P, Lignos M, Mentzelopoulos S, Armaganidis 
A, Pappa V (2005) Cytarabine-induced lung injury: case 
report. Anticancer Drugs 16:743–745

300. Shearer P, Katz J, Bozeman P, Jenkins J, Laver J, Krance R, 
Hurwitz C, Mahmoud N, Mirro J (1994) Pulmonary insuf-
ficiency complicating therapy with high dose cytosine ara-
binoside in five pediatric patients with relapsed acute 
myelogenous leukemia. Cancer 74:1953–1958

301. Andersson BS, Luna BS, Yee C, Hui KK, Keating MJ, 
McCreadie KB (1990) Fatal pulmonary failure complicat-
ing high-dose cytosine arabinoside therapy in acute leuke-
mia. Cancer 65:1079–1084

302. Yegin ZA, Aki S, Sucak G, Yagci M (2007) Cytarabine 
induced noncardiogenic pulmonary edema in a case of acute 
lymphoblastic leukemia. Int J Lab Hematol 29:482–483

303. Chagnon K, Boissel N, Raffoux E, Dombret H, Tazi A, 
Bergeron A (2009) A new pattern of cytosine-arabinoside-
induced lung toxicity. Br J Haematol

304. Goldblatt M, Huggins JT, Doelken P, Gurung P, Sahn SA 
(2009) Dasatinib-induced pleural effusions: a lymphatic 
network disorder? Am J Med Sci 338:414–417

305. Kantarjian H, Shah NP, Hochhaus A, Cortes J, Shah S, 
Ayala M, Moiraghi B, Shen Z, Mayer J, Pasquini R, 
Nakamae H, Huguet F, Boque C, Chuah C, Bleickardt E, 
Bradley-Garelik MB, Zhu C, Szatrowski T, Shapiro D, 
Baccarani M (2010) Dasatinib versus imatinib in newly 
diagnosed chronic-phase chronic myeloid leukemia. N 
Engl J Med 362:2260–2270

306. Quintás-Cardama A, Kantarjian H, O’Brien S, Borthakur 
G, Bruzzi J, Munden R, Cortes J (2007) Pleural effusion 
in patients with chronic myelogenous leukemia treated 
with dasatinib after imatinib failure. J Clin Oncol 25: 
3908–3914

307. Shah NP, Kantarjian HM, Kim DW, Rea D, Dorlhiac-Llacer 
PE, Milone JH, Vela-Ojeda J, Silver RT, Khoury HJ, 
Charbonnier A, Khoroshko N, Paquette RL, Deininger M, 
Collins RH, Otero I, Hughes T, Bleickardt E, Strauss L, 
Francis S, Hochhaus A (2008) Intermittent target inhibition 
with dasatinib 100 mg once daily preserves efficacy and 
improves tolerability in imatinib-resistant and -intolerant 
chronic-phase chronic myeloid leukemia. J Clin Oncol 
26:3204–3212

308. Stephens J, Carpiuc KT, Botteman M (2010) The burden of 
managing pleural effusions in patients with chronic myel-
ogenous leukemia post-imatinib failure: a literature-based 
economic analysis. Int J Gen Med 3:31–36

309. Tenenbeim M, Kowalski S, Sienko A, Bowden DH, 
Adamson IYR (1992) Pulmonary toxic effects of continu-
ous desferrioxamine administration in acute iron poison-
ing. Lancet 399:699–701

310. Freedman MH, Grisaru D, Olivieri N, McLusky I, Thorner 
PS (1990) Pulmonary syndrome in patients with thalas-
semia major receiving intravenous deferoxamine infusions. 
Am J Dis Child 144:565–569

311. Miller KB, Rosenwasser LJ, Bessette JAM, Beer DJ, 
Rocklin RE (1981) Rapid desensitization for desferrioxam-
ine anaphylactic reaction. Lancet 1:1059



42131 Pleuropulmonary Changes Induced by Drugs in Patients with Hematologic Diseases

312. Fassas A, Gojo I, Rapoport A, Cottler-Fox M, Meisenberg 
B, Papadimitriou JC, Tricot G (2001) Pulmonary toxicity 
syndrome following CDEP (cyclophosphamide, dexame-
thasone, etoposide, cisplatin) chemotherapy. Bone Marrow 
Transplant 28:399–403

313. Hurst PG, Habib MP, Garewal H, Bluestein M, Paquin M, 
Greenberg BR (1987) Pulmonary toxicity associated with 
fludarabine monophosphate. Invest New Drugs 5:207–210

314. Solal-Celigny P, Brice P, Brousse N, Caspard H, Bastion Y, 
Haioun C, Bosly A, Tilly H, Bordessoule D, Sebban C, 
Harousseau JL, Morel P, Dupas B, Plassart F, Vasile N, Fort 
N, Leporrier M (1996) Phase II trial of fludarabine mono-
phosphate as first-line treatment in patients with advanced 
follicular lymphoma: a multicenter study by the Groupe 
d’Etude des Lymphomes de l’Adulte. J Clin Oncol 
14:514–519

315. Cervantes F, Salgado C, Montserrat E, Rozman C (1990) 
Fludarabine for prolymphocytic leukaemia and risk of 
interstitial pneumonitis. Lancet 336:1130

316. Helman DL Jr, Byrd JC, Ales NC, Shorr AF (2002) 
Fludarabine-related pulmonary toxicity. A distinct clinical 
entity in chronic lymphoproliferative syndromes. Chest 
122:785–790

317. Trojan A, Meier R, Licht A, Taverna C (2002) Eosinophilic 
pneumonia after administration of fludarabine for the treat-
ment of non-Hodgkin’s lymphoma. Ann Hematol 81: 
535–537

318. Ales NC, Helman DL, Shorr AF, Byrd JC (2000) 
Fludarabine associated pulmonary toxicity in chronic in 
lymphoproliferative disoders: a case series. Blood 
96:756a–757a

319. Belknap SM, Kuzel TM, Yarnold PR, Slimack N, Lyons 
EA, Raisch DW, Bennett CL (2006) Clinical features and 
correlates of gemcitabine-associated lung injury-Findings 
from the RADAR project. Cancer 106:2051–2057

320. Tamiya A, Endo M, Shukuya T, Igawa S, Tsuya A, 
Nakamura Y, Murakami H, Takahashi T, Boku N, 
Yamamoto N (2009) Features of gemcitabine-related severe 
pulmonary toxicity: patients with pancreatic or biliary tract 
cancer. Pancreas 38:838–840

321. Hiraya D, Kagohashi K, Sakamoto N, Kondo T, Satoh H 
(2010) Gemcitabine-induced pulmonary toxicity in a 
patient with pancreatic cancer. Jop 11:186–188

322. Esteban E, Villanueva N, Muniz I, Fernandez Y, Fra J, 
Luque M, Jimenez P, Llorente B, Capelan M, Vieitez JM, 
Estrada E, Buesa JM, Jimenez LA (2008) Pulmonary toxic-
ity in patients treated with gemcitabine plus vinorelbine or 
docetaxel for advanced non-small cell lung cancer: out-
come data on a randomized phase II study. Invest New 
Drugs 26:67–74

323. Blum KA, Jung SH, Johnson JL, Lin TS, Hsi ED, Lucas 
DM, Byrd JC, Cheson BD, Bartlett NL (2010) Serious pul-
monary toxicity in patients with Hodgkin’s lymphoma with 
SGN-30, gemcitabine, vinorelbine, and liposomal doxoru-
bicin is associated with an Fc{gamma}RIIIa-158 V/F poly-
morphism. Ann Oncol. Nov;21(11):2246–2254

324. Arrieta O, Gallardo-Rincon D, Villarreal-Garza C, Michel 
RM, Astorga-Ramos AM, Martinez-Barrera L, de la Garza 
J (2009) High frequency of radiation pneumonitis in 
patients with locally advanced non-small cell lung cancer 
treated with concurrent radiotherapy and gemcitabine after 

induction with gemcitabine and carboplatin. J Thorac 
Oncol 4:345–352

325. Marruchella A, Fiorenzano G, Merizzi A, Rossi G, Chiodera 
PL (1998) Diffuse alveolar damage in a patient treated with 
gemcitabine. Eur Respir J 11:504–506

326. Maniwa K, Tanaka E, Inoue T, Kato T, Sakuramoto M, 
Minakuchi M, Maeda Y, Noma S, Kobashi Y, Taguchi Y 
(2003) An autopsy case of acute pulmonary toxicity associ-
ated with gemcitabine. Intern Med 42:1022–1025

327. Galvao FH, Pestana JO, Capelozzi VL (2010) Fatal 
 gemcitabine-induced pulmonary toxicity in metastatic gall-
bladder adenocarcinoma. Cancer Chemother Pharmacol 
Feb;65(3):607–610

328. Barlési F, Villani P, Doddoli C, Gimenez C, Kleisbauer JP 
(2004) Gemcitabine-induced severe pulmonary toxicity. 
Fundam Clin Pharmacol 18:85–91

329. Sauer-Heilborn A, Kath R, Schneider CP, Hoeffken K 
(1999) Severe non-haematological toxicity after treatment 
with gemcitabine. J Cancer Res Clin Oncol 125:637–640

330. Desramé J, Duvic C, Bredin C, Bechade D, Artru P, 
Brezault C, Defuentes G, Poirier JM, Dourthe LM, Coutant 
G, Chaussade S, de Gramont A, Algayres JP (2005) 
Hemolytic uremic syndrome as a complication of gemcit-
abine treatment: report of six cases and review of the litera-
ture. Rev Med Interne (Paris) 26:179–188

331. Schwonzen M, Spangenberger H, Spengler M (2003) 
Hydroxyurea-induced pneumonitis. Med Klin (Munich) 
98:394–397

332. Slavenburg S, Heijdra YF, Drenth JP (2010) Pneumonitis 
as a consequence of (Peg)-interferon-ribavirin combination 
therapy for hepatitis C: a review of the literature. Dig Dis 
Sci 55:579–585

333. Ramos-Casals M, Mana J, Nardi N, Brito-Zeron P, Xaubet 
A, Sanchez-Tapias JM, Cervera R, Font J (2005) Sarcoidosis 
in patients with chronic hepatitis C virus infection: analysis 
of 68 cases. Medicine (Baltimore) 84:69–80

334. Weyer P, Cummings OW, Knox KS (2005) A 49-year-old 
woman with hepatitis, confusion, and abnormal chest 
radiograph findings. Chest 128:3076–3079

335. Ishizaki T, Sasaki F, Ameshima S, Shiozaki K, Takahashi H, 
Abe Y, Ito S, Kuriyama M, Nakai T, Kitagawa M (1996) Pneu-
monitis during interferon and/or herbal drug therapy in patients 
with chronic active hepatitis. Eur Respir J 9:2691–2696

336. Moriya K, Yasuda K, Koike K, Ichinose Y, Yotsuyanagi H, 
Kurokawa K, Iino S (1994) Induction of interstitial pneu-
monitis during interferon treatment for chronic hepatitis C. 
J Gastroenterol 29:514–517

337. Anderson P, Höglund M, Rödjer S (2003) Pulmonary side 
effects of interferon-a therapy in patients with hematologi-
cal malignancies. Am J Hematol 73:54–58

338. Hillier AE, Mand J, Raza A, Markov M, Nadir A (2006) 
Consensus interferon induced interstitial pneumonitis in a 
patient with HCV. Am J Gastroenterol 101:200–202

339. Vartany E, Caldwell CA, Trow TK (2008) Adult respira-
tory distress syndrome after treatment with pegylated inter-
feron alpha-2a and ribavirin. Heart Lung 37:153–156

340. Kamisako T, Adachi Y, Chihara J, Yamamoto T (1993) 
Interstitial pneumonitis and interferon-alfa. Br Med J 306:896

341. Hoffman SD, Hammadeh R, Shah N (2003) Eosinophilic 
pneumonitis secondary to pegylated interferon alpha-2b 
and/or ribavirin. Am J Gastroenterol 98:S152



422 P. Camus

342. Oymak FS, Demirbas HM, Mavili E, Akgun H, Gulmez I, 
Demir R, Ozesmi M (2005) Bronchiolitis obliterans orga-
nizing pneumonia. Clinical and roentgenological features 
in 26 cases. Respiration 72:254–262

343. Ogata K, Koga T, Yagawa K (1994) Interferon-related 
bronchiolitis obliterans organizing pneumonia. Chest 
106:612–613

344. Kumar KS, Russo MW, Esposito S, Borczuk A, Jacobson I 
et al (2001) Severe pulmonary toxicity of interferon and 
ribavirin therapy in chronic hepatitis C. Am J Gastroenterol 
96:127

345. Pileire G, Leclerc P, Hermant P, Meeus E, Camus P (1999) 
Toux chronique isolée pendant un traitement par interféron. 
Presse Méd 28:913

346. Krasnowska M, Malolepszy J, Liebhart E (1992) Interferon 
as a bronchospastic factor in patients with bronchial asthma. 
Pneumonol Alergol Pol 60:22–25

347. Takeda A, Ikegame K, Kimura Y, Ogawa H, Kanazawa S, 
Nakamura H (2000) Pleural effusion during interferon 
treatment for chronic hepatitis C. Hepato-gastroenterology 
47:1431–1435

348. Fruehauf S, Steiger S, Topaly J, Ho AD (2001) Pulmonary 
artery hypertension during interferon-alpha therapy for 
chronic myelogenous leukemia. Ann Hematol 80:308–310

349. Price EJ, Venables PJ (1995) Drug-induced lupus. Drug Saf 
12:283–290

350. Bergeron A, Bergot E, Vilela G, Ades L, Devergie A, 
Esperou H, Socie G, Calvo F, Gluckman E, Ribaud P, 
Rousselot P, Tazi A (2002) Hypersensitivity pneumonitis 
related to imatinib mesylate. J Clin Oncol 20: 
4271–4272

351. Goldsby R, Pulsipher M, Adams R, Coffin C, Albritton K, 
Wagner L (2002) Unexpected pleural effusions in 3 pediat-
ric patients treated with STI-571. J Pediatr Hematol Oncol 
24:694–695

352. Ma CX, Hobday TJ, Jett JR (2003) Imatinib mesylate-
induced interstitial pneumonitis. Mayo Clin Proc 78: 
1578–1579

353. Yokoyama T, Miyazawa K, Kurakawa E, Nagate A, 
Shimamoto T, Iwaya K, Akata S, Aoshima M, Serizawa H, 
Ohyashiki K (2004) Interstitial pneumonia induced by ima-
tinib mesylate: pathologic study demonstrates alveolar 
destruction and fibrosis with eosinophilic infiltration. 
Leukemia 18:645–646

354. Wagner U, Staats P, Moll R, Feek U, Vogelmeier C, 
Groneberg DA (2003) Imatinib-associated pulmonary alve-
olar proteinosis. Am J Med 115:674

355. Thornburg A, Abonour R, Smith P, Knox K, Twigg HL 3rd 
(2007) Hypersensitivity pneumonitis-like syndrome asso-
ciated with the use of lenalidomide. Chest 131:1572–1574

356. Pretz J, Medeiros BC (2009) Thalidomide-induced pneu-
monitis in a patient with plasma cell leukemia: no recur-
rence with subsequent lenalidomide therapy. Am J Hematol 
84:698–699

357. Chen Y, Kiatsimkul P, Nugent K, Raj R (2010) Lenalidomide-
induced interstitial lung disease. Pharmacotherapy 30:325

358. Kortuem M, Einsele H (2010) Lenalidomide-induced 
hypersensitivity pneumonitis. Onkologie 33:219

359. Taetle R, Dickman PS, Feldman PS (1978) Pulmonary his-
topathologic changes associated with melphalan therapy. 
Cancer 42:1239–1245

360. Mufti GJ, Hamblin TJ, Gordon J (1983) Melphalan-induced 
pulmonary fibrosis in osteosclerotic myeloma. Acta 
Haematol 69:140–141

361. Lioté H, Gauthier JF, Prier A, Gauthier-Rahman S, Kaplan 
G, Akoun G (1989) Acute, reversible, interstitial pneumo-
pathy induced by melphalan. Rev Mal Respir 6:461–464

362. Akasheh MS, Freytes CO, Vesole DH (2000) Melphalan-
associated pulmonary toxicity following high-dose therapy 
with autologous hematopoietic stem cell transplantation. 
Bone Marrow Transplant 26:1107–1109

363. Major PP, Laurin S, Bettez P (1980) Pulmonary fibrosis 
following therapy with melphalan: report of two cases. Can 
Med Assoc J 123:197–202

364. Cottin V, Tébib J, Massonnet B, Souquet PJ, Bernard J-P 
(1996) Pulmonary function in patients receiving long-term 
low-dose methotrexate. Chest 109:933–938

365. Clarysse AM, Cathey WJ, Cartwright GE, Wintrobe MM 
(1969) Pulmonary disease complicating intermittent ther-
apy with methotrexate. JAMA 209:1861–1864

366. Kremer JM, Joong KL (1986) The safety and efficacy of 
the use of methotrexate in long term therapy for rheumatoid 
arthritis. Arthritis Rheum 29:822–831

367. Pourel J, Guillemin F, Fener P, Webanck L, Bene M-C, 
Delorme N (1991) Delayed methotrexate pneumonitis in 
rheumatoid arthritis. J Rheumatol 18:303–304

368. Sostman HD, Matthay RA, Putman CE, Smith GJW (1976) 
Methotrexate-induced pneumonitis. Medicine (Baltimore) 
55:371–388

369. Everts CS, Wescott JL, Bragg DG (1973) Methotrexate 
therapy and pulmonary disease. Radiology 107:539–543

370. Arakawa H, Yamasaki M, Kurihara Y, Yamada H, Nakajima 
Y (2003) Methotrexate-induced pulmonary injury: serial 
CT findings. J Thorac Imaging 18:231–236

371. Schnabel A, Richter C, Bauerfeind S, Gross WL (1997) 
Bronchoalveolar lavage cell profile in methotrexate induced 
pneumonitis. Thorax 52:377–379

372. Newman ED, Harrington TM (1988) Fatal methotrexate 
pneumonitis in rheumatoid arthritis. Arthritis Rheum 
31:1585–1586

373. Mahmood T, Mudad R (2002) Pulmonary toxicity second-
ary to procarbazine. Am J Clin Oncol 25:187–188

374. Jones SE, Moore M, Blank N, Castellino RA (1972) 
Hypersensitivity to procarbazine (Matulane) manifested by 
fever and pleuropulmonary reaction. Cancer 29:498–500

375. Ecker MD, Jay B, Keohane MF (1978) Procarbazine lung. 
AJR Am J Roentgenol 131:527–528

376. Horton LWL, Chappell AG, Powell DEB (1977) Diffuse 
interstitial pulmonary fibrosis complicating Hodgkin’s dis-
ease. Br J Dis Chest 71:44–48

377. Rosenow EC (1980) Chemotherapeutic drug-induced pul-
monary disease. Semin Respir Med 2:89–96

378. Liu X, Hong XN, Gu YJ, Wang BY, Luo ZG, Cao J (2008) 
Interstitial pneumonitis during rituximab-containing che-
motherapy for non-Hodgkin lymphoma. Leuk Lymphoma 
49:1778–1783

379. Katsuya H, Suzumiya J, Sasaki H, Ishitsuka K, Shibata T, 
Takamatsu Y, Tamura K (2009) Addition of rituximab to 
cyclophosphamide, doxorubicin, vincristine, and predniso-
lone therapy has a high risk of developing interstitial pneu-
monia in patients with non-Hodgkin lymphoma. Leuk 
Lymphoma 50:1818–1823



42331 Pleuropulmonary Changes Induced by Drugs in Patients with Hematologic Diseases

380. Bitzan M, Ouahed JD, Carpineta L, Bernard C, Bell LE 
(2010) Cryptogenic organizing pneumonia after rituximab 
therapy for presumed post-kidney transplant lymphoprolif-
erative disease. Pediatr Nephrol. Jun;25(6):1163–1167

381. Lioté H, Lioté F, Seroussi B, Mayaud C, Cadranel J (2010) 
Rituximab-induced lung disease: a systematic literature 
review. Eur Respir J 35:681–687

382. Carrion Valero F, Bertomeu Gonzalez V (2002) Lung tox-
icity due to thalidomide. Arch Bronconeumol 38:492–494

383. Garcia BD, de Gafas AP, Alvarez MJF (2003) Lung toxic-
ity due to thalidomide. Arch Bronconeumol 39:240

384. Onozawa M, Hashino S, Sogabe S, Haneda M, Horimoto 
H, Izumiyama K, Kondo T, Aldana LP, Hamada K, Asaka 
M (2005) Thalidomide-induced interstitial pneumonitis. 
J Clin Oncol 23:2425–2426

385. Buttin BM, Moore MJ (2008) Thalidomide-induced revers-
ible interstitial pneumonitis in a patient with recurrent ovar-
ian cancer. Gynecol Oncol. Dec;111(3):546–548

386. Iguchi T, Sakoda M, Chen CK, Yokoyama K, Hattori Y, 
Ikeda Y, Okamoto S (2004) Interstitial pneumonia during 
treatment with thalidomide in a patient with multiple 
myeloma. Rinsho Ketsueki 45:1064–1066

387. Feaver AA, McCune DE, Mysliwiec AG, Mysliwiec V 
(2006) Thalidomide-induced organizing pneumonia. South 
Med J 99:1292–1294

388. Younis TH, Alam A, Paplham P, Spangenthal E, McCarthy P 
(2003) Reversible pulmonary hypertension and thalidomide 
therapy for multiple myeloma. Br J Haematol 123:563

389. Bennett CL, Schumock GT, Desai AA, Kwaan HC, Raisch 
DW, Newlin R, Stalder W (2002) Thalidomide-associated 
deep vein thrombosis and pulmonary embolism. Am J Med 
113:603–606

390. Steurer M, Sudmeier I, Stauder R, Gastl G (2003) 
Thromboembolic events in patients with myelodysplastic 

syndrome receiving thalidomide in combination with dar-
bepoietin-alpha. Br J Haematol 121:101–103

391. Rivera MP, Kris MG, Gralla RJ, White DA (1995) 
Syndrome of acute dyspnea related to combined mitomycin 
plus vinca alkaloid chemotherapy. Am J Clin Oncol 
18:245–250

392. Movsas B, Raffin TA, Epstein AH, Link CJ (1997) 
Pulmonary radiation injury. Chest 111:1061–1076

393. Abratt RP, Onc FR, Morgan GW, Silvestri G, Willcox P 
(2004) Pulmonary complications of radiation therapy. Clin 
Chest Med 25:167–177

394. Goldman AL, Enquist R (1975) Hyperacute radiation pneu-
monitis. Chest 67:613–615

395. Park KJ, Chung JY, Chun MS, Suh JH (2000) Radiation 
induced lung disease and the impact of radiation methods 
on imaging features. Radiographics 20:83–98

396. Choi YW, Munden RF, Erasmus JJ, Park KJ, Chung WK, 
Jeon SC, Park CK (2004) Effects of radiation therapy on 
the lung: radiologic appearances and differential diagnosis. 
Radiographics 24:985–997, discussion 998

397. Bölling T, Konemann S, Ernst I, Willich N (2008) Late 
effects of thoracic irradiation in children. Strahlentherapie 
Und Onkologie 184:289–295

398. Deist TJ, Freytag A (2001) Therapy of abdominal and tho-
racic chylous effusions 18 years after radiation therapy. 
Z Gastroenterol 39:523–527

399. Crestanello JA, McGregor CGA, Danielson GK, Daly RC, 
Dearani JA, Orszulak TA, Mullany CJ, Puga FJ, Zehr KJ, 
Schleck C, Schaff HV (2004) Mitral and tricuspid valve 
repair in patients with previous mediastinal radiation ther-
apy. Ann Thorac Surg 78:826–831

400. Prosnitz RG, Chen YH, Marks LB (2005) Cardiac toxicity 
following thoracic radiation. Semin Oncol 32:S71–S80


	31: Pleuropulmonary Changes Induced by Drugs in Patients with Hematologic Diseases
	31.1 Introduction
	31.2 Diagnostic Criteria for Drug-Induced Respiratory Disease
	31.3 Patterns of Reactions to Drugs and Radiation
	31.3.1 Interstitial-Infiltrative Lung Diseases (ILD)
	31.3.1.1 Cellular or Nonspecific Interstitial Pneumonia
	31.3.1.2 Eosinophilic Pneumonia
	31.3.1.3 Interstitial Lung Disease with a Granulomatous Component
	31.3.1.4 Organizing Pneumonia
	31.3.1.5 Diffuse Alveolar Damage and the Chemotherapy Lung
	31.3.1.6 Cell Lysis Pneumopathy
	31.3.1.7 Drug-Induced and Iatrogenic Pulmonary Fibrosis
	31.3.1.8 Drug-Induced Pulmonary Edema
	31.3.1.9 Diffuse Alveolar Hemorrhage

	31.3.2 Pulmonary Nodules
	31.3.3 Acute Chest Pain
	31.3.4 Bronchospasm
	31.3.5 Pleural Involvement
	31.3.6 Late Changes
	31.3.7 Drug-Induced Lymphoma and Second Cancers

	31.4 Drugs Causing Pleuropulmonary Toxicity in Hematology
	31.4.1 Amphotericin B
	31.4.2 Anti-thymocyte Globulin
	31.4.3 All-trans-Retinoic Acid (ATRA) and Arsenic Trioxide As2O3
	31.4.4 Azacytidine
	31.4.5 Bis-Chlororethyl Nitrosourea Carmustine
	31.4.6 Bleomycin
	31.4.7 Blood and Blood Products: Transfusion-Related Acute Lung Injury
	31.4.8 Bortezomib
	31.4.9 Busulfan (Myleran)
	31.4.10 Chlorambucil
	31.4.11 Colony-Stimulating Factors
	31.4.12 Corticosteroids
	31.4.13 Cyclophosphamide
	31.4.14 Cytosine-Arabinoside (Ara-C)
	31.4.15 Dasatinib
	31.4.16 Deferoxamine
	31.4.17 Etoposide
	31.4.18 Fludarabine
	31.4.19 Gemcitabine
	31.4.20 Hydroxyurea
	31.4.21 Interferon
	31.4.22 Imatinib
	31.4.23 Lenalidomide
	31.4.24 Melphalan
	31.4.25 Methotrexate
	31.4.26 Procarbazine
	31.4.27 Rituximab
	31.4.28 Thalidomide
	31.4.29 Vinca Alkaloids

	31.5 Adverse Effects of Radiation Therapy to the Chest
	References


