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1 Introduction 

With the advancement in tumor treatment and the 
increasing use of potent yet aggressive modalities of 
tumor therapy, the incidence of therapy-related side 
effects increases, e.g., drug-induced lung disease. 
This is especially true for patients treated with 
chemotherapy (with known lung toxicity) and re
sultant immunosuppressive effects and/or those 
treated with radiation of the lungs. Patients with 
malignant lymphoma, myeloproliferative disease, 
testicular tumors, chemotherapy-sensitive sarcomas 
(Ewing, neuroblastoma, rhabdomyosarcoma), HIV
associated tumors, breast cancer or gastrointestinal 
tumors all belong to this group. If these patients 
express symptoms such as fever, dyspnea and/or 
pulmonary infiltrates, it may be considerably diffi
cult to differentiate the various potential causes. 
However, these difficulties must be overcome in 
order to induce the correct therapy. Depending on 
the diagnosis, different and even partially contra
dictory treatments are the necessary consequence. 

The definition of diagnosis is impeded for two 
other reasons: First, the tumor itself may lead to 
immunodeficiency irrespective of treatment resulting 
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Table 1. Differential diagnosis of pulmonary changes ob
served in patients receiving cancer therapy 

Toxic/allergic drug effects 
Radiation-induced pneumonitis 
Opportunistic infection 
Intrapulmonary hemorrhage 
Pulmonary edema 
Tumor manifestation 
Paraneoplastic syndrome 

in an increased disposition for infection. Second, 
due to better treatment modalities, more advanced 
tumor stages are seen, with unusual tumor manifes
tations and metastases, and a resultant higher rate 
of complete response and survival has been 
achieved. The etiologic spectrum of pulmonary dis
ease has increased, while the morphologic response 
of lung parenchyma, however, is stereotypic, such 
that the clinical and radiographic appearance is 
rather nonspecific. 

Pulmonary opacities and/or complications that 
appear in the context of oncologic treatment may be 
caused by direct therapy effects, i.e., either as drug
induced disease or as radiation effects, or by indirect 
therapy effects (Table 1). Therapy can: (1) induce 
immunosuppression and promote opportunistic in
fections, (2) cause interstitial or alveolar edema (by 
therapy-induced renal or cardiac damage or by 
infusion therapy), and (3) cause parenchymal 
bleeding (most likely due to thrombocytopenia). 
In addition, pulmonary opacification can be 
caused by metastases or manifestation of the tumor 
itself. A poly thrombotic state may be due to tumor
related disease (ovarian carcinoma or oat cell 
carcinoma of the lung), or to hormonal therapy 
causing an increase in the production of coagulating 
substances. 

With few exceptions, imaging modalities alone 
are insufficient in making a definitive diagnosis. 
Only in the context of clinical data pertaining to 
both history and previous experience can the radi
ological diagnosis exceed a pure definition of 
anatomical and pathological findings such that it 
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Table 2. Basic clinical information mandatory for correct 
diagnosis 

Knowledge of primary malignancy and of therapeutic regimen 
Tumor response to therapy 
Time of manifestation 
Clinical course 
Symptomatology 
Electrolyte and fluid balance 

may be useful for diagnosis and differentiation of 
disease. The data should refer to tumor disease and 
staging, tumor activity, onset and course of pul
monary complication, and clinical symptoms, drug 
therapy and fluid balance (Table 2; REED 1984). 

The following article will describe additional 
information necessary to correctly interpret the 
radiographic findings. Finally, analysis of the radio
graphic images will be discussed. 

2 Therapy Modalities 

Knowledge of the therapy, whether chemotherapy 
and/or radiation therapy are involved, is a necessary 
precondition for the evaluation of potential adverse 
side effects. The most important cytostatic agents 
that lead to pulmonary disease are the cytotoxic 
antibiotics bleomycin (15%-20%) and mitomycin, 
the alkyl ants busulfan (1 %-12%) and cyclophos
phamide, the nitrosamines BCNU and CCNU, and 
the antimetabolites methotrexate (15%-20%) and 
cytarabine (Table 3; COOPER et al. 1986; KREISMAN 
and WOLKOVE 1992; SCHAEFER et al. 1990). 

For the various substances, data concerning type 
and frequency of pulmonary complications, latent 
period, risk factors and the predominant radio
graphic morphology are listed in Table 4. One 
should note that these data are only for orientation 
purposes. The broad range of variations is in part 
due to different dosage requirements, examination 
modalities and evaluation parameters (clinical 
parameters, pulmonary function parameters, chest 
X-ray or computed tomography) and to different 
combinations of therapy modalities (KREISMAN and 
WOLKOVE 1992). The combination of bleomycin 
and methotrexate may not lead to more frequent 
side effects, but instead to more severe ones. High 
dose chemotherapy is associated with a higher inci
dence of complications than standard dose therapy 
(PETERS et al. 1986). The majority of therapy-in
duced pulmonary disease is caused by dose-depend
ent toxic reactions that may be subacute or chronic. 
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Table 3. Chemotherapeutic agents causing pulmonary, 
cardiac, or renal toxicity 

Pulmonary toxicity 
Cytostatic antibiotics 

Bleomycin and its derivatives 
Mitomycin 
Doxorubicin 

Alkylating agents 
Busulfan 
Cyclophosphamide 

Nitrosoureas 
BCNU 

Antimetabolites 
Methotrexate 
Cytarabine 

Cytokines 
Interleukin-2 

Cardiac toxicity 
Anthracyclines 

Adriamycin 
Daunorubicin 
Mitoxantrone 

Renal toxicity 
Alkylating agents 

Cisplatin 
Nitrosoureas 
Nitrogen mustard derivatives 

Antimetabolites 
Methotrexate 

A toxic drug reaction in the lung clinically pres
ents as chronic pneumonitis, an acute allergic reac
tion, or a noncardiac edema. The symptoms range 
from a simple gas diffusion disturbance to cough, 
dyspnea, fever or to a severe respiratory insuffi
ciency requiring artificial respiration. The Eastern 
Cooperative Oncology Group (ECOG) proposed 
a clinical grading scheme based on a five point scale 
ranging from a mild reduction in diffusion capacity 
to severe reactions with a fatal outcome (Table 5; 
OKEN et al. 1982). 

The radiographic morphology is characterized 
by interstitial reticulonodular or mixed interstitial
alveolar opacities, which may vary considerably 
depending on severity and extent of disease, i.e., 
ranging from discrete interstitial disease to wide
spread airspace disease (Figs. 1, 2). Chronic pneu
monitis-like reactions usually present as progressive 
fibrous disease while an acute hypersensitivity 
reaction will present as either edema, infiltration of 
the lung, or respiratory distress syndrome (RDS). 
RDS is described to occur after treatment with 
methotrexate, cyclophosphamide, cytarabine and 
interleukin. It is most likely caused by capillary 
leaking and presents as alveolar edema. Pleural 
effusion is rarely seen after treatment with 
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Table 4. Incidence, latent period, threshold dose, risk factors, and the common X-ray pattern associated with the various 
cytotoxic drugs 

Cytostatic 
drug 

Latent 
Frequency period 

Threshold 
dose 

Risk 
factors 

X-ray 
findings 

Bleomycin 5%-10% 1-3 Months >450mg Age> 70, radiation, 02' 
combined therapy 

Fine reticular, 
subpleural, 
basal, seldom 
nodular 

Mitomycin 3°/.)-12% 6-12 Months 02' combined therapy, 
radiation? 

Busulfan 1%-12% Months-years >400mg Radiation 

Reticulonodular 
(ARDS) 

Basal reticular, 

Melphalan Rare Weeks-months 
Chlorambucil Rare Months-years 
Cyclophosphamide 1 'Yo Weeks-years 

BCNU 1%-30% Weeks-years 

Methotrexate 7% Immediate 
and delayed 

Cytarabine 5%-15% 

ARDS, adult respiratory distress syndrome. 

Table 5. ECOG grading of pulmonary toxicity 

Grade I: mild symptoms, 25%-50% reduced diffusion 
capacity 

+ 

Grade II: moderate symptoms, > 50% reduced diffusion 
capacity 

Grade III: severe symptoms, intermitt. 02-therapy 
Grade IV: continuous O2 therapy or assisted respiration 
Grade V: dead 

mitomycin, bleomycin and busulfan; however, if 
present, it is usually small and always associated 
with pulmonary disease. 

In some cases the radiographic image may be 
normal despite the manifestation of clinical symp
toms. This discrepancy is the result of either a poor 
sensitivity of the chest X-ray or of bronchiolitis. 
In both instances, higher resolution computed 
tomography (HRCT) may be helpful. A bronchioli
tis is described to occur with bleomycin, cyclo
phosphamide, methotrexate and procarbazine 
(PADLEYet al. 1992; ROSENOW 1972; ROSENOW et al. 
1985). 

The differentiation of infectious diseases, espe
cially opportunistic infections, can be difficult or 
even impossible (McLEOD and MULLER 1990; 
MULLER and MILLER 1990; PENNINGTON 1983). 
Opacities with a nodular character that have the 
radiographic appearance of metastases or mycotic 

°2, combined therapy 

02' combined therapy, 
concomitant disease 

Combined therapy 

also acinar 
Diffuse reticular 
Basal reticular 
Basal 

reticulonodular 
Basal 

reticulonodular 
Edema/ARDS 

(immediate) 
reticulonodular 
(delayed) 

Edema/ARDS 

infection are rare and have been described for 
bleomycin in some cases. Allergic-toxic reactions 
that normally take an acute course appearing with 
alveolar edematous opacities or with RDS were 
described for cytarabine, procarbazine, and espe
cially for combination therapies. Despite its un
doubtedly higher sensitivity HRCT did not prove to 
be an aid for differentiation (specificity) (JANZEN 
et al. 1993). 

Antineoplastic substances with cardiotoxic or 
nephrotoxic side effects can lead to an alveolar or 
interstitial edema and induce a radiographic image 
that cannot be differentiated from an opportunistic 
infection, a lymphatic spread of tumor or a simple 
fluid overload after infusion therapy. The most 
important substances with cardiotoxic effects are 
the anthracyclines adriamycin and daunorubicin 
and the synthetic substance mitoxantrone. The 
most important substances with nephrotoxic effects 
are the alkylant cisplatin and the antimetabolite 
methotrexate (Table 3; DRINGS 1988; PETERS et al. 
1986). For example, the frequency of side effects 
is 10% with a dose threshold of 500 mg/m3. Risk 
factors for cardiotoxic effects are increased in 
patients greater than 70 years of age, especially if 
there has been preexisting coronary or myocardial 
damage, a history of hypertension, or radiation to 
the mediastinum. In addition, all cytotoxic substan
ces can provoke a rapid tumor lysis syndrome of the 
kidneys due to extensive tumor necrosis. 
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Fig. 1. Pulmonary changes induced by interferon therapy. 
A mixed interstitial and alveolar pattern in both lungs 

Fig.2. Diffuse ground glass opacification affecting both 
lungs simulating alveolitis due to methotrexate therapy 

3 Underlying Disease and Tumor Activity 

Important factors influencing prognosis are the 
underlying disease itself, tumor stage, activity and 
course, and the occurrence of hematogenic or lym
phogenic metastases or of direct tumor infiltration. 

Lymphatic spread of the tumor, interstitial pneu
monia, interstitial edema and a predominantly in-
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terstitial allergic-toxic drug-induced pulmonary re
action all demonstrate very similar radiographic 
morphologies. The chest X-ray can only be inter
preted in conjunction with the clinical history. 

In cases in which a rather uniform image and no 
or few clinical symptoms are present, interstitial 
edema would be the first diagnosis, especially if the 
patient was treated with infusion therapy or had 
a known electrolyte imbalance. When accompanied 
by fever and a nonproductive cough, diagnosis of 
opportunistic pulmonary infection is favored, e.g., 
pneumocystis carinii or viral pneumonia, both of 
which are indications for bronchoalveolar lavage 
(REED 1984). A pneumonia due to legionella or 
mycoplasma can be more easily differentiated from 
other agents due to opacities which usually occur 
within the segmental or lobular distribution 
(PENNINGTON 1983). 

In patients with an advanced tumor stage and/or 
a very aggressive tumor, lymphatic spread should 
be considered quite early as part of the diagnosis 
(Fig. 3). This is especially true if tumors which have 
a preference for lymphatic spread are involved, i.e., 
breast, stomach, pancreas, and bronchial carcino
mas. This is also the case if the interstitial changes in 
the chest X-ray are more localized and less uniform, 

Fig.3. Coarse reticulonodular pattern observed in a patient 
with lymphatic carcinomatosis 



Differential Diagnosis of Treatment Sequelae in the Lung 

as seen in edema. For the early diagnosis of lym
phatic spread of the tumor computed tomography 
has proven to be very sensitive. In contrast to the 
edema, findings include not only thickening of the 
interlobular septa and pleural structures but also 
consolidation of the central peribronchial and 
perivascular interstitial space. Thickening of the 
interstitial structures due to tumor infiltration is 
typically irregular and nodular (MUNK et al. 1988; 
MAIDICH et al. 1991; ZERHOUNI 1989). 

4 Onset of Manifestation and Course 
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Fig. 4. Pulmonary candidiasis in an immunocompromised 
The onset of manifestation and the course of the patient undergoing cancer chemotherapy 
pulmonary changes are important factors for the 
differential diagnosis (Table 6). The onset of a bac
terial or a pneumocystis carinii infection follows an 
acute course, in contrast to an infection with 
cytomegalo-virus or aspergillus, which follow 
a more subacute course. Infections with mycobac
teria and mycoses, however, exhibit a more chronic 
course. Opportunistic pulmonary infections are the 
preferred choice for the differential diagnosis in 
patients who develop a temperature during a state 
of granulocytopenia (Figs. 4, 5). This is due to either 
the disease itself or to the drug-induced immune 
suppression. The chest X-ray may be normal in 
these patients, but treatment can only commence 
based on the symptoms or a higher degree of suspec
ted infection. Patients most likely affected are those 
with malignant lymphoma, plasmocytoma, HIV
associated tumors, bone marrow recipients and 
those receiving multiple courses of aggressive 
chemotherapy. The most frequent microbiotic 
agents are Enterobacter, Pseudomonas, Streptococ
cus, and fungi. Recent literature states the incidence 
of pneumocystis carinii infections as 25% in patients 
with leukemia; the incidence of Legionella infection 

Table 6. Most probable diagnosis as guaged by duration of 
onset and course of pulmonary disease 

Onset 

Acute (hours-days) 

Subacute (1-2 weeks) 

Chronic (weeks-months) 

CMV, cytomegalovirus. 

Course 

Bacterial pneumonia 
Pneumocystis pneumonia 
CMV pneumonia 
Aspergillosis 
Mycotic pneumonia 
Tuberculosis 
Drug reaction 
Radiation pneumonitis 
Tumor manifestation 

Fig. 5. Multiple coin lesions in a patient with fungal pneu
monia simulating metastatic disease 

is 22% in patients with myeloproliferative disease 
(LINK et al. 1986). However, based on previous 
experience the causative microbiotic agent can only 
be defined in one third of the cases. Irrespective of 
both definite proof of the microbiotic agent and of 
the radiographic findings this endangered group 
of patients must be treated immediately according 
to a graduated treatment plan consisting of anti
biotic, antimycotic, antiviral and tuberculostatic 
drugs (PETERS et al. 1986). 



156 Michael Galanski et al. 

Table 7. Most probable diagnosis as guaged by predominant X-ray pattern 

Alveolar/acinar 

Edema 
Pneumonia 

Drug reaction 
Radiation pneumonitis 

Interstitial 

Edema 
Opportunistic infection 
Drug reaction 
Radiation pneumonitis 
Lymphatic carcinomatosis 

Among the noninfectious causes of pulmonary 
complications, drug-induced reactions, tumor 
manifestations and radiation-induced reactions 
appear to have a longer latent period and a more 
chronic course (Table 6). 

Once a radiation therapy has begun, a radiation
induced pulmonary reaction to the therapy would, 
at the earliest, take 2 months to manifest itself. 
Pneumonitis appears at its onset (stage I: early 
pneumonitis) and is characterized histologically 
and radiographically as interstitial edema (acute 
exudative phase). Stage I is followed by a florid 
interstitial or alveolar inflammatory reaction with 
serofibrinous exudation (proliferative stage). If 
allowed to progress the tissue becomes increasingly 
fibrous and begins to shrink (stage II: florid pneu
monitis). After a transition stage (III) the end stage 

Nodular/miliary 

Metastases 
Granulomas 
Opportunistic infection 
Tumor manifestation 

of pulmonary fibrosis is reached within the course 
of 9 months maximally after commencement of 
radiation therapy (SLANINA et al. 1982; RUBIN and 
CASARETT 1968). 

During the florid stage there are interstitial 
opacities intermixed with patchy opacities of lower 
density. Clinical symptoms such as a nonproductive 
cough (50%), fever (40%), dyspnea (30%) and 
chest pain (12%) mayor may not occur during this 
stage. 

Frequency and severity of a radiogenic pneu
monitis and the fibrosis which follows may show 
considerable individual variability. This depends 
mainly on the dose, dose rate, fractionation, size 
and location of the radiated field, and the irradi
ation volume. An average one-sided fractionation 
usually consists of30 Gy. This level is normally well 

Fig. 6. Typical appearances in a patient with radiation pneumonitis in the acute phase and in the regressive phase. In this 
particular patient, who received radiation for an esophageal carcinoma, the changes resolved without resultant fibrosis 
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tolerated. With a dose above 40 Gy a radiogenic 
pneumonitis is likely to occur (DAVIS et al. 1992; 
ZERHOUNI 1989). For a fractionated irradiation of 
the total lung, the tolerable dose threshold lies at 
20 Gy. For a total body irradiation the threshold 
level lies at 10 Gy (Cox 1972; MOLLS et al. 1986). 
Irradiation with lOGy in one fraction leads to 
pneumonitis in a rather high percentage (80%) of 
patients (VAN DYK et al. 1981). The threshold dose 
for myocardial damage lies at 40 Gy (JOHN et al. 
1988). Predisposing factors for a radiogenic pneu
monitis are preexisting cardiopulmonary diseases 
such as emphysema or cardiac failure, in addition to 
advancing age. The importance of these factors, 
however, is not a measurable entity. Preceding or 
accompanying treatment with cytostatic agents 
(especially bleomycin and adriamycin) present 
considerable risks. A so-called recall phenomena 
exhibited by pneumonitis can occur when radiation 
therapy has taken place years ago and with the onset 
of a new chemotherapy (bleomycin, doxorubicin). 

Important diagnostic hints for a radiogenic 
pneumonitis are the temporary context during 
which the radiation therapy is given, the exact 
topographic location of the radiated field and the 
characteristic stages through which the radiogenic 
pneumonitis may course (Fig. 6). Initially, there are 
edematous-like interstitial opacities, which become 
confluent alveolar opacities of relatively low den
sity. With increasing fibrosis more course, more 
dense and better defined linear to reticular opacities 
are seen. Signs of shrinking and accompanying 
pleural scarring may also be noted. Pulmonary 
diseases due to other etiological causes are easily 
differentiated. In doubtful cases computed tomo
graphy can support the diagnosis by exactly defin
ing the location of the infiltrates and by illustrating 
an existing or absent association of the borders of 
the pulmonary infiltrate with those of the radiated 
field (straight edge sign). Rarely do the pulmonary 
infiltrates (due to radiogenic pneumonia) exceed the 
radiation field and fall on to the contralateral side. 
The reason for such a generalized reaction is un
known. A hypersensitivity reaction or a generaliz
ation by hematogenic mediators has been 
suggested. 

5 Clinical Symptoms 

In some cases the clinical symptoms are important 
for the correct interpretation of radiographic find
ings. In patients with interstitial lung disease with-
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out any clinical symptoms, the first choice for differ
ential diagnosis should be a simple interstitial 
edema, excluding causes such as a radiogenic pneu
monia. Interstitial edema is a frequent finding in 
those multimorbid patients and is due to a fluid, 
electrolyte or albumin imbalance as a result of 
a renal or cardiac failure or of an infusion therapy 
accompanying chemotherapy. The same is true for 
asymptomatic alveolar opacities. They should 
preferably be interpreted as nonhomogeneous 
edema or as pulmonary hemorrhage. The latter is 
especially true in patients with thrombocytopenia 
(REED 1984). 

6 Analysis and Interpretation 
of Radiographic Findings 

The interpretation of a chest X-ray is only useful if 
the findings are based on systematic image analysis 
and are correlated with clinical data and practical 
experience. The following questions should always 
be addressed: What is the predominant radio
graphic morphology? Is or was the patient treated 
with a lung toxic drug? Is the course of the disease 
acute or chronic? Does the patient have fever? Can 
pulmonary edema be excluded (REED 1984)? 

With respect to the radiographic morphology it 
was found to be useful to differentiate three types of 
opacities: an alveolar type, an interstitial type, and 
a nodular type. Hence, a rough classification of the 
pathology is possible (Table 8). 

6.1 Interstitial Opacities 

The most frequent cause of asymptomatic inter
stitial opacities is edema. In a patient with fever, the 
most diagnosis is an opportunistic infection (see 
Fig. 2). In a patient with no or slowly appearing 
symptoms, a drug-induced pneumonia, radiogenic 
pneumonia or lymphatic spread of tumor are all 
possible causes. The diagnosis of lymphatic spread 
of tumor can be reliably made with HRCT. In 
patients with malignant lymphoma, lymphatic 
spread of tumor is frequently associated with tu
mors of enlarged lymph nodes. 

6.2 Alveolar Opacities 

The radiographic morphology mostly consists of 
a mixed alveolar/interstitial pattern. In an acutely ill 
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Table 8. Most probable diagnosis as guaged by predominant X-ray pattern, onset of manifestation and course 

Relatively 
asymptomatic 

Acute/febrile 

Subacute-chronic 

Chronic 

Predominantly 
interstitial 

Edema 

Opportunistic infection 

Drug reaction 
Radiation pneumonitis 

Lymphatic carcinomatosis 

patient the mot likely diagnosis is edema or ful
minant viral pneumonia (see Fig, 4). Drug- induced 
pulmonary disease and pulmonary hemorrhage 
have fewer symptoms and a less flamboyant course. 
For subacute or chronic disease, an opportunistic 
infection would be the most obvious choice, the 
cause of which is due to bacterial, viral, or mycotic 
agents depending on the immune status of the 
patient. 

6.3 Nodular Opacities 

Nodular opacities may be due to a granulmatous 
inflammatory process such as a mycotic infection, 
miliary tuberculosis, or hematogenic metastases (if 
the opacities develop slowly and the disease follows 
a chronic course) (see Fig. 5). In more acutely ill 
patients, such as those with an elevated temperature, 
septic emboli or an opportunistic viral or mycotic 
infection are the more likely causative agents. For 
a predominantly miliary pattern the differential 
diagnosis should include septic emboli, a metastatic 
hematogenic spread of tumor and leukemic tumor. 

7 Summary 

There is a growing number of drugs that exhibit 
lung toxicity, and radiologists are increasingly 
confronted with nonspecific patterns of possibly 
therapy-induced lung disease. This chapter has 
reviewed clinical symptoms, radiographic features 
and differential diagnosis associated with lung 
disease occurring during tumor therapy. Clinical, 
pathological and radiological findings are non-

Predominantly 
alveolar 

Drug reaction 
Pulmonary hemorrhage 
Edema 
Viral pneumonia 
Opportunistic infection 
Bacterial, viral, or 

fungal pneumonia 

Predominantly 
nodular 

Opportunistic infection 
Septic emboli 

Metastases 
Granulomas 
Fungal pneumonia 
Tuberculosis 

specific in the majority of cases, and clinicians and 
radiologists can only hope to assess the probability 
of drug-induced lung disease by correlating radio
graphic and clinical data. Drug-induced lung disease 
frequently simulates disseminated opportunistic in
fections (particularly pneumocystis carinii) and 
must be differentiated from these because the treat
ment is completely different. Useful clinical data 
include respiratory symptoms, results of respiratory 
function tests, dose and schedule of drug adminis
tration, and information concerning tumor activity 
and concomitant or previous administration of 
drugs or radiation therapy. Roentgen morphologi
cal categorization is based on the predominant 
pattern and distinguishes three types of pulmonary 
opacities: interstitial disease, air space consolida
tion and nodular opacities. Altogether, the radi
ological features, clinical data and patient's history 
enable the clinician to find the most likely diagnosis 
in most cases. 
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