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Summary. Bleomycin, busulphan, and methotrexate are 
by far the commonest cytotoxic drugs to cause interstitial 
pneumonitis. However, many other cytotoxic drugs have 
been reported to produce similar lung damage. Combined 
effects of these drugs, and of the drugs with other agents 
that cause lung damage, such as oxygen and radiation, 
may result in enhancement o f lung damage. Early diagno- 
sis, made possible by awareness of this complication and 
its correct investigation, may reduce severe morbidity and 
mortality. 

In some instances, factors that predispose to lung 
damage are known, and these have been studied in ex- 
perimental animals. 

Introduct ion 

Lung damage following cytotoxic chemotherapy was not 
described until 1961 [80], and only in the last 12 years 
have further cytotoxic drugs (shown in chronological or- 
der in Table 1) causing lung damage been reported [95, 
111, 120]. Most of the drugs had been in use for several 
years before pulmonary toxicity was reported. The delay 
in recognizing the association was due not only to the 
infrequency of lung toxicity, but also to the difficulty of 
distinguishing it from much commoner conditions with 
similar clinical features. 

The definitive diagnosis of lung damage due to cy- 
totoxic drugs depends on three factors: a history of drug 
exposure, demonstration of lung damage, and exclusion 
of other causes of lung damage [ 16]. To fulfil these criteria 
it is necessary to have a clear history, a thorough search 
for micro-organisms, and lung histology. The most com- 
mon presenting symptoms are dyspnoea, a dry cough, 
and fever, and there is also frequently malaise, anorexia, 
and weight loss. At first a common chest infection may be 
considered, but disproportionate dyspnoea, the presence 
of bilateral crepitations, and diffuse bilateral shadowing 

on the chest radiograph suggest a more generalized dis- 
order. Abnormal lung function tests, typically a restrictive 
ventilatory defect and a diffusion defect, are nonspe- 
cific. 

The differential diagnosis includes three main alter- 
natives, a generalized infection such as Pneumocystis 
carinii or a viral pneumonia, tumour infiltration, or in- 
terstitial pneumonitis (or fibrosing alveolitis), the most 
common type of lung pathology seen with cytotoxic 
drugs. Bronchial brushings and transbronchial biopsy via 
the fibroptic bronchoscope will be diagnostic in the great 
majority of cases [32]. Occasionally open-lung biopsy 
may be necessary to obtain adequate histology. 

The cytotoxic drugs reported to cause pulmonary 
damage can be grouped into four categories: antibiotics, 
alkylating agents, antimetabolites, and others. These are 
shown in Table 2, which also shows estimates of the 
frequency of occurrence of lung damage with each drug. It 

Table 1. Lung damage from cytotoxic drugs: reports in chronological 
order 

Date of Date of 
first report initial use 

Busulphan 1961 [80] 1953 
Cyclophosphamide 1967 [6] 1958 
Methotrexate 1969 [1] 1948 
Bleomycin 1969 [52] 1969 
Procarbazine 1971 [60] 1963 
Thioguanosine 1971 [36] 1971 
6-Mercaptopurine 1972 [64] 1953 
Azathioprine 1972 [96] 1961 
Melphalan 1972 [21] 1958 
Chlorambucil 1972 [97] 1955 
BCNU 1976 [53] 1962 
Mitomycin C 1978 [35] 1957 
Uracil mustard 1978 [44] 1960 
Methyl-CCNU 1978 [66] 1971 
Neocarcinostatin 1978 [103] 1971 
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Table 2. Incidence of lung damage from cytotoxic drugs 

Incidence Number of cases a 

10% >30 
6 
1 

2Y2% >20 
10 (+12) 
2 (+6) 
1 (+2) 
1 

10 (+15) 
1 

7y2% >30 
1 (+2) 
2 
1 

2 (+3) 

Antibiotic Bleomycin 
Cytotoxics Mitomycin C 

Neoearcinostatin 

Alkylating Busulphan 
A g e n t s  Cyclophosphamide 

Chlorambucil 
Melphalan 
Uracil mustard 
BCNU 
Methyl-CCNU 

Antimetabolites Methotrexate 
6-Mercaptopurine 
Azothioprine 
Thioguanosine 

Others Procarbazine 

a The numbers in brackets indicate less clearly defined reports 
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can be seen that with only three drugs, bleomycin, bu- 
sulphan, and methotrexate (MTX) does lung toxicity oc- 
cur sufficiently frequently even to be considered in terms 
of a 'percentage' incidence. Lung toxicity with the other 
drugs amounts only to case reports, and many of these 
case reports are rather poorly substantiated (these num- 
bers are shown in brackets). 

These drugs will be described individially below. 

Bleomycin 

Bleomycin is the most important cytotoxic drug to cause 
lung damage, since lung toxicity, which occurs relatively 
frequently, is a major and often dose-limiting side effe@ 
[27, 43]. Reports of the incidence of pneumonitis and 
fibrosis vary from 3% [17] to 40% [27]. Clearly the 
reported incidence depends on how hard lung damage is 
searched for, but in reviewing over 1700 patients through- 
out the world Blum et al. [ 17] found the overall incidence 
to be 10%. Progressive fatal pulmonary fibrosis occurred 
in 1%. 

The characteristic symptoms, dyspnoea, sometimes 
with a dry cough and fever, usually develop over a few 
weeks, 1--3 months after treatment. Although these fea- 
tures usually regress when the drug is discontinued, they 
may progress or actually develop after discontinuation of 
the treatment [27, 52, 111, 122]. Bilateral basal crepi- 
tations may be heard in the lower zones. An early chest ra- 
diograph may show a fine reticular or reticulomicro- 
nodular pattern in the lower zones [27]. Later the changes 
may become widespread, and patchy linear inf'dtrates 
indistinguishable from secondary infection, tumour 

spread, radiation change, or heart failure may be seen. 
Neither pleural effusions nor hilar lymphadenopathy have 
been noted [49, 122]. Gallium-67 scintography has been 
reported as a sensitive means of assessing lung damage, 
but is nonspecific [90]. 

Respiratory function tests are the most sensitive 
method of detecting early toxicity in clinical practice. 
There is a restrictive ventilatory defect, as shown by a 
reduced forced vital capacity (FVC), and a diffusion de- 
fect, which can be shown by a reduced 1-min single-breath 
carbon monoxide diffusion capacity (DLco) and by ar- 
terial hypoxaemia. The reduced DLco is probably the 
most sensitive indicator of subclinical toxicity. If the respi- 
ratory function is monitored at 2- to 4-weekly intervals 
lung damage can be minimized by the early withdrawal of 
bleomycin [23, 42, 56]. 

Light microscopy shows an interstitial pneumonitis 
with oedema of the alveolar walls and interstitial tissues, 
atypical proliferation of the alveolar epithelial cells, col- 
lapse of the alveoli, and hyaline membrane formation 
within the alveoli. There is hyperplasia and migration of 
Type II (granular) pneumocytes and macrophages into 
the alveolar lumen. Type I (membranous) pneumocytes 
are reduced. In more advanced cases there is collagen and 
reticulin deposition around the basement membranes. 
Hyperplasia of the bronchiolar muscle fbres and squa- 
mous metaplasia of the bronchiolar epithelium are also 
present [27, 70, 98]. Low-grade dysplasia can be seen on 
sputum cytology in 37% of bleomycin-treated patients, 
as against 10% of controls [10]. 

Electron microscopy confirms interstitial oedema, 
collagen deposition, accumulation of fibroblasts, lack of 
Type I pneumocytes, and proliferation of Type II pneu- 
mocytes. The abnormalities of Type II cells have been 
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thought to be consistent with surfactant impairment [ 11]. 
Further nuclear, nucleolar, and cytoplasmic abnormal- 
ities have been described, but their significance is difficult 
to interpret [26]. 

Although interstitial pneumonitis is the usual histo- 
pathological finding described, a 'hypersensitivity' pneu- 
monitis has been reported in three patients. A patchy 
eosinophilic infiltrate surrounded the small airways and 
distal air spaces, and two cases had peripheral eosino- 
philia. This variant is particularly notable because of its 
favourable response to steroid therapy [48]. 

A number of factors influence the likelihood of pul- 
monary toxicity occurring. There is a greater incidence of 
lung toxicity with high doses. A 20% incidence may occur 
with cumulative doses above 500 mg [4], and a mortality 
of up to 5% [99]. It is therefore critically important to take 
into account any previous bleomycin therapy [25]. When 
the total dose of bleomycin is restricted to less than 300 
rag, the incidence falls from 10% to 3%-5%. In general, 
the lower the total dose of bleomycin, the less the like- 
lihood of lung toxicity [17, 43, 121]. This apparent dose 
relationship is countered by the fact that even with low to- 
tal doses, such as 100-150 rag, fatal pulmonary toxicity 
may occur as an idiosyncratic tissue response [50], and 
the fact that functional assessment, mostly in asymptom- 
atic individuals, has shown no correlation with dose [82, 
122]. 

The route of administration and schedule may affect 
the incidence of lung toxicity. In a study of lymphomas 
there was less toxicity in patients receiving IM injections. 
It has therefore been suggested that the likelihood of lung 
toxicity is related to the peak blood levels [43]. Animal 
studies show that continuous infusion produces less lung 
damage and more inhibition of growth of the Lewis lung 
carcinoma than the same total dose given according to an 
intermittent schedule [106]. In man continuous infusion 
also produces greater tumour response, and although 
pulmonary toxicity occurs it may be less frequent than 
with intermittent administration [63]. 

Elderly patients (over the age of 70) are more sus- 
ceptible to pulmonary toxicity [17, 114]. It has also been 
reported that lung toxicity occurs more frequently in pa- 
tients with pre-existing poor lung function [114]. How- 
ever, Yagoda and Krakoff [121] found that the initial 
pulmonary function studies did not affect the degree of 
subsequent lung toxicity. 

Concurrent or previous irradiation of the lung, in itself 
insufficient to produce lung damage, leads to increased 
lung toxicity from bleomycin [31, 77, 99]. Bleomycin lung 
damage may also be enhanced by concurrent chemo- 
therapy [100]. Severe lung toxicity has been reported 
many months after bleomycin in patients subjected to 
over-oxygenation during anaesthesia [38], and oxygen 
enhancement might also account for the increased lung 
damage reported when bleomycin 120 mg and local radio- 
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therapy had been given 6 weeks before oesophageal re- 
section [77]. 

In conclusion, at the present time, there is no reliable 
way of predicting bleomycin lung toxicity, and therefore 
no absolute contraindications. Particular care should be 
taken in the elderly, those with poor lung function, in those 
receiving more than 300 mg total dose or other pulmonary 
toxic agents such as radiotherapy, oxygen, particularly 
during anaesthesia, and concurrent chemotherapy. Pa- 
tients should be monitored every 2 -4  weeks. Signs and 
symptoms should be sought; chest X-rays and lung func- 
tion studies with the FVC and the DLco or equivalent test 
should be carried out. If, following noninvasive investi- 
gation, there remains the possibility of a diagnosis of 
bleomycin-induced lung damage, histological confirma- 
tion, preferably via fibroptic endoscopy, should be sought. 
In this way, lung toxicity may be identified as early as pos- 
sible. Bleomycin should be stopped, and avoided in further 
therapy. Prednisone, 60-100 mg daily, reverses pulmo- 
nary damage in some cases [121]. 

As yet, no agent that prevents bleomycin-induced 
lung damage has been established, but one report of the 
use of steroids is encouraging. Although steroids failed to 
prevent bleomycin lung damage in animal experiments 
[ 17] it has recently been reported that concurrent therapy 
with prednisone prevented side effects, including lung 
toxicity, in a series of 40 patients receiving a total dose of 
420 mg bleomycin [74]. 

The pathogenesis of bleomycin-induced lung toxicity 
has been extensively examined in animals. It was initially 
observed in dogs [37], but most of the subsequent work 
has been on rodents. Adamson and Bowden [2, 3] have 
examined the lungs of mice by light and electron mi- 
croscopy at weekly intervals during and following a 4- 
week course of twice-weekly bleomycin. They found simi- 
lar histological changes to those seen in man. The initial 
site of injury appeared to be the intima of the pulmonary 
arteries and veins. The endothelial cells became oede- 
matous and were separated from the basement membrane 
by large blebs. Lymphocytes and plasma cells infiltrated 
the perivascular spaces. These changes were seen at 2 
weeks. At 4 weeks similar changes were seen in the capil- 
laries and there was multifocal necrosis of Type I pneumo- 
cytes. There was diffuse interstitial oedema and the air 
sacs contained numerous vacuolated macrophages. From 
4 weeks onwards, there was hypertrophy of the Type II 
pneumocytes and progressive intra-alveolar and septal 
fibrosis. Similar changes have been reported by others, 
not only in mice [8, 59, 88, i05], but also in hamsters, in 
which the drug was given intratracheally [ 108, 112], in ba- 
boons [71], and in pheasants [12]. 

These histological changes are due to a direct toxic ef- 
fect of bleomycin on the lung, and are probably not 
specific, but represent a general reaction of the lung to in- 
jury [12, 58, 59]. Supportive evidence for this mechanism 
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of action is the finding of relatively high levels of bleo- 
mycin in the lungs as well as in the skin [54], and the fact 
that the occurrence of damage is dose-related in man and 
the extent of lung damage is dose-related in experimental 
animals [105]. 

Methotrexate 

Pneumonitis was first reported in 38 out of 93 children 
with acute lymphocytic leukaemia being treated with 
twice-weekly oral methotrexate (MTX) [1]. There have 
subsequently been at least 40 detailed reports, mostly in 
leukaemic patients on oral maintenance therapy, but also 
in nonmalignant conditions [20, 72, 119]. Although there 
have been no prospective studies, and therefore the true in- 
cidence is not known, on reviewing the case records of 92 
patients treated with MTX Sostman et al [110] found 
seven (7.5%) with well-documented MTX pneumonitis. 
However, in many large drug trials pulmonary toxicity 
has not been reported [120]. 

Pulmonary toxicity from MTX is difficult to predict. 
Pneumonitis has occurred after a wide range of doses 
from 40 mg to 41 g, and from as early as 12 days to as 
much as 5 years after the start of treatment with the drug 
[110]. The development of pneumonitis appears to be 
virtually independent of the dose or duration of treatment, 
although it has not been reported with doses of less than 
20 rag/week [110]. There is also no correlation with age, 
sex, or underlying disease. It has occurred in patients 
receiving concurrent steroids and following leucovorin 
rescue, so that neither of these agents appears to prevent 
pneumonitis. Pneumonitis has mostly occurred in patients 
receiving the drug orally, but has also been reported fol- 
lowing IM [1, 92], IV [76], and intrathecal administration 
[40, 65]. It is therefore probably the frequency rather than 
the route of administration that is important [ 110]. Other 
concurrent cytotoxic drugs may increase the likelihood of 
lung toxicity [15, 113]. However, enhancement of radia- 
tion pneumonitis has not been reported. 

A dry cough, fever, and dyspnoea are usually the 
presenting symptoms, althoughprodromal symptoms of  
headache and malaise may occur. Cyanosis, tachypnoea 
and basal crepitations may be found on examination. 
About half the cases develop eosinophilia [20, 110]. The 
chest radiograph shows bilateral linear or reticulonodular 
infiltrates at the bases and midzones in most cases, but a 
range of appearances from normal to widespread opac- 
ification has been reported. Pleural effusions and hilar 
lymphadenopathy have also been reported [33, 110]. 
Lung function tests may show a diffusion defect and 
restrictive ventilatory defect. Although lung function re- 
covers, a residual defect often persists, which does not 
deteriorate when MTX is given again later [110]. 

Histological examination of the lungs reveals diffuse 
alveolar damage, atypical cells, hyaline membranes, and 
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interstitial infiltrates of mononuclear cells and also of 
plasma cells and eosinophils in some cases. A granulo- 
matous response with multinucleate giant cells is some- 
times seen [20, 89]. Interstitial fibrosis, if present is usually 
mild [33, 110], but in some cases it can be marked [ 13, 61, 
76]. 

Most patients recover whether or not treated with 
steroids and whether or not MTX is stopped [110], and 
once improvement begins resolution is rapid [20, 72]. 
However, some develop chronic pulmonary changes [76]. 
This tends to occur in elderly patients and to develop 
insidiously and progressively; it has been fatal in three out 
of four cases [13, 61]. Although there is no definite evi- 
dence that stopping MTX improves ultimate recovery, 
there is evidence that by stopping MTX and commencing 
treatment with corticosteroids recovery time is quartered 
and mortality may be reduced [ 110]. At present, this is the 
recommended management. It has also been reported that 
daunorubicin may have a beneficial effect. The admin- 
istration of daunorubicin in three cases of MTX pneu- 
monitis was followed by prompt recovery [83]. 

A diagnosis is therefore important not only to identify 
other treatable conditions, such as pneumocystis carinii, 
but also to ensure optimal management of MTX pneu- 
monitis. For a definitive diagnosis, histological confirma- 
tion either by an open-lung biopsy or by fibroptic bron- 
choscopy [32] is required. Once the patient has recovered, 
MTX can be cautiously reintroduced with apparently no 
risk of recurrence of pneumonitis [ 110], unless marked fi- 
brosis is present [13, 61]. 

The nature of pulmonary toxicity with MTX differs 
from that seen with bleomycin and the alkylating agents in 
three principal ways. Firstly, histology shows giant-cell 
granulomas and seldom shows any fibrosis. Secondly, 
patients usually show marked or complete resolution. 
Thirdly, the drug may be reintroduced after recovery from 
pulmonary toxicity, without causing any apparent further 
damage. In addition, pulmonary toxicity following MTX 
appears to be independent of dose. 

The pathogenesis of MTX lung damage remains un- 
known and there are no reports of its being reproduced in 
experimental animals. An immunological mechanism has 
been postulated because of the presence of the peripheral 
eosinophilia and granulomas and the lack of a dose re- 
lationship. However, the anti-inflammatory and immu- 
nosuppressive properties of MTX, and the lack of a re- 
sponse to a second challenge make this unlikely. A direct 
toxic effect has been postulated [36, 110] and the moder- 
ately high levels of MTX found in the lung [5] also support 
this theory. 

Busulphan 

Interstitial pulmonary fibrosis was reported in 1961 [80], 
which was the first time a cytotoxic drug had been shown 
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to cause lung damage. Many further reports of lung toxici- 
ty have followed, which have been reviewed [95, 111, 
120]. 

The incidence of the true'busulphan lung syndrome', 
i.e., symptomatic lung damage, histologically confirmed, 
is difficult to assess, but is probably not more than about 
2.5% [62]. If only post-mortem histology is considered, 
the incidence may appear as high as 6 out of 14 cases 
(43 %) [46]. On reviewing the post-mortem histology of 81 
cases of chronic myeloid leukaemia, only half of whom 
had received busulphan, Kirschner and Esterly [62] found 
many characteristic features of interstitial pneumonitis, 
such as fibrinous oedema, interstitial fibrosis, alveolar 
epithelialization, and atypism of alveolar cells, occurred 
equally in both groups. A few features, e.g., hyaline mem- 
brane formation and dysplasia of the bronchial epithe- 
lium, were predominant in the busulphan-treated group. 
Extensive honeycombing occurred in both groups. Al- 
though distinctive large cells with hyperchromatic nuclei 
('busulphan cells') were seen in four patients, all of whom 
had received busulphan, only one had associated pul- 
monary fibrosis and respiratory distress. Littler and Ogil- 
vie [67] reported 6 of 21 cases with reduced gas transfer 
(DLco), but only one was subsequently confirmed to have 
interstitial pneumonitis. 

The clinical features are similar to those of bleomycin 
pulmonary toxicity, but the development is usually more 
insidious. Dyspnoea, sometimes associated with a dry 
cough and fever, usually develops over several months 
3 -4  years after the onset of treatment, although it has 
been reported as early as 9 months and as late as 10 years 
after [67]. Occasionally the onset may be fulminant, 
acute, or subacute [41], but such an apparent acute onset 
may be due to a supervening infection [87]. Cyanosis, 
basal crepitations, and, rarely, Addisonian signs may be 
found [45]. Chest radiographs show similar changes to 
those seen with bleomycin lung damage, with an early 
reticulonodular pattern, or more often diffuse linear opac- 
ities. In addition, pleural effusions and virtually normal ra- 
diographs have been reported [ 107]. Impaired respiratory 
function is reflected by arterial hypoxaemia and a reduced 
DLco. Sometimes a restrictive ventilatory defect is found, 
although this occurs less often than with bleomycin lung 
toxicity [111]. The histological appearances found with 
interstitial pneumonitis have been described above. It is 
thought that the atypical cells represent a nonspecific 
response of Type II (granular) pneumocytes to injury [46, 
68]. 

Few factors that influence the development of pul- 
monary damage have been reported. Although lung dam- 
age usually follows prolonged drug administration, no 
critical total dose has been cited. As with bleomycin, 
radiation pneumonitis may be enhanced, even when sever- 
al years have lapsed between drug and irradiation 
[109]. 
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Following early diagnosis, confirmed at fibroptic 
bronchoscopy, busulphan should be withdrawn. Despite 
this the lung damage frequently progresses and the patient 
dies [95], the median survival from onset of symptoms be- 
ing 5 months [87]. Steroids are often given, but it is 
doubtful whether they affect the course of pulmonary 
disease. 

Cyclophosphamide 

It is now well established that the commonly used al- 
kylating agent cyclophosphamide can cause pulmonary 
toxicity [84]. This statement is based upon ten well-sub- 
stantiated case reports [6, 19, 28, 73, 84, 93, 111, 116, 
117], and in addition there are several less well-substan- 
tiated reports [84, 95, 111]. 

Dyspnoea, often associated with a dry cough and 
fever, has developed from 3 weeks to 3 years [84], and in 
one case 8 years [117], after commencing cyclophos- 
phamide treatment, and in four cases from 2 months [93] 
to 6 years [ 117] after discontinuation of cyclophospham- 
ide [93, 116, 117]. The symptoms develop over a period of 
a few days to a few weeks. The time course is thus in- 
termediate between that of busulphan and that of bleo- 
mycin lung damage [84]. Bilateral basal crepitations may 
be heard, and the radiological changes are similar to those 
of bleomycin and busulphan. Similar histological 
changes, such as bronchoalveolar cell dysplasia, alveolar 
septal thickening with a mild mononuclear cell infiltrate, 
and interstitial fibrosis, are found. 

On withdrawal of the cytotoxic drug therapy the pul- 
monary damage resolved in five cases [19, 28, 73, 84, 
111], although in one this took several months [73]. Con- 
current steroids may aid recovery [84, 111]. In five cases, 
three of whom were children [93, 117], the pulmonary 
damage progressed relentlessly. 

Cyclophosphamide-induced lung damage has been 
studied in experimental animals. It was first reported in 
dogs, which died of pulmonary oedema, but this may have 
been due to myocardial toxicity, which was also seen [78]. 
Gould and Miller [39] discovered that sclerosing alveolitis 
occurred in rats treated with cyclophosphamide. Perivas- 
cular oedema, septai thickening, and minute haemor- 
rhages were evident as early as 48 h after drug admin- 
istration. By 4--7 days after treatment many of the alveoli 
contained debris and macrophages. Focal hyaline mem- 
brane formation was seen and there was alveolar cell 
hyperplasia with increased septal cellularity and increased 
interstitial material. Subsequently these changes persisted 
and septal fibrosis progressed. This pattern of alveolar 
injury is similar to that seen in man. However, it is not spe- 
cific, since many cytotoxic drugs, and a variety of other 
lung-toxic agents produce similar responses in humans 
and animals [39, 95]. 
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Chlorambucil 

Pulmonary fibrosis following chlorambucil and similar to 
that seen with the other alkylating agents was first briefly 
reported in four cases by Rubio [97]. Four further cases, 
including two detailed case histories [22, 57], have since 
been reported [22, 57, 94]. 

Dyspnoea, fatigue, weakness, anorexia, and weight 
loss develop subacutely over a period of 2 -3  weeks, 
usually following a period of prolonged daily oral drug ad- 
ministration. Fever may be present, and the signs, ra- 
diographic findings, and lung function defects are similar 
to those seen with the other alkylating agents. Light and 
electron microscopy also'show similar changes to those 
seen with busulphan and cyclophosphamide [22]. 

Although six cases were fatal [57, 94, 97], in one 
well-documented case resolution followed discontinua- 
tion of chlorambucil and institution of steroid therapy 
[22]. In another case the symptoms improved on with- 
drawal of the drug, recurred when the drug was rein- 
troduced 20 months later, and again resolved on with- 
drawal of the drug [94]. 

Melphalan 

Only three cases ofmelphalan-induced lung damage have 
been reported [21, 1 l 5]. However, atypical epithelial pro- 
liferation was found in six out of eleven cases of myeloma 
treated with melphalan, but in none of a matched control 
group of myeloma patients [ 115]. 

The symptoms developed over 2-10  days, following 
3-16 months of oral melphalan. Despite withdrawal of 
melphalan, and in two cases treatment with steroids, all 
the patients deteriorated and died within 3 weeks of the on- 
set of symptoms. 

BCNU (1,3-bis(2-chloroethyl)-l-nitrosourea) 

Eight cases of pulmonary fibrosis in which BCNU was the 
only drug being given have been reported recently [9, 14, 
29, 47, 102]. In another two cases combination chemo- 
therapy that did not include other drugs reported to cause 
lung toxicity was being given [24, 91]. A further ten cases 
have been reported in which cyclophosphamide was 
amongst other cytotoxic drugs given with BCNU [29, 
101]. In addition, 'pulmonary infiltrates' have been re- 
ported in four children treated with a mean dose of 150 
mg/m 2 BCNU daily for 3 days [53]. 

A dry hacking cough, followed by progressive dys- 
pnoea, may develop from 2 months [53] to 3 years [47] af- 
ter the onset of treatment. Fever has not been reported. 
Coarse basal crepitations may be heard, and the chest 
radiograph shows bilateral diffuse pulmonary shadowing 
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mainly at the bases. Respiratory function tests show a 
restrictive and diffusion defect, and histological exami- 
nation reveals interstitial pneumonitis and fibrosis. 

Seven of the ten established cases died, one of su- 
perimposed pneumonia during steroid therapy, to which 
she was responding [9], two following open-lung biopsy 
[14, 47], and four of respiratory failure from 3 months 
[91] to 2 years [24] after the onset of symptoms. The other 
cases showed no progression once the BCNU was 
stopped [102]. Steroids were also reported to produce a 
response in one case with pulmonary infiltrates, which 
cleared within 2 weeks [53]. 

BCNU lung toxicity is probably dose-related, since 
most of the cases have occurred following prolonged 
administration resulting in a high total dose. In a series of 
28 patients receiving BCNU 80 mg/m 2 for 3 days every 8 
weeks, the four patients who developed pulmonary fi- 
brosis had received a mean total dose of 2,030 mg/m 2, 
whereas the other 24 patients had received only 710 
mg/m 2 [ 102]. Concurrent cyclophosphamide may reduce 
the total dose of BCNU at which lung toxicity occurs [29, 
101]. It has also been suggested that BCNU enhances 
radiation-induced lung damage [53]. 

Lung toxicity was reported in the early studies of 
toxicity of the nitrosoureas, and was found in dogs and 
rhesus monkeys given BCNU [18], but more detailed 
animal studies have not been reported. 

Mitomycin C 

Until recently, pulmonary toxicity was not recognized as 
a clinical complication of mitomycin C, although lung 
damage had been recorded in two of 40 dogs tested during 
early toxicity studies and also in rodents [85]. In 1971 
Shimosato et al [104] suggested that mitomycin C might 
initiate pulmonary toxicity, which is subsequently trig- 
gered by bleomycin. 

Six histologically proven cases of mitomycin C lung 
damage have now been reported [7, 35, 81 ], four of whom 
had received other chemotherapy that was most unlikely 
to have been causative. Histology in all these cases 
showed interstitial pneumonitis with moderate fibrosis. 
Dyspnoea and cough, in one case associated with chills 
and sweats, and in another with pleuritic pain, developed 
after 3 -6  months of mitomycin treatment. The patients 
were afebrile and bilateral basal crepitations were heard. 
Chest radiographs showed diffuse reticular infiltrates, 
sometimes with fine nodularity, with a pleural effusion 
and pulmonary hilar prominence in one case. Three pa- 
tients improved on stopping the drug and commencing 
steroids, but ultimately died of their tumours [81]; pro- 
gression was arrested by stopping the drug in one case 
[35], and two cases died of pulmonary insufficiency 
[7]. 
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6-Mercaptopurine (6-MP) and Azathioprine 

Sostman [111] reported a case of 6-MP-induced pneu- 
monitis in a 2-year-old child with acute leukaemia in 
remission following 3 days of treatment with 6-MP. The 
chest radiograph showed fine nodular infiltrates, and an 
open-lung biopsy revealed interstitial pneumonitis with no 
evidence of fibrosis. The patient recovered completely 
after discontinuing the drug. Two other cases of pulmo- 
nary toxicity have been described in the foreign literature 
[64, 79] and there has been at least one report of 6-MP 
combined with other therapy resulting in interstitial pneu- 
monitis [15]. 

There have also been two case reports of similar 
typical pneumonitis following azathioprine, a drug which 
is metabolized to 6-MP [96, 118]. In both cases rapid 
resolution followed cessation of the drug. 

Proearbazine 

'Hypersensitivity' to procarbazine with pleuropulrnonary 
reactions has been reported in two patients with Hodg- 
kin's disease being treated with mustine, vincristine, pro- 
carbazine, and prednisone (MOPP) [30, 60]. Only a few 
hours after taking the drug, the patients developed nausea, 
fever, a dry cough, and dyspnoea. There was mild pe- 
ripheral eosinophilia. The chest radiograph showed bi- 
lateral interstitial infiltrates and a right pleural effusion. 
Within 24 h of the withdrawal of procarbazine, the syn- 
drome resolved. It recurred with the next course ofprocar- 
bazine and again cleared on stopping the drug. The diag- 
nosis was then confirmed with a specific challenge dose of 
procarbazine. 
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In three further patients with Hodgkin's disease re- 
ceiving MOPP symptoms developed over several weeks, 
and the histologically proven interstitial pneumonitis re- 
solved following treatment with prednisone [34, 69]. In 
another histologically proven case, procarbazine may 
have had an additive effect with other agents, although it 
was not considered to have been the primary cause of lung 
damage [28]. 

Other Drugs 

Other drugs with which interstitial pneumonitis and fi- 
brosis have been reported include methyl-CCNU [66], 
uracil mustard [44], thioguanosine [36], and neocarci- 
nostatin [ 103]. Pulmonary oedema of unknown cause has 
been reported with IV vinblastine [55]. 

Combination Chemotherapy 

Many of the reports of pulmonary damage have con- 
cerned patients treated with several cytotoxic drugs [21, 
28-30, 34, 44, 60, 89, 100, 101, 113]. One principal drug 
is usually singled out as the most commonly reported drug 
to cause lung toxicity, and therefore the most likely cul- 
prit. However, combined effects probably do occur, par- 
ticularly when two or more of the agents have been shown 
to cause lung damage when given individually. As a result, 
a higher incidence of lung damage than anticipated might 
be seen [113], or lung damage may occur at lower drug 
doses than would otherwise have been anticipated, e.g., 
with BCNU and cyclophosphamide [29, 101] and with 

Table 3. The response of the lungs to cytotoxic drugs 

Type of response Characteristics Drugs 

Acute reactive Rapid development; 
eosinophilia; granulornas; 
reversible; responsive 
to steroids 

Subacute Intermediate 

Chronic fibrotic Insidious onset; 
predominant fibrosis; 
progressive; no response 
to steroids 

Procarbazine 
Methotrexate 
(Thioguanosine) 
(Bleornycin) 
(6-Mercaptopurine) 
(Azathioprine) 
(Busulphan) 

Bleornycin 
Mitomycin C 
(Neocarcinostatin) 
(Uracil mustard) 

(Methotrexate) 
(Melphalan) 
Chlorambucil 
Cyclophospharnide 
(Methyl-CCNU) 
BCNU 
Busulphan 
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bleomycin and adriamycin, cyclophosphamide, vincris- 
tine, and prednisone (BACOP) [100]. 

This combined effect may occur not only when sever- 
al drugs are given together or within a short time of each 
other, but also when one drug is given a considerable time 
after another drug, such as has been documented with 
uracil mustard after busulphan [44] and thioguanosine 
after MTX [36]. If the initial damage is subclinical such 
combined effects would be difficult to demonstrate, and 
thus such combined effects may have occurred unde- 
tected in many of these reported cases of drug-induced 
lung damage. 

Cytotoxie Drugs with Irradiation or Oxygen Therapy 

Of the drugs described above, bleomycin [31, 77, 99] and 
busulphan [ 109] have been reported to enhance radiation 
lung damage. In addition, several other cytotoxic drugs, 
not in themselves apparently toxic to the lung, may en- 
hance radiation damage, and these have been described 
elsewhere in detail and will only be briefly discussed here 
[86]. As with drug-drug combinations, enhancement of 
radiation damage can occur even when the drugs are given 
a considerable time from irradiation. This is being studied 
in experimental animals at this laboratory. In general, 
maximal lung damage occurs when the cytotoxic drug is 
given with irradiation; if given a month before irradiation 
only slight enhancement is seen, but if given a month after 
irradiation as much lung damage can occur as when the 
drug is given with irradiation. Although this general rule 
applies to most drugs, the exact extent of lung damage fol- 
lowing combined cytotoxic drugs and irradiation varies 
with different drugs, the time between drug and irradia- 
tion, and the dose and schedule of both drug and irra- 
diation (unpublished data). With a fuller understanding of 
these relationships, it may be possible to minimize lung 
damage whilst maintaining antitumour effect. 

Oxygen is a further agent that may cause pulmonary 
toxicity and to which the cancer patient may be exposed. 
Several cases of lung damage have been described in 
patients who received oxygen therapy as well as cytotoxic 
chemotherapy [75]. Pulmonary toxicity has also been 
reported following routine oxygen exposure during anaes- 
thesia many months after chemotherapy with bleomycin, 
which itself had had no apparent effect on the lungs 
[38]. 

Discussion 
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drugs is proposed largely on the basis of lung morphology. 
The histology of bleomycin-induced lung damage has 
been carefully examined in man [ 11, 70, 98] and in experi- 
mental animals [2, 8, 12, 59]. There are also extensive 
reports ofbusulphan lung histology in man [68, 87] and of 
cyclophosphamide-induced lung damage in man [84] and 
in rats [39]. In all these cases, and in most of the case re- 
ports of other drug-induced lung damage, there is early 
pneumonitis with interstitial oedema, degeneration of the 
Type I cells, hyperplasia of the Type II cells, and vascular 
damage followed by progressive fibrosis. These changes 
represent a direct general reaction of the lung to noxious 
agents, also being seen with radiation damage and oxygen 
toxicity. The histological features of MTX-induced lung 
damage, although slightly different, can also be ascribed 
to direct drug-induced alveolitis [110]. 

Although a direct toxic action may be the common 
mechanism of lung damage, the nature of the response 
varies according to the individual drug. The response of 
the lung may be graded from acute reactive through 
subacute to chronic fibrotic reactions, as shown in Table 
3. The drugs are listed in order from the hypersensitive al- 
lergic response ofprocarbazine through to the progressive 
fibrosis of the busulphan lung syndrome, The term acute 
reactive is used in preference to hypersensitivity since, as 
has already been discussed with MTX, an allergic mech- 
anism may not be involved [110]. Drugs are shown in 
brackets in Table 3 if there are only one or two case 
reports, and to indicate unusual responses that have been 
reported with bleomycin, MTX, and busulphan [13, 41, 
61, 68]. The nature of the response does not appear to de- 
pend on dose or schedule, and is therefore presumably re- 
lated to qualitative differences in the metabolism of the 
drugs by the lung parenchyma. 

The occurrence of lung damage, however, is related to 
the dose and scheduling in some cases, as has been dis- 
cussed above with bleomycin and busulphan. However, 
for other drugs there is little or no evidence of a dose 
relationship. This apparently sporadic occurrence may be 
because the human therapeutic doses are so low on the 
dose effect plot. If higher doses could be tolerated in man a 
more definite relationship of dose to the development of 
lung damage might be seen. Further evidence for such 
dose dependency comes from animal studies. Reproduc- 
ible and predictable lung damage occurs following ad- 
ministration of bleomycin and cyclophosphamide to ro- 
dents [39, 105]. Furthermore, studies in this laboratory 
(unpublished data) show that the extent of such lung 
damage is dose-dependent. 

Nearly all the cytotoxic drugs discussed in this paper are 
thought to produce lung damage by a direct toxic effect on 
the lung parenchyma. Procarbazine is an exception, 
which can produce a typical allergic pulmonary eosino- 
philia [30, 60]. The direct toxic effect of these cytotoxic 

Conclusion 

Only three drugs, bleomycin, busulphan, and MTX, have 
been reported to cause lung damage with a measurable 



C. H. Collis: Lung Damage from Cytotoxic Drugs 

frequency. Even these reported frequencies may be some- 
what high, due to the innate tendency of reported data to 
be selective, to changes in drug schedules currently in use, 
and even to possible changes in the quality of the drugs 
used. However, the number of drugs that can cause lung 
damage is now considerable, and is well substantiated by 
the continuing reports. 

Those regularly using cytotoxic drugs should be fully 
aware of the possibility of cytotoxic drug-induced lung 
damage, since if it is promptly and correctly diagnosed 
and treated severe morbidity and mortality can be re- 
duced. In addition, attention should be given to drug-drug 
interactions, and particular care taken when there is the 
possibility of interaction with other potentially lung-toxic 
agents, such as radiation and oxygen. 
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