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ABSTRACT: Pneumonitis is a serious and unpredictable side-effect of treatment with
methotrexate (MTX) that may become life-threatening. The clinical and histological
features of nine cases of MTX pneumonitis are reported and the literature reviewed.

The typical clinical symptoms include progressive shortness of breath and cough,
often associated with fever. Hypoxaemia and tachypnoea are always present and
crackles are frequently audible. Chest radiography reveals a diffuse interstitial or
mixed interstitial and alveolar infiltrate, with a predilection for the lower lung fields.
Pulmonary function tests show a restrictive pattern with diminished diffusion capa-
city. Lung biopsy reveals cellular interstitial infiltrates, granulomas or a diffuse
alveolar damage pattern accompanied by perivascular inflammation. These clinical
and pathological findings are not specific to MTX pneumonitis and can be seen with
other drug-induced lung toxicities.

It is important that all patients receiving methotrexate be educated concerning this
potential adverse reaction and instructed to contact their physicians should significant
new pulmonary symptoms develop while undergoing therapy. If methotrexate pneu-
monitis is suspected, methotrexate should be discontinued, supportive measures
instituted and careful examination for different causes of respiratory distress
conducted.
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Methotrexate (MTX) is a folic acid antagonist that in-
hibits cellular reproduction by causing an acute intracellular
deficiency of folate coenzymes [1]. Initially used as an anti-
neoplastic drug, MTX has been shown to be an effective
anti-inflammatory agent, and is now widely used for non-
neoplastic inflammatory conditions including psoriasis [2],
primary biliary cirrhosis [3], inflammatory bowel diseases
[4] and, most commonly, rheumatoid arthritis (RA) [5].

Pneumonitis is a serious and unpredictable side-effect of
treatment with MTX [6], the prevalence of which is
reported to be 0.3±7.5% [7]. Since its first description in
1969 [8], >120 cases have been reported in the English
language literature. The clinical features [6] and risk fac-
tors for MTX pneumonitis, especially in RA patients [9],
have been reported recently. Lung biopsy has been per-
formed in a minority of patients with MTX pneumonitis
and has demonstrated interstitial inflammation and fibro-
sis, non-necrotizing granulomas, giant cells, tissue eosin-
ophils, type II pneumocyte hyperplasia and increased
intra-alveolar macrophages [10±13]. Many of the descrip-
tions have been brief, with few details.

Here the clinical and histopathological features of lung
biopsy specimens from patients with presumed MTX pneu-
monitis are presented and the literature on this problem
reviewed.

Materials and methods

The consultation and teaching files of one of the authors
(T.V. Colby) were searched for cases in which a diagnosis

of MTX-induced lung toxicity had been suggested during
the period January 1, 1987±June 30, 1998.

Cases were selected on the basis of the clinical history
meeting the criteria outlined in table 1 [9, 14±16]. Surgical
lung biopsy was required for inclusion in this study.
Clinical findings, chest radiographic features, therapy
parameters and follow-up information were obtained
from the referring physicians and the medical records.

Haematoxylin and eosin-stained sections were evalu-
ated for the presence and extent of each of the following
features on a scale of 0 (none) to 3 (widespread/severe):
inter-stitial inflammation, interstitial fibrosis, honeycomb-
ing, bronchiolitis obliterans-organizing pneumonia pattern,
intra-alveolar macrophage accumulation, foamy macroph-
age accumulation, hyaline membranes, type II pneumocyte
hyperplasia, tissue eosinophils, perivascular inflammation,
peribronchial inflammation, constrictive bronchiolitis, alve-
olar epithelial cell atypia, bronchial epithelial atypia and
granulomas. The results of specific stains for organisms

Table 1. ± Diagnostic criteria for methotrexate (MTX)
pneumonitis

Exposure to MTX preceding the onset of pulmonary symptoms
Exclusion of infection or alternative pulmonary disease
Lung pathology consistent with drug-induced lung toxicity
New or evolving infiltrates on chest radiographs

All of the above=probable MTX pneumonitis; the first
three=possible MTX pneumonitis. [9, 14±16].
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(Gomori's methenamine silver and/or acid-fast stains) were
also recorded.

English language articles dating back to 1966 were
searched initially through MEDLINE1 (National Library
of Medicine, Bethesda, MD, USA) using the Medical
Subject Headings keywords "methotrexate", "pneumoni-
tis" and "lung toxicity". Manual searches of other English
language literature databases were also performed. Only
literature cases with detailed clinical summaries were in-
cluded in this review. Pertinent clinical, radiographic,
laboratory and histological data were abstracted.

Literature review

There have been approximately 123 cases of MTX-
induced pneumonitis reported in the English language lit-
erature (table 2±6) [8, 10, 14, 15, 17±71]. These com-
prised 47 (38.2%) males and 76 (61.8%) females of mean
age 49.3 yrs (range 3±79 yrs). The lung was examined
histologically in 49 cases [8, 10, 14, 17±49]: surgical lung
biopsy in 22 [8, 10, 14, 17±28], transbronchial lung bi-
opsy in 14 [29±40] and percutaneous lung biopsy in one
[41]. Post mortem histological examination was carried
out in 15 [25, 26, 29, 30, 42±48], four of whom had
undergone previous lung biopsy [25, 26, 29, 30]. The
method of biopsy was not described in one case [49].

The background illnesses for which MTX had been given
included RA, leukaemia (in remission), cancer, psoriasis,
primary biliary cirrhosis, lymphoma, polymyositis, ectopic
pregnancy, asthma, mycosis fungoides,pemphigusvulgaris,
medulloblastoma, polyarticular juvenile RA, psoriatic arth-
ritis and chronic obstructive pulmonary disease (table 2).
The doses of MTX among the cases ranged 2.5±1,400
mg.week-1 (table 2). Forty-seven (38.2%) patients were
treated with MTX only. Concomitant drugs administered
with MTX included antineoplastic agents [19, 24, 25, 30,
35, 44, 45, 48, 53, 54], nonsteroidal anti-inflammatory
drugs (NSAIDs) [14, 17, 20, 21, 23, 27, 28, 31, 33, 36,
41, 57, 59, 60, 63, 66, 68, 69] and others [10, 15, 17, 22,
27, 32, 34, 37, 38, 42, 46, 49, 59±61, 65, 67, 69]. Thirty-

nine patients received systemic corticosteroids (prednisone
5±50 mg.day-1, or methylprednisolone 4 mg. day-1; doses
were not described in five) during MTX therapy [10, 14,
15, 17, 19, 20, 22±24, 27, 32, 34, 35, 37, 42, 45, 49, 59, 61,
65, 66, 69].

MTX pneumonitis usually developed during MTX ther-
apy, but a delayed type occurring 1±4 weeks after discon-
tinuation of the drug was also reported [25, 36, 57]. Most
patients with MTX pneumonitis showed subacute type
with progression over several weeks [7, 11], but an acute
type with rapid progression over several days [15, 20, 32,
51, 59, 70] and a chronic type presentation with a progr-
ession of several months [45] were also recognized. The
most frequent presenting symptoms were dyspnoea, cough
and fever (table 3). Tachypnoea and crackles were often
present on physical examination (table 3). The peripheral
blood eosinophil count was elevated (>600 cells.mm-3 or
6% of leukocytes) in 25 (20.3%). Bronchoalveolar lavage
(BAL) fluid cell analysis usually showed hypercellularity
and lymphocytosis [37, 40, 49, 58, 65, 72±75], and mild
eosinophilia [72] or neutrophilia [27, 38, 40, 49, 65, 75]
were also reported. An increased percentage of either CD4
or CD8 lymphocytes were reported [37, 72±75].

Concomitant side-effects due to MTX were present in 32
cases [10, 14, 15, 22, 29, 30, 37, 39, 40, 42, 43, 45, 48, 50,
55±57, 60, 61, 63, 67, 68]: liver enzyme elevation or liver
dysfunction (12 cases), oral ulcer (six cases), skin rash
(six cases), stomatitis (three cases), haematological com-
plications such as pancytopenia or leukopenia or acute
megaloblastic anaemia (five cases), hypercalcaemia (one
case); and convulsion (one case). The cumulative dose of
these patients ranged 42±9,800 mg. Some patients had
more than one extrapulmonary complication.

Pulmonary function studies were described in 27 cases.
Fourteen of 19 patients in whom vital capacity was mea-
sured showed a restrictive ventilatory abnormality [10, 27,
29, 36±39, 41, 69, 71] and two of seven in whom forced
expiratory volume in one second was measured showed
an obstructive ventilatory pattern [10, 36, 39]. All 18
patients examined for diffusing capacity exhibited a decr-
eased single-breath diffusing capacity for carbon monox-
ide [10, 15, 27, 37±39, 41, 42, 58, 67, 69]. Arterial blood
gas analysis was reported in 77 cases, and 76 of these
showed hypoxaemia (3.5±10.1 kPa (26±76 mmHg)) [10,
14, 15, 17, 20, 21, 23±25, 27±29, 31±40, 42, 43, 45±47,
49, 52, 55, 57±59, 61±63, 67±69, 70].

Table 2. ± Background diseases of methotrexate (MTX)
pneumonitis: literature review

Total Histological
study

(n=49)

Dose of
MTX

mg.week-1

RA 62 24 2.5±15
Leukaemia (in remission) 23 8 20±80
Cancer (breast, lung, other) 10 9 15±1400
Psoriasis 8 2 2.5±37.5
Primary biliary cirrhosis 6 1 15
Lymphoma 3 2 6.25±80
Polymyositis 2 1 20±50
Ectopic pregnancy 2 0 12.5±88*
Asthma 1 1 5±15
Mycosis fungoides 1 1 50
Pemphigus vulgaris 1 0 50±75
Medulloblastoma 1 0 7.5
Polyarticular juvenile RA 1 0 0.5**
Psoriatic arthritis 1 0 15
COPD 1 0 7.5±15

*: single intrathecal administration; **: mg.kg-1.week-1. RA:
rheumatoid arthritis; COPD: chronic obstructive pulmonary
disease. (Data from [8, 10, 14, 15, 17±71].)

Table 3. ± Clinical features of methotrexate pneumonitis:
literature review

Total Histological
study

Subjects n 123 49
Age yrs 49.3 52.1
Sex M/F 47/76 24/25
Shortness of breath/Dyspnoea 101 (82.1) 38 (77.6)
Cough 100 (81.3) 38 (77.6)
Fever 94 (76.4) 38 (77.6)
Chest pain 12 (9.8) 5 (10.2)
Tachypnoea 52 (42.3) 28 (57.1)
Crackles 64 (52.0) 32 (65.3)

Data are presented as n (%). M: male; F: female. (Data from [8,
10, 14, 15, 17±71].)
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Chest radiographic findings ranged from normal to
widespread diffuse infiltrates (table 4). Most cases demon-
strated an interstitial or mixed interstitial and alveolar
pattern. Six cases presented with an alveolar pattern only
[15, 25, 27, 32, 53, 67]. Most of the patients demonstrated
diffuse and/or lower lobe-dominant infiltrates. Upper lobe
predominance was present in only three [10, 59, 64].
Pleural effusion was present in three [10, 18, 47] and hilar
or mediastinal adenopathy in five [10, 24, 50, 52]. High-
resolution computed tomography may show heterogene-
ous or patchy areas of ground-glass appearance, septal
lines and/or fibrosis [27, 38, 63, 73].

The histological findings are summarized in table 5 [8,
10, 14, 17±49]. Interstitial inflammation and fibrosis were
the most common findings. Giant cells, tissue eosinophils
and type II pneumocyte hyperplasia were found in 13
(26.5%), nine (18.4%) and 19 (38.8%) cases, respectively.
Granuloma formation was reported in 17 (34.7%), non-
necrotizing or noncaseating granulomas in seven of these,
and, in the remaining 10, the character of the granulomas
was not described. Hyaline membranes were reported in
four (8.2%).

Table 6 summarizes the treatment and follow-up data.
Thirty-two cases were treated with discontinuation of
MTX therapy alone [8, 10, 14, 17, 19, 29, 40, 43, 46, 48,
52, 55, 57, 60, 66, 70], and sixty-five with corticosteroids
and discontinuation of MTX. Most patients were also
treated with a combination of empirical antibiotics and/or
oxygen support. Follow up data were described in 121
cases: 99 improved, some of whom resolved completely.
There were 21 (15.8%) deaths [10, 23, 26, 27, 30, 31, 33,
40, 42±49, 61], 16 caused by respiratory disease [23, 26,
27, 31, 33, 42±49, 61]. Methotrexate was continued in
eight cases [8, 22, 53], and all improved without steroid
therapy. Sixteen additional patients were treated with
reintroduction of MTX [8, 10, 14, 15, 17, 18, 22, 29, 42,
45, 54, 60, 69], resulting in recurrence of pneumonitis in
25% [14, 17, 29, 45].

Results of current study

Fifteen cases of presumed MTX-induced lung toxicity
were found; adequate clinical history and follow-up data

were available for nine and these comprised the cases in
the study. The clinical findings are summarized in table 7.
Eight patients fulfilled the "criteria" outlined in table 1 for
probable MTX pneumonitis and the remaining one (pa-
tient 2) for possible MTX pneumonitis. The background
diseases included RA in five, psoriasis in two, poly-
myalgia rheumatica in one, and combined RA and giant
cell arteritis in one. There were three males and six fe-
males of age range 57±76 yrs (mean 69.1 yrs). One pa-
tient was known to have pre-existing interstitial lung
disease, presumed to be due to RA. Regarding concom-
it.ant drugs, two patients were treated with prednisone (30
mg.day-1 in one and unknown dose in the other), three
with NSAIDs, and one other with both prednisone (5 mg.

day-1) and NSAIDs. One patient exhibited dizziness as-
cribed to the extrapulmonary adverse effects of MTX. All
patients showed acute-to-subacute shortness of breath and
seven cough. Because of progressive or severe symptoms,
surgical lung biopsy was performed. The duration of MTX
treatment prior to biopsy ranged 3 months±4 yrs, and the
dose ranged 2.5±20 mg.week-1. The dose was unknown in
one patient. The descriptions of the chest radiographs at
presentation included diffuse or bilateral infiltrates in eight
patients, and the distribution was lower lobe-dominant in
five. One patient exhibited only hyperinflation.

Lung tissue culture results were available in six cases
and all were negative. Specific culture results could not be
obtained for the remaining cases, although, based on the
follow-up, the cultures were presumed to be negative.

Table 4. ± Radiographic findings of methotrexate pneu-
monitis: literature review

Total
(n=123)

Histological
study (n=49)

Interstitial infiltrate 46 (37.4) 16 (32.7)
Alveolar infiltrate 6 (4.9) 3 (6.1)
Interstitial and alveolar infiltrate 40 (32.5) 20 (40.8)
Normal 5 (4.1) 0 (0)
Other
Interstitial and nodular
(small nodules, 3±5 mm) 3 (2.4) 3 (6.1)

Interstitial , alveolar and
nodular* 1 (0.8) 0 (0)

Nodular (small nodules, ~1 cm) 3 (2.4) 1 (2.0)
Alveolar and nodular* 1 (0.8) 0 (0)
Not fully described 18 (14.6) 6 (12.2)

Data are presented as n (%). *: size of nodules not fully
described. "Interstitial infiltrate" includes reticular shadows and
ground-glass shadows; "alveolar infiltrate" includes consolida-
tion. (Data from [8, 10, 14, 15, 17±71].)

Table 5. ± Histological findings of methotrexate pneu-
monitis: literature review

Interstitial inflammation 35 (71.4)
Interstitial fibrosis 29 (59.2)
Intra-alveolar organization 5 (10.2)
Hyaline membranes 4 (8.2)
Increased tissue eosinophils 9 (18.4)
Granuloma formation 17 (34.7)
Giant cells 13 (26.5)
Type II pneumocyte hyperplasia 19 (38.8)
Increased intra-alveolar macrophages 13 (26.5)
Bronchiolitis obliterans 4 (8.2)
Bronchial epithelial cell atypia 1 (2.0)

Data are presented as n(%) (n=49). (Data from [8, 10, 14, 17±49].)

Table 6. ± Summary of therapeutic and follow-up data of
methotrexate (MTX) pneumonitis literature review

Total
Histological
study (n=49)

Therapy
Discontinuation of MTX 32 11
Discontinuation of MTX+steroid 65 30
Other therapies/not fully described 26 8
Continuation of MTX 8 2

Reintroduction of MTX 16 6
Recurrence 4 4
No recurrence 12 2

Follow-up (n=121)
Improving 99 31
Progressive disease 1 0
Death caused by respiratory disease 16 14

(Data from [8, 10, 14, 15, 17±71].)
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After the presumptive diagnosis of MTX toxicity, MTX
was discontinued in all cases and corticosteroid therapy was
started in eight. One patient's illness resolved completely
within 1 week. Five patients improved steadily during the
follow-up period (3 weeks±5 months), and one continued to
have respiratory insufficiency requiring periodical oxygen
support at 19 months follow-up. Two patients died because
of respiratory failure 6 and 9 days after admission, res-
pectively. No cause of pulmonary disease other than MTX
was identified in any of the nine cases.

Pathological findings

The histological findings are shown in figures 1±5 and
are summarized in table 8. Two main patterns were iden-
tified: 1) acute and organizing diffuse alveolar damage
(DAD) in four patients; and 2) cellular interstitial infil-
trates with or without granuloma formation in five.

Hyaline membranes were identified in three of four cases
with the DAD pattern. Interstitial widening by a combi-

nation of oedema, fibroblast proliferation and inflammatory
cells, characteristic of the organizing phase of DAD, were
observed in two.

Granuloma formation was identified in three subacute
group cases, two had non-necrotizing granulomas and one
had both necrotizing and non-necrotizing granulomas.
Lung cultures were negative for organisms in the case with
necrotizing granulomas.

All cases exhibited hyperplastic type II pneumocytes and
interstitial lymphocytic infiltration. Perivascular (predomi-
nantly perivenular) inflammation was present in seven of
nine (77.8%) cases. Honeycomb change was not identified
histologically in any cases. Alveolar epithelial atypia (seven
cases), increased intra-alveolar macrophage accumulation
(eight cases), airspace foamy macrophage accumulation (six
cases) and tissue eosinophils (three cases) were also obser-
ved. Other pathology noted included mucostasis in one case
and organizing thrombi in one case. Special stains for org-
anisms were performed in all cases and were negative.

Table 7. ± Clinical features of methotrexate (MTX) pneumonitis: current study

Pt
No.

Age
yrs

Sex Background
disease

MTX
dose

Therapy
duration

Duration of
respiratory
symptoms

Symptoms Phys
exam

Chest XR
findings

Path
findings

Outcome/
Follow-up
duration

1 71 F RA 7.5 3 months 2±3 weeks Dyspnoea,
chest pain

Cr;
TPN

Interstitial+
nodular, diffuse,

lower lobe-
dominant

CII+Gr Alive, improved
completely

1 week

2 74 F RA 20 16 weeks 1±2 months Dyspnoea,
cough,
sputum,

fever

Cr;
TPN

Hyperinflation CII+Gr Alive, improving
6 weeks

3 71 M RA NA 5 months 2 weeks Dyspnoea,
dry cough

Cr;
TPN

Interstitial
diffuse

DAD Dead
9 days

4 65 M RA 7.5 4 yrs 1 month Dyspnoea;
fever

Interstitial,
bilateral

DAD Dead
6 days

5 76 M RA 7.5 11 months 1 month Dyspnoea,
dry cough

Cr Interstitial
bilateral

CII Alive, improving
6 weeks

6 57 F Psoriasis 2.5 6 months 1±2 weeks Dyspnoea,
dry cough,

fever

Cr Interstitial
lower lobe-
dominant

CII+ Gr Alive, improving
3 weeks

7 64 F Psoriasis 15 3 months 10 days Dyspnoea,
dry cough

Infiltrate,
bilateral,

lower lobe-
dominant

DAD Alive, improved
but chronic res-
piratory failure

19 months
8 70 F Polymyal-

gia
rheumatica

15 3.5
months

Several
days

Dyspnoea,
dry cough,

fever

Cr Interstitial+
alveolar,

bilateral, lower
lobe-dominant

DAD Alive, improving
3 weeks

9 74 F RA/giant
cell arteritis

15 36 months Several
weeks

Dyspnoea,
dry cough,
chest pain

Cr Interstitial+
alveolar lower
lobe-dominant

CII Alive, improving
5 months

Patient (Pt) 1: negative immunofluoresence stains for Legionella and Pneumocystic carinii; negative bacterial, acid-fast and fungal cul-
ture of lung tissue; pat 3: negative immunoperoxidase stains for herpes I and II cytomegalovirus; negative bacterial and fungal culture of
lung tissue; pt 4: negative fungal, bacterial, acid-fast and Legionella culture of lung tissue; negative viral, Legionella, fungal and
bacterial culture of bronchoalveolar lavage (BAL) fluid; negative BAL fluid smear for Pneumocystic carinii; negative serum titre for
Histoplasma, Coccidioides and Blastomyces; negative serum antigen for Cryptococcus; negative bacterial and fungal culture of blood;
Pt 5: negative fungal, bacterial Legionella, acid-fast and viral culture of lung tissue; negative lung tissue smear for Pneumocystis carinii;
negative direct immunofluorescence for Legionella; pt 7: negative acid-fast, fungal and bacterial culture of lung tissue; pt 9: negative
acid-fast, fungal and bacterial culture of lung tissue. M: male; F: female; Phys exam: physical examination; XR: radiography; RA:
rheumatoid arthritis; Cr: crackles; TPN: tachypnoea; CII: cellular interstitial infiltrate; Gr: granuloma; DAD: diffuse alveolar damage;
NA: not available.
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Discussion

A definite diagnosis of drug-induced pneumonitis is
difficult, because the clinical and histological findings are
nonspecific [11]. In addition, the frequent use of multiple
drugs in combination and other therapies, such as radia-
tion or high-dose inspired oxygen, often confounds the
chance of identifying the offending agent. The underlying
disease may also complicate the identification of drug-
induced lung disease, as may opportunistic infections.
Clinicopathological correlation is required for each in-
dividual case [76, 77]. In the final analysis, most drug
reactions remain putative rather than proved, and the phy-
sician is usually confronted with making a diagnosis of
"possible" or "probable" drug reaction.

Four sets of criteria for the diagnosis of MTX-induced
lung toxicity have been reported [9, 14±16]. The most crit-
ical criteria for diagnosis appear to be an appropriate his-

tory of exposure, pulmonary infiltrates on chest radiogra-
phy and exclusion of other pulmonary diseases, especially
infections [13]. In cases in which a lung biopsy is perfor-
med, the histology should be consistent with what has been
described in MTX-induced lung toxicity [9, 14±16]. The
criteria used in the present study (table 1) depend heavily
on the exclusion of other causes that might explain the
findings. Serological study, pathological examination of
lung biopsy specimens and microbiological work-up are
necessary to adequately exclude infection. In clinical
practice, MTX is frequently given with other drugs [14, 17,
19±21, 23±25, 27, 28, 30, 31, 33, 35, 36, 41, 44, 45, 48, 53,
54, 57, 59, 60, 63, 66, 68, 69] and a lack of published re-
ports indicating that drugs other than MTX may cause a
pulmonary reaction does not entirely exclude the possi-
bility that they are the offending agents. For all of the above
reasons, there remains the possibility that diseases other
than MTX lung toxicity could fulfill the criteria in table 1: a
clinical frustration that must be faced when considering
drug-induced pneumonitis.

There were no appreciable differences between the pres-
ent nine cases of MTX pneumonitis and those reported in
the literature, including the subset of the 49 literature cases

Fig. 1. ± Photomicrograph showing diffuse alveolar damage with
hyaline membranes in acute methotrexate pneumonitis (case 8).

Fig. 2. ± Patchy fibrinous exudate with mild chronic interstitial infiltrate
in a subacute case of methotrexate pneumonitis (case 2).

a)

b)

Fig. 3. ± Low-power microscopic appearance of subacute methotrexate
pneumonitis: a) diffuse moderate chronic interstitial infiltrates without
fibrosis (case 6); and b) patchy parenchymal fibrosis and organization
without honeycomb change, associated with a moderate chronic
interstitial infiltrate (case 5).
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in which histological study was performed [8, 10, 14, 17±
49]. Patients generally present with acute-to-subacute sym-
ptomatology: shortness of breath or dyspnoea, cough and
fever. Crackles were audible in more than half of the
patients. Although, there were none in the present series,
some reported cases showed a chronic clinical course or a
delayed-type reaction after discontinuation of MTX [25,

36, 57]. Typical chest radiographic findings include inter-
stitial and mixed interstitial and alveolar infiltrates with a
predilection for the lower lung fields. Additional radiogra-
phic findings that have been reported in the literature re-
viewed include hilar or mediastinal lymphadenopathy,
pleural effusion, alveolar pattern only and, rarely, normal
findings.

The extrapulmonary complications reported for MTX
include gastrointestinal intolerance, stomatitis, hepatotoxi-
city, haematological adverse effects and miscellaneous ad-
verse effects such as alopecia, urticaria and small vessel
vasculitis [12, 78]. Adverse central nervous system reac-
tions including headache, dizziness and memory impair-
ment were also reported [79]. Overall, approximately a
quarter of the patients with MTX pneumonitis [10, 14, 15,
22, 29, 30, 37, 39, 40, 42, 43, 45, 48, 50, 52, 55±57, 60,
61, 63, 67, 68] (and one of the nine present cases)
demonstrated extrapulmonary effects of the drug. Thus, it
is helpful to look for extrapulmonary symptoms and signs
when entertaining a diagnosis of MTX pneumonitis.

RA was the most frequent underlying disease in patients
with MTX pneumonitis in the present series and in the
literature (tables 2 and 7). This may simply reflect the po-
pulation of patients receiving MTX, but it raises the ques-
tion that RA itself, or other drugs used in its treatment,

a)

b)

c)

Fig. 4. ± Photomicrograph showing subacute methotrexate pneumon-
itis: a) mild chronic interstitial infiltrate around an alveolar duct with
prominent perivascular inflammation and no significant fibrosis (case 2);
b) focus of airspace organization (centre) with surrounding interstitial
infiltrate (case 7); and c) cellular interstitial infiltrate with increased alve-
olar macrophage numbers and mild-to-moderate alveolar septal thick-
ening without honeycomb change (case 3).

a)

b)

Fig. 5. ± Photomicrograph showing granulomatous reaction in metho-
trexate pneumonitis (case 1). a) The granulomas in methotrexate are typ-
ically small and ill-defined. b) A single case in this series showed a
necrotizing granuloma, indistinguishable from the necrotizing granu-
lomas of infections.
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may play a role in this adverse reaction. Many RA pati-
ents with this disease had a history of treatment with other
disease-modifying antirheumatic drugs (DMARDs) [14,
15, 20, 21, 23, 26, 27, 29, 31, 34, 37, 38, 57±60, 63, 66,
68, 69]. Some of these also showed adverse reactions to
their DMARDs [14, 15, 20, 23, 26, 31, 57, 60, 66, 68],
which might suggest that RA patients are prone to drug
reactions in general. Unfortunately, the prevalence of
MTX pneumonitis in RA relative to other diseases treated
with MTX is unclear and the significance of "RA-sus-
ceptibility" remains to be clarified.

Although there were no cases of neoplastic disease in the
present series, over a third of patients reported with MTX
pneumonitis have had underlying neoplasms. The dose of
MTX in the setting of neoplasms tended to be higher than
that for non-neoplastic diseases (table 2). Some of these
patients had also been treated with other cytotoxic agents
in addition to MTX [19, 24, 25, 30, 35, 40, 45, 48, 53,
54], and it has been reported that the use of multiple
chemotherapeutic agents in cancer patients may predis-
pose to pulmonary drug toxicity [80].

The prognosis of patients with MTX pneumonitis has
been considered relatively favourable [7, 11], but not entir-
ely benign. According to the literature, 13% of patients
died because of respiratory disease (table 6). In the present
series, two (22.2%) died because of respiratory disease and
one developed chronic respiratory failure. All three of these
patients showed an acute and organizing DAD pattern
pathologically, probably underscoring the significant mor-
bidity associated with the DAD pattern in general [81].

More than half of the patients with MTX pneumonitis
carried a diagnosis of RA (table 2), a condition which com-
monly involves the lung [82]. The pathological findings
observed by the authors in MTX pneumonitis, such as cel-
lular interstitial infiltrates, DAD, tissue eosinophils and
granuloma formation, are all reported in RA lung disease
[82]. Thus, histology alone cannot differentiate between
these two conditions. Clinical history and follow-up are
critical.

Acute and organizing DAD and cellular interstitial
infiltrates with or without granulomas were the main histo-
logical findings in the present patients with MTX pneu-
monitis. These patterns are nonspecific and can be seen in
many conditions, including infections [83, 84]. One of the
present cases showed necrotizing granulomas in addition
to non-necrotizing granulomas. Cultures were negative for
organisms in this case. Some patients receiving MTX ther-
apy may be immunocompromised due to bone marrow
suppression by the drug [78] and may be prone to infec-

tions. Recently, it has been reported that opportunistic
infection is a potential complication of low-dose MTX
therapy even in the presence of a normal peripheral leuko-
cyte count [85]. For these reasons, the careful exclusion of
infection is an important clinical and pathological criterion.
BAL may be a very useful tool for detecting an infectious
process in some patients. When lung biopsy is performed,
the tissue samples should be evaluated for infection with
appropriate special stains and cultures.

The pathogenetic mechanisms of methotrexate pneumo-
nitis remain unknown [7, 11]. Some cases of methotrexate
toxicity may be due to folate deficiency, whereas others
are probably linked to immunoallergic or idiosyncratic
reactions [1]. Findings suggesting a hypersensitivity reac-
tion in the lung include: interstitial pneumonitis with small
non-necrotizing granulomas on biopsy [10], increased tis-
sue eosinophils [10, 14, 18, 23, 26], lymphocytes and a
reversed CD4/CD8 ratio on BAL [72, 73] and the clinical
findings of fever, peripheral eosinophilia and response to
corticosteroids [10±11]. Reports of spontaneous remission
during methotrexate treatment [8, 22, 53], and of rechal-
lenge with the drug without recurrence of pneumonitis [8,
10, 15, 18, 22, 42, 54, 60, 69], argue for an idiosyncratic
reaction. A toxic drug reaction is suggested by the accu-
mulation of methotrexate in lung tissue [86], the biopsy
findings of alveolar or bronchial epithelial cell atypia [26,
45] and lung injury pattern [18, 20, 45, 47, 49], and res-
olution of lung disease after stopping or lowering the dose
of the drug [8, 14, 40, 55, 57, 60]. The fact that the path-
ological changes generally do not appear to be related to
dose or duration of methotrexate therapy [7, 11, 13] argues
against this hypothesis. Further investigations are needed
to elucidate the mechanisms of methotrexate pneumonitis.
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