
www.appliedradiology.com                                           APPLIED RADIOLOGY
©

        n       9April  2016

Drug-induced interstitial lung 
disease (DI-ILD), defined as an 
interstitial abnormality second-

ary to administration of a drug, can be 
acute or chronic.1 Presentation is often 
insidious and indistinguishable from 
the underlying disease process being 
treated by the drug.2 The temporal pre-
sentation and correlation are inconsis-
tent and can vary with different drug 
classes. Due to the continued evolu-
tion of drug development in this era of 
personalized therapy and rapid bench-
to-bedside transition of drugs, some of 
these toxicity patterns may not yet be 
known. Further, more than 300 medica-
tions are reported to cause DI-ILD; the 
number continues to grow daily.3 

In most cases of DI-ILD, patients are 
relatively asymptomatic and respond 
well to therapy; therefore, drug-related 
toxicity often goes unsuspected, espe-
cially in its early phases. A high level 
of suspicion is necessary, however, as 
most pulmonary drug toxicities are as-
sociated with significant morbidity and 
mortality.2,4 A careful risk-benefit as-
sessment of each drug is warranted, as 

only routinely successful treatment for 
toxicity is withdrawal of the offend-
ing drug before the injury becomes 
too extensive or irreversible. Radiolo-
gists are often the first to raise a red flag 
when interpreting images; thus, they 
are instrumental in modifying patient 
management in such cases. This article 
highlights some of the most common 
causes of drug-induced ILD, as well as 
some new key offenders, and reviews 
their presentation. 

Overview of ILD
Interstitial lung diseases (ILD) are a 

heterogeneous group of diseases that 
produce inflammation and fibrosis of 
the parenchyma, affecting the alveolar, 

interstitial and vascular spaces.5 Some-
times the causative etiology or mecha-
nism can be identified (eg, collagen 
vascular disease, environmental or drug 
related), while other times it may remain 
unknown or idiopathic.4 

Idiopathic interstitial pneumonias 
comprise the following disease enti-
ties, listed in decreasing order of fre-
quency: Idiopathic pulmonary fibrosis 
(IPF), nonspecific interstitial pneumo-
nia (NSIP), cryptogenic organizing 
pneumonia (COP), acute interstitial 
pneumonia (AIP), respiratory bron-
chiolitis-associated ILD (RB-ILD), 
desquamative interstitial pneumonia 
(DIP) and lymphoid interstitial pneu-
monia (LIP).6 
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The first presentation of any ILD 
is generally shortness of breath or 
cough.4 Other associated symptoms 
include fatigue, fever and weight loss. 
Physical exam findings may include 
crackles on auscultation, digital club-
bing, a restrictive pattern on pulmonary 
function tests and impaired gas ex-
change.7 Laboratory studies are mostly 
non-contributory. A multi-modality 
approach is often needed to make a 
diagnosis, with pertinent information 
and expertise contributed by the pul-
monologist, radiologist and patholo-
gist.4 High-resolution CT should be 
obtained in virtually all patients with a 
suspected ILD.4 Additional diagnostic 
workup can include bronchoalveolar 
lavage, transbronchial biopsy and sur-
gical lung biopsy when indicated.

Drug-induced interstitial  
lung disease 

DI-ILD is a perplexing and challeng-
ing diagnosis; in most cases there is 
no histopathological confirmation and 
the process is reversible with either re-
moval of the agent or a pulse of steroids 
after infection is excluded.2,8 Therefore, 
the diagnosis is based primarily on a 
radiographic description of interstitial 
abnormality sub-classified into patterns, 
with more than one pattern often asso-
ciated with a particular drug. Various 
drugs can lead to virtually all histopath-
ological patterns of interstitial pneumo-
nia, depending on the mechanism of 
injury and healing.1,8 Although certain 
drug classes tend to cause similar, over-
lapping patterns of pulmonary involve-
ment,2 others may have more than one 

presentation depending on severity or 
mode of drug administration, making 
early diagnosis even more challenging. 
The time-to-onset may be quite vari-
able, and can be acute (days to weeks) 
or subacute (months), often obfuscating 
the correlation.1  

No specific imaging findings distin-
guish DI-ILD from other causes of ILD. 
The diagnosis is often made only after 
other possible causes, such as infection 
or underlying disease progression, are 
ruled out.1 One particular challenge is 
to determine if it is the medication—
or the underlying disease it is treat-
ing—that is ultimately responsible for 
pulmonary toxicity.9,10 Early diagnosis 
and cessation of the causative drug is 
paramount, as DI-ILD can be fatal.4 
Therefore, a high index of suspicion 

FIGURE 1. Pathophysiology of diffuse alveolar damage. (A) In a healthy alveolus, the wall is 97% covered by Type 1 pneumocytes. Type 2 
pneumocytes (preogenitor cells) cover the remaining wall. During the initial phase of injury, there is death of Type 1 pneumocytes and the 
alveolar wall becomes vulnerable, allowing protein-rich exudates to leak into the alveolar space. Hyaline membranes (orange) form and cover 
the denuded alveolar wall, temporarily walling the alveolus off from the rest of the body. After approximately 7 days, a period of organization 
occurs and fibroblastic tissue fills the alveolar space and the intersitium. Alveoli eventually recover or progress to permanent fibrosis. Drugs may 
contribute to this pattern of toxicity by causing apoptosis of epithelial cells and/ or by inhibiting recovery during the organizing phase. (B) Diffuse 
ground glass opacity predominantly involving the upper lobes in a patient with rituximab-induced toxicity. (C) A more severe example of DAD 
with ground glass opacities and septal thickening throughout the lungs along with superimposed patchy consolidative opacities.
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for DI-ILD in any patient on a novel 
chemotherapeutic regimen with new 
onset of dyspnea, cough and/or fever 
is warranted.9 

Mechanisms of action of drugs 
causing ILD

The mechanism of action of toxicity 
is largely unknown for most drugs and 
is an active area of research.11 In gen-
eral, effects can be attributed to direct 
cell toxicity, free radical production, 
alterations in collagen production, or in-
direct inflammatory mediated events.1,2 
Understanding these mechanisms can 
help explain the different imaging pat-
terns of lung toxicity. 

Drug-induced diffuse alveolar 
damage: Pathophysiology and 
imaging findings

Diffuse alveolar damage (DAD) is a 
pathology term that describes the pres-
ence of alveolar fibrin, hyaline mem-
branes and reactive epithelial cells 
within alveoli, with varied stages of 
inflammation.8,12 This is mediated by 
direct epithelial cell apoptosis and sig-
nificant damage to the alveolar epithe-
lial barrier (Figure 1).11Acutely, there 
is cell death of type I pneumocytes, 
which normally provide a barrier for 
97% of the alveolar surface.1 Type II 
pneumocytes then begin to prolifer-
ate and eventually transform into type 

I pneumocytes to restore the barrier.11 
Meanwhile, the alveolar wall is vulner-
able and can become edematous; addi-
tionally, protein-rich exudates can leak 
across the weakened wall and flood the 
alveolus.12 Hyaline membranes--which 
are effectively a collection of necrotic 
cell debris and excreted proteins--are 
secreted to wall off the alveolus and 
stop oxygen transfer into the damaged 
alveolus.12 A period of organization 
then occurs, with organizing fibroblas-
tic tissue filling the alveolar space and 
interstitium.12 At this point two poten-
tial outcomes are possible: recovery 
and removal of excess fibrin, or perma-
nent fibrosis. 

FIGURE 2. Drug- induced diffuse alveolar damage. (A) example of diffuse alveolar damage from cyclophosphamide. (B) Resolution of finding 
after discontinuing the drug. (C) Example of cisplatin and etoposide resulting in DAD, with (D) improvement after discontinuing the drugs.
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Drugs that disrupt the alveolus via 
apoptosis or delay the process of bar-
rier restoration could, therefore, lead to 
DAD and possibly to fibrosis. Bleomy-
cin can cause apoptosis via single- and 
double-strand DNA breaks and ampho-
tericin B can cause cell-cycle arrest, 
chromatin condensation and nuclear 
fragmentation in vitro.13 Amiodarone 
can cause apoptosis of alveolar epithe-
lial cells and often has a toxicity pattern 
that includes DAD.14,15 Amiodarone 
is known to lead to fibrosis, suggesting 
that it may affect recovery as well (Fig-
ure 1). Epidermal growth factor recep-
tors (EGFR) play a role in maintaining 
and repairing epithelial tissues; thus, 
EGFR inhibitors could hinder regen-
eration of the alveolar barrier.11 Interest-
ingly, there are examples in the literature 

FIGURE 3. Pathophysiology of organizing pneumonia. Organizing pneumonia pattern is the result of a response to an infectious or inflamma-
tory injury to the lung and is hypothesized to be immune-mediated. (A) An initial insult activates coagulation pathways and potentially immune 
pathways, resulting in conversion of soluble fibrinogen into fibrin plugs. (B) Fibrin is laid down in alveoli and terminal bronchioles and eventually 
becomes fibromyxoid masses with histocytes that fill the air space. (C) Drugs such as ipilimumab and the mTOR inhibitors sirolimus and evero-
limus are known to modulate the innate immune system and can result in an OP toxicity pattern. (D) Example of organizing pneumonia pattern 
with multifocal consolidative opacities that resolve after steroid administration. 

FIGURE 4. Drug-induced organizing pneumonia. (A) Consolidative opacity consistent with 
OP in a patient taking sorafenib (arrow). (B) Resolution of opacity following cessation of 
sorafenib (arrow)
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of the EGFR antagonist gefitinib caus-
ing diffuse alveolar damage.16,17

The corresponding imaging findings 
of DAD include diffuse ground glass 
opacities and septal thickening with as-
sociated areas of consolidative opacities 
(Figures 1,2).12 In severe cases, consoli-
dative opacities can become confluent.1 
There can be significant volume loss in 
patients who progress to alveolar col-
lapse.12 While DAD can result in fi-
brosis, it is often reversible.1 Prompt 
withdrawal of the offending drug is the 
most effective treatment. Diffuse alveo-

lar damage is currently associated with 
51 different drugs on the pneumotox 
website.3 These include the antiarrhyth-
mic drug amiodarone, the chemothera-
peutic agents bleomycin, busulfan, 
carmustine and cyclophosphamide, the 
immunosuppressive drugs sirolimus 
and everolimus and many others. 

Indirect drug toxicity via free-
radical production and oxidative 
stress

Indirect cell toxicity from drug me-
tabolites is another pathway by which 

DI-ILD may occur.2 Of particular im-
portance are drugs that produce reac-
tive oxygen species during metabolism. 
Oxidative stress may cause apoptosis 
of structural cells making up the inter-
stitium, thus playing a role in fibrosis.11 
This may explain why drugs such as 
nitrofurantoin and bleomycin are more 
likely to cause DI-ILD in the presence 
of supplemental oxygen,8 and can lead 
to rapid progression of interstitial abnor-
mality on high-flow oxygen therapy.

 
Immune-mediated drug toxicities: 
Pathology and imaging findings 
Organizing pneumonia

Organizing pneumonia (OP) is char-
acterized by plugs of collagen and fibro-
blasts that fill respiratory bronchioles, 
alveolar ducts and alveoli (Figure 3).12 
An initial insult leads to fibrin accumula-
tion in the distal airways, and over time 
this fibrin exudate progresses to bundles 
of loose collagen that contain spindle-
shaped immature fibroblasts (Masson 
bodies).18 These plugs block aeration 
of affected distal airways and are ef-
fectively the equivalent of a misplaced 
clot.19 The high lymphocyte count seen 
in bronchoalveolar lavage (BAL) and 
the rapid response to steroids suggest 
that the pathophysiology for organiz-
ing pneumonia is immune-related.20 
Further, there is at least one report of 
increased activated T cells in the BAL 
of patients with OP.21 Organizing pneu-
monia occurs in patients with a com-
promised immune system resulting 
from such conditions as HIV/AIDS and 
combined variable immunodeficiency 
syndrome, and in patients who have un-
dergone organ transplantation.22,23 There 
is increasing evidence that coagulation 
and innate immune responses may be 
intertwined, which could explain why 
an immune insult may lead to the fibrin 
activation that is a hallmark of OP.19 
Various immune-modulating drugs have 
been described to result in an OP pattern 
of toxicity. Ipilimumab is a monoclonal 
antibody that blocks cytotoxic T-lym-
phocyte-associated antigen 4 (CTLA-4) 
and is used to treat melanoma. The drug 
was shown to cause OP, raising the pos-

FIGURE 5. Eosinophilic pneumonia. (A) Axial image demonstrates multifocal peripheral areas 
of ground glass and more solid opacities. (B) Coronal image demonstrates that mainly the 
upper lobes are affected.

FIGURE 6. Gemcitabine-induced hypersensitivity pneumonitis. (A) Axial CT image demon-
strates a mosaic attenuation pattern with areas of ground glass and more consolidative opaci-
ties in this patient exposed to Gemcitabine. (B) Findings almost completely resolved following 
cessation of the drug and treatment with steroids. (C) Close-up of image A demonstrates 
poorly defined centriloblar nodules, which have resolved on (D).
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sibility that its immune-mediating effects 
were responsible for the observed toxic-
ity pattern.20 mTOR inhibitors such as 
sirolimus and everolimus are also well-
known to cause an organizing pneumo-
nia pattern of drug toxicity.24 mTOR 
inhibitors inhibit adaptive immunity but 
enhance the innate immune response.25 
Immune-mediated etiology is suggested 
by the presence of lymphocytes and eo-
sinophils in BAL samples in patients 
with mTOR inhibitor induced lung tox-
icity.24 Another proposed mechanism 
for an immune-mediated toxicity is that 
the drug binds to plasma proteins and is 
processed and presented by antigen pre-
senting cells to T lymphocytes, leading 
to macrophage recruitment.24 

The imaging pattern of OP is hetero-
geneous, but the most common pattern 
is scattered consolidative opacities in 
a bilateral and peripheral distribution 
(Figure 3 and 4).12 Nodular opacities, 
including centrilobular nodules, can 
also be observed. A hallmark of this 
pattern is that opacities tend to migrate 
on sequential imaging with a waxing 
and waning appearance.12,18 Other 

findings that help make the diagno-
sis are confirmatory pathology, lack 
of prominent findings on BAL, lack 
of tissue eosinophilia, and known ex-
posure to the suspected drug. Drugs 
responsible for this pattern include che-
motherapy agents (bleomycin, cyclo-
phosphamide) and immunosuppressive 
agents (sirolimus, tacrolimus, metho-
trexate, and gold salts). Steroids and 
drug cessation are treatment mainstays.

Eosinophilic pneumonia
Eosinophilic pneumonia is similar to 

organizing pneumonia in pathophysi-
ology, but is mediated instead by an in-
appropriate increase in the number of 
eosinophils and macrophages in alveoli. 
Drugs related to this pathology finding 
are also often immune modulators. For 
example, mesalamine, a drug used for 
ulcerative colitis, has been shown to re-
sult in lung toxicity with an eosinophilic 
pneumonia pattern.26  Daptomycin, 
implicated in dozens of cases of eosino-
philic pneumonia, is thought to act via 
an antigen-mediated process whereby 
alveolar macrophages and T-helper cells 

are activated.27 The imaging hallmark 
of eosinophilic pneumonia is peripheral 
opacities with an upper-lobe-predom-
inant distribution (Figure 5). Approxi-
mately 115 drugs have been reported to 
present with this toxicity pattern, includ-
ing methotrexate and amiodarone. Other 
drugs responsible for this pattern include 
immunosuppressive agents (penicilla-
mine), antibiotics (sulfasalazine, nitrofu-
rantoin) and NSAIDS.

Hypersensitivity pneumonitis
Hypersensitivity pneumonitis (HP) 

is another immune-mediated ILD, usu-
ally caused by the inhalation of antigens. 
Pathologic findings include an accumu-
lation of lymphocytes and plasma cells 
in the walls of alveoli and bronchioles 
and cellular bronchiolitis.28,29 Inflamma-
tion is followed by the formation of loose 
nonnecrotizing epitheliod cell granulo-
mas in the bronchiolar wall and alveolar 
ducts.29 In chronic HP, peribronchiolar 
and alveolar fibrosis often occurs.30

The term hypersensitivity pneu-
monitis, when used to describe drug-
mediated interactions, may be slightly 
misplaced, since the mechanism of 
action in drug-mediated disease is not 
secondary to inhaled antigens.30 Rather, 
the term is used to convey the fact that 
the mechanism of toxicity is believed to 
be secondary to a drug interaction with 
the immune system and in cases where 
the imaging and pathology findings are 
the same as seen with antigen-mediated 
HP.31 Like HP caused by inhaled anti-
gens, there is a report of lymphocyto-
sis on BAL, a decrease in CD4 to CD8 
ratio and an increase in eosinophils with 
causative drugs.31 

Docetaxal-induced HP has been 
reported to occur after the 2nd to 4th 
treatment and is usually mitigated by 
corticosteroid therapy, raising the pos-
sibility that cytotoxic T cells are partly 
responsible.32 Cephalosporins with 
identical R1 side chains led to HP in one 
patient; these R1 side chains can cause 
hypersensitivity because of the beta-
lactam ring structure, but are also impli-
cated in specificity of immune response 
to cephalosporins.31 

FIGURE 7. Cytoxan-induced hypersensitivity pneumonitis. (A) Axial and (B) coronal views of 
a patient suffering from Cytoxan-induced HP with mosaic attenuation and areas of ground 
glass. Note that the fissure is unaffected (arrow), in distinction with DAD. (C, D) 14 days after 
cessation of Cytoxan, the imaging findings have almost completely resolved. 
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The imaging pattern is typically dif-
fuse ground glass opacification with-
out associated interstitial thickening, 
poorly defined centrilobular ground 
glass nodules and mosaic attenua-
tion.28 The mosaic attenuation pattern 
reflects air trapping from underlying 
obliterative bronchiolitis.28 Chronic HP 
can progress to an IPF pattern, with re-
ticular opacities and honeycombing.28  
Emphysema is another finding seen in 
chronic HP.28 Hypersensitivity pneu-
monitis is commonly associated with 
pencillamine, sulfasalazine, nitrofuran-
toin, NSAIDS, progesterone, paclitaxel, 
docetaxel and imatinib.

Pulmonary fibrosis
Pulmonary fibrosis is the result of 

excessive deposition of extracellular 

matrix proteins in the lung (Figure 8).5 
While fibrosis can be a protective re-
sponse, walling off infections, it can 
also be pathologic, leading to destruc-
tion of normal lung parenchyma and 
death.5 Fibroblasts normally maintain 
matrix homeostasis by modulating the 
turnover of the extracellular membrane  
(ECM).33 This is orchestrated through 
the expression of matrix metalloprotein-
ases (MMPs), which degrade the ECM, 
and expression of tissue inhibitors of me-
talloproteinases (TIMPs), which block 
their action and preserve the ECM. In pa-
tients with interstitial fibrosis, fibroblasts 
appear to become abnormally activated 
and relatively resistant to apoptosis,34 
leading, in turn, to over-activation of 
TIMPs that migrate to sites of injury and 
promote fibrosis.33 Substantiating this 

theory, TIMPs are overexpressed in fi-
brotic lungs.35 Angiogenesis also plays a 
role in interstitial fibrosis, providing nec-
essary blood supply for the extracellular 
membrane remodeling.36 Drugs that lead 
to fibrosis may alter these pathways, 
favoring the activation of fibroblasts, 
conferring them with relative resistance 
to apoptosis or promoting neovascular-
ization that supports ECM remodeling. 
Bleomycin has been implicated in many 
of these pathways,37 and recent work has 
demonstrated that blocking proteins in 
these pathways can decrease bleomycin-
induced fibrosis in animal models.36,38 

There are two main imaging patterns 
of pulmonary fibrosis: Idiopathic pul-
monary fibrosis (IPF) and non-specific 
interstitial pneumonitis (NSIP). NSIP, 
the most common pattern of fibrosis seen 
in DI-ILD, is characterized by basal-pre-
dominant subpleural reticular opacities, 
an absence of honeycombing pattern and 
scattered ground glass opacities.1 An IPF 
pattern is distinguished from NSIP in 
that it is associated with honeycombing 
and traction bronchiectasis and is more 
likely to be subpleural. Features incon-
sistent with fibrosis include extensive 
ground-glass abnormality out of propor-
tion to reticular opacities, micronodules, 
a mid- or upper lung predominance and 
consolidative opacities in a broncho-
pulmonary segment or lobe. There are 
currently 75 drugs associated with pul-
monary fibrosis, including amiodarone, 
bleomycin, busulfan, carmustine, lomus-
tine and nitrofurantoin.

Pulmonary hemorrhage
Pulmonary hemorrhage is a rare 

complication of DI-ILD, but is seen 
with anticoagulants, anti-fungals (am-
photericin B), chemotherapeutic agents 
(mitomycin, Ara-C, high-dose cyclo-
phosphamide), cardiac medications 
(amiodarone) and immunosuppressive 
agents (penicillamine).1 Some of these 
patients will present with hemoptysis 
in addition to acute dyspnea — penicil-
lamine is particularly implicated in this 
finding. The radiographic appearance 
is typically parenchymal opacities in a 
geographic distribution. 

FIGURE 8. (A) The extracellular matrix (ECM) is a scaffold that surrounds the alveoli. It is 
composed of an endothelial layer (contributed by capillary cells) and an epithelial layer (con-
tributed by the cells comprising the wall of the alveolus) with an intervening thin interstitial 
space.40 The basement membranes of the endothelial and epithelial layer fuse at certain 
points, and the interposed interstitial space is filled with collagen and elastin fibers that pro-
vide structure and elasticity, as well as other structural and adhesive proteins. (B) These 
interstitial components undergo a normal process of degradation and regeneration, with 
degradation induced by matrix metalloproteinases (MMPs). TIMPs inhibit MMPs and there-
fore indirectly inhibit breakdown of fibrous proteins. Drugs that decrease the ratio of MMPs to 
TIMPs may tip the scales towards pathologic fibrosis. 
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Who is at risk? 
Patients react differently to medica-

tions, and often genetic and environmen-
tal factors can contribute to an atypical 
reaction.2 Genetic polymorphisms have 
also been implicated and are a possible 
explanation of why some groups of 
people are more likely than others to de-
velop drug toxicity; indeed, the presence 
of certain variant cytochrome P-450 
(CYP) alleles was strongly associated 
with development of DI-ILD in a Dutch 
study, with odds ratios ranging from 3.25 
to 40.8.39 Dosage is also a factor, par-
ticularly with certain medications such 
as amiodarone, bleomycin and BCNU.2 
Extremes of age are also associated with 
increased risk. Multiple medications will 
also increase risk, with certain combina-
tions leading to synergistic reaction with 
worrisome consequences. 

Management
Diagnosing DI-ILD remains chal-

lenging, as different patterns can over-
lap and the appearance is often similar 
to the underlying disease process and 
infections. The diagnosis is generally 
made by exclusion and careful linkage 
of findings and symptoms with admin-
istration of the implicated drug.2 In most 
cases, even after identifying and elimi-
nating the causal agent, transbronchial 
lavage or biopsy is often needed to ex-
clude infection, prior to administration 
of steroids. Radiologists play a key role 
in early identification and triaging the 
patient to optimal management strategy.
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