
©
 M

AG
IC

M
IN

E/
IS

TO
CK

PH
O

TO
.C

O
M

A heterogeneous
old foe with an 
evolving new face
SENTHURAN SHIVAKUMAR MB BS, BCh, BAO, FRACP 
YET HONG KHOR BMedSci, MB BS, FRACP, PhD

Drug-induced interstitial lung disease (DIILD) comprises a 
diverse group of conditions caused by exposure to specific 
medications. Its diagnosis depends on high clinical suspicion 
and the exclusion of differential diagnoses. Management of 
DIILD largely involves cessation of the inciting medication, 
along with the use of systemic corticosteroids or other 
immunosuppressants in severe cases. 

Drug-induced interstitial lung disease (DIILD) comprises a 
group of highly heterogeneous conditions that encompass 
clinical sequelae of lung injury and inflammation with or 
without resultant fibrosis following exposure to a specific 

medication. With the rapid growth in pharmaceutical research, the 
natural history and presentations of DIILD encountered in clinical 

practice continue to evolve in parallel with the discovery and expansion 
of novel and existing drug classes. Along with the unpredictable nature 
of DIILD, this evolution poses challenges for GPs who are at the 
forefront of patient care, requiring a high index of suspicion and 
awareness for timely assessment and management. 

Our understanding of DIILD remains limited, with most know
ledge being derived from postmarketing surveillance studies.1 The 
actual incidence of DIILD is unknown and varies significantly depend-
ing on the patient demographic, drug type and dose involved and 
data source.2 The incidence of DIILD is estimated to range from 4.1 
to 12.4 cases per million people annually.1 However, this estimation 
does not include cases involving drug classes recently established to 
cause DIILD, such as immune checkpoint inhibitors used for cancer 
treatment and biologics used to treat rheumatological conditions, 
and hence may not capture the full spectrum of DIILD. Key common 
medications that are known to cause DIILD are listed in the Table, 
which is nonexhaustive. An ever-expanding list of hundreds of drugs 
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Key points
•	Drug-induced interstitial lung disease (DIILD) is a highly

heterogenous condition.
•	The true incidence of DIILD is unknown but will likely increase

in the future.
•	The diagnosis of DIILD is one of exclusion, which can be 

challenging in medically complex patients. High-resolution 
CT is the investigation of choice.

•	Cessation of the inciting medication is the primary strategy
for management. 

•	All patients with DIILD must undergo follow up with the 
prescribing specialist. Patients with significant or difficult-
to-control disease, or an uncertain diagnosis, need to be 
referred to a respiratory physician for assessment. 

•	Systemic corticosteroids or other forms of immuno
suppression may be indicated in certain cases following 
consultations with prescribing specialists and respiratory 
physicians.
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are associated with lung toxicity, which is continually updated on 
Pneumotox (http://www.pneumotox.com), a free and searchable 
web-based database available as a reference for clinical use. This 
article provides an overview of DIILD, highlighting the various 
mechanisms, evolving nature of its clinical presentations, challenges 
in diagnosis, management approaches and the need for heightened 
awareness among GPs.

Pathophysiology and mechanisms of DIILD 
Although the exact mechanisms of drug-induced lung injury and 
associated underlying pathogenesis of DIILD are not well understood, 
the disease is postulated to be primarily related to direct cytotoxic 
injury or dysregulated immune-mediated damage (Table).2 In cases 
of severe lung injury and uncontrolled inflammation, fibrosis and 
lung scarring can ensue. 

Direct cytotoxic lung injury
Within the lungs, pneumocytes and the alveolar capillary endothe-
lium are susceptible to cytotoxic damage, which can occur via a 

myriad of mechanisms, such as the drug itself and its production of 
toxic metabolites. Amiodarone, a common antiarrhythmic agent, 
is a classic example of a drug causing direct cytotoxic lung injury. 
The injury occurs through several pathways by promoting the release 
of oxygen free radicals and activating downstream proteolytic 
enzymes, causing lung epithelial cell death, as well as deactivating 
processes that clear its toxic metabolites.3-5 Local inflammation at 
the injury sites may increase capillary permeability, thus causing 
pulmonary oedema.

Dysregulated immune-mediated lung damage
The lung parenchyma harnesses components of both innate and 
adaptive immune responses to protect against infection and environ
mental irritants.6 Exposure to a specific medication can dysregulate 
this immune protective barrier and lead to an inflammatory cascade, 
resulting in lung parenchymal damage.5,7 Immune checkpoint 
inhibitors, the latest advances in cancer treatment, act by improving 
the ability of the body to recognise and target cancer cells, largely 
through priming T-lymphocytes. Such interferences can cause the 

Table. Common drug classes associated with drug-induced interstitial lung disease

Drug class* Type of medication Examples of medications Description

Antibiotics Nitrofuran antibiotics •	 Nitrofurantoin •	 Acute form of pulmonary toxicity results from a
hypersensitivity reaction

•	 Chronic disease process driven by cytotoxicity or
cell-mediated reaction

Cancer medications Immune checkpoint inhibitors •	 Nivolumab
•	 Pembrolizumab
•	 Ipilimumab

•	 Occurs in 10 to 20% of patients taking
antineoplastic agents

•	 Multimodal mechanism of injury involving 
cell-mediated, direct cytotoxic effect; oxidative
stress; and immune dysregulation 

Mammalian target of rapamycin 
inhibitors 

•	 Sirolimus
•	 Everolimus

Disease-modifying 
antirheumatic drugs

Conventional drugs •	 Methotrexate •	 Pulmonary toxicity widely reported within the
drug class

•	 Frequency and pattern of disease vary broadly
depending on the drug involved 

Biologics •	 Adalimumab
•	 Infliximab
•	 Etanercept
•	 Abatacept
•	 Toclizumab 

Cardiac medications Antiarrhythmic drugs •	 Amiodarone •	 Up to 5% of patients develop pulmonary toxicity
•	 Risk factors include dose >400 mg daily,

long-term treatment and advanced age 

Antidepressants SSRIs •	 Fluoxetine
•	 Sertraline

•	 Rare and reported as pneumonitis and 
eosinophilic pneumonia, including drug rash with
eosinophilia and systemic symptoms syndrome

SNRIs •	 Desvenlafaxine
•	 Venlafaxine 

Anticonvulsants Sodium channel blockers •	 Phenytoin
•	 Carbamazepine 

Abbreviations: SNRIs = serotonin norepinephrine reuptake inhibitors; SSRIs = selective serotonin reuptake inhibitors.
* This is a nonexhaustive list of drugs that may cause drug-induced interstitial lung disease.
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immune system to attack noncancer cells within the lung interstitium 
that share molecular targets, leading to pneumonitis.8 Patients 
receiving a combination of different immune checkpoint inhibitors 
or who have pre-existing interstitial lung disease are at an increased 
risk of developing pneumonitis.8,9

Other mechanisms
Methotrexate-induced lung injury is a key consideration in patients 
who experience the acute onset or worsening of breathlessness while 
receiving methotrexate for a variety of rheumatological conditions, 
most commonly rheumatoid arthritis. The mechanism of injury 
is not clear, although it is thought to involve a lymphocyte-driven 
hypersensitivity reaction. Risk factors for methotrexate-induced 
lung injury include advanced age (>60 years), pre-existing lung 
disease and diabetes mellitus.2 Of note, the role of methotrexate in 
long-term pulmonary fibrosis has come into question, with recent 
emergent data from multiple studies showing low incidences of 
pulmonary fibrosis and reduced cases of interstitial lung disease 
within methotrexate-treated patient populations with rheumatoid 
arthritis.2 

In rare instances, DIILD may manifest as pulmonary infiltrates 
and peripheral eosinophilia, which can occur following exposure 
to antibiotics, anticonvulsants and antidepressants.2,10 In such cases, 
the disease process is mediated by the action of T-helper 2 lympho-
cytes through the release of inflammatory chemokines, and may 
result in a severe idiosyncratic drug reaction characterised by 

extensive skin rash and various organ involvement, known as drug 
rash with eosinophilia and systemic symptoms syndrome.11,12 
Impairment of the protective mechanisms responsible for alveolar 
repair can propagate drug-induced damage, which is seen with 
gefitinib, a cancer treatment that inhibits epidermal growth factor 
receptor signalling.13 

Diagnosis and management of DIILD
Effective management and the prevention of irreversible damage 
from DIILD are centred around early detection. The diagnosis of 
DIILD is one of exclusion and relies on multimodal clinical, laboratory 
and imaging assessments in the context of temporal exposure to a 
specific medication. As DIILD can present across a broad spectrum 
of severity, ranging from an incidental finding to fulminant respira-
tory failure, the diagnostic and management approaches vary 
significantly. Before arriving at a diagnosis, clinicians must consider 
several differential diagnoses, as DIILD can mimic many common 
conditions in a medically complex case. Although ceasing the 
causative medication is sufficient in most cases but systemic cortico
steroids and other immunomodulatory therapies may be required 
in more severe cases. The Flowchart illustrates a practical approach 
for managing DIILD in a primary care setting. 

Clinical assessments
A detailed initial assessment is key to arriving at a diagnosis of DIILD, 
which is highly dependent on an accurate drug history that incites 
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Cease or withhold  medication 
(following consultation with 
prescribing specialist)

Perform investigations  
•	 Full blood count
•	 Liver function tests
•	 Chest x-ray
•	 HRCT 

Refer to:
•	 prescribing specialist (all patients)
•	 respiratory physician (if patient 

has significant or difficult-to-control 
disease, or an uncertain diagnosis) 

•	 Check https://pneumotox.com
•	 Naranjo Adverse Drug Reaction

Probability Scale may help 
determine causality

•	 Consider drug reconciliation 
with a pharmacist 

•	 Consider timing as DIILD often 
develops from weeks to months
of treatment initiation

Exclude other potential causes for 
presentation
•	 Infection
•	 Heart failure 
•	 Underlying disease (e.g. 

cancer, connective tissue disease)

Obtain drug history
•	 Dose 
•	 Timing of exposure
•	 Liver and kidney function
•	 Other medication and allergy 

history 

An approach to managing DIILD in a primary care setting 

Patient recently started on a new medication presents with new 
or worsening respiratory symptoms

Abbreviations: DIILD = drug-induced interstitial lung disease; HRCT = high-resolution CT.
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clinical suspicion. Clinical presentations of 
DIILD are typically characterised by breath-
lessness and reduced exercise tolerance over 
a subacute time course of weeks to months, 
although some patients may have acute or 
chronic disease courses. Acute presentations 
of DIILD can be associated with constitu-
tional symptoms, such as fever for acute 
presentations, whereas chronic presentations 
are typical of chronic lung disease.2 Such 
presentations can pose a challenge, as they 
can be attributed to a wide range of differen-
tial diagnoses and, thus, the initial work-up 
should focus on ruling out common or 
life-threatening diseases, such as infection, 
heart failure, cancer and other forms of 
interstitial lung disease. Lung auscultation 
may reveal fine ‘velcro-like’ crackles or 
features of fluid overload due to right 
ventricular dysfunction or pulmonary hyper-
tension in advanced cases. 

It is important to consider specific patient 
characteristics and the involved drugs when 
considering the likelihood of the diagnosis 
of DIILD. Established risk factors for DIILD 
include advanced age and current smoking 
status.1,2 The male sex is an additional risk 
factor for DIILD secondary to the use of 
epidermal growth factor receptor inhibi-
tors, methotrexate and amiodarone.1,2 
Nitrofurantoin-induced lung injury is more 
commonly seen in women than in men, given 
their increased risk of urinary tract infec-
tions, for which the medication is used as a 
preventative measure.14 Pre-existing lung 
conditions, including chronic obstructive 
pulmonary diseases and other interstitial 
lung diseases, and indicators of poor prog-
nosis, such as poor performance status, have 
also been raised as independent risk factors 
for the development of DIILD.2 

When taking a drug history, detailed 
information on the medication types, doses 

and timing should be determined. The risk 
of developing DIILD is dose-dependent with 
certain medications, such as bleomycin, 
amiodarone, nitrofurantoin, epidermal 
growth factor receptor inhibitors and 
gemcitabine.1 Medications that can cause 
severe DIILD requiring hospitalisation and 
treatment with systemic corticosteroids 
include epidermal growth factor receptor 
inhibitors and class III antiarrhythmic drugs 
(e.g. amiodarone).15 

However, even with high-risk patient 
and drug profiles, determining the causality 
of a specific medication in DIILD remains 
challenging. Resources such as the Pneumo
tox website or mobile application and 
Naranjo Adverse Drug Reaction Probability 
Scale may be used as part of the clinical 
assessment. Pneumotox is a freely accessible 
repository built from bibliographic refer-
ences with extensive information on drugs 
that can be associated with lung pathology. 
The Naranjo Adverse Drug Reaction Prob-
ability Scale is a 10-question tool that strat-
ifies the likelihood of a clinical presentation 
being associated with medication exposure.16

Using such tools, in addition to considering 
an individual risk profile, may help ascertain 
the clinical suspicion of DIILD and prompt 
further investigation.  

Investigations
Investigations for clinical presentations of 
possible cases of DIILD include tests to 
confirm or strengthen a suspicion and rule 
out conditions that may mimic DIILD fol-
lowing clinical assessments. 

Blood tests 
Routine laboratory blood tests may point to 
an infection or heart failure. Measuring the 
serum level of pro B-type natriuretic peptide 
can serve as a quick avenue to either dispel 
or confirm a suspicion of heart failure, 
prompting referral for echocardiography 
and the involvement of a cardiologist. 
Reduced drug clearance and the risk of drug 
accumulation may be evaluated with renal 
and hepatic function blood tests, which are 
important in determining the safety and 
appropriateness of drug dosing. If there are 
concerns of an alternative diagnosis of 
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Ceasing the causative medication 
is sufficient in most cases, but 

systemic corticosteroids and other 
immunomodulatory therapies may be 

required in more severe cases
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interstitial lung disease, such as connective tissue disease, serology 
testing for autoantibodies can be performed with the consideration 
of referral to a respiratory physician.17,18

Chest imaging
Imaging plays a central role in the work-up of DIILD. Although 25 
to 75% of chest x-ray findings are unremarkable in cases of clinically 
suspected DIILD, x-rays still retain some utility, as they are quick to 
access and can help screen for many common disease processes, such 
as pneumonia and heart failure.19,20 High-resolution CT is the modality 
of choice for detecting DIILD and can be helpful in cases where the 
aetiology of the presentation is unclear. Common findings on high-
resolution CT for DIILD include ground-glass opacity, interlobular 
septal thickening, consolidation and centrilobular nodules (Figure).21

The Fleischner Society, an international multidisciplinary society for 
thoracic radiology dedicated to the diagnosis and treatment of diseases 
of the chest, has released a position paper on diagnostic criteria for 
DIILD secondary to molecular-targeted therapies and immune 
checkpoint inhibitors for cancers, which include: 
•	 the development of parenchymal opacities bilaterally in a

nonsegmental distribution observed on CT
•	 imaging features that exclude other interstitial lung diseases
•	 temporal association with exposure to medicine.22

Importantly, the radiological changes associated with DIILD
have a high degree of overlap with those associated with other 
diagnoses of interstitial lung disease and common clinical pres-
entations, including infection, and cannot be used solely to diagnose 
DIILD. Thus, these changes must be interpreted in the context of 
clinical assessments and other investigations. Multidisciplinary 
team discussions involving respiratory physicians, chest radiologists 
and pathologists, and other specialists are sometimes needed to 
establish a diagnosis. Additional invasive investigations, such as 
bronchoscopy and lung biopsy, may be performed after specialist 
assessment.

Management 
Management in most cases of DIILD involves ceasing the inciting 
medication and avoiding future exposure to prevent permanent lung 
injury. As the diagnosis of DIILD can be delayed, while awaiting the 
results of investigations and specialist opinion, the medication of 
concern should be ceased promptly in cases where there is either 
strong clinical suspicion or severe respiratory compromise. If a diag-
nosis of DIILD is uncertain in the presence mild clinical symptoms, 
the medication should be ceased following a discussion and follow 
up with the prescribing specialist. In selected clinical situations, a 
cautious rechallenge with close monitoring by the specialist may be 
considered following resolution of the initial episode of DIILD and 
adequate patient counselling and discussion. For example, in patients 
with metastatic cancer who develop immune checkpoint inhibitor-
induced pneumonitis, continuing the treatment may outweigh the 
risk of recurrent DIILD.

Patients with severe, persistent or recurring clinical and imaging 
abnormalities after ceasing the inciting medication, as well as those 
with an uncertain diagnosis, must be referred to a respiratory 
specialist. If ceasing the medication fails to stop disease progression, 
the addition of systemic corticosteroids may be needed.2 The dosage 
and duration vary and rely on the type of the inciting medication, 
imaging characteristics observed on CT and severity and acuity of 
clinical presentations. Systemic corticosteroids are frequently admin-
istered in a gradual, tapering regimen over a few weeks. Some patients 
may experience recurrence following withdrawal or weaning of the 
initial course of systemic corticosteroids and may require treatment 
with additional immunomodulatory medications and for ongoing 
monitoring. 

Conclusion
DIILD is a significant presentation in clinical practice that requires 
high clinical suspicion. Although its exact incidence is not known, 
cases of DIILD will likely increase in the future with rapid 
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Figure. Imaging patterns and characteristics of common drug-induced interstitial lung diseases. 
Abbreviation: HRCT = high-resolution CT.

Amiodarone Nitrofurantoin MethotrexateImmune checkpoint inhibitor  

•	 Onset: over one to three months
•	 HRCT: diffuse areas of ground-glass

opacities bilaterally (arrows)

•	 Onset: weeks to months
•	 HRCT: diffuse areas of ground-glass

changes bilaterally (arrows)

•	 Onset: highly variable
•	 HRCT: areas of multifocal consolidation

(arrows) in pleural and subpleural 
distribution suggestive of an organising 
pneumonia 

•	 Onset: shortly after a brief treatment 
course

•	 HRCT: reticulonodular pattern with 
bilateral intralobular septal thickening, 
centrilobular nodules (arrows) and asso_ 

ciated patchy ground-glass opacities
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advancements in drug development, particu-
larly in the fields of oncology and rheuma-
tology. It is essential to remain vigilant of the 
potential risks of DIILD associated with 
medications such as amiodarone and nitro-
furantoin, given that they are widely used in 
the community. The cornerstone of manage-
ment for DIILD centres on early detection 
and the timely cessation of the inciting 
medication, which follows expedited and 
comprehensive evaluation that includes a 
thorough medication history. Involvement 
of the prescribing specialist is necessary for 
ongoing treatment decisions, and a referral 
to a respiratory physician should be consid-
ered, particularly in severe and recurrent 
cases of DIILD.�   RMT
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