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ABSTRACT

This single-institute, retrospective cohort study enrolled patients with human epidermal 
growth factor receptor 2-positive metastatic breast cancer treated with trastuzumab 
deruxtecan between August 2017 and January 2021 from four previous studies. Of 31 patients, 
4 (12.9%) had interstitial lung disease (ILD). The dominant pattern observed on computed 
tomography was organizing pneumonia (100%), comprising subpleural consolidations in 
the lung periphery. However, no dominant distribution was observed in radiological lesions 
of the lungs. Of all the tested patients, lower lobe predominance was noted in 2 (50.0%) 
patients, upper lobe predominance in 1 (25.0%) patient, and diffused lobe distribution in 1 
(25.0%) patient. All events were confined to the Common Terminology Criteria for Adverse 
Events grade 1 or 2 (100%). None of the patients died. Despite the small number of cases 
investigated, the incidence of trastuzumab deruxtecan-induced ILD in the Korean population 
was comparable to that previously reported.

Keywords: Breast Neoplasms; Genes, erbB-2; Lung Diseases, Interstitial; Tomography, X-ray 
Computed; Trastuzumab

Metastatic human epidermal growth factor receptor 2 (HER2)-positive breast cancer 
is associated with poor prognosis [1]. Although several anti-HER2 therapies have been 
developed to improve clinical outcomes, no uniformly accepted third-line therapy has been 
approved for use after the administration of trastuzumab emtansine, a standard second-line 
therapy [2,3]. Trastuzumab deruxtecan (DS-8201) is a novel HER2-targeted antibody–drug 
conjugate comprising a humanized monoclonal antibody that targets HER2, a cleavable 
tetrapeptide-based linker, and a potent topoisomerase I inhibitor payload [4]. A recent phase 
2 study of this drug showed durable antitumor activity in patients with metastatic HER2-
positive breast cancer who previously underwent treatment with trastuzumab emtansine 
[5]. However, interstitial lung disease (ILD) was observed in approximately 14% of the 
tested patients, including four cases of death (2.2%) attributable to this adverse event. In 
another phase 2 study of HER2-positive gastric cancer, ILD developed in 10% of patients 
treated with trastuzumab deruxtecan [6]. Although chest computed tomography (CT) is 
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considered the primary imaging technique for the early diagnosis of ILD, the recommended 
CT monitoring protocol for trastuzumab deruxtecan-induced ILD has not been established, 
and its radiological descriptions have not been fully investigated [7]. In particular, no 
studies have been conducted on Korean populations. Therefore, in this study, we elaborated 
the pulmonary CT findings of trastuzumab deruxtecan-induced ILD in Korean patients 
diagnosed with metastatic breast cancer who were treated with trastuzumab deruxtecan.

We retrospectively reviewed the data from four studies (NCT03248492, NCT03523585, 
NCT03529110, and NCT03734029) in patients treated with trastuzumab deruxtecan at XXX 
between August 2017 and January 2021. All subjects received a 5.4 mg/kg dose of fam-
trastuzumab deruxtecan every 3 weeks, and the disease status was evaluated every 6 weeks. 
Diagnostic work-up, including CT scan, was also performed if a patient presented with acute 
onset of pulmonary signs/symptoms. Demographic and radiographic data were obtained 
by reviewing medical records. This study was approved by the Institutional Review Board 
of Asan Medical Center in Seoul, Korea (IRB No. 2021-1068). Moreover, as this study was 
retrospectively conducted using medical records, the need for informed consent was waived.

CT scans were obtained using a SOMATOM definition AS CT scanner (Siemens Healthineers, 
Erlangen, Germany). The reconstruction intervals were 5 mm, with another 5-mm interval 
without a gap for the B50 algorithm, and a 1-mm reconstruction of the 5-mm gap for the B60 
algorithm [8,9]. Imaging was conducted at sustained full inspiration, and the scanning area 
ranged from the supraclavicular area to the adrenal gland level. Furthermore, the scans were 
obtained using 120 kVp and 100 effective mAs with dose modulation. All images were then 
interpreted and photographed at window settings for the pulmonary parenchyma (width, 
1500 HU; level, −700 HU) and mediastinum (width, 450 HU; level, 50 HU).

Three observers (a thoracic radiologist, a pulmonologist, and a medical oncologist) reviewed 
the CT images and assessed the presence of ground-glass attenuation, consolidation, 
nodules, and linear opacity, including septal thickening [10]. Additionally, the overall 
distribution of abnormalities was assessed. Zonal predominance was divided into upper and 
lower zones. Upper lung zone predominance was considered when most of the abnormalities 
were above the tracheal carinal level; lower zone predominance was considered when most 
abnormalities were below that level. Lateral predominance (unilateral or bilateral) was also 
assessed. The axial distribution was regarded as predominantly central if most abnormalities 
were in the inner third of the lung; peripheral distribution was marked when abnormalities 
were seen mostly in the outer third of the lung. The presence of subpleural sparing, defined 
as relative sparing of the lung immediately adjacent to the pleura, was noted [11]. Pre-existing 
lung lesions, such as metastatic lung nodules, fibrotic lesions, and pleural effusions, were 
also recorded.

If the oncologist suspected ILD in patients who received trastuzumab deruxtecan, they 
consulted an experienced thoracic radiologist and a pulmonologist who examined the CT 
imaging and suggested further diagnostic work-up, as needed. The same pulmonologist 
confirmed the ILD diagnosis by considering the patient’s symptoms, physical examination 
findings, medical history, laboratory findings, microbiological test results, and CT findings 
based on a drug-induced lung injury guideline [7].

Subsequently, 31 patients were found to have been treated using trastuzumab deruxtecan. 
The clinical features of the patients are summarized in Table 1. The median age of the 
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patients was 54 years (interquartile range [IQR], 47.0–60.0 years). Furthermore, most of 
the patients (96.8%) were women. According to the patients’ medical records, two (6.5%) 
patients had a history of smoking, one (3.2%) had a history of chronic obstructive pulmonary 
disease, and one (3.2%) had a history of asthma. Most patients (96.8%) had invasive ductal 
carcinoma, as observed on histopathology. The most common HER2 expression was 
observed during immunohistochemistry (IHC) 3+ (58.1%), followed by IHC 2+/silver in situ 
hybridization (+) (35.5%). Additionally, 83.9% (26/31), 71.0% (22/31), and 54.8% (17/31) 
of the patients had previously undergone trastuzumab, pertuxumab, and trastuzumab 
emtansine therapies, respectively. The median number of previous cytotoxic chemotherapies 
was 3.0 (IQR, 2.0–5.0). The most common CT findings at baseline were nodules (58.1%), 
followed by fibrotic lesions (22.6%). Tumor response was evaluated in 28 of the 31 patients 
using the Response Evaluation Criteria in Solid Tumors version 1.1. Of the 28 patients, 19 
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Table 1. Patients’ baseline characteristics
Variables Total
Number 31
Age (yr) 54.0 (47.0–60.0)
Sex

Female 30 (96.8)
Smoking history 2 (6.5)
Co-existing pulmonary disease

Chronic obstructive pulmonary disease 1 (3.2)
Asthma 1 (3.2)
Lung metastasis at baseline 12 (38.7)

Histopathology
Invasive ductal carcinoma 30 (96.8)
Invasive lobular carcinoma 1 (3.2)

HER2 expression
IHC 3+ 18 (58.1)
IHC 2+/SISH (+) 11 (35.5)
IHC 2+/SISIH (−) or IHC 1+ 3 (9.7)

Hormone receptor (+) 15 (48.4)
Prior HER2-targeted therapy

Trastuzumab 26 (83.9)
Pertuxumab 22 (71.0)
Trastuzumab emtansine 17 (54.8)

Number of prior cytotoxic chemotherapies 3.0 (2.0–5.0)
Chest CT findings at baseline

Consolidation 1 (3.2)
Nodule 18 (58.1)
Linear opacity 4 (12.9)
Fibrotic lesion 7 (22.6)
Pleural effusion or mass 4 (12.9)

Tumor response by the RECIST version 1.1 (n = 28)
Complete response 0 (0.0)
Partial response 19 (67.8)
Stable disease 8 (28.6)
Progression disease 1 (3.6)

Adverse events*
Nausea 16 (51.6)
Fatigue 17 (54.8)
Alopecia 8 (25.8)
Constipation 8 (25.8)
Anorexia 13 (41.9)

Values are presented as median (interquartile range) or number of patients (%).
HER2 = human epidermal receptor 2; IHC = immunohistochemistry; SISH = silver in situ hybridization; CT = 
computed tomography; RECIST = Response Evaluation Criteria in Solid Tumors.
*Adverse events reported in more than 25% of patients.



(67.8%) achieved a partial response, 8 (28.6%) experienced stable disease, and 1 (3.6%) 
experienced progressive disease. Among the 31 patients, 30 (96.8%) experienced at least one 
adverse event during treatment. The most common adverse events were fatigue (54.8%) and 
nausea (51.6%). Adverse events, including pneumonitis in four patients, led to six patients 
(19.4%) being excluded from further analysis. There appear to be no specific characteristics 
associated with ILD development.

Four patients (12.9%) developed ILD (Table 2). However, only one patient had undergone 
bronchoalveolar lavage, which identified no organism. The median time until the onset of ILD 
after the treatment was 307 days (IQR, 221.5–388.0 days). None of these patients presented 
with symptoms or signs associated with ILD at the time of the initial diagnosis. Three patients 
(cases 1, 2, and 3) received glucocorticoids as treatment for ILD, and none were hospitalized 
due to ILD. The most common finding seen in all four patients on CT scans was the presence 
of consolidation. The consolidation was located in the lung periphery in all patients; lower 
lobe predominance was observed in two patients, upper lobe predominance in one patient 
(Figure 1), and diffuse distribution in one patient (Supplementary Video 1). Furthermore, in 
two of the four patients, the opacities were bilateral, whereas the opacities were unilateral in 
the other two patients. Two patients showed ground-glass opacities associated with areas of 
consolidation. Therefore, all CT findings in the four patients were interpreted as organizing 
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Table 2. Radiologic findings from the four patients diagnosed with interstitial pneumonitis
Patient demographics CT findings

Sex Age Sx Onset  
(day)

Steroid  
use

Resolution Appearance Distribution Pattern
GGO Con N L ST PE Extent Axial SS Zonal Lateral

F 60 No 331 Yes No No Yes No No No No M P No Upper Both OP
F 47 No 201 Yes No Yes Yes No No No No M P No Diffuse Both OP
F 61 No 283 Yes Yes No Yes No No No No F P No Lower Right OP
F 53 No 407 No Yes Yes Yes No No No No F P No Lower Right OP

CT = computed tomography; Sx = symptoms; GGO = ground glass opacity; Con = consolidation; N = nodule; L = linear opacity; ST = septal thickening; PE = 
pleural effusion; P = peripheral; M = multifocal; F = focal; SS = subpleural sparing; OP = organizing pneumonia.

A B

Figure 1. Chest CT scans obtained from patients with trastuzumab deruxtecan-induced lung injury. (A) A CT image 
obtained from a 60-year-old woman with organizing pneumonia in the upper lobes (case 1 in Table 2) shows 
peripheral, multifocal, nodular consolidations (arrows). The patient developed drug-induced interstitial lung 
disease 331 days after beginning treatment with trastuzumab deruxtecan; however, the lung abnormalities remained 
even after glucocorticoid therapy. (B) A CT image obtained from a 53-year-old woman with organizing pneumonia in 
the right lower lobe (case 4 in Table 2) who received her first dose of trastuzumab deruxtecan 407 days previously 
showed focal consolidation and ground-glass opacity (arrow) adjacent to underlying fibrosis (arrowhead). The 
patient’s condition improved after cessation of trastuzumab deruxtecan without glucocorticoid therapy. 
CT = computed tomography.



pneumonia (OP) patterns [12]. These events were primarily Common Terminology Criteria 
for Adverse Events grade 1 or 2, and no patient had ILD of grade 3 or higher. Subsequently, 
follow-up CT in case 3 performed 18 days later showed more extensive areas of consolidation 
(Figure 2). Radiologic improvements were also noted at follow-up in the two patients (cases 
3 and 4), and the duration from onset to recovery was 266 days and 479 days. However, the 
remaining patients showed no changes in abnormal CT findings until the last examination. 
The occurrence of ILD led to discontinuation of drugs in all four patients; those patients 
remained stable from day 183 to day 674 without disease progression.

In this study, we reported specific CT findings of trastuzumab deruxtecan-induced ILD in 
patients with metastatic breast cancer. The OP pattern comprising subpleural consolidations 
was dominant in all four patients. In addition, the incidence and severity of ILD in patients 
were similar to those previously reported.

Two recent phase 2 studies reported high incidences of trastuzumab deruxtecan-induced 
ILD in patients diagnosed with metastatic breast and gastric cancers [5,6]. Earlier studies 
assessed 184 patients enrolled from North America, Asia, and Europe who received 
trastuzumab deruxtecan for 10 months [5]. Based on their results, 25 patients (13.6%) 
experienced drug-induced ILD, most of which were grade 1 or 2 (96%). The median onset 
duration of ILD in these patients was 193 days (IQR, 42–535). Furthermore, nine patients 
(36%) showed resolved or resolving (median duration, 34.0 days) symptoms. However, four 
deaths (2.2%) were attributed to ILD. Another phase 2 study including 187 patients from 
Japan and South Korea reported an ILD incidence of 10% [6]. According to the study, the 
median time to onset was 84.5 days. Most events were grade 1 or 2 (75%), and eight patients 
with ILD (66.7%) showed improved or improving status (median duration, 57.0 days). In our 
study, we showed an incidence of 12.9%, which is similar to the results of previous studies. 
In addition, all patients experienced grade 1 or 2 adverse events, whereas half of the patients 
showed resolved status. Unlike previous studies, both the onset and recovery times for ILD 
in our cohort were long. However, a pooled analysis of eight single-arm phase 1 and 2 studies 
examining trastuzumab deruxtecan use showed that 88% of the patients who developed 
ILD experienced onset within 12 months of treatment [13]. In 48% of the confirmed cases, 
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A B C

Figure 2. Chest CT scans of a 61-year-old woman (case 3 in Table 2) with trastuzumab deruxtecan-induced organizing pneumonia. (A) Axial index CT images 
of the right lower lung shows subpleural consolidations (arrows) in the basal segment. (B) Axial follow-up CT images performed 18 days after index CT show 
worsening consolidations (arrows). (C) CT examination performed 256 days after index CT shows near-complete resolutions of lung parenchymal abnormality. 
CT = computed tomography.



the onset time identified by the investigators was later than that identified by the ILD 
adjudication committee. Therefore, no significant difference was observed in terms of the 
timing of onset compared to previous results. This conclusion was based on the fact that 
three-quarters of ILD cases in our study developed within the first 12 months.

The CT findings of OP are nonspecific and have been observed in various diseases and 
neoplastic drugs [14]. A common disease involving interstitial pneumonitis in the form of 
OP is polymyositis-dermatomyositis (PM-DM) [15]. Approximately one-third of patients with 
PM-DM develop interstitial pneumonitis [16]. However, no evidence led us to suspect PM-
DM in our patients diagnosed with interstitial pneumonitis because there were no symptoms 
of muscle weakness or autoantibody reactions. In addition, OP is a frequent manifestation of 
drug reactions, including bleomycin, cyclophosphamide, and methotrexate [17]. Although 
cyclophosphamide used for chemotherapy to treat breast cancer was proposed to cause CT 
manifestations of OP, only one of the four patients diagnosed with interstitial pneumonitis 
was treated with cyclophosphamide approximately 4 years prior [18]. Abnormalities in OP 
observed using CT resembled those of chronic eosinophilic pneumonia (CEP) [19]. However, 
approximately 50% of patients diagnosed with CEP have asthma, and a vast majority 
have peripheral eosinophilia [20]. None of the four patients in this study had asthma and 
peripheral eosinophilia, suggesting a higher likelihood of trastuzumab deruxtecan-induced 
OP than CEP. All cases in this study showed OP patterns in their CT scans; this result was 
similar to that of a phase 1 study including 115 patients who received trastuzumab deruxtecan 
[21]. That study reported an ILD incidence of 17.4%, including cases of OP (30%). Thus, the 
clinical diagnosis of trastuzumab deruxtecan-induced OP in the four cases was reliable.

This study is significant as it mainly included the analyses of CT findings of trastuzumab 
deruxtecan-induced ILD at a single institute. However, this study had several limitations. First, 
the study was a descriptive, retrospective review of clinical and radiologic records and included 
only a few patients. Second, bronchoalveolar lavage to exclude the possibility of combined 
pneumonia caused by infectious organisms was not conducted in most cases. Third, ILD was 
mainly diagnosed based only on CT findings, and no correlation with pathological findings 
was found as biopsies were not performed. Finally, CT scan to detect ILD was performed only 
if the patient presented with ILD-related pulmonary symptoms. Since four patients who were 
diagnosed with trastuzumab deruxtecan-induced ILD in this study showed no symptoms 
suggesting ILD, ILD might have been underestimated in our cohort.

To summarize, the incidence of trastuzumab deruxtecan-induced ILD in the Korean 
population was comparable to that observed in previous trials. Moreover, the most 
commonly encountered CT finding in trastuzumab-induced ILD is the OP pattern, which 
comprises mainly consolidations in the subpleural areas. The presence of these findings in 
patients undergoing treatment with trastuzumab deruxtecan should arouse suspicion for 
drug-induced ILD.
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SUPPLEMENTARY MATERIAL

Supplementary Video 1
Axial CT images of a 47-year-old woman (case 2 in Table 2) with an approximately 200-day 
history of trastuzumab deruxtecan with diffuse organizing pneumonia. Axial CT images 
of the upper, right middle, right lower, and left lower lungs show bilateral, multifocal 
consolidations and ground-glass opacities characterized as organizing pneumonia patterns.

Click here to view
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