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Abstract

Background and Objective Trastuzumab deruxtecan (T-DXd) is a novel anti-ERBB2 antibody drug conjugate that appears to
be associated with an increased risk of lung toxicity. We performed a systematic review to describe the incidence, severity,
and management of T-DXd-induced interstitial lung disease (ILD) or pneumonitis.

Methods We searched PubMed/MEDLINE, Embase, Cochrane, and Web of Sciences through to 1 January, 2022, for human
clinical trials that assessed T-DXd in adults with ERBB2-positive advanced solid tumors and described the rate of ILD/
pneumonitis. Study screening was performed by two researchers. Data were extracted from the full-text articles.

Results Fourteen studies with a total of 1193 patients with different types of advanced solid malignancies were included in
our systematic review. The overall incidence of all-grade ILD/pneumonitis cases that were adjudicated by an independent
committee was 11.40% (ILD/pneumonitis cases, n = 136 out of total n = 1193). Grading of the adjudicated T-DXd-induced
ILD/pneumonitis was reported in 122 patients with the majority of the cases (78.69%, n = 96) occurring as grade 1 or 2.
Death was reported in 13 out of 122 (10.66%) patients. The highest incidence of ILD/pneumonitis was seen in patients with
uterine carcinomatosis (26.47%) and non-small cell lung cancer (24.77%). Interstitial lung disease/pneumonitis events were
treated with a dose interruption or reduction, treatment discontinuation, corticosteroids, and supportive care.

Conclusions Interstitial lung disease/pneumonitis is a well-described, serious, and potentially life-threatening adverse event
that is associated with T-DXd. Further studies are needed to identify the risk factors and the underlying pathophysiology of
T-DXd-induced ILD/pneumonitis to prevent occurrence and to develop effective management strategies.
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monitis.

Incidence and severity of trastuzumab deruxtecan-
induced interstitial lung disease/pneumonitis are variable
among different malignancies.

Clinicians should immediately recognize and intervene
on any suspected trastuzumab deruxtecan-induced inter-
stitial lung disease/pneumonitis case.
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1 Introduction

Human epidermal growth factor receptor 2 (ERBB2) is
highly expressed in different types of malignancies, mak-
ing it an attractive target in cancer treatment. Trastuzumab
deruxtecan (T-DXd or DS8201a) is a novel antibody drug
conjugate (ADC) that consists of an anti-ERBB2 (HER2)
monoclonal antibody linked to a topoisomerase I inhibi-
tor, deruxtecan, via a protease cleavable linker [1]. In
December 2019, T-DXd was approved by the US Food
and Drug Administration for the treatment of unresectable
or metastatic ERBB2-positive breast cancer [2]. Later,
in January 2021, T-DXd was approved by the Food and
Drug Administration for the treatment of ERBB2-positive
locally advanced or metastatic gastric or gastroesophageal
junction adenocarcinoma [3]. Although T-DXd showed
encouraging anti-tumor effects, clinical observations
showed pulmonary toxicity of drug-induced interstitial
lung disease (ILD) or pneumonitis in some patients.

Drug-induced ILD/pneumonitis is a potentially life-
threatening lung condition characterized by the inflam-
mation and fibrosis of the lung interstitium [4]. Drug-
induced ILD/pneumonitis is a diagnosis of exclusion, and
a comprehensive history, physical examination, laboratory
investigations, and radiographic imaging are required to
establish the diagnosis [5].

There are limited data on the incidence and manage-
ment of T-DXd-induced ILD/pneumonitis. This could
be because of the variability in the terminology used to
describe ILD/pneumonitis and the limited experience in
routinely diagnosing and managing this disease entity [6].
We conducted a systematic review to describe the inci-
dence, severity, and management of T-DXd-related ILD/
pneumonitis across clinical trials in patients with advanced
solid malignancies.

2 Methods

We systematically searched the following databases: Pub-
Med/MEDLINE, Embase, Cochrane, and Web of Sciences
through to 1 January, 2022, using Medical Subject Head-
ings as search phrases. All databases were searched for
English-language articles only. Human clinical studies that
assessed T-DXd in adults with ERBB2-positive advanced
solid tumors and described the rate of ILD/pneumonitis
were included. Studies other than clinical trials or studies
that did not describe ILD/pneumonitis were excluded.
The screening and selection of studies took place in
two stages. In the first step, two investigators (Z.A. and
A.A)) assessed the titles and abstracts of papers found in
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the electronic databases for eligibility using the inclusion
and exclusion criteria. In the second step, the same two
investigators retrieved the full text of the papers chosen in
the first phase and examined them for eligibility using the
same inclusion and exclusion criteria. Uncertainty con-
cerning article inclusion was resolved through an agree-
ment between the two investigators and approved by the
third investigator (M.N.). A data extraction template with
predefined fields was used to extract information from full-
text publications.

3 Results

Out of 3096 studies identified through database searching,
2901 titles and abstracts were identified after removing
duplicates (Fig. 1). Of them, 41 were eligible for a full-text
review based on the inclusion and exclusion criteria. During
the full-text review, a total of 27 titles and abstracts were
excluded, with the majority (66.67%) excluded because they
were abstracts, or interim or updated results of an already
included full study. Fourteen articles from the electronic
database search were eligible for inclusion in this review.

A total of 1193 patients with different types of advanced,
and previously treated solid malignancies were included.
The reported median age range was 48.5-68 years. In the
majority of the patients, the Eastern Cooperative Oncol-
ogy Group performance scale was either O or 1. Most of the
patients received intravenous T-DXd at either a 5.4-mg/kg
or 6.4-mg/kg dose every 3 weeks. Only two studies did not
report the dose of T-DXd [7, 8]. Fifty percent of the included
studies were phase II clinical trials, 43% were phase I, and
only one was a phase III clinical trial. Of the 14 studies, five
were conducted globally, four in the USA and Japan, two in
Japan only, one in Japan and South Korea, and one each in
Taiwan and Austria. The studies and patient characteristics
for the included 14 studies are summarized in Table 1.

3.1 Incidence and Severity
of Trastuzumab-Deruxtecan-Induced
Interstitial Lung Disease (ILD)/Pneumonitis

In the included studies, out of a total of 1193 patients, a
total of 136 (11.40%) patients were reported to have adjudi-
cated T-DXd-induced ILD/pneumonitis after evaluation by
an independent adjudication committee (Table 1). Twelve
out of the 14 included studies reported the grading of the
adjudicated ILD/pneumonitis cases (n = 122). Most of the
adjudicated T-DXd-induced ILD/pneumonitis adverse events
were grades 1 or 2, seen in 96 patients (78.69%), while
grades 3 and 4 were noted in 13 patients (10.66%). Death
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Fig.1 PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) diagram of studies included in the review. ILD intersti-

tial lung disease

related to T-DXd-induced ILD/pneumonitis was reported in
13 out of 122 (10.66%) patients. Differences in the incidence
and severity of ILD/pneumonitis were seen among different
types of solid tumors.

3.2 Breast Cancer

Seven clinical trials that assessed the efficacy and safety
of T-DXd in previously treated, advanced ERBB2-posi-
tive breast cancer were included in our systematic review
[7-13]. The T-DXd safety profile was assessed in a total of
683 patients with breast cancer with a median age range of
48.5-56.6 years. Adjudicated T-DXd-induced ILD/pneumo-
nitis was reported in 74 patients (10.83%). All the included
studies except one [12] provided the grading of the adju-
dicated ILD/pneumonitis adverse events (n = 61). Most of
the adverse events were grades 1 or 2 (51 of 61, 83.60%),

while grade 3 or 4 events were seen in only three patients
(4.92%). Death due to T-DXd-induced ILD/pneumonitis was
reported in only seven patients (11.48%). Only one study [9]
reported the median time until the onset of the lung disease
in investigator-reported cases of ILD/pneumonitis of any
grade, and it was 193 (range: 42—-535) days. Furthermore,
the same study reported a median time from the onset of
lung disease to recovery of 34 (range: 3—179) days (Table 2).

3.3 Gastric and Gastroesophageal Junction Cancers

Three studies assessed T-DXd in 248 patients with previously
treated, advanced, and ERBB2-positive gastric or gastroe-
sophageal junction cancer [14-16]. The median age range
in the included gastric or gastroesophageal junction cancer
studies was 61-68 years. Adjudicated T-DXd induced ILD/
pneumonitis cases were reported in 19 patients (7.66%). The
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Table 1 (continued)

Female,n ECOG status ILD/pneu-

Age, years

median
(range)

Subjects Sample size, n

Intervention

Country

Study type Trial No.

Author, year

monitis, n

(%)

5(8.47)

31 0:29

58 (23-83)

59

Previously treated,

T-DXd 6.4 mg/kg

NCT02564900 USA and Japan

Open-label, single-

Tsurutani (2020)

ERBB2(+) non-

q3w

arm, multicenter,

phase I

[18]

breast or gastric
solid tumors

CA cancer, ECOG Eastern Cooperative Oncology Group, ERBB2 human epidermal growth factor receptor 2, GEJ gastroesophageal junction, /LD interstitial lung disease, mets metastasis, NR

not reported, NSCLC non-small cell lung cancer, g3w every 3 weeks, T-DXd trastuzumab deruxtecan

#Age is the median (interquartile range)

grading of the adjudicated T-DXd-induced ILD/pneumonitis
adverse events were reported in two studies (n = 18) [14,
16]. Most of the cases were grade 1 or 2 (n = 14, 77.78%),
while three or four adverse events were seen in three (16.67%)
patients. Only one (5.56%) patient had a grade 5 fatal out-
come. The median time until the onset of lung disease was
reported in one study [14], and it was 84.5 (range: 36-638)
days. The same study reported a median of 57 days from the
onset of the disease until recovery (Table 2).

3.4 Colorectal Carcinoma

Two studies that assessed T-DXd in patients with advanced
colorectal adenocarcinoma (n = 98) were included in our
systematic review [17, 18]. Adjudicated T-DXd-induced
ILD/pneumonitis was reported in only one study (n =
78) [17]. In that study, five out of 78 (6.41%) had T-DXd-
induced ILD/pneumonitis. Two (40%) were grade 2, one
(20%) was grade 3, and two (40%) were associated with fatal
outcomes. The same study reported the median time until
the onset of lung disease and it was 77 (range 42-84) days.
The other study assessed the efficacy and safety of T-DXd
in 59 patients with advanced solid malignancies; of them,
20 patients had colorectal carcinoma [18]. The investigators
reported two cases (10%) of ILD/pneumonitis among the
patients. The study did not specifically report the number
of adjudicated ILD/pneumonitis cases among the colorectal
carcinoma cohort (Table 2).

3.5 Uterine Carcinosarcoma

One study assessed T-DXd in 34 patients with advanced
ERBB2-positive uterine carcinosarcoma [19]. Nine
(26.47%) cases of adjudicated T-DXd-induced ILD/pneumo-
nitis were reported. Eight (88.89%) were grade 1 or 2, and
one (11.11%) was grade 3. There were no reported deaths
among the patients due to ILD/pneumonitis (Table 2).

3.6 Non-Small Cell Lung Cancer

Two studies assessed the use of T-DXd in a total of 109
patients with ERBB2-positive advanced non-small cell lung
cancer [18, 20]. The mean median age was 59 years. Twenty-
seven (24.77%) patients had T-DXd-induced ILD/pneumonitis
that a committee adjudicated. Among them, three (11.11%)
patients had a fatal outcome. Adjudicated T-DXd-induced
ILD/pneumonitis grading was reported in one study [20] (n
= 24), and most of the cases were grade 1 or 2, seen in 18
patients (75%), while grade 3 or 4 adverse events were seen
in four (14.67%) patients. The same study reported a median
time until the onset of the lung disease of 141 (range: 14-462)
days, and a median time from the onset to the recovery of 43
(95% confidence interval 24-94) days (Table 2).
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Table 2 Incidence of the adjudicated cases of T-DXd-induced ILD/pneumonitis according to the type of malignancy

Malignancy  Author, year ~ Sample size, ILD/pneu- Glor2,n G3,n (%) G4,n (%) G5,n (%) Mediantime Median time in

n monitis,n (%) in days until  days from the
(%) onset of onset to recov-
lung disease  ery (range)
(range)
Breast cancer Modi (2020) 184 25 (13.59) 20 (80) 14) 0 4 (16) 193 (42-535) 34 (3-179)
[9]
Cortes (2021) 257 27 (10.51) 25(92.59) 2(7.40) O 0 NR NR
[8]
Modi (2020) 54 8 (14.81) 5(62.5) 0 0 3(37.5) NR NR
[10]
Chang (2019) 12 0 0 0 0 0 NR NR
[11]
Tamura 115 13 (11.30)* NR NR NR NR NR NR
(2019) [12]
Yamashita 51 1 (1.96) 1 (100) 0 0 0 NR NR
(2020) [13]
Bartsch 10 0 0 0 0 0 NR NR
(2021) [7]
Gastric and Shitara (2020) 125 12 (9.60) 9 (75) 2(16.67) 1(833) 0 84.5 (36-638) 57 (NR)
GEJ cancer [14]
Van Cutsem 79 6 (7.59) 5(83.33) 0 0 1(16.67) NR NR
(2021) [15]
Shitara (2019) 44 127" NR NR NR NR NR NR
[16]
Colorectal Siena (2021) 78 5(6.41) 2 (40) 1 (20) 0 2 (40) 77 (42-84) NR
carcinoma [17]
Tsurutani 20 2 (10)¢ NR NR NR NR NR NR
(2020) [18]
Uterine carci- Hasegawa 34 9 (26.47) 8 (88.89) 1(11.11) O 0 NR NR
nosarcoma (2021) [19]
NSCLC Li (2022) [20] 91 24(26.37) 18 (75) 4(16.67) 0 2(8.33) 141 (14-462) 43 (24-94)¢
Tsurutani 18 3(16.67) NR NR NR 1(33.33) NR NR

(2020) [18]

G1 or 2 grade 1 or 2, G3 grade 3, G4 grade 4, G5 grade 5, GEJ gastroesophageal junction, /LD interstitial lung disease, NR not reported, NSCLC
non-small cell lung cancer, 7-DXd trastuzumab deruxtecan

20 cases of ILD, pneumonitis, or organizing pneumonia were reported by investigators (G1 or 2: 17, G3: 1, G5: 2). Of the 20 cases, 13 were
adjudicated as T-DXd-induced ILD, 1 confirmed ILD but not due to T-DXd, 2 were not ILD, and 4 were pending adjudication. Data regarding
grading of the 13 confirmed cases were not reported

4 cases of ILD/pneumonitis were reported by investigators (G2: 3, G3: 1). Only 2 cases were assessed by an independent adjudication commit-
tee, one was ILD related to T-DXd, and the other was ILD not related to T-DXd. Data regarding grading the confirmed case were not reported

€2 cases of ILD/pneumonitis reported by the investigators. No reported data on the grading or number of adjudicated ILD/pneumonitis cases
among the colorectal carcinoma cohort

9Median (95% confidence interval)

3.7 Induced ILD/Pneumonitis in 5.4 versus 6.4 mg/ received the 5.4-mg/kg dose, 25 (12.20%) had ILD/pneu-

kg Subgroups monitis. Data are limited on the dosing subgroups as not all
studies reported the adverse events according to the dose.

Most of the patients in the included studies received T-DXd

at a dose of 6.4 mg/kg every 3 weeks. Seventy (12.46%) 3.8 Monitoring and Management of Induced ILD

out of 562 patients who received T-DXd at 6.4 mg/kg every

3 weeks were reported to have ILD/pneumonitis that was  Seven studies mentioned the guidelines used to manage sus-

confirmed by an independent committee (Electronic Sup-  pected T-DXd-induced ILD/pneumonitis adverse events [9,

plementary Material). In contrast, among 205 patients who 10, 12, 14, 17, 18, 20]. In these studies, suspected cases of
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lung toxicity were treated with a dose interruption, reduc-
tion, or discontinuation, corticosteroids, and supportive care.
According to the guidelines used in these studies, if a case
of ILD/pneumonitis was suspected, treatment with T-DXd
was to be interrupted until a further evaluation, and corticos-
teroids were started promptly. If the adverse event was con-
firmed to be grade 1, T-DXd was restarted only if the event
had fully resolved. The dose was maintained if resolved in
< 28 days from the day of onset, but if resolved in >28 days
from the day of onset, the dose was to be reduced by one
level. For grade 2, 3, or 4 events, T-DXd was permanently
discontinued.

4 Discussion

Novel anti-ERBB2 ADCs are currently showing promise
in studies for different malignancies. Because numerous
malignancies express ERBB2, anti-ERBB2 ADCs could
become a therapy option for a variety of tumors in addi-
tion to the already Food and Drug Administration-approved
breast and gastric/gastroesophageal junctional tumor types.
Given promising efficacy results in multiple settings, the
management of potentially fatal adverse events such as ILD
would be critical in improving the overall therapeutic index
of T-DXd. The underlying mechanism for anti-ERBB2-
induced lung damage is yet to be elucidated; however, it is
likely to be associated with the cytotoxic agent (payload)
[21]. Induced ILD/pneumonitis-related deaths have been
documented in anti-ERBB2 trials with varying occurrence
rates.

In our systematic review, among all the patients with
different types of malignancies who received T-DXd, the
rate of adjudicated cases of T-DXd-induced ILD/pneumo-
nitis was 11.4%. Drug-induced ILD/pneumonitis is a known
serious adverse event induced by many drugs such as anti-
ERBB2 monoclonal antibodies. Hackshaw et al. reported a
rate of 9.9% for trastuzumab-induced ILD in ERBB2-positve
metastatic breast cancer [22]. The rate of T-DXd-induced
ILD/pneumonitis that has been reported from studies enroll-
ing patients with breast cancer was higher, and this could
be because of the different molecular and structural char-
acteristics between trastuzumab and T-DXd. In addition to
trastuzumab in the T-DXd structure, a cytotoxic topoisomer-
ase inhibitor “deruxtecan” is present. Although the mecha-
nism of T-DXd-induced ILD remains unknown, it is likely
associated, at least in part, with the carried cytotoxic agent,
deruxtecan [21]. Additionally, comparing T-DXd-induced
ILD/pneumonitis to other anti-ERBB2 ADCs, the inci-
dence of T-DXd-induced ILD/pneumonitis was higher than
the reported incidence of trastuzumab emtansine. Among
3290 patients with advanced ERBB2-positive breast can-
cer treated with trastuzumab emtansine, ILD was seen in

only 0.5% [22]. Another study by Emens et al. showed a
rate of 4% in 202 patients with advanced ERBB2-positive
breast cancer when atezolizumab was added to trastuzumab
emtansine [23].

Our systematic review reported the highest incidence of
T-DXd-induced ILD/pneumonitis in patients with uterine
carcinosarcoma (26.47%) and NSCLC (24.77%). In patients
with NSCLC, the higher incidence of ILD/pneumonitis
could be attributed to the known underlying diseased lung,
and the likely limited baseline pulmonary function because
of previous lung resection surgeries or radiation therapy, and
or possible emphysematous changes due to smoking that
may make the lungs more vulnerable to pulmonary toxic-
ity. However, in the uterine carcinosarcoma cohort, reasons
are unclear, and the higher incidence may be because of
the small sample size (n = 34). The lowest incidence of
T-DXd-related ILD/pneumonitis was seen among patients
with colorectal carcinoma (6.41%) followed by patients with
gastric and gastroesophageal junction (7.66%).

General guidelines are available in the package insert
to establish the diagnosis or manage T-DXd-induced ILD/
pneumonitis[24]. All patients receiving T-DXd should be
monitored for signs and symptoms of ILD/pneumonitis.
If a patient develops cough, dyspnea, fever and/or new or
worsening respiratory symptoms, evaluation of ILD/pneu-
monitis should be initiated promptly. Radiographic imaging
should be obtained in all suspected cases, and a pulmonolo-
gist consultation should be considered. For asymptomatic
ILD/pneumonitis (grade 1), T-DXd should be interrupted
until resolved and corticosteroids can be considered (e.g. >
0.5 mg/kg/day of prednisolone or equivalent). If the adverse
event resolved at < 28 days, the same dose can be main-
tained, and if resolved at > 28 days, the dose is to be reduced
by one level. However, if a patient develops symptomatic
ILD/pneumonitis (grade > 2), T-DXd should be discontin-
ued permanently, and corticosteroid treatment should be
promptly initiated (e.g., > 1 mg/kg/day of prednisolone or
equivalent) for at least 14 days followed by a gradual taper
for at least 4 weeks. Similar recommendations on the diag-
nosis and management of T-DXd-induced ILD/pneumonitis
can also be adopted from drug-induced lung injury guide-
lines [25].

Our systematic review has certain limitations, including
the limited sample size of the included studies. The majority
of the patients had breast cancer; thus, results may not gener-
alize to other tumor types. Second, some study investigators
reported ILD/pneumonitis events rather than the adjudicated
cases. Third, our data are limited on the correlation between
the T-DXd dose and ILD/pneumonitis events as not all the
studies documented the dose and/or the events according
to the received dose. Fourth, we could not describe event
timelines, such as the time to onset of ILD/pneumonitis and
the time to recovery, owing to limited reported data. Last,
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we could not retrieve patient-level information on prior treat-
ment history; for example, having exposure to immunother-
apy within a certain period may increase a patient’s risks
for ILD/pneumonitis, although the Destiny-Lung01 protocol
mandated >4 weeks from previous immunotherapy [20].

5 Conclusions

Induced ILD/pneumonitis is a well-described adverse drug
event associated with anti-ERBB2 ADC T-DXd with the
highest incidence in patients with uterine carcinomatosis and
NSCLC. Trastuzumab deruxtecan-induced ILD/pneumoni-
tis is typically managed via a dose reduction, interruption,
treatment discontinuation, corticosteroids, and supportive
care. Additional studies are needed to identify the risk fac-
tors and the underlying pathophysiology of T-DXd-induced
ILD/pneumonitis to prevent the occurrence and to develop
effective management strategies.
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