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ABSTRACT
Background: Antibody-drug conjugates (ADCs) have demonstrated promising efficacy in several prospective clinical studies, 
offering new possibilities for the treatment of non-small cell lung cancer (NSCLC). Consequently, understanding the toxicity 
profile associated with ADCs is of critical importance.
Methods: A comprehensive search was performed across PubMed, Embase, Cochrane Library, and Clini​calTr​ials.​gov for stud-
ies on ADC monotherapy in NSCLC. Data extraction prioritized treatment-related adverse events (TRAEs), drug-related adverse 
events (AEs), or treatment-emergent adverse events (TEAEs). Incidences were pooled using a random-effects model.
Results: Thirteen studies including 1566 NSCLC patients were analyzed. The pooled incidence of all-grade TRAEs was 93.67%. 
Grade ≥ 3 TRAEs occurred in 38.74%, and serious TRAEs in 15.89%. Discontinuation and mortality rates were 9.52% and 0.63%. 
Hematologic toxicity was common among grade ≥ 3 TRAEs. Additionally, 20 fatal TRAEs were mainly associated with respira-
tory toxicity. Subgroup analysis for adverse events of special interest (AESIs) showed that Trastuzumab deruxtecan was more 
likely to cause grade ≥ 3 pneumonitis or interstitial lung disease (ILD), while TROP2-targeted ADCs were prone to high-grade 
stomatitis and ocular toxicity.
Conclusion: The overall incidence of TRAEs with ADC monotherapy in NSCLC is high, but most are Grade 1 or 2 and overall 
safety is manageable. Importantly, fatal TRAEs were mainly respiratory in this study, requiring clinical vigilance. Grade ≥ 3 
AESIs should also be closely monitored.
Registration: This study was registered at INPLASY (ID: INPLASY2023120046).

1   |   Introduction

Lung cancer poses a major health challenge worldwide, as it 
is the most commonly diagnosed type of cancer and the top 

cause of cancer-related mortality [1]. Non-small cell lung cancer 
(NSCLC) makes up about 80%–85% of all instances of lung can-
cer. Most NSCLC patients are diagnosed at an advanced stage 
with poor prognosis due to inadequate screening, and late onset 
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of clinical symptoms [2, 3]. Recently, antibody-drug conjugates 
(ADCs) [4–7] have emerged as a significant breakthrough in 
the treatment of NSCLC, demonstrating efficacy alongside a 
controlled safety profile. These therapeutics combine monoclo-
nal antibodies with the cytotoxic effects of chemotherapy. The 
monoclonal antibody component precisely recognizes and binds 
to specific targets at the tumor site, enabling targeted delivery 
and payload release via endocytosis. This mechanism facilitates 
both precision-targeted therapy and cytotoxic chemotherapy 
[4, 8]. On August 11, 2022, the FDA granted accelerated mar-
keting approval for Enhertu (trastuzumab deruxtecan, T-DXD), 
marking the first ADC approved for previously treated meta-
static HER2-mutated NSCLC [9, 10]. Additionally, two ADCs 
(telisotuzumab vedotin and patritumab deruxtecan) have been 
awarded FDA Breakthrough Therapy Designation. Numerous 
promising ADCs are currently in clinical development, solidify-
ing their position as potential therapeutic options for lung can-
cer patients.

Despite the efficacy of ADCs, their associated toxicities remain 
a challenge, as they are fundamentally chemotherapy-based 
agents [6]. Adverse events of special interest (AESIs) such as 
pneumonitis or interstitial lung disease (ILD), ophthalmic tox-
icity (including keratitis), and stomatitis have been reported. 
Additionally, non-special interest adverse events, including 
myelosuppression, nausea, decreased appetite, diarrhea, and 
fatigue, are common [10–12]. These toxicities often result from 
limited drug delivery to tumor cells, as a substantial proportion 
of the injected dose circulates systemically and undergoes catab-
olism in non-target tissues, increasing the risk of both on- and 
off-target toxicities [13, 14]. Thus, evaluating the safety profiles 
of ADCs is crucial for better risk assessment and more effective 
toxicity management.

To date, few studies have conducted meta-analyses focusing on 
the clinical toxicity of ADC monotherapy for lung cancer. With 
the rapid advancement of ADCs and the continual reporting of 
associated AEs, the spectrum and incidence of these events are 
evolving dynamically. To stay informed about AEs associated 
with ADCs, effective management strategies must be developed. 
In this context, we employed a random-effects model [15] to 
quantitatively aggregate data from published clinical trials, aim-
ing to analyze the characteristics and incidence of treatment-
related adverse events (TRAEs) linked to ADC monotherapy 
in NSCLC.

2   |   Methods

2.1   |   Search Strategy and Selection Criteria

This study adhered to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) guidelines 
[16] (Supporting Information 1). The study protocol was regis-
tered with the International Platform of Registered Systematic 
Review and Meta-Analysis Protocols (INPLASY) on December 
11, 2023, updated for the last time on the same date (registration 
number INPLASY2023120046). A systematic literature search 
was conducted using PubMed, Embase, the Cochrane Library, 
and Clini​calTr​ials.​gov to identify clinical trials reporting TRAEs 
associated with ADC monotherapy. The search covered articles 

published from the inception of ADC until September 20, 2024 
(see Table S1 for detailed search strategy). A manual snowball-
ing strategy was also employed to identify additional relevant 
literature. Key search terms included “non-small cell lung can-
cer (NSCLC)”, “antibody-drug conjugates (ADCs)”, “trastu-
zumab deruxtecan,” “trastuzumab emtansine,” “clinical trials,” 
and “adverse events,” among others. The criteria for inclusion 
were listed as follows: (1) Reported prospective clinical trials. (2) 
Available count data for TRAEs in patients with NSCLC treated 
with ADC monotherapy. (3) More current and comprehensive 
publications from the same research population. Exclusion cri-
teria included: (1) Retrospective studies, meta-analyses, or re-
views. (2) Results of phase I clinical trial. (3) Studies with unclear 
clinical outcomes, incomplete adverse event data, or fewer than 
10 patients in the ADC monotherapy group. (4) ADCs or clinical 
trials with announced terminations. Studies reporting Phase II 
data from Phase I/II trials were included. For a study with mul-
tiple dose groups, the recommended dose group specified in the 
report was selected for analysis. Two authors (Y.W. Li and L.J. 
Zhou) independently screened and reviewed eligible trials based 
on abstracts and full-text articles. Discrepancies were resolved 
through discussions with two senior authors (L Wang and Y Jin) 
to reach consensus. Since this study was a retrospective analysis 
based solely on published data, with no direct involvement of 
human or animal subjects, it was exempt from ethics review.

2.2   |   Data Extraction

The quality of the selected single-arm trials was evaluated using 
the MINORS criteria [17]. The risk of bias in randomized con-
trolled trials was assessed with the Cochrane Risk of Bias 2 
Tool (RoB-2), [18] in accordance with the Cochrane Handbook 
for Systematic Reviews of Interventions. Among the two RCTs 
[19, 20] included in the analysis, only the treatment arms with 
ADC drugs were considered. Because of discrepancies between 
Clini​calTr​ials.​gov registry data and the published literature in 
terms of outcome definitions and types of adverse events (AEs) 
reported (TRAEs versus treatment-emergent AEs [TEAEs]), 
we used a standardized selection procedure (see Figure S1) to 
minimize potential bias or inaccuracies. Our protocol priori-
tized (1) TRAEs, drug-related AEs, or drug-related TEAEs from 
peer-reviewed publications; (2) matching data types from alter-
native sources (e.g., Clini​calTr​ials.​gov, conference abstracts) 
when available; (3) other AE data (e.g., TEAEs or general AEs) 
from publications if the above were unavailable; and (4) general 
AE data from additional sources as needed. Peer-reviewed data 
superseded registry-publication discrepancies. Moreover, for 
studies reporting multiple AE categories, the most comprehen-
sive dataset was selected to maximize coverage. Data types and 
sources are detailed in Table S2. Baseline data extracted included 
the first author's name, ADC monograph name, trial name, NCT 
number, trial stage, trial design type, publication year, targeted 
type, linker type, payload type, total number of patients, number 
of patients with TRAEs (all grades and high grades), number of 
patients experiencing serious TRAEs, TRAEs leading to drug 
discontinuation, and treatment-related deaths in the safety pop-
ulation. Notably, many of the NSCLC patient cohorts included in 
this analysis had received multiple prior lines of therapy. TRAEs 
reported across the trials were categorized using the National 
Cancer Institute Common Terminology Criteria for Adverse 
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Events (CTCAE) [21]. High-grade adverse events were defined 
as Grade 3 or higher (grade ≥ 3). Serious adverse events were 
classified as those that resulted in death, required or prolonged 
hospitalization, were life-threatening, or caused persistent or 
significant disability or incapacity.

2.3   |   Data Analysis

The incidence of TRAEs was calculated by dividing the number 
of patients experiencing each adverse event by the total number 
of patients. This meta-analysis was primarily based on single-
arm trials, with high clinical and methodological heterogene-
ity observed across studies due to variations in patient baseline 
characteristics, intervention protocols, and data reporting stan-
dards. To account for within-study and between-study vari-
ability, the DerSimonian-Laird random-effects model [15] was 
employed to ensure robust pooled estimates. Statistical hetero-
geneity was evaluated using the I2 statistic [22] (I2 > 50% indicat-
ing substantial heterogeneity), derived from the random-effects 
model. Additionally, the significance of heterogeneity was as-
sessed using Cochrane's Q test (df = number of studies −1), with 
a p value < 0.10 deemed statistically significant rather than the 
traditional < 0.05. This adjustment was due to the low incidence 
of certain toxicities, such as death-related adverse events. In 
the analysis of rare events, a relaxed threshold improves the 
statistical efficacy of detecting potential heterogeneity, as rec-
ommended by the Cochrane Handbook [23]. To address the 
instability of variance in incidence proportions, particularly at 
extreme values (0% or 100%), the Freeman-Tukey double arcsine 
transformation [24, 25] was applied. Finally, pooled effect esti-
mates were reported with 95% confidence intervals (CIs), with 
the significance of the combined effect sizes defined as a two-
tailed p value < 0.05.

Adverse events identified in the selected studies were classified 
into Adverse Events of Special Interest (AESIs) and non-AESIs, 
with five overall incidences and high-grade incidences of both 
AESIs and non-AESIs summarized. Furthermore, the causes of 
fatal TRAEs were identified. Subgroup analyses were performed 
for high-grade overall TRAEs and high-grade AESIs to exam-
ine the influence of various factors, including prior treatment 
backgrounds, ADC types, target antigens, and payloads. We fur-
ther examined the incidence of grade ≥ 3 myelosuppression in 
relation to different payloads. In addition, the incidence of high-
grade TRAEs was analyzed based on different targets within the 
same technology platform and across different platforms for the 
same target. Finally, we added a concise practice table to guide 
clinicians (see Table 4). Nevertheless, given the limited number 
of studies and small sample sizes (n ≤ 50) in certain subgroups, 
these findings may have insufficient statistical power and 
should be interpreted cautiously. Therefore, subgroup analyses 
with n ≤ 50 were regarded as exploratory and were summarized 
in Table S6.

Sensitivity analyses were performed by sequentially excluding 
randomized controlled trials (RCTs), as well as studies utiliz-
ing CTCAE version 4.x or with unspecified CTCAE versions, 
to evaluate the robustness of the primary analyses. Publication 
bias was evaluated through a funnel plot and the Egger test 
[26–28]. The modified funnel plot, which was created using the 

trim-and-fill technique, served as a secondary assessment tool; 
visual asymmetry within this plot indicates the presence of bias 
[29]. Statistical analyses were performed solely with R (v4.3.1) 
and GraphPad Prism (v9.5).

3   |   Results

3.1   |   Study Selection and Characteristics

Our systematic search across PubMed, Embase, the Cochrane 
Library, and Clini​calTr​ials.​gov initially identified 478 records. 
After removing 25 duplicates, 453 articles were evaluated by title 
and abstract, and 397 of them were excluded because of non-
conforming study types or phase I trial designs. The remaining 
56 publications were evaluated in full text, leading to the ex-
clusion of 46 irrelevant records, including articles on non-ADC 
monotherapy studies (n = 32), lack of available NSCLC AE data 
(n = 11), and clinical trials announced as terminated (n = 3). A 
total of 10 studies were ultimately selected, and 3 additional re-
cords were retrieved from conference websites. Therefore, 13 
eligible clinical studies involving 1566 patients were selected 
for quantitative evaluation (Figure 1). Of these 13 trials, 2 were 
randomized controlled trials (RCTs) [19, 20], and 11 were single-
arm clinical trials [10, 30–39]. The ADCs analyzed included 
Trastuzumab emtansine (n = 4), Datopotamab deruxtecan 
(n = 3), Trastuzumab deruxtecan (n = 2), and Telisotuzumab 
vedotin (n = 1). Each ADC was associated with specific targets 
and payload classes. The targets comprised human epidermal 
growth factor receptor 2 (HER2; n = 6), human trophoblast cell 
surface antigen 2 (Trop-2; n = 5), and c-mesenchymal-epithelial 
transition factor (c-Met; n = 1). The categories of payloads com-
prised deruxtecan (DXd; n = 6), emtansine (DM1; n = 4), and 
vedotin (MMAE; n = 1). Some with smaller sample sizes were 
not listed (see Table 1). Quality assessment using the MINORS 
criteria revealed scores ranging from 13 to 15 out of a maxi-
mum of 16, indicating that the included clinical trials were of 
high quality. The risk of bias was assessed via the RoB-2 tool 
for RCTs, demonstrating a low risk of bias across included stud-
ies. Detailed findings of the risk of bias evaluation are listed in 
Table S3 and Figure S2.

3.2   |   The Overall Incidence of TRAEs

The comprehensive analysis indicated that the overall rate of all-
grade TRAEs was 93.67% (95% CI: 89.57%–96.91%, I2 = 77%). The 
pooled incidences for specific categories were as follows: high-
grade TRAEs, 38.74% (95% CI: 29.06%–48.87%, I2 = 93%); seri-
ous TRAEs, 15.89% (95% CI: 11.84%–20.37%, I2 = 58%); TRAEs 
leading to treatment discontinuation, 9.52% (95% CI: 4.98%–
15.18%, I2 = 84%); and death-related adverse events, 0.63% (95% 
CI: 0.19%–1.24%, I2 = 0%) (Table 2). Adverse events reported in 
the 13 studies were categorized into adverse events of special 
interest (AESIs) and non-AESIs. AESIs included pneumonitis 
or ILD, stomatitis (oral mucositis), and ophthalmic toxicity (in-
cluding keratitis/keratopathy), which warrant increased clinical 
attention. The most frequent all-grade AESIs were ophthalmic 
toxicity (17.44%; 95% CI: 11.97%–23.68%, I2 = 66%, including ker-
atitis/keratopathy [4.64%; 95% CI: 2.88%–6.77%, I2 = 0%]), stoma-
titis (17.21%; 95% CI: 4.32%–35.95%, I2 = 98%), and pneumonitis 
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or ILD (7.35%; 95% CI: 3.10%–13.03%, I2 = 85%). Among high-
grade AESIs, the most common were stomatitis (4.98%; 95% CI: 
1.52%–10.06%, I2 = 89%), pneumonitis or ILD (2.01%; 95% CI: 
0.71%–3.83%, I2 = 63%), and ophthalmic toxicity (1.67%; 95% CI: 
0.70%–2.97%, I2 = 0%, including keratitis/keratopathy [0.50%; 
95% CI: 0.00%–2.55%, I2 = 68%]). For non-AESIs, the most prev-
alent all-grade events were nausea (37.90%; 95% CI: 25.26%–
51.40%, I2 = 95%), fatigue (34.30%; 95% CI: 21.72%–48.08%, 
I2 = 96%), and neutropenia (25.10%; 95% CI: 11.19%–42.24%, 
I2 = 97%). The most frequent high-grade non-AESIs were neu-
tropenia (14.76%; 95% CI: 5.74%–26.88%, I2 = 96%), thrombocy-
topenia (9.38%; 95% CI: 0.34%–25.72%, I2 = 77%), and anemia 
(7.05%; 95% CI: 3.27%–11.98%, I2 = 82%) (Figure 2).

3.3   |   Incidence of Fatal TRAEs

To provide clarity on the causes of fatal TRAEs, we detailed the 
causes of the 20 deaths observed (Table 3). Respiratory toxicity 
was the leading cause, accounting for 60% of fatalities (n = 12), 
with pneumonitis or interstitial lung disease (ILD; n = 10) being 
the most frequent contributor, representing 50% of all deaths. 
Other causes included digestive toxicity, neurotoxicity, febrile 
neutropenia, septic shock, and sepsis, among others. Among 
the targets, TROP2 was most commonly associated with fatal 
TRAEs, responsible for 50% of the deaths, followed by HER2 
and HER3, each contributing 20% (Table S4).

3.4   |   Grade ≥ 3 TRAEs Subgroup Analysis

A total of 7 different ADCs from 13 clinical trials were pooled for 
analysis. As the results about telisotuzumab vedotin for c-Met 

and patritumab deruxtecan for HER3 were derived from a sin-
gle clinical trial, they are presented descriptively. The ADCs 
most frequently associated with grade ≥ 3 TRAEs were SKB264 
(67.44%; 95% CI: 51.46%–80.92%), patritumab deruxtecan 
(64.89%), and sacituzumab govitecan (52.70%; 95% CI: 46.84%–
58.51%; Figure  S3. A. a). Additionally, we examined the high-
grade toxicity profiles for ADCs targeting different biomarkers. 
The most common targets associated with grade ≥ 3 TRAEs 
were HER3 (64.89%), TROP2 (42.49%; 95% CI: 26.94%–58.83%; 
I2 = 95%, p < 0.01), and HER2 (32.27%; 95% CI: 19.71%–46.18%; 
I2 = 75%, p < 0.01; Figure  3). We also analyzed 5 different pay-
loads from the 13 trials. The payloads most frequently causing 
grade ≥ 3 TRAEs were KL610023 (67.44%; 95% CI: 51.45%–
80.84%), govitecan (SN-38; 52.70%; 95% CI: 46.82%–58.56%), and 
deruxtecan (DXd; 40.86%; 95% CI: 28.56%–53.76%; Figure  S3. 
A. c).

In addition, we conducted subgroup analyses for grade ≥ 3 AESIs 
based on different ADCs, targets, and payloads. Among the 
ADCs, SKB264 (9.30%; 95% CI: 2.59%–22.14%) and Datopotamab 
deruxtecan (8.30%; 95% CI: 5.73%–11.28%) were the most fre-
quent causes of grade ≥ 3 stomatitis (Table  S5). The ADCs 
most commonly associated with grade ≥ 3 pneumonitis or ILD 
were Trastuzumab deruxtecan (3.94%; 95% CI: 0.58%–9.58%), 
Telisotuzumab vedotin (5.23%), and Patritumab deruxtecan 
(1.33%). For grade ≥ 3 ophthalmic toxicity, Datopotamab derux-
tecan (1.91%; 95% CI: 0.70%–3.59%) was the most frequently 
implicated ADC. In terms of target types, TROP2 was the most 
frequent cause of grade ≥ 3 stomatitis (6.44%; 95% CI: 2.59%–
11.72%). The targets most commonly associated with grade 
≥ 3 pneumonitis or ILD were c-Met (5.23%) and HER2 (3.94%; 
95% CI: 0.58%–9.58%). TROP2 was also the most frequent tar-
get associated with grade ≥ 3 ophthalmic toxicity, including 

FIGURE 1    |    Screening workflow diagram for the study. ADC, antibody-drug conjugate; NSCLC, non-small cell lung cancer.
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keratitis/keratoconus (1.91%; 95% CI: 0.70%–3.59%; 1.35%; 95% 
CI: 0.37%–3.41%).

In terms of payload type, the payloads that most frequently 
caused grade ≥ 3 stomatitis were KL610023 (9.30%; 95% CI: 
3.38%–22.64%) and deruxtecan (DXd; 5.81%; 95% CI: 1.43%–
12.61%; Table S5). The most common payloads linked to grade 
≥ 3 pneumonitis or ILD were vedotin (MMAE; 5.23%) and derux-
tecan (DXd; 1.88%; 95% CI: 0.55%–3.84%). For grade ≥ 3 ophthal-
mic toxicity, deruxtecan (DXd; 1.91%; 95% CI: 0.70%–3.59%). 
Because the occurrence of myelosuppression strongly correlates 
with the payload of ADCs, a subgroup analysis was conducted 
for high-grade myelosuppression, including neutropenia, throm-
bocytopenia, and anemia. The payloads most frequently causing 
grade ≥ 3 neutropenia were KL610023 (32.56%; 95% CI: 19.63%–
48.57%), govitecan (SN-38; 24.66%; 95% CI: 19.66%–29.85%), and 
deruxtecan (DXd; 9.58%; 95% CI: 1.92%–21.82%; Figure S3. C). 
Grade ≥ 3 thrombocytopenia was most commonly associated 
with emtansine (DM1; 13.23%; 95% CI: 0.00%–68.58%) and 
deruxtecan (DXd; 8.18%; 95% CI: 5.39%–11.46%). For grade ≥ 3 
anemia, KL610023 (30.23%; 95% CI: 16.21%–46.01%), deruxte-
can (DXd; 6.60%; 95% CI: 4.31%–9.30%), and govitecan (SN-38; 
6.42%; 95% CI: 3.62%–9.59%).

When analyzing TRAEs within the same technology plat-
form, Daiichi Sankyo's ADC technology revealed TROP2 as 
the target most frequently associated with high-grade stoma-
titis (8.30%; 95% CI: 5.73%–11.28%). HER2 was the target most 
commonly linked to high-grade pneumonitis or ILD (3.94%; 95% 
CI: 0.58%–9.58%), with a higher incidence compared to TROP2 
(1.21%; 95% CI: 0.00%–4.09%; Figure  S3. D). The incidence of 
high-grade TRAEs for the same target varied across different 
technology platforms. For TROP2, the Klus Pharma Inc. plat-
form was most frequently associated with high-grade stomati-
tis (9.30%; 95% CI: 2.59%–22.14%), whereas the Daiichi Sankyo 
platform most frequently caused high-grade pneumonitis or ILD 
(1.21%; 95% CI: 0.00%–4.09%; Figure S3. E).

Due to the significant heterogeneity of TRAEs in the included 
studies (I2 > 50%), we conducted exploratory subgroup analy-
ses on grade ≥ 3 TRAEs. The analyses examined different tar-
geted drug types (results presented above) and prior treatment 
backgrounds (Figure S3. F). Results showed lower incidence in 
the first−/second-line (1 L/2 L) treated group (26.38% [22.50%–
30.45%], I2 = 0%, p = 0.71) than in the broad prior therapy expo-
sure group (42.08% [30.02%–54.61%], I2 = 91%, p < 0.01), where 
patients received > 1 prior line of systemic therapy or were 
enrolled without strict line restriction (potentially including 
treatment-naïve cases).

3.5   |   Robustness of the Study Results

For the primary safety endpoints, publication bias was system-
atically assessed using funnel plots and the Egger regression 
test. The trim-and-fill method was further applied to adjust for 
the potential impact of unpublished studies. The results showed 
that the funnel plot for high-grade (≥ 3) TRAEs was symmetri-
cal (Egger's test: p = 0.614; Figure  S4. B), indicating no signif-
icant publication bias. The trim-and-fill method supplemented 
only one potential missing study (k0 = 1), and the incidence A
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increased slightly from 38.74% to 41.32%, suggesting limited im-
pact. Three additional studies (k0 = 3) were separately included 
for all-grade and serious TRAEs, with the adjusted pooled inci-
dence both minimally decreased (see Table S7), suggesting lim-
ited impact of publication bias. No missing studies (k0 = 0) were 
detected for AEs leading to discontinuation and death, and esti-
mates remained consistent before and after adjustment. Overall, 
publication bias had little impact on each primary endpoint, and 
the incidence rates in this study demonstrated high robustness 
and reliability.

To evaluate result robustness, sensitivity analyses were per-
formed with a two-step stratified validation. After excluding 
RCTs (n = 2), the incidence of serious TRAEs changed only 
minimally, while the heterogeneity (I2) decreased from 58% 
to 40%. This likely reflects differences in study design, patient 
characteristics, or adverse event reporting practices among 
study types. Additionally, after removal of studies (n = 6) using 
CTCAE versions prior to 5.0 or with unspecified versions, the 
incidence of grade ≥ 3 TRAEs increased from 38.74% to 45.05%, 
accompanied by a slight rise in heterogeneity. For most other 

outcomes, neither the incidence estimates nor heterogeneity 
changed substantially following these two sensitivity analyses. 
Moreover, there was considerable overlap in the 95% confidence 
intervals across all sensitivity analyses. These findings indicate 
that our estimated event rates are relatively robust (Detailed in 
Table S8).

4   |   Discussion

In this meta-analysis, we prioritized the more current and com-
prehensive publications from overlapping cohorts. To ensure 
accuracy, the number of patients experiencing TRAEs was 
utilized to derive precise statistical conclusions. Specifically, a 
random-effects model was employed to analyze data from 13 
studies investigating the incidence of TRAEs associated with 
ADC monotherapy in NSCLC. Given the evolving toxicity pro-
file and incidence rates of ADCs, it is crucial for clinicians to 
thoroughly understand these adverse events to ensure timely 
and effective management strategies. Key adverse events re-
quiring attention during treatment were identified in our study, 

TABLE 2    |    Summary of overall incidence of adverse events to ADCs.

AEs type No. of studies No. of total patients Heterogeneity (I2) Incidence (95% CI)

All-grade AEs 10 1161 77% 93.67 (89.57; 96.91)

TROP2 3 693 78% 90.40 (85.11; 94.65)

HER2 6 296 0% 97.34 (94.78; 99.19)

c-Met 1 172 / 81.40 (74.76; 86.91)

AEs grade 3 or higher 13 1566 93% 38.74 (29.06; 48.87)

TROP2 5 873 95% 42.49 (26.94; 58.83)

HER2 6 296 75% 32.27 (19.71; 46.18)

HER3 1 225 / 64.89 (58.27; 71.11)

c-Met 1 172 / 27.91 (21.35; 35.24)

Serious AEs 8 884 58% 15.89 (11.84; 20.37)

TROP2 2 434 92% 17.21 (5.99; 32.54)

HER2 5 278 0% 16.75 (12.39; 21.57)

c-Met 1 172 / 12.21 (7.72; 18.06)

AEs associated with 
discontinuation

12 1517 84% 9.52 (4.98; 15.18)

TROP2 5 873 78% 7.60 (3.02; 13.88)

HER2 5 247 81% 10.19 (1.20; 24.67)

HER3 1 225 / 7.11 (4.12; 11.29)

c-Met 1 172 / 21.51 (15.62; 28.41)

AEs associated with death 13 1566 0% 0.63 (0.19; 1.24)

TROP2 5 873 24% 0.79 (0.13; 1.80)

HER2 6 296 0% 0.55 (0.00; 2.24)

HER3 1 225 / 1.78 (0.49; 4.49)

c-Met 1 172 / 1.16 (0.14; 4.14)
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providing valuable guidance for optimizing the use of ADCs in 
lung cancer management.

The findings revealed that 93.67% of NSCLC patients receiv-
ing ADC monotherapy experienced any-grade TRAEs, with 
38.74% and 15.89% reporting at least one high-grade and 
serious TRAEs, respectively. TRAEs leading to treatment 
discontinuation and death occurred in 9.52% and 0.63% of 
cases, respectively. Although a relatively high incidence of 

TRAEs was observed with ADC monotherapy, the majority 
are Grade 1 or 2, the overall safety profile was manageable. 
Furthermore, the  unique mechanism of action of ADCs has 
demonstrated considerable therapeutic potential in clinical 
studies [35, 40]. Currently, ADCs have obtained approval for 
the treatment of advanced human epidermal growth factor 
receptor 2 (HER2)-positive and epidermal growth factor re-
ceptor (EGFR)-mutated NSCLC populations after failure of 
first-line standard therapy.

FIGURE 2    |    Incidences of common adverse events to antibody-drug conjugates (ADCs). (Common adverse events are categorized as adverse 
events of special interests (AESIs) and those not of special interest, with events of special interest marked in gray.)
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However, fatalities associated with ADC monotherapy have 
been reported in some studies. In our analysis of 13 studies, we 
identified a total of 20 fatal TRAEs. Respiratory toxicity, par-
ticularly pneumonitis or ILD, was the main contributor to fatal 

TRAEs, representing 50% of these incidents. This observation 
was derived from studies on four ADCs: Trastuzumab derux-
tecan, Patritumab deruxtecan, Telisotuzumab vedotin, and 
Datopotamab deruxtecan. Although the exact mechanism of 
ADC-related pneumonitis has long remained unclear, a recent 
study has revealed that the intrinsic immune cells of the patients 
themselves, especially paravascular macrophages, are involved 
in the development of ILD [41]. From a clinical perspective, one 
study showed that the fatal ILD observed with Telisotuzumab 
vedotin may be attributable to the prior use of immune check-
point inhibitors in NSCLC patients. This treatment history may 
increase their susceptibility to ILD during subsequent thera-
pies [36, 42]. Furthermore, a systematic review of Trastuzumab 
deruxtecan-induced pneumonitis or ILD revealed that patients 
with NSCLC exhibited a higher incidence compared to those 
with gastric cancer, breast cancer, or other solid tumors. This 
discrepancy may stem from pre-existing lung damage in patients 
with NSCLC, such as that caused by smoking, previous radia-
tion therapy, or prior lung surgery. Such elements may increase 
the likelihood of pulmonary toxicity associated with T-DXd 
and hinder the recovery from pneumonitis or ILD [35, 43–45]. 
Thus, in clinical applications of ADC drugs, vigilant monitor-
ing of respiratory symptoms and prompt intervention—such as 
discontinuation of the ADC or the use of supportive therapies 
like glucocorticoids—is essential to prevent fatalities in NSCLC 
patients treated with ADCs [46, 47].

Owing to the unique structural characteristics and mechanisms 
of action of ADCs, their toxicity profile exhibits significant com-
plexity. This complexity is primarily determined by the pay-
load properties, the stability of the linker, the selectivity of the 

TABLE 3    |    Detailed causes of ADC-associated mortality in NSCLC.

Death due to TRAEs

Deaths, no. (%) 20

Fatal adverse events, no. (%)

Respiratory 12 (60)

Pneumonitis/ILD 10 (50)

Respiratory failure 2 (10)

Digestive 3 (15)

Hepatobiliary disorder 1 (5)

Neutropenic colitis 1 (5)

GI perforation 1 (5)

Neural 1 (5)

Brain hemorrhage 1 (5)

Others 4 (20)

Febrile neutropenia 1 (5)

Septic shock 1 (5)

Sepsis 2 (10)

FIGURE 3    |    Profile of high-grade toxicities for ADCs with different targets.
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TABLE 4    |    Prescreening, key monitoring, and hold/discontinuation recommendations for ADC monotherapy in NSCLC.

ADC and target
Indications and/or 

prescreening criteria Key monitoring measures Hold/discontinuation criteria

Datopotamab 
deruxtecan 
(TROP2)

Indicated for adult 
patients with locally 

advanced or metastatic 
EGFR-mutant NSCLC 

who have received prior 
EGFR TKI and platinum 

chemotherapy; NCCN 
v7.2025 lists patients with 

EGFR exon 19 deletion 
or L858R mutation as 
preferred candidatesa

Gastrointestinal: monitor for 
oral mucositis signs/symptoms.

Ocular: ophthalmic exams 
including visual acuity, 

fluorescein staining, slit-lamp, 
intraocular pressure, and 

fundus at baseline, annually, 
at treatment completion, and 

as clinically indicated; monitor 
ocular adverse events.

Respiratory: monitor for new 
or worsening respiratory 

symptoms suggestive of ILD/
pneumonitis during treatmentb

Hold for Grade 1 ILD/pneumonitis 
until resolution to Grade 0; if recovery 

≤ 28 days, resume at same dose; if 
> 28 days, resume at reduced dose. 

Permanently discontinue for grade ≥ 2 
ILD. Hold for keratitis or vision loss until 

improvement; discontinue for corneal 
perforation. Oral mucositis: hold Grade 

2 until ≤ 1 and resume; hold Grade 3 
until ≤ 1 then resume at reduced dose; 

discontinue Grade 4. Infusion reactions: 
hold Grade 2 until ≤ 1 and resume at 
slower rate; discontinue for grade ≥ 3b

Sacituzumab 
govitecan (TROP2)

In clinical trials for 
metastatic NSCLC 
progressing after 

platinum chemotherapy, 
PD-(L)1 inhibitor, and 

targetable genomic 
alteration (AGA) therapy

Monitor blood counts regularly 
(especially neutrophils) and 

consider G-CSF for secondary 
prophylaxis; monitor 

diarrhea and provide fluids/
electrolytes as neededb

Hold if ANC < 1.5 × 10^9/L or 
febrile neutropenia; hold for 

severe diarrhea until ≤ Grade 1 
then resume at reduced doseb

Sacituzumab 
tirumotecan/
SKB264 (TROP2)

In clinical trials for 
relapsed or refractory 

locally advanced/
metastatic NSCLC.

No formal guidance 
available; by analogy to 

other TROP2-ADCs, monitor 
for hematologic toxicity, 

mucositis, and ocular events

No official hold/discontinuation 
criteria; pending label guidance

Trastuzumab 
deruxtecan (HER2)

Indicated for adult 
patients with unresectable 

or metastatic HER2 
(ERBB2)-mutant NSCLC 
who have received prior 
systemic therapy; NCCN 

v7.2025 lists HER2 
IHC3+ or HER2-mutant 
patients as recommended 

subsequent optionsa

Monitor and promptly 
investigate cough, dyspnea, 

fever, or other new/worsening 
respiratory symptoms to 
detect ILD; monitor CBC 

and platelets to avoid 
severe myelosuppression; 

periodically assess cardiac 
function to prevent left 

ventricular dysfunctiona

Hold Grade 1 ILD/pneumonitis until 
resolution to Grade 0; if recovery 
≤ 28 days, resume at same dose; 
if > 28 days, resume at reduced 

dose. Permanently discontinue for 
grade ≥ 2 ILD. Hold for Grade 3–4 
thrombocytopenia until ≤ 1; hold 

for grade 3–4 neutropenia until ≤ 2; 
hold for febrile neutropenia (ANC 
< 1 × 10^9/L with fever > 38.3°C or 

≥ 38°C for ≥ 1 h) until recovery, then 
resume at reduced dose. Discontinue if 
LVEF < 40% or decreases > 20% from 

baseline, or if symptomatic CHF occursa

Trastuzumab 
emtansine (TDM1, 
HER2)

In clinical trials for 
metastatic or relapsed 
HER2-mutant NSCLC

Closely monitor infusion 
site for extravasation; check 

AST/ALT and bilirubin 
before each dose; periodically 

assess cardiac function; 
monitor platelets; observe 

for respiratory symptoms to 
detect ILD/pneumonitis earlyb

Hold for AST/ALT Grade 3 until ≤ 2, then 
resume at reduced dose; discontinue for 

Grade 4. Hold for hyperbilirubinemia 
Grade 2–3 until ≤ 1; discontinue for 
grade 4. Hold for thrombocytopenia 

< 50 000/mm3 (grade 3–4) until 
recovery to ≥ 75 000/mm3. Discontinue 
if LVEF < 40% or if symptomatic CHF 
occurs. Hold for peripheral neuropathy 

Grade 3–4 until ≤ 2. Discontinue 
permanently for ILD/pneumonitisb

(Continues)
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antibody, and the expression level of the target protein. Certain 
adverse events of special interest (AESIs) have been identified 
through clinical observations, including toxicity affecting ocu-
lar, pulmonary, and oral organs. Our analysis revealed that the 
incidence of ophthalmic toxicity (including keratitis/keratoco-
nus), stomatitis, and pneumonitis or ILD across all grades was 
17.44% (4.64%), 17.21%, and 7.35%, respectively. For high-grade 
events, the incidence was 4.98% for stomatitis, 2.01% for pneu-
monitis or ILD, and 1.67% (0.50%) for ophthalmic toxicity (in-
cluding keratitis/keratoconus). Subgroup analyses of high-grade 
AESIs indicated that SKB264 most frequently caused grade ≥ 3 
stomatitis. However, it is important to note that this association 
is based on an exploratory subgroup analysis (n = 43) and should 
be interpreted with caution due to the limited sample size. The 
observed trend may arise from the inhibition of topoisomerase 
I [48] by KL610023, which induces DNA single-strand breaks 
and disrupts replication processes in oral mucosal cells. High-
grade stomatitis warrants particular attention due to its poten-
tial to significantly increase the treatment burden on patients. 
Trastuzumab deruxtecan was the most frequent cause of grade 
≥ 3 pneumonitis or ILD, potentially due to the acute or chronic 
lung damage caused by the medication, leading to inflamma-
tory responses that ultimately result in overt ILD [46, 49, 50]. As 
Trastuzumab deruxtecan becomes more widely available and 
increasingly used for NSCLC patients, robust toxicity manage-
ment strategies must be implemented. Corticosteroid dosages 
in clinical settings should be titrated according to ILD severity. 
For symptomatic ILD, discontinuation of ADC therapy is rec-
ommended, with reintroduction considered only in asymptom-
atic complete responders after remission [46, 51]. In addition, 
Datopotamab deruxtecan was found to most commonly cause 

grade ≥ 3 ophthalmic toxicity (including keratitis/keratoco-
nus). Although the mechanism remains unclear, it has been 
hypothesized that TROP2 expression in the cornea facilitates 
on-target off-tumor absorption into corneal epithelial cells 
[52, 53]. As the first TROP2-directed ADC for lung cancer pa-
tients, Datopotamab deruxtecan (Dato-DXd) is anticipated to 
become widely available for clinical use. Therefore, refining its 
adverse event management strategies and implementing regular 
ophthalmic assessments according to treatment management 
guidelines for any ocular events are critically important.

In target-specific analyses, monotherapy with HER3-expressing 
ADCs was linked to a greater occurrence of grade ≥ 3 TRAEs 
than other targets, although the underlying mechanism remains 
unclear. As this finding was based on a single trial, the compar-
ative result should be interpreted with caution. Notably, the first 
ADC targeting HER3 (Patritumab deruxtecan) received FDA 
breakthrough therapy designation in 2021 and is anticipated to 
receive approval soon. Consequently, effective management of 
adverse events associated with Patritumab deruxtecan will be 
a significant clinical challenge in the future. Further analysis of 
high-grade AESIs indicated that TROP2-targeting ADCs were 
most frequently linked to high-grade stomatitis and high-grade 
ophthalmic toxicity (including keratitis/keratoconus). This may 
result from the presence of TROP2 on the mucosal layers of 
healthy human organs, including the epithelium found in the 
esophagus, the crypts of the tonsils, and the glands that produce 
saliva, implying a potential on-target, off-tumor mechanism of 
toxicity [52–54]. Additionally, the average incidence of grade ≥ 3 
ILD or pneumonitis was higher for ADCs targeting c-Met com-
pared to other targets. However, as this observation was based 

ADC and target
Indications and/or 

prescreening criteria Key monitoring measures Hold/discontinuation criteria

Patritumab 
deruxtecan (HER3)

In clinical trials for 
EGFR-mutant NSCLC 
after failure of EGFR 

TKI and platinum 
chemotherapy

No formal guidance 
available; monitor CBC and 

chest CT periodically

No official hold/discontinuation 
criteria; pending label guidance

Telisotuzumab 
vedotin (cMET)

Indicated for adult 
patients with locally 

advanced or metastatic 
nonsquamous 

NSCLC with c-MET 
overexpression (≥ 50% 

IHC3+) and EGFR 
wild-type, who have 

received ≥ 1 prior 
systemic therapya

Neurologic: monitor for new 
or worsening peripheral 

neuropathy (hypoesthesia, 
hyperesthesia, paresthesia, 

burning, neuropathic 
pain, muscle weakness).

Ocular: monitor for 
ocular surface disease 

during treatment.
Respiratory: monitor for 

ILD/pneumonitis symptoms 
during treatmenta

Hold for peripheral neuropathy Grade 
2–3 until ≤ 1 then resume at reduced 

dose; permanently discontinue for 
Grade 4. Hold for ILD/pneumonitis 

grade 1, consider steroids, and 
resume after radiographic resolution; 

permanently discontinue for grade 
≥ 2. Hold for keratitis grade 2 and 

refer to ophthalmology; permanently 
discontinue for grade ≥ 3. Hold for 
infusion reactions grade 1–3, then 
resume at half the infusion rate; 
discontinue for grade 4. Hold for 

peripheral edema grade ≥ 2 until ≤ 1a

Abbreviations: ANC: absolute neutrophil count; AST/ALT: aspartate/alanine aminotransferase; c-MET: mesenchymal-epithelial transition factor; EGFR: epidermal 
growth factor receptor; G-CSF: granulocyte-colony stimulating factor; HER2: human epidermal growth factor receptor 2; ILD: interstitial lung disease; LVEF: left 
ventricular ejection fraction; NSCLC: non-small cell lung cancer.
aGuidelines: NCCN Guidelines Insights: Non-Small Cell Lung Cancer, Version 7.2025.
bFor some ADCs, NSCLC-specific recommendations are not available in the current prescribing information; monitoring measures and discontinuation criteria are 
referenced from breast cancer or other tumor indications and should be considered for guidance only.

TABLE 4    |    (Continued)
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on a single trial, the comparative result should be interpreted 
with caution. In fact, this incidence was not significantly differ-
ent from the second-ranked HER2.

Moreover, from the perspective of payloads, grade ≥ 3 TRAEs 
occurred at comparable mean incidence across payload types. 
This may be related to dose-limiting toxicities (DLTs) induced 
by the released payloads, which necessitate restricting ADC dos-
ages to levels below the optimal anti-cancer thresholds in order 
to effectively control the risk of adverse events [13]. Notably, my-
elosuppression was identified as the most frequent high-grade 
non-AESI, requiring sustained clinical vigilance. Subgroup anal-
ysis revealed that the mean incidence of grade ≥ 3 neutropenia 
was higher for ADC monotherapy using KL610023, a belotecan-
derived topoisomerase I inhibitor, [48] compared to other pay-
loads. This heightened risk may stem from KL610023's ability to 
arrest the cell cycle at the G2/S phase following internalization, 
ultimately resulting in cell death [48, 55]. Consequently, infec-
tions associated with myelosuppression-induced neutropenia 
warrant close monitoring [56]. Emtansine (DM1) was identi-
fied as the payload most frequently associated with grade ≥ 3 
thrombocytopenia. This likely occurs because, following the 
internalization of ADCs in megakaryocytes, the payload is re-
leased intracellularly, inhibiting their differentiation [56–58]. 
Thrombocytopenia may present as increased bruising and 
bleeding, such as gum or nose bleeds, and in severe cases, may 
lead to mucosal hemorrhage [56]. These symptoms require care-
ful observation and management. Additionally, KL610023 was 
also the payload most commonly associated with Grade ≥ 3 ane-
mia. This may be due to its potential to impair hematopoietic 
function, resulting in anemia. In summary, patients receiving 
ADCs containing these payloads require increased clinical at-
tention. Determining the most appropriate therapeutic dosage 
during ADC development is critical to balancing efficacy with 
safety.

We identified additional findings by examining the influence 
of the company's technology platform and target. For instance, 
HER2-targeting ADCs developed using Daiichi Sankyo's plat-
form showed a higher incidence of high-grade pneumonitis or 
ILD compared to TROP2-targeting ADCs. However, the reason 
for this phenomenon is unclear. Additionally, when targeting 
TROP2, the technology platform of Klus Pharma Inc. was associ-
ated with a higher incidence of high-grade stomatitis. Although 
the difference compared to the second-ranked platform was not 
statistically significant, this suggests further optimization of 
this technology platform is warranted.

The exploratory subgroup analysis was performed with Grade 
≥ 3 TRAEs to explore the reason for the high between-study het-
erogeneity. When stratified by targeted drug types, although the 
pooled incidence of grade ≥ 3 TRAEs varied across subgroups, 
substantial heterogeneity persisted within the TROP2-targeted 
ADC (I2 = 95%) and HER2-targeted ADC (I2 = 75%) subgroups, 
while the HER3 and c-Met subgroups were single-study only, 
precluding assessment of within-group heterogeneity. Therefore, 
target type may only partially explain the observed heteroge-
neity rather than representing the primary driver of the over-
all variability. However, the results indicate that differences in 
treatment backgrounds may affect the incidence of TRAEs in 
pooled analyses and the cross-study heterogeneity. Specifically, 

multiline-treated patients may be exposed to further increased 
risk due to cumulative organ toxicity, which elevated the pooled 
incidence rate. In addition, studies with broad prior treatment 
may have included patients with different therapy backgrounds, 
increasing cross-study heterogeneity.

To better guide clinical practice, we conducted a literature 
search and compiled key measures for monitoring AEs, pre-
screening criteria, and suspension/discontinuation triggers for 
each ADC used to treat NSCLC (Table 4).

There are several limitations in this study. First, some of the 
reports included in this meta-analysis are abstracts or confer-
ence reports with preliminary or not fully matured results. 
Second, the majority of the studies included were single-arm 
trials, which lacked comparators and therefore could not pro-
vide control-based analyses. Moreover, many patients in the in-
cluded cohorts had received extensive prior treatments, which 
may limit the extrapolation of these findings to earlier treatment 
stages. Finally, several subgroup analyses were limited by small 
sample sizes (n ≤ 50). These findings may exhibit reduced sta-
bility and reliability, and thus should be considered exploratory. 
Larger prospective studies with standardized protocols are 
needed to validate these preliminary results.

5   |   Conclusion

ADC monotherapy is correlated with a higher overall inci-
dence of TRAEs, but the majority are Grade 1 or 2, and over-
all safety is manageable. Importantly, 20 fatal TRAEs were 
still identified in this study, primarily related to respiratory 
toxicity, warranting clinical vigilance. Additionally, grade ≥ 3 
AESIs such as stomatitis, pneumonitis or ILD, and ophthal-
mic toxicity should be closely monitored to optimize safety 
management.
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