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Abstract 

Introduction: Trastuzumab emtansine(T-DM1) and trastuzumab deruxtecan (T-DXd, formerly 
DS-8201a), the human epidermal growth factor receptor 2 (HER2)-targeted antibody-drug conjugate 
(ADC), are commonly used in metastatic breast cancer. However, their real-world safety profile has not 
been adequately compared. 
Objective: We aimed to investigate the adverse event (AE) profile of T-DM1 and T-DXd reported by 
the US Food and Drug Administration Adverse Event Reporting System (FAERS). 
Methods: All indications were searched for T-DM1 and T-DXd, as primary suspected drugs, from 
FAERS data (January 2004 to June 2023). Disproportionality analyses were performed by reporting odds 
ratios (ROR) and proportional reporting ratio (PRR). The odds ratio (OR) of fatal AEs associated with 
T-DM1 and T-DXd under different exposure factors were performed by univariate and multivariate 
logistical regression analysis.  
Results: 3723 and 2045 reports of T-DM1 and T-DXd were submitted to FAERS. Finally, 94 and 61 
significant signals for T-DM1 and T-DXd were systematically analyzed. The valid AEs with the highest 
frequency and the strongest signal intensity for T-DM1 were platelet count decreased (n=108) and 
hepatopulmonary syndrome (ROR=680.42), respectively. Interstitial lung disease (n=262, ROR=82.55) 
and pneumonitis (n=89, ROR = 48.34) showed both high frequency and strong signal intensity for T-DXd. 
The proportion of AEs in each SOC system was different. T-DM1 had a greater proportion of valid AEs 
in the nervous system, musculoskeletal system, hepatobiliary system, ocular system, cardiac system and 
hematologic system(p<0.05). T-DXd had a greater proportion of valid AEs in the skin disorders, 
respiratory system, infestations, general system and gastrointestinal system(p<0.05). Furthermore, the 
analysis of fatal AEs in four systems revealed that T-DXd exhibited a significantly higher proportion of 
fatal outcomes in the hematologic and respiratory system compared to T-DM1. Conversely, T-DM1 had 
a significantly higher proportion of fatal outcomes in the hepatobiliary system. Neither T-DM1 nor 
T-DXd exhibited a high mortality ratio in the cardiac system. Logistic regression analysis indicated that 
advanced age (≥65 years) and male gender were identified as independent risk factors of fatal AEs for both 
T-DM1 and T-DXd. Additionally, the drug combination therapy, particularly with a CYP3A4 inhibitor, 
was found to be a risk factor for fatal AEs specifically related to T-DXd. 
Conclusions: Hematological and respiratory toxicity of T-DXd and hepatobiliary toxicity of T-DM1 
exhibited a high incidence of fatal outcomes. It is crucial to identify high-risk factors and enhance the 
monitoring of AEs during clinical application. 
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1. Introduction 
Antibody-drug conjugate (ADC), known as 

"biological missiles", which contain monoclonal 
antibodies, cytotoxic drugs and chemical linkers, has 
emerged as a hotspot for the research and develop-
ment of antineoplastic drugs. Since the first ADC was 
approved by the US Food and Drug Administration 
(FDA) in 2000, 14 ADCs have received market 
approval worldwide[1], and 5 of them are approved 
for solid tumors[2]. Currently, trastuzumab emtan-
sine (T-DM1) and trastuzumab deruxtecan (T-DXd, 
formerly DS-8201a) are the only two HER2-targeted 
ADC approved by the FDA in breast cancer. 

T-DM1 consists of trastuzumab linked to a 
cytotoxic microtubule inhibitor through a stable 
thioether with a drug-antibody ratio (DAR) of 3.5:1. In 
2013, FDA licensed T-DM1 for HER2-positive 
metastatic breast cancer, which was the first approved 
indication for the treatment of solid malignancy in the 
class[3]. In 2019, the indication of T-DM1 expanded to 
the adjuvant therapy of patients with HER2-positive 
early breast cancer[4]. T-DM1 has revolutionized the 
treatment of HER2-positive breast cancer but still 
challenging to escape the fate of drug resistance.  

T-DXd, another HER2-targeted ADC, emerges as 
the times require, comprises trastuzumab, a cleavable 
tetrapeptide-based linker, and a cytotoxic topoiso-
merase I inhibitor (DXd). High DAR (approximately 
8) and "bystander effect" for T-DXd may contribute to 
creating continuous glory. In 2019, T-DXd received 
the FDA approval for the late-line treatment of 
unresectable or metastatic HER2 positive breast 
cancer[5]. In 2022, it was updated to second-line 
treatment and further expanded to include HER-2 low 
(IHC 1+ or IHC 2+/ISH-) breast cancer patients[6]. In 
2021, the FDA approved T-DXd for late-line treatment 
of adult patients with locally advanced or metastatic 
HER2-positive gastric or gastroesophageal (GEJ) 
adenocarcinoma[7]. In 2022, the FDA approved the 
indication of HER2 mutation unresectable or 
metastatic non-small cell lung cancer for T-DXd[8]. 
T-DXd is changing the destiny of HER2-expressing 
solid tumors[9].  

ADC is a new class of antineoplastic drugs with 
a special structure different from conventional 
chemotherapy drugs, which simultaneously achieve 
high efficiency and low toxicity. The toxicities of 
ADCs can be regulated by any components, such as 
targeting antibodies, cytotoxic drugs, linker stability, 
DAR, bystander effect, site-specific conjugation 
techniques, etc. Nevertheless, cytotoxic drugs and 
their metabolites mainly mediate most severe or 
dose-limited AEs. Structurally, T-DM1 and T-DXd 
share the same monoclonal antibody. Still, different 

cytotoxic drugs (microtubule inhibitor vs. topoiso-
merase I inhibitor), different linkers (stable vs. 
cleavable), different DAR (3.5 vs. 8), bystander effect 
(no vs. yes) may predict other toxicity profiles of 
T-DM1 and T-DXd. The complicated mechanism of 
ADC makes it difficult to forecast everything exactly, 
and only extensive experience can provide the proper 
answer. Recently, the clinical trial of DESTINY- 
Breast03 [10] involved 524 patients has indicated that 
the incidence of drug-related AEs for T-DXd is higher 
than that of T-DM1 in HER2-positive metastatic breast 
cancer, both in any grade and high-grade (≥3 grade). 
Given the limited number of cases (524 patients), strict 
eligibility criteria, and limited follow-up time (less 
than two years), DESTINY-Breast03 cannot fully 
reflect the safety profile of T-DM1 and T-DXd in the 
real-world. FAERS, an open pharmacovigilance 
database that collects worldwide post-marketing 
safety data submitted to the FDA, compensates for the 
lack of clinical trials. Therefore, we assess the safety 
profile of T-DM1 and T-DXd by FAERS to provide a 
clinical reference for practical and safe application. 

2. Materials and methods 
2.1. Data Sources 

FAERS is a post-marketing safety monitoring for 
all FDA-approved drugs. The data used in this study 
were extracted from FAERS, which were reported 
spontaneously by consumers, healthcare profess-
sionals and manufacturers from inside or outside the 
United States. The keywords “trastuzumab emtan-
sine” and “trastuzumab deruxtecan” or brand names 
“enhertu” and “kadcyla” were utilized to conduct a 
search in the FAERS database (from January 2004 to 
June 2023) for all indications, only the reports in 
which either trastuzumab emtansine or trastuzumab 
deruxtecan were identified as the primary suspect 
(PS) drug leading to adverse events were included. To 
prevent the submission of duplicate reports by both 
consumers and sponsors, we have excluded reports 
where "suspect product", "preferred terms", "weight" 
and "age" were identical. The patient information 
(age, gender, body weight, reporter and reporter 
region), drug information (suspect product names, 
reason for use, concomitant drug), and AE 
information (preferred terms, seriousness, outcomes 
and event year) were collected and statistically 
analyzed.  

2.2. Data mining 
In this paper, the OpenVigil 2 online tool 

(http://openvigil.Sourceforge.net) was utilized for 
data mining, the reporting odds ratio (ROR) and 
proportional reporting ratio (PRR) were used to 
identify the statistical association between the 
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interested drug and specific AE in the FAERS 
database, the major algorithms used for signal 
detection were summarized in Table S1-2. If the 
criteria listed in Table S2 were met simultaneously, an 
AE would be considered highly associated with the 
treatment of the interested drug, with higher values 
indicating a stronger statistical correlation. Each valid 
AE was treated as a preferred term (PT) and grouped 
into the System Organ Class (SOC) based on the 
Medical Dictionary for Regulatory Activities 
(MedDRA, version 25.0). 

2.3. Statistical analysis 
We conducted a descriptive analysis of the 

demographic characteristics, and the chi-square tests 
or Fisher's exact test in SPSS 26.0 were utilized to 
analyze the proportion difference of AE reports 
between T-DM1 and T-DXd. Disproportionality 
analyses were performed by ROR and PRR, the 
proportion of valid signals in each SOC was 
compared through a chi-square test. After removing 
duplicates, fatal AEs were screened from the original 
data and classified into the SOC. Univariate and 
multivariate logistical regression analysis was 
employed to determine the odds ratio (OR) of fatal AE 
associated with T-DM1 and T-DXd under different 
exposure factors, such as sex, age, combination 
medication, etc. 

3. Results 
3.1. Population Characteristics 

3723 and 2045 reports of T-DM1 and T-DXd 
were submitted to FAERS, corresponding to 17319 
and 6093 reported AEs, respectively. Understanding 
that more than one AE was reported in a case makes it 
easy to see why the actual number of AEs is 
substantially higher than the number of reports. The 

population characteristics are presented in Table 1. 
Healthcare professionals reported most AEs, 77.36% 
for T-DM1 and 87.78% for T-DXd. The reports of 
T-DXd were primarily submitted from the Americas 
(49.63%) and Japan (25.48%), while the reports of 
T-DM1 were dispersedly submitted, primarily from 
the Americas (29.65%) and Canada (11.74%). T-DM1 
was used mainly in breast carcinoma (69.78%). While 
T-DXd was primarily used in breast carcinoma 
(59.66%), gastric carcinoma (15.70%), and lung 
carcinoma (4.11%). As a result, the proportion of male 
patients in T-DXd (18.44%) was nearly eight times 
higher than that of T-DM1 (2.39%).  

3.2. Disproportionality Analyses for T-DM1 
and T-DXd 

Excluding the AE obviously unrelated to the 
drug, T-DM1 and T-DXd had 94 and 61 significant 
signals separately. The top ten AEs with the highest 
frequency and strongest signal intensity for T-DM1 
and T-DXd were analyzed. As shown in Figure 1A 
and Table S3-4, the AE with the highest frequency for 
T-DM1 was platelet count decreased(n=108), followed 
by thrombocytopenia (n=88) and peripheral 
neuropathy (n=71). The AE with the strongest signal 
intensity for T-DM1 were hepatopulmonary 
syndrome (ROR=680.42), spider naevus (ROR=522.14) 
and nodular regenerative hyperplasia (ROR=225.09). 
Likewise, as shown in Figure 1B and Table S3-4, 
interstitial lung disease (n=262, ROR=82.55) and 
pneumonitis (n=89, ROR=48.34) showed both high 
frequency and strong signal intensity for T-DXd. 

To further analyze the differences between 
T-DM1 and T-DXd, the entire analysis results of signal 
mining at the System Organ Class (SOC) level were 
presented in Figure 2 and Table S5. As shown in 
Figure 2, the proportion of AEs in each SOC system 
was different. T-DM1 exhibited a greater proportion 

 

 
Figure 1. The top ten adverse events (AEs) with the highest frequency and strongest signal intensity for (A) T-DM1 and (B) T-DXd. The AE frequency is represented by the 
x-axis, the various AEs are represented by the y-axis, and the bubble size reflects the ROR value. The top ten AEs with the highest frequency are shown in red bubbles, the top 
ten AEs with the highest signal strength are shown in green bubbles, and AEs that display both high frequency and strong intensity are shown in yellow bubbles.  
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of AEs in the nervous system, musculoskeletal 
system, hepatobiliary system, ocular system, cardiac 
system and hematological system (p＜0.05). T-DXd 
exhibited a greater proportion of AEs in the skin 
disorders, respiratory system, infestations, general 
systems and gastrointestinal system (p＜0.05). 

 

Table 1. Clinical characteristics of patients treated with T-DM1 
and T-DXd in the FAERS database. 

Characteristics  Reports, N (%) p-value 
T-DM1 T-DXd 

Age <18 62 (1.67) 73 (3.57) <0.001b 
18~65 1569 (42.14) 533 (26.06) 
＞65 376 (10.10) 366 (17.90) 
Not Specified 1716 (46.09) 1073 (52.47) 

Gender Male 89 (2.39) 377 (18.44) <0.001b 
Female  3190 (85.68) 1288 (62.98) 
Not Specified 444 (11.93) 380 (18.58) 

Reporter Consumer 840 (22.56) 248 (12.13) <0.001a 
Healthcare 
Professional 

2880 (77.36) 1795 (87.78) 

Not Specified 3 (0.08) 2 (0.10) 
Reporting 
region 
(TOP 6) 

Americas 1104 (29.65) 1015 (49.63) <0.001a 
Canada 437 (11.74) 53 (2.59) 
Japan 320 (8.60) 521 (25.48) 
Germany 157 (4.22) / 
France 137 (3.68)  114 (5.57) 
Britain 132 (3.55)  39 (1.91) 
Italy / 50 (2.44) 

Seriousness Non-Serious 677 (18.18) 637 (31.15) <0.001b 
Serious 3046 (81.82) 1408 (68.85) 

Outcome Died 469 (12.60) 482 (23.57) <0.001b 
Life Threatening 34 (0.91) 18 (0.88) 
Disabled 51 (1.37) 12 (0.59) 
Hospitalized 631 (16.95) 492 (24.06) 

Indication 
(TOP 3) 

Breast carcinoma 2598 (69.78) 1220 (59.66) <0.001a 
Gastric carcinoma / 321 (15.70) 
Lung carcinoma 15 (0.40) 84 (4.11) 
Salivary Gland 
Cancer 

17 (0.46)  

Characteristics  Reports, N (%) p-value 
T-DM1 T-DXd 

Event year 2013 71 (1.91) / <0.001a 
2014 231 (6.20) / 
2015 545 (14.64) / 
2016 334 (8.97) / 
2017 298 (8.00) / 
2018 316 (8.49) / 
2019 302 (8.11) / 
2020 438 (11.76) 240 (11.74) 
2021 524 (14.07) 416 (20.34) 
2022 507 (13.62) 893 (43.67) 
2023 155 (4.16) 496 (24.25) 

a: Fisher's exact test; b: Chi-square test. Statistically significant values are marked in 
boldface. 

 
Although within the same category, there were 

notable differences in AEs between T-DM1 and 
T-DXd. As indicated in Table S5, T-DM1 was associ-
ated with a greater proportion of thrombocytopenia- 
related AEs, including thrombocytopenia (n=88) and 
platelet count decreased (n=108). T-DXd was linked to 
more neutropenia-related AEs, such as febrile 
neutropenia(n=35), neutropenia(n=49) and neutrophil 
count decreased(n=59) in the hematological system. In 
the metabolism and nutrition disorders, T-DM1 was 
associated with more electrolyte imbalance-related 
AEs, T-DXd suffered more AEs with decreased 
appetite. In the nervous system, T-DM1 suffered more 
AEs associated with peripheral sensory neuropathy, 
T-DXd hardly developed peripheral neuropathy. In 
skin and subcutaneous tissue disorders, T-DM1 
suffered more AEs associated with skin toxicity, such 
as spider naevus and telangiectasia, T-DXd suffered 
more alopecia.  

 
 

 
Figure 2. The proportion of T-DM1 and T-DXd-related significant Adverse Events (AEs) at the System Organ Class (SOC) level. *: p<0.05; **: p<0.01; ***: p<0.001. 
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Figure 3. The proportion of fatal AEs in each System Organ Class (SOC) associated with (A) T-DM1 and (B) T-DXd. AEs, adverse effects; N, the number of T-DM1/T-DXd 
-associated AEs. 

 
Although T-DM1 and T-DXd may have 

overlapping AEs, statistical analysis was conducted to 
determine the differential proportions of each AE. As 
shown in Table S5, in the hematological system, 
T-DM1 exhibited a significantly higher proportion of 

AEs related to cytopenia, thrombocytopenia, and 
decreased platelet count compared to T-DXd (p<0.05). 
Similarly, in the hepatobiliary system, T-DM1 showed 
a greater proportion of AEs associated with increased 
blood bilirubin levels, hepatotoxicity, abnormal 
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hepatic function, liver disorder and jaundice (p<0.05). 
Additionally, in the nervous system, brain edema and 
cerebral hemorrhage were more frequently reported 
in T-DM1 than in T-DXd (p<0.05). Conversely, in the 
respiratory system, T-DXd demonstrated a signifi-
cantly higher proportion of AEs related to pneumo-
nitis and interstitial lung disease compared to T-DM1 
(p<0.05), although T-DM1 exhibited a significantly 
higher proportion of AEs related to pulmonary 
fibrosis compared to T-DXd (p<0.05). 

3.3. Fatal AEs linked to T-DM1 and T-DXd 
Lethal AEs were significant factors limiting the 

widespread use of drugs. Table 1 indicated that the 
proportion of serious outcomes in T-DM1 (81.82%) 
was significantly higher than T-DXd(68.85%), while 
the proportion of fatal outcomes with T-DXd (23.57%) 
was nearly twice as high as T-DM1 (12.60%). Our 
previous research findings have exhibited a high 
proportion of AEs in multiple systems, including the 
hematologic, cardiac, respiratory and hepatobiliary 
systems for both T-DM1 and T-DXd. Furthermore, we 
conducted an additional analysis to determine the 
proportion of fatal AEs associated with four SOCs 
(Figure 3). In the hematologic system, T-DXd exhi-
bited a significantly higher mortality ratio compared 
to T-DM1. The most prevalent fatal AEs for T-DM1 
was anemia (1.69%), while neutrophil count 
decreased (12.00%) was the leading cause of death for 
T-DXd. Neither T-DM1 nor T-DXd exhibited a high 
mortality ratio in the cardiac system. It was possible 
that the cardiotoxicity fatality ratio may be 
overestimated due to the low incidence of cardio-
toxicity. In the hepatobiliary system, the mortality 
ratio associated with T-DM1 was overwhelmingly 
higher than that of T-DXd. Oppositely, in the 
respiratory system, the mortality ratio associated with 
T-DXd was overwhelmingly higher than that of 
T-DM1, The most prevalent fatal AEs for T-DM1 and 
T-DXd respectively were respiratory failure (10.58%) 
and lung disorder (16.42%). 

Further, univariate and multivariate logistical 
regression analyses were employed to determine the 

odds ratio (OR) of fatal AE associated with T-DM1 
and T-DXd under different exposure factors. The 
results presented in Table 2-3 indicated that age, 
gender, and drug combination were independent 
factors that significantly influence fatal AEs 
associated with T-DM1 and T-DXd. As shown in 
Table 2, compared with patients under the age of 65, 
the risk of fatal AEs associated with T-DM1 was 2.65 
times higher in patients aged 65-74 years and 31.52 
times higher in patients aged 75 years or older. 
Additionally, females had a lower risk of fatal AEs. 
Combination drugs other than CYP3A4 inhibitors 
were associated with a lower risk of fatal AEs 
compared to non-combination therapy. Similarly, as 
indicated in Table 3, compared with patients under 
the age of 65, the risk of fatal AEs associated with 
T-DXd was two times higher in patients aged 65-74 
years and those over the age of 75. Females exhibited 
a lower risk of fatal AEs. Interestingly, the risk of fatal 
AEs associated with T-DXd in combination with 
CYP3A4 inhibitors was 2.13-fold higher than non- 
combination therapy (OR=2.130[1.390,3.264], p=0.001), 
which was a greater risk than when combination with 
other drugs (OR=1.343[1.054,1.711], p=0.017).  

4. Discussion 
4.1. Hematotoxicity 

Hematotoxicity is the most common 
dose-limited toxicity of cytotoxic drugs, and ADCs are 
no exception. The most frequent hematological 
toxicity for T-DM1 is thrombocytopenia, with an 
incidence from 21.0% to 52.9%[11-13]. Likewise, 
platelet count decreased(n=108) and thrombocyto-
penia (n=88) were the top 2 AEs with the highest 
frequency for T-DM1 in our study. Furthermore, 
thrombocytopenia is also the most frequent (5.7% to 
24.9%) high-grade (≥3 grade) AEs in clinical 
trials[11-13]. Fortunately, high-grade (≥3 grade) 
thrombocytopenia does not increase the frequency of 
high-grade (≥3 grade) hemorrhage, most patients 
return the platelet count to the lower limit of 
treatment before the next cycle[14].  

 

Table 2. Univariate and multivariate logistic regression analyses of the odds ratio for T-DM1-related fatal adverse events 

Variable Factor Univariate analysis Multivariate analysis 
p OR (95%CI) p OR (95%CI) 

Age <65 (Reference) / 1 / 1 
65-74 <0.001 2.631 (1.875,3.692) <0.001 2.651 (1.887,3.726) 
≥75 <0.001 32.250 (14.111,73.703) <0.001 31.520 (13.737,72.323) 

Gender Male (Reference) / 1 / 1 
Female 0.001 0.424 (0.261,0.290) 0.001 0.424 (0.254,0.707) 

Off-label use No (Reference) / 1 / / 
Yes 0.921 0.976(0.605,1.575) / / 

Concomitant drug No (Reference) / 1 / 1 
CYP3A4 inhibitor 0.706 1.230 (0.420,3.608) 0.679 1.258 (0.424,3.733) 
Others 0.046 0.810 (0.659,0.996) 0.015 0.765 (0.617,0.949) 

OR: Odds Ratio; I: Confidential Interval. Statistically significant values are marked in boldface. 
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Table 3. Univariate and multivariate logistic regression analyses of the odds ratio for T-DXd-related fatal adverse events. 

Variable Factor Univariate analysis Multivariate analysis 
p OR (95%CI) p OR (95%CI) 

Age <65(Reference) / 1 / 1 
65-74 <0.001 2.822 (1.601,4.973) 0.003 2.462 (1.369,4.429) 
≥75 0.004 2.641 (1.376,5.070) 0.011 2.377 (1.218,4.640) 

Gender Male (Reference) / 1 / 1 
Female <0.001 0.427 (0.335,0.545) <0.001 0.447 (0.348,0.572) 

Off-label use No (Reference) / 1 / / 
Yes 0.629 1.084 (0.782,1.502) / / 

Concomitant drug No (Reference) / 1 / 1 
CYP3A4 inhibitor <0.001 2.317 (1.534,3.501) 0.001 2.130 (1.390,3.264) 
Others 0.073 1.551 (1.229,1.958) 0.017 1.343 (1.054,1.711) 

OR: Odds Ratio; CI: Confidential Interval. Statistically significant values are marked in boldface 
 
Interestingly, compared with non-Asian 

patients, Asian patients are associated with a 
significantly higher frequency of high-grade (≥3 
grade) thrombocytopenia (21.6% vs. 5.7%) for T-DM1 
treatment[15]. While the mechanism is still unclear. In 
vitro experiments showed that T-DM1 did not directly 
inhibit platelet activation and aggregation but 
inhibited differentiation of megakaryocytes 
(MKs)[16]. T-DM1 was internalized into MKs not by 
HER-2, at least partially by FcγRIIa, then released the 
DM1 to damage the microtubule structure of MKs. 
However, another study did not entirely agree with 
it[17]. Regardless of the absence of FcγRIIa in mice 
and HER-2 receptor in MKs and platelets, T-DM1 still 
permeated MKs and platelets to inhibit differentiation 
of MKs and delay production of proplatelet, neither 
depended on FcγRIIa nor HER2. 

Many "blockbuster" clinical studies[10, 18, 19] 
have confirmed that the hematological toxicity profile 
of T-DXd is much different from T-DM1. The 
incidence of neutropenia (33.2% to 42.8%), anemia 
(29.9% to 33.2%), thrombocytopenia (21.2% to 24.9%) 
and leukopenia (21.2% to 30.0%) for T-DXd was 
similar. While the incidence of high-grade (≥3 grade) 
neutropenia (13.7% to 20.7%) is significantly higher 
than others (4.3% to 8.7%) for T-DXd. Likewise, our 
research indicated that the most frequency AE of 
T-DXd in hematotoxicity was associated with 
neutropenia, including febrile neutropenia (n=35), 
neutropenia (n=49), neutrophil count decreased 
(n=59) (Table S5), neutrophil count decreased was 
also the AE with the highest fatal ratio in 
hematotoxicity (Figure 3). To sum up, hematotoxicity 
is the most common dose-limited toxicity for both 
T-DM1 and T-DXd, which can be safely managed by 
timely monitoring, appropriate dosing adjustment, 
and supporting therapy[20]. 

4.2. Respiratory toxicity 
Interstitial lung disease (ILD) or pneumonitis 

were potentially life-threatening AEs for T-DXd, 
which were warned by the FDA in a "black box" and 
suggested permanently stopping for patients with 

grade≥2 ILD or pneumonitis. In our research, ILD 
(n=262, ROR=82.55) and pneumonitis (n=89, 
ROR=48.34) showed both high frequency and strong 
signal intensity for T-DXd (Figure 1B).T-DM1 also 
exhibited a strong signal for ILD (n=29, ROR=7.43) 
and pneumonitis (n=26, ROR=12.68), but the 
occurrence ratio was significantly lower than that of 
T-DXd (p<0.05) (Table S5). Further, our research 
demonstrated that T-DXd had a greater proportion of 
both all outcomes AEs and fatal AEs in the respiratory 
system than that of T-DM1. A meta-analysis showed 
that the incidence of all-grade and grade≥3 pneu-
monitis associated T-DXd respectively were 13.58 % 
and 2.19%, which were higher than T-DM1[21]. The 
fundamental processes causing ADC-related lung 
injury may include early payload withdrawal due to 
target-dependent or target-independent uptake, 
bystander effect, or circulating payload[22]. The 
pathogenesis of ADC-associated ILD remains elusive, 
and the management experience is still sufficient. It is 
strongly recommended to maintain a high level of 
vigilance for ILD during clinical practice and 
promptly identify individuals at elevated risk[23]. 

Our research discovered that the highest 
frequency and strongest signal for T-DM1 in the 
respiratory system respectively were epistaxis (n=57, 
ROR=8.77) and hepatopulmonary syndrome (n=6, 
ROR=680.42). Epistaxis was the most common AE for 
T-DM1, with a frequency of 21.5% to 25.0% for any 
grade and less than 1% for high grade (≥3)[12, 13]. 
Based on the limited evidence, epistaxis may be 
related to DM1-induced telangiectasia, mainly 
manifested as mucosal bleeding[15], which may cause 
minor bleeding such as epistaxis, gingival bleeding, 
and spider nevus but can also cause severe 
gastrointestinal bleeding, diffuse mucocutaneous 
telangiectasias[24, 25]. We recommend screening for 
bleeding risk in patients with mucosal or cutaneous 
telangiectasia. Hepatopulmonary syndrome is a 
pulmonary complication of portal hypertension or 
liver cirrhosis, which is first documented in our 
research and may be related to the hepatotoxicity 
caused by T-DM1. 
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4.3. Digestive Toxicity 
Our research showed that nausea (n=285, 

ROR=4.75) was the most common AE for T-DXd in 
gastrointestinal systems, followed by vomiting 
(n=106, ROR=2.82). T-DXd occurred more frequently 
in gastrointestinal systems than T-DM1(p<0.001), 
consistent with DESTINY-Breast03[10]. Both the 
American Society of Clinical Oncology (ASCO)[26] 
and National Comprehensive Cancer Network 
(NCCN)[27] guidelines considered T-DM1 and T-DXd 
to be low and moderate emetogenic potential 
respectively, recommend prophylactic antiemetic 
therapy for T-DXd with a combination of 5-HT3 
receptor antagonist and dexamethasone, add NK1 
blockers when necessary. No routine prophylaxis was 
recommended for T-DM1. The analysis of 
combination data in our study indicated that clinical 
practice followed a similar approach.  

Hepatotoxicity is common dose-limited toxicity 
for T-DM1, liver failure, and even death have been 
reported in T-DM1 treatment. Our research indicated 
that T-DM1 exhibited an overwhelmingly higher ratio 
of both all outcomes and fatal outcomes AE than that 
of T-DXd in the hepatobiliary system. The highest 
frequency and strongest signal for T-DM1 associated 
with hepatotoxicity was hepatic cirrhosis (n=37, 
ROR=23.58) and nodular regenerative hyperplasia 
(NRH) (n=17, ROR=225.09). It can be seen that 
T-DM1-induced hepatotoxicity is not limited to 
laboratory abnormalities, but also manifested as the 
decline of organ function, such as portal hypertension, 
cirrhosis, NRH, etc. Hepatic cirrhosis was not 
mentioned on the label, with the ratio much higher 
than we expected. NRH is a rare but very serious AE. 
It is recommended to permanently terminate T-DM1 
treatment once it happens. Monitoring hepatic 
function is strongly recommended prior to initiation 
and each dose. Despite the HER2-dependent pathway 
playing a key role in the mechanism of hepatotoxicity 
for T-DM1, an HER-2-independent mechanism that 
T-DM1 interacts with CKAP5 on the cell surface of 
hepatocytes by DM1 and damages the plasma 
membrane, leading to calcium influx and microtubule 
network disorder, may partly explain the Off-target 
effect of T-DM1[28]. 

4.4. Cardiotoxicity  
The cardiotoxicity of trastuzumab has been 

widely regarded as concerning, especially in 
combination with anthracyclines, with a 16% 
incidence of III or worse cardiac dysfunction[29]. 
Despite containing trastuzumab, the incidence of III 
or worse cardiac dysfunction associated with T-DM1 
was less than 1%, which was significantly lower than 
that of trastuzumab[30], and T-DXd was the same[18]. 

Similarly, our research indicated that the proportion 
of AEs with all outcomes and fatal outcomes in the 
cardiac system was not high in both T-DM1 and 
T-DXd. However, when compared to T-DXd, T-DM1 
showed a higher proportion of AEs than T-DXd 
(p<0.001). Despite this low rate of cardiotoxicity, both 
T-DM1 and T-DXd are recommended for baseline 
cardiac assessment and appropriate monitoring.  

4.5. Others 
T-DM1 contains a potent microtubule inhibitor. 

Even though smart structure design improves 
targeting, it still increases the risk of peripheral 
neurotoxicity[31]. While, compared to taxane, T-DM1 
showed a much lower relative risk of any grade 
peripheral neuropathy and peripheral sensory 
neuropathy[32]. In our research, neuropathy 
peripheral (n=71, ROR=8.97) showed the most 
frequency for T-DM1 in the nervous system. Besides, 
central neuropathy, such as cerebral hemorrhage 
(n=6, ROR=8.65) and brain edema (n=10, ROR=8.74), 
was discovered in our research, which were rare but 
severe and not mentioned in the instruction. Sporadic 
Cases have reported cerebellar hematoma[33] and 
brain edema[34] occurred during brain radiotherapy 
combined with T-DM1, and the recurrence of brain 
metastases has been excluded, suggesting that there 
may be an interaction between radiotherapy and 
T-DM1, special attention should be paid to it. 

Ocular toxicity is a rare drug-related AE that 
significantly affects the quality of life. Dry eye (n=16, 
ROR=4.53) was the most common ocular AE for 
T-DM1. The corneal disease (n=5, ROR=24.34) and 
blindness (n=10, ROR=2.47) for T-DM1 and keratitis 
(n=5, ROR=21.95) for T-DXd were not mentioned in 
the instruction. A cross-sectional investigation 
showed that T-DM1-related corneal illness usually 
showed up as low-grade, mid-peripheral corneal 
epithelial lesions that were reversible, mostly 
asymptomatic[35]. Still, the AE of blindness served as 
a warning that ocular toxicity should not be 
underestimated.  

In vitro, both DM1 and DXd are primarily 
metabolized by CYP3A4. Compared to monotherapy, 
combined with itraconazole, a strong CYP3A 
inhibitor, increased the steady state AUC17d by 11% 
for T-DXd and 18% for DXd, but did not impact the 
safety profile of T-DXd[36]. No drug-drug interaction 
studies with T-DM1 have been conducted. While, the 
logistical regression analysis in our study revealed 
that the combination with CYP3A4 inhibitors 
increased the risk of fatal AEs associated T-DXd, but 
not T-DM1. Compared to T-DM1, T-DXd was associ-
ated with a higher frequency of co-administration 
with CYP3A4 inhibitors, such as aprepitant, 
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clarithromycin, fluconazole and ciprofloxacin, etc. 
The available data on drug interactions remains 
limited, and our study serves as a reminder that the 
potential impact of combination drugs, particularly 
combined with CYP3A4 inhibitors, should not be 
overlooked in clinical practice. 

5. Limitations 
Our study has the following significant 

shortcomings: (1) Spontaneous reports in the FAERS 
database may be subject to quantitative bias and 
incomplete reporting; (2) The reports are mainly from 
America and Europe, with few data from Asians or 
Africans; (3) ROR only indicates the increased risk of 
reported AE and does not reflect the actual clinical 
risk; (4) Due to the lack of exposure data, we could not 
calculate morbidity and mortality, (5) T-DXd come to 
market relatively late, insufficient exposure of T-DXd 
may lead to a bias in the comparison of the differences 
with T-DM1.  

6. Conclusions 
In our study, 3723 and 2045 reports of T-DM1 

and T-DXd were submitted to FAERS up to June 2023. 
Finally, a systematic analysis and comparison of 94 
and 61 significant signals for T-DM1 and T-DXd were 
performed.Additionally, we examined the effects of 
various exposure parameters on fatal AEs and 
contrasted the proportion of fatal AEs between 
T-DM1 and T-DXd across the four systems. Our 
research indicated that the toxicity spectra of T-DM1 
and T-DXd are typical and mostly in line with the 
results of the DESTINY-Breast03 Clinical Trials. The 
extensive real-world data afforded us an opportunity 
to investigate the fatal AEs, as well as rare AEs that 
had a high frequency or strong ROR in our study but 
were not mentioned in clinical findings or instruction. 
This provided a better illustration of what an actual 
pharmacovigilance research entails. In conclusion, 
there are notable differences between the toxicity 
profiles of T-DM1 and T-DXd, with complex 
pathways controlled by a variety of variables. As a 
result, safety management standards are urgently 
needed to effectively guide clinical procedures 
employing ADCs. 

Supplementary Material 
Supplementary tables.  
https://www.jcancer.org/v14p3275s1.pdf 

Acknowledgements 
Funding  

This study was funded by the Hunan Cancer 
Hospital Climb Plan (No: YF2021004), Hunan Natural 

Science Foundation Project (2020JJ4420) and Hunan 
Provincial Health Commission Project (D20231301 
7815). 

Author contributions  
Fen Liu, Guisen Yin, and Yong Pan made 

contributions to the study's conceptualization, data 
analysis, and paper writing. Shuyi Xue made 
important contributions to the creation of charts and 
data validation. It was Faisal UL Rehman's job to 
improve the article's language. Yong Pan and Dehua 
Liao had helpful conversations while the analysis was 
being done. 

Availability of data and materials  
Data will be available upon request. 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1. Fu Z, Li S, Han S, Shi C, Zhang Y. Antibody drug conjugate: the "biological 

missile" for targeted cancer therapy. Signal Transduct Target Ther. 2022; 7: 93. 
2. Tarantino P, Carmagnani Pestana R, Corti C, Modi S, Bardia A, Tolaney SM, et 

al. Antibody-drug conjugates: Smart chemotherapy delivery across tumor 
histologies. CA Cancer J Clin. 2022; 72: 165-82. 

3. Amiri-Kordestani L, Blumenthal GM, Xu QC, Zhang L, Tang SW, Ha L, et al. 
FDA approval: ado-trastuzumab emtansine for the treatment of patients with 
HER2-positive metastatic breast cancer. Clin Cancer Res. 2014; 20: 4436-41. 

4. Wedam S, Fashoyin-Aje L, Gao X, Bloomquist E, Tang S, Sridhara R, et al. FDA 
Approval Summary: Ado-Trastuzumab Emtansine for the Adjuvant 
Treatment of HER2-positive Early Breast Cancer. Clin Cancer Res. 2020; 26: 
4180-5. 

5. Narayan P, Osgood CL, Singh H, Chiu HJ, Ricks TK, Chiu Yuen Chow E, et al. 
FDA Approval Summary: Fam-Trastuzumab Deruxtecan-Nxki for the 
Treatment of Unresectable or Metastatic HER2-Positive Breast Cancer. Clin 
Cancer Res. 2021; 27: 4478-85. 

6. Narayan P, Dilawari A, Osgood C, Feng Z, Bloomquist E, Pierce WF, et al. US 
Food and Drug Administration Approval Summary: Fam-Trastuzumab 
Deruxtecan-nxki for Human Epidermal Growth Factor Receptor 2-Low 
Unresectable or Metastatic Breast Cancer. J Clin Oncol. 2023; 41: 2108-16. 

7. Duval J, Zaanan A. [New drug approval: Trastuzumab-deruxtecan in HER2 
positive advanced gastric or gastroesophageal junction cancer after previous 
treatment with trastuzumab]. Bull Cancer. 2023; 110: 739-40. 

8. Li BT, Smit EF, Goto Y, Nakagawa K, Udagawa H, Mazieres J, et al. 
Trastuzumab Deruxtecan in HER2-Mutant Non-Small-Cell Lung Cancer. N 
Engl J Med. 2022; 386: 241-51. 

9. Indini A, Rijavec E, Grossi F. Trastuzumab Deruxtecan: Changing the Destiny 
of HER2 Expressing Solid Tumors. Int J Mol Sci. 2021; 22:4774. 

10. Cortes J, Kim SB, Chung WP, Im SA, Park YH, Hegg R, et al. Trastuzumab 
Deruxtecan versus Trastuzumab Emtansine for Breast Cancer. N Engl J Med. 
2022; 386: 1143-54. 

11. Huang CS, Yang Y, Kwong A, Chen SC, Tseng LM, Liu MC, et al. 
Trastuzumab emtansine (T-DM1) versus trastuzumab in Chinese patients with 
residual invasive disease after neoadjuvant chemotherapy and HER2-targeted 
therapy for HER2-positive breast cancer in the phase 3 KATHERINE study. 
Breast Cancer Res Treat. 2021; 187: 759-68. 

12. von Minckwitz G, Huang CS, Mano MS, Loibl S, Mamounas EP, Untch M, et 
al. Trastuzumab Emtansine for Residual Invasive HER2-Positive Breast 
Cancer. N Engl J Med. 2019; 380: 617-28. 

13. Krop IE, Kim SB, Martin AG, LoRusso PM, Ferrero JM, Badovinac-Crnjevic T, 
et al. Trastuzumab emtansine versus treatment of physician's choice in 
patients with previously treated HER2-positive metastatic breast cancer 
(TH3RESA): final overall survival results from a randomised open-label phase 
3 trial. Lancet Oncol. 2017; 18: 743-54. 

14. Mamounas EP, Untch M, Mano MS, Huang CS, Geyer CE, Jr., von Minckwitz 
G, et al. Adjuvant T-DM1 versus trastuzumab in patients with residual 
invasive disease after neoadjuvant therapy for HER2-positive breast cancer: 
subgroup analyses from KATHERINE. Ann Oncol. 2021; 32: 1005-14. 

15. Dieras V, Harbeck N, Budd GT, Greenson JK, Guardino AE, Samant M, et al. 
Trastuzumab emtansine in human epidermal growth factor receptor 



 Journal of Cancer 2023, Vol. 14 

 
https://www.jcancer.org 

3284 

2-positive metastatic breast cancer: an integrated safety analysis. J Clin Oncol. 
2014; 32: 2750-7. 

16. Uppal H, Doudement E, Mahapatra K, Darbonne WC, Bumbaca D, Shen BQ, 
et al. Potential mechanisms for thrombocytopenia development with 
trastuzumab emtansine (T-DM1). Clin Cancer Res. 2015; 21: 123-33. 

17. Thon JN, Devine MT, Jurak Begonja A, Tibbitts J, Italiano JE, Jr. High-content 
live-cell imaging assay used to establish mechanism of trastuzumab emtansine 
(T-DM1)--mediated inhibition of platelet production. Blood. 2012; 120: 
1975-84. 

18. Modi S, Jacot W, Yamashita T, Sohn J, Vidal M, Tokunaga E, et al. 
Trastuzumab Deruxtecan in Previously Treated HER2-Low Advanced Breast 
Cancer. N Engl J Med. 2022; 387: 9-20. 

19. Modi S, Saura C, Yamashita T, Park YH, Kim SB, Tamura K, et al. 
Trastuzumab Deruxtecan in Previously Treated HER2-Positive Breast Cancer. 
N Engl J Med. 2020; 382: 610-21. 

20. Breast Cancer Group BoOCMDA, International Medical Exchange Society 
CA-CA. [Chinese expert consensus of antibody-drug conjugate toxicity 
management for breast cancer]. Zhonghua Zhong Liu Za Zhi. 2022; 44: 913-27. 

21. Zhu Z, Shen G, Li J, Qiu T, Fang Q, Zheng Y, et al. Incidence of antibody-drug 
conjugates-related pneumonitis in patients with solid tumors: A systematic 
review and meta-analysis. Crit Rev Oncol Hematol. 2023; 184: 103960. 

22. Tarantino P, Modi S, Tolaney SM, Cortes J, Hamilton EP, Kim SB, et al. 
Interstitial Lung Disease Induced by Anti-ERBB2 Antibody-Drug Conjugates: 
A Review. JAMA Oncol. 2021; 7: 1873-81. 

23. Anticancer Drug-induced Interstitial Lung Disease Management G. [Expert 
consensus on the diagnosis and treatment of anticancer drug-induced 
interstitial lung disease]. Zhonghua Zhong Liu Za Zhi. 2022; 44: 693-702. 

24. Gursoy P, Acar A, Acikalin T. Ado-trastuzumab emtansine associated spider 
telangiectasia. J Oncol Pharm Pract. 2022; 28: 986-8. 

25. Sibaud V, Vigarios E, Combemale P, Lamant L, Lacouture ME, Lacaze JL, et al. 
T-DM1-related telangiectasias: a potential role in secondary bleeding events. 
Ann Oncol. 2015; 26: 436-7. 

26. Hesketh PJ, Kris MG, Basch E, Bohlke K, Barbour SY, Clark-Snow RA, et al. 
Antiemetics: ASCO Guideline Update. J Clin Oncol. 2020; 38: 2782-97. 

27. Gradishar WJ, Moran MS, Abraham J, Abramson V, Aft R, Agnese D, et al. 
NCCN Guidelines(R) Insights: Breast Cancer, Version 4.2023. J Natl Compr 
Canc Netw. 2023; 21: 594-608. 

28. Endo Y, Mohan N, Dokmanovic M, Wu WJ. Mechanisms contributing to 
ado-trastuzumab emtansine-induced toxicities: a gateway to better 
understanding of ADC-associated toxicities. Antib Ther. 2021; 4: 55-9. 

29. Jerusalem G, Lancellotti P, Kim SB. HER2+ breast cancer treatment and 
cardiotoxicity: monitoring and management. Breast Cancer Res Treat. 2019; 
177: 237-50. 

30. Dieras V, Miles D, Verma S, Pegram M, Welslau M, Baselga J, et al. 
Trastuzumab emtansine versus capecitabine plus lapatinib in patients with 
previously treated HER2-positive advanced breast cancer (EMILIA): a 
descriptive analysis of final overall survival results from a randomised, 
open-label, phase 3 trial. Lancet Oncol. 2017; 18: 732-42. 

31. Liu K, Li YH, Zhang X, Su L, Li JH, Shi HY, et al. Incidence and risk of severe 
adverse events associated with trastuzumab emtansine (T-DM1) in the 
treatment of breast cancer: an up-to-date systematic review and meta-analysis 
of randomized controlled clinical trials. Expert Rev Clin Pharmacol. 2022; 15: 
1343-50. 

32. Jahan N, Rehman S, Khan R, Jones C. Relative Risk of Peripheral Neuropathy 
With Ado-Trastuzumab Emtansine (T-DM1) Compared to Taxane-Based 
Regimens in Human Epidermal Growth Factor Receptor 2 (HER2)-Positive 
Cancers: A Systematic Review and Meta-Analysis. Cureus. 2021; 13: e15282. 

33. Vilela MD, Longstreth WT, Jr., Pedrosa HAS, Gil GOB, Duarte JM, Filho MAD. 
Progressively Enlarging Cerebellar Hematoma Concurrent with T-DM1 
Treatment. World Neurosurg. 2018; 111: 109-14. 

34. Carlson JA, Nooruddin Z, Rusthoven C, Elias A, Borges VF, Diamond JR, et al. 
Trastuzumab emtansine and stereotactic radiosurgery: an unexpected increase 
in clinically significant brain edema. Neuro Oncol. 2014; 16: 1006-9. 

35. Deklerck E, Denys H, Kreps EO. Corneal features in trastuzumab emtansine 
treatment: not a rare occurrence. Breast Cancer Res Treat. 2019; 175: 525-30. 

36. Takahashi S, Karayama M, Takahashi M, Watanabe J, Minami H, Yamamoto 
N, et al. Pharmacokinetics, Safety, and Efficacy of Trastuzumab Deruxtecan 
with Concomitant Ritonavir or Itraconazole in Patients with HER2-Expressing 
Advanced Solid Tumors. Clin Cancer Res. 2021; 27: 5771-80. 

 


