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Abstract
Background  Antibody-drug conjugates (ADCs) are gaining widespread use in the treatment of breast cancer, although 
toxicity remains an underexplored issue in the real-world clinical setting. Individual case safety reports collected in large 
pharmacovigilance databases can advance our knowledge on their safety profile in routine clinical practice.
Objective  We prioritized adverse events (AEs) reported with ADCs approved for breast cancer using the Food 
and Drug Administration Adverse Event Reporting System (FAERS).
Methods  We assessed clinical priority of AEs reported in FAERS (February 2013–March 2022) for trastuzumab emtansine 
(T-DM1), trastuzumab deruxtecan (T-DXd), and sacituzumab govitecan (SG) by attributing a score to each AE disproportion-
ally reported with ADCs. Four criteria were assessed: clinical relevance, reporting rate, reported case fatality rate, and stability 
of disproportionality signals (consistency of the reporting odds ratio across multiple analyses using three different comparators).
Results  We retained 6589 reports (77.4% referring to T-DM1 as suspect), and 572 AEs generated a disproportionality signal 
in at least one analysis. The majority of these AEs (62%) were classified as moderate clinical priorities (e.g., interstitial lung 
disease with T-DXd, thrombocytopenia, peripheral neuropathy with T-DM1, febrile neutropenia, and large intestine perfora-
tion with SG). Three AEs emerged as high clinical priorities (6 points): septic shock and neutropenic colitis with SG (N = 
8 and 13, with median onset 13 and 10 days, respectively), without co-reported immunosuppressive agents; and pulmonary 
embolism with T-DM1 (N = 31, median onset 109 days, 52% with reported metastasis).
Conclusion  The heterogeneous spectrum of post-marketing toxicities for ADCs used in breast cancer, as emerging from the 
FAERS, is largely in line with preapproval evidence. Although causality cannot be proved, we call for increased awareness 
by oncologists on potential serious unexpected reactions, including early onset of septic shock and neutropenic colitis with 
SG, and late emergence of pulmonary embolism with T-DM1.

Key Points 

The heterogeneous spectrum of post-marketing toxicities 
for antibody-drug conjugates is largely predictable from 
preapproval evidence.

The analysis of individual case safety reports from 
pharmacovigilance databases supports post-marketing 
surveillance of adverse events of clinical interest.

Septic shock and neutropenic colitis with sacituzumab-
govitecan, and pulmonary embolism with trastuzumab-
emtansine, deserve prioritization by clinicians.

1  Introduction

Breast cancer is the most common cancer worldwide, with 
large heterogeneity in terms of biology and molecular 
pathology. These hallmarks, including immunohistochemi-
cal, genomic, and immunological markers, pose the basis 
for a personalized pharmacotherapy, comprising chemother-
apy (e.g., anthracyclines, taxanes), targeted therapy (e.g., 
CDK4/6 inhibitors, PARP inhibitors, antiestrogens), and 
immunotherapy (immune checkpoint inhibitors) [1].

Antibody-drug conjugates (ADCs) combine the selec-
tivity of monoclonal antibodies (mAbs) with the potency 
of cytotoxic agents (known as payload) [2]. To date, 13 
ADCs have received marketing approval worldwide in 
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hematological malignancies, and seven in solid tumors. 
Among ADCs approved for solid tumors, those targeting 
HER2 are the most widely prescribed. The encouraging 
results obtained by ADCs in breast cancer have stimulated 
research, and clinical trials have shown promising results for 
some new HER2-ADCs [3].

The anti-HER2 trastuzumab emtansine (T-DM1, trastu-
zumab conjugated with a microtubule inhibitor) was the first 
marketed ADC in solid tumors, and is approved for late-
stage breast cancer [22 February 2013 by the Food and Drug 
Administration (FDA)] and as adjuvant treatment for patients 
with early stage HER2-positive breast cancer (3 May 2019). 
These approvals were based on the phase III EMILIA trial, 
which demonstrated an improvement in progression-free 
survival (PFS) and overall survival (OS) with T-DM as a 
second line treatment compared with standard therapy at 
that time (capecitabine and lapatinib) [4]. The results of the 
KATHERINE trial led to approval of TDM-1 for patients 
with HER2 positive disease who had not achieved a patho-
logical complete response (pCR) after neoadjuvant treatment 
with trastuzumab and taxane therapy [5].

On 20 December 2019, the FDA approved trastuzumab-
deruxtecan (T-DXd, conjugated with a topoisomerase I 
inhibitor) for HER2-positive unresectable or metastatic 
breast cancer following two or more prior anti-HER2-based 
regimens, and later extended the indications to include 
tumors with low HER2 expression as well as certain tumors 
from other anatomic sites. The favorable results of the phase 
III DESTINY-03 trial are positioning T-DXd as the standard 
of care for second-line therapy of HER2-positive metastatic 
breast cancer [6], while DESTINY-04 confirmed the role of 
T-DXd in HER2 low breast cancer [7, 8].

Sacituzumab govitecan (SG) targets the human tropho-
blast cell-surface antigen 2 (Trop-2) expressed on the major-
ity of breast cancer cells [9], and is conjugated with SN-38 
(topoisomerase I inhibitor). It was authorized by the FDA 
on 22 April 2020 for relapsed or refractory metastatic triple 
negative breast cancer (TNBC) that has received at least 
two prior therapies for metastatic disease, on the basis oif 
the phase III ASCENT study documenting a numerically 
higher median PFS (primary endpoint), OS, and objective 
response rate compared with physician therapeutic choice 
[10]. On 3 February 2023, SG also received FDA approval 
for unresectable locally advanced or metastatic hormone 
receptor-positive, HER2-negative breast cancer that has 
received endocrine-based therapy and at least two additional 
systemic therapies in the metastatic setting, on the basis of 
statistically significant and clinically meaningful PFS and 
OS data from the phase 3 TROPiCS-02 study [11].

Most ADCs result in off-target toxicities largely due to 
the cytotoxic payload as well as on-target toxicities and other 
poorly understood and potentially life-threatening adverse 

effects. Increasing evidence suggests that new-generation 
ADCs shed circulating payload, which may contribute to 
both anti-tumor activity and toxicity observed in studies ana-
lyzing ultralow levels of the antibody target, such as DAISY 
[12].

Of note, these agents are associated with treatment-
related adverse events in 91% of patients (including grade 
≥ 3 events in 46%) [13], with an overall incidence of treat-
ment‐related discontinuation of 3.2% on the basis of a meta-
analysis of 169 clinical trials [14]. Given the rapid expan-
sion of the clinical utilization of ADCs, safety is a major 
issue for prescribers, and a number of strategies are under 
investigation to optimize tolerability, thus maximizing their 
therapeutic value.

Considering the limitations of clinical trials in fully cap-
turing the safety profile of drugs, especially in the detection 
of rare AEs, individual case safety reports (ICSRs) databases 
represent a valuable source for post-marketing surveillance 
and better characterization of AEs occurring in the real-life 
multifaceted scenario of patients with comorbidities and 
poly-pharmacotherapy receiving complex anticancer regi-
mens [15]. This is especially the case with ADCs receiving 
accelerated approval, fast-track/breakthrough designation, 
and priority review, thus requiring stringent post-marketing 
surveillance.

The aim of this study was to globally appraise the safety 
profile of ADCs approved for breast cancer, describing the 
spectrum of toxicities reported in the post-marketing surveil-
lance and prioritizing AEs of clinical interest.

2 � Methods

2.1 � Study Design

This study is an observational, retrospective pharmacovigi-
lance analysis of the FDA Adverse Event Reporting Sys-
tem (FAERS) database. It was designed with a multimodal 
stepwise approach, combining different criteria toward clini-
cal prioritization of AEs, an approach recently proposed in 
pharmacovigilance [16, 17]. To this aim, descriptive and 
multiple disproportionality analyses were implemented. 
Finally, a case-by-case assessment was carried out to further 
characterize AEs with high clinical priority. The analyses 
were performed through the open-source R software (version 
4.0.2; 22 June 2022).

2.2 � Data Source

The FAERS archive is a publicly available post-market-
ing surveillance system collecting more than 20 million 
anonymized ICSRs that were submitted to the FDA by the 
pharmaceutical industry, healthcare providers, lawyers, and 
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consumers. The FAERS, mainly representative of the USA, 
also gathers serious AEs from the rest of the world. This 
publicly available archive has attracted considerable interest 
among clinicians for safety assessment of anticancer drugs 
and relevant post-marketing characterization of AEs of spe-
cial interest and is particularly suited for the detection of 
rare but serious AEs, which may escape detection and/or 
reporting within clinical trials [18, 19].

Of note, FAERS offers a unique opportunity to publicly 
access data and can be accessed through (a) a user-friendly 
public dashboard (https://​www.​fda.​gov/​drugs/​quest​ions-​
and-​answe​rs-​fdas-​adver​se-​event-​repor​ting-​system-​faers/​
fda-​adver​se-​event-​repor​ting-​system-​faers-​public-​dashb​
oard), containing many duplicates and limited information 
and (b) raw quarterly data downloadable as ASCII or XML 
files (https://​fis.​fda.​gov/​exten​sions/​FPD-​QDE-​FAERS/​FPD-​
QDE-​FAERS.​html), which need to be pre-processed but 
allow for more reliable and customized analyses.

We downloaded the FAERS quarterly data [20] since 
February 2013 up to the first quarter (January–March) of 
2022. The AEs were codified through the Medical Diction-
ary for Regulatory Activities (MedDRA) terminology at the 
preferred terms (PTs) level. The drugs are recorded as free 
text and need a thorough standardization before any analysis. 
To this end, we used a specifically developed dictionary, 
known as the DiAna dictionary, to standardize drug names 
into active ingredients [21]. Duplicates were identified and 
removed on the basis of the presence of the overlapping data 
in six key variables (sex, age, reporter country, list of drugs, 
list of events, event date).

2.3 � Drugs of Interest, Cases and Exposure 
Definition

Three ADCs were selected as study drugs: T-DM1, T-DXd, 
SG (see Supplementary Material 1 for details on the relevant 
codification).

Cases of interest were reports where at least one ADC 
of interest was recorded with different exclusion criteria 
applied. Considering the FDA approval of the trastuzumab 
emtansine, we selected only reports submitted since Febru-
ary 2013 to obtain a more homogeneous reference group 
and minimize the existence of pre-marketing reports. AEs 
associated with cancer (e.g., metastasis, breast cancer) and 
lack of efficacy (e.g., disease progression) were removed to 
minimize the existence of a “reverse causality bias” known 
as indication bias in pharmacovigilance, for which the indi-
cation for the prescribed drug is reported as an AE, a fre-
quent phenomenon especially in oncology [22]. Finally, AEs 
related to medication errors were excluded.

In FAERS, the exposure to a given drug is classified by 
the reporter as primary suspect (PS), secondary suspect 
(SS), concomitant (C), or interacting (I). To avoid potential 

misclassification of AEs and increase the accuracy of analy-
ses, we removed those reports recording one of the inves-
tigated ADCs as C or I. In other words, only reports where 
ADCs of interest were recorded as PS or SS were retained.

2.4 � Descriptive Analysis

Descriptive analysis was carried out to explore and compare 
characteristics of ADC reports in terms of patient demo-
graphics (sex, age, country, type of reporter) and outcomes 
(seriousness). The reference group included only oncologi-
cal reports, identified as any report recoding at least one 
drug listed within L01, L02BA, L02BG, and L02AE classes 
of the Anatomical Therapeutic Chemical (ATC) classifica-
tion system, not including T-DXd, TDM-1, and SG records. 
Descriptive percentages refer to the proportion of reports 
recording a specific value, and cannot be interpreted as risk 
estimates. Data were reported as counts and relevant per-
centages for categorical variables, and as median values and 
interquartile ranges (IQRs) for continuous variables. Fisher’s 
exact test and χ2 test were adopted to compare categorical 
variables, while continuous variables were assessed using 
Kruskal–Wallis test; results were deemed significant for p 
< 0.05.

2.5 � Disproportionality Analysis

Disproportionality analysis is a consolidated approach 
used to generate hypotheses on a possible drug-event asso-
ciation by comparing the proportion of reports recording 
a specific AE for a single drug or pharmacological class 
with the proportion of reports recording the same AE for a 
reference group [23]. If the proportion of AEs is greater in 
patients exposed to a specific drug (cases) than in patients 
not exposed to the same drug (reference group), a higher-
than-expected reporting is detected, and a disproportionality 
signal can be claimed. Through this so-called case/non-case 
design, an association can be hypothesized between the spe-
cific drug and the event and can inform clinical practice for 
relevant monitoring or targeted preventive strategies [24].

Different disproportionality measures are available, 
including Bayesian and frequentist approaches. Since 
no gold standard exists and the performance of the vari-
ous measures is comparable, we calculated the frequentist 
reporting odds ratios (ROR) with relevant two-sided 95% 
confidence interval (CI). In fact, the ROR is relatively 
easy to understand, interpret, and compute (using the 2 
× 2 contingency table), and allows ICSRs database as a 
data source for a case-control study [25]. We corrected the 
ROR for multiple comparison using the Bonferroni test, as 
recently argued to minimize false positive results [26]. We 
used common threshold to define a statistically significant 
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disproportionality signal, i.e., a lower limit of 95% CI > 1, 
with at least three cases reported.

The selection of the most appropriate comparator is 
debated but crucial in pharmacovigilance to minimize con-
founders [27]. We conducted a stepwise disproportionality 
approach using three different comparators: (a) all other 
drugs recorded in FAERS (a traditional screening approach); 
(b) all anticancer drugs, identified through the ATC clas-
sification system (L01, L02BA, L02BG, L02AE), reported 
as PS and SS drugs—this strategy allowed to control for 
major confounders, including confounding by indication 
(i.e., cancer may be a risk factor per se for a given AE); and 
(c) anticancer drugs used in breast cancer. To this purpose, 
indications that specify other tumors and did not contain 
any reference to breast cancer, according to High Level 
Term of MedDRA terminology, were excluded. These lat-
ter approaches have been described as disproportionality 
by therapeutic area or active-comparator disproportional-
ity analysis and can be useful to partially mitigate the so-
called channeling bias (i.e., selective prescription toward 
more severe patients, notably for ADCs), thereby further 
minimizing false-positive results [28, 29], especially in the 
oncological area [30].

2.6 � Classification and Prioritization of Relevant 
Disproportionality Signals

For each drug, AEs emerging with a significant association 
in at least one disproportionality analysis were ranked on 
the basis of a semiquantitative score assessing the following 
criteria (Table 1):

•	 Clinical relevance: we used the lists of Important Medical 
Events (IMEs—serious events—version 26.0) and Des-
ignated Medical Events (DMEs—rare but serious events 
likely to be drug induced), provided by the European 
Medical Agency) [31].

•	 Reporting rate: the proportion of the AE of interest as 
compared with other AEs (i.e., the ratio between cases 
and non-cases). To mirror clinical trials, the following 
traditional categories were used: very common (≥ 10%), 
common (1–10%), and uncommon (≤ 1%).

•	 Signal stability: consistency/robustness of disproportion-
ality signals across multiple analyses. Maximum score 
was awarded to full consistency (disproportionality sig-
nals in three out of three analyses on the basis of different 
comparators).

•	 Reported case fatality rate: the proportion of reports 
where death was recorded, as compared with all AEs. 
Notably, the mortality rate in oncology is expected to be 
per se remarkably high regardless of the drug contribu-
tion, and it is challenging to discriminate between AEs 
due to the drug and AEs due to the natural disease pro-
gression. For these reasons, we adopted a conservative 
approach, and the highest score was assigned only when 
the case fatality rate was > 50%.

A score of 0–2, 3–5, and 6–8 identified, respectively, AEs 
with low (yellow light), moderate (orange light), or high (red 
light) priority.

2.7 � Case‑By‑Case Evaluation of AEs with High 
Clinical Priority

A case-by-case analysis was carried out in the attempt to 
identify potential drug- and patient-related risk factors. 
Therefore, reports were further individually inspected to 
remove potential remaining duplicates (on the basis of high 
similarity on event date, age, sex, reporter country, co-
reported PTs, and co-reported drugs), and to analyze the fol-
lowing clinical features: latency [i.e., time to onset expressed 
in days with IQR, calculated as the difference between the 
start of therapy and the date the event occurred], and con-
comitant drugs as plausible risk factors for AE occurrence or 
being a proxy of a disease associated with AE susceptibility 
or a proxy of a preexisting event.

3 � Results

3.1 � Descriptive Analysis

The characteristics of cases and non-cases are summarized 
in Table 2.

Table 1   Criteria and relevant scores to prioritize AEs emerged from disproportionality analysis.

AEs adverse events, DME designated medical event, IME important medical event

Criterium 2 points 1 point 0 point

Reporting rate (cases/non-cases) > 10% 1–10% 0–1%
Signal stability (consistency across disproportionality analyses) 3 of 3 2 of 3 1 of 3
Reported case fatality rate (proportion of reports with death as outcome) > 50% 25–50% < 25%
Clinical relevance (serious likely drug-attributable AEs) DME IME None



439Emerging Toxicities of Antibody-Drug Conjugates from the FAERS

A total of 6589 cases were identified, with an increase 
since 2020, likely explained by extended therapeutic 
indications and marketing authorizations of T-DXd and 
SG. More than three-quarters of the reports (77.4%) refer 
to T-DM1, followed by T-DXd (12.8%) and SG (9.8%), 
likely reflecting the marketing age. Most cases have been 
reported in female patients (> 96%) across all the ADCs. 
Physicians and other healthcare professionals submitted 
about 80% of reports, a trend likely related to administra-
tion within a hospital setting of these molecules. Most 
of the cases (26.6%) have been reported in patients aged 
50–64 years, with SG having similar percentages in the 
range 30–49 (37%) and 50–64 (38.3%) years. Most of the 
cases were from the USA for T-DXd (63.86%) and SG 
(61.73%), whereas TDM-1 had similar numbers of reports 
from the USA (37.42%) and Europe (37.77%). The dif-
ference in records between the USA and Europe could 
be due to different drug approval times from regulatory 
agencies rather than different reporting behaviors. Indeed, 
the difference is more evident with T-DXd and SG author-
ized in USA a year before than in Europe, compared with 
TDM-1, which was approved in 2013 and has a longer 
history of clinical use. Death was recorded in 17.1% of 
cases, with the highest percetage of fatal (33.95%) and 
life-threatening (4.48%) events for SG compared with 
T-DM1 (14.93% and 2.61%, respectively) and T-DXd 
(17.06% and 3.2%, respectively). The highest hospitali-
zation rate was reported for T-DM1 (26.45%) compared 
with T-DXd (21.80%) and SG (16.20%). Between 2013 
and 2019, reports were exclusively for TDM-1 and report 
rate was steady over this period, with a slight increase in 
the last 2 years. Since 2020, reports for T-DXd and SG 
were included in the FAERS database and both showed 
an increase in records between 2020 (315 for T-DXd and 
90 for SG) and 2021 (410 for T-DXd and 297 for SG). 
Records in the first quarter of 2022 (118 for T-DXd, 190 
for TDM-1, and 259 for SG) suggested a further upward 
trend, especially for SG.

3.2 � Disproportionality Analysis

The flowchart (Fig. 1) describes key results of dispropor-
tionality analysis in terms of disproportionality signals. 
After excluding 105 PTs due to indication bias and medi-
cation errors, 53 PTs for T-DXd, 483 PTs for T-DM1, and 
36 PTs for SG were finally retained as drug related and 
statistically significant. Most frequently reported AEs were 
nausea and fatigue for both T-DM1 and T-DXd, and diar-
rhea and neutropenia for SG.

3.3 � Clinical Prioritization of Relevant 
Disproportionality Signals

In the flowchart (Fig.  1), the clinical prioritization is 
shown; most of the AEs (62.06%) had a moderate clinical 
priority: 25 PTs for T-DXd (47.17%), 166 PTs for T-DM1 
(65.42%), and 14 for SG (38.89%). Among these, pneu-
monitis (score of 5) and interstitial lung disease (score of 
4) with T-DXd; pneumonia (score of 5) and thrombocy-
topenia, peripheral neuropathy, and hepatotoxicity (score 
of 4 each) with T-DM1; and febrile neutropenia and large 
intestine perforation (score of 5 each) with SG.

Among the 572 PTs disproportionally associated with 
the ADCs, 177 (30.9%) were IMEs: 20 for T-DXd (37.7%), 
141 (29%) for T-DM1, and 16 (44%) for SG; 4% were 
DME: 3 for T-DXd (5.7%), 4 for SG (11.1%), and 16 for 
T-DM1 (3.3%). Febrile neutropenia, hemolytic anemia, 
and pulmonary fibrosis, associated with T-DXd, are DMEs 
with moderate clinical priority.

Three AEs were classified as high clinical priorities: 
neutropenic colitis (DME) and septic shock (IME) for 
SG, and pulmonary embolism, included in IME list, for 
T-DM1, as presented in Table 3.

The full list of reported AEs, including all dispropor-
tionality analyses, sub-scores, and overall score, is pro-
vided in Supplementary Material 1.

3.4 � Case‑By‑Case Assessment

Full details of the case-by-case evaluation is provided in 
Supplementary Material 2. After manual inspection to 
remove likely additional duplicates, 8/9 cases of septic shock 
(1 case removed as potential duplicate), 13/16 cases of neu-
tropenic colitis (3 cases removed), and 31/58 cases of pul-
monary embolism (27 cases removed) were finally retained. 
A shorter time to onset was highlighted for septic shock and 
neutropenic colitis (13 and 10 days, respectively) as com-
pared with pulmonary embolism (109 days). Concomitant 
drug and disease-related risk factors were recorded in only 
a negligible proportion of cases of septic shock and neutro-
penic colitis, and no glucocorticoids with immunosuppres-
sive effect were found. With regard to pulmonary embolism, 
antithrombotic drugs were found in 11 of 31 cases, but it is 
not possible to assert whether the antithrombotic agent was 
started before or after the pulmonary event. Antidepressants 
and antidiabetics were recorded as concomitant drugs in 
19.3% of cases, whereas cardiovascular agents were found in 
55% of cases. Hormone therapy was reported as concomitant 
in 7 out of 31 cases (22.6%). Metastasis (namely co-reported 
breast cancer metastatic, metastases to bone, and breast can-
cer stage IV) was specified in 31 cases (52%). 
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Table 2   Demographic and clinical characteristics of adverse events reported with T-DXd, TDM-1, and SG.

Where not specified, data are reported as counts with valid percentage (without counting unknown values) in square brackets. Other breast can-
cer reports not recording T-DXd, TDM-1, and SG constituted the reference group for statistical testing
IQR interquartile range

Characteristic Trastuzumab-deruxtecan Trastuzumab-emtansine Sacituzumab-govitecan Reference group

N 844 5097 648 135,159
 Primary suspect 26 [3.08] 1993 [39.10] 15 [2.31]
 Secondary suspect 818 [96.92] 3104 [60.90] 633 [97.69]

Sex p value < 0.001 p value < 0.001 p value 0.696
 Female 594 [96.43] 4387 [98.17] 585 [99.15] 124,609 [98.85]
 Male 22 [3.75] 82 [1.83] 5 [0.85] 1444 [1.15]
 Unknown 228 [–] 628 [–] 58 [–] 9106 [–]

Reporter p value < 0.001 p value < 0.001 p value < 0.001
 Consumer 92 [10.90] 751 [14.78] 138 [21.33] 43,852 [33.35]
 Healthcare practitioner 155 [18.36] 513 [10.09] 173 [26.74] 11,490 [8.74]
 Other 0 [0.00] 394 [7.75] 0 [0.00] 27,937 [21.25]
 Pharmacist 87 [10.31] 322 [6.34] 72 [11.13] 11,299 [8.59]
 Physician 510 [60.43] 3102 [61.04] 264 [40.80] 36,923 [28.08]
 Unknown 0 [–] 15 [–] 1 [–] 3658 [–]

Age, years
Median (IQR) [min–max] p value 0.291

60 (51–68) [0–92]
p value < 0.001
56 (47–64) [0–100]

p value < 0.001
54 (44–63) [26–91]

60 (51–69) [0–116]

 0–17 1 [0.28] 3 [0.09] 0 [0.00] 81 [0.08]
 18–29 2 [0.56] 33 [1.05] 5 [1.33] 625 [0.61]
 30–49 68 [19.05] 931 [29.73] 139 [36.97] 21,645 [21.16]
 50–64 171 [47.90] 1441 [46.02] 144 [38.30] 41,300 [40.37]
 65–74 76 [21.29] 513 [16.38] 73 [19.41] 24,965 [24.40]
 75–84 31 [8.68] 175 [5.59] 11 [2.93] 11,260 [11.01]
 ≥ 85 8 [2.24] 35 [1.12] 4 [1.06] 2432 [2.38]
 Unknown 487 [–] 1966 [–] 272 [–] 32,851 [–]

Serious outcome 539 [63.86] 4,418 [86.68] 541 [83.49] 99,594 [73.69]
p value < 0.001 p value < 0.001 p value < 0.001

 Death 144 [17.06] 761 [14.93] 220 [33.95] 16,469 [12.18]
 Life threatening 27 [3.20] 133 [2.61] 29 [4.48] 3261 [2.41]
 Disability 4 [0.47] 62 [1.22] 1 [0.15] 2036 [1.51]
 Required intervention 0 [0.00] 2 [0.04] 0 155 [0.11]
 Hospitalization 184 [21.80] 1348 [26.45] 105 [16.20] 25,445 [18.83]
 Congenital anomaly 0 [0.00] 6 [0.12] 0 42 [0.03]
 Other serious 180 [21.33] 2106 [41.32] 186 [28.70] 52,186 [38.61]

Reporter country p value < 0.001 p value < 0.001 p value < 0.001
 North America 539 [63.86] 1907 [37.42] 400 [61.73] 79,210 [58.62]
 Europe 134 [15.88] 1925 [37.77] 210 [32.41] 30,458 [22.54]
 Asia 166 [19.67] 933 [18.31] 23 [3.55] 17,737 [13.13]
 South America 4 [0.47] 193 [3.79] 0 [0.00] 5693 [4.21]
 Oceania 1 [0.12] 117[2.30] 15 [2.31] 1008 [0.75]
 Africa 0 [0.00] 21 [0.41] 0 [0.00] 1023 [0.76]
 Unknown 0 [–] 1 [–] 0 [–] 30 [–]

Weight in kg p value < 0.001 p value < 0.001 p value 0.586 70 (59–83) [0.00–595]
Median (IQR) [min–max] 60 (49–77) [25–131] 65 (55–76) [1–170] 70 (60–85) [39–158] 85,378
Unknown 628 3569 428
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4 � Discussion

This post-marketing surveillance study, through the analysis 
of ICSRs from FAERS database, describes the worldwide 
AE reporting of ADCs in breast cancer. Previous studies 
mainly focused on specific AEs such as cardiotoxicity, hepa-
totoxicity, myelotoxicity, and interstitial lung disease [32, 
33]. Most importantly, we attempted to move a “conven-
tional” pharmacovigilance study, aimed at detecting unex-
pected drug–event associations, or a new aspect of a known 

association, forward and proposed a score to prioritize AEs 
of special interest on the basis of accepted general criteria, 
adapted to the oncological area. This score was developed 
to highlight those toxicities of major clinical relevance and 
therefore of importance in clinical monitoring and the devel-
opment of risk minimization strategies.

Overall, the main findings emerging from this large-
scale contemporary pharmacovigilance analysis are: (1) 
we confirmed and enlightened the variegate spectrum 
of ADC-related toxicities, mainly driven by the type of 

Fig. 1   Flowchart on the process of case selection, disproportionality analysis, and relevant prioritization.
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monoclonal antibody and the payload (e.g., peripheral 
neuropathy with DM-1, diarrhea with SN-38); (2) we 
highlighted three serious unexpected AEs as high clini-
cal priorities, namely septic shock and neutropenic colitis 
with SG and pulmonary embolism with T-DM1, which 
were further scrutinized through a case-by-case analysis 
as potential adverse drug reactions; (3) we found several 
AEs of moderate clinical priority, such as pneumonitis 
and interstitial lung disease with T-DXd, which should 
not be overlooked by oncologists. Therefore, this study, 
using the FAERS database, confirmed the irreplaceable 
and the complementary role of post-marketing surveil-
lance for detection of rare but unpredictable AEs that may 
escape detection from pre-marketing pivotal trials, thus 
supporting clinicians in proactive monitoring and safer 
prescribing.

Septic shock emerged as a high clinical priority for SG, 
with a consistent disproportionality signal in all analy-
ses and a reported case fatality rate higher than 77%. The 
case-by-case analysis did not highlight drug-related risk 
factors that may potentially increase patients’ susceptibil-
ity, such as co-reported immunosuppressive agents (corti-
costeroids), thus suggesting a possible drug-related com-
ponent. A signal of sepsis was also recently found by Xia 
and colleagues [34], who performed a disproportionality 
analysis on FAERS to investigate the reporting of sepsis 
in patients with cancer treated with ADCs for solid and 
hematological cancers. Of note, in our FAERS analysis, 
sepsis and septic shock were classified as moderate priori-
ties for T-DM1 and T-DXd, respectively, thus suggesting 
the potential existence of a class effect.

When comparing FAERS data with pivotal pre-mar-
keting trials, one fatal case of septic shock caused by neu-
tropenic colitis was determined to be related to SG in the 
latest TROPiCS-02 trial, whereas in the ASCENT trial the 
three deaths (one with sepsis) were judged to be unrelated 

to SG. Febrile neutropenia was reported in 5% of the 
patients in both trials, with granulocyte-colony stimulat-
ing factor (G-CSF) therapy initiated in almost 50% of the 
patients. Routine primary prophylaxis with G-CSF is not 
recommended, but secondary prophylaxis could be consid-
ered at the first occurrence of grade 4 neutropenia lasting 
7 or more days, grade 3 febrile neutropenia, or grade 3–4 
neutropenia that has delayed dosing by 2 or 3 weeks for 
recovery to grade ≤ 1 [35–38].

Neutropenic colitis also emerged as high clinical prior-
ity for SG; it was co-reported with diarrhea, neutropenia, 
and sepsis/septic shock (two cases), and was serious (hos-
pitalization or death or life-threatening event recorded in 
43.75%, 31.25%, and 18.75% of cases, respectively) without 
co-reported drugs that might increase patients’ susceptibil-
ity. Severe diarrhea (grade 3 or 4) is a well-known AE for 
SG and occurred in 10% of the patients in both trials and 
could be due to either early cholinergic syndrome (requir-
ing atropine treatment) or delayed diarrhea due to SN-38. 
Of note, we found a median onset of 10 days for neutro-
penic colitis, presumably after day 8 infusion of SG. At the 
onset of delayed diarrhea, patients should be evaluated for 
infectious causes, and if ruled out, promptly initiate lopera-
mide. Although in the TROPiCS-02 trial patients who were 
homozygous for UGT1A1 *28/*28 also had higher rates of 
grade 3 or 4 diarrhea and neutropenia than other subgroups, 
testing of UGT1A1 status is not required before treatment 
and detailed management strategy is lacking. Conversely, 
genotyping tests for UGT1A1 *6 and *28 are recommended 
by regulatory Agencies for irinotecan. Attention should, 
therefore, be paid to diarrhea, especially if ADCs are used 
in combination with immune checkpoint inhibitors, which 
are known to cause immune-related colitis.

For T-DM1, pulmonary embolism emerged as high 
clinical priority (reported case fatality rate of 45%), with a 
delayed latency (more than 3 months after start of therapy). 

Table 3   AEs ranked as high clinical priorities and relevant scores.

CI confidence interval, DME designated medical event, IME important medical event, ROR reporting odds ratio
*Statistically significant disproportionality (lower limit of the 95% CI of the ROR > 1); see text for details.

Signal stability Clinical 
relevance

Reporting 
rate

Case fatality 
rate (%)

Total 
score

ROR (95% CI) versus all 
drugs

ROR (95% CI) versus 
anticancer drugs

ROR (95% CI) versus 
anticancer drugs for 
breast cancer

Trastuzumab emtansine
 Pulmonary embo-

lism (N = 58)
2.47 (1.87–3.20)* 1.51 (1.15–1.97)* 1.44 (1.08–1.88)* IME 1.14% 32/58 (55.2%) 6

Sacituzumab govitecan
 Neutropenic colitis 

(N = 16)
279.86 (158.31–457.40)* 48.84 (27.54–80.48)* 54.24 (29.08–95.86)* DME 2.47% 5/16 (31.3%) 6

 Septic shock (N = 9) 6.51 (2.96–12.45)* 2.33 (1.06–4.46)* 6.06 (2.73–11.73)* IME 1.39% 7/9 (77.8%) 6
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Antithrombotic therapy with edoxaban or rivaroxaban was 
reported in 25% of patients, although it is not possible to 
determine whether antithrombotic treatment was started 
before or after the embolic event. The case-by-case evalu-
ation detected seven cases (22.5%) in which concomitant 
hormone therapy with tamoxifen could be considered a 
drug-related risk factor. Among disease-related risk factors, 
metastasis was specified in more than half of the cases. Of 
note, in the final OS results of the EMILIA trial [39], only 
1 case of pulmonary embolism (grade 1–2) was recorded in 
the T-DM1 arm, as compared with 14 cases (of which 9 were 
grade 3–4) in the capeticabine-lapatinib group. Oncologists 
should be aware that thrombosis may occur with T-DM1, 
although a contribution of the underlying metastatic setting 
cannot be ruled out.

A number of AEs were regarded as moderate clinical pri-
orities; this is the case, for instance, with pneumonitis and 
interstitial lung disease for T-DXd, as well as hepatotoxicity, 
thrombocytopenia, and peripheral neuropathy for T-DM1. 
Although these AEs can be considered expected on the basis 
of pre-marketing and post-marketing evidence, clinicians 
should remain vigilant and be reminded as to the importance 
of proactive clinical monitoring and timely discontinuation 
as key risk minimization strategies [40].

Finally, from a research perspective, sepsis, neutropenic 
colitis, and pulmonary embolism should also be considered 
as priorities for targeted analytical pharmaco-epidemio-
logical research to investigate the role of other drug- and 
patient-related risk factors that cannot be captured by ICSR 
databases. This will help clarify whether these AEs are 
actual adverse drug reactions, especially for T-DM1, which 
is approved both in the adjuvant and metastatic settings.

We acknowledge limitations inherent to ICSRs and phar-
macovigilance databases [41] that do not allow for a causal 
relationship to be inferred. Given the lack of a denominator 
and an expected under-reporting phenomenon, dispropor-
tionality measures such as ROR and its magnitude cannot 
quantify the real risk in clinical practice, but can only inform 
about a higher-than-expected AE reporting and not of AE 
occurrence. Consequently, incidence cannot be established. 
Moreover, verification of events through clinical features, 
including laboratory and instrumental tests, comorbidities 
and adjustment of therapeutic regimens, is limited. In this 
regard, the presence of missing data and incomplete infor-
mation did not allow for the precise identification of the 
adjuvant and metastatic settings, which is highly relevant 
information for T-DM1.

However, FAERS is largely representative of the world-
wide real-life use of drugs, which cannot be fully captured 
by clinical trials, thus supporting a good generalizability of 
results. We attempted to minimize the potential existence 
of a confounding by indication using different comparators, 
and there is no reason a priori to support the existence of 

notoriety bias (i.e., increased reporting following media 
attention or regulatory measures). However, residual chan-
neling bias and confounders due to the underlying meta-
static setting and comorbidities, as well as potential selec-
tive reporting toward serious AEs, cannot be ruled out. Our 
attempt to develop an original score to prioritize AEs of 
major clinical interest strengthened the clinical implications 
of these findings. Although the accuracy of this score can-
not be determined (and was not the aim of the work), our 
approach was based on well-established criteria comprising 
qualitative items of unquestionable clinical relevance using 
conservative thresholds (i.e., reported case fatality rate) and 
multiple disproportionality analyses, thus increasing the 
accuracy and robustness of findings. This approach supports 
the potential role of the scoring system as a prioritization 
tool for pharmacovigilance of anticancer drugs.

5 � Conclusion

The spectrum of toxicities for ADCs used in breast cancer 
is highly heterogeneous but largely predictable and mostly 
in line with preapproval evidence.

Although causality cannot be proved, we call oncolo-
gists to have increased awareness regarding three serious 
potential unexpected adverse reactions with high clinical 
priority: early onset of septic shock and neutropenic coli-
tis with SG, and late emergence of pulmonary embolism 
with T-DM1.

In the absence of clear patient- and drug-related risk 
factors, stringent monitoring, timely discontinuation, and 
prompt treatment are key risk minimization strategies.

We support pharmacovigilance for the post-marketing 
prioritization of AEs of clinical interest, especially for the 
more recently approved T-DXd and SG, thus promoting real-
time safer prescribing in oncology.
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