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Summary
Antibody–drug conjugates (ADCs) represent a novel and evolving class of antineoplastic agents, constituted by
monoclonal antibody linked to biologically active drugs, delivering cytotoxic compounds at the tumor site, reducing
the likelihood of systemic exposure and toxicity. They are generally well tolerated, nevertheless some predictable
adverse reactions need careful monitoring and timely approach. These include neutropenia, nausea and vomiting,
alopecia, diarrhea, left ventricular dysfunction, ILD/pneumonitis. The mechanisms leading to drug-associated tox-
icities are summarized, and prophylaxis protocols and appropriate management strategies are proposed, based on
current literature. This review aims to collect the most updated evidence on toxicities potentially occurring during
breast cancer treatment with approved or under clinical investigation (advanced stage) ADCs. A focus is dedicated to
monitoring protocols and clinical management, aimed at preventing and/or promptly address relevant problems, in
order to avoid premature discontinuation or improper dose reduction.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction
Conventional chemotherapy has been the milestone in
cancer therapy for decades. While cytotoxic agents may
differ greatly in their mechanism of action, their ther-
apeutic activity results from a balance between cell
damage and repair, which is usually more favorable in
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normal cells than in cancer. However, dose-limiting
toxicities on some normal tissues, like the bone
marrow or the mucosae, have represented a major
obstacle to the use of otherwise lethal doses of several
cytostatic drugs in vitro. Among the resulting implica-
tions in medical oncology, is the artificial concept of the
disease-specificity of different classes of drugs. This
disease-specificity rather reflects the contingency of us-
ing the optimally tolerated dose of different drugs,
rather than the lethal dose for cancer cells.

Since Paul Enrlich theories on the “perfect bullet”,
the concept of the cancer-cell specificity of chemo-
therapy has been pursued, leading to the development
of the first antibody-drug conjugate (ADC) gemtuzumab
ozogamicin, targeting CD33 in acute myeloid leukemia
therapy. ADCs represent cutting-edge therapeutic com-
pounds in continuous implementation for cancer treat-
ment. The most innovative aspect is represented by their
complex structure, consisting of a target-specific
monoclonal antibody connected to cytotoxic molecules
1
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(payload) through a cleavable/non-cleavable linker
(Supplementary Table S1). In recent years, the engi-
neering of the linker has contributed to the diversity and
improved efficacy of these drugs.

Recently, several ADCs have been tested in breast
cancer (BC), mostly directed against either the human
epidermal growth factor receptor-2 (HER2), a tyrosine
kinase receptor overexpressed in BC, whose activation
through autophosphorylation results in downstream
signaling pathways initiation, or Trophoblast cell surface
antigen 2 (Trop2), a cell surface glycoprotein expressed
in 50–90% of BC cells.1

The first ADC approved by the United States Food
and Drug Administration (FDA) for the treatment of
HER2-positive metastatic BC (mBC) was trastuzumab
emtansine (T-DM1) in 2013. After several clinical trials
with exceptional results, this compound was introduced
in 2019 in the treatment of patients with early-stage BC.
In the same year, a second anti-HER2 ADC, trastuzumab
deruxtecan (T-DXd), was approved for the treatment of
HER2-positive mBC. Moreover, its use was extended to
HER2-low advanced BC in 2022. To date, the only anti-
Trop2 ADC available is sacituzumab govitecan (SG),
approved by FDA for both triple negative BC (TNBC)
(2021) and hormone receptor (HR) positive BC (2023)
treatment. Furthermore, several ADCs are currently in
advanced stages of investigation, such as trastuzumab
duocarmazine (SYD985), datopotamab deruxtecan (Dato-
DXd), patritumab deruxtecan (HER3-DXd).

Even though ADCs were designed with high selec-
tivity for their target, with the ultimate goal of limiting
their toxicities, treatment-related adverse events
(TRAEs) have been reported, nonetheless. On this
matter, a recent meta-analysis of 169 trials, including
different tumor types, described how the overall inci-
dence of adverse events (AEs) reaches 91.2% during
treatment with ADCs, while the rates of grade ≥3 events
and AEs leading to treatment discontinuation were
46.1% and 13.2%, respectively. In addition, 1.3% of
adverse reactions led to patient death.2

The mechanisms underlying ADC toxicity are related
to the release of the payload, the stability of the linker and
the internalization of the ADC. When the payload is
released in the absence of the target but still in the tumor
microenvironment, as it often is the case with SG it will
still have on-tumor effect. However, its release in normal
tissues (off-tumor) explains some of the toxicities of these
compounds. Oftentimes, this is related to normal tissues
expressing the target of the ADC (on-target), but not al-
ways (off-target). The present manuscript offers an over-
view of the toxicities that may occur during BC treatment
with ADCs (Fig. 1) and represents a quick supportive care
guide, to help in their assessment and management.

Hematological adverse events
Hematological AEs have been frequently reported in
patients treated with ADCs, and include pancytopenia,
neutropenia, anemia, and thrombocytopenia
(Supplementary Table S2). These AEs are graded ac-
cording to the Common Terminology Criteria for
Adverse Events (CTCAE) (Supplementary Table S3, that
is reference for all the toxicities described in this
manuscript.3 Microtubule inhibitors, such as DM1, the
maytansine derivative part of T-DM1, induce apoptosis
in cells undergoing mitosis, by causing cell cycle arrest
at G2/M phase. Conversely, T-DXd, SG, Dato-DXd, and
HER3-DXd have topoisomerase inhibiting payloads,
leading to DNA double-strand breaks, and apoptosis of
rapidly proliferating cells, including hematopoietic cell
progenitors.

Neutropenia
If not properly treated, severe hematological adverse
reactions may lead to complications such as bleeding,
febrile neutropenia, and potential subsequent infection
up to sepsis. Therefore, early assessment and manage-
ment, including dose reduction (Supplementary
Table S4) are of utmost importance.

In patients receiving T-DM1, the incidence of all
grade neutropenia ranged from 5% to 11% across trials,
while severe neutropenia (grade ≥ 3, including febrile
neutropenia) was reported in up to 6% of patients, a
lower rate compared to other cytotoxic agents.4–6 Indeed,
neutropenia was a common AE in patients treated with
T-DXd, occurring in about 70% of patients,7–9 being the
main reason for dose reduction and drug interruption.
Interestingly, febrile neutropenia was a rare event (only
1.6% in DESTINY-Breast01 and 0.3% in DESTINY-
Breast04 trials).7,8 Conversely, severe or life-threatening
neutropenia cases were frequently reported with SG:
indeed, among the 64% of patients reporting this AE,
13% suffered from a grade 4 event. Febrile neutropenia
occurred in 6% of cases, reaching 8% in pretreated
metastatic TNBC patients. Nevertheless, less than 1% of
patients with febrile neutropenia discontinued the
treatment permanently.10,11 In the phase 1/2 ongoing
study U31402-A-J101 (NCT02980341; JapicCTI-163401),
hematological toxicities are the most reported AEs with
HER3-DXd, with grade ≥3 neutropenia occurring in
39.6% of patients,12 while the reported rate after a single
dose in the SOLTI TOT-HER3 trial is 19%.13 Conversely,
in the TROPION-PanTumor01 study, no cases of neu-
tropenia grade ≥3 were described with Dato-DXd, and
the frequency of this toxicity was low.14

In case of neutropenia (Fig. 2), granulocyte colony-
stimulating factor (G-CSF) prophylaxis may be given
to patients at high risk for febrile neutropenia or at
moderate risk but with risk factors. The use of a short-
acting growth factor (eg, filgrastim 5 μg/kg once a day
subcutaneously) for 2–3 days can be effective in
increasing the absolute neutrophil count (ANC) count.
In addition, a long-acting growth factor (e.g., pegfil-
grastim 6 mg subcutaneously) may be administered on
day 2 to avoid delays of the following treatment cycles.
www.thelancet.com Vol 62 August, 2023
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Fig. 1: Main AEs described with ADCs for BC treatment. Drugs needing prophylaxis use or medical/laboratory screening are indicated. Created
with BioRender.com.
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In patients who have experienced unpleasant AEs (e.g.,
headaches, muscle/joint aches) with growth factor use,
the ADCs dose reduction should be considered.15 Pro-
phylactic antibiotic therapy may be considered when the
absolute neutrophil count is reported <100 cells/mm3

and lasts for more than 1 week. If the body temperature
rises above 38 ◦C, empirical antibiotic treatment should
be given promptly and indicated tests should be per-
formed. G-CSF may be administered in patients with
prior neutropenic complications, but it should not be
routinely used in patients with afebrile neutropenia.
Patients suffering from lower-grade neutropenia events
www.thelancet.com Vol 62 August, 2023
(grade ≤ 2) do not require any dose adjustments.16 In
case of grade 3 neutropenia in patients treated with SG,
the management changes based on the day the AE was
registered. Indeed, SG treatment is administered on day
1 and day 8 of a 21-day schedule. Therefore, if neu-
tropenia is recorded on day 1, daily G-CSF (filgrastim or
biosimilars) should be considered, starting on day 4
through day 6 of the treatment cycle. It’s important to
avoid its administration during the 24 h before or after
SG infusion. Whereas, if the neutropenia is recorded on
day 8, long-acting pegylated G-CSF (pegfilgrastim or
biosimilars) may be considered 24–48 h post-infusion.
3
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Fig. 2: Hematological AEs monitoring and management. Hematological toxicities may have life-threatening consequences, therefore
complete blood count (CBC) assessment is always recommended before ADC administration. Blood counts should be also monitored peri-
odically during the treatment, in addition to evaluating the possible interactions with other medication. As described in the present figure, in
case of adverse events, dose adjustment or discontinuation may be needed.
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Anemia
The incidence of severe anemia in patients treated with
T-DM1 was as low as 2.7%,4,5 even though the popula-
tion enrolled was pretreated with other chemotherapies.
This rate was similar in patients treated with T-DM1
(1.1%) as first line for mBC.17 Conversely, patients
treated with ADCs such as T-DXd, SG, Dato-DXd, and
HER3-DXd reported higher incidence of grade 3–4
anemia (10% in DESTINY-Breast04; 8% in ASCENT,
4% in TROPION-PanTumor01, and 18.7% in U31402-
A-J101 trials, respectively).7,11,12,14 As shown in Fig. 2,
for grade 3 and 4 anemia, treatment should be withheld
until improvement to grade <2 and resumed at a lower
dose level. Packed red blood cell transfusion should be
administered per institutional protocol, but it is neces-
sary in case of grade 4 anemia or symptomatic grade 3
(tachycardia, shortness of breath, chest pain, exertional
dyspnea, mild headache, syncope, and severe fatigue
affecting work and daily activities). In case of grade 2
anemia, blood iron level testing is crucial to evaluate a
functional iron deficiency (serum ferritin ≤800 ng/mL
or transferrin saturation <20%), where iron supple-
mentation should be considered. Intravenously admin-
istered iron supplements are preferred for their better
efficacy, oral supplementation is more common,
although less effective.18

Unfortunately, the use of erythropoiesis-stimulating
agents has not been investigated for ADCs and their
use is not mentioned in the different trials.
Thrombocytopenia
Contrariwise, thrombocytopenia was a common hema-
tological AE in patients receiving T-DM1, occurring in
28% of patients.4,5 Indeed, it has been demonstrated that
T-DM1 does not have direct effects on platelet function,
but it does impair megakaryocytes’ production in the
bone marrow.19 Interestingly, this effect is similar for
both T-DM1 and the unconjugated DM1, therefore
supporting the hypothesis of target-independent
toxicity.19 Severe thrombocytopenia (grade ≥ 3) was re-
ported in 12% of treated patients,4 and in most patients,
it was observed during the first two cycles of treatment.4

Epistaxis is a frequent consequence of thrombocyto-
penia, reported in up to 36% of patients treated with T-
DM1, while severe hemorrhagic events were rare.17

Notably, a safety analysis including six studies has
shown differences in AE rates between Asian and non-
Asian populations, highlighting a higher incidence of
grade ≥3 thrombocytopenia in Asian patients.20 Indeed,
the KAMILLA study confirmed that the Asian cohort
had higher rates of grade ≥3 thrombocytopenia than the
global population (51.4% vs 23.1%). However, most
events were managed by interruption and dose modifi-
cations.21 The higher incidence of thrombocytopenia in
Asian patients is potentially due to polymorphisms of
the Fc receptors, which are involved in the T-DM1
internalization,20 although this is still matter of debate,
and further studies are warranted. In addition, throm-
bocytopenia occurred with an incidence of 60.4% at
www.thelancet.com Vol 62 August, 2023
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4.8 mg/kg and 71.4% at 6.4 mg/kg with HER3-DXd,
although no bleeding events were registered.12 This
toxicity has been related mainly to the unconjugated
payload.22 Instead, with T-DXd the incidence of throm-
bocytopenia grade 3–4 events registered was 7%,8,9 and
even lower with SG (3% in ASCENT trial),11 while it was
not reported in the trial investigating Dato-DXd.14 In
case of patients with grade 2 or grade 3 thrombocyto-
penia, ADC withholding is recommended until recovery
to grade ≤1 (Fig. 2). After recovery, the treatment may
be resumed at the same dose. Dose reduction is
considered if the treatment is delayed twice due to grade
2–3 thrombocytopenia in naïve patients. In case of grade
4 thrombocytopenia, a dose reduction is required when
the drug is restarted. If grade 3 or 4 thrombocytopenia
occurs in patients with advanced disease and does not
resolve to grade ≤1 within 42 days, treatment discon-
tinuation should be considered. In addition, patients on
anti-coagulant treatment should be closely monitored
during treatment with ADCs, because hemorrhagic
events could occur.23 In addition, platelet transfusions
are indicated if the patient is bleeding, or to prevent
major bleeding if platelet counts are less than 10 × 109/L
(<20 × 109/L if febrile).24 In the event that patients are
poorly responsive to conventional platelet-elevating
therapy, hematologists should be consulted and corre-
sponding examinations and management are recom-
mended. Despite the lack of FDA approval for platelet
receptor agonists (such as eltrombopag), these agents
might be considered in patients who cannot be sup-
ported by platelet transfusions. However, the National
Comprehensive Cancer Network (NCCN) endorsed the
use of platelet receptor agonist, romiplostim, for the
treatment of thrombocytopenia when platelet counts
30–50 × 109/L with discontinuation when the platelet
count recovers to 50–100 × 109/L.25
Cardiotoxicity
Cardiotoxicity is a known potential AE of HER2-
targeting agents. HER2 receptors, expressed on car-
diomyocytes, regulate cell growth, homeostasis, and
oxidative stress. Also, they play a critical role in the
development of the fetal heart. The mechanisms un-
derlying cardiotoxicity of HER2 targeting agents have
been identified in many pre-clinical studies.26 Studies
conducted on mice with a ventricular-restricted deletion
of ERBB2 gene revealed the onset of multiple alterations
of cardiac parameters including chamber dilatation, wall
thinning and decreased contractility up to dilated car-
diomyopathy and systolic dysfunction.26 ADC-related
cardiotoxicity is an example of on-target off-tumor effect
of drugs using the HER2 antibody. Therefore, based on
the knowledge acquired from previous studies, HER2-
targeting anticancer drugs may cause both irreversible
and reversible cardiac damage. Potential toxicities
include QT prolongation, arrhythmias, myocardial
www.thelancet.com Vol 62 August, 2023
ischemia, hypertension, left ventricular dysfunction
(LVD) and heart failure (HF). It is crucial to perform a
baseline assessment of the cardiovascular toxicity risk
factors, including evaluation of previous cardiotoxic
therapies, lifestyle risk factors, cardiovascular history,
physical examination and complementary tests, such as
B-type natriuretic peptide (BNP) or its N-terminal pro-
hormone (NT-proBNP), cardiac troponin, electrocardio-
gram, transthoracic echocardiography (TTE). TTE with
Global Longitudinal Strain (GLS) is the recommended
modality to assess the cardiac function in patients
with cancer.27 Patients may present with symptomatic
or asymptomatic cancer therapy-related cardiac
disfunction (CTRCD) (Supplementary Table S5). Eu-
ropean Society of Cardiology (ESC) Guidelines on
cardio-oncology recommend anti-HER2 treatment
interruption for symptomatic-moderate/severe and
asymptomatic-severe CTRCD. In patients with
asymptomatic-mild and -moderate CTRCD, treatment
should be continued with the addition of car-
dioprotective therapy (ACE-I/ARB and beta-blocker).27

T-DM1 is associated with low risk of developing
LVD. Indeed, in the EMILIA trial, 1.7% of patients in
the T-DM1 group and 1.6% in the control group had a
left ventricular ejection fraction (LVEF) < 50% and at
least 15% below the baseline value.5 Similarly, in the
TH3RESA trial, although heavily pretreated, a reduction
in LVEF < 50% was reported only in 1.5% of patients in
T-DM1, and 1.1% in control arm.4 In the MARIANNE
trial 0.8% of patients treated with TDM-1 developed
LVEF < 50% with a ≥15% decrease from baseline,
compared with 4.5% of patients with trastuzumab plus
taxane and 2.5% with TDM-1 plus pertuzumab.6 In
addition, the SAFE-HEaRt study demonstrated that
trastuzumab, pertuzumab and T-DM1 can safely be
administered in patients with LVEF between 40 and
49% along with cardiac monitoring and treatment with
cardioprotective agents.28 Monitoring and management
of T-DM1 related cardiovascular toxicity is shown in
Fig. 3a.

Regarding T-DXd, in DESTINY-Breast01 trial
decrease in the LVEF occurred in 3 patients (1 grade 3
event), all recovered after interruption of treatment.8 No
associated events of HF were reported, and no patients
discontinued treatment because of a decrease in the
LVEF. Any-grade QT interval prolongation was
described in 9 patients (4.9%), 2 of them grade 3
(1.1%).8 Similarly, in DESTINY-Breast03 study, 2.3% of
patients in T-DXd arm reported grade 2 asymptomatic
reduction in LVEF, mostly resolved without any inter-
vention.9 Conversely, in the DESTINY-Breast04 trial,
11.9% of patients in T-DXd arm had a decrease of LVEF
between 10% and 19% from baseline and 1.5% of
>20%.7 Notably, this study population had not previ-
ously experienced anti-HER2 treatments. Monitoring
and management of T-DXd related cardiotoxicity is
shown in Fig. 3b.
5
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Fig. 3:Monitoring and management of T-DM1 (a) and T-DXd (b) related cardiovascular toxicity. In metastatic HER2-positive disease, TTE is
recommended every 3 months during the first year and, in absence of cardiovascular toxicity, every 6 months. In early-stage BC, it is rec-
ommended to perform TTE every 3 months during anti-HER2 treatment and within 12 months after completion. Created with BioRender.com.
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In the phase I trial investigating SYD985, 5% of pa-
tients in the dose-escalation and 8% in dose-expansion
cohort suffered a reversible decrease in LVEF.29 How-
ever, in the primary results of phase III TULIP trial, no
cardiovascular events were reported in the SYD985
arm.30

Regarding SG, no patients experienced severe car-
diac TRAEs in IMMU-132-01 and ASCENT trials.31,32

To date, no cardiovascular events have been reported
for Dato-DXd33 and no data on cardiotoxicity of HER3-
DXd are published.
Gastrointestinal (GI) toxicity
GI toxicity is frequent in patients treated with ADCs,
mostly related to the effects of the cytotoxic payload on
the mucosal cells. Depending on the location of the
gastrointestinal tract damage, a different AE can be
recorded.

Nausea and vomiting (NV)
NV significantly impairs patient’s quality of life and
compliance to treatment. Also, they may lead to sys-
temic complications, like metabolic imbalances and
nutrient depletion. Emesis related to cancer therapy has
been classically divided into acute or delayed-onset
(developed respectively before or after 24 h from the
infusion), and also anticipatory and breakthrough or
refractory.34 While the psychological component is a
recognized underlying cause of anticipatory NV, both
acute and delayed-onset NV have complex biological
pathophysiology. ADCs’ payloads, active chemothera-
peutic agents, can kill intestinal enterochromaffin cells
leading to the release of serotonin (5-hydroxytryptamine
3, 5-HT3), which therefore binds its receptor and acti-
vate vagal fibers causing acute emesis. Conversely,
delayed-onset NV depends on the release of substance
P, which binds the neurokinin-1 (NK-1) receptor local-
ized both peripherally and in central nervous system.
Therefore, acute emesis depends on a peripheral
pathway, while delayed emesis on a central pathway,
more specifically on the vomiting center (chemoreceptor
trigger zone).

Among the ADCs considered in this review, T-DXd
has the most emetogenic potential: the patients enrolled
in the main clinical trials investigating this drug suf-
fered from nausea in approximately 78% of cases,
vomiting was reported by 48% of patients, while grade
≥3 nausea and vomiting were 6.6–7.6% and 1.6–4.3%,
respectively.7,8 Thus, T-DXd can be considered an agent
with moderate-high emetogenic potential, according to
the NCCN guidelines classification.34 NV are, together
with hematologic side effects, the most common grade 3
AEs associated with T-DXd treatment, and are the most
common cause of dose reductions. HER3-DXd, Dato-
DXd, and SG are moderate emetogenic agents, ac-
counting for nausea rates of 55–67%, and vomiting
incidence of 20–40%; whereas grade ≥3 NV occurs
in <3% of patients.11,13,14,35–37 Conversely, T-DM1 and
SYD985 are low emetogenic drugs (<30% for nausea
and 20% for vomiting, mostly grade 1–2).30,34 For T-DXd
and SG, the median onset of nausea is about one week
after infusion.32 This timing is important especially for
SG, which is administered on days 1 and 8 of each cycle.
Thus, an optimal management of acute-onset for SG
and delayed-onset for T-DXd is required. Fig. 4 shows
NV prophylactic regimens according to an Italian expert
consensus and NCCN guidelines.34,38

Breakthrough NV occurs despite prophylaxis and
needs a rescue therapy with metoclopramide 10 mg (3/
die), in addition or not to dexamethasone (DMX). We
refer to refractory NV when prophylactic and rescue
therapies are not effective. In this case, olanzapine
5–10 mg is recommended.34,38 Anticipatory NV occurs
www.thelancet.com Vol 62 August, 2023
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Fig. 4: Nausea and vomiting prophylaxis regimens. For moderate-emetogenic agents, a 2-drugs prophylactic regimen can be administered on
day 1 of each cycle. It should include a 5-HT3 receptor antagonist (RA) (e.g., ondansetron, palonosetron, granisetron) and dexamethasone
(DMX). For high-risk patients (e.g., young women with little use of alcohol or who previously experienced NV), or in case of refractory emesis, a
NK1 RA can be added (e.g., aprepitant, fosaprepitant, netupitant) in a 3-drug regimen. For delayed-onset emesis, single agent 5-HT3 RA or DMX
can be offered on day 2 and 3 after the standard prophylactic regimen administered on day 1; alternatively, aprepitant (with or without DMX)
can be employed if the NK-1 RA had been administered on day 1. Importantly, given their long duration of action, palonosetron and NK1 RAs
other then aprepitant must not be continued at day 2–3 as well as granisetron subcutaneous or transdermal. For low emetogenic agents NCCN
guidelines recommend single agent therapy with DMX 8–12 mg or single dose metoclopramide 10–20 mg or prochlorperzane 10 mg or single
dose 5-HT3 RA.

Review
before administration of therapy in patients who
experienced these symptoms in earlier cycles. Anxio-
lytic drugs (such as lorazepam), relaxing measures
(yoga or acupuncture) and optimal management of
acute and delayed emesis can implement the antici-
patory NV.34,38

Diarrhea
Incidence of approximately 12–30% of any grade diar-
rhea and about 1–3% of grade ≥3 events is reported for
the above-described ADCs in clinical trials. However,
SG causes diarrhea in about 60% of patients and about
10% of them experience grade 3 events.11,36 Median time
to onset is 12–14 days (19 days for grade 3 events), and
the median duration of each episode is 5–7 days.32

Indeed, diarrhea is a toxicity of topoisomerase I in-
hibitors class, including SN-38 and DXd.39 The main
mechanism behind this toxicity is thought to be related
to the early dissociation of the drug from its antibody,
which leads to the diffusion of the active compound in
normal tissues (off-target off-tumor toxicity).
www.thelancet.com Vol 62 August, 2023
Interestingly, the differences in the incidence of
diarrhea in patients treated with SG depend on the
metabolism of SN-38. This is the active metabolite of
irinotecan, which is further metabolized, and thus
deactivated, through glucuronidation by the enzyme
uridine diphosphate glucuronosyltransferase 1A1
(UGT1A1) in the liver cells. However, the gut micro-
biota is able to reactivate it by the enzyme β-glucuroni-
dase, thus concentrating the active metabolite in the
gut mucosa causing cell damage.39 DXd is also metab-
olized in the liver end excreted in bile, however it is
not affected either by glucuronidation or de-
glucuronidation. Thus, the unique metabolism of SN-
38 is the cause of the increased rates of diarrhea.40 To
note, safety analysis from ASCENT and IMMU-132-01
trials revealed slightly increased incidence and severity
of diarrhea, in terms of grade ≥3 events, in patients with
UGT1A1*28 homozygosis.11,32 Patients treated with
Dato-DXd experience diarrhea infrequently: a possible
explanation could involve the stable linker of Dato-
DXd,41 which reduce the systemic exposure to DXd and
7
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thus AE like diarrhea or neutropenia. Another key factor
is the metabolism of the payload: DXd is not exposed to
glucuronidation cycle described before, that is the base
of SN-38 induced diarrhea. Appropriate studies are
necessary to prove this hypothesis.

Diarrhea can be divided into early and late onset:
early-onset diarrhea is secondary to hyperactivation of
cholinergic response elicited by the damage of enteric
nervous system. Characteristic accompanying symp-
toms are abdominal cramps, sweating and salivation.
Therefore, it can be managed with atropine adminis-
tration (0.4 mg IV every 15 min for two doses, eventually
followed by further 0.2 mg dose for a maximum of total
1 mg). Atropine-based prophylaxis can be considered for
subsequent administration of SG.11 Late-onset diarrhea
is due to gut mucositis associated to inflammation, se-
cretions, and microbiota impairment. Standard therapy,
according to both guidelines and clinical trial pro-
tocols,11,42 is based on loperamide (initial dose of 4 mg
p.o., followed by 2 mg every additional episode until
16 mg of maximum dose); if resolved, loperamide
should be discontinued 12 h after last diarrhea episode.
Otherwise, if not resolved in 48 h from loperamide
assumption, recommended drugs are octreotide
(100–150 μg subcutaneously 3 times/day) or tincture of
opium.42 In case of diarrhea associated with fever for
more than 24 h or with absolute neutrophil count <500,
antibiotic therapy (e.g., ciprofloxacin or metronidazole)
is recommended, as in case of neutropenic colitis, a rare
serious AE (about 1%).11,42 In addition, exclusion of
other potential causes of diarrhea (infective, inflamma-
tory, metabolic) should be carried out.42 In addition to
the pharmacological therapy, a soft diet with adequate
fluid intake, avoiding lactose-containing food and
alcohol, should be recommended to patients suffering
from diarrhea.42

Oral mucositis (OM)
Stomatitis (or OM) is, together with nausea, the most
frequent AE of Dato-DXd. Preliminary results from
TROPION-PanTumor01 and BEGONIA trial reveal
rates of 50–70% for any grade stomatitis and 10–15% of
grade ≥3 events.14,33,37 Frequency of OM for the other
ADCs is about 10–20%, almost all grade 1 or
2.5,7,8,11,17,29,43,44 The mechanism underlying the high fre-
quency of this AE associated with Dato-DXd has not
been evaluated in any clinical or preclinical trial. The
target protein, Trop2 may have a crucial role. According
to The Human Protein Atlas, Trop2 is highly expressed
in skin and proximal digestive tract cells, such as oral
mucosa and esophagus. The damage of these cells
induced by the payload could elicit nausea, stomatitis
and alopecia. Therefore, OM is an example of on-target
off-tumor toxicity. Risk factors for stomatitis include
smoking, poor oral hygiene, younger age, female sex,
and genetic factors.45 International guidelines recom-
mend some preventive measures which are shared by
clinical trial’s protocols involving Dato-DXd.46 The main
strategy consists in improving oral hygiene: brush teeth
twice a day, floss daily, rinse mouth with bland solutions
(normal saline or sodium bicarbonate) at least 4 times a
day.45 Steroid-containing mouthwashes (e.g., oral dexa-
methasone solutions), oral topical antifungal agents and
pain management (e.g., 2% viscous lidocaine solution or
2% morphine mouthwash) can be added according to
clinician preference, symptoms and clinical signs. In
case of pain and/or dryness of mouth, holding ice chips
in the mouth is an efficient solution, known as cryo-
therapy or ice chip therapy.47 It is also important to give
patients some dietary attention: limit incidental trauma
of rough, sharp or acid foods, avoiding tobacco and
alcohol, maintain adequate hydration. For high-risk pa-
tients, an early dental assessment for aggressive pro-
phylactic care (treatment of caries and extraction of
compromised teeth) should be considered.45,48 Uncom-
plicated stomatitis is generally self-limiting, adequate
symptom management and non-invasive interventions
should be sufficient. Typical complications of OM
are bleeding, malnutrition, uncontrolled pain and su-
perinfections, especially in neutropenic patients. Hos-
pitalization and nutritional status evaluation are
indicated both in case of these conditions and in case of
severe mucositis (grade ≥ 3).45,48

Liver toxicity
Another remarkable GI side effect is the elevation of
liver enzymes, especially aspartate or alanine amino-
transferase (AST or ALT) and bilirubin. The highest any
grade transaminases elevation rate is observed in about
30% of patients treated with T-DM1, with about 10% of
grade ≥3 events. Furthermore, together with thrombo-
cytopenia, AST/ALT increases are the most common
grade 3 events associated to T-DM1 therapy and the
most common cause of dose delaying or reduction.5

As discussed above, one of the mechanisms under-
lying ADCs toxicity is the internalization of the drug
even in absence of the target receptors (off-target off-tu-
mor toxicity). Mannose receptors and Fcɣ receptors are
frequently involved in this phenomenon. In addition to
the HER2-independent uptake by the megakaryocytes
described above, it has also been demonstrated an
HER2-independent uptake of T-DM1 by the Kupffer
cells, located in the liver, via Fcɣ receptor, which can
result in cell growth inhibition. This mechanism,
together with an HER2-dependent internalization of the
drug, can lead to hepatotoxicity.49 Aminotransferases
levels elevation usually occur on day 8 and tends to
recover on day 21 without medical treatment.5 There are
no guidelines about the management of liver enzymes
alterations. However, FDA label of T-DM1 recommends
for grade 3 AST/ALT elevation to reduce the drug dose
after the recovery to a toxicity grade ≤2. A grade 3
increasing of bilirubin also requires a dose reduction of
T-DM1 after the recovery to grade ≤1. In presence of
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grade 4 elevation of liver enzymes it is mandatory to
discontinue T-DM1, after excluding other causes of liver
toxicity.

Hepatotoxicity has been included in the black box
warning of T-DM1 by FDA.

A rare complication of T-DM1 treatment is Nodular
Regenerative Hyperplasia (NRH) of the liver. It was re-
ported in two patients in EMILIA trial (0.4%) and two
patients in KATHERINE trial (0.3%). Typical presenta-
tion of this condition is a modest elevation of liver en-
zymes associated with signs of portal hypertension
(ascites, splenomegaly, varices). A CT scan of the
abdomen should be performed in this case and can rule
out other conditions like cirrhosis or hepatocellular
carcinoma. However, the diagnosis of NRH can be
confirmed only by liver biopsy. Pathogenesis of this
condition is not fully understood. Hepatotoxicity
induced by T-DM1 is mainly due to inflammation of
liver tissue and could potentially lead to proliferation of
hepatocytes (which form the regenerative nodules) and
sinusoidal obstruction. Histologically, there is no
cirrhosis but moderate fibrosis is sometimes present.50

There are no international guidelines for NRH man-
agement. This condition is described only in case re-
ports in which the latency of insurgence of NRH was
12–27 months and it was always associated with
thrombocytopenia and portal hypertension.50 However,
according to FDA label of T-DM1, treatment must be
permanently discontinued upon diagnosis of NRH.
Peripheral neuropathy
One of the most common adverse events related to ADCs
treatment is peripheral neuropathy (PN).2 Dose-
depending and often dose-limiting side effect, patients
generally never completely recover.51 The most common
subtype of PN ADC-related involves the peripheral sen-
sory, clinically associated with either the so-called “plus”
symptoms (e.g., paraesthesia, hyperalgesia, pain) or
“minus” symptoms (e.g., hypoesthesia, numbness of
hands and feet).51 In patients treated with ADCs, PN
occurs in ⁓40% of cases, and leads to treatment
discontinuation in 11%. Also, hypoesthesia is the second
most common grade ≥3 AE in these patients (23.3%).2

According to EudraVigilance database, nervous sys-
tem disorders represent the 16.2% of AEs reported
during treatment with T-DM1 and about 6.5% for
T-DXd and SG.52

In particular, the payload is considered the main
responsible: as seen in mice, DM1 may cause axonal
degeneration, secondary to the reduction of microtubule
polymerization in peripheral neurons. However, an
additional antigen-dependent mechanism underlying
PN may exist and this observation is supported by the
correlation of low-levels of HER2 expression and axonal
degeneration identified in monkey and human periph-
eral nerve spindle cells.19
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It must be considered that peripheral sensory and
motor neuropathy is a known toxicity of microtubule-
inhibiting chemotherapeutic agents, including taxanes,
extensively used in the (neo)adjuvant setting. Indeed, in
the KATHERINE trial PN was reported in 18.6% of
patients treated with T-DM1 versus 6.9% for the tras-
tuzumab arm, with grade ≥3 in 1.4% for T-DM1 and 0%
for the control arm. An exploratory analysis revealed that
peripheral neuropathy was slightly more common
(36.3% vs 31.3%) and more severe (14.3% vs 7.0% for
G2 and 3.6% vs 1.0% for G3 events) in patients with a
baseline PN who received T-DM1. Furthermore, in
these patients, the symptoms resolve slowly (about 100
days later in case of baseline PN) and less frequently.
The type of taxane used in the neoadjuvant setting did
not significantly increase the rate of any-grade PN in
patients treated with T-DM1. However, prior paclitaxel
was associated with more G2 events than docetaxel
(9.4% vs 8.0%), while the latter with more G3 events
(2.0% vs 0.9%). Moreover, an increase in any-grade PN
was noted in patients who received >12 weeks of taxane.
Lastly, a non-anthracycline (AC) neoadjuvant regimen
increases the rate of any-grade PN in the T-DM1
arm (4.5% vs 0.8% in AC treated). It should be noted
that the most common non-AC regimen was
carboplatin + paclitaxel, a combination of two neurotoxic
chemotherapeutics.53

Conversely, clinical trials involving T-DXd, HER3-
DX, Dato-DXd and SYD985 do not mention PN as an
AE.

In ASCENT trial no patients treated with SG had
grade ≥3 peripheral neuropathy (vs 1% of patients in the
chemotherapy arm),32 and in the phase I/II IMMU-132-
01 trial, 19% of patients reported neuropathy, none of
grade >2.31

There are no specific recommendations for the pre-
vention and treatment of ADC-induced peripheral neu-
ropathy. European guidelines indicate measures based
on platinum or taxanes-induced neuropathy.51 No pre-
ventive strategies, pharmacological or not, had proven
effective in reducing PN incidence. The treatment of
this AE focuses on reducing pain in patients with
chronic PN. Duloxetine has the highest level of evidence
in reducing pain in patients with chemotherapy-induced
PN.51 Anticonvulsants (pregabalin, gabapentin) or tricy-
clic antidepressants (amitriptyline) can be considered in
case of duloxetine failure or contraindication (e.g., hy-
persensitivity reactions, hepatic failure, hypertension).
These drugs have proven efficacy in reducing neuro-
pathic cancer pain, although non-specifically studied for
PN.51 Topical agents such as menthol cream or
capsaicin-containing patch can also be considered.
Growing evidence shows that physical exercise, func-
tional pain (e.g., vibration training), cryotherapy or
compression therapy may reduce PN symptoms. They
should be started before or at the first manifestation of
PN.51
9
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FDA T-DM1 label recommend temporally discon-
tinuation of therapy in case of grade 3 or 4 peripheral
neuropathy until a grade ≤2 toxicity.
Ocular toxicity
The eye is a structurally complex organ consisting of
actively proliferating cells, highly dense blood vessels
and many epithelial receptors. Ocular AEs reported with
ADCs were related with either the target or the payload,
thus, although not fully understood, the mechanisms
may be both on- and off-target. In the latter case, ocular
toxicities are more frequently described with the de-
livery of unconjugated cytotoxic maytansinoids and
auristatin derivatives, as in T-DM1.54

Reported ocular toxicities with T-DM1 were most
frequently related to the presence of the HER2 receptor
on the cells of the ocular epithelia, especially those more
differentiated on the surface.55 Dry eye, conjunctivitis,
blurred vision and increased lacrimation are common
AEs, each reported in 3–6% of cases.56 In addition, rare
cases of cataract and punctate keratitis have been re-
ported.57 Alterations of the corneal epithelium have been
described in all patients undergoing T-DM1 treatment,
mostly asymptomatic and resolving upon discontinuation
of the drug.58 This is probably linked to the corneal
epithelium stem cells in the limbus (the border between
cornea and sclera) being highly proliferating and differ-
entiating as they proceed towards the center of the cornea.
Therefore, the peripheral cells are the most affected by
cytotoxicity, without a significant impact on vision. Tear
duct stenosis/swelling was also described with T-DM1
treatment,59,60 probably due to drug excretion in the tears,
causing inflammation of the lacrimal ducts, which led to
stenosis and epiphora in the long run. This effect was also
observed in patients undergoing docetaxel treatment,
suggesting that it is related to the DM1 payload.

Blurred vision and visual impairment are also com-
mon AEs with T-DXd. The registration trials’ protocols
recommended performing ophthalmologic assessment,
including fundoscopy, visual acuity test and slit lamp
examination, at screening, end-of-treatment and as
clinically indicated.61 Ocular toxicity was not reported
with HER3-DXd12,35 and was not described with
Dato-DXd neither when administered alone in
TROPION-PanTumor01 trial,62,63 nor when associated
with immunotherapy in BEGONIA trial.33 To date,
ocular toxicity reported only with T-DXd can lead to
hypothesizing it may be linked to the HER2 targeting
antibody rather than the payload. Less than 5% ocular
AEs were reported in the ASCENT study,32 whereas in
the IMMU-132-0110 and TROPiCS-0264 trials the same
toxicity was not described.

Of note, toxicity involving the eye appeared to be
prominent with SYD985. In the phase III TULIP trial,
this AE was reported in 78.1% of patients, vs 29.2% of
events in the control arm (physician’s choice). Grade ≥3
AEs were reported in 21.2% of patients, with 20.8% of
patients discontinuing treatment and 22.9% reducing
doses due to eye toxicity.30 Ocular AEs included
conjunctivitis (all grades 38.2% vs 2.2%, grade ≥ 3
5.6%), keratitis (38.2% vs 8.0%, grade ≥ 3 12.2%), dry
eye (30.2% vs 10.2%, grade ≥ 3 4.2%), increased lacri-
mation (18.4% vs 1.5%). At the time of enrolment, pa-
tients with previous diagnoses of keratitis were
excluded, and for all the patients enrolled, regular
ophthalmologic assessment was recommended,
together with prophylactic use of lubricating eye drops.
Protocol also recommended to discontinue treatment
with grade ≥3 keratitis, and to delay drug administration
until conjunctivitis reduced to grade ≤2.30 Symptoms
improvement was obtained with topical ocular therapies
in addition to dose reduction and delayed administra-
tion of SYD985, while prophylaxis with eye drops had
little impact and complete recovery was reached after
months.29 The differences observed with the HER2-
targeting ADCs demonstrate the importance of the
role played by the payload and the cleavability of the
linker: SYD985 has an alkylating agent as a payload and
a highly cleavable linker.

Physicians must be aware of the possibility of ocular
AEs, although infrequent with some ADCs. Close
monitoring and prompt management of these AEs,
including an ophthalmologist in the comprehensive
multidisciplinary care, is encouraged. The toxicity
described with the different ADCs is often reversible
and manageable with adequate ocular care. Treatment
frequently consists in the use of local therapy with
artificial tears, steroids or antibiotics, but interventions
may be indicated in case of lacrimal duct stenosis or
cataract (Supplementary Table S6). Primary or second-
ary prophylaxis proved to be effective in mitigating
ocular toxicity due to ADCs.65 Treatment discontinua-
tion or dose reduction may be indicated in patients not-
responding to supportive care.
Dermatologic adverse events
Patients treated with ADCs may suffer from dermato-
logic toxicities, affecting hair and skin.

Alopecia
Alopecia is among the most frequent AE of this class
(Supplementary Table S7) and is assessed as grade 1 or
grade 2, as per the CTCAE grading system, which dif-
ferentiates hair loss less versus more than 50%,
respectively.

Alopecia is a rather uncommon AE in patients
treated with T-DM1. Indeed, the highest incidence was
recorded in pretreated BC patients, occurring in 2% of
cases in the TH3RESA trial.4 Therefore, a markedly
lower rate compared to the chemotherapy-containing
arms (as well as anti-HER2 agents) of the T-DM1
investigating trials.6,66
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Conversely, the number of events registered with T-
DXd is much higher. This is evident in the head-to-head
comparison DESTINY-Breast03 trial: while only 2.3% of
patients treated with T-DM1 suffered a grade 1 alopecia,
this AE occurred in 36.2% of patients treated with T-DXd,
of which 9.3% were grade 2.9 The frequency of alopecia
associated with T-DXd treatment varies from 36.2% to
49.8% among trials,8,9 similar to the rates registered with
the conventional chemotherapy, as shown in DESTINY-
Breast04 trial, where the patients in the control (chemo)
arm reported 32.6% of events.7 The different incidence of
alopecia events registered with these two compounds is
clearly not correlated with the target, as both ADCs target
HER2, but most probably related to the type of payload
and linker stability. Indeed, these chemotherapeutic
agents are both associated with high incidence of alopecia
(microtubule inhibitors (as DM1) >80%, and topoisom-
erase type 1 with 60–100%), but there is an important
difference in linker stability and DAR (higher in T-DXd,
where the linker is less stable).

For the same reasons, in the ASCENT trial, assessing
SG in patients with metastatic TNBC, alopecia has been
reported at high frequencies: 47% of patients (any
grade), versus only 16% of cases in the chemotherapy
arm.11 This rate was higher than the 38% of patients
reporting alopecia in the previous BC trial, IMMU-132-
01 trial,10 although similar to the rates registered in the
IMMU-132-06 trial (49%, any grade), testing SG in
metastatic urothelial cancer.67 Similar are the incidence
rates of HER3-DXd-related alopecia (27–36% in the
SOLTI-TOT-HER3 trial), and interestingly, this AE was
less frequent in the lower dose arm of the study.13

Conversely, in the phase I dose-escalation and dose-
expansion study investigating SYD985, 21% and 18% of
patients enrolled reported alopecia grade 1 and 2,
respectively.29

The assessment of alopecia as TRAE is currently
ongoing for Dato-DXd in BC. Nevertheless, we can
derive some experience from the HER2-positive BC
patients subgroup enrolled in the phase I study
TROPION-PanTumor01, where 35% of patients treated
with Dato-DXd reported this AE.14

Alopecia has a significant impact on patients’
quality of life: indeed, patients suffering from grade 2
alopecia need wigs or other types of hair pieces to
obtain a complete camouflage of their hair loss, and
this carries a higher psychological burden than grade 1.
Nevertheless, managing this AE is still a challenge. In
order to reduce the incidence of chemotherapy-induced
alopecia, scalp-cooling methods have been developed.68

By reducing the temperature of the scalp, this system
induces vasoconstriction and decreases the effect of the
drug on hair follicles.68–70 However, there are no data
available on this method being tested in patients
treated with ADCs.
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Cutaneous rash
Cutaneous rashes may appear as part of allergic and/
or infusion-related reactions, or later during the
treatment. The first type is an acute hypersensitivity
reaction, that may occur within minutes to hours of
the drug administration. The manifestation may
include pruritus, flushing, urticaria, hypotension,
anaphylaxis. Hereon, we are going to focus on
cutaneous rashes as TRAEs. Moreover, it is impor-
tant to clarify that often, in trials, the term rash is
used as a “grouped term”, namely including several
subtypes, such as generalized rash, rash pustular,
rash maculo-papular, etc.

T-DM1-related rash was reported in up to ⁓12% of
patients4,5,17 (Supplementary Table S6), while there are
no reports of this AE in the trials investigating T-DXd,
HER3-DXd, and Dato-DXd, although, for these last two
compounds, we only have some preliminary data avail-
able. In the study investigating SYD985, rash mac-
ulopapular was reported in only 3% of patients in the
dose-expansion cohort.29

As previously mentioned, Trop2 is highly expressed
in skin, and indeed the frequency of cutaneous rash
with SG varied from 12% to 30% among trials10,11

(Supplementary Table S8), and we are waiting for the
reports on the cutaneous AEs for the other anti-Trop2
ADC, Dato-DXd.

To correctly assess cutaneous eruptions, and in or-
der to understand the correlation to the treatment, it is
always important to review the patient’s concomitant
medication list, including prescription and over-the-
counter drugs. The rash needs to be analyzed in
terms of body distribution (skin, mucous membranes),
types of alterations (blister, purpura, skin necrosis,
etc), and the co-occurrence of symptoms such as
lymphadenopathy, fever, dyspnea, hypotension, among
others.71

After excluding alternative etiologies, such as viral or
bacterial infections, treatment interruption would be a
means to both confirm the origin and treat the eruption.
Sometimes, it is possible to continue the treatment of
patients with morbilliform rash, if not severe, although
under strict monitoring. If the rash is accompanied by
pruritus, oral antihistamines may be helpful. Topical
steroids have been demonstrated to be effective in
maculopapular rashes.71 Cleansing with warm water,
gentle soap, avoiding sun exposure, and applying pro-
tective cream SPF 30 or higher may be helpful in the
management of skin eruptions.72 Alterations of the skin
impact quality of life of patients, creating discomfort in
daily functioning and ultimately, emotional distress,
which can lead to disorders such as depression and
anxiety. Therefore, proactive management approaches
to anticipate and control cutaneous AEs are strongly
recommended.
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Embryo-fetal toxicity
Although ADCs now represent the cornerstone of
therapy for HER2-positive BC, we lack evidence on their
safety in pregnant women. Pregnancy-associated BC is
defined as BC diagnosed during pregnancy or within a
year after delivery. Physiological changes such as breast
enlargement, changes in texture and nipple discharge,
may blur those of BC and thus delay the diagnosis.73

HER2-positive tumors are relatively more frequent in
pregnant patients than HR-positive tumors,74 which may
potentially contribute to poorer prognosis. ADCs are
large molecules, thus requiring active transportation
through the placenta: this mechanism is absent until
week 14 of pregnancy, suggesting that a high fetal
exposure is unlikely during the first trimester.75 It must
be noted that ADCs target specific tumor-related
mechanisms that also have a physiological role in fetal
growth and development. The main AEs reported with
trastuzumab during pregnancy are oligo/anhydramnios
and the abnormal development of fetal kidney and lung
as a result of highly expressed EGFR blockade in renal
epithelium.76 T-DXd is expected to cause embryofetal
damage due to the payload’s inhibition of topoisomerase
I. SN-38 is a genotoxic compound, thus SG can cause
teratogenicity and/or embryo-fetal mortality. Preclinical
evidences of trastuzumab and maytansine suggest that
T-DM1 could be teratogenic and embryotoxic.19 In the
post-marketing setting, cases of oligohydramnios, of
which some associated with fatal pulmonary hypopla-
sia, have been reported in pregnant women treated
with trastuzumab.52 A step forward in understanding
the risks of embryo-fetal toxicity will be the results of
the MoTHER study, a prospective observational study
of women with BC treated with a trastuzumab-
containing regimen with or without pertuzumab or
T-DM1 during pregnancy, or within 7 months before
conception.
Interstitial lung disease (ILD)
ILD comprises a heterogeneous group of over 200 pul-
monary disorders that occur with inflammation and/or
fibrosis of the lungs at the interstitium, small airways
and/or alveolar level.77

Dyspnea is the most common symptom; other
symptoms may include cough, discomfort, chest pain,
hypoxemia and fever.78 The clinical manifestations of
ILD are associated with radiological findings of uni-
lateral or bilateral pulmonary infiltrates on thoracic
imaging and with abnormal pulmonary physiology
determined by aberrant gas transfer, evidenced by
respiratory function tests. Potential complications of
ILD include the development and/or progression of
pulmonary fibrosis, pulmonary hypertension, small
airways disease and pulmonary embolism leading to
respiratory failure, hypoxemia and congestive heart
failure.77,78
ILD may be idiopathic (for about two-thirds of cases),
or it may be triggered (for about one-third of cases) by a
known cause, such as adverse drug reactions in addition
to viral infections, environmental exposure, inhaled
toxins or antigens, chest radiation.78,79

In the context of drug-related lung damage in cancer
patients, the term ILD is often used interchangeably
with the term pneumonia, which refers to disorders
characterized by lung inflammation.3 Drug-induced ILD
accounts for 3–5% of common cases of ILD/pneumo-
nitis80 and represents a major problem in clinical prac-
tice. Some drug-induced ILD can be fulminant,
resulting in diffuse alveolar damage (DAD) and acute
respiratory distress syndrome, sometimes with fatal
outcomes.81 As drug-induced ILD/pneumonitis is a
diagnosis of exclusion, it is important to evaluate
symptoms, collect careful clinical history (including
drugs, radiation exposure, environmental/occupational
exposures), perform physical examination, chest imag-
ing, pulmonary function and clinical laboratory tests, to
rule out other potential causes of lung damage78–80 ]. The
trigger for the onset of drug-induced ILD is unknown
and several mechanisms are likely to underlie its
development. Currently, two categories of mechanisms
potentially involved in drug-induced ILD/pneumonitis
have been identified: direct cytotoxic lung damage and
immune-mediated lung damage.81

Major risk factors associated with drug-induced ILD
include: advanced age (≥60 years), pre-existing lung
disease, concomitant radiation, smoking, renal failure,
and genetic susceptibility, in particular, an increased
risk of ILD has been observed among patients of East
Asian ethnicity (Japan).79,80

The severity of drug-related ILD/pneumonitis is
graded from 1 to 5, namely, asymptomatic drug-related
ILD/pneumonitis is assessed as grade 1, while grades
≥2 define symptomatic cases with increased severity,
and grade 5 identifies death related to AE.3

ADC-related ILD/pneumonitis was first noted in
patients treated with T-DXd: in the phase 2 study
DESTINY-Breast01, T-DXd was associated with ILD in
13.6% of patients, with four deaths (2.2%).82 According
to the latest results of the randomized phase 3
DESTINY-Breast03 study, drug-related ILD events
occurred in 10.5% of patients in the T-DXd group, of
which 9.7% were grade 1 or 2, 0.8% grade 3 and none
grade 4 or 5.9 Interestingly, after 12 months the risk of
drug-related ILD appears to be decreased, suggesting
that the risk of developing ILD is not influenced by the
cumulative dose of T-DXd.82,83 In the latest trial, the
frequency of ILD (all grades) was lower than that
observed in previous studies with patients more heavily
pretreated.83 This may be due to a higher frequency of
screening, rapid dose adjustment and/or discontinua-
tion if ILD is suspected, and possibly less pulmonary
toxicity with T-DXd when administered in earlier
settings.
www.thelancet.com Vol 62 August, 2023

www.thelancet.com/digital-health


Review
Conversely, ILD was a rare event reported in clinical
trials investigating T-DM1 and SG,32,36 although often
fatal.4 Notably, a higher incidence of ILD (2.6% of pa-
tients) was observed when concomitant radiotherapy
was administered with T-DM1.17

In the phase I/II study U31402-A-J101investigating
HER3-DXd, ILD was observed in 6.6% of patients,
mostly grade 1–2, with a single grade 5 event.12 No cases
of ILD were reported in the SOLTI TOT-HER3 trial.35

There were no reported cases of ILD/pneumonitis
due to Dato-DXd in TROPION-PanTumor01 and
BEGONIA trials.14,33,62

Notably, most of the cited studies excluded patients
with pre-existing or concomitant lung disease, and
although lymphangitic carcinomatosis was not corre-
lated with ILD onset in a recent pooled analysis,84 it still
represents a pathologic condition potentially leading to
high concentration of payload in the lung interstitium.
Thus, we would recommend caution in these patients.

The mechanism underlying this peculiar toxicity
seems to be related to the uptake of the ADCs by alve-
olar macrophages, through FcɣR. Indeed, ILD has been
reported with all ADCs, but not with the unconjugated
payload, suggesting that this event is both target- and
payload-independent.

Guidelines for the management and monitoring of
T-DXd-related ILD/pneumonitis were published in 2019
and updated in 2021. The guidelines emphasize the
importance of proactive management and monitoring to
help identify and treat ILD/pneumonitis effectively.

ILD is usually suspected because of the appearance
or worsening of clinical respiratory symptoms and/or
suggestive radiological findings. Patients should be
educated about signs and symptoms of ILD/pneumo-
nitis to immediately report to healthcare providers any
changes or onset of symptoms such as cough, shortness
of breath, fever or any other new or worsening respi-
ratory symptoms.

Progression of underlying oncological disease must
always be considered in the differential diagnosis,
particularly when neoplastic lung involvement is known.
Furthermore, due to the pandemic SARS-CoV-2-related
disease (COVID-19), which can mimic the radiological
and clinical85 features of drug-induced ILD, COVID-19
should be included in the differential diagnosis.

CT scans should be performed before starting T-DXd
treatment and at least every 9–12 weeks during treat-
ment (concurrently with tumor assessment).86 For
patients experiencing ILD/pneumonitis, a follow-up
high-resolution computed tomography (HR-CT) scan
is recommended every 1–2 weeks or as clinically indi-
cated.8,86 If T-DXd-induced ILD/pneumonitis is sus-
pected, a pulmonary specialist should be consulted for
monitoring and therapeutic recommendations.

Current guidelines for T-DXd-induced ILD/pneu-
monitis recommend promptly starting steroids upon
www.thelancet.com Vol 62 August, 2023
detection of grade ≥2 ILD/pneumonitis and suggest
considering steroid treatment for grade 1 cases,8,86

including prednisone and methylprednisolone.
Currently, rechallenge is only recommended for pa-
tients with resolving grade 1 ILD/pneumonitis; patients
with grade 2 or higher ILD/pneumonitis should dis-
continue T-DXd permanently.
Discussion
ADCs have been designed as a platform for the targeted
delivery of cytotoxic agents directly into cancer cells. The
objective was to increase their activity, with a significant
reduction in side effects and treatment-related compli-
cations. Indeed, most of the approved ADCs have a
better overall safety profile than chemotherapy, in head-
to-head comparisons. However, as we have seen sum-
marized in this review, some “chemotherapy-related”
side effects (such as hematological toxicity, nausea/
vomiting, diarrhea, etc.) have been reported, together
with new uncommon toxicities (ILD, ocular disorders).
In particular, ADCs may cause toxicities through
different mechanisms, depending on the chemical
properties of the payload (i.e., hydrophilic), the drug-to-
antibody ratio (DAR), as well as the stability of the linker
(cleavable or not) and the expression of the target in
non-cancer tissues. Payloads of the currently available
ADCs are drugs initially developed for intravenous use
and some of them have been known for decades
(Supplementary Table S9). Interestingly, some of the
systemic AEs described here are similar to those re-
ported in the older trials with the free respective pay-
loads or parent compounds, clearly suggesting that
significant amounts of payload may recirculate in the
bloodstream.

In fact, due to the proteolytic-rich tumor microenvi-
ronment,87 a cleavable linker may release unpredictable
amounts of its payload at the extracellular level. While
this property is considered a strength in terms of anti-
tumor activity (the bystander effect), on the other hand,
it allows the free payload to re-enter the bloodstream,
causing toxicities in other sites (off-tumor, off-target). On
the other hand, it has been noted that ADCs with more
stable linkers may be able to interact with albumin as a
carrier, prolonging the patients’ exposition to the drug.88

In addition, ADCs have also peculiar toxicities related to
antibody/epitope recognition, as in case of the ADCs
targeting the Trop2 receptor, widely expressed on skin
and mucosae. Other toxicities still need to be clearly
investigated, as in the case of ILD/pneumonitis, or other
rare occurrences, as the benign liver nodular hyperpla-
sia described with T-DM1. Current research is aiming at
establishing new payloads and new ADC-like platforms
to minimize toxicity and increase potency, as well as
identifying predictive biomarkers and optimizing doses
and treatment schedules. However, as this review is
13
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Search strategy

References for this paper were identified through searches of PubMed and Embase
with the terms: “breast cancer” or “breast neoplasm”, “toxicity” or “adverse events”,
“hematological” or “nausea” or “vomiting” or “CINV” or “gastrointestinal” or “lung
disease” or “cardiotoxicity” or “cardiovascular” or “cardiac” or “ocular” or “optic”
or “ophthalmic” or “eye disease” or “cornea” or “dermatotoxicity” or “cutaneous” or
“skin” or “hepatic” or “embrio” or “neuro”, “trastuzumab deruxtecan” or “T-DXd” or
“trastuzumab emtansine” or “T-DM1” or “trastuzumab duocarmazine” or “SYD985”
or “datopotamab deruxtecan” or “Dato-DXd” or “sacituzumab govitecan” or
“patritumab deruxtecan” or “HER3-DXd” or “antibody drug conjucagte” or “ADC” or
“immunoconjugate”, “antineoplastic” or “anticancer”, and “drug” or “agent”, from
inception until March, 2023. Resources were also identified through searches of the
material from the main international congresses in Oncology (ASCO, ESMO, San
Antonio Breast Cancer Symposium, ESMO Breast Cancer). Only papers and abstracts
published in English were reviewed. The final reference list was generated on the
basis of originality and relevance to the broad scope of this review.
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more clinically oriented, we suggest another recent
publication22 for a more detailed appraisal of this topic.
Outstanding questions
ADCs are major players in the treatment of solid and
hematologic tumors, and the number of compounds
and clinical indications is rapidly expanding, with
transformative results on disease outcomes. Awareness
and proper education are key to guide clinicians in
timely identification and proper management of AEs to
preserve patients’ safety, adherence to therapy and to
avoid premature discontinuation of treatment or inap-
propriate dose reductions.

Indeed, anticancer therapy goal is to provide patients
better survival outcome, while preserving quality of life
(QoL). Reducing the AEs caused by the therapy will
have a double positive effect on patients: giving them
the best therapeutic strategy, coupled with survival
benefit, and preserving and improving their QoL. While
patients and healthcare professionals’ awareness and
education are pivotal, research efforts are also needed.
Furthermore, better understanding of the biology
behind some toxicities of special interest (e.g., ILD),
may help prevention and effective management. In
addition, side-effect mitigation strategies, as for
example schedule manipulation, need to be explored for
the potential of preserving efficacy and reducing the
burden of toxicity, as recently demonstrated for the
ADC gemtuzumab ozogamicin.

To note, the scientific community is still improving
in collection and reporting of QoL data from patients
enrolled in the pivotal trials, as well as those treated in
daily practice. An interesting option will be the results of
the trials investigating the use of electronic reports and
easy-to-use phone applications for patients.
Moreover, special clinical conditions, such as preg-
nancy, outlined in this manuscript, warrant further
investigation.

Finally, it is important to remark the significance of
continued reporting of the AEs to the pharmacovigi-
lance registers (see Supplementary material), from
which we derive additional information in terms of
frequency and grade of AEs in the real-world population,
as well as identifying rare occurrences (as for hepatic
NRH).

Ultimately, this review aims to give to clinicians
prescribing ADCs the means to ensure that the patients,
while receiving the most effective treatment, keep on
preserving their QoL, and this is obtained through
prevention, early identification, and intervention on
ADCs-related toxicities.
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