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Abstract
Background: Antibody-drug conjugates are novel effective therapies for meta-
static breast cancer. Nevertheless, their toxicity profile can significantly affect pa-
tients' quality of life over time.
Methods: This is a systematic review and meta-analysis of randomized con-
trolled trials of antibody-drug conjugates currently approved for the treatment 
of metastatic breast cancer [trastuzumab-emtansine (T-DM1), trastuzumab der-
uxtecan (T-DXd) and sacituzumab-govitecan (SG)] versus standard therapy to 
evaluate the risk of adverse events, discontinuation rate due to toxicity, impact 
on quality of life according to EORTC QLQ-C30 scale and subdomains. Relative 
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1   |   INTRODUCTION

Antibody-drug conjugates (ADCs) have revolutionized 
the treatment landscape of numerous tumours and their 
implementation in the treatment algorithm of metastatic 
breast cancer is in continuous expansion. In the last years, 
different molecules have been approved by the Food and 
Drug Administration (FDA) and the European Medicine 
Agency (EMA), expanding the therapeutic armamentar-
ium, and improving the survival of patients.

Trastuzumab-emtansine (T-DM1), a HER2-targeting 
drug, was the first approved ADC by the FDA in 2013, after 
the results of the EMILIA trial, which demonstrated a 
progression-free survival (PFS)1 and overall survival (OS)2 
improvement in patients with advanced HER2-positive 
breast cancer pretreated with trastuzumab and a taxane. 
Later, this drug received also approval in the adjuvant set-
ting for patients with residual disease after neoadjuvant 
trastuzumab plus chemotherapy.3

The second ADC approved was trastuzumab-
deruxtecan (T-DXd) in HER2-positive metastatic breast 
cancer, pretreated with at least one HER2-targeted regi-
men in the metastatic setting. This was after the exciting 
results of Destiny-Breast01,4 with its efficacy confirmed by 
Destiny-Breast025 and Destiny-Breast03,6 being the cur-
rent standard second-line therapy for these patients.

Recently, T-DXd indication was expanded also to 
HER2-low disease, defined as Immunohistochemistry 

(IHC) 1+ or IHC 2+/In Situ Hybridization (ISH)-negative, 
with some evidence of its potential efficacy also in HER2 
ultralow disease (IHC 0 with membrane staining)7. 
Several trials are ongoing with the potential to expand 
T-DXd use in first-line (Destiny-Breast09 NCT04784715) 
and in the neoadjuvant (Destiny-Breast11 NCT05113251) 
or adjuvant (Destiny-Breast05 NCT04622319) settings.

Sacituzumab govitecan (SG), a TROP2-targeting 
ADC, has shown to improve PFS and OS in pre-treated 
patients with metastatic triple-negative8 and hormone 
receptor-positive/HER2-negative9 disease. SG is cur-
rently being studied as first-line therapy (ASCENT-07 
NCT05840211) and in the adjuvant setting (ASCENT-05 
NCT05633654).

Despite being engineered with high selectivity for their 
target in order to limit toxicities, ADCs can lead to differ-
ent treatment-related adverse events (AEs), which could 
be as high as 91.2% considering all grade toxicities and 
46.1% when looking at grade ≥3, with a discontinuation 
rate of 13.2%.10

Intrinsically to their structure, each component of the 
molecule of an ADC can contribute to their peculiar tox-
icity, depending on the normal tissue expression of the 
target antigen (‘on-target toxicity’) or on the cytotoxic 
payload, including when it is released in the bloodstream 
(‘off-target toxicity’). Moreover, it may cause ‘on-tumour’ 
toxicity when the payload is released in the tumour mi-
croenvironment in the absence of a target as well as 

risks (RR) and hazard ratios (HR) with 95% CIs were calculated using random 
effects models.
Results: Nine trials with a total of 5753 patients were included. The most common 
adverse events of any grade for T-DM1 included thrombocytopenia (RR 7.14, 95% 
CI 4.13–12.36) and increased alanine-transaminase (ALT) (RR 2.04, 95% CI 1.43–
2.91), for T-DXd were nausea (RR 2.39, 95% CI 1.90–3.00) and anemia (RR 1.55, 
95% CI 1.27–1.90), while for SG were neutropenia (RR 1.30, 95% CI 1.14–1.49), di-
arrhea (RR 3.62, 95% CI 2.97–4.42) and nausea (RR1.90, 95% CI 1.65–2.19). Severe 
adverse events such as interstitial lung disease and left ventricular dysfunction 
were peculiar of T-DXd. Antibody-drug conjugates significantly delayed clinical 
deterioration of global health status by EORTC QLQ-C30 (HR .71, 95% CI  .59–
.86), physical, emotional and social functioning, pain and fatigue symptoms.
Conclusions: This meta-analysis offers consolidated data on adverse events as-
sociated with antibody-drug conjugates and their effects on patients' quality of 
life, emphasizing differences based on the specific agent. These findings under-
score the critical need for effective strategies to prevent, diagnose and manage 
these toxicities.
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‘off-tumour’ toxicity when it causes toxicity by its release 
in normal tissue.11

The safety profile of the ADCs was commonly re-
ported in the registration trials that led to their approval; 
ADC-induced short- and long-term toxicities could affect 
patients' quality of life (QoL) and should be weighed in 
the balance with the effectiveness profile, being of strate-
gic importance in the decision-making process. For this 
purpose, patient-reported outcomes (PROs) and health-
related quality of life (HRQoL) questionnaires can serve 
as tools designed to gauge patients' experiences with anti-
cancer treatments and enhance the physician's capacity to 
evaluate the impact of the drug beyond its efficacy profile.

To date, there are no head-to-head comparisons of the 
safety spectrum of ADCs for metastatic breast cancer con-
sidering PROs nor their impact on discontinuation rate or 
QoL. To address these questions, we performed a systematic 
review and meta-analysis of the randomized controlled tri-
als (RCTs) that compared the ADCs currently approved by 
the FDA/EMA for the treatment of metastatic breast cancer 
to standard chemotherapy concerning the rate of AEs, dis-
continuation rate due to toxicity and impact on QoL.

2   |   METHODS

2.1  |  Search strategy, study selection and 
data extraction

Preferred Reporting Items for Systematic Reviews and 
meta-Analyses guidelines were used for the conduct and 
reporting of this systematic review.12 The meta-analysis 
protocol was registered in the PROSPERO database under 
the following registration number: CRD 42024511732.

RCTs including patients with unresectable or meta-
static breast cancer, irrespective of the biological subtype, 
were included if they compared ADC versus standard 
treatment arm (chemotherapy ± target therapy for HER2-
positive tumours). We decided to include only RCTs that 
evaluated ADCs that have already received the FDA/EMA 
approval (T-DM1, T-DXd and SG).

Clinical trials were identified by a computerized search 
through the PubMed search database with the string 
(‘antibody-drug conjugate’[Title/Abstract] OR ‘antibody-
drug conjugates’[Title/Abstract] OR ‘ADC’[Title/Abstract] 
OR ‘ADCs’[Title/Abstract]) AND (((‘randomized con-
trolled trial’[Publication Type] OR ‘controlled clinical 
trial’[Publication Type] OR ‘randomized’[Title/Abstract] 
OR ‘clinical trials as topic’[MeSH Terms] OR ‘random-
ly’[Title/Abstract] OR ‘trial’[Title]) NOT (‘animals’[MeSH 
Terms] NOT ‘humans’[MeSH Terms])) AND (‘breast neo-
plasms’[MeSH Terms] AND (‘advance’[Title/Abstract] 
OR ‘advanced’[Title/Abstract] OR ‘metastatic’[Title/

Abstract] OR ‘metast*’[Title/Abstract] OR (‘unresectabil-
ity’[Title/Abstract] OR ‘unresectable’[Title/Abstract] OR 
‘unresected’[Title/Abstract])))).

The search was performed with no date restriction up 
to March 4, 2024.

In the analysis, we included also abstracts and confer-
ence papers from the annual meetings of the European 
Society for Medical Oncology (ESMO) and the American 
Society of Clinical Oncology (ASCO) as well as from 
the San Antonio Breast Cancer Symposium (SABCS). 
Supplementary material was also reviewed when available.

The following information was extracted from each re-
port: name of study/study code, first author and year of 
publication, journal, study design, treatment arms, num-
ber of patients enrolled in the study, number of patients 
evaluated for the safety analysis, rate of the key AEs, DR 
due to toxicity.

The first outcome of interest in this meta-analysis 
was the relative risk (RR) of AEs. The incidence and se-
verity of the following key AEs were collected: neutro-
penia, thrombocytopenia, febrile neutropenia, anemia, 
alopecia, fatigue, nausea, diarrhea, interstitial lung dis-
ease (ILD)/pneumonitis, increased alanine-transaminase 
(ALT), decreased appetite and left ventricle dysfunction 
(LVD). In each trial, the severity was evaluated accord-
ing to Common Terminology Criteria for Adverse Events 
(CTCAE) grade, with further categorization as both ‘all 
grade’ (CTCAE G1–G5) and as ‘severe grade’ (≥G3) AEs 
for each endpoint. We reported the rate of each AE col-
lected from the most recent publication.

2.2  |  HR-QoL assessments

For this analysis, additional information was retrieved 
from the included RCTs: number of patients evaluated 
for PROs, available PROs assessed using the European 
Organization for Research and Treatment of Cancer 
Quality of Life of Cancer Patients (EORTC QLQ-C30) 
questionnaire, availability of HRs of global health sta-
tus (GHS)/QoL domain, physical functioning, emotional 
functioning, social functioning, pain symptoms, fatigue 
symptoms, nausea and vomiting symptoms.13

The endpoint considered for these outcomes of inter-
est was time from baseline to first deterioration (TTD) in 
PROs, defined as the time from baseline to the first clini-
cally significant deterioration in PROs.

2.3  |  Data analysis

RRs with 95% CI estimation were extracted from in-
cluded studies or derived from the number of events of 
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each arm computed as the ratio of proportions of events 
between groups. When RRs and HRs were not available 
or could not be computed for a specific outcome, the 
studies were excluded from that specific analysis. Pooled 
RRs, and HRs with their 95% CI were calculated using 
the method of DerSimonian and Laird using the random 
effects model.14 The quantitative measure of the degree 
of inconsistency in the results of the included studies 
was computed using the Higgins I2 index.15 Pooled RRs 
and HRs were considered statistically significant with a 
p value of .05 (two-sided).

Data were independently extracted by two investiga-
tors (M.P. and C.M.) to ensure homogeneity of collection 
and to rule out the effect of subjectivity in data gathering 
and entry. Disagreements were resolved by iteration, dis-
cussion and consensus with a third author (M.L.).

3   |   RESULTS

Of the 49 identified records, nine RCTs were included in 
the present meta-analysis (Figure 1).1,2,5,7,8,16–25 A total of 
5753 patients were randomized in these RCTs, of whom 
3227 were allocated to the ADC arm and 2526 to the stand-
ard therapy arm. Three trials evaluated T-DM1, three T-
DXd and three SG versus standard treatment. All of them 
were phase III trials except for one that was a randomized 

phase II trial.20 For all the trials involving T-DM1, the pop-
ulation enrolled included HER2-positive metastatic breast 
cancer, while for T-DXd one trial accrued patients with 
HER2-positive metastatic disease while two trials HER2-
low/ultralow metastatic breast cancer. In two trials, SG 
was evaluated in a population of patients with hormone 
receptor-positive breast cancer and in one trial in those 
with triple-negative disease. The characteristics of the 
studies included are summarized in Table 1.

3.1  |  Safety outcomes

All nine trials reported data on the frequency of 
AEs.2,5,7,17,18,20,21,23,25

The RRs for each considered AE are summarized for 
T-DM1 in Figure 2A, for T-DXd in Figure 2B and for SG 
in Figure 2C. The summary of the main AEs evaluated for 
the analysis and pooled RR for each ADC are described in 
Table 2, while the corresponding forest plots are available 
in Figures S1–S12.

The most common AEs of any grade linked to 
TDM-1 included thrombocytopenia (RR 7.14, 95% CI 
4.13–12.36) and increased ALT (RR 2.04, 95% CI 1.43–
2.91), with also a trend for a higher risk of ≥G3 AEs 
(RR 5.58,95% CI .77–40.26) and RR 1.59, 95% CI .50–
5.11, respectively). For T-DXd, nausea (RR 2.39, 95% CI 

F I G U R E  1   Prisma flow diagram 
depicting the search strategy in the 
systemic review literature search.



      |  5 of 14PERACHINO et al.

T
A

B
L

E
 1

 
R

C
Ts

 in
cl

ud
ed

 in
 th

e 
m

et
a-

an
al

ys
is

.

T
ri

al
 n

am
e

Fi
rs

t a
ut

ho
r,

 
ye

ar
 o

f 
pu

bl
ic

at
io

n
Ph

as
e

M
as

ki
ng

E
nr

ol
le

d 
po

pu
la

ti
on

T
re

at
m

en
t a

rm
s

M
ed

ia
n 

ag
e

N
um

be
r 

of
 p

at
ie

nt
s 

en
ro

lle
d

N
um

be
r 

of
 p

at
ie

nt
s 

ev
al

ua
te

d 
fo

r 
A

E
s

N
um

be
r 

of
 p

at
ie

nt
s 

ev
al

ua
te

d 
fo

r 
PR

O
s

EM
IL

IA
S.

 V
er

m
a,

 N
 E

ng
 

J M
ed

, 2
01

2
V

. D
ie

ra
s, 

La
nc

et
 

O
nc

ol
 2

01
7

II
I

O
pe

n-
la

be
l

H
ER

2+
 m

BC
pr

ev
io

us
ly

 tr
ea

te
d 

w
ith

 
tr

as
tu

zu
m

ab
 a

nd
 a

 ta
xa

ne

T-
D

M
1

(3
.6

 m
g/

kg
, I

V
 q

3w
)

53
 (2

5–
84

)
49

5
49

0
–

C
ap

ec
ita

bi
ne

 (o
ra

lly
 2

00
0 m

g/
m

2 ) +
 L

ap
at

in
ib

(o
ra

lly
 1

25
0 m

g 
1-

21
q3

w
)

53
 (2

4–
83

)
49

6
48

8
–

N
C

T0
06

79
34

1
S.

H
ur

vi
tz

, J
 C

lin
 

O
nc

ol
 2

01
3

II
O

pe
n-

la
be

l
H

ER
2+

 m
BC

 w
ith

ou
t p

ri
or

 
ch

em
ot

he
ra

py
 o

r t
ra

st
uz

um
ab

 
fo

r m
et

as
ta

tic
 d

is
ea

se

T-
D

M
1

(3
.6

 m
g/

kg
, I

V
 q

3w
)

55
 (2

7–
82

)
67

69
*

–

Tr
as

tu
zu

m
ab

 (8
 m

g/
kg

 lo
ad

in
g 

do
se

 fo
llo

w
ed

 
by

 6
 m

g/
kg

, I
V

 q
3w

) +
 D

oc
et

ax
el

 (7
5 

or
 1

00
 m

g/
m

2,
 IV

 q
3w

)

52
 (3

3–
75

)
70

66
–

TH
3R

ES
A

I. 
K

ro
p,

 L
an

ce
t 

O
nc

ol
 2

01
4

I. 
K

ro
p,

 L
an

ce
t 

O
nc

ol
 2

01
7

II
I

O
pe

n-
la

be
l

H
ER

2+
 m

BC
 p

re
vi

ou
sl

y 
tr

ea
te

d 
w

ith
 b

ot
h 

tr
as

tu
zu

m
ab

 a
nd

 
la

pa
tin

ib
 (a

dv
an

ce
d 

se
tti

ng
) a

nd
a 

ta
xa

ne
 (a

ny
 se

tti
ng

) a
nd

 w
ith

 
pr

og
re

ss
io

n 
on

 tw
o 

or
 m

or
e 

H
ER

2-
di

re
ct

ed
 re

gi
m

en
s i

n 
th

e 
ad

va
nc

ed
 se

tti
ng

T-
D

M
1

(3
.6

 m
g/

kg
, I

V
 q

3w
)

53
 (2

7–
89

)
40

4
40

3
29

7

•	
C

T 
(a

ny
 si

ng
le

 a
ge

nt
),

•	
H

T 
fo

r E
R

+
 (s

in
gl

e 
ag

en
t o

r d
ua

l t
he

ra
py

),
•	

an
ti-

H
ER

2 
(s

in
gl

e 
ag

en
t, 

du
al

 H
ER

2-


ta
rg

et
ed

 th
er

ap
y,

 o
r a

nt
i-H

ER
2 

th
er

ap
y 

+
 

si
ng

le
-a

ge
nt

 C
T/

si
ng

le
-a

ge
nt

 H
T)

54
 (2

8–
85

)
19

8
18

4
11

7

D
es

tin
y-


Br

ea
st

02
F.

 A
nd

rè
, T

he
 

La
nc

et
 2

02
3

II
I

O
pe

n-
la

bl
e

H
ER

2+
 m

BC
 p

re
vi

ou
sl

y 
re

ce
iv

ed
 T

-D
M

1
T-

D
X

d 
(5

.4
 m

g/
kg

, I
V

 q
3w

)
54

.2
 

(4
5.

5–
63

.4
)

40
6

40
4

40
6

•	
C

ap
ec

ita
bi

ne
 (o

ra
lly

 2
50

0 m
g/

m
2 ; 

1–
14

q3
w

) +
 tr

as
tu

zu
m

ab
 (8

 m
g/

kg
 lo

ad
in

g 
do

se
 fo

llo
w

ed
 b

y 
6 m

g/
kg

, I
V

 q
3w

)
•	

C
ap

ec
ita

bi
ne

 (o
ra

lly
 1

00
0 m

g/
m

2 ) +
 L

ap
at

in
ib

	
(o

ra
lly

 1
25

0 m
g 

1-
21

q3
w

)

54
.7

 (4
8–

63
)

20
2

19
5

20
2

D
es

tin
y-


Br

ea
st

04
S.

 M
od

i, 
N

 E
ng

 J 
M

ed
 2

02
2

H
. R

ug
o,

 E
SM

O
 

O
pe

n 
20

23

II
I

O
pe

n-
la

be
l

H
ER

2-
lo

w
 m

BC
 w

ho
 h

ad
 

re
ce

iv
ed

 o
ne

 o
r t

w
o 

pr
ev

io
us

 
lin

es
 o

f c
he

m
ot

he
ra

py

T-
D

X
d 

(5
.4

 m
g/

kg
, I

V
 q

3w
)

57
.5

 
(3

1.
5–

80
.2

)
37

3
37

1
33

1

•	
C

ap
ec

ita
bi

ne
 (o

ra
lly

 2
00

0/
25

00
 m

g/
m

2 ; 
1–

14
q3

w
)

•	
Er

ib
ul

in
 (1

.2
3 m

g/
m

2,
 IV

 1
,8

q3
w

)
•	

G
em

ci
ta

bi
ne

 (8
00

–1
20

0 m
g/

m
2 , I

V
 

1,
8,

15
q4

w
)

•	
Pa

cl
ita

xe
l (

17
5 m

g/
m

2 , I
V

 1
q3

w
 o

r 8
0 m

g/
m

2 , I
V

 q
1w

)
•	

N
ab

-p
ac

lit
ax

el
 (2

60
 m

g/
m

2 , I
V

 1
q3

w
 o

r 
10

0 m
g/

m
2 , I

V
 1

,8
,1

5q
4w

)

55
.9

 
(2

8.
4–

80
.5

)
18

4
17

2
16

3 (C
on

tin
ue

s)



6 of 14  |      PERACHINO et al.

T
ri

al
 n

am
e

Fi
rs

t a
ut

ho
r,

 
ye

ar
 o

f 
pu

bl
ic

at
io

n
Ph

as
e

M
as

ki
ng

E
nr

ol
le

d 
po

pu
la

ti
on

T
re

at
m

en
t a

rm
s

M
ed

ia
n 

ag
e

N
um

be
r 

of
 p

at
ie

nt
s 

en
ro

lle
d

N
um

be
r 

of
 p

at
ie

nt
s 

ev
al

ua
te

d 
fo

r 
A

E
s

N
um

be
r 

of
 p

at
ie

nt
s 

ev
al

ua
te

d 
fo

r 
PR

O
s

D
es

tin
y-


Br

ea
st

06
G

. C
ur

ig
lia

no
, J

 
C

lin
 O

nc
ol

 2
02

4
II

I
O

pe
n-

la
be

l
ER

+
/H

ER
2-

lo
w

 a
nd

 u
ltr

al
ow

 
m

BC
 c

he
m

ot
he

ra
py

-n
aï

ve
 in

 th
e 

m
et

as
ta

tic
 se

tti
ng

•	
T-

D
X

d 
(5

.4
 m

g/
kg

, I
V

 q
3w

)
58

.0
 (2

8–
87

)
43

6
43

4
-

•	
C

ap
ec

ita
bi

ne
 (o

ra
lly

 2
00

0/
25

00
 m

g/
m

2 ; 
1–

14
q3

w
)

•	
Pa

cl
ita

xe
l (

17
5 m

g/
m

2,
 IV

 1
q3

w
 o

r 8
0 m

g/
m

2 , I
V

 q
1w

)
•	

N
ab

-p
ac

lit
ax

el
 (2

60
 m

g/
m

2 , I
V

 1
q3

w
 o

r 
10

0 m
g/

m
2,

 IV
 1

,8
,1

5q
4w

)

57
.0

 (3
2–

83
)

43
0

41
7

–

A
SC

EN
T

A
. B

ar
di

a,
 N

 E
ng

 
J M

ed
 2

02
1

H
. R

ug
o,

 N
pj

 
Br

ea
st

 C
an

ce
r 

20
22

A
. B

ar
di

a,
 J 

C
lin

 
O

nc
ol

 2
02

4

II
I

O
pe

n-
la

be
l

m
TN

BC
 re

la
ps

ed
 o

r r
ef

ra
ct

or
y 

to
 tw

o 
or

 m
or

e 
pr

ev
io

us
 

st
an

da
rd

 c
he

m
ot

he
ra

py
 

re
gi

m
en

s (
no

 u
pp

er
 li

m
it)

, 
pr

ev
io

us
ly

 tr
ea

te
d 

w
ith

 a
 ta

xa
ne

 
(fo

r a
ny

 in
di

ca
tio

n)

SG
 (1

0 m
g/

kg
, I

V
 1

,8
q3

w
)

54
 (2

9–
82

)
26

7
25

8
23

6

•	
C

ap
ec

ita
bi

ne
 (o

ra
lly

 2
00

0/
25

00
 m

g/
m

2 ; 
1–

14
q3

w
)

•	
Er

ib
ul

in
 (1

.2
3 m

g/
m

2 , I
V

 1
,8

q3
w

)
•	

G
em

ci
ta

bi
ne

 (8
00

–1
20

0 m
g/

m
2 , I

V
 

1,
8,

15
q4

w
)

•	
V

in
or

el
bi

ne
 (2

5 m
g/

m
2 , I

V
 1

q1
w

)

53
 (2

7–
81

)
26

2
22

4
18

3

TR
O

Pi
C

S-
02

H
. R

ug
o,

 F
ut

ur
e 

O
nc

ol
 2

02
2

H
. R

ug
o,

 T
he

 
La

nc
et

 2
02

3

II
I

O
pe

n-
la

be
l

ER
+

/H
ER

2–
 m

BC
 tr

ea
te

d 
w

ith
 2

–4
 p

ri
or

 sy
st

em
ic

 
ch

e-
 m

ot
he

ra
py

 re
gi

m
en

s 
fo

r m
et

as
ta

tic
 d

is
ea

se
 th

at
 

pr
ev

io
us

ly
 re

ce
iv

ed
 a

t l
ea

st
 o

ne
 

ta
xa

ne
, a

t l
ea

st
 o

ne
 a

nt
ic

an
ce

r 
ho

rm
on

al
 tr

ea
tm

en
t, 

an
d 

at
 

le
as

t o
ne

 C
D

K
4/

 6
i

SG
 (1

0 m
g/

kg
, I

V
 1

,8
q3

w
)

57
 (2

9–
86

)
27

2
26

8
23

6

•	
C

ap
ec

ita
bi

ne
 (o

ra
lly

 2
00

0/
25

00
 m

g/
m

2 ; 
1–

14
q3

w
)

•	
Er

ib
ul

in
 (1

.2
3 m

g/
m

2 , I
V

 1
,8

q3
w

)
•	

G
em

ci
ta

bi
ne

 (8
00

–1
20

0 m
g/

m
2 , I

V
 

1,
8,

15
q4

w
)

•	
V

in
or

el
bi

ne
 (2

5 m
g/

m
2 , I

V
 1

q1
w

)

55
 (2

7–
78

)
27

1
24

9
21

0

EV
ER

-1
32

-0
02

B.
 X

u,
 A

nn
 

O
nc

ol
 2

02
3

II
I

O
pe

n-
la

be
l

ER
+

/H
ER

2-
 m

BC
 w

ho
 h

ad
 

pr
ev

io
us

ly
 re

ce
iv

ed
 b

et
w

ee
n 

tw
o 

an
d 

fo
ur

 li
ne

s o
f s

ys
te

m
ic

 
th

er
ap

y,
 tr

ea
te

d 
w

ith
 a

t l
ea

st
 

on
e 

en
do

cr
in

e 
th

er
ap

y 
in

 a
ny

 
se

tti
ng

SG
 (1

0 m
g/

kg
, I

V
 1

,8
q3

w
)

53
 (3

2–
72

)
16

6
16

5
–

•	
C

ap
ec

ita
bi

ne
 (o

ra
lly

 2
00

0/
25

00
 m

g/
m

2 ; 
1–

14
q3

w
)

•	
Er

ib
ul

in
 (1

.2
3 m

g/
m

2 , I
V

 1
,8

q3
w

)
•	

G
em

ci
ta

bi
ne

 (8
00

–1
20

0 m
g/

m
2 , I

V
 

1,
8,

15
q4

w
)

•	
V

in
or

el
bi

ne
 (2

5 m
g/

m
2 , I

V
 1

q1
w

)

51
 (2

8–
79

)
16

5
16

4
–

A
bb

re
vi

at
io

ns
: B

C
 b

re
as

t c
an

ce
r, 

C
T,

 c
he

m
ot

he
ra

py
; E

R
, o

es
tr

og
en

 re
ce

pt
or

; H
ER

2+
, H

ER
2-

po
si

tiv
e;

 H
T,

 e
nd

oc
ri

ne
 th

er
ap

y;
 IV

, i
nt

ra
ve

no
us

; T
N

, t
ri

pl
e 

ne
ga

tiv
e.

 *T
w

o 
pa

tie
nt

s r
ec

ei
ve

d 
m

is
ta

ke
nl

y 
a 

do
se

 o
f T

-D
M

1 
th

us
 w

er
e 

in
cl

ud
ed

 in
 T

-D
M

1 
gr

ou
p 

fo
r s

af
et

y 
an

al
ys

is
.

T
A

B
L

E
 1

 (
C

on
tin

ue
d)



      |  7 of 14PERACHINO et al.

F I G U R E  2   Relative risks of developing AEs of interest per each ADC. (A) Trastuzumab-emtansine. (B) Trastuzumab-deruxtecan. (C) 
Sacituzumab-govitecan.
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1.90–3.00) and anemia (RR 1.55, 95% CI 1.27–1.90) were 
the most common AEs of any grade, and also of ≥G3 (RR 
3.64, 95% CI 1.52–8.69 and RR 2.26, 95% CI 1.47–3.49, 
respectively). SG was associated with higher risk of neu-
tropenia any grade (RR 1.30, 95% CI 1.14–1.49), diarrhea 
(RR 3.62, 95% CI 2.97–4.42) and nausea (RR 1.90, 95% 
CI 1.65–2.19) as compared to standard therapy. The risk 
of ≥G3 neutropenia and diarrhea was also higher than 
with standard treatment (RR 1.33, 95% CI 1.12–1.59 and 
RR 9.98, 95% CI 4.20–23.76, respectively). Alopecia was 
also a significant AE to be reported with SG, revealing a 
twofold increase in the risk compared to standard arm 
(RR 2.33, 95% CI 1.57–3.47). Severe adverse events such 
as interstitial lung disease was peculiar to T-DXd (RR 
27.10, 95% CI 8.67-84.75) ;LVD was more frequent with 
T-DXd as compared to T-DM1 (RR 2.57, 95% CI 1.68–
3.95 and RR .85, 95% CI .45–1.60, respectively).

3.2  |  Discontinuation rate due to AEs

All nine trials reported data of discontinuation rate  due 
to AEs.2,5,7,17,18,20,21,23,25 No significantly higher rate of dis-
continuation for any of the ADC included in this analysis 

was observed, with a trend in favour of T-DM1 over stand-
ard treatment (RR .53, 95% CI .21–1.33) but with high 
heterogeneity (I2 = 90%) (Figure S13). Overall, the ADCs 
did not seem to be associated with a higher risk of discon-
tinuation due to AEs as compared to standard treatments 
(Table 3).

3.3  |  HR-QoL outcomes

A total of four RCTs were evaluable for the EORTC QLQ-
C30 GHS/QoL TTD analysis.26–29 Treatment with T-DXd 
and SG was shown to delay clinical deterioration of GHS 
over standard therapy, with an HR of .61 (95% CI .50– .75) 
and .80 (95% CI .69–.93), respectively (Figure  3 and 
Figure S14.1). T-DXd and SG also showed to delay clinical 
deterioration in physical, social and emotional function 
assessed by EORTC QLQ-C30 (Figure 3 and Figure S14.2–
14.4). TTD of pain was delayed with both T-DXd and SG 
(HR .39, 95% CI .32–.47 and HR .74, 95% CI .49–1.13, re-
spectively) (Figure  3 and Figure  S14.5). Similar pooled 
HRs were calculated in the overall analysis.

Only treatment with SG was evaluated for the fatigue as 
well as the nausea and vomiting symptom scale26,27: a 

F I G U R E  2    (Continued)
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significantly delayed fatigue as compared to standard 
therapy was observed (HR .77, 95%CI .67–.89) (Figure 3 
and Figure S14.6). There was a tendency for worse nausea 
and vomiting with SG compared to standard treatments 
(HR 1.12, 95% CI .96–1.30) (Figure 3 and Figure S14.7).

4   |   DISCUSSION

To our knowledge, this is the first meta-analysis that 
extensively evaluated the risk of AEs as well as HRQoL in 
RCTs that directly compared ADCs with standard-of-care 

for the treatment of patients with metastatic breast cancer. 
In the present systematic review and meta-analysis, 
we analysed the safety of ADCs currently approved for 
the treatment of metastatic breast cancer by comparing 
the most updated results of nine RCTs. As compared to 
standard therapy, ADCs were globally associated with 
a higher risk of all-grade AEs. Thrombocytopenia and 
increased transaminase levels were the most common 
AEs associated with T-DM1, nausea and anemia with T-
DXd, while neutropenia, diarrhea, nausea, fatigue and 
alopecia with SG. Nevertheless, none of the ADCs were 
correlated with a significantly higher risk of treatment 

T A B L E  2   Summary of the main AEs evaluated for the analysis and pooled RR for each ADCs.

AEs ADC

Any grade ≥G3

Pooled RR, 95% CI I2 Pooled RR, 95% CI I2

Neutropenia T-DM1 .42, .21–.87 86% .20, .08–.55 79%

T-DXd 1.32, .65–2.70 95% 1.07, .34–3.40 96%

SG 1.30, 1.14–1.49 43% 1.33, 1.12–1.59 45%

Thrombocytopenia T-DM1 7.14, 4.13–12.36 40% 5.58, .77–40.26 86%

SG .49, .36–.67 0% .49, .16–1.45 37%

Febrile neutropenia T-DM1 – – .06, .01–.32 0%

SG – – 1.46, .85–2.51 0%

Anemia T-DM1 .98, .52–1.87 79% 1.33, .77–2.30 0%

T-DXd 1.55, 1.27–1.90 30% 2.26, 1.47–3.49 0%

SG 1.37, 1.17–1.60 0% 1.98, 1.27–3.09 0%

Alopecia T-DM1 .12, .04–.40 67% – –

T-DXd 2.70, 1.15–6.30 95% – –

SG 2.33, 1.57–3.47 78% – –

Fatigue T-DM1 1.04, .76–1.42 78% .82, .43–1.57 8%

T-DXd 1.26, 1.10–1.46 35% 2.33, 1.33–4.09 0%

SG 1.34, 1.15–1.56 5% 1.34, .42–4.33 76%

Nausea T-DM1 1.15, .79–1.69 84% .93, .17–4.93 53%

T-DXd 2.39, 1.90–3.00 74% 3.64, 1.52–8.69 4%

SG 1.90, 1.65–2.19 0% 1.53, .24–9.70 65%

Diarrhea T-DM1 .39, .26–.59 75% .10, .06–.18 0%

T-DXd .86, .47–1.55 93% .52, .30–.90 0%

SG 3.62, 2.97–4.42 0% 9.98, 4.20–23.76 0%

ILD/Pneumonitis T-DXd 27.10, 8.67–84.75 0% – –

SG .66, .05–8.83 28% – –

Increased ALT T-DM1 2.04, 1.43–2.91 17% 1.59, 0.50–5.11 53%

T-DXd 1.60, .87–2.96 88% 1.91, .16–22.20 81%

SG .88, .53–1.47 64% .50, .11–2.37 27%

Decreased appetite T-DM1 .97, .75–1.25 24% – –

T-DXd 1.96, 1.56–2.46 22% – –

SG 1.29, 1.04–1.60 0% – –

LVD T-DM1 .85, .45–1.60 0% – –

T-DXd 2.57, 1.68–3.95 0% – –
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discontinuation due to AEs compared to the standard 
of care, nor with a faster deterioration in QoL in almost 
all domains considered, except for a tendency of worse 
nausea and vomiting for SG.

The three ADCs differ for structural features and tar-
gets: T-DM1 combines trastuzumab, a HER2-targeted 
monoclonal antibody, with the microtubule inhibitor 
DM1, offering selective cytotoxicity in HER2-positive can-
cers. T-DXd, also an anti-HER2 targeted agent, utilizes a 
topoisomerase I inhibitor payload with a cleavable linker, 
enabling higher drug-to-antibody ratios and bystander 
effects that allows activity also in HER2-low tumours. In 
contrast, SG employs an anti-Trop-2 monoclonal antibody 
linked to SN-38, a potent topoisomerase I inhibitor. While 
all three ADCs leverage targeted delivery to enhance ther-
apeutic index, their distinct linkers, payloads and targets 
dictate their clinical applications and efficacy profiles. 
Moreover, some toxicities appear to be correlated both 
with the payload itself (i.e. microtubule inhibition dis-
rupting epithelial turnover) or to the result of systemic or 
localized drug-related inflammation. Ocular toxicity, for 
example, although rare, is typical of ADCs: it can manifest 

through dry eye, keratopathy and blurred vision, described 
in particular with T-DM1 and SG.30

A recent meta-analysis of 169 trials evaluated the 
incidence of AEs with ADCs by considering their pay-
load and target: the targeted agents that most commonly 
caused all-grade AEs were anti-Trop-2 and anti-HER2 
agents, while DXd, SN-38 and DM1 were the payload 
most frequently associated with AEs.10 Moreover, AEs 
correlated to the use of ADCs were reported as signifi-
cantly more frequent in patients affected by BC than in 
other tumours.

Despite almost all patients receiving T-DM1 experi-
enced a transient drop in platelet count, usually it is not 
associated with severe haemorrhage, reaching a nadir 
almost 8 days after infusion with a subsequent increase 
in the values with recovery at day 15.31 The mechanisms 
underlying this phenomenon are likely correlated with 
the megakaryocytes uptake, with subsequent genera-
tion of intracellular catabolite that inhibits platelet pro-
duction.32 According to the recommendations of EMA, 
T-DM1 should not be administered with a platelet count 
<50.000/mm3 (G3) and should be prescribed cautiously 

T A B L E  3   Discontinuation rate due to AEs.

ADC Trials evaluating the AEs Pooled RR, 95% CI I2
Overall Pooled 
RR, 95% CI I2

Discontinuation 
rate due to AEs

T-DM1 V. Dieras, 2017
S. Hurvitz, 2013
I. Krop, 2017

.53, .21–1.33 90% .96, .62–1.49 83%

T-DXd F. Andrè, 2023
H. Rugo 2023
G. Curigliano, 2024

1.51, .87–2.61 79%

SG H. Rugo, 2023
A. Bardia, 2024
B. Xu, 2023

1.07, .66–1.74 0%

F I G U R E  3   Hazard ratios for each HR-QoL outcome considered in the analysis per each ADC.
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in patients with ongoing anticoagulant therapy, providing 
close monitoring.33

Regarding the increase in levels of ALT,  despite an 
increased risk of ≥G3 events, it  does not frequently 
impact treatment administration, as most cases are as-
ymptomatic and transient, with slightly increased ALT 
values with a peak at day 8 and subsequent recovery.34 
Conversely, a cumulative effect has also been observed, 
improving with dose reduction. According to the label, 
treatment should be withdrawn in cases of grade 3 or 
higher elevation.33

The recent implementation of T-DXd in clinical prac-
tice has significantly transformed the treatment land-
scape for both HER2-positive and HER2-low advanced 
breast cancer. However, this advancement comes with 
the challenge of managing distinct severe AEs that need 
to be carefully addressed. Among the common AEs re-
ported in RCTs, nausea appeared to be the most frequent. 
Therefore, administering appropriate prophylaxis for 
acute and delayed nausea is crucial to prevent and man-
age these events. Current guidelines consider T-DXd as 
a high emetogenic agent, thus suggesting a prophylactic 
combination of three drugs including dexamethasone, a 
5-hydroxytryptamine (5-HT3) receptor antagonist along 
with a neurokinin-1 receptor antagonist.35 For patients 
who experience nausea or vomiting despite the three-drug 
regimen, the addition of olanzapine should be taken into 
consideration.35

Regarding toxicities of special interest correlated to 
T-DXd, ILD is particularly noteworthy and is explicitly 
highlighted as a warning on the approved label. Our 
meta-analysis revealed a significative increased risk of 
developing ILD, concordant with previous data (10.4% 
in DestinyBreast-02 trial5 and 12.1% in DestinyBreast-04 
trial4, with a total of two and three fatal events, respec-
tively). Given the frequency and severity of this phenom-
enon, both clinicians and patients should be educated to 
early identify and manage this event. Regular monitoring 
is warranted for patients treated with T-DXd by using CT 
scan of the chest at the treatment initiation and at least 
every 9–12 weeks during drug exposure.36 For patients 
developing ILD, it is recommended to suspend treatment 
and have them evaluated by a pulmonary specialist, with 
follow-up imaging. Prompt steroid therapy should be pre-
scribed. Rechallenging with T-DXd may be considered 
in selected cases, such as grade 1 ILD/pneumonitis after 
resolution,36 taking into consideration that the risk of de-
veloping a second ILD for these patients is approximately 
30%.37

Regarding SG, diarrhea was the most common AE re-
ported in RCTs, with almost a three-fold increase in the 
risk of any-grade diarrhea. This AE can be severe, thus 
proper management is essential.

Our meta-analysis showed a higher risk of neutrope-
nia any grade and severe with SG as compared to stan-
dard therapy. These findings underscore the critical need 
to address these potentially life-threatening events. The 
treatment with SG should not be administered in case of 
absolute neutrophil count below 1500/mm3.

Routine primary prophylaxis with granulocyte-colony 
stimulating factors (G-CSF) is not usually recommended, 
but its administration could be considered as secondary 
prophylaxis at the first occurrence of G4 neutropenia with 
a duration of more than 7 days, febrile neutropenia, or 
G3–4 neutropenia that has delayed dosing by 2 or 3 weeks 
for recovery to ≤ G1.38

Moreover, we previously highlighted alopecia as an 
emergent significant adverse event with SG, likely due to 
its payload, SN-38.39 Patients should be informed about 
this side effect. Scalp cooling has not yet been studied in 
this population, so further research is necessary to evalu-
ate its value.

Despite a higher risk of developing most of the con-
sidered AEs than standard therapy, we did not observe a 
significant increase in the discontinuation rate with the 
use of the evaluated ADCs . However, this result should be 
considered with caution taking into account the different 
positioning of the ADCs within the history of the disease 
in the included trials.

The evaluation of PROs in oncology trials is a crucial 
method for examining how anticancer treatments affect 
specific symptoms and HRQoL. This evaluation also helps 
improving the counselling on the balance between the 
risks and benefits of a specific treatment.

Our meta-analysis showed that T-DXd and SG as com-
pared to standard therapy were associated with a signifi-
cantly delayed deterioration in different QoL domains, 
especially regarding physical, emotional functioning, so-
cial functioning and pain symptoms. These findings are 
consistent with a prior meta-analysis of 12 RCTs involv-
ing different tumour types, including metastatic breast 
cancer, showing that treatment with ADCs significantly 
delayed the deterioration of patients' clinical condition 
compared to chemotherapy.40 Hence, along with greater 
clinical activity, ADCs have shown to provide a more fa-
vourable impact on daily well-being across studies.

On the other hand, the impact of SG on the rise of the 
risk of developing nausea and vomiting highlights the im-
portance of giving proper antiemetic prophylaxis.

Conversely, a recent survey revealed that physicians 
are not always aware of the emetogenicity of ADCs, es-
pecially when not frequently users, with subsequent less 
frequent prescription of proper prophylaxis.41 According 
to current guidelines, SG is considered a high emetogenic 
agent with a median onset of nausea of about 1 week 
after infusion.22,35 An adequate prevention of acute- and 
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delayed-onset of nausea is recommended, by providing 
the use of schemes of a combination of drugs that in-
clude 5HT-3 receptor antagonist, corticosteroids and neu-
rokinin 1 (NK1) receptor antagonist.35,42 Taken together, 
these findings endorse the superiority of SG over standard 
therapy in terms of QoL benefit among all the domains 
investigated, except for nausea and vomiting. On the con-
trary, despite nausea represents a major AE reported with 
T-DXd, we lack data on the impact on the QoL correspon-
dent domain as it was not assessed in the evaluation of 
PROs related to T-DXd use.

Our study has some limitations. Firstly, it is important 
to note that the RCTs included in our analysis investigated 
ADCs at different stages of the disease, with a higher risk 
of AEs for highly pre-treated patients. When translating 
these results into clinical practice, it should be noted that 
the data were collected from RCTs involving highly se-
lected patients with limited comorbidities and thus can-
not be precisely applied to the real-world setting.

5   |   CONCLUSIONS

The present meta-analysis quantifies the risk of develop-
ing different AEs with the administration of the currently 
approved ADCs in the treatment of metastatic breast 
cancer. By aggregating data from multiple studies, this 
analysis provides a comprehensive understanding of the 
toxicity profile of these agents, thereby enabling health-
care professionals to better assess and manage these risks 
in clinical practice. The data on treatment discontinua-
tion and HR-QoL reinforce the positive risk–benefit pro-
file of these ADCs. As the therapeutic landscape expands 
with new trials involving novel ADCs targeting different 
molecules and using various payloads, it becomes es-
sential to investigate in depth ADC toxicities to improve 
their management enhancing the well-being and QoL of 
patients.
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