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Introduction
The development of anti-human epidermal 
growth factor receptor 2 (HER2) drugs has sig-
nificantly improved the prognosis of patients with 
HER2-positive breast cancer (BC).1 This subtype 
of BC is defined according to the 2018 American 
Society of Clinical Oncology and College of 
American Pathology HER2 testing guidelines by 
HER2 overexpression on an immunohistochemi-
cal (IHC) assay (score 3+) and/or gene amplifica-
tion on an in situ hybridization (ISH) assay.2 The 
remaining majority of BCs (80–85%) that do not 
overexpress HER2 are currently defined as 

HER2-negative since traditional HER2-targeting 
therapies are not effective in such cases.3,4 
Nevertheless, the availability of novel anti-HER2 
agents is gradually transforming the way we define 
HER2, moving away from the binary classifica-
tion with the introduction of the new entity of 
‘HER2-low’ BC. This represents approximately 
half of all BCs and is defined as a HER2 IHC 
score of 1+ or 2+ with negative ISH assay.5 The 
DESTINY-Breast04 trial has recently demon-
strated the benefit of treating patients with HER2-
low metastatic BC (mBC) with the anti-HER2 
antibody–drug conjugate (ADC) trastuzumab 

The HER2-low revolution in breast oncology: 
steps forward and emerging challenges
Eleonora Nicolò, Luca Boscolo Bielo, Giuseppe Curigliano  
and Paolo Tarantino

Abstract:  Approximately half of breast cancers (BCs), historically categorized as human 
epidermal growth factor receptor 2 (HER2)-negative, have low expression of HER2 defined 
as an immunohistochemical (IHC) score of 1+ or 2+ with negative in situ hybridization. 
Retrospective evidence suggest that HER2-low BC does not represent a distinct subtype from 
a biological and prognostic perspective. Nonetheless, it currently constitutes an essential 
biomarker to guide treatment selection and its introduction has led to reconsidering the 
binary classification of HER2 status according to which only patients with HER2-positive 
BC were thought to derive benefit from anti-HER2 therapies. Trastuzumab deruxtecan 
has recently been approved by the U.S. Food and Drug Administration for the treatment of 
patients with HER2-low metastatic BC based on the results of the DESTINY-Breast04 phase 
III trial, and other antibody–drug conjugates (ADCs) targeting HER2 are showing promising 
results. Treatment paradigms for both triple-negative and hormone receptor-positive BCs 
exhibiting HER2-low expression are thus rapidly evolving. Given its therapeutic implications, 
it is essential to accurately recognize the level of HER2 expression, and the development of 
more sensitive and reliable methods for HER2 testing and scoring is warranted, especially 
since the minimum threshold of HER2 expression required for T-DXd efficacy is currently 
under investigation. Given the signs of activity of T-DXd even in patients with HER2-0 (IHC 0) 
disease, an evolution in the way we define HER2-low is anticipated. Considering the expansion 
of the therapeutic armamentarium for BC patients, with several ADCs approaching the clinic, 
research efforts are needed to clarify whether the expression level of targets can enrich for 
responders to a given ADC as well as to understand mechanisms of resistance with the goal of 
optimizing the sequencing of ADCs.

Keywords:  antibody–drug conjugates, breast cancer, HER2-low, human epidermal growth 
factor receptor 2, sacituzumab govitecan, sequencing, trastuzumab deruxtecan

Received: 1 October 2022; revised manuscript accepted: 5 January 2023.

Correspondence to: 
Paolo Tarantino 
Division of New Drugs and 
Early Drug Development, 
European Institute of 
Oncology IRCCS, Milan, 
Italy

Department of Oncology 
and Hemato-Oncology, 
University of Milan, Milan, 
Italy

Breast Oncology Center, 
Dana-Farber Cancer 
Institute, 450 Brookline 
Avenue, Boston, MA 02215, 
USA

Harvard Medical School, 
Boston, USA. 
Paolo_Tarantino@DFCI.
HARVARD.EDU

Eleonora Nicolò 
Luca Boscolo Bielo 
Giuseppe Curigliano 
Division of New Drugs and 
Early Drug Development, 
European Institute of 
Oncology IRCCS, Milan, 
Italy

Department of Oncology 
and Hemato-Oncology, 
University of Milan, Milan, 
Italy

1152842 TAM0010.1177/17588359231152842Therapeutic Advances in Medical OncologyE Nicolò, LB Bielo
review-article20232023

Review

https://journals.sagepub.com/home/tam
https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
mailto:Paolo_Tarantino@DFCI.HARVARD.EDU
mailto:Paolo_Tarantino@DFCI.HARVARD.EDU


Therapeutic Advances in 
Medical Oncology Volume 15

2	 journals.sagepub.com/home/tam

deruxtecan (T-DXd).6 This represents a major 
therapeutic step forward for those patients with 
BC historically classified as hormone receptor 
(HR)-positive/HER2-negative or triple-negative 
BC (TNBC) and initially treated according to 
their HR status, but with very limited treatment 
options once chemo-refractory.7 However, along 
with the therapeutic opportunities offered by the 
emergence of this new subgroup of HER2-low 
BC, several challenges emerged related to the 
understanding of its biological role, pathological 
diagnosis, and the definition itself of HER2-low.

The aim of this review is to provide an updated 
overview of the knowledge about HER2-low BC, 
explore how its introduction is changing our clini-
cal practice with novel pitfalls to address, and 
how its definition may evolve in the coming years.

Identification of HER2-low BC
The current clinical definition of HER2-low BC 
used in clinical practice and ongoing clinical trials 
relies on the standard IHC and ISH approach; 
thus, tumors with low level of HER2 expression 
(defined as a HER2 IHC score of 1+ or 2+) and 
no detectable ERBB2 amplification fall into this 
category.5 It should be noted that this testing 
method was originally developed to identify 
patients who could benefit from trastuzumab, 
thus aimed at identifying tumors with HER2 
overexpression and not to differentiate low levels 
of HER2 expression from lack of HER2. 
Consequently, it is unclear whether IHC and ISH 
assays are adequate for the detection of low HER2 
expression.

HER2 ISH testing allows to detect HER2 gene 
amplification that is directly related to protein 
overexpression, and no protein overexpression is 
observed in the absence of gene amplification. 
However, for novel ADCs, antitumoral effects 
have been observed in BC regardless of gene 
amplification, underscoring the inadequacy of 
ISH assay to identify all potential responders.6,8

HER2 IHC testing allows semiquantitative 
assessment of membrane protein expression, with 
scores ranging from 0 to 3+. However, several 
preanalytical and analytical issues may impact on 
evaluation of low range of HER2 expression, ulti-
mately leading to high discordance of HER2 IHC 
testing when evaluated by different pathologists. 
Different studies reported discrepancy of HER2 
status on IHC observed in local and central 

laboratories. Lambein et  al. found that 85% of 
BC specimens (n = 102) locally scored as HER2-0 
were HER2-low at centralized reanalysis.9 
Another recently published study aimed at evalu-
ating the accuracy of HER2 IHC in the low range 
(0 and 1+) reported only 26% concordance 
among pathologists compared with 58% con-
cordance between scores 2+ and 3+.10 Notably, 
in DESTINY-Breast04, tumor responses were 
similar in both HER2 IHC score 1+ and 2+ sub-
groups, suggesting that the entity of T-DXd anti-
tumor activity is not predictable using IHC.6

Since inaccuracy of HER2 evaluation could lead 
to the misassignment of many patients for treat-
ment with T-DXd, further efforts will be required 
to develop more sensitive and reproducible HER2 
testing methods. In this framework, novel quanti-
tative assays are under development with the goal 
of improving our ability to identify patients with 
HER2-low BC including the HERmark Breast 
Cancer assay,11,12 immunofluorescence-based 
automated quantitative analysis methods,13,14 and 
quantitative IHC method.15 Moreover, the evalu-
ation of HER2 mRNA expression levels may rep-
resent a potential complement or alternative 
method to IHC/ISH in the assessment of BC 
samples to estimate which patients may benefit 
from ADCs.16 Before entering clinical practice, 
all these new methods for HER2 detection will 
need extensive analytic and clinical validation, 
and their value in the identification of threshold 
levels of HER2 for defining HER2-low BC will be 
investigated.

Biology of HER2-low BC
Following the recognition of HER2-low as a fun-
damental biomarker for the treatment of patients 
with BC, research efforts have been directed 
toward the definition of the biological significance 
of HER2-low expression, exploring its differences 
from HER2 IHC score 0 (HER2-0) BC. Analyses 
of large retrospective cohorts of patients with BC 
often reported inconsistent findings and there is 
still no agreement in the field.17–35 Most studies 
have identified no major difference in clinico-
pathologic characteristics nor prognosis for 
HER2-low expression,24,30,31,36 few studies have 
instead suggested a better29,32 or worse prognosis25 
associated with HER2-low BC (Table 1). Of note, 
a positive correlation between estrogen receptor 
(ER) level and HER2-low expression has been 
reported, with approximately 60% of HR-positive/
HER2-negative BC being HER2-low, compared 

https://journals.sagepub.com/home/tam


E Nicolò, LB Bielo et al.

journals.sagepub.com/home/tam	 3

Ta
bl

e 
1.

 S
tu

di
es

 c
on

du
ct

ed
 to

 e
va

lu
at

e 
th

e 
pr

og
no

st
ic

 r
ol

e 
of

 H
ER

2-
lo

w
 e

xp
re

ss
io

n 
in

 e
ar

ly
 a

nd
 a

dv
an

ce
d 

B
C

.

St
ud

y
St

ud
y 

po
pu

la
ti

on
H

ER
2-

lo
w

 (n
)

H
ER

2-
0 

(n
)

En
dp

oi
nt

s 
ex

pl
or

ed
P

ro
gn

os
ti

c 
im

pa
ct

 o
f H

ER
2-

lo
w

 e
xp

re
ss

io
n 

(s
ig

ni
fi

ca
nt

 fi
nd

in
gs

 h
ig

hl
ig

ht
ed

)

Ea
rl

y 
se

tt
in

g

 
W

on
 e

t a
l.17

30
49

1 
H

R
+

 a
nd

 
TN

B
C

90
56

20
98

5
O

S;
 B

C
SS

N
o 

O
S 

di
ff

er
en

ce
 in

 b
ot

h 
H

R
+

 (p
 =

 0
.0

86
) a

nd
 T

N
B

C
 (p

 =
 0

.1
70

) H
ER

2-
lo

w
 

ve
rs

us
 H

ER
2-

0
B

et
te

r 
B

C
SS

 in
 H

R
+

 (9
9.

4%
 v

er
su

s 
99

.1
%

, p
 =

 0
.0

03
) a

nd
 T

N
B

C
 (9

7.
2%

 v
er

su
s 

95
.9

%
; p

 =
 0

.0
23

) H
ER

2-
lo

w

 
Ta

n 
et

 a
l.18

28
28

0 
H

R
+

 a
nd

 
TN

B
C

12
,2

60
16

02
0

R
FS

; O
S

B
et

te
r 

R
FS

 (H
R

: 0
.9

2,
 9

5%
 C

I:
 0

.8
6–

0.
99

, p
 =

 0
.0

22
) a

nd
 O

S 
(H

R
: 0

.8
9,

 9
5%

 C
I:

 
0.

81
–0

.9
7;

 p
 =

 0
.0

12
) i

n 
H

R
+

 H
ER

2-
lo

w
.

N
o 

R
FS

 d
iff

er
en

ce
 (H

R
: 0

.9
2,

 9
5%

 C
I: 

0.
81

–1
.0

5,
 p

 =
 0

.2
26

) a
nd

 lo
ng

er
 O

S 
(H

R
: 

0.
82

, 9
5%

 C
I:

 0
.6

9–
0.

96
, p

 =
 0

.0
17

) i
n 

H
ER

2-
lo

w
 T

N
B

C

 
Ta

ra
nt

in
o 

et
 a

l.28
52

35
 H

R
+

 a
nd

 
TN

B
C

29
17

23
18

pC
R

; D
FS

, D
D

FS
, O

S
N

o 
pC

R
 d

iff
er

en
ce

s 
w

he
n 

st
ra

tif
yi

ng
 b

y 
H

R
 s

ta
tu

s
N

o 
D

FS
, D

D
FS

 a
nd

 O
S 

di
ff

er
en

ce
s 

in
 H

R
+

 a
nd

 T
N

B
C

 H
ER

2-
lo

w
 v

er
su

s 
H

ER
2-

0

 
H

or
is

aw
a 

et
 a

l.20
49

18
 H

R
+

 a
nd

 
TN

B
C

31
69

28
60

5y
-D

FS
; 5

y-
O

S
N

o 
5y

-D
FS

 (9
1.

6%
 v

er
su

s 
90

.1
%

; p
 =

 0
.1

51
) a

nd
 5

y-
O

S 
(9

6.
7%

 v
er

su
s 

94
.9

%
; 

p 
= 

0.
21

5)
 d

iff
er

en
ce

s 
in

 H
R
+

 H
ER

2-
lo

w
 v

er
su

s 
H

ER
2-

0
N

o 
5y

-D
FS

 (7
4%

 v
er

su
s 

78
.7

%
 p

 =
 0

.3
06

) a
nd

 5
y-

O
S 

(8
6.

5%
 v

er
su

s 
79

.3
%

; 
p 

= 
0.

15
2)

 d
iff

er
en

ce
 in

 H
ER

2-
lo

w
 v

er
su

s 
H

ER
2-

0 
TN

B
C

 
D

en
ke

rt
 e

t a
l.29

23
10

 H
R
+

 a
nd

 
TN

B
C

10
98

12
12

pC
R

; 3
y-

D
FS

; 3
y-

O
S

pC
R

 lo
w

er
 in

 H
ER

2-
lo

w
 v

er
su

s 
H

ER
2-

0 
H

R
+

 (1
7.

5%
 v

er
su

s 
23

.6
%

; p
 =

 0
.0

24
);

 
no

 p
C

R
 d

iff
er

en
ce

s 
in

 H
ER

2-
lo

w
 v

er
su

s 
H

ER
2-

0 
TN

B
C

 (5
0.

1%
 v

er
su

s 
48

.0
%

; 
p 

= 
0.

21
)

H
ig

he
r 

3y
-D

FS
 (8

4.
5%

 v
er

su
s 

74
.4

%
 p

 =
 0

.0
07

6)
 a

nd
 3

y-
O

S 
(9

0.
2%

 v
er

su
s 

84
.3

%
 p

 =
 0

.0
16

) i
n 

H
ER

2-
lo

w
 v

er
su

s 
H

ER
2-

0 
H

R
+

N
o 

3y
-D

FS
 (8

2.
8%

 v
er

su
s 

79
.3

%
; p

 =
 0

.3
9)

 a
nd

 3
y-

O
S 

(9
2.

3%
 v

er
su

s 
88

.4
%

; 
p 

= 
0.

13
) d

iff
er

en
ce

s 
in

 H
ER

2-
lo

w
 v

er
su

s 
H

ER
2-

0 
TN

B
C

 
D

e 
M

ou
ra

 L
ei

te
 e

t a
l.30

85
5 

H
R
+

 a
nd

 
TN

B
C

28
5

57
0

pC
R

; 5
y-

R
FS

N
o 

pC
R

 d
iff

er
en

ce
s 

in
 H

R
+

 (1
3%

 v
er

su
s 

9.
5%

; p
 =

 0
.2

7)
 a

nd
 T

N
B

C
 (5

1%
 v

er
su

s 
47

%
; p

 =
 0

.6
4)

 H
ER

2-
lo

w
 v

er
su

s 
H

ER
2-

0
N

o 
5y

-R
FS

 d
iff

er
en

ce
s 

in
 H

R
+

 (7
2.

1%
 v

er
su

s 
71

.7
%

; p
 =

 0
.4

7)
 a

nd
 T

N
B

C
 

(7
5.

6%
 v

er
su

s 
70

.8
%

; p
 =

 0
.2

3)
 H

ER
2-

lo
w

 v
er

su
s 

H
ER

2-
0

 
A

go
st

in
et

to
 e

t a
l.31

80
4 

H
R
+

 a
nd

 
TN

B
C

41
0

39
4

P
FI

, D
FI

, O
S

N
o 

di
ff

er
en

ce
s 

in
 D

FI
, P

FI
 a

nd
 O

S

 
M

ut
ai

 e
t a

l.32
60

8 
H

R
+

30
4

30
4

D
D

FS
, D

FS
, O

S 
st

ra
tif

ie
d 

by
 

O
nc

ot
yp

eD
x 

sc
or

e

In
 h

ig
h-

ge
no

m
ic

 r
is

k 
(R

S 
>

 2
5)

, H
ER

2-
lo

w
 a

ss
oc

ia
te

d 
w

it
h 

su
pe

ri
or

 O
S 

(H
R

: 
0.

31
, 9

5%
 C

I:
 0

.1
1–

0.
78

, p
 =

 0
.0

1)
, D

FS
 (H

R
: 0

.4
0,

 9
5%

 C
I:

 0
.2

0–
0.

82
, p

 =
 0

.0
1)

 
an

d 
D

D
FS

 (H
R

: 0
.2

6,
 9

5%
 C

I:
 0

.1
1–

0.
63

, p
 =

 0
.0

02
)

N
o 

di
ff

er
en

ce
s 

in
 lo

w
 g

en
om

ic
 r

is
k 

(R
S 
⩽

 2
5)

 
Ja

co
t e

t a
l.33

29
6 

TN
B

C
48

24
8

R
FS

; O
S

N
o 

di
ff

er
en

ce
s 

in
 R

FS
 a

nd
 O

S
H

ER
2 

2+
 (c

om
pa

re
d 

w
it

h 
H

ER
2 

0/
1+

 tu
m

or
s)

 a
ss

oc
ia

te
d 

w
it

h 
w

or
se

 R
FS

 
(H

R
 =

 3
.1

6,
 9

5%
 C

I:
 1

.2
7–

7.
85

, p
 =

 0
.0

34
) i

n 
un

iv
ar

ia
te

 a
na

ly
si

s

(C
on

tin
ue

d)

https://journals.sagepub.com/home/tam


Therapeutic Advances in 
Medical Oncology Volume 15

4	 journals.sagepub.com/home/tam

St
ud

y
St

ud
y 

po
pu

la
ti

on
H

ER
2-

lo
w

 (n
)

H
ER

2-
0 

(n
)

En
dp

oi
nt

s 
ex

pl
or

ed
P

ro
gn

os
ti

c 
im

pa
ct

 o
f H

ER
2-

lo
w

 e
xp

re
ss

io
n 

(s
ig

ni
fi

ca
nt

 fi
nd

in
gs

 h
ig

hl
ig

ht
ed

)

 
A

lm
st

ed
t e

t a
l.34

35
1 

H
R
+

 a
nd

 
TN

B
C

19
8

15
3

15
y-

D
FS

; 1
5y

-O
S

H
ig

he
r 

15
y-

D
FS

 (6
7.

5%
, 9

5%
 C

I:
 6

1.
0–

74
.7

 v
er

su
s 

47
.3

%
, 9

5%
 C

I:
 3

9.
9–

56
.1

, 
p 
<

 0
.0

01
) a

nd
 1

5y
-O

S 
(7

5.
4%

, 9
5%

 C
I:

 6
9.

4–
81

.9
 v

er
su

s 
66

.8
%

, 9
5%

 C
I:

 
59

.5
–7

4.
9,

 p
 =

 0
.0

09
) i

n 
H

ER
2-

lo
w

 v
er

su
s 

H
ER

2-
0

O
S 

di
ff

er
en

ce
 in

 H
R
+

 (p
 =

 0
.0

39
) b

ut
 n

ot
 in

 T
N

B
C

 (p
 =

 0
.0

86
)

 
Ta

ra
nt

in
o 

et
 a

l.35
27

6 
H

R
+

 
an

d 
TN

B
C

 
in

fl
am

m
at

or
y 

B
C

14
0

13
6

iD
FS

N
o 

di
ff

er
en

ce
s 

in
 2

y-
iD

FS
 in

 H
R
+

 (6
3%

 v
er

su
s 

63
%

, H
R

: 1
.1

0,
 9

5%
 C

I: 
0.

57
–2

.1
3)

 a
nd

 T
N

B
C

 (2
8%

 v
er

su
s 

25
%

, H
R

: 1
.1

9,
 9

5%
 C

I: 
0.

69
–2

.0
4)

N
o 

di
ff

er
en

ce
s 

in
 2

y-
O

S 
in

 H
R
+

 (8
0%

 v
er

su
s 

81
%

, H
R

: 0
.8

2,
 9

5%
 C

I: 
0.

39
–1

.7
3)

 
an

d 
TN

B
C

 (3
4%

 v
er

su
s 

47
%

, H
R

: 1
.3

4,
 9

5%
 C

I: 
0.

74
–2

.4
1)

 
D

om
er

gu
e 

et
 a

l.19
43

7 
TN

B
C

12
1

31
6

pC
R

N
o 

pC
R

 (3
5.

7%
 v

er
su

s 
41

.8
%

, p
 =

 0
.2

84
), 

iD
FS

 (p
 =

 0
.4

87
) a

nd
 O

S 
(p

 =
 0

.3
29

) 
di

ff
er

en
ce

s 
in

 H
ER

2-
lo

w
 v

er
su

s 
H

ER
2-

0

 
C

he
n 

et
 a

l.21
20

99
 H

R
+

 B
C

17
32

36
7

5y
-D

FS
N

o 
5y

-D
FS

 d
iff

er
en

ce
s 

in
 H

ER
2-

0 
ve

rs
us

 H
ER

2-
lo

w
 (9

2.
3%

 v
er

su
s 

93
.3

%
, 

p 
= 

0.
83

)

A
dv

an
ce

d 
se

tt
in

g

 
G

am
pe

nr
ie

de
r 

et
 a

l.22
13

78
 H

R
+

 a
nd

 
TN

B
C

60
8

77
0

O
S

N
o 

O
S 

di
ff

er
en

ce
s 

in
 H

R
+

 (H
R

: 0
.8

9;
 9

5%
 C

I: 
0.

74
–1

.0
5;

 p
 =

 0
.1

71
) a

nd
 in

 T
N

B
C

 
(H

R
: 0

.9
2;

 9
5%

 C
I: 

0.
68

–1
.2

5;
 p

 =
 0

.5
85

) H
ER

2-
lo

w
 v

er
su

s 
H

ER
2-

0

 
Ta

ra
nt

in
o 

et
 a

l.23
23

2 
H

R
+

 a
nd

 
TN

B
C

N
R

N
R

O
S

N
o 

O
S 

di
ff

er
en

ce
s 

in
 H

R
+

 a
nd

 T
N

B
C

 H
ER

2-
lo

w
 v

er
su

s 
H

ER
2-

0

 
Sc

he
tt

in
i e

t a
l.24

13
04

 H
R
+

 a
nd

 
TN

B
C

79
5

50
1

O
S

N
o 

st
at

is
tic

al
ly

 s
ig

ni
fic

an
tl

y 
di

ff
er

en
ce

s 
in

 O
S 

be
tw

ee
n 

H
ER

2-
lo

w
 a

nd
 H

ER
2-

0 
(p

 =
 0

.7
87

)

 
B

ao
 e

t a
l.25

10
6 

H
R
+

/H
ER

2-
82

24
P

FS
 o

n 
C

D
K

4/
6i

Sh
or

te
r 

m
P

FS
 (8

.9
 m

on
th

s,
 9

5%
 C

I:
 6

.4
9–

11
.3

0 
ve

rs
us

 1
8.

8 
m

on
th

s,
 9

5%
 C

I:
 

9.
44

–2
8.

16
; p

 =
 0

.0
1)

 in
 H

ER
2-

lo
w

 v
er

su
s 

H
ER

2-
0

 
D

e 
C

al
bi

ac
 e

t a
l.26

15
05

4 
H

R
+

 a
nd

 
TN

B
C

46
71

10
38

3
P

FS
1;

 O
S

N
o 

P
FS

1 
di

ff
er

en
ce

 (H
R

: 0
.9

9,
 9

5%
 C

I: 
0.

95
–1

.0
2;

 p
 =

 0
.4

5)
 a

nd
 s

lig
ht

ly
 b

et
te

r 
O

S 
(H

R
: 0

.9
5,

 9
5%

 C
I:

 0
.9

1–
0.

99
; p

 =
 0

.0
2)

 in
 H

ER
2-

lo
w

 v
er

su
s 

H
ER

2-
0

 
Li

 e
t a

l.27
14

33
 H

R
+

 a
nd

 
TN

B
C

61
8

81
5

O
S

O
S 

hi
gh

er
 in

 H
R
+

 H
ER

2-
lo

w
 v

er
su

s 
H

ER
2-

0 
(5

4.
9 

ve
rs

us
 4

8.
1 

m
on

th
s,

 
p 

= 
0.

01
1)

.
N

o 
O

S 
di

ff
er

en
ce

 in
 T

N
B

C
 H

ER
2-

lo
w

 v
er

su
s 

H
ER

2-
0

B
C

, b
re

as
t c

an
ce

r;
 B

C
SS

, b
re

as
t c

an
ce

r-
sp

ec
ifi

c 
su

rv
iv

al
; C

D
K

4/
6i

, c
yc

lin
-d

ep
en

de
nt

 k
in

as
e 

4/
6 

in
hi

bi
to

rs
; C

I, 
co

nf
id

en
ce

 in
te

rv
al

; D
D

FS
, d

is
ta

nt
 d

is
ea

se
-f

re
e 

su
rv

iv
al

; D
FI

, d
is

ea
se

-f
re

e 
in

te
rv

al
; D

FS
, d

is
ea

se
-f

re
e 

su
rv

iv
al

; H
ER

2,
 h

um
an

 e
pi

de
rm

al
 g

ro
w

th
 fa

ct
or

 r
ec

ep
to

r 
2;

 H
R

, h
or

m
on

e 
re

ce
pt

or
; i

D
FS

, i
nv

as
iv

e 
di

se
as

e-
fr

ee
 s

ur
vi

va
l; 

N
R

, n
ot

 r
ep

or
te

d;
 O

S,
 o

ve
ra

ll 
su

rv
iv

al
; 

pC
R

, p
at

ho
lo

gi
ca

l c
om

pl
et

e 
re

sp
on

se
; P

FI
, p

ro
gr

es
si

on
-f

re
e 

in
te

rv
al

; P
FS

, p
ro

gr
es

si
on

-f
re

e 
su

rv
iv

al
; R

FS
, r

el
ap

se
-f

re
e 

su
rv

iv
al

; R
S,

 r
ec

ur
re

nc
e 

sc
or

e;
 T

N
B

C
, t

ri
pl

e-
ne

ga
tiv

e 
br

ea
st

 
ca

nc
er

; 5
y-

D
FS

, 5
-y

ea
r 

di
se

as
e-

fr
ee

 s
ur

vi
va

l; 
5y

-O
S,

 5
-y

ea
r 

ov
er

al
l s

ur
vi

va
l. 

St
at

is
tic

al
ly

 s
ig

ni
fic

an
t p

 v
al

ue
s 

ar
e 

hi
gh

lig
ht

ed
 in

 b
ol

d.

Ta
bl

e 
1.

 
(C

on
tin

ue
d)

https://journals.sagepub.com/home/tam


E Nicolò, LB Bielo et al.

journals.sagepub.com/home/tam	 5

with up to 40% of TNBC.24,28,29,37,38 This associa-
tion could represent a possible confounding factor 
for studies aimed at defining the clinicopathologic 
features and prognostic role of HER2-low expres-
sion. Indeed, any feature found enriched among 
HER2-low BC compared with HER2-0 may be 
related to the higher HR expression, which 
remains the major determinant of tumor behavior 
and prognosis in the absence of HER2 overex-
pression. Similarly, only minor differences in 
PAM50 subtypes distribution were observed 
between HER2-low and HER2-0 tumors when 
the confounding factor of HR expression was con-
sidered, suggesting the absence of gene expression 
correlates for HER2-low BC. Indeed, at PAM50, 
TNBC were mostly basal-like (85%) and 
HR-positive were mostly luminal (90%), regard-
less of HER2-low expression.24

The HER2-low expression has been shown to be 
highly unstable during time with a relevant por-
tion of HER2-low tumors turning HER2-0, and 
vice versa, either on residual disease after neoadju-
vant therapy,39 or after tumor relapse.23,37 This 
dynamism is likely due to multiple factors, as it is 
known that HER2 expression can be modulated 
by various stimuli from the tumor microenviron-
ment as well as by effect of therapies.5,40 Other 
possible confounders are pre-analytical and ana-
lytical issues of HER2 testing methods that lead to 
high discordance in pathology testing.9,10 
Moreover, heterogeneous HER2 expression can 
be found across a single tumor location or differ-
ent metastatic sites.41 Regardless of the specific 
reason, this observation highlights the need to 
reassess HER2 status during the course of a 
patient’s disease, even when the tumor was 
HER2-0 on prior biopsy in order to potentially 
allow access to treatment with T-DXd in case of 
change to HER2-low expression. Of note, in the 
DESTINY-Breast04 trial, both archived or fresh 
tumor-biopsy specimens were acceptable for 
enrollment and the presence of prior HER2-0 
samples was not an exclusion criterion.6 Which is 
the right time point to define HER2-low remains 
to be clarified; however, even patients whose last 
biopsy tested HER2-0 could be considered for 
treatment with T-DXd if they had HER2-low 
score on any prior biopsies. To better capture the 
spatial and temporal evolution of HER2-low 
expression, a useful tool could be liquid biopsy. 
Identification of HER2-low expressing circulating 
tumor cells (CTCs) could provide additional 
information to tissue biopsies to map tumor het-
erogeneity and evolution, better reflecting the 

current status of the disease. Indeed, it has been 
shown that HER2-negative CTCs can spontane-
ously convert into HER2-expressing CTCs and 
vice versa.42 Moreover, different studies revealed a 
significant discordance in HER2 status between 
the primary tumor and corresponding CTCs.43–45 
The DETECT III trial showed preliminary posi-
tive results of adding lapatinib to standard chemo-
therapy in patients with HER2-negative mBC and 
HER2-positive CTCs.46 Larger studies are needed 
to validate this hypothesis, and the possibility of 
targeting CTCs with low HER2 expression with 
novel ADCs could be explored in the future.

ADCs in HER2-low BC
Until recently, HER2-low expression has never 
influenced clinical practice, as these tumors were 
considered ineligible for anti-HER2 therapies. 
Indeed, the blockade of HER2 with trastuzumab 
failed to prove any beneficial effect when added to 
standard adjuvant chemotherapy in HER2-low 
early-stage BC patients within a large phase III 
trial.3 Trastuzumab emtansine (T-DM1), the first 
anti-HER2 ADC to be approved for patients with 
BC, demonstrated poor activity among patients 
with heterogeneous and/or low HER2 expres-
sion.4,47,48 This reinforced the notion that only 
addiction to the HER2 pathway associated with 
HER2 overexpression warranted treatment with 
HER2-targeting drugs. Nevertheless, the develop-
ment of a new generation of anti-HER2 ADCs 
reshaped this scenario leading to the recognition 
of HER2-low as a new targetable subgroup of 
BCs. To date, four anti-HER2 ADCs have proven 
activity in HER2-low BC: T-DXd, trastuzumab 
duocarmazine, disitamab vedotin, and MRG002. 
This novel generation of ADCs harbors one or 
more of the distinctive features that may explain 
activity in HER2-low BCs such as more potent 
cytotoxic payload, higher drug-to-antibody ratio 
(DAR), or the ability to elicit the so-called 
bystander effect. Indeed, the features of the linker 
that allow interstitial cleavage of these novel ADCs 
along with the release of membrane-permeable 
free payload from target cells enable the killing of 
neighboring cells regardless of their HER2 expres-
sion, ultimately resulting in clinical activity in case 
of low or heterogeneous antigen expression.49

Trastuzumab deruxtecan
T-DXd is an ADC in which a HER2-directed 
antibody is conjugated through a tetrapeptide-
based cleavable linker with the topoisomerase I 
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(TOP1) inhibitor deruxtecan (DXd), an exatecan 
derivative. It has a high DAR of 8:1. Results of 
the phase III DESTINY-Breast04 trial led 
T-DXd to become a new standard of care for 
patients with pretreated HER2-low mBC.6 This 
study randomized 557 patients with HER2-low 
mBC (494 HR-positive, 58 triple-negative), pre-
treated with endocrine therapy (if HR-positive) 
and up to two lines of chemotherapy, in a 2:1 
ratio to receive T-DXd or physician’s choice 
chemotherapy (capecitabine, eribulin, gemcit-
abine, eribulin, paclitaxel, or nab-paclitaxel). 
Treatment with T-DXd resulted in improved 
progression-free survival (PFS) compared with 
chemotherapy among HR-positive patients [pri-
mary endpoint, 10.1 versus 5.4 months, hazard 
ratio (HR) 0.51, 95% confidence interval (CI): 
0.40–0.64, p < 0.001], as well as in the overall 
study population (9.9 versus 5.1 months, HR: 
0.50, 95% CI: 0.40–0.63, p < 0.001). Overall sur-
vival (OS) was also improved among HR-positive 
patients (23.9 versus 17.5 months, HR: 0.64, 95% 
CI: 0.48–0.86, p = 0.003) and in the overall popu-
lation (23.4 versus 16.8 months, HR: 0.64, 95% 
CI: 0.49–0.84, p = 0.001). Among HR-positive 
patients, the objective response rate (ORR) was 
increased in T-DXd arm (52.6%) compared with 
control arm (16.3%) with a median duration of 
response of 10.7 and 6.8 months, respectively. A 
consistent benefit was observed for T-DXd across 
all prespecified subgroups. As for HER2 IHC sta-
tus, patients benefited similarly from T-DXd 
regardless of HER2 IHC score 1+ or 2+ with a 
PFS of 10.3 versus 10.1 months, respectively, and 
a paradoxically greater reduction in risk of pro-
gression (52% versus 45%) observed in the 1+ 
subgroup compared with tumors with a 2+ score. 
An exploratory analysis restricted to TNBC 
patients showed improved PFS (8.5 versus 
2.9 months, HR: 0.46, 95% CI: 0.24–0.89), OS 
(18.2 versus 8.3 months, HR: 0.48, 95% CI: 
0.24–0.95), and ORR (50% versus 16.7%) with 
T-DXd compared with chemotherapy. In the 
experimental arm, the most common treatment-
related adverse events (TRAEs) of any grade were 
nausea (73.0%), fatigue (47.7%), and alopecia 
(37.7%). The most common adverse events 
(AEs) of grade ⩾3 were neutropenia (13.7%), 
anemia (8.1%), and fatigue (7.5%). Drug-related 
interstitial lung disease (ILD) or pneumonitis 
occurred in 45 patients (12.1%) receiving 
T-DXd, mostly grade 1 and 2 events, with three 
(0.8%) fatal events. The median time to onset of 
ILD was 129 days (range, 26–710). Additionally, 
17 patients (4.6%) had left ventricular 

dysfunction with 5 patients (1.5%) experiencing a 
decline >20% from baseline of the left ventricular 
ejection function.

To further enhance the benefit observed with 
T-DXd in HER2-low BC, combination strategies 
are currently being explored. Given the strong 
biological rationale, one of the most interesting is 
the combination with immunotherapy.50 T-DXd 
has shown to exert immunomodulating activity, 
enhancing antitumor immunity and ultimately 
synergizing with anti-programmed death-ligand 1 
(PD-L1).51 In the BEGONIA trial, T-DXd was 
evaluated as first-line treatment in combination 
with durvalumab for patients with HR-negative/
HER2-low mBC, demonstrating a promising 
response rate (8/12, all partial responses, 87.5% 
ongoing at data cutoff), with responses observed 
regardless of PD-L1 expression.52 A 38.1% rate 
of grade 3 AEs was reported, mainly hematologic 
toxicities, and two cases of pneumonitis (grades 2 
and 3) were observed. The latter is a major con-
cern when combining immunotherapy and 
T-DXd since ILD represents an overlapping tox-
icity with potential higher risk for combination. 
Another early-phase Ib trial is evaluating T-DXd 
combined with nivolumab in patients with pre-
treated HER2-expressing mBC.53 Among the 16 
HER2-low patients treated, the combination with 
nivolumab did not seem superior to what observed 
with T-DXd alone in the DESTINY-Breast04 
trial, reporting an ORR of 50% and a mPFS of 
7 months. This observation suggests that to maxi-
mize the synergism between T-DXd and immu-
notherapy the combination should be incorporated 
in earlier lines when the host is less immunosup-
pressed and the tumor less heterogeneous, factors 
that could impair the efficacy of immunother-
apy.54 Other combinations of T-DXd with 
immune checkpoint inhibitors, chemotherapy, as 
well as targeted therapies in HER2-low BC are 
currently being investigated in the DESTINY-
Breast08 platform trial (NCT04556773).

Trastuzumab duocarmazine
Trastuzumab duocarmazine (SYD985) consists 
of an anti-HER2 antibody bound to a DNA-
alkylating duocarmycin payload through a cleav-
able linker. Despite its low DAR of 2.8:1, SYD985 
showed to be more potent than T-DM1 in HER2-
low tumors in preclinical models.55 In a phase I 
trial conducted in patients with treatment-refrac-
tory locally advanced or metastatic solid tumors 
and variable HER2 status, 49 HER2-low mBC 
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patients were enrolled in the BC dose expansion 
cohort.8 The observed ORR was 28% in the 
HR-positive/HER2-low (n = 32) and 40% in the 
HR-negative/HER2-low (n = 17), and mPFS was 
similar in the two subgroups (4.1 and 4.9 months, 
respectively). Ocular toxicity dominated the tox-
icity profile of SYD985 with 71% of patients 
experiencing ocular AEs of any grade, mainly 
conjunctivitis, dry eye, lacrimation increase, and 
keratitis. Most of these events were of grade ⩽2 
and though dose reduction, dose delay, or the use 
of prophylactic eye drops did not substantially 
change the rate of ocular toxicities, most patients 
were able to continue treatment. Myelosuppression 
was lower with SYD985 than with other anti-
HER2 ADCs (grade ⩾3 thrombocytopenia < 1% 
and neutropenia 6%), a relevant finding when 
considering combination strategies. Pneumonitis 
was reported as a dose-limiting toxicity at the 
highest administered dose of 2.4 mg/kg in the 
dose-escalation phase (one death), but the risk 
was diminished at the recommended phase II 
dose of 1.2 mg/kg with one grade 4 pneumonitis 
observed (1%).

Disitamab vedotin
Disitamab vedotin (RC48-ADC) is an ADC 
composed of a novel anti-HER2 humanized anti-
body, hertuzumab, conjugated to a microtubule 
inhibitor monomethyl auristatin E (MMAE) pay-
load through a cleavable linker. This compound 
showed relevant activity in a cohort of 48 HER2-
low mBC patients, reporting an ORR of 39.6% 
and a mPFS of 5.7 months, slightly higher in 
HER2 IHC score 2+/ISH-negative subgroup 
compared to HER2 IHC 1+.56 The most com-
mon TRAEs were transaminase increase, hypoes-
thesia, and myelosuppression, mostly grade 1–2. 
A phase III trial is ongoing in China to compare 
the efficacy and safety of RC48-ADC with physi-
cian’s choice chemotherapy (paclitaxel, doc-
etaxel, vinorelbine, or capecitabine) in HER2-low 
mBC patients previously treated with maximum 
of two lines of chemotherapy, including anthracy-
clines (NCT04400695). Of note, the low expres-
sion of HER2 in this trial is defined as IHC 2+ 
and ISH-negative, thus excluding IHC 1+ BC.

MRG002
MRG002 is a novel HER2-targeted ADC com-
posed of modified trastuzumab conjugated 
through a cleavable linker to a MMAE payload. 
Considering the efficacy demonstrated in 

preclinical studies, it has been tested in a phase II 
trial including patients with pretreated metastatic 
HER2-low BC.57 At primary analysis, 52 patients 
were evaluable for response reporting an ORR of 
33%, similar in both the HER2 IHC 1+ and IHC 
2+/ISH-negative subgroups, a disease control 
rate of 75%, and a mPFS of 5.6 months. 
Responses were similar in the HR-negative/
HER2-low subgroup, although only eight TNBC 
patients were enrolled. The toxicity profile was 
dominated by hematological toxicity, with 
decreased neutrophil count being the most com-
mon grade ⩾3 TRAE (14.3%), liver and gastro-
intestinal toxicities mainly of grade 1 or 2. No 
treatment-related death was reported.

How to treat HER2-low mBC
Based on the practice-changing results of the 
DESTINY-Breast04 trial, T-DXd has been 
approved by the U.S. Food and Drug 
Administration in August 2022 and has also been 
recommended in National Comprehensive 
Cancer Network guidelines for patients with pre-
viously treated HER2-low mBC. The statistical 
design of this trial has allowed to confirm a ben-
efit of T-DXd over chemotherapy both in 
HR-positive patients and the overall study popu-
lation, including HR-negative patients (i.e. 
TNBC).6 Nevertheless, while the outcome in 
HR-positive was a primary endpoint and this rep-
resented a large cohort, the study was not pow-
ered to assess outcomes in the TNBC subgroup, 
which was relatively small. Consequently, distinct 
considerations are required to define the optimal 
treatment sequencing for the two HR-expressing 
subgroups (Figure 1).

HR-positive/HER2-low mBC
For patients with HR-positive/HER2-low mBC, 
the standard first-line treatment in the absence of 
visceral crisis remains the combination of endo-
crine therapy plus cyclin-dependent kinase 4 and 
6 inhibitors (CDK4/6i), namely abemaciclib, pal-
bociclib, or ribociclib.7,58 As endocrine resistance 
may develop through the bidirectional crosstalk 
between ER and HER2 pathways,40 the associa-
tion between low levels of HER2 expression and 
clinical outcome of patients with HR-positive/
HER2-negative BC treated with CDK4/6i has 
been investigated. Small retrospective analyses 
reported conflicting evidence on the prognostic 
value of HER2-low expression during CDK4/6i 
therapy,25,59,60 highlighting the necessity of more 
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data to understand the real implication of this 
biomarker in patients with HR-positive/HER2-
negative tumors.

As subsequent lines, further endocrine therapy 
possibly associated with targeted therapy (e.g. 
mTOR or PI3K inhibitors) could be considered 
and, after exhaustion of endocrine-based treatment, 
subsequent lines of single-agent chemotherapy 
are recommended.7,58 DESTINY-Breast04 
allowed enrollment of patients with HR-positive 
BC that had received prior endocrine treatment 
and at least one but no more than two prior lines 
of chemotherapy for metastatic disease, which 
represent the ideal setting for the use of T-DXd 
in clinical practice. However, with the limits of 
cross-trial comparison, the robust and sustained 

activities observed with T-DXd compare favorably 
to that obtained with first-line chemotherapy. 
The ongoing randomized phase III DESTINY-
Breast06 trial will elucidate if T-DXd is superior 
to standard chemotherapy in patients with 
HR-positive/HER2-low BC who progressed on 
prior endocrine therapy and are naïve to chemo-
therapy, possibly positioning T-DXd as first non-
endocrine-based treatment for this population 
(NCT04494425). Based on the inclusion criteria 
of DESTINY-Breast04, T-DXd can be evaluated 
immediately after exhaustion of endocrine-based 
therapies also for patients experiencing metastatic 
recurrence during or within 6 months after com-
pleting adjuvant chemotherapy. Of note, the PFS 
benefit with T-DXd was obtained regardless of 
previous CDK4/6i treatment.6

Figure 1.  Proposed treatment algorithm for patients with HR-positive/HER2-low and HR-negative/HER2-low mBC.
CDK4/6i, cyclin-dependent kinase 4/6 inhibitors; CHT, chemotherapy; CPS, combined positive score; DB-04, DESTINY-Breast04; DB-06, DESTINY-
Breast06; ET, endocrine therapy; gBRCA1/2, germinal BRCA1/2; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; mBC, 
metastatic breast cancer; mut, mutated; OS, overall survival; PD-L1, programmed death-ligand 1; T-Dxd, trastuzumab deruxtecan; Trop-2, 
trophoblast cell surface antigen 2; wt, wild type. Created with BioRender.com.
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Other treatment options available for HR-positive/
HER2-low BC patients having a germline BRCA 
mutation are poly (ADP-ribose) polymerase 
(PARP) inhibitors (PARPi), namely olaparib and 
talazoparib, given the PFS advantage demon-
strated over single-agent chemotherapy, although 
differently from T-DXd none of the approved 
PARPi has yet demonstrated an OS advantage in 
this setting.61,62 Additionally, the phase III 
TROPiCS-02 trial has recently demonstrated a 
significant PFS (5.5 versus 4.0 months; HR: 0.66; 
95% CI: 0.53–0.83; p = 0.0003) and OS improve-
ment (14.4 versus 11.2 months; HR: 0.79; 
p = 0.020) with the anti-Trop2 ADC sacituzumab 
govitecan (SG) compared with chemotherapy, 
regardless of HER2 expression.63 However, the 
more heavily pretreated population enrolled in 
TROPiCS-02 (at least one endocrine-based ther-
apy, CDK4/6i, and two to four lines of chemo-
therapy) than those enrolled DESTINY-Breast04 
could position SG in later lines of treatment, after 
T-DXd. In DESTINY-Breast04, prior treatment 
with ADC that consists of an exatecan derivative 
(TOP1 inhibitor) was an exclusion criterion, while 
others were allowed. Understanding mechanisms 
governing resistance will help to understand how 
to sequence ADCs. Regarding sequence, the per-
centage of patients previously treated with alpe-
lisib, everolimus, PARPi, or other biologic 
treatments that received T-DXd in the DESTINY-
Breast04 is unknown so, although acceptable, 
sequencing in clinical practice requires caution.

HR-negative/HER2-low mBC
For patients with HR-negative/HER2-low BC 
treatment commonly involves first-line chemo-
therapy, plus immunotherapy if PD-L1 positive, 
followed by sequential lines of single-agent chem-
otherapy.7,58 As for HR-positive BC given the 
PFS advantage over chemotherapy, PARPi are 
considered for patients with germline BRCA 
mutation.61,62

For patients with HR-negative/HER2-low BC, 
the results of DESTINY-Breast04 position 
T-DXd after first-line chemotherapy or as front-
line therapy for those patients with early recur-
rence after (neo)adjuvant chemotherapy. Despite 
this study was not powered to assess outcomes in 
the TNBC subgroup and the small number of 
TNBC included (n = 58), the clear benefit 
observed in this subset of patients along with the 
poor prognosis of TNBC warrants the use of 

T-DXd in TNBC with low HER2 expression. 
However, its role should be considered in light of 
the approval of SG for TNBC patients who have 
received at least two prior systemic therapies (⩾1 
in metastatic setting) based on the results of 
ASCENT trial.64 The latter was a study restricted 
to TNBC patients (n = 529) and powered for sur-
vival outcomes in this cohort: SG demonstrated a 
relevant PFS (HR: 0.41; 95% CI: 0.32–0.52; 
p < 0.001) and OS (HR: 0.48; 95% CI: 0.38–
0.59; p < 0.001) benefit over chemotherapy. A 
post hoc analysis of ASCENT trial evaluated the 
efficacy of SG by HER2 status, reporting a clini-
cal benefit with SG in HER2-0 and HER2-low 
mTNBC consistent with the overall population.65 
In the HER2-low subgroup treated with SG the 
mPFS was 6.2 months and mOS was 14 months. 
Since no direct comparison exists between 
T-DXd and SG, the choice of which ADC prior-
itize requires a careful assessment of the available 
literature and a shared decision-making process 
with the patient on the basis of the different effi-
cacy and toxicity profile of these two agents.

Brain metastases and other patients’ 
characteristics
The mainstay of treatment for patients with brain 
metastases remains local approach, with radio-
therapy or surgery, and systemic therapy.58 
However, systemic treatment could represent an 
appealing alternative approach to whole-brain 
radiotherapy (WBRT) when more limited 
approach such as stereotactic radiotherapy is not 
indicated, aiming at preventing or delaying neu-
rocognitive decline associated with WBRT. Both 
ASCENT64 and DESTINY-Breast046 allowed 
inclusion of patients with treated and stable brain 
metastases and the different intracranial activity 
of SG and T-DXd may guide patient’s treatment 
selection. As for the former, 61 patients enrolled 
in the ASCENT had stable brain metastases at 
screening and a sub-analysis restricted to this 
population revealed that SG was numerically bet-
ter than chemotherapy for tumor response (3% 
versus 0%) and mPFS (2.8 versus 1.6 months), 
but not OS.66 Moreover, preclinical evidence and 
mass spectroscopy studies in patients that under-
went craniotomy for BC brain metastases or 
recurrent glioblastoma during SG treatment sup-
port intracranial activity of SG.67 Further studies 
are ongoing to better evaluate the role of SG in 
patients with brain metastases (SWOG-S2007, 
NCT04647916).

https://journals.sagepub.com/home/tam


Therapeutic Advances in 
Medical Oncology Volume 15

10	 journals.sagepub.com/home/tam

Regarding T-DXd, no data have been presented 
regarding its activity restricted to HER2-low BC 
patients with stable brain metastases treated in 
DESTINY-Breast04 (n = 24). In the DAISY trial, 
the efficacy of T-DXd in patients with treated 
and asymptomatic brain metastases according to 
HER2 status has been recently reported: T-DXd 
showed meaningful antitumor activity in this 
population and efficacy in patients with HER2-
low BC was promising (ORR of 30% and clinical 
benefit rate of 50%).68 More data on T-DXd 
intracranial activity come from HER2-positive 
disease; indeed, outcomes were comparable in 
patients with stable brain metastases at baseline 
(HR = 0.25) treated in DESTINY-Breast03 study 
to those without brain metastases, with an objec-
tive intracranial response rate of 63.9%.69 The 
phase II DEBBRAH trial showed high intracra-
nial activity in patients with HER2-positive BC 
with stable or active brain metastases.70 Similarly, 
the phase II TUXEDO-1 trial showed an intrac-
ranial response rate of 73.3% in patients with 
active brain metastases from HER2-positive 
BC71. Altogether, these results suggest that 
T-DXd could be administered as treatment for 
patients with active brain metastases from HER2-
positive BC, in case immediate local intervention 
is not indicated. Interestingly, an additional 
cohort of DEBBRAH trial is currently evaluating 
patients with HER2-low BC whose results could 
inform on T-DXd activity in HER2-low BC 
patients with brain metastases and/or leptome-
ningeal carcinomatosis.

Furthermore, other patients’ characteristics must 
be taken into account in selecting a given ADC. 
Indeed, besides some common side effects such as 
hematological toxicities, nausea, and vomiting, 
others are more typical for a given ADC. For 
instance, patients treated with T-DXd may be at 
increased risk of developing left ventricular dys-
function and treatment with T-DXd has not been 
studied in patients with a history of clinically sig-
nificant cardiac disease or left ventricular ejection 
fraction less than 50% prior to initiation of treat-
ment.6 Moreover, additional risk factors which may 
increase the possibility of cardiac events such as 
previous treatment with anthracycline agents might 
be considered in the choice of treatment. ILD is 
another relevant AE observed with T-DXd,72 thus 
patients with a history of noninfectious ILD treated 
with glucocorticoids or suspected ILD on imaging 
at screening were not eligible for inclusion in 
DESTINY-Breast04. On the other hand, SG can 
cause severe diarrhea; thus, it should be considered 

with caution for patients with gastrointestinal disor-
ders.64 Additionally, for SG, a role for pharmacog-
enomic testing is emerging since patients who are 
homozygous for the uridine diphosphate-glucuron-
osyl transferase 1A1 (UGT1A1)*28 allele are at 
increased risk for neutropenia, febrile neutropenia, 
and anemia.73

Challenges for the future: patient  
selection and ADCs sequencing
Given the increasing number of ADCs approach-
ing the clinic, even for HER2-low BC patients, 
and the practical impossibility of a head-to-head 
comparison for all of them, prediction of their 
activity through biomarker selection may be criti-
cal for a more accurate choice of treatment 
sequencing. The semiquantitative IHC assay cur-
rently used to define HER2-low BC does not 
allow to predict the activity of T-DXd. In 
DESTINY-Breast04, patients derived similar 
benefit from T-DXd regardless of the HER2 IHC 
score with a slightly longer PFS (10.3 versus 
10.1 months) and higher reduction in risk of pro-
gression (52% versus 45%) in the HER2 1+ sub-
group compared with tumors HER2 2+/
ISH-negative6. Differently, the phase II DAISY 
trial found a slightly different activity depending 
on the level of HER2 expression: indeed, response 
rate was higher in HER2-positive subgroup (ORR 
71%) with slight differences in the activity of 
T-DXd noted among HER2-low and HER2-0 
pretreated BC patients (ORR of 37.5% and 30%, 
mPFS of 6.7 and 4.2 months, respectively), 
although the small number of patients included in 
this study limits to derive definitive conclusion.74 
Notably, translational analysis from this study 
reported that beyond the magnitude of HER2 
expression also its spatial distribution matters, 
identifying a cluster of response.75 This could be 
related to the bystander effect, so large areas of 
target-negative cells distant to HER2 expressing 
tumor cells could impair the killing of the first. 
This adds an additional layer of complexity, but it 
opens the possibility to dissect HER2 intratu-
moral heterogeneity and identify clusters that are 
predictive of response that could be identified 
through artificial intelligence algorithms.

In the ASCENT trial, although even patients 
with Trop-2-low BC benefited from SG, the 
magnitude of response seems to be related to the 
level of target expression.76 Although Trop-2 
testing is nowadays not recommended since SG 
outperformed chemotherapy in all expression 
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subgroups, its expression level could be crucial in 
selecting which ADC to prioritize. The same may 
happen with other ADCs directed against novel 
targets being investigated for the treatment of this 
disease that could be prioritized through bio-
marker selection. Besides the identification of 
reliable biomarkers, this approach will require the 
development of validated assays and cutoffs to 
define antigen positivity as well as to better under-
stand the implication of dynamic expression of 
several targets.

Another upcoming challenge will be to unravel the 
mechanism through which resistance develops. 
Indeed, some ADCs target the same antigen or 
have a similar payload that acts through a shared 
mechanism and the question will be whether these 
could be used sequentially. As for traditional 
chemotherapies, sequential ADC administration 
seems feasible and effective. Initial evidence comes 
from HER2-positive BC in which both T-DXd77 
and trastuzumab duocarmazine8 have demon-
strated activity in patients previously treated with 
T-DM1, likely due to the different payload of these 
novel ADCs. Moreover, in the TROPION-
PanTumor01 trial testing datopotamab deruxte-
can (Dato-DXd) 30% of patients previously 
received a TOP1 inhibitor-based ADC.78 Although 
the ORR increased when removing patients pre-
treated with these ADCs, several responses were 
observed in this subset, suggesting that sequencing 
may still be effective. Regarding SG, RNA and 
whole-exome sequencing of pre- and post-progres-
sion specimens from three patients revealed that 
Trop-2 expression is required for response to SG 
and that resistance to this agent can emerge from 
genomic alterations in the antibody or payload tar-
gets, respectively Trop-2 and TOP1.79 Similarly, 
in the DAISY study, in 13 out of 20 patients (65%) 
treated with T-DXd was observed a decrease in 
HER2 expression at progression.75 These findings 
could inform therapeutic strategies to overcome 
resistance. For example, for some HER2-low BC 
patients, both SG and T-DXd are available treat-
ment options, and both have a TOP1 inhibitor 
payload. Therefore, resistance determined by 
alterations in TOP1 would likely confer cross-
resistance while target alteration would not affect 
the efficacy of the sequence.

HER2-ultralow: a return to the dichotomy?
The recently presented data of the DAISY trial 
suggested meaningful activity of T-DXd even in 

patients with HER2-0 mBC (ORR 30%, PFS 
4.2 months).74 The role of T-DXd in this sub-
group of patients is being investigated also in the 
ongoing DESTINY-Breast06 (NCT04494425) 
that includes patients with HER2 IHC 0 but mini-
mal expression (IHC score > 0 but < 1+), today 
defined as HER2-ultralow. Several hypotheses 
have been put forward to explain the activity of 
T-DXd in HER2-0 BC. Primarily, the subgroup 
of HER2 IHC 0 includes not only the absence of 
membrane staining, but also the incomplete and 
faint or barely perceptible membrane staining 
in ⩽ 10% of tumor cells.2 This minimal expression 
could be exploited by novel ADCs such as T-DXd 
to enable cytotoxic drug delivery. Another expla-
nation of activity could be related to the limita-
tions of pathology testing. Indeed, as most normal 
and BC cells express some degree of HER280 it is 
possible that the lack of IHC membrane staining 
may represent a false negative due to artifact of 
formalin fixation process or insufficient sensitivity 
of the IHC assay in the low ranges of HER2 
expression. Thus, misdiagnosis and low concord-
ance among pathologists on scores 0 and 1+ 
should be taken into account.9,10 Moreover, the 
spatial and temporal intratumor heterogeneity of 
HER2 may hamper the correct identification of 
true HER2 expression level. Finally, the presence 
of unconjugated payload in the bloodstream owing 
to incomplete conjugation during production and/
or linker lability could contribute to ADCs’ activ-
ity in tumors with low or minimal HER2 
expression.81

Regardless of the mechanism, the activity of 
T-DXd in HER2-0 suggests the inadequacy of 
the current HER2-low definition and testing 
assay. Emerging quantitative HER2 assays may 
improve our classification of HER2 expression 
and prediction of ADCs’ activity. Whether 
future studies will confirm the activity of next-
generation ADCs like T-DXd in HER2-0 BC, 
clinical practice will likely return to the dichoto-
mous HER2 classification based on which for 
HER2-positive BC there is an arsenal of anti-
HER2 agents (monoclonal antibodies, tyrosine 
kinase inhibitors, and ADCs) while for the whole 
group of HER2-negative BC T-DXd, and pos-
sibly other ADCs in the future, will be available. 
Emerging quantitative HER2 assays may 
improve our classification and prediction of 
ADCs activity possibly leading to consider 
HER2 expression as a continuous spectrum, just 
as for ER and PgR.
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Conclusions
The introduction of the novel targetable subset of 
HER2-low BC has led to a remarkable change in 
the treatment algorithms for patients with BC. 
HER2-low expression identifies patients with 
mBC who can derive benefit from T-DXd. 
However, along with this meaningful advance-
ment, several challenges have recently emerged in 
the field. We will need to optimize strategies for 
the identification of HER2-low BC through the 
development of more sensitive and reproducible 
HER2 assays. These assays, together with the 
results from ongoing trials, may lead to an evolu-
tion in the way we define HER2-low in the future. 
Moreover, with the availability of other ADCs for 
the treatment of BC, further investigations could 
provide optimized strategies for the treatment of 
HER2-low BC, such as by prioritizing a given 
ADC based on its target expression level, as well 
as by anticipating potential cross-resistance 
through the unraveling of mechanisms of resist-
ance to these agents. Ultimately, a refined under-
standing of how ADCs work and stop working 
will allow us to fully exploit their therapeutic 
potential and hopefully, extend the benefit of tar-
geting HER2 to a larger population of patients 
with mBC.
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