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TABLE 1 The most important BsAbs in treating BCa.

BsAbs BsAbs Targets Details of study Outcomes Ref

TPL

HER2 epitops
BsAb Sources: trastuzumab

and pertuzumab

In vitro
BT-474 SK-BR-3

HCC-1954 MDA-MB-
231 MDA-MB-468

and MCF-7
In vivo

female BALB/c mice

•Superior blocking action against HER2 heterodimerization compared to the
combination of trastuzumab and pertuzumab
•Effectively inhibits HER2 signaling in trastuzumab-resistant BCa cell lines
•Outperforms trastuzumab plus pertuzumab in inhibiting the growth of
trastuzumab-resistant BCa cell lines
•Eradicates established trastuzumab-resistant tumors in mice

(82)

p95HER2-
TCB

P95HER2 and CD3ϵ

In vitro
MCF7 MCF10A

Jurkat cells
In vivo

Humanized
xenograft models

•Potent anti-tumor effects on primary BCas and brain lesions that express
p95HER2
•Unlike TCBs targeting HER2 the p95HER2-TCB had no impact on
nontransformed cells that do not overexpress HER2

(83)

Four types
of BsAbs

HER2 and CD3
IgG-based bsAbs

In vitro
SKBR3 Her2 3 +;

MDA MB453 Her2 2
+; MDA MB231 Her2

1 +; MDA
MB468 Her2 0

In vivo
xenograft NGS
mice model

•Different valencies of the BsAbs did not significantly impact their
effectiveness in fighting tumors
•Fc domain enhanced the BsAbs’ ability to induce cytotoxic activity against
the cancer cells
•The Fc domain also triggered T-cell activation in a manner unrelated to the
presence of the target antigen
•The BsAbs efficiently redirected T cells to effectively eliminate all cancer cells
expressing HER2 including those with low levels of HER2 expression

(84)

BiMAbs
HER2/EGFR/CEA/EpCAM and

aCD3/aCD28
IgG1-Fc based format

In vitro
MCF-7 HT-1080/FAP

•Effectively activated T cells and induced cytotoxicity only in the presence of
tumor cells
•Combination treatment with aTAA–aCD3 BiMAb and co-stimulatory
aTAA–aCD28 or aTAA–TNFL fusion proteins significantly enhanced T cell
activation proliferation activation marker expression cytokine secretion and
tumor cytotoxicity

(85)

HER2-BsAb HER2 and CD3

In vitro
HCC1954
In vivo

BALB-Rag2−/−IL-2R-
gc-KO (DKO) mice

•Promoted of T-cell infiltration and suppression of tumor growth mainly
when used in conjunction with human PBMC or ATC

(86)

BAb
CEA and HER2

Murine IgG1 subclass

In vitro
SKOv3-CEA-1B9

In vivo
Double-positive
tumour-bearing

nude mice

•Enhanced tumor localization compared to single-specificity antibodies (87)

DF3xH22 MUC-1 and HER2
In vitro

R75-1 MCF-7 BT-20
T-47D SKBR-3

•Mediated the phagocytosis of MUC-1-expressing target cells
•Inducing ADCP

(88)

BsAb; mPEG
× HER2

mPEG and HER2
Anti-HER2 scFv and anti-

DNS scFv

In vitro
MCF7/HER2
(HER2high) and
MCF7/neo1
(HER2low)
In vivo

BALB/c nude mice

•One-step formulation of PLD using mPEG × HER2 enhanced tumor
specificity increased drug internalization and improve the anticancer activity
of PLD against HER2-overexpressing and doxorubicin-resistant BCa

(89)

TC-BsAb EGFR and HER2

In vitro
BT-474 and SK-BR-3

In vivo
female BALB/c
nude mice

•Demonstrated significantly greater potency in inhibiting the growth of BCa
cell lines compared to trastuzumab cetuximab and the combination of
trastuzumab plus cetuximab

(90)

Anti-EGFR/
VEGFR2
BsAb

EGFR and VEGFR2
Cetuximab IgG linked to the scFv

of ramucirumab via a
glycine linker

In vitro
MDA-MB-231 BT-20
MDA-MB-468 BT549

and HS578 T
In vivo

female athymic
nude mice

•Inhibited EGFR and VEGFR2 in TNBC cells disrupting the autocrine
mechanism
•Inhibited ligand-induced activation of VEGFR2 and blocked the paracrine
pathway mediated by VEGF secreted from TNBC cells in endothelial cells

(91)

(Continued)
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functionality. Additionally, it underscores the promising potential
of BsAbs as a therapeutic choice for BCa patients, particularly those
with low or varied HER2 expression. By proficiently targeting
cancer cells that express HER2, even those with minimal HER2
levels, BsAbs present a promising avenue for enhancing
BCa treatment.

A study aimed to improve the efficacy of T cell-recruiting BsAb
(BiMAb) for solid TAAs in carcinomas has been challenging
compared to hematologic malignancies (85). The researchers put
forward a hypothesis that the combination of co-stimulatory
Bispecific Monoclonal Antibodies (BiMAb) with aTAA–aCD3
BiMAb could bolster T cell activation and their ability to
multiply, thus improving the targeting of tumor antigens that are
expressed weakly or heterogeneously. Various combinations of
aTAA–aCD3 and aTAA–aCD28 BiMAb in a tetravalent IgG1-
Fc format were examined, targeting multiple BCa antigens like
HER2, ep i the l i a l ce l l adhes ion molecu le (EpCAM),
carcinoembryonic antigen (CEA), and epidermal growth factor
receptor (EGFR). Additionally, they explored bifunctional fusion
proteins of aTAA–tumor necrosis factor ligand (TNFL)

superfamily members, including 4-1BBL, OX40L, CD70, and
TL1A. To evaluate the functionality of these BiMAbs, the
researchers conducted tests using co-cultures of tumor cell lines
and purified T cells in monolayer and tumor spheroid models. The
results revealed that aTAA–aCD3 BiMAb effectively activated T
cells and induced cytotoxicity only in the presence of tumor cells,
signifying a strict reliance on cross-linking. Furthermore, the
combination treatment of aTAA–aCD3 BiMAb with co-
stimulatory aTAA–aCD28 or aTAA–TNFL fusion proteins led
to a significant enhancement in T cell activation, proliferation,
activation marker expression, cytokine secretion, and their ability to
target and destroy tumor cells (85).

Moreover, co-stimulation of BiMAb decreased the minimum
needed dose for T-cell activation. The co-stimulation is able to
inhibit immune-suppressive effects of interleukin (IL)-10 and
tumor growth factor (TGF)-b on T cell activation and the
formation of memory cells (108). Furthermore, using immune
checkpoint inhibitors (ICIs) intensified the co-stimulation
facilitated by BiMAb. This effective co-stimulation could be
achieved by targeting a secondary BCa antigen or fibroblast

TABLE 1 Continued

BsAbs BsAbs Targets Details of study Outcomes Ref

HB-32

DLL4 and VEGF
Derived from Bevacizumab and

H3L2 was use as the parental mAb
The anti-DLL4 antibody (H3L2)

was generated using the hybridoma
technique and

humanized transformation

In vitro
MDA-MB-231 cells

In vivo
BALB/c nude mice

•Effectively inhibited the proliferation migration and tube formation of
HUVEC which are involved in angiogenesis
•HB-32 inhibited the proliferation of BCa cells and induces tumor cell
apoptosis more effectively than treatment with an anti-VEGF antibody or an
anti-DLL4 antibody alone

(92)

HER2xPRLR
bispecific
ADC

HER2 and PRLR
A fully human mAb to human

PRLR and “in-house trastuzumab”

In vitro
HEK293 cells

•Significantly enhanced the degradation of HER2 and the cell-killing activity
of a noncompeting HER2 ADC—in BCa cells that coexpressed HER2
and PRLR

(93)

PRLR-DbsAb PRLR and CD3

In vitro
MDA-MB-231 MCF-7

and SKBR-3 cells
In vivo

Female NOD/
SCID mice

•Activated T cells and stimulated the release of antitumor cytokines
•Showed significant inhibition of tumor growth and increased survival
compared to traditional mAb treatment

(94)

MDX-21 HER2 and FcgRI (CD64)
In vitro

SK-BR-3 BT-20
T-47D

•Induce phagocytosis and cytolysis of BCa cells by human MDMs
•Induced ADCP and ADCC
•Combining MDX-H210 and G-CSF did not demonstrate significant
therapeutic efficacy regarding clinical responses
•Isolated neutrophils from patients undergoing G-CSF treatment displayed
high cytotoxicity in the presence of MDX-210

(95)

MesobsFab Mesothelin and FcgRIII (CD16)

In vitro
BT-474 HCC1806 SK-
BR-3 and MDA-MB-

231
In vivo

Humanized
xenograft models

•Facilitated the recruitment and infiltration of NK cells into tumor spheroids
•Induced ADCC
•Elicited dose-dependent cell-mediated cytotoxicity against mesothelin-
positive tumor cells
•Induced cytokine secretion
•Reduced cell invasiveness

(96)

HER2bsFab
HER2 and FcgRIII (CD16)

Fab-like BsAb

In vitro
SK-OV-3 SK-BR-3
BT-474 MCF-7

•Effectively inhibited the growth of HER2-high tumors by recruiting resident
effector cells expressing mouse FcgRIII and IV
•Showed superior inhibition of HER2-low tumor growth compared
to trastuzumab

(97)

BsAb
HER2 and FcgRIII (CD16)
A trivalent anti-erbB2/anti-

CD16 BsAb

In vitro
SKBR3 cells

•Activated NK cells to enhance anti-tumor immune responses (98)
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p85 subunit of PI3K, plays a critical role in PI3K/AKT pathway activation when dimerized 
with HER2 [11]. 

 

Figure 1. Schematic representation of HER2 signaling regulation. HER2 is the preferred partner 
for forming heterodimers (pairing) with other EGFR family members, such as HER1 (EGFR), HER3, 
and HER4. When a ligand binds to other EGFR family members, dimerization occurs, which activate 
the intrinsic tyrosine kinase activity of HER2, resulting in initiating downstream signaling cascades. 
These pathways contribute to regulating gene expression, cell cycle progression, cell motility, and 
other cellular functions. Figure was made using BioRender. 

HER2 crosstalks with other signaling pathways through downstream targets. Akt ac-
tivation not only promotes cell survival and growth but also crosstalks with other path-
ways. Akt can phosphorylate and activate mTOR (mammalian target of rapamycin), 
which regulates protein synthesis and cell growth [12]. Additionally, Akt can phosphory-
late and inhibit TSC2 (tuberous sclerosis complex 2), activating the mTORC1 complex and 
the subsequent phosphorylation of downstream targets involved in protein synthesis [13]. 
HER2 activation can also lead to the activation of Ras, a small GTPase protein. Ras acti-
vates Raf, which initiates a cascade leading to the activation of ERK (extracellular signal-
regulated kinase) [14]. ERK activation can crosstalk with the PI3K/Akt/mTOR pathway by 
phosphorylating and activating mTORC1 or directly phosphorylating and inhibiting 
TSC2, leading to mTORC1 activation [15]. ERK can also crosstalk with the JNK (c-Jun N-

Figure 1. Schematic representation of HER2 signaling regulation. HER2 is the preferred partner
for forming heterodimers (pairing) with other EGFR family members, such as HER1 (EGFR), HER3,
and HER4. When a ligand binds to other EGFR family members, dimerization occurs, which activate
the intrinsic tyrosine kinase activity of HER2, resulting in initiating downstream signaling cascades.
These pathways contribute to regulating gene expression, cell cycle progression, cell motility, and
other cellular functions. Figure was made using BioRender.

HER2 crosstalks with other signaling pathways through downstream targets. Akt
activation not only promotes cell survival and growth but also crosstalks with other path-
ways. Akt can phosphorylate and activate mTOR (mammalian target of rapamycin), which
regulates protein synthesis and cell growth [12]. Additionally, Akt can phosphorylate and
inhibit TSC2 (tuberous sclerosis complex 2), activating the mTORC1 complex and the sub-
sequent phosphorylation of downstream targets involved in protein synthesis [13]. HER2
activation can also lead to the activation of Ras, a small GTPase protein. Ras activates Raf,
which initiates a cascade leading to the activation of ERK (extracellular signal-regulated
kinase) [14]. ERK activation can crosstalk with the PI3K/Akt/mTOR pathway by phospho-
rylating and activating mTORC1 or directly phosphorylating and inhibiting TSC2, leading
to mTORC1 activation [15]. ERK can also crosstalk with the JNK (c-Jun N-terminal kinase)
pathway, influencing cellular responses such as apoptosis and proliferation [16,17]. HER2
signaling can crosstalk with the Wnt/�-catenin pathway, which is crucial in regulating
tumor progression [18]. The activation of HER2 signaling can lead to the stabilization

Cheng, X. Genes 2024, 15, 903. 
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metastatic disease.
Fourteen patients with breast, rectal, or gastric cancer were enrolled. 

Consistently with previous evidence, most AEs were transient and 
reversible. Here, only two severe adverse events (SAEs) were attributed 
to the experimental drug: one patient experienced an allergic reaction, 
and the other experienced fever and gastrointestinal disturbances 
requiring hospitalisation. Both SAEs reverted after treatment discon-
tinuation and supportive management.

Regarding efficacy, one partial response (PR) and two disease sta-
bilizations (SD) were observed after the first treatment cycle (Haense 
et al., 2016).

Another bsAb that simultaneously binds HER2 on BC cells and the 
FcγRI (CD64) expressed on myeloid progenitors, monocytes, macro-
phages, and polymorphonuclear (PMN) cells is MDX-H210.

Preclinical studies (Stockmeyer et al., 1997) demonstrated the ability 
of MDX-H210 to bind FcγRI on PMN primed with 
granulocyte-colony-stimulating factor (G-CSF) and its cytotoxic effect 
against HER2-overexpressing cells.

Two phase I trials (Pullarkat et al., 1999; Repp et al., 2003) of 
MDX-H210 in combination with G-CSF enrolled patients with HER2+
mBC after failure of at least two standard chemotherapy and/or hor-
monal treatments.

The primary objective of both trials was to evaluate the safety profile 
of MDX-H210, determine the maximum tolerated dose (MTD), and the 
biologically active dose, while the secondary objective was to define the 
clinical response.

As with ertumaxomab, the main toxicity events were: fever, nausea, 
vomiting and diarrhoea with no evidence of grade 4 AEs.

In terms of efficacy, no objective response was reported, with stable 
disease as best response (Repp et al., 2003).

A phase Ia/Ib trial (Valone et al., 1995) of MDX-H210 in patients 
with either breast or ovarian cancer yielded similar results.

M802 is a bsAb composed of two units. The first unit contains a 
heavy chain and a light chain that bind HER2 similarly to trastuzumab. 
The second unit is a single chain binding CD3. In preclinical (Yu et al., 
2019) models, M802 combined the ability to bind HER2, down-
regulating its intracellular signalling pathway, while retaining a mod-
erate binding capacity to CD3 on T cells. This property allowed M802 to 
exert sufficient cytotoxicity while reducing the potential side effects of 
CRS.

In these preclinical models, M802 showed superior efficacy 
compared to trastuzumab in both HER2-expressing and trastuzumab- 
resistant cell lines and overcame multiple anti-HER2 resistance mecha-
nisms (Yu et al., 2019).

These data led to M802 being tested in an ongoing dose-escalation 
clinical trial in HER2+ advanced BC patients (US National Library of 
Medicine, 2021b).

PRS-343, also known as cinrebafusp alfa, is a bispecific fusion pro-
tein that targets HER2 on tumour cells and the costimulatory immune 
receptor 4–1BB on T cells.

A phase I dose-escalation trial evaluated the activity and safety 
profile of this drug in 78 patients with HER2+ solid tumours (Ku et al., 

Table 1 
Selected trials with ICEs in clinical development in breast and other solid malignancies. In the table above available data and information about ICEs in clinical 
investigation are provided. Abbreviations: NA: not available; PR: partial response, SD: stable disease, CR: complete response; PD: progression disease; AE: adverse 
event; SIRS: severe immune-related syndrome; ARDS: acute respiratory distress syndrome; AKI: acute kidney impairment; IRR: infusion-related reactions; CRS: 
cytokine release syndrome; ORR: objective response rate, DCR: disease control rate; CBR: clinical benefit rate; DLT: drug limiting toxicity; mOS: median overall 
survival; MTD: maximum tolerated dose.

Trial 
Identifier

Drug Phase Engagement Cancer type Main AEs Outcomes Trial status

NCT00351858 Ertumaxomab I HER2xCD3 HER2+ BC G3 Lymphocytopenia (76 %) 
G3 Elevation of liver enzymes (47 %) 
1 severe hypotension and ARDS 
1 SIRS and AKI

1/15 CR 
2/15 PR 
2/15 SD

Terminated

NCT01569412 Ertumaxomab I/II HER2xCD3 HER2+ advanced 
solid tumors

G3 Fatigue (43 %) 
G3 Fever (14 %) 
G3 Pain (21 %) 
1 Allergic reaction 
1 SIRS

1/11 PR 
2/11 SD

Terminated

NCT03330561 PRS−343 I HER2x4–1BB HER2+ solid 
tumors

IRR (25 %) 
Nausea (7 %) 
Arthralgia (5 %)

12 % ORR 
52 % DCR

Completed

NCT03922204 MCLA−145 I PD-L1x4–1BB Advanced solid 
tumors

G3 febrile neutropenia 
ALT/AST elevation 
Fatigue 
Myositis

NA Recruiting

NCT04128423 AMV564 
+/-Pembrolizumab

I CD33xCD3 Advanced solid 
tumors

Pyrexia, injection site reactions, fatigue, 
anemia, hypotension, pruritis, chills, and 
nausea 
G2 CRS

1/20 CR Active, not 
Recruiting

NCT02324257 RO6958688 I CD3xCEA CEA+ advanced 
solid tumours

G3 IRR (16.3 %) 
G3 diarrhea (5 %)

2/36 PR Completed

NCT02650713 RO6958688 
+ Atezolizumab

I CD3xCEA CEA+ Advanced 
solid tumours

IRR, 
Diarrhea, 
G3 dyspnea, 
G3 hypoxia 
G4 colitis 
G5 respiaratory failure

2/10 PR Completed

NCT04501744 M701 I CD3xEpCAM EpCAM+ tumor 
cells in ascites

Hypoproteinemia 
anemi 
hypokalemia 
hyponatremia

ORR 
62.5 %; 
DCR 
100 %;

Recruiting

NCT04143711 DF1001 I/II HER2xCD3xCD16 HER2+ advanced 
solid tumors

infusion related reactions (26 %) 
asthenia (15 %) 
fatigue (12 %),

5 PR 
22 SD 
CBR 
39.7 %

Recruiting
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The immune cell engagers (ICEs) era in breast cancer 

Caltavituro A.Crit Rev Oncol Hematol. 2025

2021) and are currently the only immunotherapeutic agents approved 
for the treatment of this disease in these settings, whereas ICIs have been 
tested and are still under investigation in HER2+ (Emens et al., 2020; 
Loi et al., 2019b) and HR+ BC subtypes (Cardoso et al., 2023; Loi et al., 
2023). Despite ICIs activity, primary and acquired resistance may 
hamper the efficacy of these drugs. Several resistance mechanisms have 
been described, including loss of function mutation in the major histo-
compatibility complex (MHC) components (Gettinger et al., 2017) and 
disruption of interferon-gamma signalling in cancer cells (Sucker et al., 
2017).

Hence, while immunotherapy reshaped the treatment of TNBC, in-
vestigations are underway either to broaden the indication of these 
treatments to the other BC subtypes and to overcome resistance.

In this context, a new class of immunotherapeutic agents, immune 
cell engagers (ICEs), is gaining momentum in solid malignancies. 
Despite these molecules are still under clinical development, they might 
have a role in BC treatment, broadening the current indication and 
improving the efficacy of immunotherapy in this disease.

Here we will review the main pharmacological properties of ICEs, 
also focusing on their safety profile as well as on the potential strategies 
to implement their use in the practice. Lastly, we will explore the 
emerging role of ICEs in BC by reporting the available data about the 
compounds that are under investigation.

2. ICEs general structure and classification

Immune cell engagers are an emerging class of immunotherapeutic 
agents that enhance tumour cell killing by redirecting immune effector 
cells against cancer cells (Fenis et al., 2024; Fucà et al., 2021).

The capability to bind two or more epitopes simultaneously differ-
entiates ICEs from other antibody-based therapies such as monoclonal 
antibodies (mAbs) and antibody-drug conjugates (ADCs) (Labrijn et al., 
2019). Compared to mAbs, ICEs have several advantages, both in terms 
of tumour-cell selectivity and reduction of resistance which improves 
therapeutic efficacy (Mazor et al., 2015).

These drugs are classified based on their “functionality”, i.e., the 
number of cells targeted simultaneously, and on their “specificity”, i.e., 
the number of antigens or epitopes recognized.

Thus, bi-, tri- or even tetravalent ICEs can contact up to four different 
cells, while bi-, tri- or multispecific ICEs combine the binding site of two 
or more epitopes.

Most ICEs, are transbinding bispecific antibodies (bsAbs) that 
simultaneously recognize and contact both cancer cells and cells 
involved in immune response in order to create an immune cytolytic 

synapse, which ultimately leads to tumour cell death (Thiery et al., 
2011). (Fig. 1)

In cancer treatment, bsAbs are used to stimulate a strong immune 
response by poorly immunogenic tumours. In fact, bsAbs promote the 
interaction between tumour-associated antigens (TAAs), which are 
mainly expressed by cancer cells, and receptors or proteins expressed by 
effector cells of the immune system. This unique mechanism of action 
leverages immune cell priming and activation and results in lower on- 
target/off- tumour toxicity (Rudolph et al., 2006; Trabolsi et al., 2019).

The manufacturing processes of bsAbs are very complex and have 
evolved over the last decades (Wang et al., 2019). Recently, thanks to 
advances in antibody and protein engineering, various platforms have 
been created for the production of different types of bsAbs. Currently, 
bsAbs are produced via different and sophisticated techniques whose 
discussion goes beyond the scope of this review. It is worth mentioning 
that orthogonal Fab interfaces, DuoBody, XmAb, CrossMab and 
knobs-into-holes are the most widely used and well-known techniques 
for bsAbs development (Ma et al., 2021a; Wang et al., 2019).

Structurally, natural IgG antibodies consist of two identical light 
chains (LCs) and heavy chains (HCs). Disulfide bonds link together each 
domain generating three zones: two antigen-binding fragments (Fabs) 
that are responsible for antigen recognition, and one crystallizable 
fragment (Fc). Bispecific antibody-based ICEs can be classified more 
precisely based on their structural affinity to IgG. There are two main 
categories: fragment variable (Fv)-based ICEs, also referred to as non- 
IgG-like bsAbs, and immunoglobulin G (IgG)-based ICEs (Spiess et al., 
2015). Fv-based ICEs consist of two single-chain fragment variables 
(scFvs) derived from two different monoclonal antibodies.

Fv-based ICEs are minimalist forms of a functional antibody that 
result from the fusion of variable domains of the IgG heavy and light 
chain via a flexible polypeptide linkage (Wang et al., 2019). One scFvs 
can recognize a specific TAA, while the other contacts a specific mole-
cule expressed on effector cells of the immune system (Choi et al., 2011).

IgG-based ICEs, on the other hand, consist of two different Fvs or Fab 
fused to a Fc region in an IgG-like molecule (Labrijn et al., 2019).

Fragment variable-based ICEs are easier to produce and exert less 
immunogenic activity. Their relatively low molecular weight, which is 
due to the absence of an Fc region, ensures deeper penetration into tissue 
along with a rapid renal elimination (Spiess et al., 2015). Conversely, 
IgG-based ICEs are more stable, exhibit higher plasma solubility, has 
stronger antigen affinity and a longer half-life with lower renal clearance 
which affects dosing and toxicity (Kontermann and Brinkmann, 2015; 
Ma et al., 2021a; Shin et al., 2022). Moreover, the presence of the Fc 
region is also required to trigger Fc-mediated effector functions, namely, 
ADCC and complement fixation (CDC) (Griguolo et al., 2019). By 
contrast, the activity of Fv-based ICEs relies only on their 
antigen-binding ability (Ma et al., 2021a).The biological differences 
between these antibodies are likely to influence their clinical develop-
ment and eventually their use in clinical practice (Shin et al., 2022) 
(Fig. 2).

3. ICEs mechanism of action

Various immune effector cells can be engaged in the synapses com-
plex created by ICEs, including: T cells, natural killer (NK) cells and 
cytotoxic-phagocytic cells (Gleason et al., 2012; Kamakura et al., 2021; 
Schweizer et al., 2002) (Fig. 3).

The so-called bispecific T cell engagers (BiTEs), consist of two 
interconnected scFv that simultaneously target a TAA on a neoplastic 
cell and a component of the T cell receptor (TCR), mainly CD3 on T cell 
(Kamakura et al., 2021).Normally, the TCR recognizes TAAs presented 
by MHC molecules on the cancer cell itself or on antigen-presenting cells 
(APCs). Indeed, the loss or depletion of MHC, especially MHC-I on 
cancer cells, is a mechanism by which tumours elude immune surveil-
lance (Aptsiauri et al., 2018). In this scenario, BiTEs can redirect T cells 
against TAAs without the intervention of the MHC-TCR complex, thus 

Fig. 1. Formation of the artificial immune cytolytic synapse between effector T 
cells and cancer cells via immune cell engagers. After the engagement between 
the immune effector cell and the cancer cell, granzymes and perforins released 
by T cells lead to cancer cell death. Abbreviations: TAA: tumour-associated 
antigens; ICE: immune cell engagers; bsAbs: bispecific antibodies. (Created 
with BioRender.com).
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CMMTN Inmuno-quimioterapia 

▪ KEYNOTE (KN)-355: Demonstration of the efficacy of PD-1 blockade with pembrolizumab in combination 
with chemotherapy as a first-line for patients with mTNBC with high expression of PD-L1 (CPS ≥ 10).

Blocking the PD-1/L1 pathway in mTNBC 

ITT – All CPS
Pembro + Chemo Placebo + Chemo

N = 566 N = 281
ORR 41.0% (36.9 - 45.2) 35.9% (30.3 - 41.9)
PFS, median 7.5 mo (6.3 - 7.7) 5.6 mo (5.4 - 7.3)
OS, median 17.2 mo (15.3-19.0) 15.5 mo (13.9 -17.2)

Cortes et al NEJM 2022; Rugo et al SABCS 2021; Cortes et al Lancet 2020; Sigurjonsdottir et al Breast Cancer Res 2023

In Pre-KN522 era
60-70% of patients are not candidates 

for anti-PD1 in 1st line setting 

OS in the ITT population – All CPSOverall Survival (OS) in CPS ≥ 10 Subgroup

Median OS 16.1mo

Median OS 23.0mo

Median OS 15.5mo

Median OS 17.2mo

ITT : Intention to treat
Mo: months

ORR: Objective Response Rate
PFS progression free survival



CMMTN Incrementar Inmunogenicidad 
Anti-PD-1/L1, anti-VEGF and 
chemotherapy combination - Rationale

Chen, Daniel S. et al. Immunity, 2013; Galassi et al Cancer Cell 2024

Chemotherapy

Anti-VEGF

Anti-PD1/PDL1

The Cancer Immunity Cycle
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Combination with Nab-Paclitaxel for First Line Treatment of Locally 
Advanced or Metastatic Triple-Negative Breast Cancer
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Ivonescimab PM8002/BNT327 AK105 + Anlotinib

Type anti–PD1 and VEGF-A
 bispecific antibody 

anti–PDL1 and VEGF-A
 bispecific antibody 

AK105 = Penpulimab, anti-PD1 mAb
Anlotinib= multi-targeting antiangiogenic TKI 

Structure

Zhong et al, J Immunother Cancer. 2022; Huang et al, Frontiers in Immunology 2022; Shen J Hematology & Oncology 2018; Lin et al Gene 2018 

Single-chain variable fragment (scFv) of anti-PD-1/PD-L1 
antibody attached to the heavy chain of an anti-VEGF antibody

Suppression of Fragment crystallizable (Fc) 
irAEs (avoid ADCC and CDC) and          half-life irAES: Immune-Related Adverse Events

ADCC: Antibody-dependent cell-mediated cytotoxicity
CDC: Complement-dependent cytotoxicity

Anti-PD-1/L1, anti-VEGF and taxane combination in 
1st Line in patients with mTNBC - Key Characteristics

Anti-PD-1/L1, anti-VEGF and taxane combination in 
1st Line in patients with mTNBC - Study Designs

Ivonescimab PM8002/BNT327 AK105 + Anlotinib
Study Design Phase II Phase Ib/II Phase II

Population No previous systemic therapy
DFI ≥12 months No previous systemic therapy No previous systemic therapy

DFI ≥ 6 months

Intervention Ivonescimab
+ Paclitaxel or nab-Paclitaxel

PM8002/BNT327
+ nab-Paclitaxel

AKT105 + Anlotinib
+ nab-Paclitaxel

N 36 42 43

PD-L1 CPS ≥10 6 (16.7%) 9 (21.4%) 5 (11.6%)

Liver/Brain metastases 7 (19.4%) / 1 (2.8%) 16 (38.1%) / 2 (4.8%) 10 (23.3%) / 3 (6.9%)

Neo/adjuvant  Taxane 28 (66.7%) 20 (55.6%) 15 (34.9%)
Neo/adjuvant 

anti-PDL1 No ? No No

DFI: Disease Free Interval Ouyang et al, Wu et al, Zhang et al 
SABCS24 
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Anti-PD-1/L1, anti-VEGF and taxane combination in 
1st Line in patients with mTNBC - Outcomes

Ivonescimab
N=36 

PM8002/BNT327 
N=42 

AK105 + Anlotinib
N=43

ORR 80.0% (63.1-91.1) 73.8% (58.0, 86.1) 75.0% (58.8-87.3)

Progressive Disease 0 2 (4.8%) 1 (2.5%)

PFS
Median, mo 9.36 mo (6.24 - NE) 13.5 mo (9.4 - 19.3) 10.64 mo (7.59 - 10.69)

OS - 12-mo OS rate: 80.8% (65.3 - 89.9) Median: NR (13.3 - NR)

Significant antitumor activity and low primary resistance 
ORR and PFS seem independent of PDL1 expression

PDL1 CPS <1
N=17

PDL1 CPS <10
N=29

PDL1 CPS ≥10
N=6

ORR 88.2% (63.6-98.5) 79.3% (60.3-92.0) 83.3% (35.9-99.6)

PFS 9.30mo (5.26-NE) 9.30mo (5.55-NE) NR (5.36-NE)

PDL1 CPS<1
N=13

PDL1 1≤CPS<10
N=16

PDL1 CPS≥10
N=9

ORR 76.9% (46.2, 95.0) 56.3% (29.9, 80.3) 100% (66.4, 100)

PFS 18.1mo (5.7, NR) 14.0mo (7.2, NR) 10.8mo (5.5, 13.5)

ORR: Objective Response Rate 
NE: not evaluable
NR: not reached

Ouyang et al, Wu et al, Zhang et al 
SABCS24 
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Efficacy Summary
All patients

(N=30)

Best Overall Response (BOR), n (%)

n 29 a

CR 2 (6.9)

PR 19 (65.5)

SD 8 (27.6)

Objective Response Rate (ORR), n (%) 21 (72.4)

Disease Control Rate (DCR), n (%) 29 (100)

DOR (months)

Median (95%CI) 7.49 (3.91, NE)

6-month DOR Rate,  % (95%CI) 68.9 (40.2, 85.9)

PFS

Median (95%CI), month 9.30 (6.24, NE)

6-month PFS rate, % (95%CI) 73.3 (51.8, 86.3)
a Out of the 30 patients enrolled，29 patients had at least one post-baseline tumor assessment.
Abbreviation: CR, complete response; PR, partial response; SD, stable response; CI, confidence interval; 
NE, not estimation; PFS, progression-free survival.
Data cutoff date: May 31, 2024. Efficacy in the Overall Population and by PD-L1 expression

▪ PM8002/BNT327 showed clinically meaningful efficacy irrespective of PD-L1 status (assessed by means of the PD-L1 IHC E1L3N assay)

CPS, combined positive score; CR, complete response; cORR, confirmed ORR; DCR, disease control rate; IHC, immunohistochemistry;  mDoR, median duration of response; mPFS, 
median progress-free survival; mTTR, median time to response; Mo, month; ORR, objective response rate; PD, progressive disease; PR, partial response; SD, stable disease; SoD, 
sum of diameters

▪ For the ITT population, mTTR was 1.9 mo and mDoR 11.7 mo;
mOS was not reached

Variable ITT PD-L1 
CPS<1

PD-L1
1≤CPS<10

PD-L1
CPS≥10

NOT 
DETECTED

Population (n) 42 13 16 9 4

CR 1 (2.4) 0 (0.0) 1 (6.3) 0 (0.0) 0 (0.0)
PR 32 (76.2) 10 (76.9) 10 (62.5) 9 (100.0) 3 (75.0)
SD 7 (16.7) 3 (23.1) 4 (25.0) 0 (0.0) 0 (0.0)
PD 2 (4.8) 0 (0.0) 1 (6.3) 0 (0.0) 1 (25.0)

ORR %
(95% CI)

78.6
(63.2, 89.7)

76.9
(46.2, 95.0)

68.8
(41.3, 89.0)

100.0
(66.4, 100.0)

75.0
(19.4, 99.4)

cORR %
(95% CI)

73.8
(58.0, 86.1)

76.9
(46.2, 95.0)

56.3
(29.9, 80.3)

100.0
(66.4, 100.0)

75.0
(19.4, 99.4)

DCR %
(95% CI)

95.2
(83.8, 99.4)

100.0
(75.3, 100.0)

93.8
(69.8, 99.8)

100.0
(66.4, 100.0)

75.0
(19.4, 99.4)

mPFS
(Mo), (95%CI)

13.5
(9.4, --)

NR
(5.7, --)

14.0
(7.2, --)

10.8
(5.5, 13.5)

14.0
(1.8, --)

-100

-80

-60

-40

-20

0

20

40

60

Be
st 

Ch
an

ge 
fro

m 
Ba

sel
ine

 (%
)

NOT DETECTEDCPS≥10
1≤CPS<10CPS<1

SoD change of  target lesion(s)



CMMTN 1ª línea taxanos+ antiVEGF-Anti PD1/PDL1

Wu J, Wang Q
ESMO 24
SABCS24

Anti-PD-1/L1, anti-VEGF and taxane combination in 
1st Line in patients with mTNBC - Safety 

Ivonescimab
(Any/G3-4) 

N=36

PM8002/BNT327
(Any/G3-4)  

N=42

AK105 + Anlotinib
(Any/G3-4) 

N=43

TRAEs 100% 50% 100% 59.5% - -

TRAEs leading to discontinuation 0 9.5% -

Hematological
• Neutrophil decreased
• Anemia

56%
47%

19%
3%

85%
76%

20%
5%

51%
49%

21%
2%

Hepatotoxicity 50% 5.6% 28% <5% 51% 10%
Anti-VEGF toxicities
• Hypertension
• Proteinuria

- - 23.8%
64%

5%
5%

42%
-

12%
-

IrAEs - - 31.0% 9.5% - -

Death 0 0 One from hepatitis

Mainly hematological and hepatic toxicity
so far Ouyang et al, Wu et al, Zhang et al 

SABCS24 



Anti-PD-1/L1, anti-VEGF and taxane combination in 
1st Line in patients with mTNBC – Benchmark  

80%

74%

75%

81%

55%

54%

41%

NCT05227664

 NCT05918133

NCT05244993

FUTURE-C-Plus

ATRACTINIB trial

CPS ≥ 10

ITT

ORR (%)
N= 36

N= 42

N= 43

N= 100

N= 48

N= 220

N= 556

Ivonescimab + Chemo 

PM8002/BNT327 + Chemo

AK105 + Anlotinib + Chemo

Atezolizumab + 
Bevacizumab + Chemo

Camrelizumab + Famitinib
 + Chemo

Ouyang et al, Wu et al, Zhang et al SABCS24; Gion M SABCS 2023; 
Chen et al Clinical Cancer Research 2022; Cortes et al NEJM 2022 

*(CD8 IHC ≥10%)

mo

indirect and informal comparison

Pembrolizumab + Chemo*

*Phase III

KN_355

9.3

13.5

10.6

13.6

11

9.7

7.5

PFS (months)

mo

mo

mo

mo

mo

mo

Immunomodulatory TNBC*
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Conclusiones

Datos prometedores 
Estudios precoces No randomizados 

CMMTN 1ª línea an#VEGF-An# PD1/PDL1

Journal of Oncology 3

Table 1: Phase III studies with bevacizumab and chemotherapy as first-line treatment of metastatic breast cancer.

Study Treatment line Arms Patients Response rate
Progression-free
survival

Overall survival Crossover

E2100
(2007)

First Paclitaxel q1w +/−
Bev 10 mg/kg q2w

722
36.9% versus

21.2%
(P < 0.001)

11.8 versus 5.9
months [HR 0.6
(0.51–0.7)]

26.7 versus 25.2
months [HR 0.88
(P = 0.16)]

Not allowed

AVADO
(2008)

First

Docetaxel q3w + Bev
15 mg/kg or Bev
7.5 mg/kg or Placebo
q3w

736

64% (P < 0.001)
versus 55%
(P = 0.07)
versus 46%

10.1 [HR 0.77
(0.64–0.93)] versus
9.0 [HR 0.86
(0.72–1.04)] versus
8.2 months

30.2 [HR 1.03
(0.7–1.3)] versus
30.8 [HR 1.05
(0.81–1.36)] versus
31.9 months

Allowed

RIBBON 1
(2009)

First

Capecitabine q3w +
Bev 15 mg/kg q3w or
Placebo q3w
Anthracycline1/
Taxane2 q3w + Bev
15 mg/kg q3w or
Placebo q3w

1,237

35.4% versus
23.6%

(P = 0.009)
51.3% versus

37.9%
(P = 0.005)

8.6 versus 5.7
months [HR 0.69
(0.56–0.84)]
9.2 versus 8.0
months [HR 0.64
(0.52–0.80)]

29.0 versus 21.2
months [HR 0.85
(0.63–1.14)]
25.2 versus 23.8
months [HR 1.03
(0.77–1.38)]

Allowed

1Adriamycin or Epirubicin + Cyclophosphamide +/− 5-Fluorouracil q3w; 2Docetaxel or nab-Paclitaxel q3w.
Abbreviations: ORR: overall response rate; PFS: progression-free survival; HR: hazard ratio; LD: low dose; HD: high dose.

0 0.5 1 1.5 2

n

722

489

488

615

622

2936

E2100

AVADO 7.5 mg/kg

AVADO 15 mg/kg

RIBBON-1 (capecitabine)

RIBBON-1 (taxane/anthra)

Total (random effect)

HR 0.48 (CI 95% 0.39–0.61)

HR 0.86 (CI 95% 0.72–1.04)

HR 0.77 (CI 95% 0.64–0.93)

HR 0.68 (CI 95% 0.54–0.86)

HR 0.77 (CI 95% 0.6–0.99)

HR 0.7 (CI 95% 0.57–0.86)

Figure 1: Progression-free survival hazard ratios. Abbreviations: Anthra: anthracycline; n: number of patients.

RIBBON-1 trials. Individually, a consistent PFS benefit
was observed across all three trials. Our meta-analysis
shows a statistically significant benefit obtained by adding
bevacizumab to chemotherapy in the first-line treatment
of MBC patients: the overall HR was 0.70 (95% CI, 0.57
to 0.86), corresponding to a 30% reduction of the hazard
of progression for bevacizumab-based regimens. Statistically
significant heterogeneity was observed between the studies
(P = 0.0006), I2 = 77%.

3.2.2. Progression-Free Survival according to Subgroups. PFS
was assessed according to hormone receptor status (positive
or negative), prior adjuvant chemotherapy (yes or no), age
(<65 years versus ≥65 years), use of prior taxane (yes or
no), and DFI (short or long), although the definition of DFI
differed between the trials. For instance, AVADO and E2100
trials stratified DFI in≤24 months versus >24 months, while
RIBBON-1 considered ≤12 months versus >12 months.

The addition of bevacizumab to chemotherapy consis-
tently showed a PFS benefit in all analyzed subgroups, as
shown in Figure 2. Interaction tests were carried out and
did not reveal any significant interaction between analyzed
covariates and bevacizumab effect (P = 0.74).

3.2.3. Overall Survival. Figure 3 shows the HR for OS in each
individual trial and the overall analysis. As was the case with
PFS, the HRs of the clinical trials with two bevacizumab
arms (AVADO and RIBBON-1) were evaluated separately,
and each was compared to the control group. Individually,
none of the studies showed a significant OS benefit of
adding bevacizumab to chemotherapy as first-line treatment
of MBC. Our results show no statistically significant benefit
of adding bevacizumab to chemotherapy in the first-line
treatment of MBC patients (HR 0.95, 95% CI, 0.85 to 1.06).
No heterogeneity was identified between the trials (P =
0.65), I2 = 0%.

3.2.4. Overall Response Rate. As shown in Figure 4, the
odds ratio of response associated with the addition of
bevacizumab to chemotherapy was 1.81 (95% CI, 1.53–2.14).
Again, no heterogeneity was seen between trials (P = 0.55),
I2 = 0%. The results did not change when the arm of the
RIBBON-1 trial containing capecitabine (and no taxane) was
removed from the analysis (odds ratio 1.83; 95% CI, 1.52–
2.19; P test for heterogeneity 0.39) to evaluate the effect of
adding bevacizumab to a taxane-based chemotherapy.
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0 0.5 1 1.5 2

Subgroups

ER positive

ER and PgR negative

<65 years

≥65 years

Short DFI

Long DFI

No prior adjuvant chemo

Prior adjuvant chemo

No prior taxane

Prior taxane

Pts

1156

449

1337

313

1019

1868

1083

1804

1392

749

HR (95% CI)

0.77 (0.7–0.84)

0.67 (0.57–0.78)

0.67 (0.57–0.78)

0.75 (0.62–0.91)

0.65 (0.55–0.76)

0.7 (0.63–0.78)

0.76 (0.66–0.88)

0.65 (0.58–0.73)

0.75 (0.67–0.85)

0.51 (0.39–0.66)

Figure 2: Progression-free survival hazard ratios across subgroups. Abbreviations: chemo: chemotherapy, DFI: disease-free interval, ER:
estrogen receptor, PgR: progesterone receptor.

0 0.5 1 1.5 2
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263
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195
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1419

n

673

489

488

615
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2887

E2100

AVADO 7.5 mg/kg

AVADO 15 mg/kg

RIBBON-1 (capecitabine)

RIBBON-1 (taxane/anthra)

Total (fixed effect)

HR 0.88 (CI 95% 0.74–1.05)

HR 1.05 (CI 95% 0.81–1.36)

HR 1.03 (CI 95% 0.7–1.33)

HR 0.85 (CI 95% 0.63–1.14)

HR 1.03 (CI 95% 0.77–1.38)

HR 0.95 (CI 95% 0.85–1.06)

Figure 3: Overall survival hazard ratios. Abbreviations: Anthra: anthracycline, n: number of patients.

3.2.5. Safety Profile of Bevacizumab. The addition of beva-
cizumab to chemotherapy increased the probability of grade
3-4 hypertension (random effects odds ratio 5.56; 95%
CI, 1.66–18.62), proteinuria (fixed effects odds ratio 5.35;
95% CI, 2.80–10.20), sensory neuropathy (fixed effects
odds ratio 1.48; 95% CI, 1.11–1.99), and cardiac events
including left ventricular (LV) dysfunction and congestive
heart failure (fixed effects odds ratio 3.36; 95% CI, 1.41–
8.01). No significant increase in the risk of gastrointestinal
(GI) perforation was seen in MBC patients treated with
bevacizumab (fixed effects odds ratio 0.94; 95% CI, 0.31–
2.85) [18].

4. Discussion

Bevacizumab combined with chemotherapy in the first-line
treatment of MBC significantly improved ORR and PFS, but
also increased grade 3-4 toxicities. No significant OS advan-
tage was observed. One of the most frequently cited reasons
for conducting a meta-analysis is the increase in statistical
power that it affords; however, inherent limitations may limit
the accuracy of results. In this study, we acknowledge the
following limitations: First, it was conducted using published
study results, rather than individual patient data. Second, for
the two studies with more than one bevacizumab containing-
arm, control arms had to be duplicated in order to give each
comparison independent statistical treatment. Third, despite

being the primary endpoint in all three trials, the definition
of PFS was not precisely specified in all of them. Despite
limitations our results provided similar conclusions when
compared to other studies [19–22]. Three meta-analyses
evaluated the efficacy of bevacizumab plus chemotherapy
for the treatment of MBC, and provide interesting points of
comparison with our study [19–21]. Valachis et al. analyzed
five studies, including a phase II study and one trial with
bevacizumab and capecitabine after first-line chemotherapy
for MBC, and found global HRs similar to the ones we
report: 0.70 (95% CI 0.60–0.82) for PFS and 0.90 (95%
CI 0.80–1.03) for OS [19]. Lee et al. analyzed four studies
involving a total of 2,860 patients, to verify the clinical
efficacy of bevacizumab in the salvage treatment of MBC,
and reported PFS (HR 0.69, 95% CI, 0.58–0.81), OS (HR
0.92, 95% CI, 0.82–1.03), and ORR (HR 1.53, 95% CI, 1.37–
1.71) [20]. O’ Shaughnessy et al. conducted a meta-analysis
including individual patient data from the E2100, AVADO,
and RIBBON-1 studies and showed a 36% reduction in the
risk of a PFS event (HR = 0.64, 95% CI 0.57–0.71) and
no median OS gain (HR = 0.97; 95% CI 0.86–13.08) [21].
However, one-year survival rate was statistically significant
increased for patients treated in the bevacizumab-arms (77%
versus 82%, P = 0.003) [21].

In this study, the addition of bevacizumab to chemother-
apy statistically increased PFS in all analyzed subgroups.
Importantly, HER2-positive disease was not allowed in the
AVADO and RIBBON-1 studies, and only about 1% of
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treatment, which were attributed to the intervention itself, included
symptoms such as fever (referred to as pyrexia), diarrhea, elevated
levels of aspartate aminotransferase, and increased alanine
aminotransferase levels in the blood. Notably, severe (Grade III)
treatment-related adverse events were observed in only four
patients, indicating that the safety profile of KN026 was generally
manageable. An analysis of the relationship between the exposure to
the drug and the observed response supported the identification of
recommended doses for phase II trials, which were determined to be
either 20 mg/kg administered once every two weeks or 30 mg/kg
once every three weeks. In a subset of 57 patients, these doses
yielded objective response rates (ORR) of 28.1% and a median
progression-free survival (PFS) of 6.8 months, with a 95%
confidence interval spanning from 4.2 to 8.3 months.
Furthermore, translational research conducted on a subgroup of
20 patients who exhibited HER2 gene amplification provided
valuable insights. This research confirmed that the concurrent
amplification of the CDK12 gene, which is involved in the
regulation of the cell cycle, in conjunction with HER2, served as a
promising biomarker for predicting a more favorable response to
KN026 treatment. Patients demonstrating co-amplification of

HER2 and CDK12 achieved an ORR of 50% and a median PFS of
8.2 months, in stark contrast to patients who lacked this co-
amplification, where the ORR was 0% and the median PFS was
limited to 2.7 months. This noteworthy discovery underscores the
potential utility of HER2/CDK12 co-amplification as a predictive
biomarker, offering a means of identifying patients who are more
likely to experience positive therapeutic outcomes when treated
with KN026 (134). Therefore, KN026, a BsAb targeting HER2,
exhibited a favorable safety profile and achieved therapeutic efficacy
that was comparable to the combination of trastuzumab and
pertuzumab, even in patients who had undergone extensive prior
treatment. The presence of co-amplification of HER2 and CDK12
may serve as an important predictive biomarker for identifying
patients with a greater likelihood of responding positively to KN026
therapy (129).

In a phase II clinical trial, the study investigated the effectiveness
of anti-CD3 × anti-HER2 BsAb equipped activated T cells, referred
to as HER2 BATs, in patients with metastatic BCa who lacked
HER2 overexpression, including those with HER2-estrogen and/or
progesterone receptor-positive (HR+) tumors as well as those with
TNBC (130). The primary objective of the trial was to extend the

TABLE 2 The most important clinical studies using BsAbs in BCa.

BsAbs BsAbs Targets Details of study Outcomes Ref/NCT

Combination of G-CSF
and MDX-210

HER2 and FcgRI
In vitro
In vivo

Phase I clinical trial

•Effectively induced lysis of HER2 overexpressing BCa cell
lines
•The therapy was generally well tolerated although some
patients experienced fever and short periods of chills which
correlated with elevated plasma levels of IL-6 and TNF-a
•A decrease in total WBC count and ANC
•Isolated neutrophils from patients undergoing G-CSF
treatment displayed high cytotoxicity in the presence of
MDX-210

(127)

Combination of G-CSF
and MDX-210

HER2 and FcgRI Phase I clinical trial

•Common side effects included fevers in 19 patients diarrhea
in 7 patients and allergic reactions in 3 patients which did
not necessitate discontinuation of therapy
•The beta-elimination half-life of MDX-H210 ranged from 4
to 8 hours at doses up to 20 mg/m2
•Release of cytokines IL-6 G-CSF and TNF-a
•Increasing human anti-BsAb after the third infusion
•No objective clinical responses

(128)

KN026

HER2 (domain II and
IV)

From heavy chains of
pertuzumab and

trastuzumab27 with a
common light chain

KN026-CHN-001
Phase I first-in-human

multicenter open-label single
agent dose-escalation and
dose-expansion study

•Increased ORR and median PFS in patients with co-
amplification of HER2/CDK12

(129)
NCT03619681

HER2 BATs
HER2 and CD3

Two cross-linked mAbs
Phase II clinical trial

•Increased Th1 cytokines Th2 cytokines and chemokines
were observed after HER2 BATs infusions
•Enhanced adaptive and innate antitumor responses
Immune consolidation with HER2 BATs after chemotherapy
increased the proportion of patients who remain stable at
four months and improves the median OS for both HER2-
HR+ and TNBC patient groups

(130)
NCT01022138

HER2Bi armed anti-CD3–
activated T cells in

combination with low-
dose IL-2 and GM-CSF

HER2 and CD3
BsAb sources:
Trastuzumab

heteroconjugated
to OKT3

Phase I clinical trial

•Increasing OS
•Increasing IFN-g and Th1 cytokines in the patient’s blood
indicating enhanced immune responses. These infusions
induced
•Inducing antigen-specific T cell and antibody responses
against HER2 CEA and EGFR

(131)
NCT00027807
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p85 subunit of PI3K, plays a critical role in PI3K/AKT pathway activation when dimerized 
with HER2 [11]. 

 

Figure 1. Schematic representation of HER2 signaling regulation. HER2 is the preferred partner 
for forming heterodimers (pairing) with other EGFR family members, such as HER1 (EGFR), HER3, 
and HER4. When a ligand binds to other EGFR family members, dimerization occurs, which activate 
the intrinsic tyrosine kinase activity of HER2, resulting in initiating downstream signaling cascades. 
These pathways contribute to regulating gene expression, cell cycle progression, cell motility, and 
other cellular functions. Figure was made using BioRender. 

HER2 crosstalks with other signaling pathways through downstream targets. Akt ac-
tivation not only promotes cell survival and growth but also crosstalks with other path-
ways. Akt can phosphorylate and activate mTOR (mammalian target of rapamycin), 
which regulates protein synthesis and cell growth [12]. Additionally, Akt can phosphory-
late and inhibit TSC2 (tuberous sclerosis complex 2), activating the mTORC1 complex and 
the subsequent phosphorylation of downstream targets involved in protein synthesis [13]. 
HER2 activation can also lead to the activation of Ras, a small GTPase protein. Ras acti-
vates Raf, which initiates a cascade leading to the activation of ERK (extracellular signal-
regulated kinase) [14]. ERK activation can crosstalk with the PI3K/Akt/mTOR pathway by 
phosphorylating and activating mTORC1 or directly phosphorylating and inhibiting 
TSC2, leading to mTORC1 activation [15]. ERK can also crosstalk with the JNK (c-Jun N-

Figure 1. Schematic representation of HER2 signaling regulation. HER2 is the preferred partner
for forming heterodimers (pairing) with other EGFR family members, such as HER1 (EGFR), HER3,
and HER4. When a ligand binds to other EGFR family members, dimerization occurs, which activate
the intrinsic tyrosine kinase activity of HER2, resulting in initiating downstream signaling cascades.
These pathways contribute to regulating gene expression, cell cycle progression, cell motility, and
other cellular functions. Figure was made using BioRender.

HER2 crosstalks with other signaling pathways through downstream targets. Akt
activation not only promotes cell survival and growth but also crosstalks with other path-
ways. Akt can phosphorylate and activate mTOR (mammalian target of rapamycin), which
regulates protein synthesis and cell growth [12]. Additionally, Akt can phosphorylate and
inhibit TSC2 (tuberous sclerosis complex 2), activating the mTORC1 complex and the sub-
sequent phosphorylation of downstream targets involved in protein synthesis [13]. HER2
activation can also lead to the activation of Ras, a small GTPase protein. Ras activates Raf,
which initiates a cascade leading to the activation of ERK (extracellular signal-regulated
kinase) [14]. ERK activation can crosstalk with the PI3K/Akt/mTOR pathway by phospho-
rylating and activating mTORC1 or directly phosphorylating and inhibiting TSC2, leading
to mTORC1 activation [15]. ERK can also crosstalk with the JNK (c-Jun N-terminal kinase)
pathway, influencing cellular responses such as apoptosis and proliferation [16,17]. HER2
signaling can crosstalk with the Wnt/�-catenin pathway, which is crucial in regulating
tumor progression [18]. The activation of HER2 signaling can lead to the stabilization

Ca. Mama àBsAb via Her2 

Lan HR, Front Immunol. 2023 Dec 4;14:1266450. 



Wu J SABCS P5-07-27

Toxicidad hematológica (G3-G4) 
Anemia 41.4%

Neutropenia 42.6%
Trombopenia 26.5%

No ILD



Montero AJ SABCS24 PS8-09





• Estudios iniciales prometedores
• Múltiples opciones futuras
• ¿Podremos vencer la heterogeneidad ?
• Múltiples combinaciones/sinergias en investigación 

• Inmunoterapia
• Quimioterapia
• Otros agentes: hormona, inhibidores vías de activación celular
• ADC bi-triespecíficos

• Vencer resistencias y nuevas opciones terapéuticas 

• Seguridad del tratamiento

• ¿Papel en cáncer de mama precoz? 

An#cuerpos biespecíficos 
Papel en cáncer de mama 




