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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 CD3!

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 signi! cantly impact their
effectiveness in! ghting tumors
¥Fc domain enhanced the BsAbsÕability 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 ef! ciently 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 withaTAAÐaCD3 BiMAb and co-stimulatory
aTAAÐaCD28 oraTAAÐTNFL fusion proteins signi! cantly 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 in! ltration 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-speci! city 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
speci! city 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 signi! cantly 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 pro! ciently 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 ef! cacy 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
Bispeci! c Monoclonal Antibodies (BiMAb) withaTAAÐaCD3
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
aTAAÐaCD3 andaTAAÐaCD28 BiMAb in a tetravalent IgG1-
Fc format were examined, targeting multiple BCa antigens like
HER2, ep i the l ia 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 aTAAÐtumor 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 puri! ed T cells in monolayer and tumor spheroid models. The
results revealed thataTAAÐaCD3 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 ofaTAAÐaCD3 BiMAb with co-
stimulatory aTAAÐaCD28 or aTAAÐTNFL fusion proteins led
to a signi! cant 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) intensi! ed the co-stimulation
facilitated by BiMAb. This effective co-stimulation could be
achieved by targeting a secondary BCa antigen or! broblast

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
bispeci! c

ADC

HER2 and PRLR
A fully human mAb to human

PRLR andÒin-house trastuzumabÓ

In vitro
HEK293 cells

¥Signi! cantly enhanced the degradation of HER2 and the cell-killing activity
of a noncompeting HER2 ADCÑ 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 signi! cant 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 signi! cant
therapeutic ef! cacy 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 in! ltration 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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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, inßuencing 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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�ƒ 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 CPS�2�Y�H�U�D�O�O���6�X�U�Y�L�Y�D�O�����2�6�����L�Q���&�3�6���•��������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
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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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Evaluation of the Safety and Efficacy of 
Ivonescimab in Combination with 
Chemotherapy as First -line (1L) Treatment 
for Triple -negative Breast Cancer (TNBC)

Presenter>8Dr. Xiaojia Wang

!"#$%&'(")*+,"-()*. / +%,)*0102

QuchangOuyang1, Xiaojia Wang2, Can Tian1, Xiying Shao2, Jian Huang2, ZhanhongChen2,
YongshengWang3, TaoSun4, TienanYi5, XufangYu6, ZhongminWang6, BaiyongLi6, Yu Xia6

1BreastMedicineDepartment,HunanProvincialTumorHospital,Changsha,China;
2BreastMedicine Department,Zhejiang CancerHospital, Hangzhou,China; 3Breastsurgery
SectionOne,Affiliated CancerHospital of ShandongFirst Medical University, Jinan,China;
4Breast Medicine Department,Liaoning Cancer Hospital and Institute, Shenyang,China;
5Oncology Department,Xiangyang Central Hospital, Xiangyang, China;6Akeso Biopharma,
Inc., Zhongshan,China

W::DM+_e+4."&1+?1f1")*g+1"?-I35PC!"?-+L0_HL0N_



W::DM+_e+4."&1+?1f1")*g+1"#I35PC!"#+L0_HL0N_

h%+i=+h1"9+j
37:8+Z]+H7!AW7Z]

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 �H12 months No previous systemic therapy
No previous systemic therapy

DFI �H��6 months

Intervention
Ivonescimab

+ Paclitaxel or nab-Paclitaxel
PM8002/BNT327
+ nab-Paclitaxel

AKT105 + Anlotinib
+ nab-Paclitaxel

N 36 42 43

PD-�/�����&�3�6���•���� 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

�3�'�/�����&�3�6���•����
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

�3�'�/�������”�&�3�6������
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�3�'�/�����&�3�6�•����
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
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Anti -PD-1/L1, anti -VEGF and taxane  combination in 
1st Line in patients with mTNBC - Outcomes
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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
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PDL1 CPS ≥10
N=6
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PDL1 CPS<1
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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
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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 
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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

�&�3�6���•������

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 
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Table 1: Phase III studies with bevacizumab and chemotherapy as Þrst-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)

11.8versus5.9
months [HR 0.6
(0.51Ð0.7)]

26.7versus25.2
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)
versus55%
(P = 0.07)
versus46%

10.1[HR 0.77
(0.64Ð0.93)] versus
9.0[HR 0.86
(0.72Ð1.04)] versus
8.2months

30.2[HR 1.03
(0.7Ð1.3)] versus
30.8[HR 1.05
(0.81Ð1.36)] versus
31.9months

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)

8.6versus5.7
months [HR 0.69
(0.56Ð0.84)]
9.2versus8.0
months [HR 0.64
(0.52Ð0.80)]

29.0versus21.2
months [HR 0.85
(0.63Ð1.14)]
25.2versus23.8
months [HR 1.03
(0.77Ð1.38)]

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 e! ect)

HR 0.48 (CI 95% 0.39Ð0.61)

HR 0.86 (CI 95% 0.72Ð1.04)

HR 0.77 (CI 95% 0.64Ð0.93)

HR 0.68 (CI 95% 0.54Ð0.86)

HR 0.77 (CI 95% 0.6Ð0.99)

HR 0.7 (CI 95% 0.57Ð0.86)

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

RIBBON-1 trials. Individually, a consistent PFS beneÞt
was observed across all three trials. Our meta-analysis
shows a statistically signiÞcant beneÞt obtained by adding
bevacizumab to chemotherapy in the Þrst-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
signiÞcant heterogeneity was observed between the studies
(P = 0.0006),I 2 = 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 deÞnition of DFI
di! ered between the trials. For instance, AVADO and E2100
trials stratiÞed 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 beneÞt in all analyzed subgroups, as
shown in Figure 2. Interaction tests were carried out and
did not reveal any signiÞcant interaction between analyzed
covariates and bevacizumab e! ect (P = 0.74).

3.2.3. Overall Survival.Figure 3shows 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 signiÞcant OS beneÞt of
adding bevacizumab to chemotherapy as Þrst-line treatment
of MBC. Our results show no statistically signiÞcant beneÞt
of adding bevacizumab to chemotherapy in the Þrst-line
treatment of MBC patients (HR 0.95, 95% CI, 0.85 to 1.06).
No heterogeneity was identiÞed between the trials (P =
0.65),I 2 = 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, 1.53Ð2.14).
Again, no heterogeneity was seen between trials (P = 0.55),
I 2 = 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, 1.52Ð
2.19;P test for heterogeneity 0.39) to evaluate the e! ect 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 (0.7Ð0.84)

0.67 (0.57Ð0.78)

0.67 (0.57Ð0.78)

0.75 (0.62Ð0.91)

0.65 (0.55Ð0.76)

0.7 (0.63Ð0.78)

0.76 (0.66Ð0.88)

0.65 (0.58Ð0.73)

0.75 (0.67Ð0.85)

0.51 (0.39Ð0.66)

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

Deaths
483

263

264

195

214

1419

n
673

489

488

615

622

2887

E2100

AVADO 7.5 mg/kg

AVADO 15 mg/kg

RIBBON-1 (capecitabine)

RIBBON-1 (taxane/anthra)

Total (Þxed e! ect)

HR 0.88 (CI 95% 0.74Ð1.05)

HR 1.05 (CI 95% 0.81Ð1.36)

HR 1.03 (CI 95% 0.7Ð1.33)

HR 0.85 (CI 95% 0.63Ð1.14)

HR 1.03 (CI 95% 0.77Ð1.38)

HR 0.95 (CI 95% 0.85Ð1.06)

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

3.2.5. Safety ProÞle of Bevacizumab.The addition of beva-
cizumab to chemotherapy increased the probability of grade
3-4 hypertension (random e! ects odds ratio 5.56; 95%
CI, 1.66Ð18.62), proteinuria (Þxed e! ects odds ratio 5.35;
95% CI, 2.80Ð10.20), sensory neuropathy (Þxed e! ects
odds ratio 1.48; 95% CI, 1.11Ð1.99), and cardiac events
including left ventricular (LV) dysfunction and congestive
heart failure (Þxed e! ects odds ratio 3.36; 95% CI, 1.41Ð
8.01). No signiÞcant increase in the risk of gastrointestinal
(GI) perforation was seen in MBC patients treated with
bevacizumab (Þxed e! ects odds ratio 0.94; 95% CI, 0.31Ð
2.85) [18].

4. Discussion

Bevacizumab combined with chemotherapy in the Þrst-line
treatment of MBC signiÞcantly improved ORR and PFS, but
also increased grade 3-4 toxicities. No signiÞcant 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 a! ords; 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 deÞnition
of PFS was not precisely speciÞed in all of them. Despite
limitations our results provided similar conclusions when
compared to other studies [19Ð22]. Three meta-analyses
evaluated the e" cacy of bevacizumab plus chemotherapy
for the treatment of MBC, and provide interesting points of
comparison with our study [19Ð21]. Valachis et al. analyzed
Þve studies, including a phase II study and one trial with
bevacizumab and capecitabine after Þrst-line chemotherapy
for MBC, and found global HRs similar to the ones we
report: 0.70 (95% CI 0.60Ð0.82) for PFS and 0.90 (95%
CI 0.80Ð1.03) for OS [19]. Lee et al. analyzed four studies
involving a total of 2,860 patients, to verify the clinical
e" cacy of bevacizumab in the salvage treatment of MBC,
and reported PFS (HR 0.69, 95% CI, 0.58Ð0.81), OS (HR
0.92, 95% CI, 0.82Ð1.03), and ORR (HR 1.53, 95% CI, 1.37Ð
1.71) [20]. OÕ 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 0.57Ð0.71) and
no median OS gain (HR= 0.97; 95% CI 0.86Ð13.08) [21].
However, one-year survival rate was statistically signiÞcant
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 pro! le of KN026 was generally
manageable. An analysis of the relationship between the exposure to
the drug and the observed response supported the identi! cation 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%
con! dence interval spanning from 4.2 to 8.3 months.
Furthermore, translational research conducted on a subgroup of
20 patients who exhibited HER2 gene ampli! cation provided
valuable insights. This research con! rmed that the concurrent
ampli! cation 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-ampli! cation 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-
ampli! cation, 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-ampli! cation 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 pro! le and achieved therapeutic ef! cacy
that was comparable to the combination of trastuzumab and
pertuzumab, even in patients who had undergone extensive prior
treatment. The presence of co-ampli! cation 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! rst-in-human

multicenter open-label single
agent dose-escalation and

dose-expansion study

¥Increased ORR and median PFS in patients with co-
ampli! cation 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-CD3Ð
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 patientÕs blood
indicating enhanced immune responses. These infusions
induced
¥Inducing antigen-speci! c T cell and antibody responses
against HER2 CEA and EGFR

(131)
NCT00027807

Lan et al. 10.3389/fimmu.2023.1266450
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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, inßuencing 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
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