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Background and Objective: Breast cancer was the second frequently diagnosed cancer in 2022 among
all cancers. Besides classical chemotherapy and radiation, immunotherapy and targeted therapy are both
identical treatment options for patients with advanced breast cancer. Immunotherapy is a therapeutic
approach to control and eliminate tumors by restarting and maintaining the tumor-immunity cycle and
restoring the body’s normal anti-tumor immune response. Immunotherapy alone or in combination with
other therapies has been shown to be clinically beneficial in a variety of solid tumors with a manageable
safety profile. However, immunotherapy alone cannot fully satisfy the therapeutic needs for patients with
breast cancer. Therefore, there is an urgent need for immunotherapy to be combined with other therapeutic
approaches to increase treatment efficacy.

Methods: We systematically searched PubMed database for relevant studies published over the past 5 years.
Articles were screened for eligibility and key data extracted.

Key Content and Findings: We assess the current breast cancer treatment landscape, summarizing
efficacy and safety of recent immunotherapy, chemotherapy combined with immunotherapy, immunotherapy
combined with anti-angiogenic therapy. In the treatment of breast cancer, aiming to promote further research
and applications of this novel treatment regimen in patients with breast cancer. Since anti-angiogenic
therapy can reprogramme the tumor immune microenvironment, immunotherapy in combination with anti-
angiogenic therapy might have a synergistic effect, igniting a new hope for immunotherapy for breast cancer
patients. The review’s conclusions offer insightful information on the state of breast cancer treatment today.
In the end, improving clinical practice and pertinent research for immunotherapy combination therapy will
contribute to bettering patient outcomes, raising quality of life, and creating more potent treatments.
Conclusions: This review emphasizes the potential of immunotherapy combinations, especially with anti-
angiogenic therapeutic regimens, as a viable strategy for the treatment of breast cancer through a thorough
study of the literature. To improve treatment approaches, lessen side effects for patients, and find trustworthy

biomarkers to forecast response to immunotherapy combo medicines, further research is necessary.
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Introduction
Background

Annually, over 2.3 million new breast cancer cases are
diagnosed, accounting for roughly 11.7% of all global cases.
This makes it the fifth most prominent cause of cancer
fatalities, with 685,000 deaths annually. It is estimated
that by 2040, the number of new breast cancer cases will
be around 3 million, and the number of deaths from the
illness will have risen by more than half (1, 2). Molecularly,
breast cancer can be categorized as luminal subtype, human
epidermal growth factor receptor 2 (HER2)-overexpressing
type and triple-negative breast cancer (TNBC). The
expression of progesterone and estrogen receptors,
independent of HER2 status, is known as luminal type.
If all of the three receptors are negatively expressed, it is
defined as TNBC, an aggressive subtype with the worst
prognosis (3-6). As the investigations on cytokines like
tumor necrosis factor (TNF), interferon-a (IFN-a), and
interleukin-2 (IL-2) go deeper. Checkpoint inhibitors gained
attention as a cancer therapeutic tool soon after. In the year
2010, the FDA firstly approved Ipilimumab for metastatic
melanoma treatment, which specifically targets checkpoints
as an immunotherapy drug in cancer treatment (7).
These inhibitors are vital in cancer management because
they target the programmed cell death protein-1/
programmed death ligand 1 (PD-1/PD-L1) pathway. It
has been proposed that combining checkpoint inhibitors
with chemotherapy may offer a survival advantage in
treating patients with TNBC. However, there are still many
patients who gain little benefit from combination therapy
or developed resistance to immunotherapy. This might be
attributed to endogenous and exogenous mechanisms of
the tumor or even host-related mechanism, which prevent
immunotherapeutic drugs from working and reduce their
efficacy or even make them ineffective. Patients often display
suppressed anti-cancer immunity due to the suppression of
their immune cells’ function, as well as the promotion of
suppressor cells. The recent researches on the resistance
to anticancer immunity are based on the examination
of intrinsic cancer cell factors, immune cells, and other
mechanisms (8-10). Normally, the vascular system is in
homeostasis. However, if it becomes abnormal, it can lead
to a range of negative consequences, including hypoxia,
acid accumulation, physical barrier damage or metabolic
reprogramming (11). Tumor angiogenesis, a process
involving multiple molecules and cells, can be aided by
vascular abnormalities, allowing tumors to elude the immune
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system. Vascular endothelial growth factor (VEGF) obstructs
the differentiation and development of lymphoid progenitor
cells. Similarly, tumor-associated macrophages (TAM) can
be recruited to the tumor microenvironment (TME). There
is growing evidence of tumor angiogenesis suggesting that
non-coding RNAs have a critical role. Interaction between
molecules and cells leads to vascular abnormalities (12).

Rationale and knowledge gap

Abnormal angiogenesis in tumors can lead to the creation
of a hypoxic or acidic environment. Since anti-angiogenic
therapy can influence the tumor immune microenvironment,
immunotherapy in combination with anti-angiogenic therapy
might have a synergistic effect, igniting a new hope for
immunotherapy for breast cancer patients.

Objective

Our objective is to investigate the growing number of
studies support the potential of combining tumor anti-
angiogenesis with immunotherapy as a therapeutic
strategy for improving patient outcomes (13). However,
there are several challenges. The interactions between
these approaches are extremely complex, and have not
yet been fully elucidated. At present, there are very few
reports on this topic in breast cancer patients, and here we
have summarized the latest advances in anti-angiogenesis
combined with immunotherapy with or without
chemotherapy, aiming to deeply understand its mechanisms
and promote its clinical applications. We present this
article in accordance with the Narrative Review reporting
checklist (available at https://tbcr.amegroups.org/article/
view/10.21037/tber-24-21/rc).

Methods

We conducted a narrative review using PubMed database,
with the latest update performed in February 2024. We
also screened the reference lists of retrieved articles and
proceedings from relevant cancer meetings held in the past
5 years to find additional sources.

For inclusion, we focused on clinical trials that studied
breast cancer patients receiving neoadjuvant/adjuvant
treatment with immunotherapy in combination with anti-
angiogenic therapy. We also considered trials that reported
separate results for molecularly defined subgroups in breast

cancer subtypes other than TNBC (Table I).
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Table 1 The search strategy summary
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ltems Specification
Date of search 01-Feb-2024
Databases and other sources searched PubMed

Search terms used

“Early-stage triple negative breast cancer” OR “early-stage TNBC” OR “eTNBC” [MeSH]

“Triple negative breast cancer” OR “TNBC” [MeSH]

“Advanced triple negative breast cancer” OR “advanced TNBC” OR “aTNBC” [MeSH]

“Advanced breast cancer” OR “aBC”

“breast cancer” OR “BC” [MeSH]

“Immunotherapy” OR “Immune checkpoint inhibitors” OR “Pembrolizumab” OR
“Atezolizumab” OR “Durvalumab” [MeSH]

“Neoadjuvant” [MeSH]

“Adjuvant” [MeSH]
“PD-L1” [MeSH]

“Monotherapy” [MeSH]

“Combination therapy” [MeSH]

“Advanced triple-negative breast cancer” [MeSH]

Timeframe 2015-2024

Inclusion and exclusion criteria

Inclusion criteria: research articles, reviews and clinical trials in English about themes such

as breast cancer, immunotherapy and anti-angiogenesis

Exclusion criteria: some papers which we considered with low reliability

Selection process

Any additional considerations, if applicable

The included literature was selected by author X.D., reviewed by both authors

The search was supplemented by scanning reference lists of relevant articles, reviewing

relevant guidelines and cancer meetings

Immunotherapy of breast cancer

Considerable research has focused on T-cell characterization,
but other immune cells such as B-cells, natural killer (NK)-
cells and macrophages also contribute to tumor progression
and the response to immunotherapy. The primary approach
in immunotherapy is inhibiting the PD-1/PD-L1 axis,
which is most extensively researched. Monoclonal antibodies
that target PD-1 include cemiplimab, pembrolizumab,
nivolumab, camrelizumab, and toripalimab. Those targeting
PD-L1 comprise avelumab, atezolizumab, and durvalumab.
Recent clinical trials have shown that inhibitors of PD-1 and/
or PD-L1 can be applied in a wide variety of tumors, and
significantly prolong the survival of patients with advanced
tumors, indicating promising prospects for implementation
(14-31).

Pembrolizumab has been proposed to have strong
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anti-tumor effects in PD-L1 positive metastatic TNBC
(mTNBC). KEYNOTE-012 study (32) showed the disease
control rate (DCR) was 25.9% [95% confidence interval
(CI): 11.6-46.3%], median progression-free survival (mPFS)
was 1.9 months (95% CI: 1.7-5.5). The KEYNOTE-086
study (33) further revealed a DCR of 23.8%, with median
PFS and overall survival (OS) at 2.1 and 18.0 months,
respectively. However, the phase 3 KEYNOTE-119 study (34)
did not demonstrate positive results in the pembrolizumab
monotherapy arm versus the chemotherapy arm.

For the first time, atezolizumab was reported in mTNBC,
displaying a slim clinical benefit and safety profile (mPFS:
1.4 months). The study demonstrated a difference in
objective response rate (ORR) for atezolizumab as a first-
line agent compared to a second-line agent (24% vs. 6%).
And the median OS was 8.9 months (35).

Avelumab is different from other PD-L1 antibodies
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as it possesses a unique strong antibody-dependent cell-
mediated cytotoxicity (ADCC) activity. Antibodies of the
PD-1/PD-L1 variety have been known to circumvent the
ADCC-induced destruction of the immune cells. The
PD-1/PD-L1 pathway can be utilized to prevent cancer
cells from the immune escape of cancer cells and activate T
cells to annihilate them, in addition to the antibody. It can
also mediate the action of NK cells on cancer cells through
ADCC action to form a killing effect (36-38) and mediate
the lysis of tumors (39,40) in mice model. The Food and
Drug Administration (FDA), due to the positive outcomes
of the JAVELIN Bladder 100 phase III clinical trial,
hastened the authorization of avelumab for locally advanced
or metastatic uroepithelial cancer (41-43). In a phase 1 trial
(JAVELIN Solid Tumor; NCT01772004), The ORR for the
total population was 3.0% with one was completely remission
and four were only partially remission. Of the 5 patients,
3 were confirmed TNBC and 2 were HER2™ estrogen
receptor/progesterone receptor positive (ER/PR") breast
cancer (ORR: 5.2% vs. 2.8%) (44).

Additionally, the phase II BELLINI study (45) reported
by European Society of Medical Oncology (ESMO) in
2022 was the first to investigate the feasibility of treating
TNBC with dual immune checkpoint inhibitors (ICIs)
(nivolumab and ipilimumab) in the neoadjuvant phase of
treatment without chemotherapy. Results showed that,
after four cycles of treatment, imaging assessment revealed
a partial remission rate of 27.0%, with approximately 24%
of patients showing circulating tumor DNA clearance.
New ideas for neoadjuvant treatment of breast cancer,
without chemotherapy, are presented through dual immune
checkpoint inhibitor regimens.

Immunotherapy combined with chemotherapy
for breast cancer

Though chemotherapy remains the standard systemic
treatment for the majority of patients, tumors can quickly
become resistant to drugs. Moreover, single-agent
immunotherapy is unsatisfactory for high tumor burden
mTNBC, so immunotherapy needs to be combined with
drugs with multiple mechanisms of action to improve
efficacy.

The KEYNOTE-355 and IMpassion130 trials have
now shown the effectiveness of ICIs in conjunction with
chemotherapy as a first-line treatment for advanced TNBC.
Data from the KEYNOTE-355 trial (5) suggested that
patients with a high combined positive score (or rich in PD-
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L1) had a more pronounced benefit from immunotherapy
[mPES 9.7 vs. 5.6 months; hazard ratio: 0.65, 95% confidence
interval (CI): 0.49-0.86; P=0.001]. Also, in the phase III
IMpassion130 study (6), revealed a remarkable enhancement
in PFS benefit (7.2 vs. 5.5 months). Atezolizumab in
combination with the chemotherapeutic agent was the
first immunotherapy to be approved for breast cancer, as
demonstrated by clinical trial data.

The GP28328 (NCT01633970) study (46) showed that
patients who received atezolizumab in combination with
albumin-paclitaxel as first-line treatment for advanced TNBC
achieved higher efficacy rate. Clinical data from both first-
line and two or more lines of treatment showed good anti-
tumor activity in terms of ORR (53.8% vs. 30.0%), mPFS (8.6
vs. 5.1 months), and mOS (24.2 vs. 12.4 months). In recent
years, several phase II and III studies, such as Neopact and
ALICE (47-49), have demonstrated that the combination
of PD-1 and/or PD-L1 inhibitors with chemotherapy can
significantly improve the long-term prognosis of TNBC
patients.

According to the previous phase 1 trial (50), toripalimab
was used to treat advanced TNBC with multi-line
resistance and still managed to provide safe anti-tumor
activity. The TORCHLIGHT study, led by Chinese
researcher Professor Zefei Jiang, is the first phase 3
immunotherapy combined with chemotherapy study in
patients with advanced TNBC in China (51). The results
showed that combining chemotherapy with toripalimab
significantly prolonged mPFS by 2 months in the PD-L1-
positive group (8.4 vs. 5.6 months), while the intention-
to-treat group also showed a significant improvement in
mPFS (8.4 vs. 6.9 months). Furthermore, mOS was found
to be 32.8 months in the D-L1-positive group. This clinical
study suggests that immunotherapy in combination with
chemotherapy can extend survival despite multiple lines of
systemic therapy.

One meta-analysis (52) published in 2023 also
demonstrated mOS and mPFS of 16.526 and 5.814 months
respectively in mTBNC patients treated with atezolizumab
alone or in combination with chemotherapy. Subgroup
analysis further revealed that PD-L1 positive patients
had better OS, PFS, and ORR than patients with PD-
L1 negative patients. Additionally, a TBCRC-043 phase
II trial revealed the clinical benefit of the combination of
carboplatin and atezolizumab (53).

A groundbreaking research paper demonstrated that the
dual treatment of KIN046, a PD-L1/cytotoxic T-lymphocyte
antigen-4 (CTLA-4) bispecific antibody, and nab-paclitaxel,
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showed a significant advantage in PFS and OS benefit (mPFS:
7.33 months, mOS: 30.92 months). This regimen is designed
to be highly effective with low toxicity, thus it is promising
to be a first-line treatment for advanced TNBC (54).
Clinical benefit was demonstrated regardless of PD-L1
status and was well tolerated (55).

In the field of neoadjuvant treatment, there were also
some studies focusing combined checkpoint inhibitor in
combination with chemotherapies. The KEYNOTE-173
trial (56) was that the neoadjuvant chemotherapy (NACT)
in combination with pembrolizumab regimen in the
treatment of high-risk, early-stage TNBC demonstrated
anti-tumor activity with manageable toxicity [pathologic
complete response (pCR): 60%]. The KEYNOTE-522
clinical trial (4), which was conducted based on the
KEYNOTE-173 trial, affirmed that the clinical benefit
of neoadjuvant therapy with pembrolizumab (pCR 64.8%
vs. 51.2%). Meanwhile, continued use of pembrolizumab
in the adjuvant phase resulted in an increased event-
free survival (EFS) benefit (36-month EFS rate: 84.5%
vs. 76.8%; P<0.001). In contrast, for patients with early-
stage TNBC, primary results from the previous IMpassion
031 trial (57) showed that neoadjuvant treatment with
atezolizumab plus paclitaxel albumin and anthracycline-
based chemotherapy significantly improved the pCR (57.6%
vs. 41.1%). The final results published in 2023 ESMO,
gained benefits in terms of EFS, disease-free survival (DFS)
and OS (58). However, in the NeoTRIP study (59) which
is designed for neoadjuvant treatment for TNBC, there
was no significant benefit from immunotherapy compared
to chemotherapy (pCR: 43.5% vs. 40.8%, P=0.66). The
trial’s lack of a sequential chemotherapy regimen may
have been a factor in the regimen’s unfavorable results,
thus emphasizing the necessity of a sequential regimen
design. The GeparNUEVO trial used durvalumab plus
chemotherapy as neoadjuvant therapy for TNBC and
observed an increase in pCR, improvement in invasive
disease-free survival (iDFS) and distant disease-free survival
(DDEFS), and a favorable trend in OS (60). The most recent
findings from KEYNOTE-756 were reported at the 14th
European Breast Cancer Conference (EBCC-14). This
multi-center trial, which enrolled 1,278 individuals with
ER*/HER2" invasive ductal carcinoma, was the first to
investigate and evaluate the long-term prognostic effects
of immunotherapy on those with this type of breast cancer.
The trial highlighted the addition of pembrolizumab to
both NACT and subsequent adjuvant chemotherapy, with
a statistically significant difference in the pembrolizumab
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arm compared to the control arm, with pCR rates reaching
24.3% in the pembrolizumab arm compared to 15.8%
in the control arm, which highlighted the significance of
the addition of pembrolizumab to both neoadjuvant and
subsequent adjuvant chemotherapy. This trial suggests that
increasing the pCR rate through the neoadjuvant phase,
and we are waiting the survival result of continuing to
add immunotherapy during the adjuvant phase in patients
with HR™ and HER2™ tumors (61). At 2023 ESMO and
San Antonio Breast Cancer Symposium (SABCS), the
Checkmate 7FL study (62,63) revealed that nivolumab
combined with NACT and adjuvant endocrine therapy
had a significant effect on the pCR rate in high-risk ER"/
HER2" breast cancer patients, increasing it by 10.7% and
correlating with the intensity of PD-L1 expression.

Mechanism of combining immunotherapy and
anti-angiogenic drugs in breast cancer

As a new targeted therapy strategy, anti-angiogenesis can
improve the efficiency of delivery of chemotherapeutic
drugs delivered to tumor tissues and enhance the
therapeutic effect by inhibiting tumor angiogenesis (64).
There exists a delicate control mechanism to maintain the
equilibrium of angiogenesis in normal, healthy individuals,
a meticulous control mechanism is in place. This control
involves the regulation of VEGFs, vasopressors, and other
molecules. However, in tumors, this balance shifts to pro-
angiogenesis. Studies have demonstrated that malignant
tumors are accompanied by elevated angiogenesis levels,
and that angiogenic elements such as VEGF, Ang-2,
fibroblast growth factor (FGF) and hepatocyte growth
factor (HGF) are involved in the process. The glycolytic
process occurring within endothelial cells plays a crucial
role in orchestrating various cellular activities. This intricate
mechanism not only facilitates the migration of T cells
but also catalyzes the robust spread of stem cells. Leading
to the stimulation of vascular branching and maturation is
the initiation of signaling pathways, including recombinant
delta like protein 4 (DLL4) and platelet-derived growth
factor (PDGF) (65-68).

Abnormalities in the vascular system led to changes in the
TME. In breast cancer, a hypoxic state is often observed (69)
which is due to aberrant angiogenesis that induces
aggregation of immunosuppressive cells and secretion of
immunosuppressive cytokines. Ultimately, PD-1 expression
in T cells is upregulated (70). According to our previous and
other teams’ studies, VEGFR?2 inhibitors could increase the
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efficacy of anti-PD-1/PD-L1 antibodies via reprograming
tumor immune microenvironment in multiple-tumor-
bearing mice (71-73). The efficacy of immunotherapy
mice models of melanoma, breast, and pancreatic cancer
can be increased by antiangiogenic drugs that target tumor
blood vessels. This is accomplished by bio-specifically
targeting vascular endothelial growth factor A (VEGFA)
and angiopoietin-2 (ANGPT?2), or by inhibiting the
vascular endothelial growth factor receptor (VEGFR)
(72,73). Zhou’s team showcased that fine-tuning the TME
is attainable through the strategic use of a low dosage of
apatinib, a VEGFR2-tyrosine kinase inhibitor (TKI). This
purposeful adjustment leads to a notable improvement in
the anti-tumor efficacy, as evidenced in syngeneic mouse
models of lung cancer when combined with PD-1/PD-
L1 blockade (74). Similarly, our study has found both full-
dose and low-dose VEGFR?2 inhibitors increased PD-
L1 expression in cells such as tumors, endothelial cells and
immune cells. The co-administration of a low dosage of anti-
angiogenesis with anti-PD-1 resulted in an enhancement of
macrophages, CD8" T cells and B cells. Moreover, the drug’s
low doses have significantly stimulated tumor-infiltrating
immune cells. It causes them to secrete osteopontin (OPN)
and TGF-B, thus upregulating PD-1 on immune cells (71).
In addition, another preclinical study showed that anlotinib
combined with PD-1 antibody has contributed to the
normalization of tumor vasculature, remodeling the tumor
immune microenvironment, and inducing neuroblastoma

regression (72).

Clinical evidence to combine anti-angiogenesis
with immunotherapy in solid tumors

Most anti-angiogenic medications aim at the VEGF
signaling system (74-78). Several investigations exploring
the combination of PD-1 inhibitors with other therapies
for various malignancies, such as hepatocellular carcinoma,
endometrial cancer, gastrointestinal cancer, and renal cell
carcinoma, are underway. The use of a combination of
anti-angiogenic therapy and immunotherapy is of great
significance, some of which have received FDA approval
for clinical application against hepatocellular carcinoma,
ovarian carcinoma and advanced renal cell carcinoma.

The combination of immunotherapy and anti-vascular
targeted drugs has started to challenge many types of
cancers in the first-line or second-line, and achieved
excellent efficacies, especially in the case of refractory and
chemotherapy-resistant tumor (79-88).

© AME Publishing Company.
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Immunotherapy combined with anti-angiogenic
therapy in breast cancer

The first clinical study (86) focused on an ICI in
combination with a VEGFR inhibitor. The use of
bevacizumab is involved in a study (87) specifically focused
on HER2-negative metastatic breast cancer patients
experiencing disease progression after or during first-
line chemotherapy. This research provides novel hints
concerning the amalgamation of second-line bevacizumab
and eribulin. Another study (NCT03222856) (88) has found
that the treatment of pembrolizumab plus eribulin leads to
good treatment results among HR-positive, HER2-negative
metastatic or recurrent breast cancer patients undergoing
multiple lines of therapy. Another single-arm, phase Ib/
II study (enhance-1) (89) mainly included 167 patients
with mTNBC who have received no more than 3 prior
systemic treatments in the presence of metastases. Based
on the criteria of inclusion, participants were divided into
two groups—one with no systemic therapy in the presence
of metastases and the other with one or two systemic
treatments, with a chemotherapy-free regimen of eribulin
plus pembrolizumab. The primary endpoint showed an
ORR of 23.4% (95% CI: 17.2-30.5%). The overall mPFS
reached 4.1 months (95% CI: 3.5-4.2). The study revealed
that, in comparison to stratum two, the overall mOS was
16.1 months (95% CI: 13.3-18.5) and 15.5 months (95%
CI: 12.5-18.7) for stratum two, with a better median OS was
achieved in both groups (17.4 months (95% CI: 13.2-21.0)
for stratum one versus 15.5 months (95% CI: 12.5-18.7)
for stratum two). Furthermore, immunotherapy combined
with anti-angiogenic therapy in the post-treatment setting
in the subgroup reaped the rewards of this regimen.
Pembrolizumab plus eribulin demonstrated an acceptable
safety profile, with common toxicities like fatigue, nausea,
peripheral sensory neuropathy, alopecia, and constipation.
Neutropenia was reported as the only grade >3 toxicity in
over 10% of patients. And no treatment-related death was
reported. A single-arm phase I/II clinical study investigated
the clinical evidence of the combination therapy involving
cabozantinib and nivolumab in patients with mTNBC (90).
Phase II could not be conducted due to an ORR result of 6%
(1/18) in phase L. In the second part, genomic analyses were
performed. Several markers such as growth factors (IL-5,
IL-6), growth factors (VEGF-A), and immune checkpoint
molecules (CD27 and CD70) were found to be associated
with shorter PFS. Palmar-plantar erythrodysesthesia, back
pain and increased aspartate aminotransferase were the
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most frequent adverse events (AEs) (17%) and were mainly
grade 3—4. Additionally, cabozantinib needed to be required
adjustment of the treatment dose or discontinuous due to
toxicity (90).

From March 2020 to May 2021, our group enrolled
46 qualified advanced TNBC (aTINBC) patients in a
multicenter phase II trial. The trial evaluates anti-PD-1
antibody, apatinib and eribulin in treating pretreated patients,
the ORR was 37.0% and the mPFS was 8.1 months (91).
Besides, our trial suggested that patients who have
received previous immunotherapy can benefit from this
combinational regimen. Subgroup analysis also suggested
that patients can benefit from this regimen regardless of
their PD-L1 levels. Grade 3/4 treatment-related adverse
events (TRAEs) mainly occurred in the hematologic
and digestive system, manifested as neutropenia
(30.4%), thrombocytopenia (19.6%), elevated aspartate
aminotransferase (17.4%), elevated alanine transaminase
(17.4%), and leukopenia (13.0%). Forty of 46 patients had
TRAESs possibly related to immunotherapy, of which seven
were suspended the dose of camrelizumab. However, this
study also demonstrated a dose reduction and discontinued
apatinib due to toxicity. Another multicenter retrospective
study (92) has included 128 cases of HER2-negative breast
cancer. This study’s most noteworthy result was the contrast
between the chemotherapy regimen and the combination
of apatinib with immunotherapy. Hypertension was the
most frequent AE (32.8%) but was mainly grade 1. Most
patients presented with AEs did not require adjustment of
the treatment dose. The highest PFS once more confirmed
the considerable impact of apatinib in combination with
immunotherapy. Another study (93) enrolled 90 patients
with aTNBC. Patients combined with apatinib group
had a promising PFS than camrelizumab alone, and the
safety was relatively manageable. In addition, Shao’s group
reported a meaningful finding in the FUTURE-C-PLUS
study. The remarkable ORR of 81.3% for patients with
aTNBC was clearly demonstrated by the first-line regimen
of camrelizumab in combination with albumin-paclitaxel
and famitinib, which was highly efficacious. The most
common grade 3 or 4 AEs were neutropenia, anemia, febrile
neutropenia and thrombocytopenia (33.3%, 10.4%, 10.4%).
Serious TRAEs were demonstrated in 2 patients, with grade
3 septicemia and grade 3 immune-related myocarditis (94).

In 2023 SABCS, a phase II study (95) was reported.
Exploring the efficacy of sitravatinib, tislelizumab, either
alone or in combination with nab-paclitaxel, in treating
locally recurrent or metastatic TNBC, a study was
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conducted. It was initially divided into two cohorts, with
cohort A being the sitravatinib (70 mg) plus tislelizumab
regimen and cohort B being the sitravatinib (100 mg)
plus tislelizumab regimen. Based on the excellent clinical
evidence of cohorts A and B, cohort C, a combination
chemotherapy regimen, was added to the study to explore
the clinical evidence for the first-line treatment of aTNBC
with the tislelizumab plus sitravatinib (70 mg) plus albumin
paclitaxel regimen. The 35 patients’ effectiveness was
evaluated, with a remarkable ORR of 77.1% and a DCR of
a remarkable 97.1%.

A recently published study in 2023 that included
patients with aTNBC similarly achieved favorable
clinical benefits. The study was using PD-L1 inhibitors
combined with anti-angiogenic drugs. In the first part,
total six patients were treated and all were given 1,
200 mg TQB2450, differing in that three patients were
given 10 mg anlotinib and the remaining three patients
were given 12 mg anlotinib. In the dose-expansion cohort,
anlotinib-related incidence was higher than TQB2450-
related (48.4% vs. 41.9%). Most events were grade 1 or 2,
which presented with elevated alanine aminotransferase,
elevated aspartate aminotransferase, hand-foot syndrome,
hypertriglyceridemia and hypercholesterolemia. 2.9-
17.6% of patients had grade 3 or 4, which presented with
prolonged QTc and hypertension. Based on the results from
the previous stage, patients in the extension phase were all
administered 12 mg erlotinib. The ORR was 26.5% (95%
CI: 12.9-44.4%) and the DCR was 73.5% (95% CI: 55.6—
87.1%). The PES rate was 49.9% (95% CI: 31.1-66.1%) at
6 months. Of these 31 patients, 16 achieved stable disease,
yet their median survival remained indeterminate (95%
CI: 7.1-not reached) (96). The biomarker analyses showed
that patients with bTMB-L or MSAF-L had significantly
more favourable ORR and PFS compared with those with
bTMB-H or MSAF-H (97). The above clinical trials are
detailed in Table 2.

Conclusions

Combining an antiangiogenic agent and immunotherapy
enhance immune cells potential to fight against malignant
tumors, which significantly improves the prognosis
of patients with breast cancer, and this provides more
possibilities for clinical choices. The combination of anti-
angiogenesis and immunotherapy has been found to
not only increase drug efficacy, but also to have a well-
controlled safety profile. Investigations into the potential
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Table 2 Summary of clinical trials of ICIs in combination with anti-angiogenesis drug and/or chemotherapies in breast cancer

Characteristics ~ Study design Patient population Treatment regimen Primary endpoint ORR (nqu:;'t::s) oS

NCT03394287  Open label, aTNBC (n=40) Camrelizumab plus ORR 43.3% 3.7vs. 1.9 mOS 8.1 vs.
randomized, apatinib (apatinib 9.5 months
parallel, non- intermittent
comparative, dosing cohort,
two-arm, 13 of 30)
phase Il

KELLY Open label, HR*, HER2™ Pembrolizumab Clinical benefit Not reported 6.0 Not reached

(NCT032228560) multicenter, negative, plus eribulin (CR, PR, SD lasting
single-arm, inoperable, locally for more than and
phase Il recurrent or equal to 24 weeks)

metastatic BC (n=44)

ENHANCE-1 Open label, mTNBC Pembrolizumab ORR 23.40% 4.1 Overall mOS
multicenter, (phase Ib, n=7; plus eribulin 16.1 months
single-arm, phase Il, n=160)
phase Ib/Il
Single-arm mTNBC (n=18) Cabozantinib plus  ORR 9% 3.6 Not reported
phase Il nivolumab

NCT04303741 Multicenter aTNBC (n=46) Camrelizumab plus ORR 37.00% 8.1 Not reached
phase Il apatinib-eribulin

NCT03855358  Phase Ib aTNBC (n=34) TQB2450 plus ORR 26.50% 5.6 Not reached

anlotinib

FUTURE-C-Plus Open-label,  Advanced, Camrelizumab plus ORR 81.3% 13.6 Not reached

(NCT04129996) single-arm,

phase Il

TNBC (n=48) famitinib

immunomodulatory nab-paclitaxel plus

ICls, immune checkpoint inhibitors; aTNBC, advanced triple-negative breast cancer; BC, breast cancer; ORR, objective response rate;
mPFS, median progression-free survival; OS, overall survival; mOS, median overall survival; CR, complete response; PR, partial response;

SD, stable disease; mTNBC, metastatic triple-negative breast cancer.

of immunotherapy in conjunction with anti-angiogenesis
agents to treat breast cancer are being conducted in
abundance (the summary of trials in Table 3).

In China, massive breast cancer studies are concentrating
on the triad of chemotherapy, immunotherapy and the
inhibition of angiogenesis in breast cancer. For instance,
the ongoing SPACE study in which immunotherapy plus
antiangiogenic therapy and metronomic chemotherapy
brought encouraging results, in patients with advanced
TNBC. Results have indicated that sindilizumab in
combination with anlotinib and metronomic chemotherapy
has promising effectiveness and tolerable tolerability (98).

Combined anti-angiogenesis and immunotherapy
has been established as a standard in the treatment of
hepatocellular carcinoma and non-small cell lung cancer.
The combination has also been found to show great benefit
for patients with advanced breast cancer, particularly those

© AME Publishing Company.

with TNBC. As trials continue, it is estimated that more
alternative combinations of ICIs, anti-angiogenic drugs,
and chemotherapeutic agents will be administrated in
patients with advanced breast cancer. Despite the benefits
of combination therapies, more attention should be paid
to the AEs. Drug toxicity management is relatively more
complex and unpredictable, with excessive revascularization
rather impairing drug and oxygen delivery the delicate
balance between normalization and excessive revascularization
requires careful selection of antiangiogenic drug doses and
dosing regimen requirements. Moreover, it is critical to find
biomarkers to expedite the screening of a patient group that
stands to gain more. In clinical practice, current biomarkers
are still determined by pathologic analysis of excised tissues,
and there is a lack of a clinical tool that can predict early and
non-invasively. At the same time, it is the first non-invasive
imaging model in China to accurately predict the response of
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Table 3 Summary of ongoing clinical trials of ICIs in combination with anti-angiogenesis drug and/or chemotherapies in breast cancer

Clinical trial number

Breast cancer

Patients Regimen

Status

Estimated completion

type date
NCTO03797326 TNBC 590 Pembrolizumab plus lenvatinib Active, not recruiting 2023
NCT04722718 TNBC 34 Sintilimab plus anlotinib plus Unknown 2023
chemotherapy
NCT03387085 TNBC 79 Avelumab plus cancer vaccine plus Active, not recruiting 2023
bevacizumab
NCT05227664 TNBC 80 AK117/AK112 Recruiting 2023
NCT04914390 TNBC 32 Anlotinib plus tislelizumab plus AT Unknown 2023
NCT03170960 TNBC 1,732  Cabozantinib plus atezolizumab Active, not recruiting 2024
NCT03202316 Inflammatory 35 Atezolizumab plus cobimetinib plus Active, not recruiting 2024
breast cancer eribulin
NCT03280563 HR/HER2™ BC 138  Atezolizumab plus bevacizumab Active, not recruiting 2024
NCT05244993 TNBC 42 AK105 plus anlotinib plus albumin Not yet recruiting 2024
paclitaxel
NCT04577963 TNBC 112 Tislelizumab plus fruquintinib Recruiting 2024
NCTO04877821 TNBC 31 Sintilimab plus anlotinib plus Recruiting 2025
chemotherapy
NCT03475953 TNBC 747 Regorafenib plus avelumab Recruiting 2025
NCT05556200 TNBC 58 Camrelizumab plus apatinib Recruiting 2025
NCT04243616 HR*/HER2™ BC 36 Durvalumab plus eribulin Recruiting 2025
or TNBC
NCT05386524 TNBC 41 Sintilimab plus bevacizumab biosimilar Recruiting 2025
plus pegylated liposomal doxorubicin
NCT04732598 HR*/HER2™ BC 280 Bevacizumab plus paclitaxel plus Active, not recruiting 2025
atezolizumab
NCT04739670 TNBC 31 Bevacizumab plus carboplatin, Recruiting 2025
gemcitabine and atezolizumab
NCT05286437 HR/HER2™ BC 40 Lenvatinib plus pembrolizumab plus  Recruiting 2026
letrozole
NCT06125080 TNBC 78 Utidelone plus tirelizumab and Recruiting 2026
bevacizumab
NCT06140576 TNBC 58 Lenvatinib plus sintilimab plus nab- Active, not recruiting 2026
paclitaxel
NCT06110793 HR*/HER2™ BC 43 Lenvatinib, pembrolizumab, and Recruiting 2026
fulvestrant
NCT04427293 TNBC 12 Lenvatinib plus pembrolizumab Recruiting 2026

ICls, immune checkpoint inhibitors; TNBC, triple-negative breast cancer; HR, hormone receptor; HER2, human epidermal growth factor
receptor 2; BC, breast cancer.

© AME Publishing Company.
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advanced breast cancer to immunotherapy (99). The potential
for improved ORR and survival outcomes in advanced breast
cancer treatment through the combination of immunotherapy
and anti-angiogenic therapies warrants further, large,
randomized controlled trials to validate these results.

Acknowledgments

Funding: None.

Footnote

Reporting Checklist: The authors have completed the
Narrative Review reporting checklist. Available at https://
tber.amegroups.org/article/view/10.21037/tber-24-21/rc

Peer Review File: Available at https://tber.amegroups.org/
article/view/10.21037/tbcr-24-21/prf

Conflicts of Interest: Both authors have completed the
ICMJE uniform disclosure form (available at https://tbcr.
amegroups.org/article/view/10.21037/tbcr-24-21/coif). The
authors have no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Sung H, Ferlay J, Siegel RL, et al. Global Cancer Statistics
2020: GLOBOCAN Estimates of Incidence and Mortality
Worldwide for 36 Cancers in 185 Countries. CA Cancer ]
Clin 2021;71:209-49.

2. Arnold M, Morgan E, Rumgay H, et al. Current and
future burden of breast cancer: Global statistics for 2020
and 2040. Breast 2022;66:15-23.

© AME Publishing Company.

10.

11.

12.

13.

14.

15.

Translational Breast Cancer Research, 2024

Loibl S, Untch M, Burchardi N, et al. A randomised

phase II study investigating durvalumab in addition to an
anthracycline taxane-based neoadjuvant therapy in early
triple-negative breast cancer: clinical results and biomarker
analysis of GeparNuevo study. Ann Oncol 2019;30:1279-88.
Schmid P, Cortes J, Pusztai L, et al. Pembrolizumab for
Early Triple-Negative Breast Cancer. N Engl ] Med
2020;382:810-21.

Cortes J, Cescon DW, Rugo HS, et al. Pembrolizumab
plus chemotherapy versus placebo plus chemotherapy

for previously untreated locally recurrent inoperable or
metastatic triple-negative breast cancer (KEYNOTE-355):
a randomised, placebo-controlled, double-blind, phase 3
clinical trial. Lancet 2020;396:1817-28.

Emens LA, Adams S, Barrios CH, et al. First-line
atezolizumab plus nab-paclitaxel for unresectable, locally
advanced, or metastatic triple-negative breast cancer:
IMpassion130 final overall survival analysis. Ann Oncol
2021;32:983-93.

Hodi FS, O'Day SJ, McDermott DE, et al. Improved
survival with ipilimumab in patients with metastatic
melanoma. N Engl ] Med 2010;363:711-23.

Zhang Y, Zhang Z. The history and advances in cancer
immunotherapy: understanding the characteristics of
tumor-infiltrating immune cells and their therapeutic
implications. Cell Mol Immunol 2020;17:807-21.

Zhu S, Zhang T, Zheng L, et al. Combination strategies
to maximize the benefits of cancer immunotherapy. J
Hematol Oncol 2021;14:156.

Ungefroren H. Blockade of TGF-p signaling: a potential
target for cancer immunotherapy? Expert Opin Ther
Targets 2019;23:679-93.

Shannon AM, Bouchier-Hayes DJ, Condron CM, et al. Tumour
hypoxia, chemotherapeutic resistance and hypoxia-related
therapies. Cancer Treat Rev 2003;29:297-307.

Luo Q, Wang J, Zhao W, et al. Vasculogenic mimicry in
carcinogenesis and clinical applications. ] Hematol Oncol
2020;13:19.

Chambers A, Kundranda M, Rao S, et al. Anti-
angiogenesis Revisited: Combination with Immunotherapy
in Solid Tumors. Curr Oncol Rep 2021;23:100.

Migden MR, Rischin D, Schmults CD, et al. PD-1 Blockade
with Cemiplimab in Advanced Cutaneous Squamous-Cell
Carcinoma. N Engl ] Med 2018;379:341-51.

Migden MR, Chandra S, Rabinowits G, et al. CASE
(CemiplimAb-rwlc Survivorship and Epidemiology) study
in advanced cutaneous squamous cell carcinoma. Future
Oncol 2020;16:11-19.

Transl Breast Cancer Res 2024;5:32 | https://dx.doi.org/10.21037/tber-24-21


https://tbcr.amegroups.org/article/view/10.21037/tbcr-24-21/rc
https://tbcr.amegroups.org/article/view/10.21037/tbcr-24-21/rc
https://tbcr.amegroups.org/article/view/10.21037/tbcr-24-21/prf
https://tbcr.amegroups.org/article/view/10.21037/tbcr-24-21/prf
https://tbcr.amegroups.org/article/view/10.21037/tbcr-24-21/coif
https://tbcr.amegroups.org/article/view/10.21037/tbcr-24-21/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/

Translational Breast Cancer Research, 2024

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Gross ND, Miller DM, Khushalani NI, et al. Neoadjuvant
Cemiplimab for Stage II to IV Cutaneous Squamous-Cell
Carcinoma. N Engl ] Med 2022;387:1557-68.

Gogishvili M, Melkadze T, Makharadze T, et al.
Cemiplimab plus chemotherapy versus chemotherapy alone
in non-small cell lung cancer: a randomized, controlled,
double-blind phase 3 trial. Nat Med 2022;28:2374-80.
Tewari KS, Monk BJ, Vergote I, et al. Survival with
Cemiplimab in Recurrent Cervical Cancer. N Engl ] Med
2022;386:544-55.

O'Malley DM, Bariani GM, Cassier PA, et al.
Pembrolizumab in Patients With Microsatellite Instability-
High Advanced Endometrial Cancer: Results From the
KEYNOTE-158 Study. J Clin Oncol 2022;40:752-61.
Garassino MC, Gadgeel S, Speranza G, et al.
Pembrolizumab Plus Pemetrexed and Platinum in
Nonsquamous Non-Small-Cell Lung Cancer: 5-Year
Outcomes From the Phase 3 KEYNOTE-189 Study. ]
Clin Oncol 2023;41:1992-8.

Novello S, Kowalski DM, Luft A, et al. Pembrolizumab
Plus Chemotherapy in Squamous Non-Small-Cell Lung
Cancer: 5-Year Update of the Phase IIIl KEYNOTE-407
Study. J Clin Oncol 2023;41:1999-2006.

Harrington KJ, Burtness B, Greil R, et al. Pembrolizumab
With or Without Chemotherapy in Recurrent or
Metastatic Head and Neck Squamous Cell Carcinoma:
Updated Results of the Phase IIl KEYNOTE-048 Study. ]
Clin Oncol 2023;41:790-802.

Burtness B, Harrington KJ, Greil R, S, et al.
KEYNOTE-048 Investigators. Pembrolizumab alone or
with chemotherapy versus cetuximab with chemotherapy
for recurrent or metastatic squamous cell carcinoma of the
head and neck (KEYNOTE-048): a randomised, open-
label, phase 3 study. Lancet 2019;394:1915-1928.

Merle P, Kudo M, Edeline J, et al. Pembrolizumab as
Second-Line Therapy for Advanced Hepatocellular
Carcinoma: Longer Term Follow-Up from the Phase 3
KEYNOTE-240 Trial. Liver Cancer 2023;12:309-20.
Forde PM, Spicer J, Lu S, et al. Neoadjuvant Nivolumab
plus Chemotherapy in Resectable Lung Cancer. N Engl ]
Med 2022;386:1973-85.

Hodi FS, Chiarion-Sileni V, Gonzalez R, et al. Nivolumab
plus ipilimumab or nivolumab alone versus ipilimumab
alone in advanced melanoma (CheckMate 067): 4-year
outcomes of a multicentre, randomised, phase 3 trial.
Lancet Oncol 2018;19:1480-92.

Powles T, Park SH, Caserta C, et al. Avelumab First-Line
Maintenance for Advanced Urothelial Carcinoma: Results

© AME Publishing Company.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Page 11 of 14

From the JAVELIN Bladder 100 Trial After >2 Years of
Follow-Up. J Clin Oncol 2023;41:3486-92.

D'Angelo SP, Bhatia S, Brohl AS, et al. Avelumab in
patients with previously treated metastatic Merkel cell
carcinoma: long-term data and biomarker analyses from
the single-arm phase 2 JAVELIN Merkel 200 trial. ]
Immunother Cancer 2020;8:¢000674.

Herbst RS, Giaccone G, de Marinis F, et al. Atezolizumab
for First-Line Treatment of PD-L1-Selected Patients with
NSCLC. N Engl ] Med 2020;383:1328-39.

Liu SV, Reck M, Mansfield AS, et al. Updated Overall
Survival and PD-L1 Subgroup Analysis of Patients With
Extensive-Stage Small-Cell Lung Cancer Treated With
Atezolizumab, Carboplatin, and Etoposide IMpower133).
J Clin Oncol 2021;39:619-30.

Oh DY, He AR, Chen LT, et al. 78P - Updated overall
survival (OS) from the phase III TOPAZ-1 study of
durvalumab (D) or placebo (PBO) plus gemcitabine and
cisplatin (+ GC) in patients (pts) with advanced biliary tract
cancer (BTC). ESMO Asia Congress 2022. Ann Oncol
2022;33:51462.

Nanda R, Chow LQ, Dees EC, et al. Pembrolizumab

in Patients With Advanced Triple-Negative Breast
Cancer: Phase Ib KEYNOTE-012 Study. ] Clin Oncol
2016;34:2460-7.

Adams S, Schmid P, Rugo HS, et al. Pembrolizumab
monotherapy for previously treated metastatic triple-
negative breast cancer: cohort A of the phase 11
KEYNOTE-086 study. Ann Oncol 2019;30:397-404.
Winer EP, Lipatov O, Im SA, et al. Pembrolizumab versus
investigator-choice chemotherapy for metastatic triple-
negative breast cancer (KEYNOTE-119): a randomised,
open-label, phase 3 trial. Lancet Oncol 2021;22:499-511.
Emens LA, Cruz C, Eder JP, et al. Long-term Clinical
Outcomes and Biomarker Analyses of Atezolizumab
Therapy for Patients With Metastatic Triple-Negative
Breast Cancer: A Phase 1 Study. JAMA Oncol 2019;5:74-82.
Boyerinas B, Jochems C, Fantini M, et al. Antibody-
Dependent Cellular Cytotoxicity Activity of a Novel Anti-
PD-L1 Antibody Avelumab (MSB0010718C) on Human
Tumor Cells. Cancer Immunol Res 2015;3:1148-57.
Khanna S, Thomas A, Abate-Daga D, et al. Malignant
Mesothelioma Effusions Are Infiltrated by CD3+ T Cells
Highly Expressing PD-L1 and the PD-L1+ Tumor Cells
within These Effusions Are Susceptible to ADCC by

the Anti-PD-L1 Antibody Avelumab. ] Thorac Oncol
2016;11:1993-2005.

Julid EP, Amante A, Pampena MB, et al. Avelumab, an

Transl Breast Cancer Res 2024;5:32 | https://dx.doi.org/10.21037/tber-24-21



Page 12 of 14

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

IgG1 anti-PD-L1 Immune Checkpoint Inhibitor, Triggers
NK Cell-Mediated Cytotoxicity and Cytokine Production
Against Triple Negative Breast Cancer Cells. Front
Immunol 2018;9:2140.

Vandeveer AJ, Fallon JK, Tighe R, et al. Systemic
Immunotherapy of Non-Muscle Invasive Mouse Bladder
Cancer with Avelumab, an Anti-PD-L1 Immune
Checkpoint Inhibitor. Cancer Immunol Res 2016;4:452-62.
Jochems C, Hodge JW, Fantini M, et al. ADCC employing
an NK cell line (haNK) expressing the high affinity CD16
allele with avelumab, an anti-PD-L1 antibody. Int J Cancer
2017;141:583-93.

Gulley JL, Rajan A, Spigel DR, et al. Avelumab for patients
with previously treated metastatic or recurrent non-small-
cell lung cancer (JAVELIN Solid Tumor): dose-expansion
cohort of a multicentre, open-label, phase 1b trial. Lancet
Oncol 2017;18:599-610.

Kaufman HL, Russell J, Hamid O, et al. Avelumab in
patients with chemotherapy-refractory metastatic Merkel
cell carcinoma: a multicentre, single-group, open-label,
phase 2 trial. Lancet Oncol 2016;17:1374-85.

Patel MR, Ellerton J, Infante JR, et al. Avelumab in
metastatic urothelial carcinoma after platinum failure
(JAVELIN Solid Tumor): pooled results from two
expansion cohorts of an open-label, phase 1 trial. Lancet
Oncol 2018;19:51-64.

Dirix LY, Takacs I, Jerusalem G, et al. Avelumab, an
anti-PD-L1 antibody, in patients with locally advanced

or metastatic breast cancer: a phase 1b JAVELIN Solid
Tumor study. Breast Cancer Res Treat 2018;167:671-86.
Nederlof I, Isaeva OI, Bakker N, et al. LBA13 Nivolumab
and ipilimumab in early-stage triple negative breast
cancer (TNBC) with tumor-infiltrating lymphocytes
(TTLs): First results from the BELLINI trial. Ann Oncol
2022;33:51382.

Adams S, Diamond JR, Hamilton E, et al. Atezolizumab
Plus nab-Paclitaxel in the Treatment of Metastatic Triple-
Negative Breast Cancer With 2-Year Survival Follow-up:
A Phase 1b Clinical Trial. JAMA Oncol 2019;5:334-42.
Schmid P, Adams S, Rugo HS, et al. Atezolizumab and
Nab-Paclitaxel in Advanced Triple-Negative Breast
Cancer. N Engl ] Med 2018;379:2108-21.

Sharma P, Stecklein SR, Yoder R, et al. Clinical and
Biomarker Findings of Neoadjuvant Pembrolizumab and
Carboplatin Plus Docetaxel in Triple-Negative Breast
Cancer: NeoPACT Phase 2 Clinical Trial. JAMA Oncol
2024;10:227-35.

Rassevold AH, Andresen NK, Bjerre CA, et al.

© AME Publishing Company.

50.

52.

53.

54.

55.

56.

57.

58.

Translational Breast Cancer Research, 2024

Atezolizumab plus anthracycline-based chemotherapy

in metastatic triple-negative breast cancer: the
randomized, double-blind phase 2b ALICE trial. Nat Med
2022;28:2573-83.

Bian L, Zhang H, Wang T, et al. JS001, an anti-PD-1 mAb
for advanced triple negative breast cancer patients after
multi-line systemic therapy in a phase I trial. Ann Transl
Med 2019;7:435.

. Jiang Z, Ouyang Q, Sun T, et al. Toripalimab plus nab-

paclitaxel in metastatic or recurrent triple-negative
breast cancer: a randomized phase 3 trial. Nat Med
2024;30:249-56.

Alimohammadi M, Faramarzi F, Mafi A, et al. Efficacy
and Safety of Atezolizumab Monotherapy or Combined
Therapy with Chemotherapy in Patients with Metastatic
Triple-negative Breast Cancer: A Systematic Review and
Meta-analysis of Randomized Controlled Trials. Curr
Pharm Des 2023;29:2461-76.

Lehmann BD, Abramson VG, Dees EC, et al.
Atezolizumab in Combination With Carboplatin and
Survival Outcomes in Patients With Metastatic Triple-
Negative Breast Cancer: The TBCRC 043 Phase 2
Randomized Clinical Trial. JAMA Oncol 2024;10:193-201.
Jiang C, Zhang L, Xu X, et al. Engineering a Smart Agent
for Enhanced Immunotherapy Effect by Simultaneously
Blocking PD-L1 and CTLA-4. Adv Sci (Weinh)
2021;8:¢2102500.

Li Q, LiuJ, Zhang Q, et al. The anti-PD-L1/CTLA-

4 bispecific antibody KIN046 in combination with nab-
paclitaxel in first-line treatment of metastatic triple-
negative breast cancer: a multicenter phase II trial. Nat
Commun 2024;15:1015.

Schmid P, Salgado R, Park YH, et al. Pembrolizumab

plus chemotherapy as neoadjuvant treatment of high-risk,
early-stage triple-negative breast cancer: results from the
phase 1b open-label, multicohort KEYNOTE-173 study.
Ann Oncol 2020;31:569-81.

Mittendorf EA, Zhang H, Barrios CH, et al. Neoadjuvant
atezolizumab in combination with sequential nab-paclitaxel
and anthracycline-based chemotherapy versus placebo and
chemotherapy in patients with early-stage triple-negative
breast cancer (IMpassion031): a randomised, double-blind,
phase 3 trial. Lancet 2020;396:1090-100.

Mittendorf EA, Zhang H, Barrios CH, et al. Final
analysis of the placebo-controlled randomised phase 3
IMpassion031 trial evaluating neoadjuvant atezolizumab
(atezo) plus chemotherapy (CT) followed by open-

label adjuvant atezo in patients (pts) with early-stage

Transl Breast Cancer Res 2024;5:32 | https://dx.doi.org/10.21037/tber-24-21



Translational Breast Cancer Research, 2024

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

triple-negative breast cancer (¢TNBC). Ann Oncol
2023;8:101220.

Gianni L, Huang CS, Egle D, et al. Pathologic complete
response (pCR) to neoadjuvant treatment with or without
atezolizumab in triple-negative, early high-risk and
locally advanced breast cancer: NeoTRIP Michelangelo
randomized study. Ann Oncol 2022;33:534-43.

Loibl S, Schneeweiss A, Huober ], et al. Neoadjuvant
durvalumab improves survival in early triple-negative
breast cancer independent of pathological complete
response. Ann Oncol 2022;33:1149-58.

Cardoso F, McArthur HL, Schmid P, et al.
KEYNOTE-756: Phase 3 study of neoadjuvant
pembrolizumab (pembro) or placebo (pbo) + chemotherapy
(chemo), followed by adjuvant pembro or pbo + endocrine
therapy (ET) for early-stage high-risk ER+/HER2- breast
cancer. Ann Oncol 2023;34:S1260-1.

Loi S, Curigliano G, Salgado R, et al. Biomarker Results
in High-risk Estrogen Receptor Positive, Human
Epidermal Growth Factor Receptor 2 Negative Primary
Breast Cancer Following Neoadjuvant Chemotherapy =
Nivolumab: an Exploratory Analysis of CheckMate 7FL.
Cancer Res 2024;84:GGS01-01.

Sherene Loi, Giuseppe Curigliano, Roberto Salgado, et
al. Biomarker Results in High-risk Estrogen Receptor
Positive, Human Epidermal Growth Factor Receptor 2
Negative Primary Breast Cancer Following Neoadjuvant
Chemotherapy + Nivolumab: an Exploratory Analysis of
CheckMate 7FL. 2023 SABCS Annually Meeting.

Chi Y, Fang Z, Hong X, et al. Safety and Efficacy of
Anlotinib, a Multikinase Angiogenesis Inhibitor, in
Patients with Refractory Metastatic Soft-Tissue Sarcoma.
Clin Cancer Res 2018;24:5233-8.

Olsson AK, Dimberg A, Kreuger J, et al. VEGF receptor
signalling - in control of vascular function. Nat Rev Mol
Cell Biol 2006;7:359-71.

Dimova I, Popivanov G, Djonov V. Angiogenesis in cancer
- general pathways and their therapeutic implications. ]
BUON 2014;19:15-21.

Volk A, Legler K, Hamester E, et al. Ang-2 is a potential
molecular marker for lymphatic metastasis and better
response to bevacizumab therapy in ovarian cancer. J
Cancer Res Clin Oncol 2023;149:15957-67.

Shojaei E, Lee JH, Simmons BH, et al. HGF/c-Met acts
as an alternative angiogenic pathway in sunitinib-resistant
tumors. Cancer Res 2010;70:10090-100.

de Heer EC, Jalving M, Harris AL. HIFs, angiogenesis,
and metabolism: elusive enemies in breast cancer. J Clin

© AME Publishing Company.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Page 13 of 14

Invest 2020;130:5074-87.

Jain RK. Normalization of tumor vasculature: an emerging
concept in antiangiogenic therapy. Science 2005;307:58-62.
Li Q, Wang Y, Jia W, et al. Low-Dose Anti-Angiogenic
Therapy Sensitizes Breast Cancer to PD-1 Blockade. Clin
Cancer Res 2020;26:1712-24.

Allen E, Jabouille A, Rivera LB, et al. Combined
antiangiogenic and anti-PD-L1 therapy stimulates tumor
immunity through HEV formation. Sci Transl Med
2017;9:€2ak9679.

Schmittnaegel M, Rigamonti N, Kadioglu E, et al. Dual
angiopoietin-2 and VEGFA inhibition elicits antitumor
immunity that is enhanced by PD-1 checkpoint blockade.
Sci Transl Med 2017;9:eaak9670.

Wang Q, Gao J, Di W, et al. Anti-angiogenesis therapy
overcomes the innate resistance to PD-1/PD-L1 blockade
in VEGFA-overexpressed mouse tumor models. Cancer
Immunol Immunother 2020;69:1781-99.

Sharma T, Dhingra R, Singh S, et al. Aflibercept: a novel
VEGEF targeted agent to explore the future perspectives
of anti-angiogenic therapy for the treatment of multiple
tumors. Mini Rev Med Chem 2013;13:530-40.

Raymond E, Dahan L, Raoul JL, et al. Sunitinib malate
for the treatment of pancreatic neuroendocrine tumors. N
Engl J Med 2011;364:501-13.

Ferrara N, Hillan KJ, Gerber HP, et al. Discovery and
development of bevacizumab, an anti-VEGF antibody for
treating cancer. Nat Rev Drug Discov 2004;3:391-400.
Inai T, Mancuso M, Hashizume H, et al. Inhibition of
vascular endothelial growth factor (VEGF) signaling in
cancer causes loss of endothelial fenestrations, regression
of tumor vessels, and appearance of basement membrane
ghosts. Am J Pathol 2004;165:35-52.

Herbst RS, Arkenau HT, Santana-Davila R, et al.
Ramucirumab plus pembrolizumab in patients with
previously treated advanced non-small-cell lung cancer,
gastro-oesophageal cancer, or urothelial carcinomas
(JVDF): a multicohort, non-randomised, open-label, phase
1a/b trial. Lancet Oncol 2019;20:1109-23.

Finn RS, Qin S, Tkeda M, et al. Atezolizumab plus
Bevacizumab in Unresectable Hepatocellular Carcinoma.
N Engl ] Med 2020;382:1894-905.

Llovet JM, Kudo M, Merle P, et al. Lenvatinib plus
pembrolizumab versus lenvatinib plus placebo for
advanced hepatocellular carcinoma (LEAP-002): a
randomised, double-blind, phase 3 trial. Lancet Oncol
2023;24:1399-410.

Qin S, Chan SL, Gu S, et al. Camrelizumab plus

Transl Breast Cancer Res 2024;5:32 | https://dx.doi.org/10.21037/tber-24-21



Page 14 of 14

83.

84.

85.

86.

87.

88.

89.

90.

91.

rivoceranib versus sorafenib as first-line therapy for
unresectable hepatocellular carcinoma (CARES-310):
a randomised, open-label, international phase 3 study.
Lancet 2023;402:1133-46.

Rini BI, Powles T, Atkins MB, et al. Atezolizumab plus

bevacizumab versus sunitinib in patients with previously

untreated metastatic renal cell carcinoma (IMmotion151):

a multicentre, open-label, phase 3, randomised controlled
trial. Lancet 2019;393:2404-15.

Rini BI, Plimack ER, Stus V, et al. Pembrolizumab

plus Axitinib versus Sunitinib for Advanced Renal-Cell
Carcinoma. N Engl ] Med 2019;380:1116-27.

Motzer RJ, Penkov K, Haanen J, et al. Avelumab plus
Axitinib versus Sunitinib for Advanced Renal-Cell
Carcinoma. N Engl ] Med 2019;380:1103-15.

Liu J, Liu Q, Li Y, et al. Efficacy and safety of
camrelizumab combined with apatinib in advanced triple-
negative breast cancer: an open-label phase II trial. J
Immunother Cancer 2020;8:¢000696.

De Angelis C, Bruzzese D, Bernardo A, et al. Eribulin in
combination with bevacizumab as second-line treatment
for HER2-negative metastatic breast cancer progressing
after first-line therapy with paclitaxel and bevacizumab: a
multicenter, phase I, single arm trial (GIM11-BERGI).
ESMO Open 2021;6:100054.

Pérez-Garcia JM, Llombart-Cussac A, G Cortés M, et
al. Pembrolizumab plus eribulin in hormone-receptor-
positive, HER2-negative, locally recurrent or metastatic
breast cancer (KELLY): An open-label, multicentre,
single-arm, phase II trial. Eur J Cancer 2021;148:382-94.
Tolaney SM, Kalinsky K, Kaklamani VG, et al. Eribulin
Plus Pembrolizumab in Patients with Metastatic Triple-
Negative Breast Cancer (ENHANCE 1): A Phase Ib/I1
Study. Clin Cancer Res 2021;27:3061-8.

Barroso-Sousa R, Keenan TE, Li T, et al. Nivolumab

in combination with cabozantinib for metastatic triple-
negative breast cancer: a phase II and biomarker study.
NPJ Breast Cancer 2021;7:110.

Liu J, Wang Y, Tian Z, et al. Multicenter phase II trial of
Camrelizumab combined with Apatinib and Eribulin in
heavily pretreated patients with advanced triple-negative

doi: 10.21037/tbcr-24-21

Cite this article as: Deng X, Liu J. Narrative review on

efficacy and safety of anti-angiogenesis in combination with

immunotherapy in the treatment of breast cancer. Trans] Breast

Cancer Res 2024;5:32.

© AME Publishing Company.

92.

93.

94.

95.

96.

97.

98.

99.

Translational Breast Cancer Research, 2024

breast cancer. Nat Commun 2022;13:3011.

Zeng T, Sun C, Liang Y, et al. A Real-World Multicentre
Retrospective Study of Low-Dose Apatinib for Human
Epidermal Growth Factor Receptor 2-Negative Metastatic
Breast Cancer. Cancers (Basel) 2022;14:4084.

Hao K, Zhang M, Zhong G, et al. Efficacy of PD-1
Combined with Anti-angiogenic Dual-target Therapy on
Advanced Triple-negative Breast Cancer and Its Influence
on Cellular Immune Function, Short-term Prognosis

and Adverse Reactions. The Practical Journal of Cancer
2022;37:1701-5, 1725.

Li C, Shao Z, Wang Z, et al. The overall survival analysis
of FUTURE-C-PLUS: Combination of famitinib with
camrelizumab plus nab-paclitaxel as first-line treatment
for advanced, immunomodulatory triple-negative breast
cancer—An open-label, single-arm, phase 2 trial. ] Clin
Oncol 2023;41:abstr 1086.

Fan L, Liu X, Xu Y, et al. Phase II study of sitravatinib
plus tislelizamab with or without nab-paclitaxel in patients
with locally recurrent or metastatic triple negative breast
cancer. Cancer Res 2024;84:Abstract nr PO1-06-12.
Wang J, Sun T, Ouyang Q, et al. A phase Ib study of
TQB2450 plus anlotinib in patients with advanced triple-
negative breast cancer. iScience 2023;26:106876.

Han Y, Wang J, Sun T, et al. Predictive biomarkers of
response and survival following immunotherapy with

a PD-L1 inhibitor benmelstobart (TQB2450) and
antiangiogenic therapy with a VEGFR inhibitor anlotinib
for pretreated advanced triple negative breast cancer.
Signal Transduct Target Ther 2023;8:429.

Li H, Tan Q, Sun S, et al. Efficacy and safety of
sintilimab in combination with anlotinib plus metronomic
chemotherapy in advanced triple negative breast cancer
(SPACE): preliminary results of a single-arm, multicenter
phase II trial. Cancer Res 2023;83:0T1-05-02.

Zhao J, Sun Z, Yu Y, et al. Radiomic and clinical data
integration using machine learning predict the efficacy

of anti-PD-1 antibodies-based combinational treatment
in advanced breast cancer: a multicentered study. J
Immunother Cancer 2023;11:¢006514.

Transl Breast Cancer Res 2024;5:32 | https://dx.doi.org/10.21037/tber-24-21



