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ABSTRACT

Even though the impact of the immune system on the clinical
course of cancer has been known for decades, its role in the
treatment of various tumor entities has often been given little
consideration. In recent years, the treatment landscape for
breast cancer has undergone significant changes. Routine
treatment has been revolutionized, in particular, by the use
of T cell-based immunotherapies in the form of immune
checkpoint inhibitors (ICls). While this underscores the impor-
tance of the immune system in the treatment of breast can-
cer, other T cell-based immunotherapies, such as therapeutic
vaccines, do still not play a significant role in clinical practice.
In recent years, numerous studies on various vaccine candi-
dates have been conducted, some of which have demonstrat-
ed a successful induction of an immune response. The selec-
tion of antigens and routes of administration/adjuvants
capable of inducing long-lasting and clinically effective T cell
responses remains a key challenge. The combination of ICls
with therapeutic vaccines could also hold promise for the
future, by enhancing the specificity of the T cell response and
thus augmenting the anti-tumor effect.

ZUSAMMENFASSUNG

Der Einfluss des Immunsystems auf den Verlauf einer Krebser-
krankung ist seit Jahrzehnten bekannt, trotzdem wurde ihm in
der Behandlung diverser Tumorentitdten aber oft wenig Stellen-
wert beigemessen. In den letzten Jahren hat sich die Therapie-
landschaft des Mammakarzinoms deutlich verandert. Beson-
ders der Einsatz von T-Zell-basierten Immuntherapien in Form
von Immun-Checkpoint-Inhibitoren (ICl) hat die Routinebe-
handlung revolutioniert. Obwohl dies die Bedeutung des Im-
munsystems in der Behandlung des Mammakarzinoms unter-
streicht, spielen weitere T-Zell-basierte Immuntherapien, wie
beispielsweise therapeutische Impfstoffe, bislang keine rele-
vante klinische Rolle. In den letzten Jahren gab es zahlreiche
Studien zu verschiedenen Impfstoffkandidaten, die teilweise
auch Erfolge in der Induktion einer Immunantwort zeigen konn-
ten. Eine zentrale Herausforderung stellt weiterhin die Auswahl
geeigneter Antigene und Applikationsformen/Adjuvantien zur
Induktion lang anhaltender und klinisch effektiver T-Zell-
Antworten dar. Vielversprechend kdnnte in Zukunft auch die
Kombination von ICI mit Vakzinen sein, um die Spezifitdt der
T-Zellantwort und damit die Anti-Tumorwirkung zu erhéhen.
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The role of the immune system is to monitor cells in the body and
to recognize and eliminate abnormal cells at an early stage. Many
of the immunotherapies developed in recent years are based on
immune recognition of tumor cells. In the case of breast cancer,
the adoption of T cell-based immunotherapies, especially treat-
ment with immune checkpoint inhibitors (ICls), into routine clini-
cal practice in the metastatic and neoadjuvant settings is of
particularimportance [1, 2]. Yet currently only a small proportion
of patients benefit from this therapy [3], and there is a great need
for additional immunotherapeutic approaches that improve the
specificity of the immune response and increase the response
rates. Therapeutic vaccination, an approach where the immune
system is specifically directed against tumor cells, is one way of
achieving this goal. Unlike vaccinations against pathogens, which
have proven to be highly successful in the prevention of previously
fatal infectious diseases, cancer vaccines are used only in the ther-
apeutic setting where T cells are trained to specifically target anti-
gens presented on tumor cells via human leukocyte antigens
(HLA). While numerous vaccine candidates for breast cancer
treatment are currently being evaluated in clinical trials, this ther-
apeutic approach has not yet been adopted in routine clinical
practice.

Cancer-specific peptides as the primary
vaccination target

The selection of suitable antigens, which should be specific for the
tumor and occur at a high rate in many patients, is a key prerequi-
site for the development of cancer vaccines. Peptides, presented
on the cell surface via HLA molecules, are the target of T cell-
mediated immune response. Since tumor cells differ in these pep-
tides from healthy cells, the immune system is able to recognize
tumor peptides as foreign and destroy them. Potentially useful tu-
mor antigens include, on the one hand, neo-epitopes which origi-
nate from tumor-specific mutations and have been described as
the key target structure of ICl-mediated immune response, and,
on the other hand, tumor-associated antigens (TAAs) which are
exclusively presented in tumor tissue as the result of changes in
gene expression or processing [4, 5, 6, 7]. Regardless of their ori-
gin and presentation, tumor-exclusive peptides, ideally presented
by the majority of patients, are optimal candidates for therapeutic
vaccination as they allow widespread use in clinical practice.
Breast cancer research into TAAs focuses on the epidermal growth
factor receptor 2 (HER2) as a target which has been investigated
in numerous studies. In addition, other antigens for cancer vac-
cines, including human epidermal growth factor receptor 3, folate
receptor o and programmed cell death ligand-1, have been de-
scribed; these are also currently being evaluated in clinical trials
8, 91l.

Treatment setting

Various strategies for the application of these antigens, in combi-
nation with suitable adjuvants, are available, including peptide
vaccines, DNA- or RNA-based vaccines as well as approaches
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based on dendritic cells or viral vectors. In the case of DNA- or
RNA-based vaccines, cancer antigen-coding DNA or RNA is intro-
duced into the body. The recipient’s cells take it up and start pro-
ducing antigens, which are then recognized as foreign by the im-
mune system [10, 11]. This principle is also utilized in the case of
viral vectors, which introduce the genetic information into the
body as a vehicle and then trigger an immune response to the an-
tigens produced [12]. With peptide-based vaccines, the cancer
antigens are applied directly in the form of short sequences of
amino acids. The peptides are produced synthetically and admi-
nistered in combination with adjuvants that stimulate the im-
mune system [13]. Cell-based approaches use the patient’s own
dendritic cells which are ex vivo loaded with tumor antigens and
then infused back into the patient. Next, the loaded dendritic cells
present the tumor antigens to T cells [14]. In addition to the selec-
tion of optimal tumor antigens, adjuvants and application strate-
gies as well as the timing of administration of the cancer vaccine is
critical for its success. An optimum ratio of effector cells to target
cells is crucial for the effectiveness of the treatment, i.e. the num-
ber of functional T cells available must be sufficient to eliminate
the existing tumor cells. With breast cancer, this would, for exam-
ple, be the case postoperatively, with or without prior neoadju-
vant chemotherapy (NACT). Vaccine treatment could be adminis-
tered either alone or in combination with another treatment
which does not have a negative effect on the functioning of the
immune system (e.g. ICl treatment). In addition to this “classical
setting”, newer concepts also evaluate the effectiveness of its use
as an adjunct treatment to NACT.

Current state of clinical trials

Therapeutic vaccines to treat breast cancer have been evaluated
for many years [15]. The first targets identified were tumor anti-
gens from HER2 in patients with HER2-positive breast cancer. Ini-
tial successes were achieved early on with the induction of an im-
mune response in HLA-A2-positive patients [16, 17, 18]. Today,
further tumor antigens are investigated; however, the range of
suitable targets is more limited in breast cancer compared to
other tumor entities, since most of the antigens that have been
studied were not pursued further due to a lack of or insufficient
immune responses [8]. Only a small proportion of the cancer vac-
cines developed could be taken to more advanced stages of clini-
cal development. HER2 is still the primary target. The current
phase II/Ill studies (> Table 1) have already shown promising im-
mune responses in early phases of the clinical development.
Here, again, the increasing impact of well-established immuno-
therapies is obvious. The number of studies evaluating ICls in
combination with therapeutic cancer vaccines continue to in-
crease. One example is the NSABP FB-14 study, which showed al-
ready years ago that the peptide-based vaccine was able to induce
HER2-related immunogenicity [17]; this therapeutic vaccine is
now being evaluated in combination with an ICl in triple-negative
metastatic breast cancer (NCT04024800). The largest study in
German-speaking countries is the Flamingo-01 trial, evaluating a
promising peptide-based vaccine targeting HER2 in combination
with the granulocyte-macrophage colony stimulating factor
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» Table1 Summary of ongoing phase II/Ill studies on therapeutic vaccination in patients with breast cancer. Data according to https://clinicaltrials.gov/.

Trial identifier

Phase

Principle of action

NCT05232916 11l Peptide-based + GM-CSF

NCT03562637 1l Peptide-based

NCT03384914 Il DC-based vs. DNA-based

NCT04329065 Il DNA-based + THP

NCT04197687 Il Peptide-based + GM-CSF

NCT03012100 Il Peptide-based +
GM-CSF + cyclophosphamide

NCT03804944 Il Letrozole + radiation vs. letrozole
+ radiation + peptide-based vs.
letrozole + radiation + ICl vs.
letrozole + radiation + peptide-
based + ICl

NCT03632941 Il Alphavirus-based + ICI

NCT04348747 Il DC-based + ICI

NCT03328026 Il Allogeneic BC cells + ICl +
cyclophosphamide

NCT02491697 Il DC-based + Capecitabine

NCT04024800 Il Peptide-based + ICl

NCT04348747 Il DC-based + ICl

NCT03606967 Il Peptide-based + nab-paclitaxel +
21

NCT03761914 Il Peptide-based + ICI

Setting Cohort Target structure
eBC HER2 + BC with non-pCR after HER2
NACT or high recurrence risk after
NACT
eBC Globo H-positive TNBC Globo H
eBC HER2 + BC with non-pCR after NACT ~ HER2
eBC HR-/HER2 + BC before surgery HER2
eBC HER2 + BC with non-pCR after NACT ~ HER2
eBC TNBC FOLR1
eBC HR+/HER2- BC, locally advanced Ftl-3
before surgery
mBC HR-/HER2 + BC HER2
mBC TNBC or HER2 + BC with brain HER2/HER3
metastases
mBC All subtypes GM-CSF
PD-L1
IDO
mBC All subtypes CIK agonist
mBC TNBC HER2
mBC TNBC/HER2 + BC HER2/HER3
mBC TNBC Personalized vaccine
mBC TNBC WT1

Abbreviations: GM-CSF: granulocyte-macrophage colony stimulating factor; DC: dendritic cell; DNA: deoxyribonucleic acid; vs.: versus; THP: neoadjuvant
chemotherapy with THP: neoadjuvant chemotherapy with Taxol (Paclitaxel), Herceptin (trastuzumab) and Perjeta (pertuzumab); ICl: immune checkpoint
inhibitor; BC: breast cancer: eBC: early breast cancer; mBC: metastatic breast cancer; nab-paclitaxel: nanoparticle albumin-bound paclitaxel; HER2: human
epidermal growth factor receptor 2; non-pCR: histological evidence of residual tumor cells after surgery; NACT: neoadjuvant chemotherapy; TNBC: triple-
negative breast cancer; HR+ BC: hormone receptor-positive breast cancer, HR- BC: hormone receptor-negative breast cancer; Globo H: globohexaosyl-
ceramide; FOLR1: folate receptor o; ftl-3: FMS-like tyrosine kinase 3; HER3: human epidermal growth factor receptor 3; PD-L1: Programmed cell death
ligand-1; IDO: indolamine-2,3-dioxygenase: CIK agonist: cytokine-induced killer agonist; WT1: Wilms’ tumor 1 protein

(GM-CSF) in patients after neoadjuvant chemotherapy (NACT)
and at high risk of recurrence (NCT05232916). Of particular note
are also newer concepts, investigating the use of additive preo-
perative vaccination. The vaccination is administered for example
in combination with neoadjuvant chemotherapy and HER2-targe-
ted therapy (NCT04329065), an approach that aims at improving
the response rate through vaccination. Another interesting con-
cept is offered by the CBCV trial (NCT03804944), in which the
preoperative administration of letrozole in patients with hormone
receptor-positive/HER2-negative breast cancer is extended by a
4-arm concept with local radiation, either without additional ther-
apy or in combination with peptide-based vaccination, ICls or a
combination thereof; the histological response is evaluated after
completion of treatment.

Conclusion

For the first time, numerous therapeutic vaccination strategies for
breast cancer, which have already shown an adequate immune re-
sponse in earlier studies, are currently evaluated in advanced
study phases. In addition to the classical adjuvant setting, new
concepts are emerging that either use ICl as a combination part-
ner or aim to improve the response rate in patients undergoing
NACT. The complexity and costs of these personalized approa-
ches remain a hurdle to establishing them in clinical practice. In
addition, there is still a lack of suitable breast cancer antigens
that could be used for off-the-shelf approaches in large patient
populations.
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Implications for clinical practice

Therapeutic vaccines do not play a role in breast cancer therapy in
today’s routine clinical practice. However, the successes achieved
with ICI treatment underscore the potential of the immune sys-
tem to control breast cancer, even in cases with poor prognosis.
Nevertheless, there is still room for improvement, as ICls cannot
(yet) be used in all patients with breast cancer and are only effec-
tive in a subgroup of patients. Cancer vaccines provide the oppor-
tunity to improve the specificity of the immune responses, there-
by optimizing the effectiveness of immunotherapies. Going
forward, therapeutic vaccination strategies (possibly in combina-
tion with an ICI, depending on the subtype) could be a useful
addition to breast cancer therapy to further improve treatment
options, in particular in cases where therapeutic alternatives are
limited, for example in the case of histological evidence of residual
tumor after NACT.
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