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Editorial

Adjuvant Metronomic Chemotherapy After Surgery in pT1-T2
N0 M0 HER2-Positive and ER/PR-Positive Breast Cancer Plus
Targeted Therapy, Anti-Hormonal Therapy, and Radiotherapy,
with or Without Immunotherapy: A New Operational Proposal
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Department of Life Sciences, Health, and Health Care Professions, Link Campus University, 00165 Rome, Italy;
l.roncati@unilink.it or emailmedical@gmail.com

Simple Summary: Metronomic chemotherapy (MCTP) consists of frequently adminis-
tering low doses of chemotherapy to reduce its side effects, without extended drug-free
breaks. Here, its oral adjuvant use after surgery in combination with targeted therapy,
anti-hormonal therapy, and radiotherapy is proposed in a variant of breast cancer smaller
than 5 cm, not metastatic to the lymph nodes or elsewhere, and expressing both human epi-
dermal growth factor receptor 2 (HER2) and hormone receptors. The possible improvement
with immunotherapy using monoclonal antibodies against programmed death 1 (PD-1) is
also considered.

Abstract: Breast cancer is the most common and deadly female-specific malignancy in
the world. Four immunohistochemical subtypes are distinguished: luminal A, luminal
B, HER2-positive, and triple-negative. In turn, the HER2-positive subtype presents two
variants depending on the status of the hormone receptors. The variant that expresses
them can benefit from both anti-HER2 and anti-hormonal therapy. Today, MCTP finds
application in maintenance therapy after standard of care and in advanced breast cancer
when the patient’s clinical condition is already seriously compromised by metastatic disease;
in this context, it is used as a first-line treatment, in pre-treated subjects, or as a rescue
treatment. Here, the use of adjuvant oral MCTP after surgery at an early stage in HER-2
and hormone-positive local breast cancer is proposed, where effective treatment options
are available, such as anti-HER2 therapy (e.g., trastuzumab, pertuzumab), anti-hormonal
therapy (e.g., tamoxifen, letrozole), radiotherapy, and, in case of strong PD-1 positivity,
immunotherapy.

Keywords: breast cancer; sentinel lymph node biopsy; metronomic chemotherapy; human
epidermal growth factor receptor 2 (HER2); estrogen receptor; progesterone receptor;
targeted therapy; trastuzumab; antihormonal therapy; immunotherapy

1. Metronomic Chemotherapy
Metronomic chemotherapy (MCTP) is an innovative approach to treat cancer based

on the continuous administration of known chemotherapy drugs at doses lower than the
maximum tolerated ones, but for a longer period of time, in order to reduce their side
effects [1–4]. It is commonly administered orally, which is more convenient and comfortable
for patients than the intravenous route usually used in conventional chemotherapy, where
the drug is administered at a dosage close to the maximum tolerated dose in bolus mode

Cancers 2025, 17, 1323 https://doi.org/10.3390/cancers17081323

https://doi.org/10.3390/cancers17081323
https://doi.org/10.3390/cancers17081323
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/cancers
https://www.mdpi.com
https://orcid.org/0000-0001-6949-2216
https://doi.org/10.3390/cancers17081323
https://www.mdpi.com/article/10.3390/cancers17081323?type=check_update&version=1


Cancers 2025, 17, 1323 2 of 10

to obtain the cytotoxic effect on tumor cells [5]. However, by doing so, even the healthy,
fast-dividing cells of the body are affected, e.g., bone marrow cells, epithelial cells in the
gastrointestinal tract, and hair stem cells, causing more or less significant side effects such
as cytopenia, nausea, vomiting, diarrhea, and hair loss; a break in treatment is therefore
necessary to allow these normal cells to recover [1–5]. Because in MCTP a much lower
dosage of the drug, usually one-tenth to one-third of the maximum tolerated dose, is
frequently administered to maintain a low concentration in the plasma, the probability of
serious side effects is significantly reduced [6].

At a metronomic concentration, the drug acts mainly on the tumor microenvironment,
including immune cells and tumor endothelial cells, rather than with a cytotoxic mech-
anism. More specifically, MCTP has been found to selectively inhibit regulatory T cells
(Tregs) and thereby activate helper and cytotoxic T cells responsible for cancer-specific
immunity, as well as natural killer cells involved in the innate immune response [7]. In
fact, Tregs control the activity of effector T-cells and other immune cells primarily through
cell-to-cell contact, as well as by producing suppressive cytokines (e.g., interleukin-10,
transforming growth factor-β) [8]. This immunomodulation of Tregs is not a prerogative of
conventional chemotherapy, which instead tends to reduce the number of all lymphocyte
subsets [9,10]; furthermore, some chemotherapeutic agents such as cyclophosphamide,
etoposide, methotrexate, paclitaxel, and vinblastine can promote, at low concentrations,
the maturation and antigen-presenting ability of dendritic cells, which in turn facilitate
T-cell-mediated immunity against cancer [11]. T cell activity has also been found to be po-
tentiated by MCTP via intracellular production of type I interferon in tumor cells due to the
triggered mitochondrial dysfunction [12]. Normalization of the tumor microenvironment
enhances the therapeutic effect of immunotherapy by checkpoint inhibitors, which target
programmed death 1 (PD-1) [13,14]. PD-1 is a lymphocyte surface receptor that downreg-
ulates the immune system by promoting self-tolerance; however, several cancers highly
express PD-1 ligand (PD-L1) to evade immune recognition and escape T cells [15]. Therefore,
PD-1/PD-L1 blockade increases immune activity against those breast tumors that express
them [16,17]. Furthermore, MCTP induces apoptosis and inhibits the proliferation of tumor
endothelial cells without disrupting the endothelial cells of normal blood vessels [18]; this
is likely due to an increase in the expression of thrombospondin-1 [19]. Another target
of MCTP is the bone marrow-derived circulating endothelial progenitor cells, which are
involved in cancer angiogenesis and whose levels are reduced by MCTP [20,21]. Neoangio-
genesis is also counteracted by decreasing circulating levels of vascular endothelial growth
factor [22–24].

Some authors have hypothesized that the tumor response to MCTP is not limited to
antiangiogenic and immunomodulatory activities but is also expressed through a Drug-
Driven Dependency Deprivation, the so-called “4D” effect [25]. During prolonged exposure
to chemotherapeutic agents, some cancer cells may become drug-dependent, and their
growth may be significantly inhibited until cell death once the drug is removed [25]. This
effect might not be sufficient to induce tumor regression, but it could lead to the destruction
of the most resistant cancer clones [25].

Last but not least, MCTP may also induce tumor cell dormancy and quiescence
with mechanisms still under investigation. Dormancy is a cancerous state of variable
duration in which tumor cells cease replicating but continue to survive, waiting for adequate
environmental stimuli to begin proliferating again [26]. These dormant cells can remain in
this state for years as minimal residual disease or isolated in the bone and may be clinically
undetectable until they give rise to difficult-to-treat macrometastases [27]. Although still
poorly understood, tumor collapse and hypoxia are proposed mechanisms underlying
cancer dormancy [28–30]. The former is reached when the main tumor mass is significant
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and such that it has no more physical space to grow, triggering a cell contact inhibition [31],
while the latter, strictly connected to the previous one, is favored by a reduced blood supply
and by the loss of intratumoral vascularization inhibited precisely by MCTP [32]. A state of
quiescence can also be found in micrometastases kept under control by the hosting lymph
node; when this is exhausted, the tumor cells can expand and spread to distant locations
via the bloodstream [33]. By inducing unresectable malignant cells into growth arrest,
MCTP can allow the patient to survive longer in a chronic paucisymptomatic condition
and, theoretically, make cancer a chronic disease [34,35].

2. Breast Cancer
According to the Global Cancer Observatory powered by the International Agency for

Research on Cancer of the World Health Organization, breast cancer is the most frequent
worldwide among the female population and has the highest mortality rate (Figure 1).
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in both incidence and mortality. The number of deaths from breast cancer is slightly higher than new
cases of cervical cancer, the second most common female tumor in the world. These data are very
illustrative of the socio-health burden linked to breast cancer even today [data source: Globocan].

In 2022 there were 2,296,840 new cases and 666,103 related deaths globally, with
the highest mortality in Asia (47.3%), followed by Europe (21.7%), Africa (13.7%), Latin
America and the Caribbean (9.0%), Northern America (7.5%), and Oceania (0.8%) [36].
Unfortunately, Asia and Europe also dominate the 2022 incidence and 5-year prevalence
rankings with 985,817 and 3,197,043 cases and 557,532 and 2,296,495 cases, respectively,
followed by Northern America (306,307 vs. 1,332,343), Latin America and the Caribbean
(220,124 vs. 725,017), Africa (198,553 vs. 507,659), and Oceania (28,507 vs. 119,836) [36].

Over the years the surgical approach to breast cancer has been refined with skin-
sparing mastectomy and quadrantectomy plus radiotherapy, and again with the intro-
duction of sentinel lymph node biopsy (SLNB) [37]. At the beginning of the 21st century,
Umberto Veronesi’s team demonstrated that axillary dissection could be safely avoided
in women with invasive breast tumors 2 cm or less if SLNB was negative, thus benefiting
from less pain, less swelling, and greater arm mobility [38,39]. Today, SLNB technique is
standardized and routinely used in the staging of many malignancies, breast cancer in-
cluded [40]. According to the pathological tumor-node-metastasis (pTNM) staging system,
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tumors 2 cm or less are categorized as T1, between 2 cm and 5 cm as T2, more than 5 cm in
greatest dimension as T3, while tumors of any size with direct extension to the chest wall
and/or to the skin in terms of ulceration or macroscopic nodules are designated T4 [41].
No metastasis in SLNB is classified as pN0, 1–3 positive axillary lymph nodes as pN1, 4–9
as pN2, ≥10 as pN3; furthermore, M0 and M1 indicate, respectively, the absence of distant
metastases and clinical or radiographic evidence of distant metastases, respectively [41].
Grading (G) ranges from well-differentiated (G1) and moderately differentiated (G2) to
poorly differentiated (G3) forms, almost all of which derive from the epithelium of the
ducts or lobules of the breast, hence the names ductal or lobular carcinoma [41]. Rarer his-
totypes include mucinous, tubular, medullary, papillary, and metaplastic carcinoma [41]. In
addition to morphology, immunohistochemical classification has also gained consensus for
its prognostic relevance, allowing breast cancer to be divided into four molecular subtypes
that share microarray signatures.

2.1. Luminal A Subtype

This subtype highly expresses estrogen receptors (ER) and progesterone receptors (PR)
but does not express human epidermal growth factor receptor 2 (HER2). It is usually a G1
or G2 breast tumor and shows a low proliferation rate on immunohistochemistry for Kiel
antigen 67 (Ki-67) [41]. Luminal A cancers generally have a poor response to conventional
chemotherapy but an excellent response to anti-hormonal therapies, conferring a favor-
able prognosis [41]; these include selective ER modulators with antagonistic endocrine
functions on the mammary gland (e.g., tamoxifen, toremifene, and raloxifene), aromatase
inhibitors, which block the aromatization of androgens into estrogens by inhibiting the
aromatase enzyme in a reversible (e.g., letrozole, anastrozole) or irreversible (e.g., exemes-
tane) manner, and gonadotropin-releasing hormone analogs (e.g., triptorelin, goserelin,
and leuprorelin) [42].

2.2. Luminal B Subtype

This subtype poorly expresses ER/PR and does not express HER2. It is usually a
G3 breast tumor and shows a high proliferation rate on Ki-67 immunohistochemistry. In
practice, luminal B cancers respond poorly to antihormonal drugs, and, therefore, they
are burdened by an unfavorable prognosis [41]. Several classes of chemotherapeutics
can be used for their treatment, such as anthracyclines (e.g., doxorubicin, epirubicin), an-
timetabolites (e.g., fluorouracil, capecitabine, and methotrexate), DNA alkylating agents
(e.g., cyclophosphamide), platinum-based drugs (e.g., cisplatin, carboplatin), and taxanes
(e.g., docetaxel, paclitaxel) [43,44]. Chemotherapy reduces the risk of cancer recurrence by
about one-third over the next ten years; however, 1–2% of patients undergoing chemother-
apy experience permanent or life-threatening side effects.

2.3. HER-2 Positive Subtype

This subtype shows HER2 amplification and may or may not express ER/PR. It is
usually a G3 breast tumor and shows a high proliferation rate on Ki-67 immunohistochem-
istry or mitotic count [41]. Prior to the introduction of anti-HER2 therapy, this subtype
was the most aggressive and characterized by the shortest survival despite chemotherapy;
nowadays, thanks to HER2-targeted treatment, a significantly better prognosis has been
achieved [41]. It is based on the administration of monoclonal antibodies, among which
are trastuzumab and pertuzumab. Through specific binding to different epitopes, both
antibodies prevent HER2 dimerization, block intracellular signaling, and cause tumor cell
cycle arrest [45]. The antibody binding also induces the immune system to kill cancer cells
through an antibody-dependent cell-mediated cytotoxicity [46].
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2.4. Triple-Negative Subtype

This subtype, also called basal-like because it is thought to originate from basal cells,
does not express either HER2 or ER/PR. For this reason, it is the most difficult to treat
and is burdened by the highest mortality rate [41]. Typically, it is a fast-growing G3 breast
cancer that occurs in the context of mutations in the breast cancer gene 1 (BRCA1) [41].
About 40% of triple-negative breast cancers express androgen receptors and may respond
to antiandrogen medications such as bicalutamide; efforts are underway to use it as a
prognostic marker and a treatment [47]. Great hope is also placed in immunotherapy:
a breast cancer is considered PD-1/PD-L1-positive if it shows any extent of membrane
immunohistochemical staining in ≥1% to <49% of tumor cells, while it can be considered
strongly positive and enjoys a greater therapeutic response if such staining involves ≥50%
of tumor cells [48].

3. State of the Art
Currently, the main fields of application of MCTP in breast cancer are advanced

metastatic disease from luminal B, HER2-positive, or triple-negative subtypes [49–60], in
an attempt to chronicize it and prolong patient survival; maintenance therapy after con-
ventional chemotherapy; and salvage treatment [61,62]. In this last context, it is used both
in the first line and in patients pretreated conventionally [63–65]. The low dosages make
MCTP successfully tolerable even in the elderly and in heavily pretreated subjects [66–69].
Among the drugs tested over the years, there are fluorouracil [70], methotrexate [70–72],
docetaxel [73,74], paclitaxel [75], doxorubicin [76], eribulin [77], etoposide [78,79], temo-
zolomide [80], gemcitabine [14], vinorelbine [81–84], cyclophosphamide [85–88], and
capecitabine [89–92]. These last three drugs together form the most promising thera-
peutic regimen. In a cohort of 67 metastatic patients treated for at least 12 months with
vinorelbine 30 or 40 mg orally three times a week, cyclophosphamide 50 mg daily, and
capecitabine 500 mg three times a day at the European Institute of Oncology, founded in
1994 by the aforementioned Umberto Veronesi, the progression-free survival at 3 years
was 25.4% and at 4 years was 18.5% [93]. On the other hand, American researchers from
the Seattle Cancer Care Alliance have retrospectively analyzed the impact of MCTP not
in advanced disease but in early-stage breast cancer by enrolling 98 luminal A patients
from February 2015 through December 2018; their study has demonstrated that MCTP with
cyclophosphamide, methotrexate, and fluorouracil can offer survival outcomes equivalent
to traditional chemotherapy with docetaxel and cyclophosphamide [70]. Similar results in
terms of disease-free survival for high-risk early-stage breast cancer have been reported
by other American researchers with doxorubicin and cyclophosphamide-based MCTP fol-
lowed by weekly nab-paclitaxel [94]. In a randomized clinical trial conducted at 13 clinical
and academic centers in China from April 2010 to December 2016, involving 434 women
with early-stage triple-negative subtype who received standard adjuvant treatment, low-
dose capecitabine maintenance therapy (650 mg twice a day orally for one year) resulted
in a significant improvement in 5-year disease-free survival compared with observation
(82.8% vs. 73.0%) [95]. These findings support the benefits of MCTP in triple-negative
breast cancer [60,62,95]; in addition, MCTP achieves even better results when combined
with anti-hormonal or targeted therapies [96–98].

4. Conclusions
In conclusion, negative SLNB means that metastasizing cells have not spread to the

lymph nodes, the first organs theoretically reached in case of breast cancer dissemination;
if SLNB is negative, it is very likely that the cancer has not spread to any other area of the
organism. In daily practice, this assumption must be supported by a preoperative whole-
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body scan (e.g., computed tomography, magnetic resonance imaging). However, even in
the case of negative staging, the presence of metastatic cells scattered in a para-sentinel
node or in the lymphatic vessel connecting the tumor to the sentinel lymph node cannot
be excluded. Therefore, pT1-T2 N0 M0 HER2-positive and ER/PR-positive breast cancer
represents a further variant of the HER2-positive subtype at an early stage with a more
favorable prognosis because it can be completely removed with surgery and treated with
adjuvant anti-HER2 therapy, anti-hormonal therapy, and radiotherapy in order to target
any residual cells in transit and not detected. In the face of this variant, MCTP would
find an ideal field of application because it would help to further clean the tumor area
from any residual cells while improving the response to eventual immunotherapy and
preserving patients from the toxicity of conventional chemotherapy. A clinical trial for this
early-stage variant with adjuvant oral MCTP after surgery in combination with targeted
therapy, anti-hormonal therapy, radiotherapy, and, in case of strong PD-1/PD-L1 positivity,
immunotherapy is therefore advocated.

Funding: This research received no external funding.
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