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ABSTRACT

Determining pathological complete response (pCR) could be an important step in planning individual treatment, hence improving the prognosis in terms
of survival. Achieving breast pCR not only improves survival but is also linked to a disease-free axilla, therefore increasing the likelihood of avoiding axillary
surgery safely. The current trend in de-escalating axillary management surgically or in applying radiotherapy to the axilla is dependent primarily on breast
cancer (BC) patients achieving pCR. Studies have demonstrated that certain characteristics can predict pCR, even though it is still difficult to identify these
elements. A review of the literature was carried out to determine these factors and their clinical applications. A search was carried out in the MEDLINE
database using PubMed, Google Scholar, and EMBASE. This yielded 1368 studies, of which 60 satisfied the criteria. The studies were categorized according
to the subject they dealt with. These parameters included age, race, subtypes, clinicopathological, immunological, imaging, obesity, Ki-67 status, vitamin D,
and genetics. These factors, in combination, can be used for specific subtypes to individualize treatment and monitor response to therapy. The predictors of
pCR are diverse and should be utilized to personalize patient treatment, ultimately inducing the best outcomes. These determinants can also be employed
for monitoring responses to neoadjuvant therapy, thereby adjusting treatment. The development of standardized markers for the diversity of BC subtypes

still needs additional future research. These factors must be applied in concert in order to provide optimal results.
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Key Points

¢ Achieving pathological complete response (pCR) is the desired end result of using neoadjuvant therapy in responders.

* Identifying factors that determine pCR in breast cancer patients can help guide treatment, hence individualizing it.

e Achieving pCR in the breast correlates well with pCR in the axilla; this can result in the de-escalation of axillary surgery.

* pCR determinants should be used in combination to achieve optimal results. Therefore, standardization of these factors is essential.

Introduction

Locally advanced breast cancer (LABC) presents unique challenges in
treatment and management, requiring a multidisciplinary approach
that may involve surgery, radiation therapy, chemotherapy, hormone
therapy, and targeted therapy. Neoadjuvant therapy is becoming the
treatment of choice for responders, helped by the improvements made
in effective drugs. Achieving pathological complete response (pCR) is
the aim of neoadjuvant therapy. pCR in the breast correlates well with
pCR in the axilla. Current research when dealing with axillary surgery
focuses on de-escalation. This is especially true when dealing with
patients who present with clinically node-negative (cNO) breast cancer
and respond well to neoadjuvant breast therapy, achieving pCR. This
can also be applied to clinically node-positive axilla (cN+), as seen in
certain studies. Therefore, determining the factors that predict pCR
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is essential. Patients who show these factors can be expected to have
improved outcomes and could avoid axillary lymph node dissection
(ALND). Determining pCR could be an essential step in planning
individual treatment, hence improving the prognosis. This could also
help identify patients who could be candidates for the omission of
sentinel lymph node biopsy (SLNB). pCR also correlates well with
overall survival. Although it remains challenging to determine these
factors, studies have shown certain factors to be associated with pCR.
The aim of this review was to identify these factors and investigate
them extensively in relation to the evidence available in the literature,
emphasizing their clinical applications.

Pathological complete response is defined as no residual disease in either
the breast or axillary nodes. Locally advanced breast cancer (LABC)
that responds to neoadjuvant therapy correlates well with disease-free
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axilla. The rapid shift now toward de-escalation of treatment for BC,
surgically or medically, is gaining acceptance by many authors. With
more evidence coming to light, there is a shift in favor of doing more
SNLB and avoiding completion of ALND for selected candidates.
Moreover, the improvement in neoadjuvant therapy was pivotal in
achieving this, as well as improving survival. This de-escalation is
further investigated to omit SLNB in clinically node-negative patients
(cNO) who achieve pCR (1). These patients are likely to have a lower
chance of axillary recurrence, hence avoiding ALND. Omitting
ALND not only leads to early recovery but also decreases morbidity
and improves quality of life. Furthermore, determining pCR in
patients before treatment will help plan and individualize therapy.
Post-mastectomy radiotherapy (PMRT) in patients with 1-3 positive
lymph nodes who achieve pCR is also a subject of ongoing debate.
It is postulated that omitting PMRT in these patients might lead to
decreased morbidity, improve quality of life and avoid unnecessary
exposure. Factors that determine response to neoadjuvant therapy and

hence pCR will help to achieve these goals.

Materials and Methods

The MEDLINE database was searched using PubMed, Google Scholar,
and EMBASE up to and including September 2023. The search words
included pathological complete response, breast cancer, response
to neoadjuvant therapy in breast cancer, and genetic mutations in
breast cancer. Inclusion criteria were factors determining pathologic
complete response including neoadjuvant therapy, race, age, BC
subtypes, genetic mutations, and imaging. Exclusion criteria included
case reports, incomplete data, specific treatments, correspondence,
papers other than in English, and repetitive topics.

Results

Out of 1368 manuscripts, 60 satisfied the inclusion criteria. Full texts
were obtained and analyzed. Factors were identified and grouped
individually for discussion (Figure 1). The areas that were most covered
and had an abundance of research papers were, subtypes, biomarkers
and imaging. Although there were enough studies on most of the
subjects to form an opinion, some lacked adequate numbers. This
included race, plasma fibrinogen and the use of anti-lipids. In order to
be as relevant as possible, the studies used were the most recent.

Although it is challenging to determine the factors that favor pCR,
the factors discussed below are well-established and supported by

Studies identified through PubMed,
Google Scholar, and EMBASE: n=1368

numerous studies. Furthermore, identifying these factors will help
improve treatment, hence improving prognosis in terms of disease-free
survival and overall survival. However, not all patients achieve pCR
due to the biological nature of BC. Therefore, it is essential to identify
these patients and improve their response to neoadjuvant therapy. This
will also avoid using these cytotoxic drugs in patients who otherwise
will not benefit and will require other modes of treatment. The factors
that influence pCR are categorized below.

Race

Terman et al. (2) looked at 2196 black and white women treated in
Chicago over the past 20 years for early breast cancer. Of the 397
women receiving neoadjuvant chemotherapy (NACT), 47.5% of
young white women achieved pCR, compared to 26.8% of young
black women. They concluded that black women had a poorer
outcome than white women, particularly in the young age group.
Hence, the response to NACT and achieving pCR is significantly
higher in white women, which might indicate a different pathological
process. This racial disparity was also confirmed in another study (3).
The disparities and lower pCR achievement were across all subtypes
and correlated with poorer survival. Both studies highlighted the need
to understand the disease process in black women in order to improve
outcome and survival.

These findings call for further research into young black women
to understand why this disparity exists and help introduce effective
treatment.

Age

Verdial et al. (4) identified 1383 women with stage I-III BC treated
with NACT and subsequent surgery. pCR and breast/axillary
downstaging rates were assessed and compared across age groups.
Younger women were significantly more likely to have ductal histology,
poorly differentiated tumors, and BRCA mutations; 35% of tumors
were hormone receptor-positive/human epidermal growth factor
receptor 2-negative (HR-positive/HER2-negative), 36% were HER2-
positive, and 29% were triple-negative breast cancer (TNBC) patients,
with similar subtype distribution across age groups. Overall, pCR rates
did not differ by age. However, among patients with TNBC tumors,
younger women had higher pCR rates (52% vs. 35% among those aged
41-60 years and 29% among those aged 261 years). They were more
likely to have tumors with high tumor-infiltrating lymphocyte (TIL)
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Figure 1. Consort diagram showing the number (n) of studies excluded and included
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concentrations. They concluded that younger women undergoing
NACT for axillary downstaging were more likely to avoid ALND
across all subtypes. Despite equivalent breast downstaging and breast-
conserving surgery (BCS) eligibility rates across age groups, younger
women were less likely to undergo BCS.

Subtypes, Tumor Size, and Grade

The subtypes that have been shown by studies to be favorable to
achieving pCR include HER2-positive and TNBC subtypes. The
former two are superior for attaining pCR compared to hormone
receptor-positive BC. Patients with these subtypes who achieve pCR
have a very high chance of avoiding surgery. Those who do not respond
tend to have a poor prognosis. pCR achievement is also related to
disease-free survival (DFS), particularly for HER2-positive and TNBC
(5). Overall, factors related to pCR were nonluminal subtype, high
grade, and HER2 overexpression. Residual tumor and nodal stage
after NACT significantly correlated with DFS and OS. Similarly, pCR
after NACT showed significantly better DFS, particularly for HER2-
positive, TNBC, and HER2-positive luminal B profiles (6). Luminal B
(HER2-positive) subtype, HER2 overexpression subtype, and TNBC
subtype were factors in predicting pCR (7). HER2-low BC patients
represent roughly half of the cases treated with neoadjuvant therapy and
have poor treatment responses. In the absence of pCR, HER2-low BC
patients have a dismal prognosis, especially when their primary tumor
hormone receptor status is negative. Therefore, studies are needed to
define the biology of these tumors for new therapeutic targets and to
incorporate HER2-targeting agents in early-stage treatment (8). Recent
studies have reported several subtypes of TNBC, distinguishable by
gene expression analysis, that may respond differently to treatment.
Furthermore, novel agents, including pertuzumab or T-DM1 for
HER2-type BC, bevacizumab or PARP inhibitors for TNBC, or
combination regimens with these novel agents, are expected to achieve
higher pCR rates and improve patient prognosis (9). Achievement of
pCR led to significantly better overall survival in women with HER2-
positive tumors and also to significantly better locoregional survival
in women treated for TNBC. Predictive factors of pCR were a high
pathologic grade, the HER2 molecular subtype, positive estrogenic
hormonal receptors, and a positive HER2 receptor (10). Assessing
nearly 14,000 women from a contemporary United States database,
Haque et al. (11) examined the relationship between response to
NACT and molecular subtype. Women with luminal A disease are the
least likely to undergo pCR, with the highest rates of HER2 disease.
The degree of response is associated with OS, especially in luminal
B, HER2, and TNBC patients. Despite the comparatively higher
likelihood of achieving pCR in TNBC cases, they found that this
subgroup may still experience a survival disadvantage. pCR rate in ER
expression also varies. The rate of low ER-positive tumors was similar
to that of ER-negative tumors but significantly different from the
rate of moderately ER-positive and high ER-positive tumors. Patients
with pCR had an excellent prognosis regardless of their ER status. In
patients with residual disease (no pCR), the recurrence and death rates
were higher in ER-negative and low ER-positive cases compared with
moderate and high ER-positive cases (12). When considering HER2-
and HER2-positive/HR-positive
HER2-positive patients achieved more significant benefit from HER2-

positive/HR-negative patients,
targeted treatment, although the efficacy of neoadjuvant therapy was
relatively poor (13). Patients with TNBC and HER2-positive BC have
the highest rates of BCS and pCR after neoadjuvant chemotherapy.
Patients with these subtypes are most likely to be candidates for less
invasive surgical approaches after chemotherapy (14). Furthermore,

tumor size does not impact response to neoadjuvant therapy or pCR
rate across all subtypes (15).

Obesity

Obesity is considered a risk factor for BC and is associated in some
studies with a low pCR rate; other studies, as discussed below, found
no association. There seems to be evidence from the numerous
studies of the association of BC with obesity, which warrants further
prospective research. Studies have reported that BMI was not found to
influence the rate of pCR (16, 17). On the contrary, in other studies,
it was found that obesity had a negative impact on pCR. Rasmy and
Sorour (18) found that 58.3% of patients who failed to achieve pCR
had a BMI above the normal level; they also had higher relapse rates
and lower survival rates compared with normal BMI patients. It was
observed that obesity was a significant independent prognostic factor
that has an adverse effect on pCR (19, 20).

Vitamin D

Numerous studies have explored the relationship between vitamin
D and BC incidence, progression, prognosis, and pCR rate. Vitamin
D regulates the expression of genes essential in the development and
progression of BC. The effect of vitamin D on the pCR rate has been
looked at in numerous medical trials. Vitamin D deficiency was
defined as <20 ng/mL. Vitamin D deficiency is associated with the
inability to reach pCR in patients with BC undergoing NACT (21).
Other studies have found no association between vitamin D and pCR
(22). However, it is essential to normalize vitamin D pre- and post-
therapy to maintain skeletal health. The discrepancies in the role of
vitamin D warrant further clinical trials on a larger scale.

Serum Lipids

Serum lipid alteration may play a role in BC progression and achieving
pCR. High density lipoprotein (HDL) cholesterol has been linked
to a reduced risk of BC incidence, while low density lipoprotein
(LDL) cholesterol and triglycerides have shown associations with
increased risk. Chemotherapy increased the levels of triglycerides,
total cholesterol, and LDL cholesterol but decreased the level of HDL
cholesterol. Preoperative dyslipidemia was significantly associated with
the axillary pCR rate. Dyslipidemia deteriorated after chemotherapy.
Thus, the full-course serum lipid level may serve as a blood marker for
predicting BC prognosis (23). The administration of anti-lipids such
as simvastatin combined with chemotherapy showed improvements in
pathological response in patients with LABC (24).

Plasma Fibrinogen

Elevated levels of plasma fibrinogen have been linked with increased
tumor aggressiveness, metastasis, and poor prognosis in various
malignancies, including BC. Low plasma fibrinogen pretreatment
levels have been associated with higher rates of achieving pCR. This
is potentially attributed to reduced tumor cell proliferation and
angiogenesis. Low pretreatment plasma fibrinogen (<3.435 g/L) is an
independent predictive factor for pCR to NACT in BC patients (25).

Biomarkers

Biomarkers play a pivotal role in predicting pCR in patients undergoing
neoadjuvant therapy. While several biomarkers have shown promise,
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their clinical application requires further specification. Combining two
or more biomarkers might be necessary to enhance predictive value.
They can be employed to initiate individualized treatment strategies,
such as adding targeted therapies for certain subtypes.

Ki-67

Ki-67 is a nuclear protein used for assessing cell proliferation in BC.
High Ki-67 expression is associated with ER negativity and HER2
positivity. The level of Ki-67 expression is a prognostic factor predicting
disease-free and overall survival. A high Ki-67 level was significantly
associated with breast pCR in BC patients receiving NACT (26). The
cut-off of Ki-67 expression has been suggested at greater than 35%
(27). Ki-67 expression was found to be a prognostic independent factor
across all subtypes, including HR-negative (28). The expression level
has also been shown to be associated with pCR of the axilla in HR-
positive patients and can guide treatment options. This will improve
downstaging of the axilla, leading to the avoidance of axillary surgery,
as is the case with HER2-positive and TNBC (29). Although Ki-67
has a significant role in pCR prediction and treatment, it is limited by
representative tissue sampling, staining, and interobserver variability.
Therefore, it is essential to have standardized guidelines for its clinical
application. Ki-67 remains a multifaceted approach to treatment and
should be looked at in the context of other biomarkers.

Tumor-Infiltrating ~ Lymphocytes  and  other

Immunological Factors

The tumor microenvironment in BC consists of various immune
cell populations, including T lymphocytes (CD4+ and CD8+), B
lymphocytes, natural killer cells, and tumor-associated macrophages.
These cells play pivotal roles in modulating the immune response of the
tumor. TILs are predictive for response to neoadjuvant chemotherapy
in HER2-positive and TNBC patients. A pooled analysis of 3771
patients carried out by Denkert et al. (30) found that pCR was
consistently higher in higher TIL in luminal-HER2-negative, HER2-
positive, and TNBC. TILs were also associated with a survival benefit
in HER2-positive BC and TNBC. In contrast, increased TILs were an
adverse prognostic factor for survival in luminal HER2-negative BC,
suggesting a different biology of the immunological infiltrate in this
subtype. Increased levels of TILs were associated with increased rates
of response to NACT and an improved prognosis for the molecular
subtypes of TNBC and HER2-positive BC but not for patients with
HR-positive BC. A threshold of 20% TILs was the most potent
outcome prognosticator of pCR (31). The platelet-to-lymphocyte ratio
(PLR) has also been found to predict pCR. Low PLR is found to be
favorable for achieving pCR (32-34). The neutrophil-to-lymphocyte
ratio has been suggested as a predictive factor for pCR in Luminal
B/Her2-negative and postmenopausal subgroups. It was found to be
significantly higher in those patients who achieved pCR (35).

MicroRNAs (miRNAs)

MicroRNAs (miRNAs) are small, noncoding RNA molecules that
play a crucial role in post-transcriptional gene regulation. Emerging
evidence suggests that dysregulation of miRNA expression patterns
in BC is associated with treatment response, particularly in achieving
pCR following therapy. miRNAs are believed to predict the response
to NACT. Therefore, establishing biomarkers that identify responses to
NACT is imperative to personalizing treatment strategies. miRNAs, in
combination with other biomarkers, hold great promise. A prospective

study carried out by Davey et al. (36) found that reduced circulating
miRNA was a predictor of pCR.

Circulating Tumor DNA (ctDNA)

Circulating tumor DNA (ctDNA) is a fragmented DNA released into
the bloodstream by tumor cells. The noninvasive analysis of ctDNA
is emerging as a significant predictor of response to treatment in
BC. ctDNA levels correlate with tumor burden, stage, and genetic
alteration in BC patients. ctDNA monitoring during and after therapy
gives a good indication of the response to therapy. A reduction in
ctDNA during treatment may predict a higher likelihood of achieving
pCR. Lack of ctDNA clearance was a significant predictor of poor
response and metastatic recurrence, while clearance was associated
with improved survival even in patients who did not achieve pCR.
Personalized monitoring of ctDNA during NACT of high-risk, early
BC may aid in real-time assessment of treatment response and help
fine-tune pCR as a surrogate endpoint of survival (37). Detection
and persistence of ctDNA during therapy may have the potential to
negatively predict response to neoadjuvant treatment and identify
patients who will not achieve pCR (38). Therefore, integrating ccDNA
profiling into the management of LABC patients might improve
clinical outcomes (39).

Genetics

BRCA 1 and 2 are genes that are crucial in maintaining genomic
stability. Mutations in these genes have been linked with an increased
risk of developing BC and TNBC in particular. BRCA mutations have
been associated with the likelihood of achieving higher rates of pCR
(40). This response to chemotherapy is attributed to various factors,
including defective DNA repair mechanisms and increased sensitivity
to certain chemotherapeutic agents, such as platinum-based drugs.
This fact may guide treatment decisions, leading to more personalized
therapeutic strategies for patients with BRCA mutations. TNBC has
the highest percentage of BRCA mutations among the BC subtypes. In
TNBC patients, platinum-based NACT is associated with significantly
increased pCR rates. Platinum-based NACT may be considered an
option for TNBC patients (41). Therefore, it is reported that BRCA1/2
mutation status leads to better responses to NACT in BC (42). NACT
is not frequently used in ER-positive or HER2-negative BC because
around 10% of patients achieve pCR. Since NACT can result in
cancer downstaging both in the breast and axilla and prevent morbid
surgery, a score to predict pCR in this population will be crucial to
identify patients who can benefit from this approach. Oshi et al. (43)
looked at the 5-gene score to predict pCR in HR-positive and HER2-
patients, and they concluded that the 5-gene score reflects cancer cell
proliferation and immune cell infiltration and predicts pCR after

NACT in ER-positive and HER2-negative BC.

Neoadjuvant Therapy

The choice, combination, and dose of chemotherapeutic agents play
a pivotal role in achieving pCR. The addition of targeted treatment,
as in HER2-positive patients, can also increase the rate of achieving
pCR. A combination of therapies, including targeted therapy, as in
HER2-positive subtypes, has yielded greater results in pCR rates,
hence improving the prognosis. Therefore, identifying the right dose
and combination for the different subtypes is crucial to achieving these
goals. This can be demonstrated as an example in TNBC. Predicted
rates of pCR for TNBC treated with sequential taxane/anthracycline
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regimens range from 35% to 48%. With the addition of a platinum
agent, pCR rates of 55% are predicted. Further increases have been
observed with the addition of immune checkpoint inhibitors to this
standard chemotherapy backbone (44). In the pivotal KEYNOTE-522
clinical trial, pCR rates of 65% and (9% were reported for
chemotherapy plus pembrolizumab in the overall and PD-L1-positive
subgroups, respectively (45).

Imaging
The use of imaging in predicting pCR is very challenging and may be

used in association with other biomarkers. It provides a noninvasive
option but is limited to certain subtypes. The most commonly used
imaging technique for predicting pCR is magnetic resonance imaging
(MRI). Mammography has been employed to look at breast density
and its association with pCR. The findings suggest that although
mammographic density can be associated with HR positivity and
these patients are unlikely to achieve pCR, its role in determining pCR
independently is limited (46). However, microcalcification has been
reported to be a predictor of poor NACT response and hence a poor
rate of pCR (47). The TIL-ultrasonography (US) score determined
through characteristic US findings has predictive performance for
lymphocyte-predominant breast cancer. TILs-US scores can be used
to evaluate the therapeutic effect of NACT and may be used as a
noninvasive, convenient, and alternative method to assess stromal
TILs in pretreatment biopsies; this is particularly true for HER2-
positive and TNBC (48). Choudhery et al. (49) suggested an MRI
radiomics by looking at the median volume, median longest axial
tumor diameter, and median longest volumetric diameter among
tumor subtypes of luminal, HER2-positive, and TNBC, in which there
was a significant difference. There was also a significant difference in
minimum signal intensity and entropy among the tumor subtypes.
Additionally, sphericity in HER2-positive tumors and entropy within
luminal tumors were significantly associated with pCR. Multiple
features demonstrated a significant association with pCR and these
authors suggested that MRI radiomics features are associated with
different molecular subtypes of BC and pCR. These features may
be noninvasive imaging biomarkers to identify cancer subtypes and
predict responses to NACT. Radiomics based on pretreatment staging
contrast-enhanced computed tomography has also been developed
and validated for individualized prediction of pCR to neoadjuvant
therapy in BC, which could assist clinical decision-making and
improve patient outcomes (50).

Conclusion

The factors that are well established and supported by ample clinical
research include BC subtypes, Ki-67, ctDNA, and TIL, among others.
However, despite the suggestions and future potential use of certain
factors, they remain in their infancy and require more studies. Such
factors include anti-lipids, plasma fibrinogen, and vitamin D. Although
race is suggested as a pCR predictor, it has only been looked at in
specific populations and has to be applied as such. The predictors of
pCR are diverse and should be utilized to personalize patient treatment,
ultimately inducing the best outcomes. These determinants can also be
employed for monitoring responses to neoadjuvant therapy, thereby
adjusting treatment. The development of standardized markers for the
diverse subtypes still needs additional future research. These factors
must be applied in concert in order to provide optimal results.
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