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1. INTRODUCTION
1.1. GENERAL INTRODUCTION

Breast cancer (BC) is the most common cancer in females and is also a significant cause of
cancer related mortality all over the world [1; 2]. As such, it is one of the most investigated
fields of medicine with research including diagnostics in general, surgical and oncological
treatments, patient follow-up, prevention and screening programs. The importance of BC is
accentuated by mainstream media, Breast Cancer Awareness Month in October, many

educational videos and lectures that exist in the online space and self-help groups for patients.

BC does not represent one specific disease, but should be considered a group of malignant
lesions of the breast. Several classifications of BC have been developed, making an attempt to
reflect the predictive and prognostic features of each category. Most commonly used
classifications are according to histological features, grade, the TNM system and the staging

system that is based on it [3].

The first molecular, gene expression profile-based classification of BC was published by
Perou and coauthors in 2000 in Nature [4]. The system has been adapted for
immunohistochemistry (IHC) with examinations of estrogen (ER) and progesterone receptors
(PR), human epidermal growth factor receptor 2 (HER2) and Ki-67 proliferation marker, in
this manner, the surrogate molecular classification system can easily be used in all parts of the
world. Luminal A-like subtype of BC (more or less matching the luminal A class of the gene
expression profile-based subtypes) integrates hormone receptor (HR) positive, HER2 negative
tumors with low expression of Ki-67. Tumors that fall into this category are usually slowly
growing and have a generally favorable prognosis. The luminal B-like subtype includes HR
positive cases, too with HER2 overexpression/amplification and/or a high proliferation index;
these BCs are often further divided on the basis of their HER2 status. As reflected by their
higher proliferation rates, these cancers tend to grow faster and are associated with a higher
incidence of metastasis therefore this group has less favorable prognosis than Luminal A-like
cases. Cases that lack HR expression but are positive for HER2 either by IHC or in situ
hybridization, are called HER2-type tumors (reflecting the overlap with the HER2-enriched
class of the molecular classification). These neoplasms are generally more aggressive, due to
more rapid proliferation compared to luminal cancers. After the introduction of targeted anti-

HER?2 therapies, their prognosis has significantly improved. Tumors that lack the expression



of ER, PR and HER?2 are the so called triple negative BCs (TNBC) [5; 6]. Even though the
complete pathogenesis of this subtype is yet unknown, as a group, it is more common in
young patients, women of African-American ancestry and with Breast Cancer Gene-1
(BRCA-1) mutations [7]. TNBCs show the worst prognosis of all types, although some rare
special type BCs (e.qg. tall cell carcinoma with reverse polarity, secretory carcinoma, low
grade adenosquamous carcinoma) belonging into this category have admittedly good
prognosis [8].

TNBCs represent a heterogeneous group of BCs characterized by variable though distinct
molecular profiles [8; 9]. About 15% of breast carcinomas belong to the TNBC category.
Distant hematogenous metastasis formation and local recurrences are frequent and the
treatment efficiency of TNBC is lower than that of other types of BC. While TNBCs lack the
expression of the previously mentioned receptors, they also commonly lack the expression of
so called “classic” breast markers. In cases when the first sign of BC is a metastatic lymph
node or a distant metastasis, it remains a challenging task to prove that the primary tumor is a
TNBC.

The treatment of TNBC is of primary importance for clinicians due to its poor overall
prognosis [9; 10; 11]. By taking molecular profiles and BRCA deficiency into account, more
personalized treatment methods are currently available [12]. Besides chemo- and
radiotherapy, the role of immuno- and targeted therapy is increasing, both being currently
under investigation with promising results [13; 14; 15]. Besides all recent discoveries, the
variability of TNBC causes challenges in both diagnosis and prognosis. The purpose of
multivariable analysis-derived risk stratification systems is to reflect the prognosis
appropriately. The firstly introduced such system, the Nottingham Prognostic Index (NPI),
includes tumor size, nodal stage and tumor histological grade; moreover, originally it divides
tumors by prognosis into 3 categories [16]. PREDICT is more a complex prognostic tool that
takes into account the following: the presence of ductal carcinoma in situ (DCIS) or lobular
carcinoma in situ (LCIS), age at diagnosis, menopausal state, ER, PR, HER2 and Ki-67 status,
invasive tumor size, tumor grade, method of tumor detection and number of positive lymph
nodes [17]. The presence and amount of tumor infiltrating lymphocytes (TILs) has been
proven to have prognostic value; therefore, a so called PrognosTILs tool has been developed

for similar purposes. Percentage of stromal TILs, age, tumor size, number of positive lymph



nodes, histological grade and treatment are parameters of entry into this prognostic device
[18].

The treatment of BC includes considerable varieties of options because of heterogeneity and
the above mentioned features. Generally, the type of treatment is chosen according to
molecular subtypes as reflected by predictive markers. In cases of locally advanced BC
(LABC), primary systemic treatment (PST, including endocrine, targeted or chemotherapy) is
often used. HER2-positive and TNBC cases show the greatest response to PST [19]. The
interpretation of regression is partly a radiological, but partly also a pathological task. The
latter is performed by the application of different tumor regression grading systems. However,
several regression grading systems have been implemented, and there is no international

consensus about their utilization in the routine histopathology reports.

We focused on the immunophenotyping of TNBCs with breast markers, on the prognostic
subclassification of TNBCs and on the comparison of different tumor regression grading

systems in patients having LABC treated with PST.

1.2. EXPRESSION OF BREAST MARKERS IN TRIPLE NEGATIVE BREAST
CARCINOMAS

The expression of ER, PR, sometimes even HER2, or “breast markers” like GATA3,
mammaglobin (MG), GCDFP-15 (growth cystic disease fluid protein-15) and NY-BR-1 (New
York-Breast-1) can point to the breast origin of a metastasis, but TNBCs - by definition - lack
the first three and might also lack the others [20; 21]. In a previous work, we identified
GATAS as the most gratifying breast marker, which could still be complemented by MG and
GCDFP-15, with practically no added value of NY-BR-1. Acknowledging that neither of
these markers are absolutely specific, we also suggested that only about half of cytokeratin 5
(CK5) expressing TNBCs could be proven to be of mammary origin with their help, therefore

better or alternative markers would be useful in clinical practice [21].



1.3. EVALUATION OF PROGNOSIS IN TRIPLE NEGATIVE BREAST CANCER CASES

Prediction of prognosis remains essential to clinicians in their decision-making process, helps
stratifying patients by risk and better allows preparing individual treatment plans [22].
Various prognostic factors have already been presented in TNBC. Ovcaricek and coauthors
described nodal status and age as independent prognostic factors for disease-free survival
(DFS), whereas for overall survival (OS), only nodal status proved to be an independent
factor [23]. Urru et al. have demonstrated that tumor stage at diagnosis and positive lymph
node ratio are relevant predictors of survival and tumor recurrence, with the addition of Ki-67
status for recurrence prediction [24]. Asaga and coworkers have used a different approach,

and analyzed clinical response to preoperative systemic chemotherapy [25].

The NP1 was described by Haybittle and coauthors in 1982, and it was originally designed for
primary operable BC. It takes tumor size, nodal stage and tumor histological grade into
consideration [16]. On the basis of its equation and the values of the NPI, patients could be
divided into three prognostic categories according to the original article: Category | (good
prognosis); Category Il (moderate prognosis) and Category Il (poor prognosis) [16; 26].
Later the prognostic groups were subdivided to form the excellent / very good (VGPG), the
good (GPG), the moderate 1 (MPGL1), the moderate 2 (MPG2), the poor (PPG) and the very
poor prognostic groups (VPPG) [27]. Different cut-off values and diverse definitions of NPI-
based groups (ranging from three to ten classes) have been used by some research groups
[22]. The NP1 has proven to be a valid prognostic tool in BC risk stratification and treatment
[28].

A more complex prognostic model, PREDICT was published by Wishart and coauthors in
2010. The algorithm was developed from 5694 patients’ data from the Eastern Cancer
Registration and Information Centre. The selected patients were operated on for invasive BC.
Based on the factors that were found to hold independent prognostic value, an algorithm was
established that includes the presence of DCIS or LCIS, age at diagnosis, menopausal state,
ER, PR, HER2 and Ki-67 status, invasive tumor size, tumor grade, method of tumor detection
and number of positive lymph nodes [17]. PREDICT is also endorsed by the American Joint
Committee of Cancer (AJCC) [29]. The on-line calculator estimates OS for 5, 10 and 15
years. Although the tool generally received good ratings for validity, Maishman and

coauthors’ results showed that PREDICT was a great tool only in long-term survival



estimates, and overestimated short-time survivals, especially in ER-positive tumors [28; 30;
31].

TILs reflect prognosis in TNBC, since their higher proportion correlates with better outcome
in this subset of breast tumors, and indicates the prominent role the immune system plays in
TNBC. While TNBCs lack targeted therapy, the interest for immune modulators has increased
[32; 33]. Loi and coworkers conducted a pooled analysis of 2148 patients and identified the
following factors that independently influence the prognosis of primary TNBCs: percentage
of stromal TILs, age, tumor size, number of positive lymph nodes, histological grade and
treatment. Invasive disease-free survival (i-DFS), distant disease-free survival (d-DFS) and
OS results were examined in 3- and 5-year-intervals [18]. Based on the results, an equation
was developed for survival estimates. For easier utilization, an online tool named
PrognosTILs was developed for early stage TNBCs [34]. With this application, the 5-year and
10-year OS and DFS estimates can be calculated.

1.4. NEOADJUVANT THERAPY IN BREAST CANCER - THE PATHOLOGISTS’
PERSPECTIVE

Treatment of LABC patients has been one of the great challenges of breast oncology for a
long time. Patients with such advanced disease benefit from treatment devised by a
multidisciplinary team of specialists: oncologists, surgeons, pathologists and radiologists [35].
Neoadjuvant therapy (NAT) has changed the management of LABC, since it can achieve
reduction or even complete regression of the primary tumor and its metastases [36; 37]. This
downstaging can allow some patients who would have had mastectomy as surgical treatment
to be treated with breast conservation [38]. While receiving NAT, patients have to be under
constant oncological and radiological follow-up [39].

The effectiveness of NAT completed with surgical and if needed postoperative endocrine
treatment seems to be equivalent with adjuvant therapy on the basis of DFS and OS [40; 41].
Pathological complete regression (pCR) occurs more frequently in triple negative or HER2-
positive cancers than in ER-positive ones [42; 43]. The work-up of surgical specimen after
NAT requires the undivided attention of the pathologist. The identification of the primary
tumor bed can be challenging because of its resemblance to fibrotic breast tissue. Insertion of
metal clips into the tumor and/or specimen mammography can simplify the identification
process. Specimen sampling requires adequate radio-pathological correlation [44; 45]. The



evaluation of tumor regression after NAT has to be established with full consideration given
to radiology, gross morphology and microscopy.

The characterization of regression differs from country to country due to lack of international
consensus on definitions. PCR implies no residual tumor in the surgical specimen, but the
meaning is interpreted variously. In some European countries, pCR generally means the
absence of in situ or invasive tumor tissue in the specimen. A significant difference in DFS
between ypTOypNOMO and ypTisypNOMO was demonstrated by the German and Austrian
Breast Groups [46]. The United States Department of Health and Human Services Food and
Drug Administration Center for Drug Evaluation and Research and the American Joint
Committee on Cancer define pCR as the absence of residual invasive cancer in the surgical
specimen [47; 48].

The histology of post-NAT tumors represents a spectrum from pCR to tumor growth and
progression [49]. Regression can be reflected by the changes in tumor size,

the cellularity of the tumor bed, the presence of lymph node metastases and of DCIS. Since all
of these factors may affect prognosis, it is essential that all are represented in the
histopathological findings [50]. One of the most essential prognostic factors in BC after NAT
continues to be the size of the invasive cancer. In case of unifocal BCs, the largest dimension
of the invasive tumor will produce the ypT category, while in cases of multifocal ones, the

largest dimension of the largest focus defines the ypT category.

1.5. TUMOR REGRESSION GRADING SYSTEMS IN NEOADJUVANT BREAST
CANCER CASES

The evaluation of regression remains a complicated and versatile task especially due to
worldwide application of numerous grading systems. The firstly described National Surgical
Adjuvant Breast and Bowel Project (NSABP) B18 trial classified all NAT cases into two
groups. The first group contains pCR cases (including ypTO and ypTis), whereas the second
group refers to all residual invasive tumor cases [51]. Further regression grading systems,
namely Chevallier, Sataloff, Miller-Payne, Denkert-Sinn, Residual Cancer Burden (RCB),
TR/NR (suggested system in the European guidelines for reflecting tumor regression and
nodal regression) and Residual disease in breast and nodes (RDBN) define the presence or
absence of complete pathological regression with one or more categories for tumors with
some regression [52-58]. The TR/NR, Sataloff and RCB systems take residual tumor burden

into account, the Chevallier grade considers the presence of some regression, while the



Denkert-Sinn grade includes tumor size, and the Miller-Payne system integrates change of
cellularity between the biopsy and the resection specimen. The Sataloff, TR/NR and RCB
grading systems include lymph node status as well [45; 53; 56]. The RDBN score can be
calculated by the following equation RDBN = 0,2 x tumor size (mm) + Nottingham histologic
grade (1-3) + lymph node involvement (0-3). According to the RDBN score a good (< 3.4), a
moderate (3.4 <and <5.4), and a poor (>5.4) prognostic group were identified [58]. The
quantification of residual tumor can be performed by using the RCB calculation. The
algorithm was developed by Symmans and coworkers and takes notice of the two largest
diameters of the residual tumor, its cellularity, the presence and proportion of DCIS and the
number of metastatic lymph nodes with the size of the largest nodal metastasis [56]. The
evaluation of RCB is supported by the online RCB calculator available at:
http://www3.mdanderson.org/app/medcalc/index.cfm?pagename=jsconvert3.

Table 1 represents tumor regression grading systems evaluated in our study and defines the
differences among them. Although these grading systems are validated, none of them are
accepted internationally. The Hungarian protocol in regression grading was recommended by
the 3rd Hungarian Consensus Conference on Breast Cancer in 2016 and is practically
identical with the recommendation of the European Working Group for Breast Screening
Pathology (EWGBSP) [45; 57]. In Germany, the Denkert-Sinn grade is utilized, while in the

USA and many other countries the RCB becomes increasingly adopted.
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2. AIMS
The aims of the thesis are as follows:

1. To assess the added value of SOX10 IHC to known GATA3, MG, GCDFP-15 and NY-BR-

1 statuses in a series of CK5 positive primary TNBCs;

2. To compare the validity of three multivariable analysis derived prognostic systems, the
NP1, PREDICT and PrognosTILs (a prognosticator including tumor infiltrating lymphocytes,
TILs) in a series of TNBCs;

3. To compare the prognostic impact of different regression grading systems on DFS and OS,
namely the TR/NR, Chevallier, Sataloff, Denkert-Sinn, Miller-Payne, NSABP-B18, Residual

Disease in Breast and Nodes and Residual Cancer Burden in BC patients receiving PST.

3. MATERIALS AND METHODS

3.1. IMMUNOHISTOLOGICAL EVALUATION OF TRIPLE NEGNATIVE BREAST
CANCERS

A series of CK5 positive TNBCs, characterized by GATA3, MG, GCDFP-15 and NY-BR-1
IHC in a previous analysis, was used for SOX10 IHC. The tumors were assessed in tumor

microarrays (TMAS); each cancer was represented by dual 2-mm-diameter tissue cores.

Tumors were derived randomly from patients operated on and diagnosed with TNBC at the
Bacs-Kiskun County Teaching Hospital, Kecskemét between August 2005 and August 2015.
The surgical specimens were fixed in 10% neutral buffered formalin for at least 24 hours. The
TMAs had been constructed from archived paraffin-embedded blocks using a TMA builder
device (Histopathology Ltd, Pécs, Hungary), with each TMA incorporating 20 tumor tissue
cores. The TMA blocks were stored at room temperature, similarly to other paraffin blocks.
Three-four-micrometer-thick sections were cut for SOX10 IHC using a monoclonal mouse
antibody specific for an epitope mapping between amino acids 2-29 at the N terminus of
SOX10 of human origin (Santa Cruz Biotechnology, Inc., Dallas, TX). The antibody was used

with 1:500 dilution for 30 minutes incubation period and pretreatment was performed at pH 9.



TMAs were scanned and the proportion of positive cells was independently evaluated on the
digital slides by the authors, and the few discrepant cases were reassessed by consensus on the
original slides. Rate, localization and intensity were registered in all cases.

The data for GATA3, MG, GCDFP-15, NY-BR-1 were taken from the previous analysis [21].

The institutional ethical committee of the Bacs-Kiskun County Teaching Hospital and of the
University of Szeged was consulted and approved this non-interventional retrospective study.
The institutional data safety manager also gave approval for this study not requiring patients’
identity related data. The study was finally approved by the ethical committee of the Albert
Szent-Gyorgyi Medical Center of the University of Szeged.

3.2. EVALUATION OF NOTTINGHAM PROGNOSTIC INDEX, PREDICT AND
PROGNOSTILS IN TRIPLE NEGATIVE BREAST CANCER

Patients operated on for histologically verified triple negative, invasive breast carcinoma at
the Department of Surgery, Bacs-Kiskun County Teaching Hospital, Kecskemét between
2005-2016 were included in our consecutive and retrospective study. Follow-up data (OS and
DFS) were collected from medical charts. For these outcomes, patients were followed from
the date of surgical treatment until the time of recurrence or tumor-related death; those alive
without recurrence and those dying from other causes were censored at the time of the last

follow-up and death, respectively.

The following clinical and pathological variables were obtained for analysis: age, gender,
localization, type of surgical and adjuvant treatments, histological type and grade of cancer,
vascular invasion, tumor size, pT and pN categories, and stage. The NPI was calculated with
the following equation: NPI = tumor size (cm) x 0.2 + nodal score (1 for pNO, 2 for pN1, 3 for
pN2 or pN3) + number value from the histological grade [16]. The Nottingham Prognostic
Groups were classified as VGPG: <2.4; GPG: 2.41-3.4; MPG1: 3.41-4.4; MPG2: 4.41-5.4;
PGP: 5.41-6.4 and VPPG: >6.41 [27].

The predicted OS and DFS estimates of PrognosTILs were obtained from an online calculator

(https://cesp-proxy2.vif.inserm.fr/shiny/prognosTILs/). The estimations were based on the

following parameters: age, number of positive lymph nodes, tumor size, histological grade,
type of chemotherapy and proportion of stromal TILs. For the determination of the latter, the
International TILs Working Group (later acting as International Immuno-Oncology
Biomarker Working Group - IOBWG) recommendations and rules were used [18; 35]. To
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help in the estimation of stromal TILs, the online calibration system described by the
[HOBWG [59] and found at http://virtuelle-mikroskopie.de/TIL-training was also used. After

getting accustomed with the scoring system with a hundred cases evaluated in a study by the
EWGBSP, the calibration (etalon) pictures for different rates of stromal TILs were
screensaved and printed, and these printed pictures were compared with the microscopic
images displayed on a monitor for at least three areas. The mean of these estimates was
rounded to the closest 10% value also allowing for 5% and 1%, with the help of the
calibration picture published in the first article of the IOBWG for the latter value [60].

The anticipated OS evaluations of PREDICT were determined with the online calculator

(https://breast.predict.nhs.uk/predict_v2.0.html), that required the following data: age,

menopausal state, ER status, HER2 status, Ki67 status, invasive tumor size, grade of tumor,
type of detection, number of positive lymph nodes and presence of micrometastasis in the
lymph nodes [17, 29].

The Wilcoxon rank sum test was applied to analyze the correlation between recurrence or
tumor-specific death and DFS or OS prediction rate of PrognosTILs and OS prediction rate of
PREDICT. The OS and DFS data could not be correlated directly with the survival
predictions of PrognosTILs and PREDICT, therefore the patients were classified in the
following four categories: patients alive, patients who died of disease (DOD), patients alive
with and without recurrence. The calculated OS and DFS survival predictions of
PrognosTILs, the OS survival estimates of PREDICT and NP1 scores were correlated with the
4 categories by receiver operating characteristic (ROC) curve analysis aiming to compare
them and to find cut-off points. Patients DOD and patients alive categories were utilized in
ROC curve analysis focusing on 5-year OS prediction of PrognosTILs, PREDICT and NPI
scores, while patients with recurrence and patients without recurrence categories were used in
a ROC curve of 5-year DFS estimates of PREDICT and NPI scores. The cut-off points
identified by ROC curve analysis could show which OS and DFS rates of PrognosTILs, OS
estimates of PREDICT and NPI scores are related to more frequent recurrence and tumor-

specific death, respectively.

NP1 was analyzed with the Kaplan-Meier method and the subgroups were compared with the
log rank test. Cox-regression was utilized as univariate analysis. The parameters found
significant in the univariate models were entered in a multivariable Cox proportional hazard

model to identify factors of independent prognostic significance. PrognosTILs and PREDICT
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survival estimates could not be included in the multivariate analysis due to statistical reasons.
Statistical models were fitted using SPSS Statistics V.22.0 software (IBM, SSPS 22.0,
Armonk, NY USA). All statistical tests were two-sided and p<0.05 values were considered

statistically significant.

This retrospective study was approved by the institutional ethical committee of the Albert
Szent-Gyorgyi Clinical Centre of the University of Szeged and the ethical committee of the

Bacs-Kiskun County Teaching Hospital also gave consent for the study.

3.3. EXAMINATION OF TUMOR REGRESSION GRADING SYSTEMS IN BREAST
CANCER PATIENTS WHO RECEIVED NEOADJUVANT THERAPY

NAT receiving, consecutive patients operated on for histologically verified invasive breast
carcinoma at the Department of Surgery, University of Szeged or Bacs-Kiskun County
Teaching Hospital, Kecskemét between 1999-2019 were included in our retrospective study.

Follow-up data were collected from medical charts.

The following clinical and pathological variables were obtained for analysis: age and gender
of the patient, laterality of the disease, type of neoadjuvant and surgical treatments, DFS and
OS; histological type and grade of cancer in previous core biopsy and surgical specimen,
completeness of the resection, vascular invasion, size - possibly in 2 dimensions, ypT, ypN,
ystage, tumor cell density, tumor cellularity in biopsy and resection specimens, presence and
proportion of DCIS, presence of metastasis and/or regression in lymph nodes, size of
metastatic deposits and receptor status (ER, PR and HER2). Tumor cell density was defined

as the proportion of viable tumor cells in the complete tumor bed.

Regression grades (NSABP-B18, TR/NR, Chevallier, Sataloff, Denkert-Sinn, Miller-Payne,
and RCB) and morphological variables were correlated with DFS and OS data using Kaplan-
Meier estimates. Patients were followed from the date of initiation of NAT until the time of
recurrence or tumor-related death. Patients alive without recurrence and patients dying from
other causes were censored at the time of the last follow-up and death, respectively. The log
rank test was used for pairwise comparisons. All statistical tests were two-sided and p<0.05
values were considered statistically significant. The parameters found significant in the
univariable models were entered in multivariable Cox proportional hazard model to identify
factors of independent prognostic significance. Statistical models were fitted using SPSS
Statistics V.22.0 software (IBM, SSPS 22.0, Armonk, NY USA).
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This retrospective study was approved by the regional ethical committee of the Albert Szent-

Gyorgyi Clinical Centre of the University of Szeged.

4. RESULTS

4.1. IMMUNOHISTOLOGICAL EVALUATION OF TRIPLE NEGATIVE BREAST
CANCERS

Of the 120 TNBCs represented in the TMA cores, 119 could be assessed for SOX10 staining.
SOX10 staining was generally a nuclear staining occurring in <1% to 100% of tumor cells
(Figure 1), therefore two different cut-offs for positive staining were evaluated. With a
positivity threshold of >1 % and >10%, 93 and 82 were defined as positive. Because the
proportion of cases with 1-10% staining was relatively low, and the cases are less easy to pick
up, the greater threshold was used for further analysis.
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Figure 1‘E>'(émples of SOX10 immunostaining. A: diffuse strong nuclear staining (x20); B: partial
staining in more than 10% of the cells with moderate intensity (x20); C: Over 10% of nuclei staining

weakly (x40); D: Less than 1% of nuclei staining (x40)

Of the 94 GATAS negative cases, 61 cases were positive with SOX10. Similar results were
observed with the other breast markers. Seventy-four out of 104 MG negative cases, 76 out of

109 GCDFP-15 negative cases and 82 out of 117 NY-BR-1 negative cases stained positive
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with SOX10. Our series included 78 cases that were negative with all the previously tested
markers, 53 of which were identified as positive with SOX10, still leaving 25 (21%) as breast
marker negative. The sequential hierarchical staining for breast markers from the most
commonly positive to the least commonly positive is shown in Figure 2. Mutual staining

figures of pairs of breast markers are shown in Table 2.

ER-PR-HER2-] | SOX10+

CK5+ (n=119) (n=82)
S0X10- | GATA3+
(n=37) (n=3)

GATAS- MG+
(n=33+1%) 1 (n=5)

A

MG- .| GCDFP-15+
(n=28+1*) (n=3)

GCDFP-15- | NY-BR-1+

(n=26) 1 (n=1)
NY-BR-1-
(n=25)

* 1 not assessable for GATA3 and MG
Figure 2 Hierarchical labeling of the tumors with SOX10, GATA3, MG, GCDFP-15 and NYBR1 as

“breast specific” markers
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4.2. EVALUATION OF NOTTINGHAM PROGNOSTIC INDEX, PREDICT AND
PROGNOSTILS IN TRIPLE NEGATIVE BREAST CANCER

Altogether, 136 patients who underwent surgical resection were included in our study. Ten
patients (7.4%) were censored due to non-tumor related death. Tumor-specific death was
found in 23 cases (16.9%), while 103 patients (75.7%) were alive at the last follow-up,
including 20 patients with recurrence (14.7%). The mean and median OS and DFS were 66.8
months and 57.5 months, 59.9 months and 41 months, respectively (range for OS: 7-170
months; range for DFS: 2-170 months). Recurrence was observed in 43 cases, including 11
cases (25.6%) with local or regional recurrence, 23 cases (53.5%) with distant metastasis and
two cases with both local and distant types of recurrence. The median time to recurrence was
41 months (range: 2-170 months). Novel malignancies were found in 3 cases (7.0%; ovarian

[n=1] and lung cancer [n=2]). The median follow-up was 56 months (range: 7-170 months).

The basic clinical and pathological characteristics are displayed in Table 3 [48]. The mean
and median age of the patients were 59.6 and 59 years, respectively (range: 32-91). In
univariate Cox-regression, the type of surgery, the pT and pN categories, the stage of the

disease and the type of adjuvant therapy were found to be significant variables.

The predictions from PrognosTILs and PREDICT and the NP1 scores were established in 93,
126 and 125 cases, respectively. Concerning the 5-year OS and DFS predictions of
PrognosTILs, the mean, the median and the range of estimates are presented in Table 4. The
comparison of predicted survival estimates and outcomes revealed that the predicted OS
estimates of the patients DOD were significantly lower than those of patients who were alive
(p=0.015); similarly, the predicted DFS estimates of patients with recurrence were
significantly lower, than those of patients without recurrence (p<0.001). Table 5 highlights
the mean, the median and the range of the 5-year OS estimates of PREDICT. The statistical
analysis strengthened, that the predicted OS estimates of patients DOD were significantly

lower, than those of patients who were alive (p=0.020).
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pOS pDFS
Age (years) n % p=0.102 | p=0.207
30-39 12 9.5
40-49 15 11.9
50-59 37 29.3
60-69 35 27.8
70-79 21 16.7
80-91 6 4.8
Laterality p=0.645 | p=0.958
right 58 46.0
left 68 54.0
Type of surgery p=0.354 | p=0.017
mastectomy 24 19.0
breast conserving surgery 102 81.0
Histology diagnosis p=0.626 | p=0.566
NST carcinoma 112 88.8
medullary carcinoma 7 5.6
other 7 5.6
Grade p=0.967 p=0.88
2 5 4.0
3 121 96.0
pT p=0.222 | p=0.009
pT1 67 53.1
pT2 55 43.7
pT3 1 0.8
pT4 3 2.4
pN p=0.006 | p<0.001
pNO 75 59.6
pN1mi 8 6.3
pN1 31 24.6
pN2 9 7.1
pN3 2 1.6
pNXx 1 0.8
Vascular invasion p=0.573 | p=0.400
absent 100 79.4
present 26 20.6
Anatomic stage p=0.05 p<0.001
| 47 37.3
1] 51 40.5
11 27 21.4
no data 1 0.8
Adjuvant therapy p=0.151 | p=0.003
chemotherapy 10 7.9
radiotherapy 15 11.9
both 85 67.5
neither 16 12.7
Generation of chemotherapy p=0.092 | p=0.303
second generation 16 12.7
third generation 73 57.9
other (CMF) 6 4.8
no data 31 24.6

Table 3 Clinical and pathological characteristics of patients evaluated and the results of univariate
Cox-regression [pT, pN categories defined by AJCC [61], CMF: cyclophosphamide, methotrexate and
5-fluorouracil; second generation systemic treatment refers to anthracycline based regimens without

taxanes; third generation refers to taxane containing regimens, NST: No special type carcinomal].
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PrognosTILs average median range Wilcoxon-test
predictions

n % (ON) DFS (ON) DFS (ON) DFS pOS=0.015

patients deceased 14 15.0 80.1 80.6 80 76 74-92% | 69-92%
due to tumor

patients alive 79 85.0 85 82 85 83 49-95% | 44-95%
patients with 27 29.0 80.3 77.3 80 77 49-93% | 44-93% | pDFS<0.001
recurrence

patients alive with 13 14.0 80.6 7.7 83 80 49-93% | 44-93%
recurrence

patients alive 66 71.0 85.8 84 86 83 71-95% | 67-95%
without
recurrence

all (where 93 100.0 | 84.2 81.7 84 82 49-95% | 44-95%
PrognosTILs was
evaluated)

Table 4 The 5-year OS and DFS predictions of PrognosTILs according to outcome. Significant
differences were detected between OS predictions of patients who died of disease and patients alive,

and DFS predictions of patients with and without recurrence.

PREDICT estimates Wilcoxon-test
n % mean median range p0OS=0.020

patients deceased due to 23 18.3 62.9 65.5 9.2-85.1%

tumor

patients alive 103 81.7 71.8 78.1 7.1-86.5%

all (where PREDICT was 126 100 70.1 75.3 7.1-86.5%

evaluated)

Table 5 The basic characteristics of 5-year OS predictions of PREDICT according to outcome. The
survival estimates of patients dying of tumor progression were lower than those of patients who were

alive at last follow-up.

The NPI-based GPG included only 3 cases, therefore this group was excluded from further
evaluation. Figure 3 demonstrates the results of Kaplan-Meier analysis of the NPI subgroups.
Significant differences were detected between OS and DFS estimations of different
prognostic groups, namely the OS estimates of MPGL1 vs. PPG (p=0.017), MPG1 vs. VPPG
(p=0.049), MPG2 vs. PPG (p=0.026); and the DFS estimates of PPG vs. MPG1 (p=0.002),
PPG vs. MPG2 (p=0.035), PPG vs. VPPG (p=0.013), VPPG vs. MPG1 (p<0.001) and VPPG
vs. MPG2. (p=0.001). In the univariate Cox-regression, NP1 was found to be a significant
prognostic variable (pOS=0.022; HR: 1.71, 95% CI: 1.08-2.72; pDFS<0.001; HR: 2.02, 95%
Cl: 1.43-2.86).
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Figure 3 Kaplan-Meier analysis of NPI. According to the log rank test significant differences were
observed between the OS estimates of MPGL1 vs. PPG (p=0.017), MPGL1 vs. VPPG (p=0.049)

andMPG2 vs. PPG (p=0.026); and the DFS estimates of PPG vs. MPG1 (p=0.002), PPG vs. MPG2
(p=0.035), PPG vs. VPPG (p=0.013), VPPG vs. MPG1 (p<0.001) and VPPG vs. MPG2 (p=0.001)

Figure 4 displays the results of ROC curve analysis focusing on 5-year OS estimates of
PrognosTILs, PREDICT and NPI scores. The area under the curve (AUC) of PrognosTILs,
PREDICT and NPI were 0.759, 0.762 and 0.792, respectively. Figure 5 demonstrates the
ROC curve analysis of 5-year DFS estimates of PrognosTILs and NP1 scores. The AUC
values of PrognosTILs and NPI were 0.713 and 0.781, respectively. The findings of ROC
curve analyses drew attention to the similarities of these predictive systems concerning

sensitivity and specificity and to the fact that they are not ideal for defining cut-off values.
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Figure 4 ROC curve analysis of 5-year OS predictions of PrognosTILs, PREDICT and NPI scores
(area under the curve values for PrognosTILs, PREDICT and NPI were 0.759, 0.762 and 0.792,
respectively)
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Figure 5 ROC curve analysis of 5-year DFS predictions of PrognosTILs and NPI scores (area under

the curve values for PrognosTILs and NP1 were 0.713 and 0.781, respectively)
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The multivariate Cox proportional hazard model revealed that among the variables found
significant in univariate models (type of surgery, pT, pN, stage, adjuvant therapy and NPI),
only NPI was an independent prognostic marker for TNBC (pOS=0.006; HR: 1.66, 95% CI:
1.16-2.37; pDFS<0.001; HR: 1.92, 95% CI: 1.46-2.53).

4.3. EXAMINATION OF TUMOR REGRESSION GRADING SYSTEMS IN BREAST
CANCER PATIENTS WHO RECEIVED NEOADJUVANT THERAPY

Data of 746 patients who underwent NAT and surgical resection were collected. The median
patient age was 55 years (range: 26-91) and 2 of them were males. Table 6 summarizes the
oncological and surgical treatments of all patients in the examined population. The majority
of patients received primary chemotherapies, whereas 16.4% got primary endocrine therapy.
Regarding primary systemic chemotherapy, the majority of patients were given third
generation (taxane containing) regimens. Eleven percent of the patients had been given
second generation (anthracycline based) chemotherapeutics. Patients who received a
combination of platinum compounds with cyclophosphamide fell into the “others” category.
Anti-HER?2 treatment was essentially given in combination with chemotherapy for HER2-
positive tumors. Concerning primary endocrine therapy, the most frequent agents used were

aromatase inhibitors and the average hormonal therapy treatment period was 1 year.

Neoadjuvant therapy

Primary hormonal therapy (n=123=100%) | n %
Tamoxifen 4 3.25
Aromatase inhibitor 102 82.93
Tamoxifen and LHRH-analogue 3 2.44
Aromatase inhibitor and LHRH-analogue 14 11.38
Primary systemic therapy (n=623=100%) |n %
Second generation chemotherapy 70 11.24
Third generation chemotherapy 550 88.28
Others 3 0.48
Anti-HER? (in combination therapy) 91 14.60
Surgical treatment (n=746=100%) n %
Breast conserving excision 249 33.38
Mastectomy 497 66.62
Re-excision 17 2.28
SNB 72 9,65
ALND 593 79,49
SNB+ALND 60 8.04

Table 6 Types of NAT and surgical treatment in the examined population (ALND: axillary lymph

node dissection, SNB: sentinel node biopsy)
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Two thirds of the patients underwent mastectomy. Re-excisions were rarely performed and
were done because of positive or close resection margins. Regional lymph nodes were
examined in almost all cases, most commonly by means of ALND. As Table 7 demonstrates,
with histological examination, 87.8% of patients had invasive NST carcinoma in surgical
specimens. Invasive tubular, mucinous, medullary and metaplastic BCs were grouped into the
others category. The presence of residual DCIS was described in 212 cases. One fifth of the
patients achieved pCR. The most frequent pathological tumor category was ypT2 (20.2%),
while 38.9% of the patients fell in ypNO category. Most cases expressed ER and PR, while
HER2 positivity was observed in 126 cases (17%). Median patient follow-up was 53.8
months (range: 4-238 months; average: 65.1 months). Relapses occurred in 34.85% of all
cases during the follow-up period and tumor specific death was described in 122 (16.3%)

cases.

According to the original histopathology reports and previous databases, the numbers of
patients evaluated with the different regression grading systems are as follows: NSABP-18
grade: 746, Chevallier-grade: 717, Sataloff (T) grade: 494, Miller-Payne grade: 386, TR
grade: 392, Denkert-Sinn grade: 348, RDBN grade: 405 and RCB: 212. Figure 6 and
Supplementary Figure 1-8 show the DFS and OS estimates of the different grading systems,
respectively. The DFS and OS estimates of pCR (ypTO0) and residual in situ carcinoma
(ypTis) together were significantly different from the survivals of tumors without regression
and moderate regression categories in all grading systems (p<0.001). There was no significant
DFS and OS difference observed between the ypTO and ypTis categories. Survival values
associated with different partial or no response categories showed no significant differences

between each other, with the exceptions of DFS for the RCB-1 vs Ill and 1l vs 11 categories.

As all regression grading systems showed a significant effect on survival in the univariable
models, they were all entered in the multivariable Cox-regression analysis. According to our
results the RCB (p=0.019) proved to be an independent prognostic marker for DFS, whereas
the ystage (p=0.011) and lymph node status (p=0.045) showed similar results for OS.
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Histological subtype (core) n %
NST 655 87.80
ILC 55 7.37
others 36 4.83
grade n %
1 35 4.69
2 246 32.98
3 420 56.30
No data 45 6.03
DCIS (present) 212 28.41
R (R1/R0) 130/616 17.42
L (L1/LO) 151/560 21.23
Pn (Pn1/Pn0) 10/324 2.99
Hormonal state n %
HR +, HER2 - 439 58.85
HER2 +, HR +/- 126 16.89
Triple negative 181 24.26
ypT n %
ypTO 106 14.21
ypTis 28 3.75
ypTla 48 6.43
ypT1b 25 3.35
ypTlc 110 14.75
ypT2| 151 20.24
ypT3 55 7.37
ypT4 29 3.90
No data 194 26.00
ypN n %
ypNO 290 38.87
ypN1 227 30.43
ypN2 127 17,02
ypN3 61 8.18
No data 41 5.50
ystage n %
0 9 1.21
I 75 10.05
1 209 28.02
1] 207 27.75
[\ 6 0.80
No data 240 32.17

Table 7 Morphological features of BC in the examined population (R: Resection, L:
(Lympho)vascular invasion, Pn: Perineural invasion; ypT and ypN categories are defined by AJCC.

Not all evaluated features were available for all cases, hence the differences in the sums of some rows
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Figure 6 Kaplan-Meier evaluation of the RCB grading system for DFS and OS. Significant
differences were found between DFS estimates of pCR vs. RCB-II (p<0.001), pCR vs. RCB-III
(p<0.001), RCB-I vs. RCB-III (p=0.035), RCB-II vs. RCB-IIl (p=0.05). Regarding OS, significant
differences were observed between estimates of pCR vs. RCB-II (p=0.005) and pCR vs. RCB-III
(p<0.001), respectively

5. DISCUSSION

5.1. IMMUNOHISTOLOGICAL EVALUATION OF TRIPLE NEGATIVE BREAST
CANCERS

The expected lifetime risk of developing cancer in women is around 1 out of 3, making the
possibility of developing multiple primary cancers a real possibility and giving emphasis to
the distinction between metastasis of a known primary tumor and an independent second
primary cancer [62]. TNBCs represent a minority of BCs, but as triple negative NST
carcinomas are often of poor prognosis, metastases may occur at a relatively higher rate.
Owing to their phenotype overlapping with myoepithelial differentiation, TNBCs may show
variable histologies, including spindle cells (sarcomatoid appearance), squamous metaplasia
and other rarer (e.g. sebaceous, chondroid or osseous) metaplasias, making their recognition
as metastatic breast carcinomas at a metastatic site more difficult. This is why IHC markers

supporting the breast origin of TNBCs is important.

24



In our previous study, by using GATA3, MG, GCDFP-15 and NY-BR-1 we came out with an
algorithmic value of these “breast markers” in CK5 expressing TNBCs believed to represent
basal-like breast carcinomas, where GATAS3 was the mostly expressed marker. Our results
suggested that only about half of these cancers could be classified as of mammary origin on

the basis of these four markers [21].

In 2013 Cimino-Mathews et al. published the first study investigating the utility of SOX10
IHC labeling in TNBC and metaplastic breast carcinoma cases. TMA blocks from 168
primary BCs were investigated; 40% showed positivity with SOX10, these were primarily
basal-like unclassified TNBCs and metaplastic carcinomas. Sixty-six percent of TNBCs but

only 5% of luminal and HER2 positive cases were positive with SOX10 [63].

Nelson and coauthors reported about promising SOX10 results. TMA blocks were made from
26 patients’ samples. Thirty-eight percent stained positively with SOX10, while no cases were
positive with ER and HER2. A retrospective study was also performed in metastatic
carcinomas of possible breast origin, and 57% of cases were labeled with SOX10. All SOX10
positive cases were confirmed to be negative with ER. Nelson and coauthors recommended
the use of SOX10 in metastatic cases from unknown primary tumors to prove their melanoma
or TNBC origin [64].

Since 2017, several research groups started to investigate SOX10. Al-Zahrani and coauthors
compared its application with androgen receptor (AR). AR staining was positive in 95% of
cases, mostly along with HER2 or ER and PR positivity, but no special BC subtype could be
identified on the basis of AR staining alone. SOX10 proved to be positive in one third of

cases that were triple-negative [65].

Tozbikian examined the IHC profile of 57 TNBC cases. Eighty-two percent showed positivity
with GATAS, 58% with SOX10 and 25% with AR. Ninety-five percent proved to be positive
with either GATA3 or SOX10, and 46% showed dual positivity; 80% of GATAS negative
cases were SOX10 positive. Their study concluded that while GATA3 was a more sensitive
marker for TNBC cases, it is useful to add SOX10 to the IHC panel [66].

Harbhajanka et al. investigated 48 TNBC cases in TMAS, and SOX10 showed positivity in
37.5% of the cases. A negative correlation with AR positive molecular subtypes of TNBCs

was observed, and a positive correlation was proved with WT1 (Wilms’ tumor-1). However,
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no correlation was seen with the breast markers GATAS3, MG, GCDFP-15 and basal-like
subtype markers EGFR (epidermal growth factor receptor) and CK5/6 [67].

The most comprehensive study is the one by Laurent et al., who reported their results about
SOX10, GATA3, GCDFP-15, AR and MG in 207 metastatic TNBC cases and compared them
with 152 primary lung adenocarcinomas. SOX10 showed the best sensitivity (62.3%) and
specificity (100%) in comparison with GATAS (30.4% sensitivity and 98.7% specificity),
GCDFP-15 (20.8% sensitivity and 98% specificity), MG (38.2% sensitivity and 81.6%
specificity) and AR (30% sensitivity and 86% specificity). 6.3% of TNBC cases had no

reaction with any of the above mentioned markers [20].

In 2020, Qazi et al. suggested the combined use of SOX10 and GATAZ3 in cases of low ER
expression and reduced GATAZ intensity. The study included 246 patients’ samples as TMA
blocks containing both ER positive and negative cases. Overall, 93%, and of TNBC cases,
63% showed positivity with GATAS; in parallel 15% of all and 74% of TNBCs were positive
with SOX10. Less than 1% had no reaction with either antibody and only 3% of ER positive
cases were SOX10 positive [68].

In our current study, by adding SOX10 IHC to our previous “breast marker” panel, there was
an improvement in identifying CK5 expressing TNBCs as of mammary origin, and the
algorithm could be changed substantially (Figure 2). Using the 10% cut-off for SOX10
positivity, 68.9% (95% CI: 59.8-77.1) of the cases were found to be SOX10 positive and
9.3% of cases were positive only with the previously used markers, which proves the added
value of GATA3, MG, GCDFP-15 and NYBRL1. Twenty-one percent of the cases remained
negative with all “breast markers”, suggesting that negativity of all the examined markers
doesn’t securely exclude mammary origin. These results are in keeping with former reports,
and suggest that SOX10 is probably the best “breast marker” of TNBCs, followed by GATA3
[20; 68]. Minor discrepancies in the proportion of cases staining and the value of MG versus
GCDPF15 may stem from our cohort being restricted to CK5 expressing (and most likely
basal-like) TNBCs, whereas others also included apocrine TNBCs which are expected to be
positive with GCDFP-15 (also an apocrine marker) more commonly. In 41% of the cases in
our study, the staining observed was focal, in these, the application of the TMA technique can

be a limitation.
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5.2. EVALUATION OF PROGNOSIS IN TRIPLE NEGATIVE BREAST CANCER CASES

TNBC:s are generally considered as the worst IHC based molecular subtype of BC, owing to
their poor prognosis and the limited therapeutic success associated with them. Despite the
overall bad prognosis of TNBC, there are some tumors that by definition fall into this
category, but belong to a better prognostic group. These include rare tumors like tall cell
carcinoma with reversed polarity, secretory carcinoma, non-high grade, i.e. classical adenoid
cystic carcinoma [69-71]. Even without these low grade special type carcinomas, the

prognosis of TNBC is heterogeneous and depends on a number of prognostic factors.

The presence of distant metastasis, nodal status, tumor size and histological grade are
established prognostic factors of BCs, and have their role in predicting the outcome of
TNBCs as well. More recently the proportion of stromal TILs has also been recognized as an
independent prognosticator of TNBCs, and the prognostic value of TILs was also found in a
more recent meta-analysis [18; 72]. When prognostic factors show divergent features, i.e.
clinicians are faced with a combination of factors toward good and bad prognosis, predictive
models based on multivariable analysis of multiple prognostic factors are much more valuable
than isolated factors. The NPI is one such factor and was derived from the multivariable
analysis of 387 patients with different molecular subtypes of BC and was later validated in a
series of 320 independent consecutive cases [73]. Several external studies have demonstrated
its ability to give a prognostic classification of BCs [74-76]. Although the improvements in
treatment have significantly altered the outcomes of BC, and this improvement is also
reflected in the NP1 prognostic group-specific survivals, the prognostic separation of BCs on
the basis of the NP1 was still found to be valid [77]. The PREDICT tool was derived from a
much greater population and was also independently validated in a number of reports [28;
78]. PrognosTILs is a novel multivariable prognosticator model and calculator derived from
the pooled analysis of 2148 individual patients’ data from 9 studies on TNBCs proving the
prognostic value of stromal TILs in the adjuvant setting [18]. This distinguishes it from NPI
and PREDICT which were built on data from ER-positive and ER-negative tumors together,

and theoretically could mean that it is better fitted to predict the prognosis of TNBCs.

The significance of the NPI in TNBC was first examined by Albergaria and coauthors in 2011
with reassuring results. NP1 results correlated well with real survival data due to the facts that
TNBCs are frequently high grade and large tumors [79]. PREDICT, to our knowledge has not
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yet been evaluated for TNBCs alone, whereas PrognosTILs is relatively recent for larger

validation on comparison studies.

In univariate Cox-analysis, type of surgery, pT, pN, stage, NPI and adjuvant therapy were
found significant prognostic variables. We also found that lower 5-year OS and DFS
predictions of PognosTILs are related with more frequent tumor specific death and recurrence
(pOS=0.015, pDFS<0.001), while the lower 5-year OS predictions of PREDICT are
associated with higher rate of tumor specific death (p=0.02). Concerning the NPI, we
demonstrated that there are significant differences among OS and DFS estimates of certain
prognostic groups (Figure 3). PrognosTILs and PREDICT derived estimates of survival, as
scale variables could not enter the Kaplan-Meier analysis. The direct comparison of the
multivariable prognosticators was performed with ROC curve analysis. Regarding the OS
follow-up data, PrognosTILs, PREDICT and NPI, while regarding the DFS follow-up data,
PrognosTILs and NP1 were compared. All three predictors of outcome reflect fair
performance with areas under the ROC curves falling between 0.7 and 0.8. The sensitivity
and specificity of these predicting systems are rather similar, although there seems to be a
tendency for NP1 values to better predict outcome on the basis of the somewhat greater AUC
values. In keeping with the results of Albergaria et al., the multivariate Cox-regression
strengthened that NP1 is an independent predictor of OS and DFS in TNBCs (p0OS=0.006;
HR: 1.66, 95% CI: 1.16-2.37; pDFS<0.001; HR: 1.92, 95% CI: 1.46-2.53) [79]. Considering
that the ROC curve analysis yielded similar results for the three multivariable prognosticators
studied, it can be inferred that any of these is suitable to predict the outcome of TNBCs, and

none of these is inferior to the others.

The results also show that TNBCs are prognostically heterogeneous. No case was classified as
of very good prognosis on the basis of the NPI, and only 3 cases fell into the GPG. This is due
to the fact that only 5 tumors were of histologic grade 2, whereas the remaining were high

grade, and with this combination, their NPI value was immediately >4.

The lack of all prognostic markers for all cases and the fact that this was a single institution
study of retrospective nature with limited number of cases are possible limitations of this
work. A further limitation may be that values predicted by PrognosTILs and PREDICT, due
to statistical reasons, could not be entered into the multivariate Cox-regression analysis, and
could not be compared to NPI in this setting; but this drawback was compensated by the ROC

curve analysis of the three prognosticators. Our study has strengths, as well. To our
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knowledge, this study is the first to evaluate the value of PREDICT in TNBCs, and these
multivariable prognostic tools have never been compared in a single study. Another
advantage of the study design was the uniform evaluation of TILs with rigorous adherence to

internationally agreed guidelines.

5.3. EXAMINATION OF TUMOR REGRESSION GRADING SYSTEMS IN BREAST
CANCER PATIENTS WHO RECEIVED NEOADJUVANT THERAPY

Due to the increasing use of NAT in patients having LABC, an increasing number of articles
about its effectiveness have been published [43]. Although imaging techniques serve as great
options to monitor regression during and after NAT, histopathological review remains the
gold standard in the evaluation procedure [80]. Although several national guidelines aiming at
the standardization of specimen cut-up and reporting have been introduced, for example in
Australia, Belgium, Germany, the UK, Netherlands, the USA and Hungary, there is no
international agreement in the interpretation of tumor regression, in the definition of pCR, and
in the measurement of tumor size in cases where fibrosis develops as a result of NAT or

multifocality is present [45; 81-86].

Several regression grading systems have been introduced which are based on prognostic
markers such as tumor size (in one or more dimensions), change in cellularity, presence of
DCIS, presence of regression or metastasis in lymph nodes and the size of lymph node
metastasis [51-57]. The definition of pCR and the complete lack of regression -as the extreme
ends of the regression spectrum- are common features of these systems which also define one
or more subgroups for partial regression categories. Despite of the relative abundance of
regression grading systems, there is a lack of international consensus on their application. All
grading systems attempt to quantify the degree of regression or the amount of residual tumor,
and there is agreement that a quantitative characterization of tumor regression is necessary for
the evaluation of the effectiveness of NAT, and may have further role in therapeutic decisions

(e.g. alternative treatments if no regression is present).

Although the presence of residual DCIS has been reported to convey a worse prognosis than
complete absence of in situ and invasive carcinoma, there was no significant difference
between OS and DFS estimates of ypTOypNO and ypTisypNO. Our results are therefore
supporting the more permissive definition of pCR (including ypTis) defined by the United
States’ FDA and endorsed by the AJCC [48; 49] and the European Guidelines [57]. Our
findings regarding the prognostic impact of pCR are in keeping with those of others, since
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patients with pCR had a favorable prognosis (both in DFS and OS) compared to patients
having partial regression. Concerning the subcategories of partial regression, we observed
significant differences only between DFS estimates of certain RCB classes, namely between
RCB-I vs. RCB-I1l and RCB-11 vs. RCB-III classes. No other regression classification system

showed subgroups of partial response with significant differences between each other.

RCB was developed by Symmans and coworkers in 2007. In their study, the prognostic role
of morphological variables was evaluated by Cox-regression, and from the variables found
statistically significant, a complex equation was produced to determine the RCB index score.
The RCB index score was correlated with survival data and cut-off scores were assigned to
identify the RCB classes. In concordance with the original results by Symmans et al., there
were no significant differences in DFS and OS estimates between RCB-0 (pCR) and RCB-I
(nearly pCR) classes. Furthermore, the multivariable Cox-regression models for DFS suggest
that the RCB system is the only significant prognosticator among regression grades (p=0.019)
[56].

In a subsequent publication, Symmans and co-authors have demonstrated that the RCB is a
prognostic marker independent from the type of primary chemotherapeutic regime and
significant differences have been described between RCB classes among HR positive (ER+
and/or PR+, HER2-), HERZ2 positive (HR positive or negative) and triple negative (ER-, PR,
HER2-) BC cases [87]. Our results support these conclusions, and moreover, by adding
primary endocrine therapy to our calculations, RCB remained an independent prognostic

marker.

Considering literature data and our results, RCB is highly recommended to be included in
routine histopathological reports of BCs treated with NAT. Although most elements of RCB
are routinely part of histopathological reports, the characterization of some others, namely the
second largest dimension of tumor size, the cellularity and the proportion of DCIS, require
experience in practice. The standardization of reporting these markers are supported by the

concise guidance at the RCB calculator website [87].

Corben and co-authors emphasized the role of the presence and size of lymph node
metastasis. Those grading systems that include lymph node status (RCB, Sataloff, TR-NR,
RDBN) show better correlation with long term survival than those including only invasive
tumor size and cellularity [40]. In keeping with Corben’s results, we found the ypN category
as a significant prognostic marker according to OS estimates. The presence of nodal
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metastasis was associated with poor prognosis regardless of the presence or absence of nodal
regression. Corben and co-workers suggested the RDBN grade to be the most optimal
regression grading system among the 5 investigated [40]. However, we found no significant
differences in DFS or OS between the RDBN groups with Cox-regression. This contrast may
be due to different factors, like the differences in patients and in cohort sizes (62 vs 746) and

the inclusion of primary endocrine therapy in the present analysis.

Concerning the limitations of our study, it has to be mentioned that not all grading systems
were assessed in all cases. Several patients had gone through lymphadenectomy prior to NAT
and this could influence the prognostic value of a given grading system. Furthermore, the
institution where the core needle biopsy was taken differed from the place of surgery in many
cases, therefore the comparison of these samples was not always possible. On the other hand,
the strengths of our evaluation include a large cohort of patients having primary endocrine
treatment or chemotherapy with relatively long follow-up data. Our multicenter study was
based on two Hungarian departments with similar cut-up and reporting protocol, following
the recommendations of 3rd Hungarian Consensus Conference on Breast Cancer. Although
not all grading systems were evaluated in all cases, even the smallest group included more

than 200 patients, and this proved sufficient for statistical analysis.
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6. CONCLUSIONS

1. Based on our data, SOX10 proved to be the most sensitive breast marker in CK5 expressing
TNBCs, likely to correspond to basal-like TNBCs on the basis of the IHC based surrogate
classification. With the additive value of GATA3, MG, GCDFP-15 and NY-BR-1, more than
three quarters of the investigated 119 cases could be identified as BCs. With the joint use of
SOX10, GATA3, MG and GCDFP-15 78.2% (95% CI: 69.7-82.2) sensitivity was achieved.
We propose SOX10 as first line approach to identify TNBCs, with the addition of GATAS3,
MG and GCDFP-15 for the negative cases; NY-BR-1 has little added value in this context.

2. Our further findings reflect the diverse nature of TNBC and highlight the difficulties of
predicting the outcome of this disease. Although the NPI seemed to give somewhat higher
AUC values in the direct comparisons with PREDICT and PrognosTILs, none of the

multivariable prognosticators is inferior to the others according to our data.

3. In our retrospective study involving the grading of response to NAT in 746 patients, we
have evaluated and compared the impact of different regression grading systems on DFS and
OS. According to our results, the RCB was the best prognostic factor, therefore we would

encourage its utilization in routine histopathological reports.
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9. APPENDIX
9.1. MAJOR NEW FINDINGS

Based on our data, SOX10 proved to be the most sensitive breast marker in CK5 expressing
TNBC:s, likely to correspond to basal-like TNBCs on the basis of the IHC based surrogate
classification. With the additive value of GATA3, MG, GCDFP-15 and NY-BR-1, more than
three quarters of the investigated 119 cases could be identified as BCs. With the joint use of
SOX10, GATA3, MG and GCDFP-15, 78.2% (95% ClI: 69.7-82.2) sensitivity was achieved.
We propose SOX10 as first line approach to identify TNBCs, with the addition of GATAS3,
MG and GCDFP-15 for the negative cases; NY-BR-1 has little added value in this context.

Our further findings reflect the diverse nature of TNBC and highlight the difficulties of
predicting the outcome of this disease. Although the NPI seemed to give somewhat higher
AUC values in the direct comparisons with PREDICT and PrognosTILs, none of the

multivariable prognosticators is inferior to the others according to our data.

In our retrospective study involving the grading of response to NAT in 746 patients, we have
evaluated and compared the impact of different regression grading systems on DFS and OS.
According to our results, the RCB was the best prognostic factor, therefore we would

encourage its utilization in routine histopathological practice.
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9.2. SUPPLEMENTARY FIGURES
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Supplementary Figure 1 Kaplan-Meier evaluation of the NSABP-B18 response scheme - Significant

differences were defined between DFS and OS estimates of pCR vs. residual invasive tumors (pINV)

[p<0.001].
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Supplementary Figure 2 Kaplan-Meier evaluation of the Chevallier grading system - Significant

differences were observed between DFS estimates of group | vs. I11 (p<0.001); group I vs. IV

(p<0.0021); group Il vs. 111 (p<0.001) and group Il vs. IV (p<0.001). Significant distinction was

detected between OS estimates of group I vs. 111 (p<0.001); group I vs. IV (p<0.001) and group 11 vs.

IV (p=0.05).
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Supplementary Figure 3 Kaplan-Meier evaluation of the Sataloff (T) grading system - Significant

differences were seen between DFS estimates of TA vs. TB (p=0.005), TA vs. TC (p<0.001) and TA
vs. TD (p=0.009) along with significant distinction between OS estimates of TA vs. TB (p=0.005), TA

vs. TC (p=0.016) and TA vs. TD (p=0.003).
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Supplementary Figure 4 Kaplan-Meier evaluation of the TR grading system - Significant differences
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were found between DFS and OS estimates of TR1 vs. TR2 (pDFS<0.001; pOS<0.001) and TR1
vs.TR3 (pDFS<0.001; pOS<0.001), respectively.
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Supplementary Figure 5 Kaplan-Meier examination of Salatoff (N) and NR grading systems -
Significant differences were found between DFS estimates of NR2 vs. NR3 (p=0.027), NR2 vs. NR4
(p=0.020), NR1 vs. NR3 (p<0.001), NR1 vs. NR4 (p<0.001) and between OS estimates of NR2 vs.
NR4 (p=0.029), NR1 vs. NR3 (p<0.001) and NR1 vs. NR4 (p<0.001).
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Supplementary Figure 6 Kaplan-Meier evaluation of the Denkert-Sinn grading system - Significant
differences were defined between DFS estimates of TRG3 vs. TRGO (p=0.006), TRG3 vs. TRG1
(p=0.020), TRG3 vs. TRG2 (p=0.006), TRG4 vs. TRGO (p<0.001), TRG4 vs. TRG1 (p=0.012), TRG4
vs TRG2 (p<0.001) and between OS estimates of TRG4 vs. TRGO (p<0.001), TRG4 vs. TRG1
(p=0.038), TRG4 vs. TRG2 (p<0.001).
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Supplementary Figure 7 Kaplan-Meier evaluation of the Miller-Payne grading system - The DFS and

OS estimates of MP5 group showed significant differences from other groups regarding DFS and OS.

100

a0

g
3
'% 60 |_I-I_I—-|_ | S—
s b
E o
3
E 40
GPG 100 69.5
20
MPG 168 64.3
PPG 137 61.3
v T T T T T T
0 20 40 60 80 100 120
DFS

Cummulative Survival (%)

100

a0

60

407

GPG 100 82.6
MPG 168 80.9
PPG 137 86.2
0 2 40 P 80 100 120
0s

Supplementary Figure 8 Kaplan-Meier evaluation of the RDBN grading system - There was no sign

of significant difference among subgroups.
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9.3. MAGYAR NYELVU OSSZEFOGLALO

Az emlérak tovabbra is a n6k leggyakoribb daganata és a daganatspecifikus halalozasi listan
is az elsok kozott all. Az elmult évtizedekben a szervezett sziirbprogram megjelenésével, a
molekularis szubtipusok és genetikai eltérések felismerésével, valamint a neoadjuvans terapia
megjelenésével jelentds elorelépés volt megfigyelheté mind a diagnosztikus, mind a terapias
lehet6ségek terén. Ugyanakkor ezen teriileteken még szamos aktualis és megvalaszolando
kérdés maradt. Kutatasainkban a tripla negativ emlérakok immunhisztokémiai jellemzéinek
vizsgalatat (1), a tripla negativ emldrakok prognosztikai szisztémak szerinti 6sszehasonlitasat
(2), valamint neoadjuvans terapiaval kezelt emldrakos betegek esetében a tumor regresszios

gradus rendszerek 0sszevetését tliztiik ki célul.

(1)

Az emldrakok megkozelitdleg 15%-4t Un. tripla negativ daganatok teszik ki, melyek
jellegzetessége, hogy Osztrogén-, progeszteron- és HER2 receptorokat nem tartalmaznak
kimutathaté mennyiségben. A hormonreceptor negativitds mellett ezen daganatok a
klasszikus, emldrakokra specifikus markereket (GATA3, a MG, a GCDFP-15 ¢és az NY-BR-
1) sem expresszaljak mindig, igy attétek esetén az emld eredet megerdsitése kihivast jelent.
Vizsgalatunkban a kordbban vizsgalt markerek mellett SOX10 immunhisztokémiai reakciot
végeztiink tissue microarray technikaval, korabban igazolt, CKS5 pozitiv, tripla negativ
emlddaganatos eseteken. Pozitivnak definidltunk egy esetet, ha a tumorsejtek legkevesebb
10%-a jel6lodott. Eredményeink alapjan a vizsgalt esetek 68.9%-aban (95% CI: 59.8-77.1)
volt SOX10 pozitivitas, valamint 9.3%-ban olyan esetekben mutatkozott pozitivitas,
melyekben a klasszikus emlémarkerek mindegyike negativnak bizonyult, ami egyértelmtien a
SOX10 additiv szerepét igazolja. Az esetek 21%-ban nem észleltiink festddést egyetlen

markerrel sem.

Mindezek alapjan a SOX10 bizonyult a leggyakrabban pozitivitast mutatd

immunhisztokémiai markernek, igy diagnosztikai algoritmusunk tripla negativ, CKS5 pozitiv
daganatok esetében, szenzitivitas alapjan a kovetkezéképpen modosult: SOX10 —»> GATA3 —>
MG — GCDFP-15— NY-BR-1.

Javasoljuk hasonl6 esetekben a modositott immunhisztokémiai panel vizsgalatat.
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@)

A tripla negativ emldérakok heterogén betegségcsoportot alkotnak. Elmondhat6 réluk, hogy
fokozott a lokalis recidiva veszélye, a korai hematogén attétképzés, valamint célzott terapia
hidnyéaban igen rossz korjoslatiak. Habar a szakirodalomban szamos prognosztikus faktort
azonositottak, valos tilélési adatok becsléséhez tobb tényez6t magaba foglalo, 6sszetett
rendszerekre van sziikség. Retrospektiv kutatdsunk célja a Nottingham Prognostic Index, a
PREDICT ¢és a PrognosTILs rendszerek értékelése, valamint a prognézist befolyasold egyéb

tényezOk vizsgalata volt tripla negativ emldrékos esetekben.

Egyvaltozos Cox-regresszidval a miitét tipusa, a pT, a pN, a stadium, az adjuvans terapia
tipusa, valamint a Nottingham Prognostic Index bizonyult szignifikans valtozonak.
Tobbvaltozos Cox-regresszidval a Nottingham Prognostic Index mind a betegségmentes,
mind a teljes talélés tekintetében 6nalld, prognosztikus tényezdnek bizonyult. A hdrom
fentebb emlitett prognosztikai rendszert egymassal ROC gorbe analizissel hasonlitottuk dssze.
Noha valamennyi rendszer esetében a gorbe alatti teriilet (AUC) értéke 0.7 és 0.8 kozottinek
bizonyult, a Nottingham Prognostic Index értékei némileg magasabbak voltak. Eredményeink

hiven tiikrozik a tripla negativ emldérakok korlefolyasdnak megjoslasi nehézségeit.

A vizsgalt Nottingham Prognostic Index, a PREDICT ¢és a PrognosTILs prognosztikai
rendszer prognosztikus szerepét megerdsitettiik és a szisztémak koziil egyik sem volt rosszabb

a masiknal, latszolag a Nottingham Prognostic Index emelkedett ki.

(3)

A neoadjuvans terapia kivalo kezelési lehetdség lokalisan eldrehaladott emldrakok esetében.
A modszer eldnye, hogy alkalmazasaval downstaging, vagy akar komplett patoldgiai
regresszié érhet6 el, ezaltal szamos esetben emldmegtarté miitét végezhetd. Altalanossagban
elmondhato, hogy a tripla negativ, valamint a HER2 pozitiv eml6daganatok esetében érheto el
leggyakrabban komplett patologiai regresszio. Habar a neoadjuvans kezelés hatasara
kialakul6 tumorregresszio mértékének megitélésére szamos rendszert fejlesztettek ki,
nemzetkdzi konszenzus vagy hasznalatukra vonatkoz6 ajanlds nem sziiletett mindezidaig.
Vizsgalatunk célja az volt, hogy a jelenleg hasznalatos regresszios gradus rendszerek, igy a
TR/NR, a Chevallier, a Sataloff, a Denkert-Sinn, a Miller-Payne, az NSABPB18, a Residual
Disease in Breast and Nodes, valamint a Residual Cancer Burden prognosztikus értékét

megvizsgaljuk a betegségmentes- és a teljes tulélés alapjan.
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Megallapitottuk, hogy a komplett patoldgiai regressziot (ypTOypNOycMO0) mutatd, vagy
esetlegesen kizarolagosan rezidudlis in situ carcinomat (ypTisypNOycMO) tartalmazé esetek
betegségmentes ¢€s teljes thlélési becslései szignifikansabban magasabbnak bizonyultak
(pDFS< 0.001). Residual Cancer Burden hasznalataval jelentds kiilonbségeket allapitottunk
meg a részleges regressziot mutatd, és a regressziot egyaltalan nem mutatd daganatok
betegségmentes tulélésében. Tobbvaltozds Cox-regresszioval a betegségmentes talélés
alapjan a Residual Cancer Burden osztalyozas (p=0.019), a teljes tulé¢lés alapjan az ystage

(p=0.011) és a nyirokcsom6 statusz (p=0.045) bizonyult 6nall6 prognosztikus valtozonak.

Eredményeink alapjan a Residual Cancer Burden alkalmazasat javasoljuk neodjuvans kezelés

hatasara kialakul6 tumorregresszid jellemzésére.
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Abstract

Aims: Triple-negative breast cancer (TNBC) represents a spe-
cific group that lacks the expression of estrogen receptors,
progesterone receptors, and human epidermal growth fac-
tor receptor-2 and mightalso lack the expression other breast
markers like GATA3, mammaglobin (MG), GCDFP15 (growth
cystic disease fluid protein 15), and NYBR1; when this occurs,
proving the breast origin of a metastasis is a challenging task.
In the present study, we assessed the added value of SOX10
immunohistochemistry to known GATA3, MG, GCDFP15, and
NY-BR-1 statuses in a series of CK5-positive primary TNBCs.
Methods: Tissue microarrays were made from the formalin-
fixed and paraffin-embedded blocks of 120 TNBCs, and
3-4-mm-thick sections were immunostained for SOX10. The
cut-off for a positive reaction was at least 10% of tumor cells
staining. Results: In our cohort, SOX10 positivity was seen in
82/119 cases, 61, 74,76, and 82 all of which were GATA3, MG,
GCDFP15, and NY-BR-1 negative, respectively. Of the SOX10
negative cases, 12 stained with at least another breast mark-

er.Nevertheless, 25/119 (21%) cases remained negative with
all markers assessed. Discussion: SOX10 proved to be the
most commonly positive breast marker in our CK5 expressing
TNBCs, but the other markers also had some additive value

to SOX10. © 2021 S. Karger AG, Basel

Introduction

About 15% of breast carcinomas belong to the so called
triple negative category (TNBC), lacking the expression
of estrogen receptors (ER), progesterone receptors (PR),
and human epidermal growth factor receptor-2 (HER2)
[1]. Most (although not all) of these cancers are aggressive
and may give rise to metastasis relatively early in the
course of the disease [2, 3]. The expression of ER, PR,
sometimes even HER2, or “breast markers” like GATA3,
mammaglobin (MG), GCDFP15 (growth cystic disease
fluid protein 15), and NY-BR-1 can point to the breast
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Fig. 1. Examples of SOX10 immunostaining. Diffuse strong nuclear staining (x20) (a); partial staining in >10%
of the cells with moderate intensity (x20) (b); over 10% of nuclei staining weakly (x40) (c); less than 1% of nuclei

staining (x40) (d).

origin of a metastasis, but TNBCs - by definition - lack
the first 3 and might also lack the others [4, 5]. In a previ-
ous work, we identified GATA3 as the most gratifying
breast marker, which could still be complemented by MG
and GCDFP15, with practically no added value of NY-
BR-1. Acknowledging that neither of these markers are
absolutely specific, we also suggested that only about half
of cytokeratin 5 (CK5) expressing TNBCs could be prov-
en to be of mammary origin with their help; therefore,
better or alternative markers would be useful in clinical
practice [5].

SOX10isatranscription factor involved in neural crest
differentiation [6]. Accordingly, SOX10 positivity can be
seen in melanoma, nerve sheath tumors [7-10], and is
also expressed in myoepithelial cells in the breast [11].
SOX10 positivity has been described in salivary gland and
cutaneous adnexal gland tumors, as well [12, 13]. As
many TNBC:s are basal-like on the basis of gene expres-
sion profile [14], show CK5 and/or epidermal growth fac-
tor receptor positivity, and classify as basal-like on the
basis of an immunohistochemistry (IHC) based surrogate
classification proposed by Nielsen and Perou [15], it is

2 Pathobiology
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not surprising that these cancers may also stain for an-
other myoepithelial marker, SOX10. Indeed, SOX10 has
been reported to be positive in 40-70% of TNBCs [4, 16—
18] and may be positive even in GATA3 negative cases
[18]. In the present study, we assessed the added value of
SOX10 IHC to GATA3, MG, GCDFP15, and NY-BR-1
IHC in a series of CK5-positive TNBCs.

Methods

A series of CK5-positive TNBCs previously characterized by
GATA3, MG, GCDFP15, and NY-BR-1IHC in a previous analysis
was used for SOX10 IHC [5]. The tumors were assessed in tumor
microarrays (TMAs) being represented by dual 2-mm-diameter
tissue cores; the details of TMA building were reported earlier [5].

Briefly, the tumors were derived randomly from patients oper-
ated on and diagnosed with TNBC at the Bacs-Kiskun County
Teaching Hospital, Kecskemét between August 2005 and August
2015. The surgical specimens were fixed in 10% neutral buffered
formalin for at least 24 h. The TMAs had been constructed from
archived paraffin-embedded blocks using a TMA builder device
(Histopathology Ltd, Pécs, Hungary), with each TMA incorporat-
ing 20 tumor tissue cores. The TMA blocks were stored at room
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Fig. 2. Hierarchical labeling of the tumors with SOX10, GATA3, MG, GCDFP15, and NY-BR-1 as “breast spe-

cific” markers. MG, mammaglobin.

Table 1. Pairs of breast markers and their expressions in the tumors investigated

Any staining SOX10+ SOX10- GATA3+  GATA3- MG+ MG- GCDFP-15+ GCDFP-15-
GATA3+ 20 3

GATA3- 61 33

MG+ 7 6 2 11

MG- 74 30 21 83

GCDFP-15+ 5 4 2 6 2 6

GCDFP-15- 76 33 21 88 11 98

NY-BR-1+ 0 2 0 2 0 1 1 1
NY-BR-1- 82 35 23 93 13 103 7 108

MG, mammaglobin.

temperature, similarly to other paraffin blocks. 3-4-mm-thick sec-
tions were cut for SOX10 IHC using a monoclonal mouse antibody
specific for an epitope mapping between amino acids 2-29 at the
N terminus of SOX-10 of human origin (Santa Cruz Biotechnol-
ogy, Inc., Dallas, TX, USA). The antibody was used with 1:500 di-
lution for 30 min incubation period and pretreatment was per-
formed at pH 9.

TMAs were scanned, and the proportion of positive cells was
independently evaluated on the digital slides by the authors; the
few discrepant cases were reassessed by consensus on the original
slides. Rate, localization, and intensity were registered in all cases.
The data for GATA3, MG, GCDFP15, NY-BR-1 were taken from
a previous analysis [5].

The institutional ethical committee of the Bacs-Kiskun County
Teaching Hospital of the University of Szeged was consulted and
approved this non-interventional retrospective study. The institu-

Value of SOX10 Immunohistochemistry
and Other Breast Markers

tional data safety manager also gave approval for this study not
requiring patients’ identity related data. The study was finally ap-
proved by the Ethical Committee of the Albert Szent-Gyorgyi
Medical Center of the University of Szeged.

Results

Of the 120 TNBC:s represented in the TMA cores, 119
could be assessed for SOX10 staining. SOX10 staining
was generally a nuclear staining occurring in <1-100% of
tumor cells (Fig. 1); therefore, 2 different cutoffs for pos-
itive staining were evaluated. With a positivity threshold
of >1 and >10%, 93 and 82 were defined as positive. Be-
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Fig. 3. Number of cases demonstrating a given pattern of breast marker expression in the series investigated. MG,

mammaglobin.

cause the proportion of cases with 1-10% staining was
relatively low, and the cases are less easy to pick up, the
greater threshold was used for further analysis.

Of the 94 GATA3-negative cases, 61 cases were posi-
tive with SOX10. Similar results were observed with the
other breast markers. Seventy four out of 104 MG nega-
tive cases, 76 out of 109 GCDFP15 negative cases, and 82
out of 117 NY-BR-1-negative cases stained positive with
SOX10. Our series included 78 cases that were negative
with all the previously tested markers, 53 of which were
identified as positive with SOX10, still leaving 25 (21%)
as breast marker negative. The sequential hierarchical
staining for breast markers from the most commonly
positive to the least commonly positive is shown in Fig-
ure 2. Mutual staining figures of pairs of breast markers
are shown in Table 1. Figure 3 and online suppl. Table 1
(for all online suppl. material, see www.karger.com/
do0i/10.1159/000512006) illustrate the proportion of sin-
gle and multiple marker expression in the series with all
staining combinations experienced.

Discussion
The expected lifetime risk of developing cancer in

women is around 1 out of 3 [19], making the possibility
of developing multiple primary cancers a real possibility

4 Pathobiology
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and giving emphasis to the distinction between metasta-
sis of a known primary tumor and an independent second
primary cancer. TNBCs represent a minority of breast
cancers, but as triple negative no special type carcinomas
are often of poor prognosis, metastases may occur at a
relatively higher rate. Owing to their phenotype overlap-
ping with myoepithelial differentiation, TNBCs may
show variable histologies, including spindle cells (sarco-
matoid appearance), squamous metaplasia, and other
rarer (e.g., sebaceous, chondroid or osseous) metaplasias,
making their recognition as metastatic breast carcinomas
at a metastatic site more difficult. This is why IHC mark-
ers supporting the breast origin of TNBCs is important.

In our previous study, by using GATA3, MG, GCD-
FP15, and NYBRI, we came out with an algorithmic val-
ue of these “breast markers” in CK5 expressing TNBCs
believed to represent basal-like breast carcinomas, where
GATA3 was the mostly expressed marker. Our results
suggested that only about half of these cancers could be
classified as of mammary origin on the basis of these 4
markers [5].

Cimino-Mathews et al. [16] published the first study
investigating the utility of SOX10 IHC labeling in TNBC
and metaplastic breast carcinoma cases. TMA blocks
from 168 primary breast cancers were investigated; 40%
showed positivity with SOX10. These were primarily bas-
al-like unclassified TNBCs and metaplastic carcinomas.
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There were 66% of TNBCs, but only 5% of luminal and
HER2-positive cases were positive with SOX10 [16].

Nelson and coauthors reported about promising
SOX10 results. TMA blocks were made from 26 patients’
samples; 38% stained positively with SOX10, while no
cases were positive with ER and HER2. A retrospective
study was also performed in metastatic carcinomas of
possible breast origin, and 57% of cases were labeled with
SOX10. All SOX10-positive cases were confirmed to be
negative with ER. Nelson and coauthors recommended
the use of SOX10 in metastatic cases from unknown pri-
mary tumors to prove their melanoma or TNBC origin
[20].

Since 2017, several research groups started to investi-
gate SOX10. Al-Zahrani and coauthors compared its ap-
plication with androgen receptor (AR). AR staining was
positive in 95% of cases, mostly along with HER2 or ER
and PR positivity, but no special breast cancer subtype
could be identified on the basis or AR staining alone.
SOX10 proved to be positive in one-third of the cases that
were triple-negative [21].

Tozbikian examined the IHC profile of 57 TNBC cas-
es. Among them, 82% showed positivity with GATA3,
58% with SOX10, and 25% with AR; 95% proved to be
positive with either GATA3 or SOX10 and 46% showed
dual positivity; and 80% of GATA3-negative cases were
SOX10 positive. Their study concluded that while GATA3
was a more sensitive marker for TNBC cases, it is useful
to add SOX10 to the IHC panel [18].

Harbhajanka et al. [22] investigated 48 TNBC cases in
TMAs, and SOX10 showed positivity in 37.5% of the cas-
es. A negative correlation with AR-positive molecular
subtypes of TNBCs was observed, and a positive correla-
tion was proved with WT'1. However, no correlation was
seen with the breast markers GATA3, MG, and GCD-
FP15, and basal-like subtype markers epidermal growth
factor receptor and CK5/6 [22].

The most comprehensive study is the one by Laurent
etal. [4] who reported their results about SOX10, GATA3,
GCDFP15, AR, and MG in 207 metastatic TNBC cases
and compared them with 152 primary lung adenocarci-
nomas. SOX10 showed the best sensitivity (62.3%) and
specificity (100%) in comparison with GATA3 (30.4%
sensitivity and 98.7% specificity), GCDFP15 (20.8% sen-
sitivity and 98% specificity), MG (38.2% sensitivity and
81.6% specificity), and AR (30% sensitivity and 86% spec-
ificity); 6.3% of TNBC cases had no reaction with any of
the above mentioned markers [4].

This year, Qazi et al. [23] suggested the combined use
of SOX10 and GATA3 in cases of low ER expression and

Value of SOX10 Immunohistochemistry
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reduced GATA3 intensity. The study included 246 pa-
tients’ samples as TMA blocks containing both ER-posi-
tive and ER-negative cases. Overall, it was 93%, and of
TNBC cases, 63% showed positivity with GATA3; in par-
allel, 15% of all and 74% of TNBCs were positive with
SOX10. Less than 1% had no reaction with either anti-
body and only 3% of ER-positive cases were SOX10 posi-
tive [23].

In our current study, by adding SOX10 IHC to our
previous “breast marker” panel, there was an improve-
ment in identifying CK5-expressing TNBCs as of mam-
mary origin, and the algorithm could be changed sub-
stantially (Fig. 2). Using the 10% cutoff for SOX10 posi-
tivity, 68.9% (95% CI: 59.8-77.1) of the cases were found
to be SOX10 positive and 9.3% of cases were positive
only with the previously used markers, which proves the
added value of GATA3, MG, GCDFP15, and NYBR1;
21% of the cases remained negative with all “breast
markers,” suggesting that negativity of all the examined
markers does not securely exclude mammary origin.
These results are in keeping with former reports [4, 23]
and suggest that SOX10 is probably the best “breast
marker” of TNBCs, followed by GATA3. Minor discrep-
ancies in the proportion of cases staining and the value
of MG versus GCDPF15 may stem from our cohort be-
ing restricted to CK5 expressing (and most likely bas-
al-like) TNBCs, whereas others also included apo-
crine TNBCs which are expected to be positive with
GCDEFP15 (also an apocrine marker) more commonly.
In 41% of the cases in our study, the staining observed
was focal; in these cases, the application of the TMA
technique can be a limitation.

Based on our data, SOX10 proved to be the most sensi-
tive breast marker in CK5-expressing TNBCs, likely to
correspond to basal-like TNBCs on the basis of the IHC-
based surrogate classification. With the additive value of
GATA3, MG, GCDFP15, and NY-BR-1, more than 3
quarters of the investigated 119 cases could be identified
as breast cancers. With the joint use of SOX10, GATA3,
MG, and GCDEFP15, 78.2% (95% CI: 69.7-82.2) sensitiv-
ity was achieved. We propose SOX10 as the first-line ap-
proach to identify TNBCs, with the addition of GATA3,
MG, and GCDEFP15 for the negative cases; NY-BR-1 has
little added value in this context.
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Abstract

Triple-negative breast cancer (TNBC) represents a heterogenous subtype of breast cancer with generally poor prognosis. The
prediction of its prognosis remains essential to clinicians in their therapeutical decision-making process. The aim of our study was
to compare the validity of three multivariable analysis derived prognostic systems, the Nottingham Prognostic Index (NPI),
PREDICT and PrognosTILs (a prognosticator including tumor infiltrating lymphocytes, TILs) in a series of TNBCs. Patients
operated on with TNBC at the Department of Surgery, Bacs-Kiskun County Teaching Hospital, Kecskemét between 2005 and
2016 were included. Clinical and pathological parameters and follow-up data were collected from medical charts. TILs were
assessed retrospectively, following international recommendations. Estimated survivals of PrognosTILs, PREDICT and NPI
were recorded and compared with real outcomes. Altogether 136 patients were included in this retrospective study. In univariate
Cox analysis, type of surgery, pT, pN, stage, NPI and type of adjuvant therapy were the significant prognostic variables. The
multivariate Cox-regression strengthened that NPI is an independent predictor of overall and disease-free survivals in TNBCs.
The NPI, PREDICT and PrognosTILs could be compared directly only in a ROC curve analysis: the sensitivities and specificities
of these predicting systems are rather similar with area under the curve values falling between 0.7 and 0.8, and NPI having the
highest values. Our findings reflect the diverse prognosis of TNBC and highlight the difficulties of predicting its outcome. None
of the three multivariable prognosticators is inferior to the others, the NPI can reliably be used for TNBCs.

Keywords Triplenegative breastcancer - Nottingham Prognostic Index - Predict - Tumorinfiltrating lymphocytes - PrognosTILs -
Prognosis

Introduction

Triple-negative breast cancer (TNBC) represents a heteroge-
neous subtype of breast cancer (BC) defined by the lack of
immunohistochemical expression of estrogen receptor (ER),
progesterone receptor (PR) and human epidermal growth fac-
tor receptor-2 (HER?2), and by variable though distinct molec-
ular profiles [1, 2]. Epidemiological data on TNBC revealed
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its higher prevalence among women of African ancestry,
young BC patients and patients with Breast Cancer Gene-1
(BRCA-1) mutations [3]. The treatment of TNBC remains a
challenge for clinicians due to its poor overall prognosis.
Distant hematogenous metastasis formation and local recur-
rence are frequent and the treatment efficiency of TNBC is
lower than in other types of BC [1, 4, 5]. By taking molecular
profiles and BRCA deficiency into account, more personal-
ized treatment methods are currently available [6]. Besides
chemo- and radiotherapy, the role of immuno- and targeted
therapy is increasing, both being currently under investigation
with promising results [7-9].

Prediction of prognosis remains essential to clinicians in
their decision-making process, helps stratifying patients by
risk and better allows preparing individual treatment plans
[10]. Various prognostic factors have already been presented
in TNBC. Ovcaricek and coauthors described nodal status and
age as independent prognostic factors for disease-free survival
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(DFS), whereas for overall survival (OS), only nodal status
proved to be an independent factor [11]. Urru et al. have dem-
onstrated that tumor stage at diagnosis and positive lymph
node ratio are relevant predictors of survival and tumor recur-
rence, with the addition of Ki-67 status for recurrence predic-
tion [12]. Asaga and coworkers have used a different ap-
proach, and analyzed clinical response to preoperative system-
ic chemotherapy [13].

The Nottingham Prognostic Index (NPI) was described by
Haybittle and coauthors in 1982 and it was originally designed
for primary operable BC. It takes tumor size, nodal stage and
tumor histological grade into consideration [14]. On the basis
of its equation and the values of the NPI, patients’ could be
divided into three prognostic categories according to the orig-
inal article: Category I (good prognosis); Category II (moder-
ate prognosis) and Category III (poor prognosis) [14, 15].
Later the prognostic groups were subdivided to form the very
good, the good, the moderate I, the moderate II, the poor and
the very poor prognostic groups [16]. Different cut-off values
and diverse definitions of NPI-based groups (ranging from
three to ten classes) have been used by some research groups
[10]. The NPI has been proven to be a valid prognostic tool in
BC treatment [17].

A more complex prognostic model, PREDICT was pub-
lished by Wishart and coauthors in 2010. The algorithm was
developed from 5694 patients’ data from the Eastern Cancer
Registration and Information Centre. The selected patients
were operated on for invasive breast cancer. Based on the
factors that were found to hold independent prognostic value,
an algorithm was established that includes the presence of
ductal carcinoma in situ (DCIS) or lobular carcinoma in situ
(LCIS), age at diagnosis, menopausal state, ER, PR, HER2
and Ki-67 status, invasive tumor size, tumor grade, method of
tumor detection and number of positive lymph nodes [18].
PREDICT is also endorsed by the American Joint
Committee of Cancer [19]. The on line calculator estimates
OS for 5, 10 and 15 years. Although the tool generally re-
ceived good ratings for validity, Maishman and coauthors’
results showed that PREDICT was a great tool only in long-
term survival estimates, and overestimated short-time sur-
vivals, especially in ER-positive tumors [17, 20, 21].

Tumor infiltrating lymphocytes (TILs) reflect prognosis in
TNBC, since their higher proportion correlates with better
outcome in this subset of breast tumors, and indicates the
prominent role the immune system plays in TNBC. While
TNBCs lack targeted therapy, the interest for immune modu-
lators has increased [22, 23]. Loi and coworkers conducted a
pooled analysis of 2148 patients and identified the following
factors that independently influence the prognosis of primary
TNBCs: percentage of stromal TILs, age, tumor size, number
of positive lymph nodes, histological grade and treatment.
Invasive disease-free survival (i-DFS), distant disease-free
survival (d-DFS) and OS results were examined in 3 and 5 year
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intervals [24]. Based on the results, an equation was devel-
oped for survival estimates. For easier utilization, an online
tool named PrognosTILs was developed for early stage
TNBCs [25]. With this application, the 5-year and 10-year
OS and DFS estimates can be calculated.

The aim of our study was to compare the validity of NPI,
PREDICT and PrognosTILs in a series of TNBC cases.

Materials and Methods

Patients operated on for histologically verified triple negative,
invasive breast carcinoma at the Department of Surgery, Bacs-
Kiskun County Teaching Hospital, Kecskemét between 2005
and 2016 were included in our consecutive and retrospective
study. Follow up data (OS and DFS) were collected from
medical charts. For these outcomes, patients were followed
from the date of surgical treatment until the time of recurrence
or tumor-related death; those alive without recurrence and
those dying from other causes were censored at the time of
the last follow-up and death, respectively.

The following clinical and pathological variables were ob-
tained for analysis: age, gender, localization, type of surgical
and adjuvant treatments, histological type and grade of cancer,
vascular invasion, tumor size, pT and pN categories, and
stage. The NPI was calculated with the following equation:
NPI = tumor size (cm) x 0.2 +nodal score (1 for pNO, 2 for
pN1, 3 for pN2 or pN3) + number value from the histological
grade [14]. The Nottingham Prognostic Groups were classi-
fied as excellent (EPG): <2.4; good (GPG): 2.41-3.4,
moderate-1 (MPG1): 3.41-4.4; moderate-2 (MPG2): 4.41—
5.4; poor (PGP): 5.41-6.4 and very poor (VPPG): >6.41 [16].

The predicted OS and DFS estimates of PrognosTILs were
obtained from an online calculator [23, 25]. The estimations
were based on the following parameters: age, number of pos-
itive lymph nodes, tumor size, histological grade, type of che-
motherapy and proportion of stromal TILs. For the determi-
nation of the latter, the International TILs Working Group
(later acting as International Immunooncology Biomarker
Working Group - IOBWG) recommendations and rules were
used [25, 26]. To help in the estimation of stromal TILs, the
online calibration system described by the IOBWG and
found at was also used [27, 28]. After getting accustomed with
the scoring system with a hundred cases evaluated in a study
by the European Working Group for Breast Screening
Pathology, the calibration (etalon) pictures for different rates
of stromal TILs were screensaved and printed, and these
printed pictures were compared with the microscopic images
displayed on a monitor for at least three areas. The mean of
these estimates was rounded to the closest 10% value also
allowing for 5% and 1%, with the help of the calibration
picture published in the first article of the IOBWG for the
latter value [29].
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Table 1  Clinical and pathological characteristics of patients evaluated
and the results of univariate Cox-regression [pT, pN categories defined by
AJCC [27: Amin-AJCC], CMF: cyclophosphamide, methotrexate and 5-
fluorouracil; second generation systemic treatment refers to anthracycline
based regimens without taxanes; third generation refers to taxane contain-
ing regimens)

pOS pDFS

Age (years) n %  p=0.102 p=0.207
30-39 12 95

40-49 15 119

50-59 37 293

60-69 35 278

70-79 21 167

80-91 6 4.8

Laterality p=0.645 p=0.958
Right 58 460

Left 68  54.0

Type of surgery p=0354 p=0.017
Mastectomy 24 19.0

Breast conserving surgery 102 81.0

Histology diagnosis
Carcinoma of no special type (NST) 112 88.8

p=0.626 p=0.566

Medullary carcinoma 7 5.6

Other 7 5.6

Grade p=0967 p=0.88
2 5 4.0

3 121 96.0

pT p=0222 p=0.009
pT1 67 53.1

pT2 55 437

pT3 1 0.8

pT4 3 2.4

pN p=0.006 p<0.001
pNO 75  59.6

pN1mi 8 6.3

pN1 31 246

pN2 9 7.1

pN3 2 1.6

pNx 1 0.8

Vascular invasion p=0573 p=0.400
Absent 100 79.4

Present 26 20.6

Stage p=0.05 p<0.001
I 47 373

I 51 405

I 27 214

no data 1 0.8

Adjuvant therapy p=0.151 p=0.003
Chemotherapy 10 79

Radiotherapy 15 119

Both 85 675

Neither 16 127

Table 1 (continued)

pOS pDFS

Generation of chemotherapy p=0.092 p=0.303

Second generation 16 12.7
Third generation 73 579
Other (CMF) 6 48

No data 31 246

The anticipated OS evaluations of PREDICT were deter-
mined with the online calculator, that required the following
data: age, menopausal state, ER status, HER-2 status, Ki67
status, size of invasive tumor, grade of tumor, type of detec-
tion, number of positive lymph nodes and presence of
micrometastasis in the lymph nodes [18, 19].

The Wilcoxon rank sum test was applied to analyze the
correlation between recurrence or tumor-specific death and
DEFS or OS prediction rate of PrognosTILs and OS prediction
rate of PREDICT. The OS and DFS data could not be correlat-
ed directly with the survival predictions of PrognosTILs and
PREDICT, therefore the patients were classified in the follow-
ing four categories: patients alive, patients who died of disease
(DOD), patients alive with and without recurrence. The calcu-
lated OS and DFS survival predictions of PrognosTILs, the OS
survival estimates of PREDICT and NPI scores were correlated
with the 4 categories by receiver operating characteristic (ROC)
curve analysis aiming to compare them and to find cut-off
points. Patients DOD and patients alive categories were utilized
in ROC curve analysis focusing on 5-year-OS prediction of
PrognosTILs, PREDICT and NPI scores, while patients with
recurrence and patients without recurrence categories were used
in a ROC curve of 5-year-DFS estimates of PREDICT and NPI
scores. The cut-off points identified by ROC curve analysis
could show which OS and DFS rates of PrognosTILs, OS es-
timates of PREDICT and NPI scores are related to more fre-
quent recurrence and tumor-specific death, respectively.

NPI was analyzed with the Kaplan-Meier method and the
subgroups were compared with the log rank test. Cox-
regression was utilized as univariate analysis. The parameters
found significant in the univariate models were entered in a
multivariable Cox proportional hazard model to identify factors
of independent prognostic significance. PrognosTILs and
PREDICT survival estimates could not be included in the mul-
tivariate analysis due to statistical reasons. Statistical models
were fitted using SPSS Statistics V.23.0 software (IBM, SSPS
22.0, Armonk, NY USA). All statistical tests were two-sided and
p <0.05 values were considered statistically significant.

This retrospective study was approved by the institutional
ethical committee of the Albert Szent-Gyorgyi Clinical Centre
of'the University of Szeged and the ethical committee of Bacs-
Kiskun County Teaching Hospital also gave a consent for the
study.
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Table 2

The S-year overall survival (OS) and disease-free survival (DFS) predictions of PrognosTILs according to outcome. Significant differences

were detected between OS predictions of patients who died of disease and patients alive, and DFS predictions of patients with and without recurrence

PrognosTILs predictions average median range Wilcoxon-
test
n % (N DFS (0N DFS (0N DFS pOS=0.015

Patients deceased due to tumor 14 15.0 80.1 80.6 80 76 74-92% 69-92%

Patients alive 79 85.0 85 82 85 83 49-95% 44-95%

Patients with recurrence 27 29.0 80.3 77.3 80 77 49-93% 44-93% pDFS <0.001
Patients alive with recurrence 13 14.0 80.6 717.7 83 80 49-93% 44-93%

Patients alive without recurrence 66 71.0 85.8 84 86 83 71-95% 67-95%

All (where PrognosTILs was evaluated) 93 100.0 84.2 81.7 84 82 49-95% 44-95%

Results

Altogether, 136 patients who underwent surgical resection were
included in our study. Ten patients (7.4%) were censored due to
non-tumor related death. Tumor-specific death was found in 23
cases (16.9%), while 103 patients (75.7%) were alive at the last
follow up, including 20 patients with recurrence (14.7%). The
mean and median OS and DFS were 66.8 months and
57.5 months, 59.9 months and 41 months, respectively (range
for OS: 7-170 months; range for DFS: 2—-170 months).
Recurrence was observed in 43 cases, including 11 cases
(25.6%) with local or regional recurrence, 23 cases (53.5%) with
distant metastasis and two cases with both local and distant types
of recurrence. The median time to recurrence was 41 months
(range: 2—170 months) Novel malignancies were found in 3
cases (7.0%; ovary [n = 1] and lung cancer [ =2]). The median
follow up was 56 months (range: 7—170 months).

The basic clinical and pathological characteristics are
displayed in Table 1 [30]. The mean and median age of the
patients were 59.6 and 59 years, respectively (range: 32-91).
In univariate Cox-regression, the type of surgery, the pT and
pN categories, the stage of the disease and the type of adjuvant
therapy were found to be significant variables.

The predictions from PrognosTILs and PREDICT and the
NPI scores were established in 93, 126 and 125 cases, respec-
tively. Concerning the 5-year-OS and -DFS predictions of
PrognosTILs, the mean, the median and the range of estimates
are presented in Table 2. The comparison of predicted survival
estimates and outcomes revealed that the predicted OS estimates

Table 3

of the patient DOD were significantly lower than those of pa-
tients who were alive (p =0.015); similarly, the predicted DFS
estimates of patients with recurrence were significantly lower,
than those of patients without recurrence (p <0.001). Table 3
highlights the mean, the median and the range of the S5-year-
OS estimates of PREDICT. The statistical analysis strengthened,
that the predicted OS estimates of patient DOD were significant-
ly lower, than those of patients who were alive (p = 0.020).
The NPI-based GPG included only 3 cases, therefore this
group was excluded from further evaluation. Figure 1 demon-
strates the results of Kaplan-Meier analysis of the NPI subgroups.
Significant differences were detected between OS and DFS esti-
mations of different prognostic groups, namely the OS estimates
of MPGI vs. PPG (p=0.017), MPG1 vs. VPPG (p =0.049),
MPG?2 vs. PPG (p =0.026); and the DFS estimates of PPG vs.
MPGI1 (p=0.002), PPG vs. MPG2 (p =0.035), PPG vs. VPPG
(»=0.013), VPPG vs. MPG1 (p < 0.001) and VPPG vs. MPG2.
(»p=0.001). In the univariate Cox-regression, NPI was found to
be a significant prognostic variable (pOS =0.022; HR:1.71,
95%CI:1.08-2.72; pDFS<0.001; HR:2.02, 95%CI:1.43-2.86).
Figure 2 displays the results of ROC curve analysis focus-
ing on 5-year-OS estimates of PrognosTILs, PREDICT and
NPI scores. The area under the curve (AUC) of PrognosTILs,
PREDICT and NPI were 0.759, 0.762 and 0.792, respectively.
Figure 3 demonstrates the ROC curve analysis of 5-year-DFS
estimates of PrognosTILs and NPI scores. The AUC values of
PrognosTILs and NPI were 0.713 and 0.781, respectively.
The findings of ROC curve analyses drew attention to the
similarities of these predictive systems concerning sensitivity

The basic characteristics of 5-year overall survival (OS) predictions of PREDICT according to outcome. The survival estimates of patients

dying of tumor progression were lower than those of patients who were alive at last follow up

PREDICT estimates Wilcoxon-test
n % mean median range pOS =0.020

Patients deceased due to tumor 23 18.3 62.9 65.5 9.2-85.1%

Patients alive 103 81.7 71.8 78.1 7.1-86.5%

All (where PREDICT was evaluated) 126 100 70.1 753 7.1-86.5%
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Fig. 1 Kaplan-Meier analysis of NPI. According to the log rank test
significant differences were observed between the overall survival (OS)
estimates of MPG1 vs. PPG (p=0.017), MPG1 vs. VPPG (p=0.049)
andMPG2 vs. PPG (p =0.026); and the disease-free survival (DFS) esti-
mates of PPG vs. MPG1 (p =0.002), PPG vs. MPG2 (p = 0.035), PPG vs.

and specificity and to the fact that they are not ideal for defin-
ing cut-off values.

The multivariate Cox proportional hazard model revealed
that among the variables found significant in univariate models
(type of surgery, pT, pN, stage, adjuvant therapy and NPI), only
NPI was an independent prognostic marker for triple negative
breast cancer (pOS =0.006; HR:1.66, 95%CI:1.16-2.37;
pDFS<0.001; HR:1.92, 95%CI:1.46-2.53).

Discussion

TNBCs are generally considered as the worst IHC based mo-
lecular subtype of breast cancer, owing to their poor prognosis
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Fig. 2 ROC curve analysis of 5-year overall survival predictions of TIL,
PREDICT and NPI scores (area under the curve values for TIL,
PREDICT and NPI were 0.759, 0.762 and 0.792, respectively)

VPPG (p=0.013), VPPG vs. MPG1 (p <0.001) and VPPG vs. MPG2
(p=0.001) [MPGI1: Moderate Prognostic Group 1, MPG2: Moderate
Prognostic Group 2, PPG: Poor Prognostic Group, Very Poor
Prognostic Group]

and the limited therapeutic success associated with them.
Despite the overall bad prognosis of TNBC, there are some
tumors that by definition fall into this category, but belong to a
better prognostic group. These include rare tumors like tall
cell carcinoma with reversed polarity, secretory carcinoma,
non-high grade, i.e. classical adenoid cystic carcinoma
[31-33]. Even without these low grade special type carcino-
mas, the prognosis of TNBC is heterogeneous and depends on
a number of prognostic factors.

The presence of distant metastasis, nodal status, tumor size
and histological grade are established prognostic factors of
breast carcinomas, and have their role in predicting the out-
come of TNBCs as well. More recently the proportion of
stromal TILs has also been recognized as an independent
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Fig. 3 ROC curve analysis of 5-year disease-free survival predictions of
PrognosTILs and NPI scores (area under the curve values for TIL and
NPI were 0.713 and 0.781, respectively)
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prognosticator of TNBCs [24], and the prognostic value of
TILs was also found in a more recent meta-analysis [34].
When prognostic factors show divergent features, i.e. clini-
cians are faced with a combination of factors toward good
and bad prognosis, predictive models based on multivariable
analysis of multiple prognostic factors are much more valu-
able than isolated factors. The NPI is one such factor and was
derived from the multivariable analysis of 387 patients with
different molecular subtypes of breast cancer and was later
validated in a series of 320 independent consecutive cases
[35]. Several external studies have demonstrated its ability to
give a prognostic classification of breast carcinomas [36-38].
Although the improvements in treatment have significantly
altered the outcomes of breast cancer, and this improvement
is also reflected in the NPI prognostic group-specific sur-
vivals, the prognostic separation of breast cancers on the basis
of the NPI was still found to be valid [39]. The PREDICT tool
was derived from a much greater population and was also
independently validated in a number of reports [17, 40].
PrognosTILs is a novel multivariable prognosticator model
and calculator derived from the pooled analysis of 2148 indi-
vidual patients’ data from 9 studies on TNBCs proving the
prognostic value of stromal TILs in the adjuvant setting [24].
This distinguishes it from NPI and PREDICT which were
built on data from ER-positive and ER-negative tumors to-
gether, and theoretically could mean that it is better fitted to
predict the prognosis of TNBCs.

The significance of the NPI in TNBC was first examined
by Albergaria and coauthors in 2001 with reassuring results.
NPI results correlated well with real survival data due to the
facts that TNBCs are frequently high grade and large tumors
[41]. PREDICT, to our knowledge has not yet been evaluated
for TNBCs alone, whereas PrognosTILs is relatively recent
for larger validation on comparison studies.

In univariate Cox analysis, type of surgery, pT, pN, stage,
NPI and adjuvant therapy were found significant prognostic
variables. We also found that lower 5-year OS and DFS pre-
dictions of PognosTILs are related with more frequent tumor
specific death and recurrence (pOS=0.015, pDFS<0.001),
while the lower 5-year OS predictions of PREDICT are as-
sociated with higher rate of tumor specific death (p =0.02).
Concerning the NPI, we demonstrated that there are signifi-
cant differences among OS and DFS estimates of certain
prognostic groups (Fig. 1). PrognosTILs and PREDICT de-
rived estimates of survival, as scale variables could not enter
the Kaplan-Meier analysis. The direct comparison of the mul-
tivariable prognosticators was performed with ROC curve
analysis. Regarding the OS follow up data, PrognosTILs,
PREDICT and NPI, while regarding the DFS follow up data,
PrognosTILs and NPI were compared. All three predictors of
outcome reflect fair performance with areas under the ROC
curves falling between 0.7 and 0.8. The sensitivity and spec-
ificity of these predicting systems are rather similar, although

@ Springer

there seems to be a tendency for NPI values to better predict
outcome on the basis of the somewhat greater AUC values. In
keeping with the results of Albergaria et al., the multivariate
Cox-regression strengthened that NPI is an independent pre-
dictor of OS and DFS in TNBCs (pOS =0.006; HR:1.66,
95%Cl:1.16-2.37; pDFS<0.001; HR:1.92, 95%CI:1.46—
2.53) [41]. Considering that the ROC curve analysis yielded
similar results for the three multivariable prognosticators
studied, it can be inferred that any of these is suitable to
predict the outcome of TNBCs, and none of these is inferior
to the others.

The results also show that TNBCs are prognostically het-
erogeneous. No case was classified as of very good prognosis
on the basis of the NPI, and only 3 cases fell into the good
prognostic group. This is due to the fact that only 5 tumors
were of histologic grade 2, whereas the remaining were high
grade, and with this combination, their NPI value was imme-
diately >4.

The lack of all prognostic markers for all cases and the fact
that this was a single institution study of retrospective nature
with limited number of cases are possible limitations of this
work. A further limitation may be that values predicted by
PrognosTILs and PREDICT, due to statistical reasons, could
not be entered into the multivariate Cox-regression analysis,
and could not be compared to NPI in this setting; but this
drawback was compensated by the ROC curve analysis of
the three prognosticators. Our study has strengths, as well.
To our knowledge, this study is the first to evaluate the value
of PREDICT in TNBCs, and these multivariable prognostic
tools have never been compared in a single study. Another
advantage of the study design was the uniform evaluation of
TILs with rigorous adherence to internationally agreed
guidelines.

In conclusion, our findings reflect the diverse nature of
TNBC and highlight the difficulties of predicting the outcome
of this disease. Although the NPI seemed to give somewhat
higher AUC values in the direct comparisons with PREDICT
and PrognosTILs, none of the multivariable prognosticators is
inferior to the others according to our data.
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Abstract

Neoadjuvant therapy is a common form of treatment in locally advanced breast cancer (LABC) patients. Besides some guidelines
for grading regression, a standardized general scheme is not yet available. The aim of our study was to compare the prognostic
impact of different regression grading systems, namely the TR/NR, Chevallier, Sataloff, Denkert-Sinn, Miller-Payne, NSABP-
B18, Residual Disease in Breast and Nodes and Residual Cancer Burden (RCB) on disease-free (DFS) and overall survival (OS).
Data of 746 breast cancer patients treated in neoadjuvant setting between 1999 and 2019 have been included. The different
regression grades and follow-up data were collected from medical charts. Statistical analysis included the Kaplan-Meier method,
log-rank test and multivariate Cox regression. The average patient age was 55 years. The DFS and OS estimates of patients with
complete pathological regression and residual in situ carcinoma have been significantly more favorable than those having partial
regression or no signs of regression (pDFS<0.001, pOS < 0.001). Significant differences were found between DFS estimates of
classes with partial regression and without regression defined by RCB. Concerning DFS estimates, the RCB classification (p =

0.019), while regarding OS data the y-stage (p = 0.011) and the nodal status (ypN; p = 0.045) were significant prognosticators by
multivariate Cox regression. Regression grading systems help the evaluation of regression in LABC patients treated with
neoadjuvant therapy. Of the several grading systems compared, the RCB classification makes the best distinction between the
outcomes of the different classes, therefore we recommend the inclusion of RCB into the histopathological findings.

Keywords Breast cancer - Neoadjuvant therapy - Regression pattern - Grading systems - Residual cancer burden

Introduction Neoadjuvant therapy (NAT) has changed the management

of LABC, since it can achieve reduction or even complete

Treatment of locally advanced breast cancer (LABC) patients
has been one of the great challenges of breast oncology for a
long time. Patients with such advanced disease benefit from
treatment devised by a multidisciplinary team of specialists:
oncologists, surgeons, pathologists and radiologists [1].
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regression of the primary tumor and its metastases [2, 3].
This downstaging can allow some patients who would have
had mastectomy as surgical treatment to be treated with breast
conservation [4]. While receiving NAT, patients have to be
under constant oncological and radiological follow-up [5].
The effectiveness of NAT completed with surgical and if
needed postoperative endocrine treatment seems to be equiv-
alent with adjuvant therapy on the basis of disease-free (DFS)
and overall survivals (OS) [6, 7]. Pathological complete re-
gression occurs more frequently in triple negative or HER-2
positive cancers than in ER positive ones [8, 9].

The work-up of surgical specimen after NAT requires the
undivided attention of the pathologist. The identification of
the primary tumor bed can be challenging because of its re-
semblance to fibrotic breast tissue. Insertion of metal clips into
the tumor and/or specimen mammography can simplify the
identification process. Specimen sampling requires adequate
radio-pathological correlation [10, 11]. The evaluation of
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tumor regression after NAT has to be established with full
consideration given to radiology, gross morphology and
microscopy.

The characterization of regression differs from country to
country due to lack of international consensus on definitions.
Pathological complete regression (pCR) implies no residual
tumor in the surgical specimen, but the meaning is interpreted
variously. In some European countries, pCR generally means
the absence of in situ or invasive tumor tissue in the specimen.
A significant difference in DFS between ypTOypNOMO and
ypTisypNOMO was demonstrated by the German and Austrian
Breast Groups [12]. The United States Department of Health
and Human Services Food and Drug Administration Center
for Drug Evaluation and Research and the American Joint
Committee on Cancer define pCR as the absence of residual
invasive cancer in the surgical specimen [13, 14].

The histology of post-NAT tumors represents a spectrum
from pCR to tumor growth and progression (Fig. 1) [15].
Regression can be reflected by the changes in tumor size,
the cellularity of the tumor bed, the presence of lymph node
metastases and of ductal carcinoma in situ (DCIS). Since all of
these factors may affect prognosis, it is essential that all are
represented in the histopathological findings [16]. One of the

Fig. 1 Spectrum of tumor regression: Complete pathological regression
(a), partial regression (b) and lack of regression (¢) (HE, A: 4x, B and C:
10x)

@ Springer

most essential prognostic factors in breast cancer after NAT
continues to be the size of the invasive cancer. In case of
unifocal tumors the largest tumor dimension will produce
the ypT category, while in cases of multifocal ones the largest
diameter of cancer cell containing tissue will be the defining
factor.

The evaluation of regression remains a complicated and
versatile task especially due to worldwide application of nu-
merous grading systems. The firstly described National
Surgical Adjuvant Breast and Bowel Project (NSABP) B18
classifies all NAT cases into two groups. The first group con-
tains pCR cases (including ypT0 and ypTis) whereas the sec-
ond group refers to all residual invasive tumor cases [17].
Further regression grading systems, namely Chevallier,
Sataloff, Miller-Payne, Denkert-Sinn, Residual Cancer
Burden (RCB), TR/NR (suggested system in the European
guidelines for measuring tumor regression and nodal regres-
sion) and Residual disease in breast and nodes (RDBN) define
the presence or absence of complete pathological regression
with one or more categories for tumors with some regression
[18-24]. The TR/NR, Sataloff and RCB systems take residual
tumor burden into account, the Chevallier grade considers the
presence of some regression, while the Denkert-Sinn grade
includes tumor size, and the Miller-Payne system integrates
change of cellularity between the biopsy and the resection
specimen. The Sataloff, TR/NR and RCB grading systems
include lymph node status as well [22, 19, 11]. The RDBN
score can be calculated by the following equation RDBN =
0,2xtumor size (mm) + Nottingham histologic grade (1-3) +
lymph node involvement (0-3). According to the RDBN
score a good (<3.4), a moderate (3.4 <and <5.4), and poor
(>5.4) prognostic group were identified [24]. The quantifica-
tion of residual tumor can be performed by using the RCB
calculation. The algorithm was developed by Symmans and
coworkers and takes notice of the two largest diameters of the
residual tumor, the presence and proportion of DCIS and the
number of metastatic lymph nodes with the size of the largest
nodal metastasis [22]. The evaluation of RCB is supported by
the online available RCB calculator (http://www3.
mdanderson.org/app/medcalc/index.cfm?pagename=
jsconvert3).

Table 1 represents tumor regression grading systems eval-
uated in our study and defines the differences among them.
Although these grading systems are validated, none of them
are accepted internationally. The Hungarian protocol in re-
gression grading was recommended by the 3rd Hungarian
Consensus Conference on Breast Cancer in 2016 and is prac-
tically identical with the recommendation of the European
Working Group for Breast Screening Pathology (EWGBSP)
[11, 23]. In Germany, the Denkert-Sinn grade is utilized,
while in the USA and many other countries the RCB becomes
increasingly adopted.
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The aim of our study was to evaluate the prognostic impact
(on disease-free and overall survival) of the different tumor
regression grading systems in breast cancer patients treated
with NAT. We also aimed to identify which of the grading
systems could best reflect prognosis.

Materials and Methods

NAT receiving, consecutive patients operated on for histolog-
ically verified invasive breast carcinoma at the Department of
Surgery, University of Szeged or Bacs-Kiskun County
Teaching Hospital, Kecskemét between 1999 and 2019 were
included in our retrospective study. Follow up data were col-
lected from medical charts.

The following clinical and pathological variables were ob-
tained for analysis: age, gender, localization, type of neoadju-
vant and surgical treatments, DFS and OS; histological type
and grade of cancer in previous core biopsy and surgical spec-
imen, completeness of the resection, vascular invasion, size -
possibly in 2 dimensions, ypT, ypN, ystage, tumor cell densi-
ty, tumor cellularity in biopsy and resection specimens, pres-
ence and proportion of DCIS, presence of metastasis and/or
regression in lymph nodes, size of metastatic deposits and
receptor status (estrogen receptor - ER, progesterone receptor
— PR, and human epidermal growth factor receptor-2 —
HER?2). Tumor cell density was defined as the proportion of
viable tumor cells in the complete tumor bed, not including
necrosis or DCIS.

Regression grades (NSABP-B18, TR/NR, Chevallier,
Sataloff, Denkert-Sinn, Miller-Payne, and RCB) and morpho-
logical variables were correlated with DFS and OS data using
Kaplan-Meier estimates. Patients were followed from the date
of initiation of NAT until the time of recurrence or tumor-
related death. Patients alive without recurrence and patients
dying from other causes were censored at the time of the last
follow-up and death, respectively. The log-rank test was used
for pairwise comparisons. All statistical tests were two-sided
and p <0.05 values were considered statistically significant.
The parameters found significant in the univariable models
were entered in multivariable Cox proportional hazard model
to identify factors of independent prognostic significance.
Statistical models were fitted using SPSS Statistics V.22.0
software (IBM, SSPS 22.0, Armonk, NY USA).

This retrospective study was approved by the regional eth-
ical committee of the Albert Szent-Gydrgyi Clinical Centre of
the University of Szeged.

Results

Data of 746 patients who underwent NAT and surgical resec-
tion were collected. The median patient age was 55 years

@ Springer

(range: 26-91) and 2 of them were males. Table 2 summarizes
the oncological and surgical treatments of all patients in the
examined population. The majority of patients received pri-
mary chemotherapies, whereas 16.4% got primary endocrine
therapy. Regarding primary systemic chemotherapy, the ma-
jority of patients were given third generation (taxane contain-
ing) regimens. 11.2% of the patients had been given second
generation (anthracycline based) chemotherapeutics. Patients
who received a combination of platinum compounds with
cyclophospamide fell into the “others” category. Anti-Her2
treatment was essentially given in combination with chemo-
therapy. Concerning primary endocrine therapy, the most fre-
quent agents used were aromatase inhibitors and the average
hormonal therapy treatment period was 1 year. The majority
of patients underwent mastectomy. Re-excisions were rarely
performed and were done because of positive or close resec-
tion margins. Regional lymph nodes were examined in almost
all cases, most commonly by means of axillary lymph node
dissection.

As Table 3 demonstrates, with histological examination,
87.8% of patients had invasive carcinoma ,,No Special
Type” in surgical specimens. Invasive tubular, mucinous,
medullary and metaplastic breast cancers were categorized
into the others category. The presence of residual DCIS was
described in 212 cases. One fifth of the patients achieved pCR.
The most frequent pathological tumor category was ypT2

Table 2 Types of NAT and surgical treatment in the examined
population (LHRH: Luteinizing hormone-releasing hormone, HER2:
Human epidermal growth factor receptor 2, SNB: Sentinel node biopsy,
ALND: Axillary lymph node dissection)

Neoadjuvant therapy

Primary hormonal therapy (n =123 = 100%) n %
Tamoxifen 4 3.25
Aromatase inhibitor 102 82.93
Tamoxifen and LHRH-analogue 3 244
Aromatase inhibitor and LHRH-analogue 14 1138

Primary chemo- and target therapy (n = 623 = 100%) n %
Second generation chemotherapy 70 11.24
Third generation chemotherapy 550 88.28
Others 3 0.48
Anti-HER? (in combination therapy) 91 14.60

Number of cycles should go under Primary chemo-and ~ 5.60 6.00
target therapy)

Surgical treatment (n = 746 = 100%) n %
Breast conserving excision 249 3338
Mastectomy 497 66.62
Re-excision 17 228
SNB 72 9,65
ALND 593 79,49
SNB + ALND 60  8.04
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Table 3 Morphological features of breast cancer in the examined
population (NST: Invasive carcinoma ,,No Special Type”, ILC:
Invasive lobular carcinoma, DCIS: Ductal carcinoma in situ, R:
Resection, V: (Lympho) vascular invasion, Pn: Perineural invasion,
HR: Hormone (estrogen and/or progesterone) receptor, HER2: Human
epidermal growth factor receptor 2; ypT and ypN categories are defined
by AJCC. Not all evaluated features were available for all cases, hence the
differences in the sums of some rows

Histological subtype (core) n %
NST 655 87.80
ILC 55 7.37
others 36 4.83

grade n %

1 35 4.69
2 246 32.98
3 420 56.30
No data 45 6.03

DCIS (present) 212 28.41

R (R1/R0) 130/616 17.42

V (V1/V0) 151/560 21.23

Pn (Pn1/Pn0) 10/324 2.99

Hormonal state n %
HR +, HER-2 - 439 58.85
HER-2 +, HR +/- 126 16.89
Triple negative 181 24.26

ypT n %
ypTO 106 14.21
ypTis 28 3.75
ypTla 48 6.43
ypT1b 25 3.35
ypTlc 110 14.75
ypT2 151 20.24
ypT3 55 7.37
ypT4 29 3.90
No data 194 26.00

ypN n %
ypNO 290 38.87
ypN1 227 3043
ypN2 127 17.02
ypN3 61 8.18
No data 41 5.50

ystage n %
0 9 1.21
1 75 10.05
I 209 28.02
I 207 27.75
v 6 0.80
No data 240 32.17

(20.2%), while 38.9% of the patients fell in with ypNO cate-
gory. Most cases expressed ER and PR, while HER-2 positiv-
ity was observed in 126 cases (17%). Median patient follow

up was 53.8 months (range: 4-238 months; average:
65.1 months). Relapse occured in 34.85% of cases during
the follow-up period and tumor specific death was observed
in 122 (16,3%) cases.

According to the original histopathology reports, the num-
bers of patients evaluated with the different regression grading
systems are as follows: NSABP-18 grade: 746, Chevallier-
grade: 717, Sataloff (T) grade: 494, Miller-Payne grade:
386, TR grade: 392, Denkert-Sinn grade: 348, RDBN grade:
405 and RCB: 212. Figure 2 and Supplementary Fig. 1-8
show the disease-free survival and overall survival estimates
of the different grading systems, respectively. The DFS and
OS estimates of complete pathological regression (ypT0) and
residual in situ carcinoma (ypTis) together were significantly
different from the survivals of tumors without regression and
moderate regression categories in all grading systems
(p <0.001). There was no significant DFS and OS difference
observed between the ypTO and ypTis categories. Survival
values associated with different partial or no response catego-
ries showed no significant differences between each other,
with the exceptions of DFS for the RCB-I vs III and II vs III
categories.

As all regression grading systems showed a significant effect
on survival in the univariable models, they were all entered in the
multivariable Cox-regression analysis. According to our results
the RCB (p =0.019) proved to be an independent prognostic
marker for DFS, whereas the ystage (p =0.011) and lymph node
status (p = 0.045) showed similar results for OS.

Discussion

Due to the increasing use of NAT in patients having locally
advanced breast cancer, more and more articles about its ef-
fectiveness have been published [8]. Although imaging tech-
niques serve as great options to monitor regression after NAT,
histopathological review remains the gold standard in the
evaluation procedure [25]. Although several national guide-
lines aiming at the standardization of specimen cut up and
reporting have been introduced, for example in Australia,
Belgium, Germany, the UK, Netherlands, the USA and
Hungary, there is no international agreement in the interpreta-
tion of tumor regression, in the definition of pCR, and in the
measurement of tumor size in cases where fibrosis develops as
a result of NAT or multifocality is present [11, 26-31].
Several regression grading systems have been introduced
which are based on prognostic markers such as tumor size (in
one or more dimensions), change in cellularity, presence of
DCIS, presence of regression or metastasis in lymph nodes and
the size of lymph node metastasis [17-23]. The definition of pCR
and the complete lack of regression -as the extreme ends of the
regression spectrum- are common features of these systems
which also define one or more subgroups for partial regression

@ Springer
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Fig. 2 Kaplan-Meier evaluation of the RCB grading system for DFS and
OS. Significant differences were found between DFS estimates of pCR
vs. RCB-II (p < 0.001), pCR vs. RCB-III (p <0.001), RCB-I vs. RCB-III
(p=0.035), RCB-II vs. RCB-III (p=0.05). Regarding OS, significant

categories. Despite of the relative abundance of regression grad-
ing systems, there is a lack of international consensus on their
application. All grading systems attempt to quantify the degree of
regression or the amount of residual tumor, and there is agree-
ment that a quantitative characterization of tumor regression is
necessary for the evaluation of the effectiveness of NAT, and
may have further role in therapeutic decisions (e.g. alternative
treatments if no regression is present).

Although the presence of residual DCIS has been reported to
convey a worse prognosis than complete absence of in situ and
invasive carcinoma, there was no significant difference between
OS and DFS estimates of ypTOypNO and ypTisypNO. Our results
are therefore supporting the more permissive definition of pCR
(including ypTis) defined by the United States’ FDA and en-
dorsed by the AJCC [13, 14] and the European Guidelines
[23]. Our findings regarding the prognostic impact of pCR are
in keeping with those of others, since patients with pCR had a
favorable prognosis (both in DFS and OS) compared to patients
having partial regression. Concerning the subcategories of partial
regression, we observed significant differences only between
DEFS estimates of certain RCB classes, namely between RCB-I
vs. RCB-III and RCB-II vs. RCB-III classes. No other regression
classification system showed subgroups of partial response with
significant differences between each other.

The RCB system was developed by Symmans and coworkers
in 2007. In their study, the prognostic role of morphological
variables was evaluated by Cox-regression, and from variables
found statistically significant, a complex equation was produced
to determine the RCB index score. The RCB index score was

@ Springer
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differences were observed between estimates of pCR vs. RCB-II (p=
0.005) and pCR vs. RCB-III (p<0.001), respectively (RCB: Residual
Cancer Burden, DFS: disease-free survival, OS: overall survival, pCR:
pathological complete regression)

correlated with survival data and cut-off scores were assigned to
identify the RCB classes. In concordance with the original results
by Symmans et al., there were no significant differences in DFS
and OS estimates between RCB-0 (pCR) and RCB-I (nearly
pCR) classes. Furthermore, the multivariable Cox regression
models for DFS suggest that the RCB system is the only signif-
icant prognosticator among regression grades (p = 0.019) [22].

In a subsequent publication, Symmans and co-authors have
demonstrated that the RCB is a prognostic marker indepen-
dent from the type of primary chemotherapeutic regime and
significant differences have been described between RCB
classes among hormone receptor positive (ER+ and/or PR+,
HER2-), HER-2 positive (hormone receptor positive or nega-
tive) and triple negative (ER-, PR, HER2-) breast cancer cases
[32]. Our results support these conclusions, and moreover, by
adding primary endocrine therapy to our calculations, RCB
remained an independent prognostic marker.

Considering literature data and our results, RCB is highly
recommended to be included in routine histopathological re-
ports of breast cancers treated with NAT. Although most ele-
ments of RCB are routinely part of histopathological reports,
the characterization of some others, namely the second largest
dimension of tumor size, the cellularity and the proportion of
DCIS, require experience in practice. The standardization of
reporting these markers are supported by the concise guidance
at the RCB calculator website [32].

Corben and co-authors emphasized the role of the presence
and size of lymph node metastasis. Those grading systems that
include lymph node status (RCB, Sataloff, TR-NR, RDBN)
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show better correlation with long term survival than those includ-
ing only invasive tumor size and cellularity [5]. In keeping with
Corben’s results, we found the ypN category as a significant
prognostic marker according to OS estimates. The presence of
nodal metastasis was associated with poor prognosis regardless
of the presence or absence of nodal regression. Corben and co-
workers suggested the RDBN grade to be the most optimal re-
gression grading system among the 5 investigated [5]. However,
we found no significant differences in DFS or OS between the
RDBN groups with Cox regression. This contrast may be due to
different factors, like the differences in patients and in cohort
sizes (62 vs 746) and the inclusion of primary endocrine therapy
in the present analysis.

Concerning the limitations of our study, it has to be men-
tioned that not all grading systems were assessed in all cases.
Several patients had gone through lymphadenectomy prior to
NAT and this could influence the prognostic value of a given
grading system. Furthermore, the institution where the core nee-
dle biopsy was taken differed from the place of surgery in many
cases, therefore the comparison of these samples was not always
possible. On the other hand, the strengths of our evaluation
include a large cohort of patients having primary endocrine
treatment or chemotherapy with relatively long follow-up data.
Our multicenter study was based on two Hungarian departments
with identical cut-up and reporting protocol, following the rec-
ommendations of the 3rd Hungarian Consensus Conference on
Breast Cancer. Although not all grading systems were evaluated
in all cases, even the smallest group included more than 200
patients, and this proved sufficient for statistical analysis.

In our retrospective study involving the grading of re-
sponse to NAT in 746 patients, we have evaluated and com-
pared the impact of different regression grading systems on
DFS and OS. According to our results, the RCB was the best
prognostic factor, therefore we would encourage its utilization
in routine histopathological reports.
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