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You’re quite right, Mr. Hatter. I do live in a topsy-turvy world. 

It seems like I have to do something wrong first, in order to learn from what not to do. 

And then, by not doing what I’m not supposed to do, perhaps I’ll be right. 

But I’d rather be right the first time, wouldn’t you? 

 

unknown, Alice in wonderland 
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Zusammenfassung 
 

Brustkrebs ist Ursache für die meisten tumorbezogenen Tode österreichischer 

Frauen. Die Abschätzung von Risikofaktoren und das Stellen von langfristigen 

Überlebensprognosen stellt hier eine Herausforderung für die behandelnden Ärzte 

dar. Der RCB-Score wurde eingeführt um den Erfolg von einer neoadjuvanten 

Chemotherapie zu messen und somit die Überlebenschancen besser beurteilen 

zu können. Das Ziel dieser Arbeit war es die Prognosefähigkeit des RCB-Scores 

über das krankheitsfreie Überleben (DFS) und Gesamtüberleben (OS) in einer 

unabhängigen Studie zu überprüfen. 

212 BrustkrebspatientInnen, die eine neoadjuvante Therapie mit anschließender 

Operation im Landeskrankenhaus Graz erhalten hatten, wurden retrospektiv 

analysiert. Sowohl Chemotherapie, als auch Hormontherapie und HER2-gerichtete 

Therapien wurden inkludiert. Der RCB-score und die RCB-Gruppe (0, I, II, III) 

wurden nach Symmans et al. berechnet. Informationen über Alter, Histologie, 

Östrogen- und Progesteronrezeptordichte, HER2-Status, erhaltene Therapie und 

Nachsorge wurden den Patientenakten der Onkologie entnommen. Zur 

statistischen Analyse wurde Microsoft Excel® und IBM SPSS® verwendet. 

Kaplan-Mayer Kurven wurden zur Berechnung der Korrelation zwischen RCB-

Score und DFS bzw. OS verwendet. 

Mit diesen Berechnungen konnte die allgemeine Prognosefähigkeit des RCB-

Scores für das DFS (p=0,000006) und OS (p=0,000306) statistisch bestätigt 

werden. Außerdem bestand ein Zusammenhang zwischen dem pathologischen T-

Status und beiden Überlebensparametern (DFS p=0,0003 und OS p=0,005). 

Menopausenstatus, Hormonrezeptordichte, HER2-Status und histologischer 

Subtypen korrelierten hingegen weder mit DFS, noch mit OS. 
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Abstract 
 

As breast cancer causes most tumor related deaths in Austrian women, the 

evaluation of risk and prognosis remains a challenge for physicians. Therefore, the 

RCB-score was introduced to measure response to neoadjuvant treatment and 

enable physicians to make more accurate prognoses on long-term survival. It was 

the goal of our research to independently test the prognostic value of the RCB-

score on disease-free survival (DFS) and overall survival (OS). 

A retrospective analysis was performed on 212 breast cancer patients who 

received neoadjuvant therapy and surgery at the Medical University of Graz. We 

included patients with neoadjuvant chemotherapy, endocrine therapy and HER2-

directed therapy. The RCB-score and group (0, I, II, III) were calculated according 

to Symmans et al. Information about age, histological subtypes, receptor density, 

received regimen and follow-up was collected from paper-based files. Microsoft 

Excel® and IBM SPSS® were used for statistical examination. Kaplan-Mayer 

curves were used to calculate the correlation of the RCB-score with DFS and OS. 

We were able to confirm the general prognostic value of the RCB-score to DFS 

(p=0.000006) and OS (p=0.000306). Furthermore, the pathological T-status 

correlated with both DFS (p=0.0003) and OS (p=0.005). In contrast, menopause 

status, endocrine-receptor density, HER2-status and histological subtype did not 

correlate with the survival factors. 
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1 Introduction 
 

1.1 Epidemiology and Etiology 
 

With 5.521 newly identified cases of breast cancer in 2012, breast cancer has 

become the prevalent tumor for Austrian women. In addition, breast cancer has 

been counted responsible for 1.528 deaths in 2012, making the cancer entity liable 

for the most tumor associated deaths in Austria. 

The age-adjusted incidence accounted for more than 75 per 100.000 and has 

been consistent for 10 years. In addition, the mortality declined during the same 

period, now resting at 17 per 100.000, as can be seen in figure 1 (1, 2). 

 

 
Figure 1: Statistik Austria - Incidence and mortality of malign neoformation of the female breast 
since 2002, modified according to Hackl, M. et al. (2). 
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The decrease in death rate is mainly awarded to mammography screening offered 

to women over 45 for early detection (3). Nevertheless, due to the persistent high 

prevalence of breast cancer, a good risk evaluation remains a prerequisite for a 

high quality of diagnosis and therapy, which can be pertained through better 

histological classification of residual cancer cells. The following paragraphs mean 

to describe the general factors needed to identify the risk evaluation in breast 

cancer. 

 

Although the etiology of breast cancer has not fully been explored, the following 

factors have been verified to raise the risk of occurrence 

 

 positive family history: breast- or ovary carcinoma in first degree relatives  

 early menarche / late menopause: before the age of 12 and after 55  

 nulliparous and late primiparous women, short phase of breastfeeding 

 hormonal imbalance: especially higher estrogen levels 

 obesity 

 age, as frequency rises with age 

 carcinoma of contra lateral side 

 precursor lesions: ductal carcinoma in situ (DCIS)  

 mutation of the BRCA1-, BRCA2- or p53-gene 

(4–6). 

 

1.2 Classification 
 

Breast cancer is most likely to develop in the upper outer quadrant of the breast 

because there is more tissue located than in the other quadrants. One study 

described the location of around 60% of mamma carcinomas in the upper outer 

quadrant, 18 % in the lower inner quadrant, 15% in the upper inner quadrant and 

7% in the lower outer quadrant (7). 
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1.2.1 Precursor Lesions 
 

The WHO describes the carcinoma in situ (CIS) as the direct pre-stage of the 

invasive mamma cancer. Histologically CIS is defined as a neoplastic proliferation 

of malign epithelial cells without perforating the basal membrane. The CIS lies 

dissociated, independent of surrounding fat and conjunctive tissue, and only 

seldom infiltrates blood- or lymph vessels. Therefore, it does not metastasize (1, 

8). 

The ductal carcinoma in situ (DCIS) represents 95% of in situ lesions. It spreads 

segmental in the milk ducts and is usually found accidentally through 

microcalcifications in mammography. If the diagnosis is confirmed, surgical 

therapy is recommended, since about half of DCIS evolve into an invasive 

carcinoma (8–10). 

The other 5% of in situ lesions show a proliferation of monomorphic cells in the 

lobules of the mamma, called lobular carcinoma in situ (LCIS).  

 

1.2.2 Invasive Mamma Carcinoma 
 

Invasive carcinoma of the breast is a malign epithelial tumor, defined by its ability 

to break through the basal membrane and infiltrate the surrounding tissue. It can 

metastasize through haematogenous and lymphatic vessels and leads to death in 

30-40% of cases (1, 11). 

The invasive ductal carcinoma (IDC) accounts for 80% of invasive growing 

breast cancers (12, 13). It develops in the epithelia of milk ducts and does not 

show a special histological growth pattern in 70%, thus it is not otherwise specified 

(NST). The following patterns of mamma carcinoma can be counted as invasive 

breast cancer and only make up a few percentages of all breast tumors:  

 medullary carcinoma: often shows necrosis  

 mucinous carcinoma: produces mucus  

 tubular carcinoma: usually low-grade with tubular glands 

 papillary carcinoma 

 Paget’s disease of the nipple 

 inflammatory breast cancer 

(1, 14, 15). 
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The invasive lobular carcinoma (ILC) is the infiltrative growing tumor of the 

glandular lobules, and with only 15% far rarer than the IDC. It is 

characterized by its dissociative growth and isolated cancer cells (12, 16). 

 

1.2.3 Staging 
 

Because stage of expansion is important for prognosis and further procedure, 

TNM-classification is performed on every kind of cancer. It shall be mentioned in 

advance, that both the pT and pN-status are used to calculate the RCB-score. For 

further information see chapter 1.4 

pT Primary tumor 

pTX tumor cannot be evaluated 

pT0 no signs of tumor 

pTis carcinoma in situ 

pT1 tumor ≤ 2cm in greatest dimension 

pT2 tumor > 2cm but < 5cm 

pT3 tumor > 5cm in greatest dimension 

pT4 tumor of any size that invades skin or thoracic wall 

pN Regional lymph nodes, clinical 

pNX regional lymph nodes cannot be evaluated 

pN0 no regional lymph node metastasis 

pN1 metastasis to moveable ipsilateral level I and II axillary lymph nodes 

pN2 Metastases in ipsilateral level I, II axillary lymph nodes that are clinically 
fixed or matted; or in clinically detected ipsilateral internal mammary nodes 
in the absence of clinically evident axillary lymph node metastases 

pN3 Metastases in ipsilateral infraclavicular (level III axillary) lymph node(s) with 
or without level I, II axillary lymph node involvement; or in clinically detected 
ipsilateral internal mammary lymph node(s) with clinically evident level I, II 
axillary lymph node metastases; or metastases in ipsilateral supraclavicular 
lymph node(s) with or without axillary or internal mammary lymph node 
involvement 

pM Distant metastasis 

MX distant metastasis cannot be evaluated 

M0 No clinical or radiographic evidence of distant metastases 

M1 Distant detectable metastases as determined by classic clinical and 
radiographic means and/or histologically proven >0.2 mm 

 
Table 1: Table 1: pTNM-classification, modified according to S3-guidelines 2012 (1, 17) 
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Before the start of breast cancer treatment medical contraindications against 

surgery are taken into consideration, such as pregnancy at diagnosis. 

Neoadjuvant therapy might be an option for those patients (18). 

In addition neoadjuvant therapy should be taken into consideration if the tumor is 

primarily inoperable or if mastectomy would be required and the patient wishes to 

have breast-conserving surgery or in the case of a tumor with unfavourable 

biology.   

Before administering systemic therapy, the gathering of receptor status is 

essential. In up to 20% of breast carcinomas human epidermal growth factor 

receptor 2 (HER2) is over expressed due to gene amplification. HER2 induces 

proliferation and suppresses apoptosis of carcinoma cells (19, 20). 

Fluorescence in-situ hybridization (FISH) is a cytogenetic test that localizes DNA 

sequences. It is used to detect HER2-overexpression (21).  

Furthermore, steroid hormones estrogen and progesterone support tumor growth, 

so it is reasonable to determine receptor density of estrogen (ER) and 

progesterone (PR) prior to therapy (1). 

 

1.3 Neoadjuvant Therapy Options 
 

Goal of every therapy is to reduce the chance of distant metastasis and 

consequently better overall survival (OS). Therefore, surgery used to be the 

means of choice. Systemic therapy before an operation can, however, oftentimes 

reduce the size of primary inoperable cancer to make extraction possible. Also, 

cosmetic outcome is positively influenced, since smaller operations are needed for 

resection. 

Studies show that HER2 positive and triple negative (HER2 negative, ER negative, 

PR negative) breast-cancers are associated with a high likelihood of response to 

neoadjuvant therapy. Then again, HER2 negative, HR positive cancers less 

frequently show a significant reaction to neoadjuvant therapy and are, therefore, 

often initially treated with surgery (22–24). 
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1.3.1 Chemotherapy 
 

Chemotherapy prevents growth of cells with high proliferation rate. Because 

cancer usually multiplies quickly, it is a well-aimed target. This systemic therapy 

can greatly minimize the risk of distant metastasis, however, because of the 

described mechanism, side-effects like alopecia, bone marrow suppression and 

mucosal damage are expectable (25, 26). Also, nausea and vomiting occur 

regularly. 

Antineoplastic substances target tumor cells through one of three mechanisms:  

 Damaging DNA 

Firstly, DNA is damaged by attaching an alkyl-group to the guanine of the DNA, 

which inhibits further proliferation of the cancer cell. Cyclophosphamide (C) is 

one of these alkylating agents and is regularly used for breast cancer 

treatment. 

Secondly, platinum-based agents cause crosslinking in the DNA or between 

DNA-strands. As a result, DNA-metabolism is damaged, leading to toxic effects 

for the whole cell. Carboplatin is a typical substance of this group used against 

cancer of the mamma, particularly recently in the treatment of triple negative 

disease (27). 

Thirdly, anthracycline antibiotics are among the most effective 

chemotherapeutics available and are regularly used to treat breast cancer. 

They prevent cell proliferation through integration into the DNA-strand, thus 

causing breakage in the DNA. They also inhibit the topoisomerase II enzyme, 

which is of great importance for proliferation overall. 

Most commonly used agents are doxorubicin (A) and epirubicin (E). However, 

both chemotherapeutics are cardiotoxic and can lead to neutropenia (28). 

 

 Interference with DNA synthesis 

It is both possible to inhibit synthesis of DNA- building blocks and to 

incorporate wrong blocks into the newly formed DNA. 5-fluorouracil (F) is a 

very common pyrimidine antimetabolite. When built into the DNA instead of 

thymine or cytosine it results in inhibited proliferation (29). 
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 Interference with microtubules 

Microtubules are the main components of the mitotic spindles and, therefore, of 

great importance for effective cell proliferation. Paclitaxel and docetaxel both 

belong to the group of taxanes (T). Through binding onto the microtubule-beta-

subunit they inhibit depolymerisation and thereby deformed microtubules are 

constructed. (30) 

 

Chemotherapy can be administered both neoadjuvant, before surgery, and 

adjuvant, after surgery. Against the initial assumption that neoadjuvant 

chemotherapy would positively influence survival rates, there could be no 

difference detected in comparison to adjuvant therapy (31). However, neoadjuvant 

therapy does broaden the surgical options and often makes breast-conserving 

operations possible (32, 33). 

It also enables the physician to evaluate the effectiveness of the treatment during 

an earlier stage and allows a sooner modification if necessary. 

Usually, in neoadjuvant chemotherapy the same regimens are used as in an 

adjuvant setting. In both cases the choice should rest upon the tumor biology and 

the receptor status (33). If not contraindicated, anthracyclines are incorporated in 

common regimens such as FEC, FAC, EC and AC. These polychemotherapies 

were shown to improve OS-rates in comparison to non-anthracycline regimens 

(34, 35). However, an increased dose of anthracyclines exceeding 

recommendations did not result in higher survival rates and is therefore not 

administered (36). 

Instead, anthracycline-based regimens can be combined with paclitaxel or 

docetaxel. Studies show that a simultaneous or sequential application of a taxane 

results in higher rates of pCR (also meaning higher rates of RCB-0) in comparison 

to anthracycline-based regimens without taxanes. These patients also had better 

DFS- and OS-rates (31).  

Non-anthracycline regimens are commonly used if there is a contraindication 

against anthracyclines. These therapy options are, usually, well tolerated, resulting 

in less neutropenic and neurotoxic side effects (37, 38). Unfortunately, there is still 

no data about OS in the neoadjuvant setting available. 
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All regimens above can be and are regularly applied to women and men alike. 

However, studies suggest that men might profit even more from the use of 

endocrine therapy. (39) 

 

1.3.2 Endocrine Therapy 
 

Because some tumors overexpress receptors for estrogen and progesterone, 

there are treatment options which specifically target these tumor cells. For 

hormonal treatment there are two different mechanisms: 

 Selective Estrogen Receptor Modulators 

Substances of this group react tissue-specifically, either antagonistic or 

agonistic. They attach to the DNA, thus changing conformation of the receptor-

protein. Tamoxifen, a substance with antagonistic effects on the breast is most 

commonly used. In neoadjuvant therapy it can be used on ER positive tumors 

to reduce tumor size. In adjuvant therapy it is used for at least 5 years to 

reduce risk of recurrence. It is most often administered on premenopausal 

women and men with hormonal positive breast cancer. During application, 

estrogen-like side effects such as thrombotic embolisms or proliferation of the 

endometrium regularly occur. Also, it can accumulate in the lysosomes of cells, 

resulting in vision defects (40, 41). 

 

 Aromatase Inhibitors (AI) 

Aromatase is an essential enzyme for estrogen synthesis. It catalyzes the 

aromatization of androgens into estrogens. Aromatase inhibitors are used in 

neoadjuvant and adjuvant treatment of ER positive breast cancers, especially 

in post-menopausal women. Compared to tamoxifen, these inhibitors don’t 

show estrogen-like side effects. However, climacteric side-effects like hot 

flushes, sweating or dizziness have been described. Exemestan, letrozol and 

anastrozol are the most common substances; all three can be applied orally 

(42, 43).   

 

The following treatment options are generally used on patients with positive 

hormone receptor-, but negative HER2 status. For HER2 directed therapy see 

chapter below. 
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Neoadjuvant hormonal therapy in post-menopausal HER2 negative women is a 

well-researched topic. Studies show, that neoadjuvant AI are as well or better 

tolerated than tamoxifen (44), resulting in less side-effects and a higher probability 

for breast-conserving surgery (45, 46). In comparison to neoadjuvant 

chemotherapy, neoadjuvant endocrine therapy reaches similar OS-rates with less 

toxic side-effects in post-menopausal women (47). It was, however, hypothesized 

that PR-status might influence survival-outcomes. This question remains for 

further investigation. 

Unfortunately, there is only little data about the neoadjuvant usage and none about 

OS of endocrine therapy in premenopausal HER2 negative women. 

 

Against the initial assumption that endocrine positive cancer in men might be 

similar to the equivalent in post-menopausal women, research shows fundamental 

differences. Positive hormonal status is more frequent in male than in female 

patients (48). However, since male breast cancer is generally less common, 

endocrine treatment options were long considered off-label-use. 

Studies show that endocrine therapy in men resulted in better OS than 

chemotherapy (39). Also, men treated with tamoxifen reached better OS-rates 

than those treated with an AI (49). Therefore, treatment with tamoxifen represents 

the first-line option for adjuvant systemic therapy for this group. 

AI may remain an option if there are any contraindications against tamoxifen (50).  

 

1.3.3 HER2-directed Therapy 
 

Up to 20% of breast carcinomas show an over-expression of HER2, providing a 

potent therapeutic target for anti Her2 therapies. 

Trastuzumab (H) and pertuzumab are monoclonal antibodies, which bind onto the 

HER2 receptor, thus inducing its depletion (19, 20, 51). The apoptosis of tumor 

cells is initiated and angiogenesis is stopped. 

However, during initial application patients can suffer from anaphylactic reactions. 

Also, as HER2 receptors are also located on the heart, the application can lead to 

toxic cardiac side-effects, especially if patients are also treated with anthracyclines 

(52, 53). Neutropenia is a seldom but potentially dangerous side-effect of 

pertuzumab (54).  
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Studies suggest that the additional use of trastuzumab in neoadjuvant therapy 

leads to higher pCR- and EFS-rates than chemotherapy-use only (55, 56). 

HER2 positive, hormone receptor negative women seem to get the greatest 

benefit from being treated with trastuzumab. These women generally have a better 

OS and surgery-outcome than females with positive ER/PR-status (57). 

Unfortunately, these promising results can often not be reached because of 

trastuzumab-resistance. Up to 60% of HER2 positive women are either initially 

resistant or develop resistance during treatment (58). This issue can partially be 

overcome by adding pertuzumab. Again, this incorporation results in higher pCR-

rates, without adding major toxicity (54). If this, however, also leads to higher OS-

rates is yet to be determined. 

In a recent annual meeting of American Society for Clinical Oncology (ASCO) data 

from the adjuvant trial of adding pertuzumab to trastuzumab were shown, with a 

significant, but clinically not very meaningful impact on disease free survival 

(DFS). 

 

1.4 Residual Cancer Burden 
 

As neoadjuvant systemic therapy in breast cancer is still a topic of ongoing 

research, standardized methods to determine individual outcome have yet to be 

further established. In 2007 the MD Anderson Cancer Center in Houston TX, 

developed the RCB-score. The RCB was designed as prognostic factor on OS for 

patients who had received neoadjuvant chemotherapy.  

For pathological evaluation of the success of a neoadjuvant treatment the tumor-

tissue obtained at surgery had to be histologically examined. It was then compared 

to the biopsy, which was isolated at time of diagnosis. The pathologist then 

evaluated the following parameters in order to calculate the RCB-score (59): 

 two dimensions of the primary tumor bed (mm) 

 the cancer cellularity fraction (%) of invasive cancer and CIS 

 the number of metastasis positive axillary lymph nodes 

 diameter of the largest lymph node metastasis (mm) 

 

The resulting score then divided the patient-population to one of four groups, with 

RCB-0 corresponding to a pathological complete response (pCR), RCB-I to 
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minimal residual disease, RCB-II to moderate residual disease and RCB-III to 

extensive residual disease. 

Symmans et al were able to prove the prognostic significance of the RCB-score on 

OS. In their first trial 382 patients with invasive breast cancer were reviewed. All 

had received neoadjuvant chemotherapy with anthracyclines and/or taxanes. 

Study outcomes demonstrated a reverse correlation between survival-rates and 

the RCB-score. Participants who were rated as RCB-0 or RCB-I showed a 

significantly higher survival rate compared to patients in groups RCB-II and –III. 

(59,60). For patients who had reached pCR (RCB-0) the probability of relapse 

within the first five years was estimated at 5.4% and 2.4% for those with RCB-I. It 

was, in contrast, 53.6% for the RCB-III group (59). 

Further studies confirmed that the usage of residual cancer measurements of the 

breast combined with those of the lymph nodes led to a better defined prognosis 

than either alone (61–63).  

 

A second trial published in 2017 reviewed five patient cohorts with collectively 

1158 patients. Three cohorts received T/FAC as neoadjuvant systemic therapy, 

one received FAC and one cohort received H+T/FEC. Also, all patients were 

classified by their phenotype in one of the subgroups HER2+, triple negative or 

HR+/HER2-. 

Symmans et al were again able to show that the RCB-score is prognostic for OS 

after neoadjuvant systemic therapy for all three phenotype subsets. 

For triple negative patients the estimated 10-year relapse-free survival (RFS) rates 

were 86% for the pCR-group, 81% for the RCB-I class, 55% for the RCB-II class 

and 23% for the RCB-III class. These results were similar in the H+T/FEC cohort, 

with 95% for the pCR-group and 77%, 47% and 21% for the RCB-classes I, II and 

III. For HR-positive / HER2-negative patients in the combined T/FAC cohorts the 

10-year RFS was 83% for pCR, 97% for RCB-I, 74% for RCB-II and 52% for RCB-

III. (64) 

The researchers did, however, also express the need of further external validation 

of their findings. 

 

 



 

 12

1.5 Reason for this study 
 

Although treatment options and outcomes for breast cancer have rapidly 

developed over the last years, it is still a challenge for modern medicine to timely 

diagnose and treat invasive breast cancer. Consistent therapy options are still 

being developed. It remains difficult for physicians to make a detailed prognosis 

about survival-rates. However, prognosis after a neoadjuvant systemic treatment 

is of great importance for the patient and the physician in charge.  

The RCB-score is a relatively new tool developed in 2007 by Symmans et al to 

help physicians set a more accurate prognosis based on clinical and 

histopathological findings. 

In the initial trial the RCB-score was only tested on patients who had undergone 

chemotherapy. 

In this study the RCB-score will be tested on patients who have received any kind 

of neoadjuvant treatment, including chemo-, endocrine- and HER2-directed-

therapy. The prognostic value on survival-rates regardless of the neoadjuvant 

approach will be researched. 

Although this study is smaller than the original one, the patient population, all 

doctors and the writer are fully unattached to the study in 2007. This research shall 

independently test the prognostic ability of the RCB-score. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 13

1.6 Research Questions 
 

1. Do the various patients in the four RCB-groups show a difference in their 

progression-free- and overall-survival?  

2. Can the menopausal-status, hormone- or HER2-receptor status, 

histological subtype or the TNM-classification influence survival outcomes? 

 

1.7 Hypothesis 
 

1. It is assumed that the RCB-score shows differences in prognosis for both 

DFS and OS in all four groups, although the patient population was 

extended to all neoadjuvant regimens compared to the original study from 

Symmans et al. 

2. It is hypothesized that in addition to the RCB-score other factors are 

prognostic for the DFS- and OS. 
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2 Materials and Methods 
 

2.1 Ethical review 
 

Not all patients were still in the follow-up at Medical University of Graz during this 

retrospective analysis. The study was approved by the ethical review committee of 

Graz (EK-number: 29-075 ex 16/17) in November 2016. 

 

2.2 Sample 
 

This retrospective analysis included patients who were treated with neoadjuvant 

therapy at the Internal Medicine – Division of Oncology at Medical University of 

Graz. Both men and women were included in this trial. All participants were 

diagnosed with invasive breast cancer between 2011 and 2016, had received any 

sort of neoadjuvant treatment and were over 18 years old. All histological- and 

receptor-subtypes were included. 

Patients who were diagnosed with another form of breast cancer (i.e. CIS only) 

were excluded from this trial. Furthermore, patients who had only undergone 

surgery and adjuvant therapy were excluded. 

 

2.3 Medical patient data 
 

All relevant patient-data was extracted from paper-based patient files at Oncology 

Medical University of Graz or found within the electronical hospital-in-house 

information system MEDOCS®. The following parameters were collected: 

 Residual cancer burden-score during surgery  

 date of birth of the patient, used for calculating the age at diagnosis 

 menopausal status 

 whether the tumor was a first occurrence 

 localisation (left, right, both breasts) 

 the pathological review date, used as date of diagnosis 

 initial histological subtype before treatment 
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 estrogen- and progesterone- status at diagnosis 

 HER2/neu status at diagnosis 

 pTNM-classification 

 mode of neoadjuvant treatment (chemotherapy, endocrine therapy, HER2-

directed) and exact regimen used 

 date of radiological or pathological confirmation of metastasis or relapse, 

used to calculate DFS 

 last known date alive or date of death, used for OS 

 last known survival status (alive or dead) and last known tumor status 

 

Before further analysis patient names and birthdays were anonymised. All 

participants were adjusted with a numerical 8-digit code and birthdays were 

reduced to birth years. 

 

2.4 Statistical analysis 
 

Microsoft Excel® and IBM SPSS® were used for statistical examination. 

All participants were categorized for population description according to their age, 

menopausal status, histological- and receptor subtype, treatment and RCB-score. 

Corresponding figures were then generated with SPSS. 

For survival analysis, the pathological verification was used as starting date. The 

last date of follow-up marked the endpoint for DFS and for OS of all event-free 

participants. For patients who had suffered from relapse or metastasis the date of 

radiological or pathological confirmation was used as endpoint for DFS. The date 

of death was used as endpoint for DFS for metastasis-free patients who had 

passed away and for OS for all patients who had died during follow-up. 

Kaplan-Meier procedure was then applied for the analysis of the survival of all 

subgroups. The Log-rank test confirmed statistical significance and p<0.05 was 

used as significance level. 
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3 Results 
 

3.1 General Data  
 

Initially 213 women were included in this study. Unfortunately, no male patient who 

satisfied all criteria could be identified. All women included in the study were 

diagnosed with invasive breast cancer between the years 2011 and 2016, 

received neoadjuvant systemic therapy, were at least 18 years old and had a 

RCB-Score evaluated after surgery. Not included were patients with metastasis in 

other organs at the time of diagnosis or any patient under the age of 18. Also, 

patients with an inconclusive RCB-Score had to be excluded. 

During follow-up ten women changed clinic, therefore, their health status was 

unknown at the end of study. Nevertheless, the family physicians of six of those 

women were able to provide the necessary information. The health status of the 

other four women remains unknown. 

Also, one woman did undergo sentinel-lymph node biopsy before neoadjuvant 

therapy, thus leaving the RCB-Score indeterminable. She was included in general 

descriptive-, but excluded from the survival-statistics. 

 

3.1.1 Data about the Participants 
 

The median age at diagnosis was 56; the youngest patient was 28, the oldest 92. 

The age distribution of all participating women can be seen in figure 2. 

Of all women 58 were found to be premenopausal (27.2%) and 128 were 

postmenopausal (60.1%). The menopausal-status remains unknown or unclear for 

27 women (12.7%). 

190 tumors (89.2%) were a first occurrence; the other 23 tumors (10.8%) either 

recurrence or a secondary new histological subtype. 97 women (45.5%) 

developed cancer in their right breast, 114 women in their left (53.5%). Two 

women were primarily diagnosed with cancer on both sides (0.9%). 
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Figure 2: Age distribution of the 213 participants 

 

3.1.2 Data about receptor distributions 

 
Figure 3: Original histological subtype found at biopsy before neoadjuvant treatment was 
introduced 
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Before undergoing neoadjuvant treatment, all women underwent biopsy extraction 

to confirm malignancy and to identify histological- and receptor-subtypes. 

As seen in figure 3 above, 144 tumors (67.6%) were diagnosed as IDC (according 

to the new classification NST), another 34 (15.2%) were identified as a 

combination of IDC (NST) and DCIS. 14 women (6.6%) were diagnosed with ILC. 

All other tumor-identities were summarized (10.6%). Latter category included five 

aprocrine, four medullar, four mucinous, three papillar, three IDC with ILC, one 

inflammatory and one clear cell carcinoma.  

 
 
As seen in figure 4 below, of all women included in this study 94 (44.1%) were 

negative for ER, 6 patients (2.8%) were low-grade positive, 7 patients (3.3%) were 

moderately positive and 106 women (49.8%) were high-grade positive. 

Concerning PR, 96 women (45.1%) were negative, 30 (14.1%) were low-grade 

positive, 26 women (12.2%) were moderately positive and 53 (24.9%) were high-

grade positive. The PR-status remained unknown for 8 women (3.8%). 

Since the ER is usually the main determinant for the use of endocrine therapy, it 

was more closely evaluated than the progesterone-receptor status (PR). Women 

were again categorized as either hormone-receptor (HR) positive or negative 

according to their ER-status and according to their endocrine-treatment-status. 

 
Figure 4: Distribution of hormone receptor density 
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ER high-grade (>51% of cells positive) and moderate (>11% positive) women 

were included in the HR positive group, while all ER negative (0%) women were 

included in HR negative. It remains a difficult question whether low-grade (<10% 

positive) women should be counted as positive or negative (65–67). 

As this is a retrospective analysis of prior treatments, the decision where to 

categorize them was left to the physicians in charge. Only three low-grade women 

were treated with anti-endocrine substances after surgery and, therefore, rated as 

HR positive. The other four low-grade women had not received an endocrine 

treatment and were, therefore, categorized as HR negative. Consequently, this left 

97 women (45.5%) rated as HR negative and 116 (54.5%) as HR positive. 

 

Also, all women were categorized as either HER2 positive or negative according to 

their immune-histo-chemistry and FISH-status. Consequently, 150 women (70.4%) 

were rated as HER2 negative and 63 (29.6%) as HER2 positive. 

 

 
Figure 5: Distribution of HER2 status of the 213 patients 
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As seen in table 2 and figure 6, four subgroups within all receptor statuses were 

identified.  

Firstly, one group contained 65 women (30.5%), who suffered from TNBC (HR- 

and HER2-status both being negative). 

Secondly, 85 women (39.9%) were positive for HR, but negative for HER2. 

Thirdly, 30 patients (14.1%) were grouped according to their positive HER2- and 

HR-receptors status (“triple positive”).  

Fourthly, 33 women (15.5%) were positive for HER2 and negative for HR. 

 subtype frequency percent 

HER2 positive  63 29.6% 

 HER2+, HR- 33 15.5% 

 HER2+, HR+ 30 14.1% 

HER2 negative  150 70.4% 

 HER2-, HR+ 85 39.9% 

 TNBC 65 30.5% 
 

 
Table 2: HER2 and HR subtype distribution of the 213 participants 
 

 
Figure 6: Distribution of receptor subtypes 
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3.1.3 Data about treatment  

 
Four women (1.9%) received monochemotherapy, of those three with paclitaxel 

and one with 5-fluorouracil. 

The majority of women, with 185 in number, (86.9%) were treated with at least two 

cytostatic substances, thus being categorized as polychemotherapy. Most 

common regimens were FEC/T, EC/T and AT, as can be seen in figure 7. 

Common and reverse sequences were summarized. 

24 women (11.3%) did not receive any neoadjuvant chemotherapy, but instead an 

endocrine or HER2-targeted therapy. 

 
Figure 7: Frequency of chemotherapy regimens 
 

 

Concerning HER2-directed therapy, 37 women (17.4%) underwent neoadjuvant 

treatment with trastuzumab. 23 women (10.8%) received both trastuzumab and 

pertuzumab. Furthermore, a single patient received bevacizumab as neoadjuvant 

therapy, counting for 0.5 %. 152 women (71.4%) did not receive any HER2-

targeted treatment as neoadjuvant therapy. 
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Regarding endocrine-therapy, 25 women (11.7%) received neoadjuvant hormonal 

treatment. Of this group, 19 women were treated with letrozole, four with 

exemestane, one was treated with anastrozol and one with tamoxifen. 

Thus, 188 patients (88.3%) did not undergo neoadjuvant hormonal therapy. 

Figure 8 shows the summarized distribution of all neoadjuvant regimens used 

during this trial. As seen below, almost 40% of women received a neoadjuvant 

approach including either HER2 directed or endocrine therapy. 

 
Figure 8: Form of neoadjuvant therapy of the 213 participants 
 
 
 

3.1.4 Data about the Residual cancer Burden 

 
As mentioned above, one patient was excluded after undergoing neoadjuvant 

sentinel-lymph node biopsy, thus leaving 212 participants in the study. Among 

these patients were 164 (77.4%) who only had to be operated once. Another 33 

women (15.5%) had to undergo surgery twice, leaving 15 patients (7.1%) with 

three surgeries or more. 
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During surgery 54 women (25.5%) were found to have a RCB-Score of 0. 

31 women (14.6%) did receive a RCB-Score of 1, 

87 patients (41.0%) were diagnosed with a RCB-Score of 2, 

and 40 women (18.9%) were found to have a RCB-Score of 3. 

 

 
Figure 9: Distribution of RCB-Score of the 213 participants 
 
 

Among the 54 women who reached pCR, there were 25 who had undergone only 

chemotherapy as neoadjuvant treatment and 29 who had received a combination 

of chemotherapy and HER2-directed therapy.  

 

 Chemo 

only 

Chemo + 

HER2 

Chemo + 

Endocrine

Endocrine 

only 

Endocrine 

+ HER2 
Total 

RCB-0 25 29 0 0 0 54 

RCB-I 18 12 0 1 0 31 

RCB-II 60 12 1 13 1 87 

RCB-III 26 5 0 8 1 40 

Total 129 58 1 22 2 212 
 
Table 3: Distribution of RCB-score among choice of neoadjuvant treatment 
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3.1.5 Survival- and Tumor Status at End of the Study 
 

During ongoing study 38 women (17.8%) suffered from an event. An event was 

defined as metastasis in a peripheral organ or death of the patient. 

Overall 22 deaths occurred during the time of ongoing study. One patient died 

tumor-independently. Three patients suffered from tumor-related primary death 

without known metastasis. 18 deaths occurred after the women had suffered from 

metastasis first.  

Figure 10 shows the status distribution at end of the trial. The survival status was 

unclear for only one woman (0.5%), all other women were categorized as alive or 

dead. Also, figure 10 shows the tumor status of all women. 

Altogether 34 women (16.0%) were diagnosed with metastasis during follow-up. 

Among these women ten were diagnosed with cerebral metastasis, nine with 

lymph node metastasis (axillar not included), nine patients with liver metastasis, 

six with bone metastasis, five with lung metastasis, two with skin metastasis, two 

with metastasis in the thoracic wall and one patient was diagnosed with colon 

metastasis. Moreover, five women developed a secondary tumor during the study 

and two women suffered from local relapse. 

 
Figure 10: Survivalstatus and tumorstatus at end of the trial 
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3.2 Survival Data 
 

3.2.1 Primary Endpoint – RCB-Score 
 

The primary endpoint of this trial was to evaluate the Residual Cancer Burden as a 

prognostic factor for OS and DFS. Data about the RCB-Score was not re-

categorized, but left just as defined by the pathologist according to Symmans et al. 

As seen in figures 11 and 12 there was a correlation between the RCB-Score 

found at surgery and the survival rates. There was a statistical significance in both 

the DFS (p=0.000006) and OS (p=0.000306). The mean OS-rates were 56.8 

months (+/- 1.1) for RCB-0, 57.4 months (+/- 1.6) for RCB-I, 56.1 months (+/- 1.8) 

for RCB-II and 46.2 months (+/- 3.4) for RCB-III. 

 

 
Figure 11: Disease free survival associated with RCB-Score 
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Figure 12: Overall survival associated with RCB-Score 
 
 

3.2.2 Secondary endpoints 
 

 
Figure 13: Correlation of OS and menopausal-status 



 

 27

One of the secondary endpoints was to find out whether the menopause–status 

correlated with the survival-rates. In 185 women the menopausal-status was 

defined, for the others it remains unknown. 58 patients were premenopausal 

(27.2%) and 128 were postmenopausal (60.1%).  

However, there was no statistical significance determined neither for DFS 

(p=0.737), nor for OS (p=0.23) as can be seen in figure 13. 

 

Also, the correlation of the histological subtype found at first biopsy and their 

association with survival-rates was evaluated. There was no statistically significant 

difference between subtypes concerning DFS (p=0.722) and OS (p= 0.864). 

Histological subtypes were categorized as IDC (NST), IDC (NST) + DCIS, ILC and 

others, as can be seen in figure 14. 

 

 
Figure 14: Correlation of OS and histological tumor type 
 
 
 
The endocrine-receptor status HR was, as mentioned above, only classified as 

positive or negative. All women were included in the survival-rate measurements 

of this factor; 97 as HR negative and 116 as HR positive, according to their ER- 

and endocrine-treatment-status. There was, however, no difference in DFS 

(p=0.615) or OS (p=0.437) detected, as seen in Figure 15.  
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Figure 15: Correlation of OS and endocrine-receptor-status 
 
 

Furthermore, 62 women were found to show an overexpression of HER2, while 

150 were negative for the receptor. Concerning survival-rates, the status of the 

HER2 receptor did not reveal a statistical significance in DFS (p=0.794) or OS 

(p=0.182), as seen in figure 16. 

 
Figure 16: Correlation of OS and HER2-status 
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As seen in figure 8, of all 212 women participating in survival-study, 129 received 

only chemotherapy as a neoadjuvant treatment. 58 received a combination of 

chemotherapy and HER2-directed neoadjuvant therapy. 22 women were 

neoadjuvantly treated with endocrine therapy only. Only two women were treated 

with a combination of chemotherapy and endocrine therapy and only one woman 

with a combination of HER2-directed- and endocrine therapy. These last three 

women were not included in the following analysis. The choice of neoadjuvant 

treatment was shown to influence survival rates. Though there was no statistical 

significance detected for DFS (p=0.414), as seen in figure 17, the difference in OS 

was significant (p=0.025). 

 

 
Figure 17: Correlation of OS and the choice of a neoadjuvant regimen 
 
 

 
Finally, pathological T-status of the 212 women during surgery was examined. Of 

those, 42 (19.8%) were labelled as ypT0. 17 women (8.0%) were found to have a 

remaining carcinoma-in-situ (ypT0is). 99 patients (46.7%) were identified as pT1. 

33 (15.6%) women were staged as pT2. 16 women (7.5%) were distinguished as 

pT3, leaving 5 patients (2.4%) pT4. 

Statistical research found a difference in both DFS (p=0.0003) and OS (p=0.005), 

as seen in figures 18 and 19 below. 
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Figure 18: Correlation of DFS and pT-stadium 

 

 

 
Figure 19: Correlation of OS and pT-stadium 
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4 Discussion 
 

4.1 Evaluation of primary endpoint 
 

The main endpoint of this study was to validate the findings of Symmans et al. 

from 2007 and 2017 concerning the prognostic value of the RCB-score. In both 

studies their group was able to show a correlation between OS and the RCB-score 

after neoadjuvant treatment (59, 64). 

Concerning the patient collective in our study, as shown in figure 11 and 12, there 

was a significant reverse correlation between RCB-score and both survival 

parameters. Patients among the RCB-0 and RCB-I group had better DFS- and 

OS-rates than patients who were categorized in the RCB-II and RCB-III group. 

These results seem obvious, as patients from groups II and III have bigger 

residual tumors with higher cellularity, in combination with more and larger lymph 

node metastasis, than their fellow participants. 

This is in agreement with our findings concerning the pathological T-status. 

Because the pathological T-status (tumor size) is a part of the RCB-score and 

since the RCB-score proved to be related to survival rates, it only seemed logical 

that the pathological T-status by itself should also correlate to the survival of 

patients. As seen in figure 18 and 19 the size of residual cancer at the time of 

surgery was related to DFS and OS. 

These findings were already expected before the beginning of the study and 

confirmed both our hypothesis and the results published by Symmans et al. 

It should be considered that in their first trial in 2007 all patients received 

neoadjuvant chemotherapy with anthracyclines and/or taxanes, while in their 

second trial in 2017 all patients were treated with T/FAC, FAC or H+T/FEC.  

In contrast to the two trials of Symmans et al., our study incorporated all types of 

neoadjuvant treatments, including HER2-directed and endocrine therapy. This 

change did, however, not influence the prognostic value of the RCB-score. This 

might be due to the fact that the majority of our patients were treated with the most 

effective treatments, and the results achieved (RCB 0 and I) were correlated to the 

high response rates in the chemotherapy and chemotherapy along with Her2 
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directed therapy. However, it can be concluded that the RCB-score correlates with 

the overall and the DFS independently of the choice of neoadjuvant treatment. 

Although at the current stage we did not analyse the impact of the RCB-score in 

different biological groups, but only overall, our results suggest that this should be 

analysed further. Additional evaluation should focus on the chemotherapy group, 

contrasting hormone receptor positive versus triple negative subgroups. In our 

study the subgroups at the end of the observation period were too small to 

calculate for significance. However, with a larger population, as well as a longer 

follow up, these analyses will become increasingly important. 

 

4.2 Evaluation of secondary endpoints 
 

The age analysis described in figure 2 shows a correlation of higher age with 

likelihood of breast cancer occurrence. This is consistent with already known risk 

factors for breast cancer (4–6). The mean age of women at the time of diagnosis 

in our study was 56. However, findings from Statistik Austria and S3-guidelines, 

both from 2012, show the median age at diagnosis to be over 60 (1, 2). The age 

difference might be due to the difference in included tumor types. While Statistik 

Austria and the S3-guidelines also included benign forms of breast tumors and 

less aggressive breast cancer, with lower stage, our study only researched women 

with invasive breast cancer selected for neoadjuvant treatment. Typically, patients 

with worse biology of the tumors, such as triple negative or Her2 positive are 

selected for the neoadjuvant treatment. In the group of hormone receptor positive 

patients, only patients with larger tumors, worse grading, lymph node metastases 

are selected for the neoadjuvant treatment, and these patients have worse 

prognosis in the group of hormone receptor positives. It can be further 

hypothesized that the most aggressive form of breast cancer is generally 

diagnosed at an earlier age compared to all types of breast tumors. This could be 

connected to a higher rate of genetically determined breast cancer; however, data 

about gene analysis of our patients is unavailable. 

One could assume that the aggressive cancer forms among younger women 

would influence survival rates, however, there was no difference found between 

younger- premenopausal and older- postmenopausal women. Only 58 women 

were known to be premenopausal at diagnosis, while 128 were definitely 
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postmenopausal. Results from other studies about whether younger age at 

diagnosis would lead to better or poorer prognosis are controversial. This might 

be, however, due to the choice of different cut-off points for age groups among 

existing studies (68). Moreover, this is a consequence of generally poorer 

prognosis of all patients selected (including the ER positive group) for the 

neoadjuvant treatment, as suggested above. 

 

Concerning the histological subtype, women were more than ten times more likely 

to suffer from IDC than ILC. This is concurrent to other findings about the 

contribution of histological subtypes of breast carcinomas (12, 13, 16). Again, 

there was no significant difference between the histological subtypes in DFS or 

OS. In their study from 2004 Arpino G. et al. (16) did not find a difference in 5-year 

OS between ILC and IDC either. Nonetheless, in 2012 Lips EH. et al. (69) 

published a study that suggested better responses from IDC to neoadjuvant 

therapy compared to ILC. They did, however, explain these results with 

differences in HR- and HER2- characteristics and not with the histological subtype. 

Current neoadjuvant treatments do not focus on histology, but instead on receptor 

status for HR and HER2. If and how the histological subtype influences OS 

remains a topic for future studies.  

 

Of all women, 54.5% were rated as positive for endocrine receptors, while 45.5% 

were considered negative. This distribution was very similar to the original study 

from Symmans et al. from 2007 (59), who found 56% positive and 39% negative. 

In their study the HR-status did not correlate with long-term survival. Neither was 

there a correlation with DFS or OS in our study. 

Interestingly, the 22 women only treated with endocrine therapy before surgery in 

our study, did not show a disadvantage in DFS or OS when compared to the 129 

women only treated with chemotherapy. This confirms the results of Marcus DM et 

al. (47) from 2013, who found neoadjuvant endocrine therapy to be as effective as 

neoadjuvant chemotherapy among their 99 patients. Although in our study only 22 

out of 116 HR positive women received endocrine neoadjuvant therapy, it should 

be considered a reasonable choice for selected patients. This selection is mostly 

based on the biology of tumors and age of patients. 



 

 34

Moreover, 58 women received a combination of chemo- and HER2-directed 

neoadjuvant therapy. Initially 63 women had been rated as HER2 positive, making 

up 29.6%. While women with a positive HER2 receptor did not show a benefit in 

DFS and OS, the combination of treatment led to better OS rates than 

chemotherapy alone. These findings were similar to the two following studies. In 

2008 Peintinger et al. (56) suggested that patients treated with additional 

trastuzumab reached better survival rates than patients treated with chemotherapy 

only. Gianni et al. showed clearly in 2014 (55) that the use of additional 

trastuzumab leads to better pCR- and survival rates. Again, our results showed 

that HER2 positive women benefit from the treatment combination by reaching 

better OS. According to the biology of the Her2 disease, most Her2 positive breast 

cancer patients are selected for the neoadjuvant treatment, and receive either 

trastuzumab alone, or in combination with pertuzumab. Also, this combination was 

a suitable possibility as a neoadjuvant regimen. 

 

During the follow-up 34 women were diagnosed with metastasis. Most women 

suffered from multiple metastases; among those cerebral, lymph node, liver, bone 

and lung metastasis were the most common ones. This contribution is similar to 

the findings of H.Kennecke et al. (70) and C.Savci-Heijink et al. (71). Kennecke 

included 3,726 patients and Savci-Heijink 256 patients. Both found the brain, liver, 

lung, bones and distant nodi to be the organs with most cases of distant 

metastasis. Also, both described multiple sites of metastasis in their patient 

population. 
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4.3 Conclusion 
 

Breast cancer remains the prevalent cancer among Austrian women. 

This single centre study with 212 patients confirmed the prognostic value of the 

RCB-score on survival rates. We were able to verify a correlation with both the 

DFS and OS. Further, we were able to show that the prognostic value of the RCB-

score is independent of the choice of neoadjuvant treatment. 

In addition, our study demonstrated pre-existing results concerning neoadjuvant 

therapy regimens. For HER2-positive patients the combination of neoadjuvant 

chemotherapy with additional trastuzumab-use continues to be the recommended 

regimen. Neoadjuvant endocrine therapy remains a suitable choice for selected 

patients with positive hormone receptor disease. Further follow up of our study on 

the correlation of molecular subtypes and RCB Score on survival with increasing 

number of patients and longer follow up will be performed. 
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