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Abstract For classification of breast cancer (BC),

tumor-node-metastasis (TNM) staging has been considered

state of the art for more than 50 years. The T category is well

defined, and in multicentric and multifocal tumors, tumor

size is assessed by the largest tumor focus. The aim of this

study was to compare multicentric/multifocal tumor spread

in breast cancer with unifocal disease and to evaluate the

diagnostic relevance of multifocality. A retrospective anal-

ysis was performed on survival related events in a series of

5,691 breast cancer patients between 1963 and 2007. By

matched-pair analysis, patients were entered into two

comparable groups of 288 patients after categorizing them

as having multifocal/multicentric or unifocal breast cancers.

Matching criteria were tumor size, grading, and hormone

receptor status, which were equally distributed between both

groups (P = 1.000 each). Disease free survival and the

occurrence of relapse or of metastatic disease were evalu-

ated. Cox’s regression analysis was used for multivariate

analysis. In the unifocal group, the mean breast cancer-

specific survival time was 221.6 months as opposed to

203.3 months in the multicentric/multifocal group (P \
0.001, log-rank test). The occurrence of local relapse and

distant metastasis was significantly increased in the multi-

focal group in comparison to the unifocal equivalent group

(P \ 0.001 and P \ 0.003, respectively). Cox regression

analysis for multivariate analyses demonstrated focality and

centricity to be highly significant predictors for reduced

overall survival (P = 0.016), local relapse (P = 0.001) and

distant metastasis (P = 0.038). Tumor size, histopatholo-

gical grading, hormone receptor status, and staging of lymph

nodes are well-established prognostic parameters.

Additionally, the number of foci should be considered as an

independent prognostic parameter, which is currently not

reflected in the TNM classification. We conclude that

multicentric/multifocal BC is an independent BC risk factor

and should be included in the risk assessment by re-evalu-

ating the current TNM classification of the UICC.

Keywords Breast cancer � Overall survival �
Multicentric � Multifocal � Prognostic factor � Prognosis

Introduction

For breast cancer classification, tumor-node-metastasis

(TNM) staging has been the standard for more than

50 years. During this time, however, the classification has

changed substantially. In 2003, the 6th Edition of the TNM

classification was established [1–4]. The prognostic rele-

vance of the T category is a constant factor in regard to the
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current and past classification [4]. Survival of patients with

breast cancer depends on two different types of prognostic

factors: tumor size as a marker of tumor biology and as a

time-dependent phenomenon, and biological factors (i.e.,

histological grade), which represent tumor aggressiveness

[5]. Other prognostic factors are the estrogen and proges-

terone receptor status as well as the number of mitotic

figures per ten high power fields (MF/10HPF) [6, 7]. The

treatment follows worldwide prevailing suggestions,

including those of the TNM system. Not only is the TNM

classification changing, treatment recommendations and

the treatments themselves have been modified as well.

Breast conserving treatment, once a controversial issue, is

now an established alternative to modified radical mastectomy

for surgically manageable breast cancer. Established prog-

nostic factors [5, 8, 9] as well as new possible factors, such as

the E-cadherin transcriptional repressor Snail or the c-Jun

activation domain binding protein-1 (Jab1), are multifunc-

tional signaling proteins that are controversially discussed in

the literature [10–12]. Despite these ongoing modifications,

tumor size in multicentric/multifocal tumors is only assessed

by the largest tumor focus and does not reflect the cumulative

tumor volume.

The aim of this study was to compare the prognosis of

multicentric/multifocal tumors with unifocal tumors with

apparently identical tumor size according to TNM staging.

Patients and methods

Patients

Based on a consecutive patient cohort consisting of 5,691

patients who were documented and surgically treated for

primary breast cancer between 1963 and 2007, two

equivalent groups of 288 early breast cancer patients with

multicentric/multifocal versus unifocal tumors were

selected using a matched-paired analysis (see ‘‘Statistical

analysis’’ section below). Study sites were the Departments

of Gynecology of the University Hospitals in Berlin-

Charlottenburg (1963–1987) and Munich-Innenstadt

(1987–2007).

Work up modalities for verifying unifocality and spec-

ifying data on multifocality/centricity included clinical

examinations, ultrasonics, and x-ray. In addition, a nuclear

magnetic resonance imaging (NMRI), galactography, or

pneumocystography were performed if necessary.

Data were contemporaneously gathered for the unifocal

and multicentric/multifocal tumors. To be eligible, patients

were required to be free of disease, and they must have

been treated at the study sites at the time of primary

diagnosis of resectable breast cancer. The tumor stage at

primary diagnosis was classified according to the UICC

TNM classification [13]. The Bloom–Richardson system

was used for histopathological grading, and match criteria

were tumor size, grading, and hormone receptor status, all

of which were equally distributed in both groups (P = 1.0).

We consciously disclosed the lymph node statuses (LNS)

as matching criteria to evaluate differences in LNS in

respect to focality.

Treatment

The primary surgical treatment consisted of either breast

conservation or modified radical mastectomy. Routine

axillary dissections were performed on lymph nodes of

levels I and II, while those of level III were excised only in

cases expressing macroscopic metastatic of the lower

levels. For the diagnosis of lymph node metastasis, single

embedded lymph nodes were screened at up to three levels.

Telecobalt radiation therapy was administered in patients

treated with breast conservation. Chest-wall irradiation was

given to all mastectomy patients before 1979, while

patients after this date received chest-wall irradiation in

cases with extensive lymphangiosis carcinomatosa

surrounding the tumors. The median absorbed dose in the

target volume was 50 Gy fractionated in 25 fractions in all

patients who received irradiation.

According to the guidelines of the Cancer Treatment

Center of Munich, patients received chemotherapy in cases

of lymph node involvement. Depending on the hormone

receptor status they received adjuvant endocrine therapy

with tamoxifen (20 mg–30 mg/day). The guidelines for

chemotherapy and cytostatic regime were changing

dramatically during the observation time of the study. In

our patient series, the most common type of chemotherapy

consisted of six cycles of CMF, cyclophosphamide

(600 mg/m2 body-surface area), methotrexate (40 mg/m2),

and 5-fluoruracil (600 mg/m2) every 21 days. However,

this regime was not investigated as adjuvant systemic

chemotherapy in a randomized trial. Tamoxifen was given

to hormone receptor-positive postmenopausal patients.

Premenopausal patients also received GnRH-analogs in the

later years of the 44-year time period. Aromatase inhibitors

were used in case of contraindications.

Patients were evaluated over a very long period

(44 years). As mentioned above, during this time surgical,

radiation oncology, and chemotherapy treatment options

changed dramatically. However, we did not separate into

age-dependent cohorts. Due to the large number of

patients, we assumed a normal distribution. A matched-

pair-analysis was used to determine the overall and relapse-

free survival by comparing multicentric/multifocal versus

unifocal breast cancer. Different prognostic factors were

correlated with breast cancer-specific survival and relapse-

free survival using a multivariate Cox regression analysis.
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Statistical analysis

Data were entered into the database in a coded fashion. An

error-correcting and plausibility check was performed

before starting the statistical analysis. Contingency tables

were constructed, analyzed by a chi-square test to evaluate

differences of possible non-parametric data. Because of the

uneven distribution of prognostic factors in our original

patient group of 576 cases that met the match criteria, a

matched-pair analysis was performed. A total of 288 pairs

of patients, each consisting of one patient with unifocal and

one with multicentric/multifocal tumor lesions, were

selected according to the highest degree of equivalence in

the following hierarchical and sequential order: tumor size

at the time of primary diagnosis, histopathological grading,

and hormone receptor status. Each parameter was required

to have a P value [ 0.50 to achieve intergroup homoge-

neity. We deliberately matched criteria characterizing the

patients at the time of primary diagnosis.

Data quality was controlled by verifying all reported

immunocytochemical and histopathological results, event

reports during follow-up, and by reexamining the original

data files. As a starting point the day of the primary operation

and as an end point occurrence of relapse or cancer-associ-

ated death were chosen. Kaplan–Meier life table curves were

constructed to estimate survival and were compared using

the log-rank test. Cox’s regression analysis was used for

multivariate analyses, and P values less than 0.05 were

considered significant. The computer software ‘‘Statistical

Package for the Social Sciences 15.0’’ (SPSS Inc., Chicago,

USA) was used.

Follow-up

Patients attended the oncology outpatient clinic of our

institution at least every 3 months during the first 2 years

after primary diagnosis or after a local recurrence, every

6 months for the following 2 years, and every year there-

after. Local recurrence was defined as chest-wall recur-

rence in case of mastectomy and in-breast recurrence in

patients with breast saving treatment. Ipsilateral lymph

node metastases were defined as local recurrence.

Follow-up included a clinical examination and yearly

mammography. Chest radiography, ultrasound of the liver,

bone scan, blood tests, and a computed tomography of the

appropriate region were performed according to tumor

manifestation and/or symptoms. If patients sought care

elsewhere, data were collected from the family physicians

or gynecologists in charge. All deaths were verified by

referring to the German Cancer Register [14] and classified

according to the cancer-associated cause. The mean

observation time was 70 months (5.8 years, range:

19–321 months).

Results

A total of 288 pairs, each consisting of one patient with

unifocal disease and one patient with multifocal/-centric

breast cancer, were created by matched-pair analysis to

achieve statistical balance of the major prognostic factors

between both groups. All Match criteria (tumor size,

grading, and hormone receptor status) were equally

distributed in both groups (P = 1.0). Furthermore, no

significant difference was found between the two groups in

terms of systemic therapy and primary operation. The

primary patient characteristics of both groups are shown in

Table 1. According to the histological tumor type, there

was a significant difference in the incidence of invasive

lobular cancer in the multifocal group in comparison to the

unifocal group. All the 92 patients had an invasive lobular

cancer, 79 of which had a multifocal/-centric disease,

whereas only 13 had a unifocal breast cancer. These results

were similar concerning invasive ductal tumors. Regarding

systemic therapy, 297 patients are included in the multi-

centric/multifocal group and 295 are in the unifocal group

which exceeds the total number of 288. Some patients

received only endocrine or only cytostatic therapy, whereas

some individuals underwent both types of systemic

therapy. Furthermore, patients with multicentric/multifocal

disease were demonstrated to have a higher rate of

chemotherapy compared to patients with unifocal breast

cancer. In all, 101 women (35.1%) received cytostatic

therapy in the multicentric/multifocal group, whereas only

65 patients (22.6%) did so in the unifocal group. In

contrast, 61 patients (21.2%) with unifocal disease received

endocrine therapy as compared to only 51 patients (17.7%)

in the multicentric/multifocal group. Considering these

treatment variations, a subgrouping was done for the

survival curves (Figs. 4, 5, 6, 7).

Univariate analysis

At the mean follow-up time of 70 months (5.8 years,

range: 19–321 months), the mean breast cancer-specific

survival time of 221.6 months in patients with unifocal

disease (206.7–236.4, 95% The confidence Interval [CI])

was significant higher compared to patients with multi-

centric/multifocal tumors (203.3 months, 184.1–222.5,

95% CI, P \ 0.0001, log-rank test) (Fig. 1). In patients

with a unifocal tumor, the relapse-free survival was

205.9 months (190.7–221.2, 95% CI), as opposed to

169.6 months (150.8–188.5, 95% CI, P \ 0.0001, log-rank

test) in patients with multicentric/multifocal disease.

Twenty-one of 288 patients (7.3%) with unifocal disease

developed a local recurrence compared to 50 of 288

(17.4%) with multifocal tumors (P \ 0.0001). Occurrence

of distant metastases was observed in 61 multicentric/

Breast Cancer Res Treat (2010) 122:27–34 29

123



multifocal diseased patients, as compared to 36 patients in

the unifocal group (Figs. 2, 3).

The univariate Kaplan–Meier analyses of patients with

multicentric/multifocal diseases receiving chemotherapy

(N = 101) was significantly different from the unifocal

group (N = 65) (P = 0.001). Regarding hormonal ther-

apy, no statistical correlation was identified (P = 0.34,

Log rank). Fifty-one patients within the multicentric/

multifocal group received hormone therapy, compared to

61 in the unifocal group. Figures 4, 5, 6, and 7 illustrate

the differences in overall survival comparing focality

according to hormone therapy and chemotherapy (Figs. 4,

5, 6, 7). Overall survival was significantly better in

patients with unifocal breast cancer compared to multi-

centric/multifocal disease, either with or without hormone

therapy (P = 0.002). Regarding chemotherapy, overall

survival was different in patients with multicentric/

multifocal disease compared to unifocal disease but the

results did not reach statistical significance (P = 0.07)

(Figs. 4, 5, 6, 7).

Multivariate analysis

All of the major established prognostic factors for overall

survival as well as for the occurrence of local relapses or

metastases (lymph node metastases, grading, tumor size,

age, hormone receptor status, chemotherapy, hormonal

therapy, and radiation) were included in the multivariate

analysis to evaluate the impact of focality. For the Cox

multivariate regression analysis regarding breast cancer-

specific survival, local or systemic relapse showed that

multicentricity/multifocality is a significant independent

predictor of reduced breast cancer-specific survival as well

as of reduced relapse-free survival (Tables 2, 3). Relapse

Table 1 Patient characteristics

at primary diagnosis
Multicentric/multifocal (%) Unifocal (%) P Value

Number of patients 288 288

Age 54.0 57.4 .001

Lymph node metastases .0001

Absent (N0) 139 (48.3) 168 (58.3)

1–3 axillary LNM (pN1) 60 (20.8) 79 (27.4)

4–9 axillary LNM (pN2) 47 (16.3) 26 (9.0)

Caxillary LNM (pN3) 42 (14.6) 15 (5.2)

Histological type .0001

Ductal 207 (71.9) 274 (95.1)

Lobular 79 (27.4) 13 (4.5)

Ductal-lobular 2 (0.7)

Other 1 (0.3)

Menopausal status .001

Premenopausal 138 (47.9) 108 (37.5)

Postmenopausal 150 (52.1) 180 (62.5)

Primary operation .047

Breast conserving 124 (43.1) 145 (50.3)

Mastectomy 164 (56.9) 143 (49.7)

Radiotherapy .001

Performed 118 (41.0) 167 (58.0)

Not performed 170 (59.0) 121 (42.0)

Systemic therapy .027

None 145 (50.3) 169 (58.7)

Endocrine 51 (17.7) 61 (21.2)

Cytostatic 101 (35.1) 65 (22.6)

Local recurrence .001

No recurrence 238 (82.6) 267 (92.7)

Recurrence 50 (17.4) 21 (7.3)

Distant metastasis .004

Absent 227 (78.8) 252 (87.5)

Distant metastasis 61 (21.2) 36 (12.5)
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was defined as overall recurrence, including local, regional,

and distant recurrence of disease,

Tumor size, grading, and lymph node status were also

significant independent predictors. Hormone receptor status

and age failed to demonstrate significance for the prediction

of overall survival (P = 0.80 for progesterone receptor

status, P = 0.43 for estrogen receptor status, and P = 0.21

for age). In addition, chemotherapy and radiation showed no

statistical significance by multivariate analysis in regard to

overall survival. Hormonal therapy was significant

concerning overall survival (P = 0.002). Concerning

disease recurrence, neither chemotherapy, hormonal therapy

nor radiation showed any significance (Tables 2, 3).

Discussion

The TNM classification has changed over time to provide

more reliable prognostic information. Tumor size, lymph

node involvement, and metastases are the key elements

taken into account. Especially, LNS is known to be a rel-

evant factor convening disease free survival (DFS) and the
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development of metastases. In our study, we consciously

utilized this parameter as matching criteria to evaluate

differences in LNS with respect to focality. Looking at the

multivariate Cox Regression Analysis in our study, LNS is

shown to be a highly significant risk factor for all evaluated

events.

Several authors suggest using the TNM 6 classification

[4, 8, 15–18], including the definition of micrometastases.

A transformation from the current rigid categorization into

a more flexible system is also recommended [4] because

several additional factors should be considered during the

decision-making process.

Diagnosis and treatment have also changed over the

years for multicentric/multifocal breast tumors, although at

a much slower pace. Breast conserving treatment is now an

established alternative to radical mastectomy. As for

tumors with more than one lesion, treatment suggestions

are currently changing. Many researchers support the
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Fig. 5 Kaplan–overall survival with hormone therapy analysis

among patients with multicentric/multifocal and unifocal breast

cancer as the time of follow-up (in month [mon])

Fig. 6 Kaplan–Meier for overall survival without chemotherapy

analysis among patients with multicentric/multifocal and unifocal

breast cancer as the time of follow-up (in month [mon])

Fig. 7 Kaplan–Meier for overall survival with chemotherapy anal-

ysis among patients with multicentric/multifocal and unifocal breast

cancer as the time of follow-up (in month [mon])

Table 2 Multivariate Cox regression analysis for breast cancer-spe-

cific survival

Variables Significance Wald statistics HR

Tumor sizea .013 6.2 1.02

Lymph node metastasesa .0001 36.8 1.08

Grading .044 4.04 2.42

Focality .016 5.8 1.57

Chemotherapy 0.07 0.

Hormonal therapy 0.002 0.002

Radiation 0.157

Age 0.013 0.013

a At time of primary treatment

HR Hazard ratio

Table 3 Multivariate Cox regression analysis for overall recurrence

Variables Significance Wald statistics HR

Tumor sizea .005 7.8 1.08

Lymph node metastasesa .0001 37.8 1.07

Radiation therapy .028 4.8 .71

Focality .0001 12.1 1.74

Chemotherapy 0.761

Hormonal therapy 0.107

Radiation 0.151

Age 0.666

a At time of primary treatment

HR Hazard ratio
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extension of conservative surgery for multicentric/multi-

focal tumors [19–22]. Nevertheless, the indications should

be accurately applied as some authors report a higher rate

of recurrence after conservative treatment [23].

In terms of TNM classification, however, the tumor size

in multicentric/multifocal breast carcinomas still refers to

the diameter of the largest lesions. This study examined

two groups of patients with multicentric/multifocal and

unifocal breast cancer. Both groups were well balanced for

the established prognostic indicators—tumor size, grading,

and hormone receptor status at the time of presentation—

and equally distributed in both groups (P = 1.0). Our long-

term findings, with a median follow-up of 70 months

(5.8 years), demonstrated that multicentricity/multifocality

are significant independent predictors for reduced breast

cancer-specific survival as well as reduced relapse-free

survival.

These findings are consistent with several studies

[24–28]. To our knowledge, however, no other study to

date has examined the overall survival as well as the

relapse-free survival. Other studies have shown, that if

aggregate diameters are used, unifocal and multifocal

breast carcinomas are similar with respect to the frequency

of regional lymph node metastasis. The currently used

algorithms, which employs the diameter of the largest

nodule, result in the downplaying of multifocal breast

carcinomas due to the underestimation of actual tumor size

[24, 25]. It has been suggested that studies should indicate

the number of macroscopically recognizable tumors in

parentheses after the T classification [26, 27]. Andea et al.

[25] showed that, when a combined diameter assessment

was used, the frequency of lymph node positivity was not

significantly different in multifocal versus unifocal cases.

Coombs and Boyages [29] confirmed this finding.

Concerning this investigation, multicentric and multifocal

breast cancer is associated with increased nodal involve-

ment compared to similar unifocal disease and the

tendency of breast tumors to metastasize is a reflection of

the total tumor load [29]. When looking only at the largest

diameter, an understaging of multifocal breast carcinomas

results [25]. Evaluating patients characteristics (Table 1),

30.9% of BC patients in the multicentric/mulitfocal group

were classified as pN2 and pN3 in our study. This was

more than twice as much as in the unifocal group with

14.2%. This might result in facilitating treatment decisions

and, subsequently, in the outcome of the multicentric/mu-

litfocal group. All of the previously mentioned studies

reveal a clear coherence between tumor load and lymph

node involvement in a subsequently poor outcome.

In contrast, Fajdic et al. [30] did not show an association

between size and increased risk for a poor prognosis of

multicentric carcinomas. This study included 296 breast

cancer patients, but only 29 were histopathologically

proven as multicentric tumors, and significantly lower

survival rates were shown in all advanced tumor stages.

The finding of this study is reliable for lower tumor stages.

By retrospectively analyzing 706 patients who received

neoadjuvant anthracycline-based chemotherapy, clinically

detecting multicentric/multifocal disease in this study also

failed to predict an inferior outcome [31]. Even when

cancer stages were reaching from levels I–III, the

prognostic value was masked by the neoadjuvant chemo-

therapy, which does not collectively reflect the findings of

our study. The results of this study should, therefore, be

interpreted with caution.

Vlastots et al. [28] examined 284 patients and detected

multicentric breast cancer in 60 patients. There was a

significant difference between groups in estrogen receptor

and axillary lymph node positivity, but these did not

significantly contribute to the outcome of the multivariate

analysis. Therefore, multicentricity in this study did not

increase the risk of poor outcome. In contrast, our study

showed no significant differences regarding hormone

receptor status and patient age for the prediction of overall

survival. We found a reduced breast cancer-specific sur-

vival as well as reduced relapse-free survival (Figs. 1, 2).

These findings are in contrast to Vlastots et al. [28].

The tendency of breast tumors to metastasize [29] is a

reflection of the total tumor load. Failure to measure the

additional tumor burden provided by multiple small foci

may underestimate the disease. This may deny patients the

opportunity of adjuvant therapies if the contribution of the

smaller foci to the incidence of node positivity and survival

is ignored. This hypothesis is supported by our findings.

The factors correlated to multicentricity were shown to be,

in a retrospective study by Anastassiades et al. [32] the age

of the patient, the size, and the histological type of the

tumor, levels of the progesterone receptors more than 50

fmol/mg of protein, and the amount of solid tissue in the

breasts. In contrast, our results are not comparable due to

the fact that the above elements represent our match

criteria.

Many studies point out an increased risk for metastatic

dissemination and, therefore, poorer outcome, a finding

that is not currently reflected in the TNM classification

[23–27]. As mentioned above, the prognostic relevance of

the T category is a constant factor in regard to current and

past classification [4] and survival of patients with breast

cancer depends on several prognostic factors. Tumor size

as a marker of tumor biology and as a time-dependent

phenomenon, represents a very important prognostic factor,

but might, according to our results, be misrepresented. On

the basis of the presented data, we conclude that in breast

cancer multicentric/multifocal disease is associated with a

worse prognosis compared to unifocal disease with an

identical tumor size. In summary, the combined tumor
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volumes appear to be more decisive rather than only the

largest tumor diameter. The total tumor volume seems to

be of decisive importance rather than the largest tumor

diameter. We hypothesize that multicentric/multifocal BC

is an independent BC risk factor and should be included in

the risk assessment by re-evaluating the current TNM

classification of the UICC.
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