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Intramammary tumour recurrence is one of the most important problems in breast-conserving therapy.

We reviewed a series of 957 patients treated with breast-conserving therapy for primary invasive

breast carcinomas between 1 January 1985 and 31 December 1992 at the University of Heidelberg. All

histological slides were re-evaluated for risk factors with special emphasis on the extent and sub-

classi®cation of the in situ tumour and the margin status. Six parameters were identi®ed as signi®cant

risk factors for intramammary recurrence in the univariate analysis, including extensive or pre-

dominant in situ component (EIC, with at least twice the greatest dimension of the invasive tumour

component), histological grade, angioinvasion, lobular tumour type, involved resection margin and

lymph node status. The presence of an EIC was statistically correlated with low tumour grade, tumour

at the resection margins and in re-excision specimens and with multifocal tumour invasion. Multi-

variate logistic regression analysis revealed that EIC (relative risk (RR) = 1.9), tumour grade

(RR = 1.76), angioinvasion (RR = 1.34), lobular tumour type (RR = 1.65) and young age (� 40 years,

RR = 1.39) were independent predictors of local recurrence. When combining these factors in a linear

model, the simultaneous presence of at least two of the ®ve risk factors predicted a 5-year risk of

intramammary recurrence of 20.9% compared with a risk of only 1±5% when none or one of these risk

factors were identi®able. We conclude that the risk of subsequent intramammary recurrence after

breast-conserving therapy can be estimated from a scoring system that includes four histological risk

factors and the patient's age. # 1998 Published by Elsevier Science Ltd. All rights reserved.
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INTRODUCTION

Breast-conserving therapy (BCT) has become a standard

therapy for locally resectable tumours since it was demon-

strated to be as eVective as modi®ed radical mastectomy

[1, 2]. Local tumour control can be achieved by tumour

excision with histological clear margins and postoperative

radiotherapy [3]. Nevertheless, the incidence of intramam-

mary recurrences varies between 0.3 and 21% after 5 years of

follow-up [4±12]. One of the most important issues is, there-

fore, the identi®cation of the subgroup of patients who are at

high risk for intramammary tumour recurrence. These local

tumour recurrences are considered to be related to the histo-

logical characteristics of the primary tumour [5, 13±17], but it

remains controversial which are the most important histo-

logical risk factors for local recurrence. This study was aimed

at the detailed analysis of the histological risk factors, with

special emphasis on the extent of the intraductal component.

The non-invasive tumour component (intraductal or intra-

lobular carcinoma) associated with invasive carcinomas, is

one of the most often cited histological risk factors, but also

the one most diYcult to estimate. This in situ component

(ISC) may vary greatly in size and occurs not only with invasive

ductal carcinomas but can also be associated with almost any
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other histological tumour type. The evaluation of the extent,

type and the relationship to the surgical margins of the intra-

ductal component may be diYcult in BCT specimens and the

relevance of these factors for treatment decisions (re-excision,

secondary mastectomy, radiotherapy) is not certain.

In this study we evaluated the known histological risk fac-

tors in a series of 957 patients treated for invasive breast car-

cinoma by BCT at our institution and compared these factors

with the risk imposed by the non-invasive tumour compo-

nent. This included the absolute and relative size (in situ:

invasive tumour size) of the intraductal tumour component,

its grade, subclassi®cation and the relationship to the surgical

margins. On the basis of these results we advocate the use of a

systematic sampling method to evaluate the size of the intra-

ductal component. This allows for a more precise estimation

of the risk of subsequent intramammary tumour recurrence

when used in conjunction with other independent risk factors.

PATIENTS AND METHODS

Patients

At the Department of Gynaecology of the University of

Heidelberg, BCT has been performed systematically since

1975 as quadrantectomy or segmental resection in conjunc-

tion with adjuvant radiotherapy [18]. On the basis of earlier

results that documented the importance of the lymphatic and

intraductal tumour extensions [19], we chose to analyse all

patients treated in the 8-year period between 1985 and 1992.

The main clinical and histological characteristics of these

957 patients are listed in Table 1. During that time, the pol-

icy at our institution was to manage breast carcinomas with a

clinical or mammographic tumour diameter of less than or

equal to 3 cm by BCT, if there were no surgical or oncological

contra-indications (such as multicentricity). The surgical

strategy was to resect the tumour by a wide local excision

(segmentectomy) with operative margins of at least 1 cm and

to re-excise the margins when doubtful or involved intra-

operatively. The standard adjuvant irradiation schedule was

whole breast irradiation with 50 Gy and an additional boost

of 10 Gy to the tumour ®eld. This was amended on an indi-

vidual basis: 29 patients received between 30 and 45 Gy

whole breast irradiation, another 17 patients received 60 Gy.

No boost to the tumour ®eld was administered in 48 cases.

The time interval from surgical excision to radiotherapy was

between 4 and 8 weeks. The policy for the administration of

systemic therapy was 3�CMF or 6�CMF for high risk and

premenopausal patients and/or tamoxifen for post-

menopausal patients.

As a rule, all specimens removed by segmentectomy were

inked by the surgeon and marked topographically with

sutures. When extensive calci®cations were present, post-

segmentectomy mammograms were performed to con®rm

the removal of all calci®cations. The resection margins were

not evaluated on frozen sections but only on paraYn sections.

Cases with secondary mastectomy were excluded from the

statistical analysis. Based on the results of paraYn histology, a

re-excision was performed in 232 cases. After re-excision, the

®nal resection margins were still involved or doubtful in 38

cases.

Follow-up information regarding vital and tumour status

was available for all but 23 patients. Patient follow-up was

received from the outpatient clinic and from consulting the

physicians of the institution involved in the aftercare. The

median follow-up time was 62.4 months (range 3.4±129.2

months).

Histopathology

For the purpose of re-evaluation of the histological risk

factors and the extent of the ISC all histological slides of the

cases were retrieved from the ®les. Tumours were classi®ed

according to the WHO classi®cation of breast tumours [20]

and graded according to the modi®ed Bloom and Richardson

system proposed by Elston and Ellis [21].

The retrospective determination of the size of the ISC was

possible because of our protocol of working up the speci-

mens. This included the systematic and topographic section-

ing of the specimen into 0.5 cm slices after 24 h ®xation in

10% buVered formalin. These slices were numbered con-

secutively and the sections taken were additionally labelled

according to their relative position and topography. This

method permitted the retrospective evaluation of the relative

sizes of both the invasive and the non-invasive components

and their relationship to the surgical margins. The maximum

diameter of the ISC was, therefore, estimated by dividing the

number of slices containing the ISC (minus one) by the total

number of tissue slices and multiplying the result by the

maximum diameter of the specimen. This method is illus-

trated in Figure 1. The size of the invasive component was

measured grossly or, if involving only one or two of the

0.5 cm slices, measured under the microscope using an ocular

micrometer. In cases of multifocal or multicentric carcino-

mas, only the size of the largest invasive nodule was con-

sidered for tumour staging, in accordance with the TNM

system of tumour classi®cation [22]. The term `multifocality'

or `multifocal invasion' was used when a tumour had multiple

histologically identical nodules and an intervening intraductal

Table 1. Clinical and histological patient characteristics of all 957

patients treated with breast-conserving therapy

Patient numbers

n (%)

Median age (range) 52.9 years (25±87)

Median tumour size (range) 1.8 cm (0.1±7.5)

pT category

pT 1a 39 (4.1)

pT 1b 105 (11.0)

pT 1c 361 (37.7)

pT 2 397 (41.5)

pT 3 28 (2.9)

Not evaluable 27 (2.8)

Tumour type

Invasive ductal carcinoma 707 (73.9)

Invasive lobular carcinoma 136 (14.2)

Tubular carcinoma 57 (6.0)

Mucinous carcinoma 22 (2.3)

Medullary carcinoma 27 (2.8)

Other invasive carcinoma 8 (0.8)

Grade of diVerentiation

1 161 (16.8)

2 548 (57.3)

3 229 (23.9)

Not evaluable 19 (2.0)

Lymph node status

Negative 588 (61.4)

1±3 positive nodes 174 (18.2)

4 or more positive nodes 121 (12.6)

No lymph node dissection 74 (7.7)
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or lymphangic component. In contrast, we considered multi-

centricity only in those rare instances when independent

tumours were present in the breast separated by 3±4 cm of

uninvolved glandular tissue. There were no multicentric

tumours among the 957 cases that underwent BCT.

Size was used for classifying the tumours into ®ve diVerent

categories according to the relationship of the non-invasive

carcinoma compared with the invasive carcinoma (see

Table 2). We applied the terms extensive in situ component

(EIC) or predominant in situ component (PIC) if the non-

invasive component was at least two or four times larger than

the invasive carcinoma, respectively (the latter de®nition is

concordant with WHO terminology [20]). For statistical

analysis, the cases with an EIC or a PIC were combined and

compared with the tumours with no, small or intermediate

ISCs. When the criteria of EIC or PIC were met, the size,

growth pattern (comedo, solid, cribriform, micropapillary)

[23, 24] and nuclear grade (on a three point scale) [25] of the

ISC were recorded.

Other parameters recorded during reclassi®cation included

the presence of invasive or non-invasive tumour at resection

margins, the minimum distance of invasive tumour to the

resection margins, focal or massive angioinvasion and the

presence of invasive or non-invasive tumour in re-excision

specimens. Lymph node status was recorded as the number

of nodes examined and in the case of lymph node metastases,

the number of metastases, size, highest axillary level and

pericapsular invasion.

Statistics

Our objective was to analyse the risk for any newly devel-

oping invasive or non-invasive carcinoma in the same breast,

including `true' recurrences and second primaries. Therefore,

all instances of invasive or non-invasive mammary carcinoma

occurring 4 months or later in the same breast were taken as

intramammary recurrences (when primary therapy was con-

sidered to be completed). Only one `recurrence' was observed

earlier (after 120 days). All newly appearing invasive or non-

invasive carcinomas within the same breast were regarded as

intramammary recurrences, without regard to the tumour

histology or the location within the breast. We did not

exclude local recurrences that occurred after the detection of

distant metastases from the analysis, as Gelman suggested

[26], although both events may have risk factors in common

but seem biologically independent. Classi®ed values were

tested using the two-sided w2-test or the Fisher's exact test for

dichomotous variables. Continuous values were compared

statistically by the Mann±Whitney rank-sum test. P values of

0.05 or less were considered statistically signi®cant. For the

univariate calculation of recurrence-free survival, the Kaplan±

Meier estimator with the log-rank test was used [27]. 1

patient was excluded from the survival analysis because

she refused radiotherapy. Results are given with two standard

errors (SEM) (approximate 95% con®dence interval (CI)).

For multivariate estimation of the recurrence risk, parameters

that were signi®cant in the univariate statistics were re-coded

0 and 1 (0 = no risk, 1 = risk) and entered into the Cox pro-

portional hazards regression analysis of risk factors. All cal-

culations were performed with SPlus Ver. 3.3 (Mathsoft,

Seattle, Washington, U.S.A.).

RESULTS

Relationship between invasive tumour and intraductal tumour

components

Of the cases, 679 tumours (71%) were associated with a

peritumoral ISC. Among these were 152 tumours (15.9%)

that had an EIC or a PIC according to the de®nitions given

above. These included 123 invasive ductal carcinomas

(12.6%), 19 invasive lobular carcinomas (2.0%) and 10

tumours of other histological type (1.0%). The median inva-

sive tumour size for tumours with no or a small ISC (2.0 and

1.7 cm, respectively) was signi®cantly diVerent compared

with tumours with an EIC or a PIC (1.2 and 0.5 cm, respec-

tively, P < 0.001). In contrast, the histologically evaluated size

of the ISC was 3.0 and 3.5 cm (median values), respectively,

for EIC and PIC cases (Figure 2).

Figure 1. Method of systematic sampling of the tumour speci-
men for the estimation of the size of the in situ tumour com-
ponent. In the example shown here, the size of the in situ

carcinoma can be calculated as 3.5 cm.

Table 2. De®nitions used for the attributes assigned to the size of

the intraductal or intralobular (in situ) tumour component in

relation to the invasive tumour component and the number of

patients receiving breast-conserving therapy as de®nitive therapy in

each category

Extent of the

extratumoral in situ

component

Size of extratumoral in situ

component (ISC) and of the

invasive tumour component (IVC)

No. of

cases

(%)

None No ISC 278 (29.0)

Focal ISC < IVC
�

527 (55.0)
Intermediate ISC� IVC, but < 2�
Extensive ISC� 2� IVC but < 4� 98 (10.2)

Predominant ISC� 4� IVC 54 (5.6)
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In order to analyse the relationship of the relative size of

the intraductal component to other risk factors, the patients

were analysed according to the extent of the intraductal

component outlined in Table 2. For this purpose, the ®rst

three categories (none, focal or intermediate ISC) and the

other two categories (EIC or PIC) were combined and com-

pared with one another. Patient groups were not diVerent

with respect to age or menopausal status (Table 3). Also, no

diVerences were observed with respect to bilateral breast car-

cinomas, the clinical tumour size or the expression of oestro-

gen or progesterone receptors (data not shown). The cases

with an EIC or a PIC were similarly distributed among the

histological tumour types, but carcinomas with an EIC or a

PIC were only rarely rapidly proliferating tumours with poor

diVerentiation. The presence of an EIC or a PIC was sig-

ni®cantly associated with other factors which are adversely

correlated with negative excision margins. Multifocal inva-

sion was almost 10 times more frequent (32.2% versus

3.5%). Also, when an EIC or a PIC was present, margins of

resection at primary operation were involved in more than

50% of all cases with invasive or intraductal carcinoma,

similarly, invasive or non-invasive tumour was present in

more than 25% of the re-excision specimens (Table 3).

Univariate analysis of risk factors for intramammary recurrence

After a median follow-up of 62.4 months, 57 of the 957

patients had developed an intramammary tumour recurrence.

The calculated actuarial intramammary recurrence rate for all

patients was 6.1 � 0.9% (after 5 years � S.E.), this includes,

as stated in Materials and Methods, all invasive and non-

invasive tumour recurrences in the same breast. The median

tumour size of these recurrences was 1.8 cm (minimum

0.2 cm, maximum 6.0 cm). Among these recurrences were 9

cases of intraductal carcinoma, of which 8 had an invasive

carcinoma with an EIC before. Five intramammary recur-

rences occurred after distant metastases were diagnosed.

When comparing the group of patients aged 40 years or less

at surgery with older patients, the 5-year actuarial local

control rates were signi®cantly diVerent with 87.9 � 3.7%

versus 94.6 � 0.9%, respectively (P = 0.003) (Figure 3e).

The presence or absence of oestrogen or progesterone recep-

tors in the tumour was not related to local recurrence (not

shown).

The actuarial local control rate for tumours 2 cm or smaller

in diameter was 94.9 � 1.1% and did not diVer signi®cantly

from tumours measuring more than 2 cm in size

(92.4 � 1.5%). Also, no signi®cant diVerences were found

when the total tumour size (consisting of an invasive and an

in situ component) was considered. In contrast, the propor-

tion between the ISC and the invasive carcinoma was sig-

ni®cantly related to the occurrence of local relapse. Patients

with an ISC of at least twice the maximum diameter of the

Figure 2. Box plot indicating the relationship of the in situ
tumour component (ISC, open boxes) to the invasive compo-
nent (IVC, hatched boxes). Error bars indicate the 10th and
90th percentiles, boxes indicate the 25th and 75th percentiles.

Table 3. Comparison of clinical and histological parameters according to the extent of the extratumoral in situ component (ISC).

Continuous values* are given as the median value (range in parentheses), non-continuous values are stated as absolute ®gures

(percentages in parentheses)

None, focal or moderate ISC

(n = 805) (% or range)

Extensive or predominant ISC

(n = 152) (% or range)

P value

Median age (range)* 53.3 (25±87) 51.6 (32±81) NS

Premenopausal status 301 (37.4) 44 (28.9) NS

Tumour type

Invasive ductal 584 (72.5) 123 (80.9) NS

Invasive lobular 117 (14.5) 19 (12.5)

Other 104 (12.9) 10 (6.6)

Histological grade 3 207 (25.7) 22 (14.5) 0.004

Histological size of invasive

component (mm)*

20 (2±75) 10.5 (2±40) < 0.0001

Multifocal invasion 28 (3.5) 49 (32.2) < 0.0001

Presence of tumour at resection

margin (at primary operation)

Non-invasive tumour 50 (6.2) 70 (46.0) < 0.0001

Invasive tumour 108 (13.4) 20 (13.2) NS

Tumour in re-excision specimens

at primary operation

Non-invasive tumour 31 (3.9) 33 (21.7) < 0.0001

Invasive tumour 58 (7.2) 19 (12.5) NS

NS, not signi®cant.
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invasive carcinoma (EIC and PIC) had a 5-year recurrence-

free survival of 85.2 � 3.5% versus 95.6 � 0.8% with a small

or no ISC (P < 0.001, Figure 3a). Interestingly, this risk was

signi®cantly increased only when the ISC was of the comedo

type (5-year recurrence-free survival 78.6 � 8.6% versus

94.1 � 4.0% for non-comedo type). Similar ®gures were

calculated for nuclear grade 3 of the intraductal component.

However, this was not an independent risk factor, as the

nuclear grade of the ISC was highly correlated with the grade

of the invasive component.

Another, but less signi®cant, factor was the presence of

invasive carcinoma at the primary resection margin and the

Figure 3. Univariate analysis of 8-year intramammary recurrence-free survival curves for six independent risk factors: (a)
extensive or predominant intraductal component; (b) histological tumour grading; (c) tumour type; (d) angioinvasion; (e) age;

and (f) lymph node status.
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minimal distance to the margins. A good 5-year local control

rate of 97.6 � 4.2% was obtained with a measured distance of

3 mm or more, compared with 93.0 � 8.3% with close mar-

gins (1±2 mm) and 85.2% � 9.3% with tumour within the

resection margin. When analysing the signi®cance of involved

or doubtful de®nitive margins by invasive or intraductal car-

cinoma (n = 165), a smaller but signi®cant increase in risk

was observed (89.6 � 2.3 versus 95.2 � 0.9%, P = 0.01).

Another adverse factor for intramammary tumour recur-

rence was the lobular tumour type. Invasive ductal carcinoma

and other tumour types (tubular, medullary, mucinous and

papillary carcinomas) behaved nearly identically with an

actuarial 5-year local control rate of 94.8 � 0.8% compared

with 88.2 � 3.3% for invasive lobular carcinoma. This diVer-

ence between invasive lobular carcinomas and other tumour

types was signi®cantly diVerent (P = 0.0197), but the recur-

rence rates became discrepant after only 3 years (Figure 3c).

Three other histological parameters that had a signi®cant

in¯uence on local relapse were tumour grade, nodal status

and angioinvasion. Grade 1 and 2 carcinomas were very

similar in 5-year recurrence-free survival rates of 97.8 � 1.2%

and 95.5 � 1.0%, but for grade 3 carcinomas it was

86.5 � 2.6% (P < 0.001, Figure 3b). The axillary lymph node

status highly correlated statistically with angioinvasion (L1

category), and both parameters were also very good pre-

dictors of intramammary recurrence (Figure 3d). Interest-

ingly, tumours with a negative nodal status behaved similarly

to tumours with a maximum of three positive axillary nodes

with 5-year recurrence-free survival of 94.8 � +1.0% and

93.3 � 2.1% compared with 88.3 � 4.5% in tumours with

more than three axillary lymph node metastases (Figure 3f ).

Very similar values were calculated for tumours with meta-

stases in axillary level 1 only when compared with tumours

with metastases in level 2 or 3 (not shown).

Multivariate analysis of intramammary recurrence

All parameters that were signi®cant in the univariate analy-

sis of risk factors were entered into the Cox model of logistic

regression analysis. However, lymph node status was ®rst not

included in order to put the emphasis on local risk factors.

Only ®ve parameters, namely the relative extent of the ISC,

histological grade, angioinvasion, the tumour type and the

patient's age emerged as independent factors. The relative

risk ratio varied between 1.9 for the EIC and 1.39 for age

� 40 years (Table 4). When lymph node status was included

in the analysis, the result was almost identical, but the num-

ber of lymph node metastases replaced the parameter

angioinvasion. The involvement of the de®nitive surgical

resection margins by invasive or intraductal carcinoma lost its

signi®cance in this multivariate model, presumably as it is

confounded by the EIC or other morphological factors. The

resection margin was also not a signi®cant factor when two

separate statistical models were constructed for the presence

and absence of the EIC.

In order to estimate the individual risk of tumour recur-

rence based on these risk factors, a linear model was con-

structed. This consisted of a risk score that attributed one

point for any of the ®ve independent risk factors. This risk

score turned out to be most useful in assessing the risk for

intramammary tumour recurrence. When none of these risk

factors was present, the intramammary recurrence-free survi-

val was 99.0 � 0.6%, compared with 95.4 � 1.2% with any

one of the risk factors and 79.1 � 3.6% with two or more risk

factors (Figure 4).

DISCUSSION

Breast carcinomas of all major histological subtypes can be

associated with a non-invasive (in situ) tumour component

that may exceed the invasive carcinoma several times in size.

We have shown here that the ISC is the single most impor-

tant factor for the risk of intramammary tumour recurrence,

provided that strict attention is paid to the margin status, as it

was in this case series where re-excisions were performed in

232 out of the 952 cases. However, it is apparently neither

the presence nor the absolute size of this tumour component

that is associated with an increased risk, but the relationship

between the invasive and the non-invasive tumour components.

Therefore, the success of BCT strategies primarily depends

on this and other histological factors that can be determined

Figure 4. Intramammary recurrence-free survival curves
comparing the linear combination of the risk factors sig-

ni®cant in the multivariate analysis.

Table 4. Multivariate logistic Cox regression analysis of prognostic factors for intramammary tumour recurrence

Adverse factor No. at risk Risk ratio 95% CI P value

1. In situ component ISC�2� IVC 152 1.90 1.38-2.44 7.7�10ÿ6

2. Histological grade Grade 3 229 1.76 1.32-2.32 7.2�10ÿ5

3. Histological type ILC 136 1.65 1.20-2.21 0.001

4. Angioinvasion Present 203 1.34 1.00-1.77 0.043

5. Age < 40 years 102 1.39 1.02-1.94 0.046

ISC, in situ component; IVC, invasive tumour component; ILC, invasive lobular carcinoma.
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by the careful examination of the surgical specimen. The

association between the extent of the intraductal component

and the increased risk of intramammary recurrence was ®rst

noted by Schnitt and colleagues [28] and shown by Holland

and associates [29] to be due to residual intraductal tumour

foci after BCT. The Boston group subsequently de®ned the

EIC as intraductal carcinoma present in more than 25% of

the tumour area and also in adjacent normal breast tissue

[30, 31]. When applying this de®nition, the percentage of

tumours with an EIC varied between 12 and 38%

[13, 14, 28, 32, 33]. It must be emphasised however, that this

de®nition does not take into account the size of the peritu-

moral intraductal tumour extension. The Amsterdam group

de®ned the EIC as 10 or more involved ducts outside the

invasive tumour [34]. Our approach is diVerent still and we

have based the de®nition of the EIC on the relationship of the

size of the intraductal component to the size of the invasive

tumour. This de®nition of the EIC (the non-invasive compo-

nent exceeding the invasive carcinoma by at least twice) is

relatively strict, and only 15% of cases ful®lled this criteria.

This de®nition also includes invasive ductal carcinomas with a

predominant intraductal component, as de®ned by the WHO

to be at least four times the size of the invasive tumour com-

ponent. In this way, the term EIC can be applied to histolo-

gical tumour types other than invasive ductal carcinoma. In

this series, the proportion of ductal, lobular and other tumour

types having an EIC was similar. Therefore, it appears useful

to assess the intraductal component with all types of breast

carcinomas.

It has been shown previously that the EIC is statistically

associated with other adverse risk factors, such as unsatisfac-

tory resection margins, histological grade 3 and multifocality

[8, 15, 35±38]. It was speculated that this could explain the

higher rate of intramammary tumour recurrences in young

patients. In fact, our data support this assumption because, in

the multivariate analysis, the EIC and the histological grade

emerged as the most important and signi®cant risk factors,

while patient age was ranked as the least important parameter

and the margin status lost its signi®cance. Therefore, young

age is not among the most important risk factors for intra-

mammary tumour recurrence [15, 36, 39]. One possible rea-

son for age being an independent risk factor in this analysis

might be that we have counted all newly developed carcino-

mas (true recurrences and second primaries) within the same

breast as intramammary recurrences. The greater possibility

of developing a second primary in young patients could have

increased the risk of `local recurrence'.

Because of the importance of the extent of the extra-

tumoral non-invasive component, should this tumour com-

ponent be included in the measurement of the total tumour

size? The term `tumour size', or the corresponding pT cate-

gory of the TNM system, is used to indicate the size of the

invasive tumour only. This parameter is, therefore, useful as

an estimate of metastatic risk, but not to select patients

who are suitable for BCT. Therefore, in this and also in

previous studies, the invasive tumour size or the pT category

had no in¯uence on intramammary recurrence after BCT

[5, 9, 12, 31]. Even with tumours of 4 cm and larger the 5-

year intramammary recurrence rate was calculated as 8.5%

[40]. Because of these considerations, we have attempted to

measure the ISC and the invasive tumour component sepa-

rately and to correlate these with the risk of local failure. It

was anticipated that the total tumour size (consisting of both

the intraductal and the invasive tumour component) would

be a useful predictor of intramammary tumour recurrence.

However, the data which have been presented here show that,

in fact, the best predictor for intramammary recurrence is the

relative proportion of the invasive component to the ISC.

The most likely explanation for this ®nding would be that this

ratio re¯ects the probability of underestimating the intra-

ductal tumour component intra-operatively and the inade-

quate tumour excision. To illustrate this, a carcinoma with a

1 cm intraductal component outside a 2 cm invasive tumour

would more likely be treated by a wider excision than another

carcinoma of 3 cm total size, but with a 0.5 cm invasive com-

ponent in its centre, as the ®rst tumour is easier to palpate

intra-operatively. Neither the pT category nor the size of the

invasive tumour component was a risk factor in univariate or

multivariate analysis of the intramammary recurrence, prob-

ably for these reasons. Interestingly, our results also con®rm

the assumption that the EIC behaves more aggressively when

consisting of ductal carcinoma in situ (DCIS) of comedo

subtype and of poor nuclear grade. This is compatible with

reported results from other investigators concerning the

recurrence risk of pure DCIS following BCT [25, 41].

Some risk factors that were associated with local tumour

recurrence in our analysis were also responsible for increased

risk of distant treatment failure, namely young age, high

tumour grade and angioinvasion. Therefore, some patients

with these risk factors may get distant metastasis and die

before a local recurrence would evolve. Because of this con-

sideration, some prognostic factors, such as tumour grade

and angioinvasion, may have been underestimated in the

analysis of risk factors for intramammary tumour recurrence

and actually play a more important role than can be statisti-

cally validated.

In conclusion, it emerged from our analysis that only four

histological criteria and patient age are responsible for the risk

of intramammary tumour recurrence after multivariate analy-

sis of risk factors. By combining these factors, it is possible to

de®ne a patient population at risk of local recurrence after

BCT using a limited set of parameters. This combination of

risk factors permits the prospective identi®cation of patients

at high risk for tumour recurrence.
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