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Abstract Surgical margin status after first breast-con-

serving surgery (BCS) is used as a quality indicator of

breast cancer care in the Netherlands. The aim is to

describe the variation in surgical margin status between

hospitals. 7,345 patients with DCIS or invasive cancer

(T1-2,N0-1,M0) diagnosed between July 1, 2008, and June

30, 2009, who underwent BCS as first surgery, were

selected from the Netherlands Cancer Registry. Patients

were treated in 96 hospitals. Maximum target values were

30% ‘focally positive’ or ‘more than focally positive’ for

DCIS and 10% ‘more than focally positive’ for invasive

carcinoma. Results per hospital are presented in funnel

plots. For invasive carcinoma, multivariate logistic

regression was used to adjust for case mix. Overall 28.5%

(95% CI: 25.5–31.4%) of DCIS and 9.1% (95% CI:

8.4–9.8%) of invasive carcinoma had positive margins.

Variation between hospitals was substantial. 6 and 10

hospitals, respectively, for DCIS and invasive cancer

showed percentages above the upper limit of agreement.

Case mix correction led to significant different conclusions

for 5 hospitals. After case mix correction, 10 hospitals

showed significant higher rates, while 7 hospitals showed

significant lower rates. High rates were not related to breast

cancer patient volume or type of hospital (teaching vs. non-

teaching). Higher rates were related to hospitals where the

policy is to aim for BCS instead of mastectomy. The

overall percentage of positive margins in the Netherlands is

within the predefined targets. The variation between hos-

pitals is substantial but can be largely explained by coin-

cidence. Case mix correction leads to relevant shifts.
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Introduction

Breast-conserving surgery (BCS) is common practice in the

treatment of early breast cancer patients. BCS with addi-

tional radiotherapy leads to better cosmetic results with

equal long-term disease-free and overall survival compared

to mastectomy. In the Netherlands, over the period

2003–2006, more than 21,000 patients with early breast

cancer underwent BCS (63% of stage I and 41% stage II

breast cancer) [1].
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Surgeons aim to obtain a radical excision of the tumor in

BCS, since so-called tumor-free margins result in the best

local control. The size of the lump is a balance between

cosmetic aspects and completeness of surgery: A wider

excision than needed leads to a worse cosmetic result, but a

too narrow excision may leave residual tumor tissue.

Incomplete resections lead to additional surgical proce-

dures (either BCS or mastectomy), which implicate extra

burden on the patient and extra costs.

The surgical margins of the excised lump of BCS are

examined by a pathologist according to protocols. The

amount of cancer that could have been left in the breast is

estimated. Based on Dutch breast cancer treatment

guidelines, the pathologist distinguishes ‘clear’ margins

(tumor not touching the inked surface of the lump),

‘focally positive’ margins (one or two foci of tumor

touching ink; less than 4 mm), and ‘more than focally

positive’ margins. Margin status determines the further

steps needed in adequate local treatment. All patients with

BCS (DCIS and invasive cancer) receive additional

radiotherapy, but the indication for re-excision varies for

patients with DCIS or invasive cancer. Patients with DCIS

undergo re-excision in case of ‘focally positive’ or ‘more

than focally positive’ margins, while patients with inva-

sive cancer undergo re-excision only in case of ‘more

than focally positive’ margins. In case of ‘focally posi-

tive’ margins, local control is (in most cases) supposed to

be achieved by more radiotherapy including a boost dose

on the tumor bed [2].

The percentage of patients with positive margins is used

as a quality indicator of breast cancer care that all hospitals

have to report to the Dutch Health Care Inspectorate

annually since 2007 [3]. The target value to be achieved is

10% for DCIS and invasive carcinoma combined. The

current Dutch breast cancer treatment guidelines state that

surgeons should strive for a maximum of 20% ‘more than

focally positive’ margins in patients with invasive carci-

noma and 30% ‘focally positive’ or ‘more than focally

positive’ margins in patients with DCIS [2].

Apart from the discussion on the agreed target value,

there is the issue of comparability of data provided by

hospitals due to registration artifacts (such as case selection

and the multi-interpretability of ‘positive margin’ when

combining DCIS and invasive tumors) and case mix dif-

ferences between hospitals [4, 5].

In 2008, the Netherlands Cancer Registry (NCR) started

the collection of information on margin status after the first

BCS aiming to provide comparable and population-based

data on all breast cancer patients in the Netherlands,

including information on case mix. This study describes the

variation between hospitals in surgical margins after first

breast-conserving surgery (BCS) in patients with DCIS or

early breast cancer in the Netherlands.

Methods

Study population

All female early breast cancer patients (DCIS and invasive

carcinoma T1-2, N0-1, M0; LCIS not included) who

underwent BCS in the period July 1, 2008, to June 30,

2009, were selected from the Netherlands Cancer Registry

(NCR). Patients who received neo-adjuvant systemic

therapy were excluded.

The NCR is a population-based cancer registry, col-

lecting incidence data on national level. PALGA, the Dutch

network and registry of pathology, notifies the NCR of all

newly diagnosed malignancies. Following this notification,

trained NCR personnel collect data on diagnosis, staging,

and treatment from hospital records, including pathology

and surgery reports. Primary treatment is coded in

sequence of administration, and patients are staged

according to the TNM system of the International Union

Against Cancer [6].

We extracted information on patient characteristics

(age), tumor characteristics (histological subtype, grade,

localization, multifocality, TNM stage, tumor size), and

treatment characteristics (neo-adjuvant treatment, surgical

treatment, radiotherapy, surgical margin status after first

BCS and hospital of treatment).

Classification of surgical margins

Coding of the surgical margin status was based on the most

recent Dutch diagnostic and treatment guideline for breast

cancer [2]. The guideline defines how pathologists should

assess surgical margin status after breast-conserving sur-

gery (BCS) and subsequently what information should be

included in their report. The classification of surgical

margins in the Dutch breast cancer guideline defines 3

categories: clear surgical margins (no tumor cells in the

inked surface of the resection), ‘focally positive’ margins

(tumor in a limited area of the inked surface, i.e., one or

two foci of tumor, maximum of 4 mm), and ‘more than

focally positive’ margins. In records with unclear or

missing information, the margin status was coded as

‘unknown’. The assessment of tissue from following pro-

cedures was not used in the classification of the margin

status after the first BCS.

Classification of hospitals

Classification of hospitals was based on the hospital where

surgery was performed. All Dutch hospitals (96) were

included. Two types of hospitals were defined: 42 non-

teaching hospitals and 54 teaching or academic hospitals

(including one specialized oncology center). Hospital
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volume was based on the number of breast cancer patients

with BCS as the first surgery, and two groups were defined:

less than 50 BCS/y (33 hospitals) and 50 BCS/y or more

(63 hospitals). The percentage of BCS in a hospital was

calculated by dividing the number of patients who under-

went a BCS as first surgery by the total number of patients

with DCIS or invasive carcinoma T1-2,N0-1,M0 who

received surgery in that hospital. Hospitals were catego-

rized into two groups; less than 70% BCS (66 hospitals)

and 70% BCS or more (30 hospitals).

Quality indicator targets

All results are presented separately for DCIS and invasive

breast cancer. Patients with invasive tumor and DCIS

component(s) are included in the invasive group. For

invasive cancer, positive margins were those classified as

‘more than focally positive’ with a target value of 10%,

based on the targets set by the Dutch Health Care Inspec-

torate. For DCIS, we defined positive margins as margins

that were classified by pathologists as ‘focally positive’ or

‘more than focally positive’ with a target value of 30%

based on the breast cancer guideline.

Statistical analyses

The proportions of positive margins per hospital are pre-

sented in funnel plots. The funnel plot presents the target

with its 95% confidence limit that varies in relation to the

population size [7]. We also computed the number of

hospitals with percentage of positive margins outside the

limits of agreement at various target values (10, 20, and

30% for DCIS; 10 and 20% for invasive cancer). Patients

with unknown surgical margins (2.7%) were excluded in

univariate and multivariate analyses.

For case mix correction in invasive cancer, we first

selected risk factors of positive margins using univariate

logistic regression. These factors were based on literature

and included age, tumor size, nodal status, multifocality,

and histological subtype [8–11]. Significant factors were

included in a multivariate logistic regression model to

determine the mutually independent factors. Subsequently,

the obtained coefficients were used to predict for each

individual the risk of positive margins based on her set of

risk factors. Next, for each hospital, the expected per-

centage of patients with positive margins was assessed

based on their specific case mix (E). Then, the observed

percentage (O) was divided by the expected value (E) and

multiplied by the overall mean (9.1% for invasive cancer,

O/E * mean) to obtain the case mix–adjusted percentages.

These for case mix–adjusted percentages of patients with

positive margins are presented per hospital in a funnel

plot.

To explore the characteristics of hospitals with per-

centages above and under the limits of 10% positive mar-

gins, these hospitals were compared to the others on type of

hospital, the number of breast cancer patients with BCS as

first surgery per year, and the percentage of breast cancer

patients who received BCS as first surgery. Differences

were tested using Fisher’s exact test.

Analyses were performed in STATA and SPSS (multi-

variate logistic regression).

Results

A total of 7,345 patients who underwent BCS were iden-

tified in the period July 1, 2008, and June 30, 2009, in the

Netherlands. BCS was performed in all 96 hospitals. Mean

age at diagnosis was 59 years. 945 patients were diagnosed

with DCIS (12.9%). 82% of all lesions were of ductal type,

and more than 75% of women had lymph node-negative

disease (Table 1). The surgical margin status was known

for 7,146 patients (97.3%) (Table 2). Overall, 9.5% of all

resections margins were classified as ‘focally positive’,

while another 10.0% showed ‘more than focally positive’

margins. These percentages were higher in patients diag-

nosed with DCIS than in patients with invasive cancer

(Table 2). The percentage of women with ‘unknown’

margin status varied substantially between hospitals

(0–9.4%, data not shown).

The proportion of patients with positive margins varied

substantially by hospital. For DCIS, the mean proportion

‘focally positive’ or ‘more than focally positive’ margins

was 27% and ranged between 0 and 100%. Most of this

variation could be due to coincidence as a result of the low

number of DCIS in each hospital (1–34 patients). The

results of 88 hospitals (92%) fit within the limits of

agreement of the proposed 30% target (Fig. 1): 6 hospitals

showed higher and 2 lower percentages of positive mar-

gins. If a target of 20 or 10% is used, 17 and 43 hospitals,

respectively, would fall outside the agreement limits (all

too high).

For invasive tumors, the mean proportion of ‘more than

focally positive’ margins was 9.1%, with less variation

between hospitals (0–30%), due to more stable estimates

based on larger numbers of cases operated per hospital

(between 10 and 173 patients). For 80 hospitals (87%),

results fit within the limits of agreement at the proposed

target of 10% ‘more than focally positive’ margins. 10

hospitals showed statistically significant higher percent-

ages, while 6 hospitals showed statistically significant

lower percentages (Fig. 2). When the target of 20% was

applied, no hospitals had higher proportions than the limits

of agreement around this target, and 50 hospitals (52%) had

significant lower percentages.
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Table 1 Patient and tumor characteristics of 7,345 early breast cancer patients with BCS as first surgery

DCIS Invasive (±DCIS) Total

n % n % n %

Age

\50 151 16.0 1,302 20.3 1,453 19.8

50–69 649 68.7 3,917 61.2 4,566 62.1

C70 145 15.3 1,181 18.5 1,326 18.1

Invasive tumor size

B10 mm n.a. 1,807 28.2

10–20 mm 3,220 50.3

20–30 mm 1,131 17.7

30–40 mm 202 3.2

40–50 mm 40 0.6

Nodal status

N0 940 99.5 4,697 73.4 5,637 76.7

N ITC 5 0.5 240 3.8 245 3.3

N micro 0 0.0 438 6.8 438 6.0

N? 0 0.0 1,025 16.0 1,025 14.0

Stage

0 945 100.0 0 0.0 945 12.9

1 0 0.0 4,071 63.6 4,071 55.4

2A 0 0.0 1,819 28.4 1,819 24.8

2B 0 0.0 510 8.0 510 6.9

Multifocality

Unifocal 823 87.1 5,712 89.3 6,535 89.0

Multifocal 65 6.9 636 9.9 701 9.5

Unknown 57 6.0 52 0.8 109 1.5

Histology

Ductal 817 86.5 5,238 81.8 6,055 82.4

Lobular Excluded 581 9.1 581 7.9

Mixed ductal/lobular 19 2.0 186 2.9 205 2.8

Tubular 0 0.0 93 1.5 93 1.3

Mucinous 0 0.0 117 1.8 117 1.6

Medullary 0 0.0 62 1.0 62 0.8

Papillary 73 7.7 69 1.1 142 1.9

Paget’s disease 15 1.6 8 0.1 23 0.3

Other 21 2.2 46 0.7 67 1

Table 2 Surgical margin status after initial BCS for 7,345 breast cancer patients

DCIS Invasive (±DCIS) Total

n % n % n %

Clear margins 641 67.8 5,075 79.3 5,716 77.8

Focally positive margins 108 11.4 591 9.2 699 9.5

More than focally positive margins 147 15.6 584 9.1 731 10.0

Unknown or inconclusive 49 5.2 150 2.4 199 2.7
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None of the hospitals had higher proportions of positive

margins for both DCIS and invasive tumors.

Risk factors for positive margins and correction

for case mix

For DCIS, multifocality was associated with a significant

higher rate of positive margins (52% vs. 26%) (Table 3).

Case mix correction for the percentage of positive margins

in DCIS treatment was not possible due to limited numbers

per hospital.

For invasive tumors, characteristics that were associated

with higher rates of positive margins in univariate analyses

were younger age, larger tumors, nodal involvement,

multifocality, and a lobular or ductolobular histological

type (Table 3). Multivariate results are shown in Table 4.

The obtained coefficients from the multivariate analyses

were used to perform case mix correction for invasive

cancers. This slightly affected the observed estimates. In 5

hospitals (8.3%), case mix correction altered the conclu-

sion on whether the proportion of positive margin status

was outside the limits of agreement. For 3 hospitals, the

adjusted percentage was lower than the uncorrected (two

hospitals into and one under the limits of agreement), and

for 2 hospitals, the adjusted percentage was higher after

case mix correction (both above the limit of agreement)

(Fig. 3). The net result is that 10 hospitals showed positive

margin rates significantly higher than 10%, while 7 hos-

pitals showed significant lower rates.

Hospitals with significant higher positive margin rates

frequently had a high percentage first BCS (6 hospitals out

of 33 compared to 6 out of 66; P = 0.05) but did not differ

on other hospital characteristics (type of hospital and

number of BCS per year). Hospitals with significant lower

positive margin rates treated more often over 50 patients

with BCS per year (7 hospitals out of 63 compared to 0 out

of 33; P = 0.05) but did not differ on other characteristics.

Discussion

The percentage of breast cancer patients with positive

surgical margins after a first breast-conserving surgery in

the Netherlands is approximately 30% for women with

DCIS and 10% for early invasive cancers. These patients

need a second surgical intervention, leading to additional

costs, extra burden on the patient, and a poorer cosmetic

result. We found substantial differences between hospitals

that were larger for DCIS than for invasive cancer. The

differences were largely attributed to coincidence due to

relatively low numbers of breast cancer cases treated in

each hospital. However, taken into account random varia-

tion and case mix correction for invasive cancer, the per-

centages of positive margins were above 30% for DCIS

and 10% for invasive cancers for 6 and 10 hospitals,

respectively. None of the hospitals had a percentage of

positive margins above the limit of agreement for both

DCIS and invasive cancers.

Questions have been raised about the comparability of

data on surgical margins after BCS between hospitals

[3–5]. Our study has the advantage that data were collected

by trained personnel of the cancer registry directly from the

medical records of patients. Personnel was instructed on

coding, following the Dutch diagnosis and treatment

guidelines for breast cancer, with clear instructions on how

to code in case of inconsistent information, additional

information from re-excisions, and the inclusion and

exclusion of cases such as LCIS. However, if the source

information is not comparable, for example due to differ-

ences in scoring by pathologists, this cannot be solved by

trained data collectors. We observed considerable variation

in percentage of cases with missing data on margin status

between hospitals, ranging from 0 up to 9.5%. Unknown

margin status was coded for various reasons; ‘true

unknown’ (tissue could not be assessed, for instance

because it was presented in various lumps, without ade-

quate marking) or unclear definition by the pathologist. All

cases with unknown margin status were excluded in further

analyses. However, this information would be of additional

value when assessing the quality of care of a hospital.

Fig. 1 Funnel plot with proportion ‘focally positive’ or ‘more than

focally positive’ margins after initial BCS by hospital for DCIS

Fig. 2 Funnel plot with proportion ‘more than focally positive

margins’ after initial BCS by hospital for invasive tumors
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In our study, we lack information on the presence of a

DCIS component in the case of invasive breast cancer. Our

study showed that DCIS leads more often to incomplete

resections than invasive tumors. Therefore, adding this

information to the case mix adjustment could improve the

comparability of hospitals. Furthermore, a recent study

showed that prediction models for margin status in DCIS

had very large unexplained differences between surgeons,

while controlling for detailed clinical and nonclinical fac-

tors [12]. In our study, we were not able to assess outcome

on the level of individual surgeons.

Definition of margin status

Comparing data between hospitals asks for unambiguous

definitions. Firstly, the definition used by the Dutch Health

Care Inspectorate is problematic because it combines DCIS

and invasive tumors. Complete resection rates of these

lesions differ considerably even in highly qualified sur-

geons, and this is due to the specific biological behavior of

DCIS. The observed result on hospital level would be

highly determined by the proportion of DCIS diagnosed

and treated in that hospital. The quality indicator should

therefore be computed separately for invasive and non-

invasive lesions.

Secondly, the definition of ‘positive margins’ differs

between DCIS and invasive tumors. The focus of this

quality indicator is the proportion of patients that needs to

undergo further surgery after a first BCS. The clinical

significance of the need for re-excision lies in the sub-

sequent local recurrence and mortality rates, which is also

influenced by tumor and patient characteristics [13]. The

criteria determining the indication for re-excision differ

between DCIS and invasive cancer. For invasive cancer,

the clinical importance of re-excising tumors with only

focally involved margins in invasive breast cancer is

Table 3 Univariate analyses with risk factors for positive margins after initial BCS

DCIS Invasive (±DCIS)

n Focally positive ? more

than focally positive (%)

P n More than focally

positive (%)

P

Age

\50 141 46 (32%) 1,274 138 (11%)

50–70 618 172 (28%) 3,816 354 (9%)

C70 137 37 (27%) 0.481 1,160 92 (8%) 0.048

Tumor size

\10 mm n.a. 1,760 181 (10%)

10–20 mm 3,153 242 (8%)

20–30 mm 1,101 117 (11%)

30–40 mm 197 37 (19%)

40–50 mm 39 7 (18%) 0.000

Nodal status

N0 891 253 (28%) 4,590 385 (8%)

N ITC 5 2 (40%) 236 33 (14%)

N micro – – 433 53 (12%)

N? – – 0.566 991 113 (11%) 0.000

Multifocality

Unifocal 783 203 (26%) 5,597 454 (8%)

Multifocal 63 33 (52%) 612 123 (20%)

Unknown 50 19 (38%) 0.000 47 7 (15%) 0.000

Histology

Ductal 778 229 (29%) 5,123 439 (9%)

Lobular Excluded 557 79 (14%)

Ductal ? lobular 18 5 (28%) 182 29 (16%)

Other 100 21 (21%) 0.212 388 37 (10%) 0.000

Tumor grade

1 n.a. 1,740 143 (8%)

2 2,686 249 (9%)

3 1,582 146 (9%) 0.442
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disputable [11, 13–17]. The Dutch treatment guideline

(2008) advises only re-excision in patients with ‘more than

focally positive’ margins. Hence, the latter definition was

used to classify the proportion of patients with invasive

cancer having a ‘positive margin’. In contrast, for DCIS,

‘focally positive margins’ are not acceptable and associated

with a risk of local recurrence. In current literature, the

most accepted definition for true clear margins for DCIS is

a margin threshold of 2 mm between the lesion and the

inked surface [11, 18]. The Dutch treatment guideline

advises to re-excise all patients with tumor in the inked

surface and to strive for a macroscopic margin threshold of

10 mm at surgery. In our study, we did not collect data on

the margin threshold but used the presence of tumor in the

resection surface (either focally or more than focally) as the

quality indicator ‘positive margin’.

Funnel plots in interpreting hospital data

The funnel plots clearly show the large influence of ran-

domness on the estimates when these are based on small

numbers of patients: The confidence interval around the

target value becomes very wide. In case of small numbers,

only extreme deviations of the target will be detected as

‘abnormal’, and a large variation of measured values will

fit within the confidence intervals. As such, in itself, sur-

prising values have to be accepted as ‘in agreement with

the target value’. Conversely, funnel plots also show the

inappropriateness of using a crude value of 10, 20, or even

30% as a quality parameter, for a lot of incorrect accusa-

tions to hospitals will be the consequence if the 95% limits

of agreement are not taken into account. This may cause

hospitals and individual surgeons taking wider excisions or

conducting more mastectomies to strive for much lower

percentages, which would be an undesired side effect of a

quality indicator that focuses on optimizing the current use

of BCS.

Risk factors for positive margins and case mix

correction

When comparing surgical care between hospitals, case mix

correction is important to improve the comparability of

data. Hospitals with less favorable patient populations

improve after case mix adjustment. Univariate logistic

regression showed that age, tumor size, nodal status, mul-

tifocality, and histological subtype influence the risk of

positive margins. We adjusted for these characteristics

through case mix correction for invasive tumors.

In 5 hospitals, the case mix adjustment led to a different

conclusion on whether the observed outcome was within

the limits of agreement. This demonstrates the relevance of

adjustment for case mix factors. However, case mix cor-

rection requires data analysis on record level for all hos-

pitals combined. With current methods of generating data

for quality indicators by hospitals themselves, it is not

possible to introduce case mix correction in the Dutch

system. This calls for an independent organization, like the

cancer registry, to collect and analyze these data and adjust

for case mix.

The hospitals scoring above the limit of agreement had

more frequent a high percentage of first BCS (C70%). This

might indicate differences in technical approach of sur-

geons in these hospitals. Hospitals scoring under the limit

of agreement were all hospitals treating more than 50

patients with BCS per year. Both findings were borderline

Table 4 Multivariate analyses with risk factors for ‘more than

focally positive margins’ in invasive tumors after initial BCS

OR (95% CI)

Age \50 1.0 (ref)

50–70 0.88 (0.71–1.09)

C70 0.74 (0.55–0.98)*

Size B10 mm 1.0 (ref)

11–20 mm 0.68 (0.55–0.83)

21–30 mm 0.94 (0.72–1.21)

31–40 mm 1.71 (1.14–2.57)*

41–50 mm 1.50 (0.64–3.54)

Nodal status N0 1.0 (ref)

N ITC 1.61 (1.09–2.38)*

N micro 1.48 (1.08–2.02)*

N? 1.28 (1.02–1.62)*

Multifocality Unifocal 1.0 (ref)

Multifocal 2.72 (2.18–3.40)*

Unknown 1.92 (0.85–4.33)

Histologic subtype Ductal 1.0 (ref)

Lobular 1.72 (1.32–2.24)*

Ductal ? lobular 1.74 (1.14–2.65)*

Other 1.16 (0.81–1.66)

* Statistically significant (P \ 0.05)

Fig. 3 Funnel plot with proportion ‘more than focally positive

margins’ after initial BCS for invasive tumors by hospital, after

correction for age, tumor size, nodal status, multifocality, and

histological subtype
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significant (P = 0.05). Further research is needed, in which

information on the level of individual surgeons may add

valuable information.

Combining quality indicators

The clinical relevance of this quality indicator lies in

optimizing the quality of BCS by minimizing additional

costs due to re-operation, minimizing burden on the

patient, and improving cosmetic result. Others have sug-

gested using re-resection rates or the number of operations

needed for removal of the tumor as a quality indicator [19,

20]. Also, for understanding the treatment results on hos-

pital level, we should have insight into the additional

treatment for patients with positive margins [12, 21].

Combining these indicators would give a more compre-

hensive insight into adequate treatment.

We conclude that quality-of-care outcomes on hospital

level should be interpreted separately for DCIS and invasive

tumors. In addition, the limits of agreement should be taken

into consideration, for example by using funnel plots. Lastly,

results without case mix correction should be interpreted

with caution.
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