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Summary The use of Breast Conserving Surgery (BCS) followed by radiotherapy
(BSC-RT) in pT1 (p2 cm) and pT2-tumours (2–p5 cm) was investigated in the
Netherlands from 1990 to 2001.

From the Netherlands Cancer Registry, patients were selected with invasive
tumours o5.0 cm. Trends were determined and explanatory factors were deter-
mined by multivariate logistic regression.

Over the period 52,937 pT1-tumours and 36,285 pT2-tumours were diagnosed.
The percentage BCS and BCS-RT in patients 80 years or older remained lowest.
Multivariate logistic regression revealed that older age (70+), tumour size 42 cm,
positive clinical nodes and medium hospital size decreased the chance of BCS. For
BCS-RT the same factors and negative pathological nodes decreased the chance of
BCS-RT. Between regions large differences were seen.
Elsevier Ltd. All rights reserved.
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Explanatory factors for variation in the use of BCS and radiotherapy 607
Cancer registry data are useful to monitor the guideline implementation
strategies. Multidisciplinary treatment planning, surgeon and patient education
could increase the use of BCS combined with RT in all age groups.
& 2007 Elsevier Ltd. All rights reserved.
Introduction

In the Netherlands breast conserving surgery (BCS)
in combination with radiotherapy (RT) is considered
to be a save treatment option for the majority of
patients with an invasive breast tumour of 5 cm and
smaller (T1 and T2). Results from large prospective
randomised clinical trials in which BCS and radical
mastectomy were compared revealed no difference
in both short as long term survival between both
therapies.1–3

American guidelines of the National Institutes of
Health stated that in more than half of the patients
with breast tumours BCS should be given,4 and at
the end of 1995 this percentage was realised.5 In
the Netherlands in 2001 national guidelines for the
diagnosis and treatment of the breast cancer were
completed and published by the National Breast
cancer Organisation of the Netherlands (NABON)
together with the Dutch Institute for Healthcare
Improvement (CBO).6 In this guideline it is stated
that BCT is feasible in 75% of all patients with
breast cancer of 5 cm and smaller. In the eighties
and nineties national guidelines were not available
and the treatment was based on regional and
hospital based protocols. In the south east of the
Netherlands in the early nineties about 50% of all
patients with breast cancer of 5 cm or smaller were
treated with BCS, although large differences were
observed between hospitals.7 Differences between
regions were seen both in the Netherlands as in
other countries.8 Another issue was the difference
between chosen treatment in relation to hospital
volume.9–11

The aim of this study was to investigate trends
and regional differences in the use of BCS and RT
after BCS in the Netherlands from 1990 to 2001 and
to determine explanatory factors, by using nation-
wide data from the Netherlands Cancer Registry.
Patients and methods

The Netherlands Cancer Registry

The Netherlands Cancer Registry (NCR) includes all
invasive and in situ malignancies diagnosed from
1989 onwards in the Netherlands. Notification is
obtained from the pathology and haematology
departments in their region. All pathology labora-
tories in the Netherlands have a combined auto-
mated archive (PALGA) for the pathology diagnosis.
Other sources are RT departments, as well as the
National Registry of Hospital Discharge Diagnosis,
which accounts for up to 8% of new cases.12 Death
certificates are not available in an identifiable
form to the cancer registry because of privacy
regulations.

Data is gathered on a regional basis by the
regional cancer registries. From the patient files in
the hospital specially trained registration clerks
collect data concerning patient identification (e.g.
first letters of the name, date of birth, gender,
postal code), tumour characteristics (e.g. date of
incidence, topography, morphology, stage) and
treatment information (e.g. type of surgery, RT or
systemic therapy). Data were coded according to a
national manual. The International Classification of
Diseases for Oncology (ICD-O) was used for coding
the topography and morphology. The TNM classifi-
cation is used for the staging of tumours.13 The
quality of the Netherlands Cancer Registry is high
and completeness is estimated to be at least 95%.14

For the current analysis, multiple primary breast
cancer tumours were excluded according to the
criteria of the International Association of Cancer
Registries (IACR).15

Over the period 1990 to 2001, a selection was
made of all invasive breast tumours with a post-
operation tumour size smaller than 2 cm (pT1) or
between 2 and 5 cm (pT2). Patients with distant
metastasis at time of diagnosis were excluded.
Comprehensive Cancer Centres

The regional cancer registries all are part of
Comprehensive Cancer Centres (CCCs). In total
nine CCCs cover the whole of the Netherlands and
are organised in an Association. The CCCs have
regional networks of clinical specialists and other
cancer care providers aiming to improve quality of
cancer care by facilitating research and develop
and implement guidelines. One type of network
function is expressed in the specific tumour working
groups (such as ‘Breast Cancer’). These working
groups are unique networks of involved specialists
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Table 1 Characteristics of breast cancer tumours
diagnosed in the period 1990–2001.

pT1 pT2

N (%) N (%)

Total 52,937 59 36,285 41
Age (years)
o40 3334 6 2557 7
40–49 9866 19 7303 20
50–69 28,186 53 14,729 41
70–79 8663 16 7694 21
80+ 2888 5 4002 11

Treatment
BCS 32,932 62 12,509 34
RT after BCS 28,960 89 10,350 83
Mastectomy 20,005 38 23,776 66

pN
Positive 13,968 26 18,058 50
Negative 38,968 74 18,227 50
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Figure 1 Percentage BCS in pT1 tumours in the period
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and researchers of the CCCs who together discuss
and evaluate guidelines and study results, but also
initiate new research activities. According to all
regional guidelines RT was obligatory for all
patients who received BCS. No distinction was
made between radiation to the breast or the axilla.

Statistical methods

Percentage BCS and percentage RT after BCS are
presented as three-year moving averages, taking
the mean of the previous, the recent and following
year to smoothen variation in time and making it
easier to investigate possible trends. The percen-
tages BCS and RT after BCS were compared
between age groups by means of the w2-test. A
p-value of less than 0.05 was considered to be
significant.

Univariate and multivariate logistic regression
were used to determine first the influence of age at
diagnosis, tumour size, lymph node status, region
of CCC and hospital volume on the chance of
receiving BCS. BCS was taken as dependent variable
in the equation. Second, the influence of the above
mentioned variables on the chance of receiving RT
after BCS was determined, for which only the
patients with BCS were selected and receiving RT
after BCS was taken as dependent variable in the
equation. These analyses were restricted for those
patients diagnosed in the most recent period
1998–2001. Information about hospital volume
was available for 7 out of 9 regions.

Age at diagnosis was categorised in the following
groups: younger than 40, 40–49, 50–69, 70–79 and 80
years or older. Tumour size was defined by patho-
logical Tstage (pT). Lymph node status was defined by
the clinical status (cN) for analyses of association with
the use of BCS. For the association of lymph node
status on the use of RT after BCS the pathological
status (pN) was used. Hospital volume was deter-
mined by the number of breast cancers diagnosed in
2001 and categorised: less than 50, 50–100 and more
than 100 breast cancers diagnosed per year.
1990–2001.
Results

From 1990 to 2001 52,937 pT1 tumours and 36,285
pT2 tumours were diagnosed in the Netherlands
(Table 1). Over the whole period about half of the
tumours were found in patients aged 50–69 years
old. In 1990, 48% of the pT1 tumours were in
patients aged 50 to 69. In 2001, this percentage was
increased to 54%. In pT2 tumours no such increase
was seen.
Breast conserving surgery (BCS)

During the whole period 1990–2001, the mean
proportion of patients receiving BCS was 62% for
those with pT1 tumours and 34% for those with pT2
tumours. For patients younger than 50 years with
pT1 tumours the use of BCS declined from more
than 75% in 1990 to 68% in 2001 (not significant,
Fig. 1). For the patients aged 50–69 years, the
proportion undergoing BCS increased from 66%
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Figure 3 Percentage radiotherapy in breast conserved
surgery treated pT1 tumours in the period 1990–2001.

Explanatory factors for variation in the use of BCS and radiotherapy 609
(63–69 96%CI) in 1990 to 72% (70–74 95%CI,
po0.01) in 2001. In the age group 70–79 years an
increase occurred from 42% (38–47 95%CI) in 1990,
to 57% (54–60 95%CI, po0.01) in 2001. For the
oldest age group of 80 years or older, the use of BCS
increased from 27% (20–34 95%CI) in 1990 to 32%
(26–37 95%CI, not significant) in 2001. The use of
BCS was significantly lower in the two oldest age
groups than in the younger age groups (po0.001).
Overall the use of BCS increased from 63% (61–65
95%CI) in 1990 to 66% (65–67 95%CI) in 2001, mainly
because of the increase in the tumours in patients
between 50 and 79 years.

For those with pT2 tumours, the use of BCS was
comparable in the age groups younger than 40 and
40–49 and declined from 55% in 1990 to about 45% in
2001. A small increase in the use of BCS was seen in
the age group 50–69, from 41% (38–44 95%CI) in 1990
to 45% in 2001 (42–47 95%CI, not significant, Fig. 2).
In the age group 70–79 the proportion undergoing
BCS was significantly lower than in the younger age
groups and remained stable at about 30%. For the
oldest age group of 80 or older the proportion
decreased from 23% to 17% and was significantly
lower than for all other age groups (po0.001).
Taking all age groups together, no significant increase
in the use of BCS was seen for pT2 tumours.

Radiotherapy following breast conserving
surgery

During the period 1990–2001, BCS was followed by
RT in 89% of the patients with pT1 tumours and in
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Figure 2 Percentage BCS in pT2 tumours in the period
1990–2001.
83% of those with pT2 tumours. In patients with pT1
tumours younger than 80 years, the proportion
receiving RT following BCS remained constant over
time and was 87% in 2001 (Fig. 3), whereas in
patients of 80 years or older a small increase was
observed, from 48% (26–69 95%CI) in 1990 to 59%
(49–69 95%CI, not significant) in 2001.

In patients with pT2 tumours younger than 80
years, the use of RT afters BCS declined from more
than 93% to less than 89% in 2001 (Fig. 4). In
patients of 80 years or older a decrease occurred
from 55% (33–77 95%CI) to 44% (33–56 95%CI, not
significant).
Explanatory factors

In the period 1998–2001, 22,420 tumours were
diagnosed of which 12,337 (55%) were treated with
BCS. In 10,737 patients (87%) RT was given after
BCS. Based on the results of a univariate logistic
regression analysis all variables entered the multi-
variate model. For the use of BCS the clinical lymph
node status was taken and for the use of RT after
BCS the pathological lymph node status was taken.
In the period 1998–2001 the chance of receiving
BCS was associated with age at diagnosis (Table 2).
Compared to women aged 50–69 (taken as refer-
ence as this is the age group which were invited for
the national breast cancer screening program),
women younger than 50 years did not have a
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Table 2 Univariate and Multivariate logistic regression fo
available.

Variable and category Dependent variable: use of BCS

Univariate analysis

No. %BCS OR 95%

Age at diagnosis, years
o40 1340 58.7 0.89 0.7
40–49 4117 59.6 0.92 0.8
50–69 (reference) 10713 61.5 1.00
70–79 4641 46.0 0.53 0.5
80+ 1609 23.2 0.19 0.1

Tumour size, pT
1 13924 65.5 3.12 2.9
2 (reference) 8496 37.8 1.00

Nodes, pN
Negative 19207 57.0 1.76 1.6
Positive (reference) 3213 43.0 1.00

Region
1 (reference) 4877 53.7 1.00
2 2136 48.4 0.81 0.7
3 4011 38.7 0.54 0.5
4 3672 74.0 2.45 2.2
5 3972 48.5 0.81 0.7
6 1646 69.9 2.00 1.7
7 2106 63.4 1.49 1.3

Hospital volume
o50 2018 54.2 1.10 1.0
50–100 (reference) 11288 51.8 1.00
4100 9114 59.2 1.35 1.2
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Figure 4 Percentage radiotherapy in breast conserved
surgery treated pT2 tumours in the period 1990–2001.
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different chance of being treated with BCS.
Patients of 70 years or older were less likely to
receive BCS, and especially those of 80 years or
older (OR 0.21, 0.19–0.24 95%CI). Patients with pT1
tumours were three times more likely to receive
BCS than patients with pT2 tumours (OR 3.0,
2.83–3.2 95%CI), whereas patients with clinical
negative lymph nodes had a 1.4 time higher chance
of receiving BCS (OR 1.44, 1.32–1.57 95%CI).
Patients were more likely to receive BCS in low-
volume hospitals (with less than 50 breast cancer
patients with surgery) and high-volume hospitals
than in medium-volume hospitals (OR 1.24 for both
groups). The likelihood of receiving BCS differed
between region of diagnosis; the ORs ranged from
0.54 (95%CI 0.49–0.59) to 2.59 (95%CI 2.34–2.86).
Between regions the distribution of hospital volume
differed, so an interaction between hospital
volume and region could influence the results. In
a stratified analysis according to hospital volume,
the chance of receiving BCS still differed between
regions (data not shown).
r the use of BCS over the period 1998–2001, 7 regions

(n ¼ 22420)

Multivariate analysis

CI p OR 95%CI p

9–1.00 0.04 1.06 0.93–1.20 0.40
6–0.99 0.03 1.02 0.94–1.11 0.58

1.00
0–0.57 o0.001 0.54 0.50–0.58 o0.001
7–0.21 o0.001 0.21 0.19–0.24 o0.001

5–3.30 o0.001 3.00 2.83–3.20 o0.001
1.00

3–1.90 o0.001 1.44 1.32–1.57 o0.001
1.00

o0.001 1.00
3–0.90 o0.001 0.80 0.72–0.89 o0.001
0–0.59 o0.001 0.54 0.49–0.59 o0.001
4–2.69 o0.001 2.59 2.34–2.86 o0.001
5–0.88 o0.001 0.79 0.72–0.87 o0.001
8–2.26 o0.001 1.94 1.71–2.21 o0.001
4–1.66 o0.001 1.46 1.30–1.63 o0.001

0–1.21 0.053 1.24 1.12–1.38 o0.001
1.00

8–1.43 o0.001 1.24 1.17–1.33 o0.001
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Table 3 Univariate and multivariate logistic regression for the use of RTafter BCS over the period 1998–2001, 7
regions available.

Variable and category Dependent variable: use of RT after BCS (n ¼ 12337 with BCS)

Univariate analysis Multivariate analysis

No. %RT OR 95%CI p OR 95%CI p

Age at diagnosis, years
o40 786 87.4 0.86 0.69–1.08 0.19 0.87 0.69–1.1 0.26
40–49 2453 87.8 0.89 0.77–1.03 0.11 0.95 0.82–1.10 0.49
50–69 (reference) 6588 89.0 1.00 1.00
70–79 2136 86.4 0.79 0.68–0.91 0.001 0.79 0.68–0.92 o0.001
80+ 374 51.1 0.13 0.10–0.16 o0.001 0.11 0.09–0.14 o0.001
Tumour size, pT
1 9123 74.6 1.29 1.15–1.44 o0.001 1.28 1.13–1.45 o0.001
2 (reference) 3214 84.8 1.00 1.00
Nodes, cN
Negative 8567 86.5 0.85 0.75–0.95 0.005 0.81 0.71–0.92 o0.001
Positive (reference) 3770 88.3 1.00 1.00
Region
1 (reference) 2620 95.6 1.00 1.00
2 1034 96.5 1.26 0.86–1.85 0.23 1.27 0.86–1.88 0.22
3 1552 91.3 0.48 0.37–0.62 o0.001 0.48 0.37–0.63 o0.001
4 2718 73.8 0.13 0.10–0.16 o0.001 0.12 0.10–0.15 o0.001
5 1927 92.2 0.56 0.43–0.72 o0.001 0.57 0.44–0.73 o0.001
6 1151 79.1 0.17 0.14–0.22 o0.001 0.15 0.12–0.20 o0.001
7 1335 83.0 0.23 0.18–0.30 o0.001 0.22 0.18–0.29 o0.001
Hospital volume
o50 1093 86.1 1.04 0.86–1.25 0.67 1.17 0.96–1.43 0.12
50–100 (reference) 5850 85.6 1.00 1.00
4100 5394 88.8 1.33 1.19–1.49 o0.001 1.24 1.09–1.41 o0.001

Explanatory factors for variation in the use of BCS and radiotherapy 611
In the period 1998–2001 the chance of RT after
BCS was lower in patients older than 69 years than
younger patients (Table 3). Patients 80 years or
older were the least likely, when compared to
patients of 50–69 years (OR 0.11, 95%CI 0.09–0.14).
Patients with pT1 tumours were 1.28 times more
likely to receive RT after BCS than patients with
pT2 tumours. In case of pathological negative
lymph nodes the chance of receiving RT after
BCS was 0.81 times smaller than in case of
pathological positive lymph nodes. The likeli-
hood of receiving RT after BCS differed between
regions. Compared to one of the larger regions,
the likelihood of receiving RT after BCS ranged
from 0.12 to 1.27 (the latter not significant).
Patients were more likely to receive RT after
BCS in high-volume hospitals than in medium-
volume hospitals (OR 1.24, 95%CI 1.09–1.41,
respectively). Analysing the data according to
hospital volume, region was still a significant
predictor of the likelihood of receiving RT after
BCS within each hospital volume group (data not
shown).
Discussion

Our analysis of data of the Netherlands Cancer
Registry shows both remarkable trends in time in
the use of BCS and RT after BCS of patients with
invasive breast cancer (pT1 and pT2) and multi-
factorial reasons for preferences of treatment in
the Netherlands.
Trends in time

Differences in the use of BCS between age groups
became smaller in the period 1990–2001, especially
for patients with tumours smaller than 2 cm. The
decrease in the use of BCS in the first half of the
1990s in patients younger than 50 years of age may
be a reflection of studies in which younger patients
were demonstrated to have a higher risk of local
recurrence following BCS with RT,16 the role of
BRCA-1 and BRCA-2 gene mutations and the
possible association with a higher risk of local
recurrence following BCS.17 However, a decrease in
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the use of BCS was also observed in older patients
with pT2 tumours. The increasing trend in all age
groups (mainly in the group 70–79 years old) in the
second half of the nineties, reflects the growing
confidence in BCS as a treatment option.17,18

Moreover the increasing life expectancy of women
older than 75 years has made them more compar-
able to middle aged women.

Patients of 80 years or older were much less
likely to undergo BCS or receive RTafter BCS, which
could be explained by co-morbidity. A previous
study in the South of the Netherlands found that co-
morbidity declined the chance of BCS and RT after
BCS markedly in older patients.19 Co-morbidity in
the elderly patients could be a justifiable reason to
withhold RT after BCS and does not necessarily
mean inadequate treatment.20

What is more worrying is the decreasing trend in
RT after BCS in all age groups. Randomised clinical
trials show that women treated with breast-
conserving surgery, without RT, have local recur-
rence rates of more than 25% after 5 years, and
that it is not yet possible to define subgroups with
breast-conserving surgery who do not need
RT.16,21,22 Moreover, a recent review of the Early
Breast Cancer Trialists’ Collaborative Group has
shown that loco-regional recurrence can also affect
long-term breast cancer mortality; it was esti-
mated that the prevention of four local recurrences
after BCT would avoid about one breast cancer
death over the next 15 years.23

From the results of this study no clear impact of
mammography screening on the BCS trends could
be revealed. Only a small increase in the use of BCS
in pT1 tumours following the introduction of the
national breast cancer program for women of 50–69
years between 1991 and 1996. In 2000, the upper
age-limit for women being invited to the screening
was raised from 69 to 74 years. It may still be too
early to assess the impact of this decision on the
BCS rates. This study did not concern DCIS for which
the effect of screening and the use of BCS may have
been different.
Explanatory factors

Age at diagnosis, tumour size, lymph node involve-
ment, regions and hospital volume all influenced
the use of BCS and RT after BCS. The Odds for BCS
and RTafter BCS were found to be opposite in some
regions, which implicates that other factors play a
major role. Distance to a radiotherapeutic facility
could be one of the reasons.24 In the Netherlands, a
small country, distances are relatively small and
should be of lesser relevance although we know
that it plays a role for the elderly, less mobile
patients.25 Also the RT procedure, lasting about six
weeks, can be too inconvenient to older patients.

The large variation between regions and hospi-
tals illustrates that more than 2 years after the
introduction of BCS consensus about indications is
not fully implemented the Netherlands.

Taking limiting factors, such as multicentric
breast cancer or the failure to achieve radical
excision of the tumour despite re-excision, which is
more likely in patients with an extensive intraduc-
tal component, a poor cosmetic result due to the
small size of the breast and the localisation of
the tumour, into account, we estimate that 80% of
the patients with a T1 tumour are good candidates
for BCS. In patients with T2 tumours BCS could
probably be offered to at least 50% of the patients
with T2 tumours, considering the fact that the
majority of these tumours are between 2 and 3 cm.
In tumours larger than 3 cm the use of BCS becomes
increasingly dependent on the expected cosmetic
result influenced by the size of the tumour and the
size of the breast, so the percentage BCS is
expected to be lower.

Factors which should not play a role in the
decision between BCS and mastectomy are axillary
nodal status, the potential carcinogenic effect of
RT, a tumour in the central part of the breast or a
high risk of metastatic disease because of a poorly
differentiated tumour and family history.26–28 Still,
in our study patients with clinically negative lymph
nodes had a higher chance to receive BCS, also
after adjustment for tumour size.

In practice surgeons and radiotherapists have to
deal not only with disease-related factors but also
their own experiences with and possible biases
against BCS as well as with the psychological
and practical considerations that determine the
patient’s attitude towards the treatment. At the
time of the introduction of BCS, it was expected
that the vast majority of the women would opt for
this treatment, provided that they had received
proper information about the safety of the proce-
dure. Several reasons have been described why
women may continue to favor mastectomy: the
preservation of their breast does not outweigh the
fear of recurrence and removing the breast in some
way seems to take away this fear5 and their
personal experiences with friends or family
members affected by the disease or by the way
breast cancer is addressed in the lay-press.29,30

Involvement of the patient in the decision-making
process, based on clearly presented information,
has been demonstrated to reduce the anxiety and
depression following surgery, irrespective of the
type of surgery.31 However, not all women wish to
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have a collaborative role in decision-making.32

Therefore, measuring the patient’s wish to be
involved in the treatment should be considered as
a first step in the decision-making process.33
Conclusions

Our study illustrates that cancer registry data are a
useful tool to monitor the results of implementa-
tion strategies at different levels. The variation in
the use of BCS and RT after BCS and the multi-
factorial reasons underscores the need for multi-
disciplinary care, national treatment guidelines
and a uniform implementation strategy, educating
surgeons and patients. To guarantee the implemen-
tation of these guidelines at a hospital level, more
attention should be paid to organisational factors,
which have been shown to influence compliance
with treatment guidelines and improve the quality
of care.34 Special multidisciplinairy outpatient
departments for breast cancer could establish a
better integration between different disciplines
and implementation of the guideline.
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