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A B S T R A C T

We studied the use of radiotherapy (RT) (especially secondary RT) in a cohort of 6561 patients

in southern Netherlands with invasive breast cancer diagnosed between 1996 and 2000

(median follow-up: 66 months, range 0–107 months). Radiation within 6 months of diagno-

sis was considered primary RT (PRT). RT given 6 months or later after diagnosis or after PRT

was considered secondary RT (SRT). Of all patients, 67% received RT, 3554 only PRT, 323 only

SRT and 503 both. The cumulative use of SRT at 100 months was 17%. The 826 patients

receiving SRTunderwent 1846 courses 0–105 months (median 36) after diagnosis; the retreat

rate was 35%. Elderly patients received SRT significantly less often (ORage 50–69 = 0.7,

95%CI = 0.6–0.8, ORageP70 = 0.4, 95%CI = 0.3–0.5). The following factors increased the chance

for SRT: patients from the eastern region (OR = 1.3, 95%CI = 1.1–1.6); patients who received

PRT (OR = 1.3, 95%CI = 1.0–1.5) and patients who underwent mastectomy including axillary

node dissection as well as unresected patients (OR = 1.9, 95%CI = 1.5–2.4, OR = 2.6,

95%CI = 1.7–3.9, respectively).

Thirteen percent of all patients with breast cancer received SRT, with a large variation in

age and between the 2 RT departments in the region.

� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

The incidence of breast cancer in the south of Netherlands

amounted to 120 per 100,000 women in 2000. Radiotherapy

(RT) is an essential part of breast cancer treatment, either as

part of the primary treatment within the framework of

breast-conserving treatment or mastectomy,1–3 or for pallia-

tion of recurrent or metastatic breast cancer.4,5 Therefore, pa-

tients with breast cancer constitute a large proportion of the

patients treated in an RT department.
er Ltd. All rights reserved

fax: +31 13 4685174.
to).
Of all cancer patients about 50% are likely to receive radio-

therapy during the course of their disease.6,7 This percentage

is not derived from population based studies but is neverthe-

less often used in the process of decision making for estima-

tion of the future capacity of RT equipment and personnel

needed. The overall percentage usually consists of a mixture

of primary RT (PRT) as part of the initial treatment and sec-

ondary RT (SRT) in the case of recurrent disease or metastases

without taking into account whether patients had already re-

ceived primary RT.6,8 In a population based study of patients
.
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treated with RT as part of their primary treatment we found

that 30% of all cancer patients received PRT.9,10 For patients

diagnosed with breast cancer in 1998–2002 this amounted to

55%.9 SRT has been studied in our region for all cancer pa-

tients diagnosed between 1975 and 1989: 5% of previously

non-irradiated patients received RT for recurrent disease or

metastases, and about 40% of all irradiated patients had RT

again.11 Recent studies used an evidence-based approach to

determine the use of RT as part of primary treatment and

for treatment of recurrences or metastases. They estimated

that 66–83% of all breast cancer patients received RT during

the course of their illness.12,13

Since we had already performed several studies on the use

of primary RT, we wanted to estimate the percentage of pa-

tients receiving RT during their illness, which can also be rel-

evant for planning purposes. We determined, in a population

based setting in a region with two large RT departments, the

proportion of patients with breast cancer who received RT as

part of their primary treatment and as SRT. We explored the

influence of patient and tumour characteristics on SRT and

variations in referral for SRT.

2. Methods

We studied a cohort of patients with a first invasive breast

cancer, diagnosed between 1st January 1996 and 31st Decem-

ber 2000 and followed until 1st January 2005. Data were de-

rived from the population based Eindhoven Cancer Registry

(ECR), which has recorded data on all patients newly diag-

nosed with cancer since 1955. The registry covers a large part

of South Netherlands with approximately 2.4 million inhabit-

ants in 2004. The medical infrastructure consists of six

Pathology Departments, hospital medical records offices in

10 general hospitals and two large RT departments (one in

the western (Tilburg) and one in the eastern (Eindhoven) part

of the region). Patients never have to travel more than 1 h to

an RT department. Trained registry personnel from the ECR
In situ 
N=663
(excluded)

Radiotherapy (PRT) 
N=4057

Radiotherapy
(SRT)
N=503

No radiothera
N=3554

Primary
treatment

Secondary
treatment

Patients with breas
diagnosed between 

N=722

Fig. 1 – Flow chart of the study population: breast cancer patien

(PTR = primary radiotherapy, SRT = secondary radiotherapy).
actively collect data on diagnosis, staging, co-morbidity and

primary treatment, given or planned within 6 months of diag-

nosis, from the hospital charts after notification of newly

diagnosed cases by the regional Departments of Pathology,

Haematology and Radiotherapy as well as the national Regis-

try of Hospital Discharge Diagnoses. An indicator of socioeco-

nomic status (SES) was developed by Statistics Netherlands

based on individual fiscal data (economic value of the home

and household income) and provided at aggregated levels

for each postal code (average of 17 households). Socioeco-

nomic status was categorised 1 (low) to 3 (high), with a sepa-

rate class for postal codes with a care-providing institution

(such as a nursing home).

Cancer registries in The Netherlands usually cover over

95% of all cases, due to the infrastructure of and good access

to Dutch health care facilities, together with the multiple

source notification procedures used.14 In both RT Depart-

ments, each course of RT is recorded with date of onset, pa-

tient characteristics and treatment protocol number

indicating the kind of radiation treatment given. Data on all

patients with breast cancer who received RT between 1st Jan-

uary 1996 and 1st January 2005 at the two RT Departments

were combined with the above-mentioned data from the ECR.

Between 1996 and 2000, a total of 7224 patients were first

diagnosed with breast cancer, including sarcomas (n = 55)

and unknown morphology (n = 38). Patients with carcinoma

in situ (n = 663) were excluded. We only considered RT given

for the first tumour. Eventually, we included 6561 patients

with invasive breast cancer in our analysis (Fig. 1).

Radiation given or planned within 6 months of diagnosis

was considered PRT.15 This includes patients irradiated within

6 months of diagnosis only for metastases as planned pri-

mary treatment (n = 64). We also included patients who were

irradiated as part of primary treatment later than 6 months

after diagnosis (in case of prolonged chemotherapy) (n = 86).

RT given 6 months or later after diagnosis (other than the

above) or RT given after a previous course of radiation for
No radiotherapy 
N=2504

py 

Primary tumour 
1996-2000

N=6561

t cancer, first 
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4
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breast cancer (even within 6 months) was considered as de-

layed or SRT. Patients first irradiated for metastases within 6

months of diagnosis, but for whom this irradiation was not

planned as primary treatment, were also considered to have
Table 1 – Characteristics of patients with breast cancer
diagnosed between 1996 and 2000 (n = 6561) receiving
primary radiotherapy in south Netherlands

Patient
characteristics

Primary radiotherapy

No
(n = 2504)

(%)

Yes
(n = 4057)

(%)

Total
(n = 6561)

(%)

Age at diagnosis

649 years 554 (22) 1142 (28) 1696 (26)

50 t/m 69 1002 (40) 2059 (51) 3061 (47)

P70+ 948 (38) 856 (21) 1804 (28)

Number of concomitant diseases

None 1188 (47) 2441 (60) 3629 (55)

One 580 (23) 889 (22) 1469 (22)

2+ 387 (16) 372 (9) 759 (12)

Unknown 349 (14) 355 (9) 704 (11)

Socioeconomic status

Low 687 (28) 977 (24) 1664 (25)

Middle 927 (37) 1669 (41) 2596 (40)

High 660 (26) 1249 (31) 1909 (29)

Institutiona 195 (8) 131 (3) 326 (5)

Unknown 35 (1) 31 (1) 66 (1)

Stage at diagnosis

I 897 (36) 1713 (42) 2610 (40)

II 1135 (45) 1815 (45) 2950 (45)

III 133 (5) 390 (10) 523 (8)

IV 176 (7) 105 (3) 281 (4)

Unknown 163 (7) 34 (1) 197 (3)

Second breast tumour

No 2377 (95) 3847 (95) 6224 (95)

Yes 127 (5) 210 (5) 337 (5)

Vital status 1st January 2005

Alive 1664 (66) 3068 (76) 4732 (72)

Deceased 840 (34) 989 (24) 1829 (28)

Surgeryb (western region)

BCS + AC 42 (3) 1227 (67) 1269 (39)

BCS 62 (4) 32 (2) 94 (3)

MRM + AC 1074 (76) 510 (28) 1584 (49)

MRM 63 (4) 25 (1) 88 (3)

No surgery 176 (12) 41 (2) 217 (7)

Surgery (eastern region)

BCS + AC 53 (5) 1632 (73) 1685 (51)

BCS 51 (5) 35 (2) 86 (3)

MRM + AC 840 (77) 502 (23) 1342(41)

MRM 28 (3) 18 (1) 46 (1)

No surgery 115 (11) 35 (2) 150 (5)

Radiotherapy department

Western region 1417 (57) 1835 (45) 3252 (50)

Eastern region 1087(43) 2222 (55) 3309 (50)

Secondary radiotherapy

No 2181 (87) 3554 (88) 5735 (87)

Yes 323 (13) 503 (12) 826 (13)

a Institution: patients living in an institution (i.e. nursing home).

b BCS = Breast conserving surgery, AC = axillary clearance,

MRM = modified radical mastectomy.
received SRT (n = 57). When data from the RT institutes were

compared with data from the ECR, we found that PRT was

not registered in the ECR in 136 cases (2% of the total cohort).

We included them in our analysis as part of the PRT group. RT

registered in the ECR for 2 patients who were treated later

than 6 months (25 and 51 months) after diagnosis was consid-

ered to be SRT.

Twenty-one patients were treated with a combination of

hyperthermia and external RT for recurrent breast cancer,

all administered in the RT department at the Western region,

which is a top level reference department for superficial

hyperthermia.16 Eleven of these patients received previous

PRT at the same department, and 9 in the other; 1 had previ-

ous SRT for recurrent breast cancer in the same institute.

The retreat rate is defined as the number of radiation

courses given after the first course divided by the number of

all first courses either as PRT or as SRT (=number of patients

irradiated).

Characteristics of patients who did or did not receive PRT

are listed in Table 1. For surgery, we distinguished between

patients from the western and the eastern region. We used lo-

gistic regression analysis to estimate the chance of receiving

SRT adjusting for age, number of concomitant conditions,

socioeconomic status, stage, second breast tumour, RT insti-

tute, primary surgical treatment and prior PRT. We assessed

the number of patients receiving SRT, and the number and

type of secondary radiation treatments (for recurrent or for

metastasised disease) they received.

The cumulative use of any RT (PRT or SRT) over time was

calculated according to the Life Table Method,17 starting on

the date of diagnosis and ending on the date of start of RT,

or censored on the date of death or 1st January 2005 which-

ever occurred first. In total 1543 patients were censored on

1st January 2005. The cumulative use of SRT was calculated

by means of the same method: follow-up for patients who re-

ceived PRT (n = 4057) started on the last day of primary RT

(according to the definition, these patients were at risk for

SRT after having received PRT); follow-up for patients who re-

ceived no PRT (n = 2385, 119 patients died within 6 months of

diagnosis) started 6 months after diagnosis (by definition pa-

tients without PRTwere at risk for SRT 6 months after diagno-

sis). Follow-up of both groups ended on the date of initiating

SRT, date of death or 1st January 2005, whichever occurred

first. These two groups were compared by means of the log-

rank test.

3. Results

In our cohort of 6561 patients with breast cancer diagnosed

between 1996 and 2000 (median follow-up 66 months, range

0–107 months), 4380 (67%) patients received RT between 1st

January 1996 and 1st January 2005: 3554 (54%) only PRT, 323

(5%) only SRT and 503 (8%) both (Fig. 1). Five hundred and

three patients who received PRT and 120 patients who re-

ceived only SRT were irradiated twice or more. The retreat

rate was 35% (1523/4380). The patient characteristics are

listed in Table 1. About half of all patients underwent

breast-conserving surgery and half mastectomy. In the east-

ern region, a higher percentage received breast-conserving

surgery and was referred for PRT. Five percent of the patients



Table 3 – Number of secondary radiation courses (range:
0a–105 months after primary diagnosis) per patient in a
cohort of breast cancer patients diagnosed between 1996
and 2000 (n = 6561) in south Netherlands

Number of
secondary
radiotherapy
courses

Number
of

patients
(%)

Total
number of
secondary

radiotherapy
courses

Cumulative
number of
secondary

radiotherapy
courses

1 438 (53) 438 438

2 166 (20) 332 770

3 76 (9.2) 228 998

4 47 (5.7) 188 1186
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(n = 337) developed a second breast tumour between 1st Janu-

ary 1996 and 1st January 2005, 146 (43%) of whom received

PRT for the second tumour. Six patients developed a second

tumour in the ipsilateral breast, but with other morphology

or at another sublocalisation, 331 in the contralateral breast.

For 105 patients the second tumour was diagnosed within 1

month of the first, for 82 of these patients on the same day.

In this study, we only considered RT given for the first tumour

(n = 57). The odds for receiving SRT are shown in Table 2.

Patients aged 50 years or older received SRT significantly less

often (OR = 0.7, 95% CI = 0.6–0.8 and OR = 0.4, 95%CI = 0.3–0.5

for patients 50–69 years and 70 years or older, respectively).

Patients with an initial tumour stage higher than stage I
Table 2 – Odds of receiving secondary radiotherapy for
patients with breast cancer diagnosed between 1996 and
2000 (n = 6561) in south Netherlands, each variable
adjusted for all others

Odds-
ratio

95% CI p-
value

Age at diagnosis

649 years 1

50 t/m 69 0.7 0.6–0.8 <0.0001

P70+ 0.4 0.3–0.5 <0.0001

Number of concomitant diseases

None 1

One 0.9 0.8–1.1 0.5

2+ 0.8 0.6–1.1 0.1

Unknown 1 0.7–1.2 0.7

Socioeconomic status

Low 1

Middle 1 0.9–1.3 0.7

High 1.1 0.9–1.4 0.4

Institutiona 0.8 0.5–1.3 0.4

Unknown 1.4 0.7–2.9 0.4

Stage at diagnosis

I 1

II 2.2 1.8–2.7 <0.0001

III 2.9 2.1–3.9 <0.0001

IV 8 5.5–11.5 <0.0001

Unknown 0.9 0.5–1.7 0.8

Radiotherapy department

Western region 1

Eastern region 1.3 1.1–1.6 0.0003

Primary radiotherapy

No 1

Yes 1.3 1.0–1.5 0.02

Second breast tumour

No 1

Yes 1 0.7–1.5 0.8

Surgeryb

BCS + AC 1

BCS 1.6 0.9–2.8 0.09

MRM + AC 1.9 1.5–2.4 <0.0001

MRM 1.7 1.0–3.0 0.07

No surgery 2.6 1.7–3.9 <0.0001

a Institution: patients living in an institution (i.e. nursing home).

b BCS = Breast conserving surgery, AC = axillary clearance,

MRM = modified radical mastectomy.

5 44 (5.3) 220 1406

6 14 (1.7) 84 1490

7 13 (1.6) 91 1581

8 11 (1.3) 88 1669

9 5 (0.6) 45 1714

10 4 (0.5) 40 1754

11 6 (0.7) 66 1820

12 0 (0) 0 1820

13 2 (0.2) 26 1846

Total 826 (100) 1846 1846

a 0 months after diagnosis: patients first irradiated for metastases

within 6 months of diagnosis, but for whom this irradiation was not

planned as primary treatment.
received SRT significantly more often (stage II: OR = 2.2,

95%CI = 1.8–2.7, stage III: OR = 2.9, 95%CI = 2.1–3.9, stage IV:

OR = 8, 95%CI = 5.5–11.6). Patients from the eastern region

were referred more often for SRT (OR = 1.3, 95% CI = 1.1–1.6).

Patients who received PRT had a slightly higher chance of

receiving SRT (OR = 1.3, 95%CI = 1.0–1.5). Patients who under-

went mastectomy including axillary node dissection and

patients who did not undergo surgery had SRT significantly

more often (OR = 1.9, 95%CI = 1.5–2.4, OR = 2.6, 95%CI = 1.7–

3.9, respectively).

Of 826 patients receiving SRT, 138 (17%) had the first course

of SRT for a recurrence and 688 for metastases; they under-

went 1846 courses in total, with a range of 0–101 months

(median 36 months) after primary diagnosis: 174 courses for

relapsed breast tumours and 1672 courses for metastases.

Seventy-four percent of these patients had more than one

secondary treatment (median = 3) (Table 3).

Fig. 2 shows the cumulative use of RT, either PRT or SRT. Of

all patients at risk, 4035 (61%) had RTwithin the first 6 months

of diagnosis. After 101 months 4380 patients had received RT,

or 67% of the patients at risk. In Fig. 3, the cumulative use of

SRT is shown separately for patients who did or did not re-

ceive previous PRT. The total cumulative use of SRT was 17%

100 months after start of follow-up. The cumulative chance

to have SRT was slightly higher for patients who did not re-

ceive prior PRT (p = 0.2).

4. Discussion

We studied the percentage of patients with breast cancer in a

cohort diagnosed between 1st January 1996 and 1st December

2000 in our region who received either primary or secondary

RT. With a median follow-up of 66 months, 67% of all breast
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cancer patients received RT at some point in the course of

their illness. This is similar to an evidence-based estimation

for optimal RT utilisation in Canada, while an evidence-based

study in Australia calculated a higher level.12,13 However, re-

ported actual RT utilisation rates were much lower (25–

50%),18,19 except in the state of New South Wales, Australia

(71%), which was the only study that included patients who

had their first RT late during the course of their disease.20

We found that patients older than 50 years of age had a

significantly lower chance of receiving SRT than did younger

patients. Manders and colleagues described the clinical man-

agement of women with metastatic breast cancer, demon-
10896847260483624120
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strating that patients aged 70 years or older were less likely

to receive both chemotherapy or RT.21 Elderly patients were

also treated less often with primary irradiation, sometimes

related to co-morbidity.22,23

Socioeconomic status did not affect the chance to receive

SRT in our cohort (Table 2), while in the USA large treatment

disparities were found.24 However, socio-economic disparities

in the Netherlands are relatively small and medical insurance

covers cancer treatment for 99% of the population.25

The chance to receive RT for an invasive carcinoma may

have been influenced by a previous carcinoma in situ (CIS).

According to the national guidelines duct carcinoma in situ

(DCIS) should be treated with breast-conserving surgery,

including RT, or alternatively with a simple mastectomy on

indication.26 Currently, 49% of patients with DCIS are irradi-

ated but in 1996 this was only 20%.27 After breast-conserving

therapy, including irradiation for a previous DCIS, no standard

RT is possible for a new invasive tumour in the same breast.

As a result patients with an invasive carcinoma after earlier

treatment for DCIS are more likely to undergo a mastectomy

without irradiation. DCIS forms 8% (in 1996) to 10% (in 2003) of

all new breast tumours.28

In our cohort 337 (5%), patients developed a second breast

tumour between 1st January 1996 and 1st January 2005. This

percentage was also found in another population based

study.29 Because we only considered RT given for the first tu-

mour, we excluded these second tumours, 43% of which re-

ceived PRT, from our cohort. If these patients received SRT,

we distinguished for which tumour on the basis of data from

the RT departments. Only SRT for the first tumour was in-

cluded in our study. A second breast tumour did not influence

the chance of receiving SRT for the first tumour.

When a local recurrence occurs after mastectomy (66% of

patients primarily undergoing a mastectomy received no

PRT), the recurrent tumour can often be treated with SRT. Pa-

tients with a recurrence after breast conserving treatment

(97% of whom received PRT) are usually not suited for RT
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for their recurrence. Therefore, a mastectomy will commonly

be the first treatment of choice. Some of these patients are eli-

gible for regional lymph node irradiation. Superficially located

recurrent breast cancer in a previously irradiated area can be

treated with RT in an adapted fractionation schedule com-

bined with hyperthermia as radiosensitiser.16

In the eastern region, a higher percentage of patients were

treated with breast-conserving surgery, which leads to a

higher percentage of patients receiving PRT in that region.

This can be explained by variations in surgical management,

which are larger in the western region than in the eastern re-

gion.30,31 This variation in referral for radiotherapy was ob-

served not only for PRT but also for SRT.

Patients with a higher stage, usually treated with mastec-

tomy including axillary node dissection, have a higher risk for

metastases amenable to RT. Patients who did not have any

surgery at all had a significantly higher chance of receiving

SRT, probably because almost 50% of them had a stage IV tu-

mour at diagnosis, thus a higher risk for symptomatic metas-

tases amenable to RT. Eventually, skeletal metastases occur in

20–40% of patients with breast cancer.32,33 RT relieves pain in

most cases, is effective in spinal cord decompression and can

prevent a pathological fracture in the case of lytic lesions of

the bone cortex.34–36 It also improves quality of life and may

prolong median survival for most patients with symptomatic

brain metastases which occur in 10–20% of women with met-

astatic breast cancer.37

The cumulative use for SRTwas slightly higher for patients

who did not receive prior PRT (Fig. 3), but after adjustment,

the chance of receiving SRT was 30% higher for patients with

prior PRT in comparison with patients without prior PRT

(OR = 1.3, Table 2). This can partly be explained by the differ-

ences in stage distribution and variations in surgical

procedures.

A potential drawback of our study is the median follow-up

time for our cohort (66 months, range 0–107), which is not

very long for a population of breast cancer patients. However,

we were unable to study an earlier cohort, because data were

incomplete before 1996. Although the development of loco-re-

gional recurrences after 5 years is not uncommon,38 the

majority of recurrences and distant relapses occur in the first

5 years.39–41 Generally, breast cancer often behaves as a

chronic disease for many patients, resulting in prolonged sur-

vival with metastases.41,42 Patients with metastasised disease

may be referred for the first SRT many years after the first

appearance of the disease and can be treated with irradiation

on different localisations until their death. Only 28% of pa-

tients in our cohort had died on 1st January 2005. So, whereas

the majority of SRT for recurrent breast cancer will occur

within our study period, illustrated by the levelling off of

the total referral rate (PRT and SRT) after the first year of fol-

low-up (Fig. 2), the cumulative use of SRT (17% at 100 months

after the start of follow-up) will undoubtedly continue to in-

crease slowly over subsequent years.

5. Conclusions

The required capacity for RT for breast cancer is likely to be

higher than the cumulative rates calculated now, requirements

also need to be based on RT for DCIS (now 10% of all breast can-
cers, 50% of whom receive RT), and the RT for second primary

breast cancer. Furthermore, there was a relatively low rate of

breast-conserving surgery (and thus PRT) attributable to sev-

eral referring specialists30,31 and there was also some under-

treatment of elderly patients.22,23 This approach to the

investigation of radiotherapy consumption stimulates discus-

sion on optimal treatment and clinical justification of treat-

ment variations. Therefore, continued monitoring and

discussion with referring specialists is highly warranted.
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