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Chapter 1

1.1 Background

Breast cancer is the most frequent cancer among women in the Netherlands, and
it is the most important cause of cancer death. Between age 35 and 55 about 20% of all
deaths among women is due to breast cancer.! The age-standardised incidence rate is
among the highest in Europe,? and incidence rates have been increasing since 1960.> The
mortality from breast cancer has been fairly stable for many years, but decreased
somewhat in the last decade (figure 1).

The detection of (early) breast cancer has been facilitated by the introduction and
increased use of mammography and cytology since the 1980s. The implementation of the
mass breast cancer screening programme between 1991 and 1996 further increased the
incidence of breast cancer, also because of an increased awareness in the population.
However, any increase associated with early detection would be temporary. Some of the
screen-detected tumours would never have
been diagnosed without a mass screening
programme, so some of the increase is likely 120 Vas
to be artificial. T e

It has been suggested that the
increased breast cancer risk is largely due to
a growing number of breast tumours with
lower malignant potential or more early
stage disease.

On the other hand, the increased
incidence might be the resuit of a change in
the risk factors for breast cancer many years
ago. Many known risk factors are related to
endogenous hormones: young age at
menarche, higher age at menopause, high
age at birth of first child, lower parity,
shorter lactation.* These factors have
changed in an adverse way over the past o -
decades and have probab[y contributed to 1960 1965 1970 1975 1980 1985 1990 1995 2000
the increased breast cancer incidence. year of diagnosis/deatn
Nutrition (in particular obesity),® physical Figure 1 ‘al';ind?nngrtl;;sst iﬁangiuﬂ:f;gis
activity® and alcohol consumption® may also Netherlands 1960-2002
have played a role.

Survival from breast cancer has improved for several decades, both for women
younger (figure 2) and older than 70 at diagnosis. In the 1970s 5-year relative survival
was less than 50%, of the patients diagnosed in 2000-2002 about 80% will survive at
least five years.
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Introduction

Several factors are thought to be responsible for this better survival. Firstly,
treatment (and staging) has considerably improved. In the early 1980s chemotherapy
was introduced, but also the administration and dosage of radiotherapy became more
accurate. Chemotherapy was estimated to explain 7-50% of the improved survival of
breast cancer.” ® Also early detection played a role in improved survival. The introduction
of the mass screening programme is estimated to contribute 30%’ to 50%?® to improved

survival rates. Early

%1ac§ic\>/e detection resulting in a
more favourable stage
distribution also allows for
better and less mutilating
therapeutic regimens.
Finally, part of the improved
survival is due to bias, lead
time bias (as a result of

80

60 1

40 -~

20

1955-69 1970-79 1980-89 1990-94 1995-99 2000-02 early detection the time
period of diagnosis between diagnosis and

death is by definition
Figure 2 Trend in relative 5- and 10-year survival of breast longer) and length bias

cancer patients younger than 70 diagnosed in
southeastern Netherlands (some screen  detected

tumours would never have
progressed to metastasis or death if they had remained undiagnosed).

More than half of the breast cancer patients in the Netherlands is aged 60 years
or older,’ and the proportion of elderly patients in the Dutch population will increase
substantially in the next decades (figure 3). With increasing age, the prevalence of
coexistent diseases increases,™® and previously already 50% of all breast cancer patients
over 60 years were found to have serious concomitant disease at the time of breast
cancer diagnosis. These patients with co-morbidity require special care, treatment
guidelines are or cannot always followed and short-term survival was lower independent
from age and stage of disease.'*

Another subgroup of vulnerable patients is represented by women from lower
socioeconomic backgrounds. Co-morbidity was more prevalent among these patients,*
and they had worse stage distribution at diagnosis and experienced lower survival in the
1980s.%®

The demand for care within the Dutch health care system is likely to increase over
the coming decades. With an increasing age of the population, the number of new
patients will also rise, of whom a large proportion requires specific care due to
concomitant diseases. Because treatment guidelines since 2000 tend towards more
adjuvant systemic therapy, an increase of about 50% in the number of patients receiving
such treatment was expected in Dutch hospitals.*

13
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Since survival rates have been improving, the number of prevalent cases is also
expected to increase considerably. In 2005 there were about 119,000 (ex-) breast cancer
patients in the Netherlands, who in 2015 might have increased to about 194,000. About
80% of these women still require some form of health care, either for diagnosis and
treatment, surveiliance during follow-up, or because of recurrences, metastases or new
primary malignancies.'® )

1960 male ffemale s0-84 [1990 80-84 | 2020

70-74 70-74

60-64 60-64

50-54 50-54

3 4044 40-44

30-34 > 30-34

20-24 20-24

10-14 10-14

SR 777777 7772 0-4 0-4

15% 10% 5% 0% 5% 10% 15% 15% 10% S$% 0% 5% 10% 15% 15% 10% 5% 0% 5% 10% 15%

Figure 3 Age-distribution of the population in the area of the Eindhoven Cancer Registry

1.2 Outline

The objectives of the studies described in this thesis were:

1 To explore the trends in incidence and survival of breast cancer in a large
population-based setting

2. 7o investigate determinants of survival as available in the registry, but also
focussing on a standardised indicator of severity

3. To explore clinical issues arising during the course of discase and long-term
follow-up

Preceding the mass breast cancer screening programme, incidence rose markedly.
We investigated whether this increase consisted predominantly from tumours with low
malignant potential, which would be the case if the increase was largely due to earlier
and improved detection. The mitotic activity index (MAI) was used as it is a standardised
and powerful measure of breast cancer aggressiveness and the time trend according to
MAI is described in chapter 2.1. The long-term trends in incidence of and survival from
breast cancer in the population-based Eindhoven Cancer Registry since 1975 are
described in chapter 2.2. Using the data from all Dutch cancer registries combined, the
trends in occurrence and outcome of uncommon histological types of breast cancer were
studied and also the impact of histological type on survival (chapter 2.3). '
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In chapter 3.1 the value of the mitotic activity index in predicting long-term
prognosis was studied for patients with early breast cancer who did not receive systemic
therapy. The impact of co-morbidity at the time of diagnosis on prognosis was
investigated, to explore their effects on treatment chosen and also breast cancer survival
up to 9 years after diagnosis (chapter 3.2). In the 1980s a negative association
between socio-economic status and breast cancer survival was observed. We investigated
among breast cancer patients aged 50-69 years the variation in survival according to
socio-economic status, before, during and after the implementation of the mass
mammography screening programme (chapter 3.3).

During the course of the disease, at least six months after initial treatment and
diagnosis, many breast cancer patients are (again) treated with radiotherapy. We studied
the quantity of radiotherapy use by following a cohort of breast cancer patients for 4-10
years since diagnosis (chapter 4.1). The occurrence of new primary tumours during the
long-term follow-up (up to 30 years) of women diagnosed with breast cancer is described
in chapter 4.2, We also explored shifts in the pattern of causes of death of patients who
survived at least 10 years after diagnosis when life expectancy almost normalizes. This is
described in chapter 4.3.

This thesis ends with an overview of studies on long-term survivors of breast
cancer and the prognostic factors (chapter 5.1). In the general discussion (chapter
5.2) the main results and future perspectives for research and clinical management are
considered.

1.3 Methods, population and patients

Cancer Registry and population

The Eindhoven Cancer Registry (ECR) was started in 1955 as part of a programme
for nation-wide cancer registration in the area of southeastern North Brabant. Data on all
new cancer patients were collected directly from pathology reports and patients medical
records. The registry was started in three hospitals in Eindhoven and gradually expanded
to include the southeastern part of the Dutch province of North-Brabant, the northern
part of the province of Limburg (since 1970) and the middle and southwestern part of
North-Brabant since 1986 (except the small most western part).

Other regional registries had discontinued their activities, until a successful nation-
wide programme was re-established since 1984. Since 1989 the whole Dutch population
is covered by one of nine regional cancer registries, which established the National
Cancer Registry.

The area of the population-based Eindhoven Cancer Registry is now served by 10
general hospitals at 16 locations and two large radiotherapy institutes. The area does not
contain university or specialised cancer hospitals.

15
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There are six pathology
laboratories, all participating in the
nationwide PALGA network, which aiso
notifies the regional cancer registries. The
cancer registry receives lists of newly
diagnosed cases on a regular basis from
the pathology departments. In addition
the medical records departments of the
hospitals provide lists of outpatients and
hospitalised cancer patients. Following
this notification, the medical records of
newly diagnosed patients (and tumours)
are collected and trained tumour
registrars from the cancer registry
abstract the necessary information. Data

are checked for duplicate records.

Figure 4 The current area of the Eindhoven

Patients who live in the catchment Cancer Registry of the
area of the Eindhoven cancer Registry, (SZon;ﬁrehensive Cancer  Centre
ou

but are diagnosed in hospitals elsewhere
in the Netherlands, are regularly retrieved from all other Dutch cancer Registries since
1989. Before this year it was done directly through retrievals at all the cancer centres.

The region is characterised by good access to medical care without financial
obstacles. The distance to a hospital has always been less than 30 kilometres.

In the area of the Eindhoven Cancer Registry, a biannual breast cancer
mammography screening programme for women aged 50-69 was started in 1991 and
fully implemented in 1996. The attendance rate was about 80%.'® Since 1998 women
aged 70-74 were also invited.

The population in the area is increasingly ageing (figure 3), with an increased
proportion of elderly women, and since 1965 a decreasing number of children.

Staging

Stage of the solid tumours was categorised according to the TNM-classification
IUCCY for all patients diagnosed until 2002. From 2003 onwards, a new classification
became effective with some adjustments in the classification of axillary lymph nodes.®

Patients with more than 3 positive lymph nodes were previously coded N1, and are
now classified as N2 (4-9 positive nodes) or N3 (more than 10). This resulted in a shift
from stage II to stage III breast cancer.

In case of a sentinel node biopsy the pathological N status was based on the
examination of the sentinel node only: NO if no sentinel lymph node metastasis was
found, N1 if a positive sentinel node was found.
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Before 2003 the node status could only be categorised when at least 6 lymph nodes were
examined, so in case of a negative sentinel node a NX was assigned.

Table 1 Stage distribution according to TNM-
classification IUCC
Stage T N M
0 is 0/X 0/X
I 1* /X 0/X
TIA 2 0/X 0/X
0,1% 1 0/X
1B 3 0o/X 0o/X
2 1 0/X
IIIA 0,1%-2,X 2 0/X
3 1-2 0/X
I8 4 all 0/X
all 3 (1.4
v all all 1
unknown X 1/X /X

* T1 including T1mic

Histological classification

Breast tumours were classified based on topography and histology, according to
the WHO International Classification of Diseases for Oncology (ICD-0).'* Codes were
grouped according to the classification in table 2.

Table 2 Classification of histology according to the WHO ICD-O

Histological group

Morphology code according to ICD-0%°

Ductal (not otherwise specified)

Lobular

Mixed ducto-lobular
Mucinous

Medullary

Tubular

Papillary
Metaplastic
Squamous cell (SCC)
Adenocystic
Cribriform

Carcinoid

Signet ring cell
Paget disease
Sarcoma

Hemangiosarcoma
Phyllodes
Lymphoma*

Other

8010-8021,8140-8141,8190,8230-8231,8310-8441,8500-
8502,8508,8514,8521,8523,8530,8550

8145,8520,8524

8522

8480,8481,8482

8510-8513

8211

8050,8260,8450,8503,8504,8507

8031-8035, 8560,8570-8573,8575,8801,8980, 9180,9183,9220
8070-8074

8200

8201

8240-8246,8574,8249,9091

8490

8540-8543

8800,8810-8921,8931,8935,8990,8991,9040-9044, 9131-9179,
9184-9219, 9221-9230, 9232-9342,9364-9372, 9473,9540-9559,
9561-9581

9120-9130

9020

9590-9729,9850

all other codes, including patients without pathological verification

17
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Mitotic activity index (MAI)

MAI was measured according to a strict protocol”® in a special collaboration with
the department of pathology from the Free University in Amsterdam. The participating
regional pathology laboratories retrieved paraffin-embedded blocks from the archives;
4pm sections were cut from neutral formaldehyde-fixed paraffin-embedded tissue blocks
that contained the least differentiated areas of the tumour. The most cellular area in the
periphery of the tumour of hematoxylin-eosin stained sections was selected. Mitotic
figures were counted in 10 neighbouring high power fields defined at x400 magnification
with a x40 objective (numerical aperture, 0.75; field diameter, 450 pm). The MAI was
defined as the total number of sharply defined mitoses in these 10 high power fields
(total area 1.6 mm?).%°

Co-morbidity

Since 1993 the registry also recorded comorbidity according to a slight adaptation
of the list of serious diseases drawn up by Charlson and colleagues.” In short, the
following important conditions were recorded (table 3): chronic obstructive pulmonary
diseases (COPD), cardiovascular and cerebrovascular diseases, other malignancies
(excluding basal cell carcinoma of the skin), and diabetes mellitus. Connective tissue
diseases, rheumatoid arthritis, kidney,bowel, and liver diseases, dementia, tuberculosis
and other chronic infections were also recorded.*

Table3  Classification of co-morbidity, modified version of the list of Charlson et al. %

Chronic obstructive pulmonary disease (COPD)

Cardiovascular disease: myocardial infarction, cardiac insufficiency, angina pectoris, coronary
artery bypass graft (CABG)

Peripheral arterial disease: intermittent claudication, abdominal aneurysm, surgical intervention

Cerebrovascular diseases (cerebrovascular accident, hemiplegia)

Other malignancies (except basal cell skin carcinoma)

Hypertension

Diabetes mellitus

Other:
Autoimmune diseases: sarcoidosis, Wegener's disease, systemic lupus erythematosis (SLE)
Rheumatoid arthritis (only severe)
Kidney diseases: glomerulonephritis, pyelonephritis
Gastrointestinal: stomach ulcer and resection, colitis
Liver diseases: cirrhosis, hepatitis
Dementia
Chronic infections

Secioeconomic status

An indicator of socioeconomic status developed by Statistics Netherlands was
used.” At the six-position level of postal code, data on household income and the
economical value of the house are available from fiscal data from the year 2000. Within
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each postal code there are about 17 households, so this aggregate measure counts for a
very small geographic area, which enhances the reliability. Furthermore, the use of
routinely collected income tax data (no questionnaires or interviews) gives reliable
estimates of household income. Socioeconomic status was categorized according to
quintiles raging from 1 (low) to 5 (high), with a separate class for postal codes with a
care providing institution (such as a nursing home). This measure is assumed to be valid
10 years before and after the set year (2000), so for patients diagnosed before 1990 we
used a measure which was also based on postal code of residence, but socio-economic
status (5 categories) was assigned based on data from a marketing agency.**

Socio-economic differences based on neighbourhood data have proven to be a
fairly good reflection of socio-economic differences at an individual level %,

Data-analyses
Incidence and mortality

Because the age-distribution varies over time, and to enable international
comparisons, age-adjustment was performed by direct standardisation according to the
European Standard Population (European Standardised Rates, ESR).

Annual incidence and mortality rates were calculated as 3-year moving averages.

Trends in incidence and mortality were estimated by calculating the estimated
annual percentage change (EAPC). This was done by fitting a regression line to the
natural Iogérithm of the rates using calendar year as regressor variable, i.e,, y=mx + b
where y=In(rate) and x=calendar year. Then EAPC=100x (e™ -1). This calculation
assumes that the rates increased or decreased at a constant rate over the entire period.

Age, drift, period and birth cohort effects were investigated with the incidence
data using the age-period-cohort modelling as described by Clayton and Schifflers
methods.” %

Drift is a term which was introduced to describe models for which age-period and
age-cohort parameters fit the data equally well. The model implies the same linear
change in the logarithm of the rates over time in each age group. Such a model thus
serves as an estimate of the rate of change of a regular trend.

Survival

Information on the vital status of all patients diagnosed until December 31st 2002
was obtained initially from the municipal registries and since 1998 the Central Bureau for
Genealogy. These registers provide virtually complete coverage of all deceased Dutch
citizens. Patients who moved outside the Netherlands were lost to follow-up; the
estimated proportion was 0.2%. Follow-up lasted until January 1st 2005.

Crude survival analyses were performed. Cox regression models were used to
compute multivariate rates.

Relative survival (the ratio of the observed to the expected rates) is an estimation
of disease-specific survival, which reflects survival of cancer patients adjusted for survival

19
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in a background population with the same age structure.®® Expected survival rates were
calculated from life tables for regional female populations with the same S5-year age
distribution. Generalised linear models with a Poisson error structure were used, based on
collapsed data and exact survival times.*
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Chapter 2.1

Abstract

Objective: The increased incidence of breast cancer in the Southeastern
Netherlands was accompanied by markedly improved relative survivai and stable
mortality. We investigated whether the average aggressiveness of tumours changed over
time in a population-based study, before the introduction of mass screening.

Methods: The mitotic activity index (MAI) was determined retrospectively for 1051
consecutive patients diagnosed with invasive, non-metastatic breast cancer in 1975,
1981, 1988, and 1989. Trends over time, and effects of age, tumour size and lymph node
status were examined by univariate and multivariate regressions. Results: Age-adjusted
incidence of low MAI tumours changed from 35/100,000 in 1975 to 45/100,000 in 1988-
89, an increase of 30% (P = 0.01), the incidence of tumours with a high MAI increased
about 20% (P = 0.28), from 25 to 29/100,000. For small tumours (T1) the odds for a
high MAI was lower in 1981 (OR 0.80, 95%CI 0.37-1.73) and 1988-89 (OR 0.66, 95%CI
0.35-1.23) compared to 1975. Among T3 and T4 tumours the odds increased to 2.03
(95%CI 0.71-5.86) in 1981 and 2.16 (0.76-6.18) in 1988-89.

Conclusion: Although the incidence of tumours with low aggressive potential
increased, the incidence of high MAI tumours also increased. Stable breast cancer
mortality rates in the face of increasing incidence rates during the period 1975-89 cannot
be attributed solely to changes in tumour aggressiveness; early diagnosis and better
treatment may also have contributed.



Time trends in breast cancer aggressiveness

Introduction

A regular breast cancer screening program in the southeastern Netherlands was
started in 1992. Even before its introduction the age-adjusted incidence of primary breast
cancer doubled since 1960* (Figure 1) to become one of the highest in Europe 2, Mortality
has only increased for women of 75 years and over.! * 10-year relative survival for women
under 70 years of age at diagnosis increased from 32% for patients diagnosed in 1955-
1969 to 63% for patients diagnosed in 1980-1986." * Improved survival is likely to be
caused by earlier detection, better staging and advances in treatment. Earlier detection
cannot explain a fairly continuous increase in incidence, because its effects would largely
be temporary.® Furthermore, 10-year relative survival for patients with stage I tumours
improved from 73 % for patients diagnosed in 1970-1974 to 85% for those diagnosed in
1980-1984.> Tumour aggressiveness may have decreased, most likely in relation to
certain risk factors.”

Rate /100,000 woman-years
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20 - .
- |ncidence
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Year of diagnosis/death

Figure 1 Age-adjusted incidence and mortality rates (European standardized rates) of female
breast cancer (3-year moving averages), since 1960 per 100,000 woman years.

We therefore decided to study the time trends in tumour aggressiveness. Many
publications have shown that tumour cell proliferation is a good indicator for this. ® The
prognostic value of the mitotic activity index (MAI) has been repeatedly demonstrated.””.
Furthermore, MAI can be easily assessed and is highly reproducible (mean correlation
coefficient 0.91) if a protocol with quality control is followed.*

We retrospectively assessed trends in the distribution of MAI in tumour specimens
from three cohorts of unselected patients with localized breast cancer diagnosed in 1975,
1981, and 1988-1989. We investigated whether incidence rates according to tumour
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proliferation changed over time. Furthermore, we studied if the proportion of patients
with a low MAI increased over the years, taking into account tumour size as well.

Methods
Patients

Data on diagnosis, stage of disease, and treatment were obtained from the
population-based Eindhoven Cancer Registry, which has collected data on new cancer
patients since 1955 according to international guidelines.” The registry covers an area of
2,500 km® in Southeastern Netherlands with a population of almost one million
inhabitants. The data were derived, after notification by pathologists, from the pathology
reports, the patient’s medical hospital records, and from the regional Radiotherapy
Institute.

Table 1 Number of unselected patients diagnosed with invasive breast cancer in Southeastern
Netherlands in 1975, 1981 and 1988-89; reasons for exclusion from study and included
cases by department of pathology

Year of diagnosis

1975 1981 1988-89 Total
No. (%) No. (%) No. (%) No. (%)
Total number of patients diagnosed 228 364 803 1395
Excluded cases
Metastasis at time of diagnosis 12 (5.3) 21 (5.8) 42 (5.2) 75 (5.4)
No surgery as primary treatment 11 (4.8) 19 (5.2) 64 (8.0) 94 (6.7)
Histological type
Mucinous, medullary, papillary 9(3.9) 8(2.2) 17 (2.1) 34 (2.4)
Sarcoma 1(0.4) 0 5 (0.6) 6 (0.4)
M. Paget 1(0.4) 0 5(0.6) 6 (0.4)
DCIS 4(1.8) 15 (4.1) 14 (1.7) 33(24)
No carcinoma 4(1.8) 0 0 4 (0.3)
Histological specimen inadequate 1(0.4) 6 (1.6) 16 (2.0) 23 (1.6)
Specimen could not be traced 19 (8.3) 24 (6.6) 26 (3.2) 69 (4.6)
Total 62 (27) 93 (26) 189 (24) 344 (25)
Included cases
Department of pathology
Helmond 0? 29 (11) 58 (9) 87 (8)
Venlo 47 (28) 82 (30) 180°(29) 309 (29)
PAMM Eindhoven 119 (72) 160 (59) 376°(61) 655 (62)
Total 166 (100) 271 (100) 614 (100) 1051 (100)

¢ archive not available
%139 had already been assessed for a study on reproducibility™®
€263 had already been assessed for a study on reproducibilitym

All 1056 consecutive patients diagnosed with invasive breast cancer in 1975, 1981
and 1988 were eligible to be included in the present study. Their tumour specimens were
stored at three participating pathological laboratories, each of them serving 2-4 general
hospitals. Since two laboratories had previously contributed to a study on reproducibility
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of MAI values in breast cancer patients diagnosed in 1988 and 1989, the 374 patients
diagnosed in 1989 at these laboratories were also included. Assessment of MAI for 35
patients diagnosed in 1975 was not possible in one laboratory. 1051 patients remained
for assessment after excluding 344 (25%) for reasons given in Table 1.

Diagnosis of breast cancer was facilitated by the gradual introduction of
mammography in the region between 1975, when it was available in 2 of the 10
hospitals, and 1979 when mammography was carried out in all 10 hospitals. Cytology
became more common between 1979 and 1987.%*

Treatment of the patients depended on the size of the tumour and the presence
of positive axillary nodes.*? Axillary dissection, already performed in the 1970s, became
more common during the 1980s, and nodal status became increasingly reliable. Since the
mid-1970s adjuvant therapy was introduced only for axillary node-positive patients. The
cancer registry has recorded endocrine therapy separately since 1984; in the prior years
it was recorded as chemotherapy.

Mitotic activity index (MAI)

MAI was measured according to the strict protocol as used in a previous study.*
In short, the pathology laboratories retrieved paraffin-embedded blocks from the
archives; 4pm sections were cut from neutral formaldehyde-fixed paraffin-embedded
tissue blocks that contained the least differentiated areas of the tumour. The most
cellular area in the periphery of the tumour of hematoxylin-eosin stained sections was
selected. Mitotic figures were counted in 10 neighbouring high power fields defined
at x400 magnification with a x40 objective (numerical aperture, 0.75; field diameter,
450 pm). The MAI was defined as the total number of sharply defined mitoses in these
10 high power fields.™

MAI values had already been assessed for 402 patients included in a previous
study.’® MAI was divided in two categories: < 10 and > 10 mitoses per 10 high power
fields.

Quality contro/

To ensure the accuracy of the MAI, the pathologists from the three participating
laboratories followed instructions from the Department of Pathology, Free University
Hospital, Amsterdam, and sent slides for review to this reference laboratory. Each
laboratory had to send in the first 10 counted slides. On the basis of the difference
between the counts recorded by the participating laboratory and the reference laboratory,
the number of slides subsequently to be reviewed was determined as follows: 2 points
per slide if the difference between the two MAI values was less than the square root of
the value determined at the participating laboratory; one point if the difference was
between one and two times the square root, and no points if it exceeded twice the
square root of the MAL. The total number of points for the 10 samples (maximum 20)
determined the number of samples to be sent in for control. In the case of 16 points or
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more every 10th sample would have to be reviewed by the reference laboratory, if the
total number of points was between 11 and 16 every 5th sample, and if the score was
< 10 every second sample would have to be reviewed. After another 10 samples had
been reviewed (based on 100, 50, or 20 patients, respectively) a new score was
calculated and the frequency of sending samples for control was redetermined. MAI
values from the reproducibility study'® were not reviewed again. The proportion reviewed
centrally was highest for 1975 (64%), because the laboratories began reviewing the 1975
cases first, so the first 30 samples were all from that year. Consequently, the proportion
reviewed for 1975 (9%) was comparable to review rates for 1981 and 1988-89 (11% and
15%, respectively).

A total of 103 slides were reviewed (Table 2). Although no points could be
assigned for 23 slides (22%), only two major discrepancies (2%) occurred, i.e. a patient
shifted from one diagnostic category to another (MAI < 10 and MAI > 10, respectively).

Table 2 Results of quality control of MAI assessment; number of slides
reviewed by the reference laboratory according to year of diagnosis
Year of diagnosis

1975 1981 1988-89 Total
No. No. No. No.
Score per slide’
2 25 15 20 60
1 9 5 6 20
0 8 10 5 23
Diagnostic category®
same 42 29 30 101
other 0 1 1 2
Total number reviewed 42 30 31° 103

a2 points if the difference between the 2 MAI values was <VMAI determined at the participating
laboratory; 1 point if the difference was between once and twice YMAI, and no points if it was
>2MAI

% two diagnostic categories were distinguished, i.e., MAI < 10 and MAI > 10
€ specimens already assessed in a previous study (n=402) were not reviewedm

To confirm the discriminatory prognostic vaiue of MAI, survival of patients with a
low MAI (<10) and those with a high MAI (= 10) was compared. Prognosis was estimated
as relative survival, which is the crude survival divided by expected survival using the
method of Ederer II; the computer program of the Finnish cancer registry was applied."™
¥ The 10-year relative survival was 78% for patients with a low MAI compared to 66%
for those with a high MAI (P < 0.001).

Statistical analysis
Pearson’s chi-square test or Fisher’s exact test was used to compare frequencies
among groups. The Mantel-Haenzel test for trend was applied.
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Incidence rates by MAI category were standardized using the European standard
population.'®> The number of patients whose specimen could not be traced decreased
over the years, whereas 5-year survival in this group improved from 62% in 1975 to 71%
in 1988-89. Thus, the proportion of patients with high MAI was probably underestimated
in 1975 and to a lesser extent in 1981. We attributed the excess of unknown cases (in
comparison with 1988/89) to the high MAI group: in 1975 100% (7 = 12) and in 1981
66% (n = 8).

Logistic regression analysis was used to assess the determinants of MAI,
especially year of diagnosis. We stratified according to tumour size, because of a
differential effect of year of diagnosis on MAI.

All tests of statistical significance were two sided.

Table 3 Clinical characteristics of non-metastatic breast cancer patients by year of diagnosis
Year of diagnosis
1975 1981 1988-89 Total
No. (%) No.(%) No. (%) No. (%)

Age (years)
<50 50(30) 74(27) 179 (29) 303 (29)
50-69 84 (51) 125(46) 303 (49) 512 (49)
>70 32(19) 72(27) 132 (21) 236 (22)
Tumour size (cm)
<2.0 51 (31) 64(24) 287 (47) 402 (38)
2.1-5.0 57 (34) 119(44) 243 (40) 419 (40)
> 5.0 or direct extension to chest wall or skin 22 (13) 72 (27) 79 (13) 173 (16)
unknown 36(22) 16(6) 5(1) 57 (5)
Axillary lymph nodes
negative 79(48) 131(48) 347 (57) 557 (53)
positive 55(33) 110(41) 261 (43) 426 (41)
unknown 32(19) 30(11) 6(1) 68 (6)
Therapy
surgery alone 73(44) 73(27) 124 (20) 270 (26)
surgery -+ radiotherapy 93 (56) 158 (58) 286 (47) 537 (51)
surgery + radiotherapy + chemotherapy? 040 (15) 75(12) 115(11)
surgery * radiotherapy + endocrine therapy - - 129 (21) 129 (12)
Total 166 (100) 271 (100) 614 (100) 1051 (100)

4 no distinction between adjuvant chemotherapy and endocrine treatment in 1975 and 1981

Results

Clinical characteristics of the study population are presented in Table 3. Age
distribution and mean age (57, 60, and 59 years, respectively) were rather similar in the
three periods of diagnosis. Almost 40% of the tumours were smaller than 2 cm and
about the same proportion were between 2.1 and 5.0 cm at diagnosis. About 50% of the
patients had negative lymph nodes. Treatment consisted of surgery and/or radiotherapy
in 1975; after the introduction of systemic therapy over 30% was treated with
chemotherapy or hormonal treatment in 1988-89.
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Table 4. Odds ratio of MAI > 10 in unselected non-metastatic breast cancer patients diagnosed in
southeastern Netherlands in 1975, 1981, and 1988-89

Odds Ratio 95% Confidence Interval
Univariate analysis
Age (years) P<0.01
< 50 1.78 (1.25 - 2.55)
50-69 1.52 (1.09 - 2.11)
=70 1.00
Tumour size (cm) P<0.01
<2.0 1.00
2.1-5.0 1.68 (1.27-2.23)
> 5.0 or direct extension to chest wall or skin 1.39 (0.96 - 2.01)
unknown 1.02 (0.57 - 1.84)
Axillary lymph nodes P=10.18
negative 1.00
positive 1.21 (0.3 - 1.56)
unknown 0.80 (0.47 - 1.36)
Year of diagnosis P=0.33
1975 1.00
1981 1.26 (0.84 - 1.87)
1988-89 1.02 (0.71 - 1.45)
Multivariate analysis®
Year of diagnosis P=0.24
1975 1.00
1981 1.30 (0.88 - 1.94)
1988-89 1.03 (0.72-1.47)
Stratified according to tumour size
<20cm
Year of diagnosis P=0.38
1975 1.00
1981 0.80 (0.37 - 1.73)
1988-89 0.66 (0.35 - 1.23)
2.1-5.0cm
Year of diagnosis P=10.56
1975 1.00
1981 1.37 (0.72 - 2.61)
1988-89 1.14 (0.63 - 2.04)
> 5.0 cm or direct extension to chest wall or skin
Year of diagnosis P=0.34
1975 1.00
1981 2.03 (0.71 - 5.86)
1988-89 2.16 (0.76 - 6.18)
7 adjusted for age

Changes in MAI according to tumour size and year of diagnosis are shown in
Figure 2. For small tumours (< 2 cm) a modest increase in the proportion of patients with
a lower MAI was observed over time (from 59 to 69 %). Among the larger and more
advanced tumours (T3 and T4) the proportion of patients with a lower MAI decreased
from 73% to 57%. However, none of the differences in the distribution of MAI by year of
diagnosis was statistically significant, nor were any of the observed trends. Within age
groups proportional distribution of MAI remained stable over time (data not shown).

Univariate logistic regression analysis did not reveal an association between MAI
and year of diagnosis (Table 4). However, lower MAI values were more often observed in
patients with small tumours (P = 0.01) and it was inversely related to age (P = 0.01).
After adjustment for age the odds of a MAI value > 10 declined in the small tumours
(£ 2 ecm) (P=0.38) and the odds increased in large and advanced tumours (T3 & T4)
(P=0.34). Addition of lymph node status to the model did not affect odds ratios
substantially (data not shown).
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Age-adjusted incidence rates increased in both MAI categories (Table 5), being
largest in the low MAI category (around 30 %, P = 0.01), but also present in the high
MAI group (around 20 %, £ = 0.28).

Table 5 Age-standardized incidence rates (per 100,000) of unselected non-metastatic breast
cancer patients:by MAI category and year of diagnosis

MAI < 10 MAI = 10

ESR? WSR? ESR? WSR?

1975 35 25.5 24.5 18

1981 39 28.1 30.3 22.3

1988-89 45.3 33.1 29.4 22.1

Increase 29.40% 29.70% 19.90% 22.80%
P =0.01 P=0.01 P=0.28 P=0.20

? European Standardized Rate
% World Standardized Rate

Discussion

In the present study MAI was assessed in unselected breast cancer patients
diagnosed in 1975, 1981, and 1988-89 before the introduction of mass screening.- The
major findings were increases of incidence both of low MAI and high MAI, albeit only
significantly for the former (P = 0.01). Age-adjusted incidence of low MAI tumours
increased 30% between 1975 and 1988-89, while the incidence of high MAI increased
about 20%. For small tumours (T1) the odds for a high MAI decreased over time,
whereas for T3 and T4 tumours the odds increased.

We used the MAI as an indicator of tumour aggressiveness. The MAI is a
quantitative index made out of the mitotic frequency in the most active part of the
tumour. Quantitative features, such as the MAI, discriminate very well less aggressive
tumours from more aggressive ones.””® *% 7 Also in our material an increasing MAI was
indicative of a less favourable prognosis. Other measures of proliferation are often more
time-consuming or fairly subjective. Furthermore, our quality control procedure confirmed
the accuracy of the MAI values.

Only a few studies investigated time trends in tumour proliferation. In
Southwestern Finland a trend towards lower mitotic counts was observed over a period of
40 years,'®. but this disappeared after adjustment for tumour size. Using the more
complex H-thymidine labelling index (TLI) an increase in tumour aggressiveness from
1972 up to the mid-1980s was found for node negative breast cancers diagnosed in a
large cancer institute in Northern Italy.'® However, selection of patients cannot be
excluded here.
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Figure 2. Distribution of unselected, non-metastatic breast cancer patients diagnosed in 1975,
1981, and 1988-89 by MAI category, year of diagnosis and tumour size. A. < 2 ¢cm
(T1); B. 2-5 cm (T2); C. > 5 cm or direct extension to chest wall or skin (T3 & T4)

We found a non-significant trend towards more tumours with a high MAI among
the larger and more advanced tumours, which is probably due to earlier detection. In the
past, a substantial proportion of large and advanced tumours may also have grown
slowly, whereas they would already have been detected earlier nowadays with the
increased breast awareness and availability of mammography. This would also explain
why survival rates for the patients with large and more advanced tumours did not
increase despite better treatment.> %

It has been suggested that the rise in the incidence of breast cancer in developed
countries is not necessarily alarming, since it may also reflect a change over time in the
boundaries of what is called cancer.? 2 The increase in incidence of less aggressive
tumours (MAI < 10) was about 1.5 times as large as the increase of high MAI (> 10)
tumours in our study. If the increased detection of low MAI tumours hardly affected
mortality, that is certainly not the case for patients with high MAI tumours whose
prognosis is fatal within 10 years in about 45% of the cases.'” Thus the combination of a
20% rise in the incidence of high MAI tumours and stable breast cancer mortality must
somehow be the consequence of better management. This involves earlier detection and
better staging which allows for more appropriate treatment. Furthermore, the
introduction of megavoltage radiotherapy since 1972, systemic therapy and better
supportive care may have played a part in improved management of the disease.

Conclusion: two phenomena may have happened simultaneously in the
occurrence of breast cancer over time in our area; an increase of tumours with low
malignant potential and a more modest increase of tumours with high malignant
potential.
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Abstract

Background: Much progress has been made in the early diagnosis and treatment
of breast cancer. We have assessed the changing burden of this disease, by means of a
comprehensive description of trends in incidence, survival and mortality.

Methods: Data on breast cancer patients diagnosed between 1975 and 2004
(n=26,464) registered in the population-based Eindhoven Cancer Registry were
investigated.

Results: Incidence for patients aged below 40 and 40-49 has increased by 2.1%
and 2.4% annually since 1995 (p=0.08 and p=0.001, respectively). Mortality decreased
in all age groups, but most markedly among women aged 50-69 (-1.5% yearly since
1985, p=0.14). The proportion of stage I tumours increased from 25% to 39%, that of
advanced stages (III & IV) decreased from 30% (1975-1984) to 13% in 1995-2004, and
the proportion in situ tumours increased from 1.5% to 10%. Adjuvant systemic treatment
was administered to 15% of patients in 1975-1984 vs 49% in 1995-2004. Relative 10-
year survival rates for women aged 50-69 (period analysis) increased from 53% to 75%
between 1975-2004. The best prognosis was observed for women aged 45-54. Women
younger than 35 had a particularly poor prognosis.

Conclusion: The observed improvement in survival of breast cancer patients
during the last three decades is impressive. The peak in breast cancer incidence is not
yet in sight considering the recent trends in exposure to known risk factors. The
combination of increasing incidence and improved survival rates implies that the number
of prevalent cases will continue to increase considerably in the next ten years.
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Introduction

Breast cancer is a major health burden. Worldwide, over 1.1 million cases of
breast cancer are diagnosed each year.! In Europe, the number of breast cancer cases
was estimated to be 350,000 for the year 2000.2 A large variation in breast cancer
incidence has been observed between countries, also within the European Union, ranging
from about 68/100,000 in Spain and Greece to over 110/100,000 in Denmark, Sweden,
Belgium and the Netherlands.> # In the Netherlands, over 11,500 new cases of female
breast cancer were diagnosed in 2003. Standardised for age (European Standardised
Rate, ESR) this amounted to 124 cases per 100,000 women per year.”

Large increases in breast cancer incidence have been observed in most
industrialised countries as well as developing countries. This has been ascribed to
adverse changes in risk factors, in particular the patterns in childbearing and
breastfeeding (lower parity and shorter or no lactation), hormonal intake and dietary
factors, since the 1950s.® In southeastern Netherlands, the incidence of breast cancer
among females had already doubled from 1960 to 1990.” ® This increase applied for both
aggressive and less aggressive tumours.? Also, the proportion of small and node-negative
tumours increased.*

Breast cancer mortality decreased in some countries and has been fairly stable in
others.!! The number of breast cancer deaths in Europe was about 130,000 in the year
2000.% Both earlier diagnosis due to screening and better treatment may have played a
role in the declining mortality in some European countries.

To fully assess how the breast cancer burden has changed and to understand
implications for preventive strategies and health care planning, the trends in incidence,
survival and mortality should be analysed and interpreted together.*?

In the current paper such a comprehensive description of these trends in
incidence and mortality as well as the prognosis for invasive breast cancer is given, based
on data from the large population-based Eindhoven Cancer Registry, which is among the
oldest in Europe.

Methods
Study population

Data on incident cases were obtained from the population-based Eindhoven
Cancer Registry.'° The Eindhoven Cancer Registry serves more than 12 general hospitals
which are covered by six pathology laboratories, all participating in the nationwide PALGA
network which notifies the regional cancer registries. The cancer registry receives lists of
newly diagnosed cases on a regular basis from the pathology departments. In addition
the medical records departments of the hospitals provide lists of outpatients and
hospitalised cancer patients. Following this notification, the medical files of newly
diagnosed patients (and tumours) are collected and trained tumour registrars from the
cancer registry abstract the necessary information. Data are checked for duplicate
records, and records are assumed to be complete.'?
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Table 1 Characteristics of the study population: unselected patients with invasive breast
cancer diagnosed in southeastern Netherlands between 1975 and 2004

1975-1984 1985-1994  1995-2004 Total

n % n % n % n %
Age
<40 321 9 698 8 932 7 1951 7
40-59 718 21 1702 19 2748 19 5168 20
50-69 1570 46 4081 47 6667 47 12318 47
70+ 835 24 2264 26 3928 28 7027 27
Stage at diagnosis
I 855 25 2762 32 5608 39 9225 35
I 1149 33 3980 46 6352 44 11481 43
jis 4 812 24 1133 13 1303 9 3248 12
v 208 6 460 5 611 4 1279 5
unknown 420 12 410 5 401 3 1231 5
Treatment
Surgery alone (S) 902 26 1896 22 2600 18 5394 20
S+ radiotherapy (RT) 1777 52 3394 39 4091 29 9262 35
S+RT+ Systemic therapy* 360 10 1790 20 4267 30 6417 24
S+ Systemic therapy 141 4 807 9 2135 15 3083 12
Systemic therapy alone 48 1 456 5 596 4 1100 4
Other/N 214 6 221 3 264 2 699 3
Unknown 2 0 185 2 322 2 509 2
Total 3444 100 8745 100 14275 100 26464 100
*Systemic therapy includes both chemotherapy and hormonal treatment, before 1984 these were not separated in the
Cancer Registry Database

During the study period 1975-2004, the population of the Eindhoven Cancer
Registry catchment area increased from almost 600,000 to 2,400,000, mainly due to
expansion of the registry area, related to the adherence area served by the radiotherapy
institutes.’’ Since 1989, the total Dutch population is covered by 9 regional cancer
registries. Patients who live in the area of the Eindhoven Cancer Registry, but are
diagnosed in hospitals elsewhere in the Netherlands, have regularly been retrieved from
all other Dutch Cancer Registries since 1989. This procedure is complete up to 2002, so
incidence rates for 2003 and 2004 may be underestimated by about 3% (unselected
patients). Statistics Netherlands (CBS) provided mortality data.

Information on the vital status of all patients diagnosed up to December 31ist
2002 was obtained initially from the municipal registries and since 1998 from the Central
Bureau for Genealogy. These registers provide virtually complete coverage of all deceased
Dutch citizens. Patients who moved outside the Netherlands were lost to follow-up; the
estimated proportion was 0.2%. Follow-up lasted until January 1st 2005.

Stage and treatment

Stage was categorised according to the TNM-classification IUCC for all patients
diagnosed before 1989."* Patients diagnosed between 1989 and 2003 were categorized
according to the newer classifications,*> *® which resulted in a shift from stage I to stage
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II because patients with a positive lymph node which contained micrometastases (pN1ia)
were considered stage I until 1989, but any pN1 (either pNla or pN1b) is considered
stage II since that time. From 2003 onwards, the latest classification became effective.?’
Patients with more than 3 positive lymph nodes were previously included in stage II and
are now considered stage III, so this caused a shift between stage II and III breast
cancer.

Patients were treated according to regional guidelines. Before 1981 standard
treatment was mastectomy, with radiotherapy depending on the localisation and stage of
the initial tumour. Adjuvant chemotherapy was introduced in the 1970s for
premenopausal axillary lymph node-positive patients. Breast-conserving therapy was
introduced in 1981 for patients with tumours < 2cm across; this was increased to < 3 cm
in 1984. Adjuvant endocrine therapy (tamoxifen) was introduced for post-menopausal
node-positive patients with oestrogen receptor-positive tumours in the early 1980s.® In
1998, the indications for adjuvant systemic therapy were extended to node-negative
patients with unfavourable tumour characteristics (intermediately or poorly differentiated
tumours > 2cm).*® k
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Figure 1 Trend in incidence and mortality of breast cancer in southeastern Netherlands 1975-
2004 (a), and the incidence of contralateral breast cancer (b)
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Statistical analyses

Analyses are presented for all women combined or according to age group (<40,
40-49, 50-69, and 70+). The cut-off points were based on the age limits for mass
mammography screening (introduced between 1991 and 1996 for women aged 50-69,
and since 1998 for women up to 74 years old), and the importance of showing the
results for young women (<40) separately.

Incidence and mortality rates were age-adjusted by direct standardisation
according to the European Standard Popuiation (European Standardised Rates, ESR).
Annual rates were calculated as 3-year moving averages. Trends in incidence and
mortality were estimated by calculating the estimated annual percentage change (EAPC).
This was done by fitting a regression line to the natural logarithm of the rates using
calendar year as regressor variable, i.e. y=mx + b where y=In(rate) and x=calendar year.
Then EAPC=100x (e™ -1). This calculation assumes that the rates increased or decreased
at a constant rate over the entire period.

Age, drift, period and birth cohort effects were investigated with the incidence
data using the established age-period-cohort modelling®® and were calculated for the two
youngest as well as the two oldest groups combined (<50, 50+).

Relative survival (the ratio of the observed to the expected rates) is an estimation
of disease-specific survival, which refiects survival of cancer patients adjusted for survival
in a background population with the same age structure %. Expected survival rates were
calculated from life tables for the regional female population with the same 5-year age
distribution. We used period-analysis to calculate the relative survival rates, which
provides the most up-to-date survival rates.”” ?

Results

Between 1975 and 2004 26,464 women were diagnosed with invasive breast
cancer (Table 1). The patients diagnosed between 1975 and 1984 were slightly younger
(median age 58) than those diagnosed in the more recent periods (median age 59 in
both periods).

Incidence and mortality

The incidence increased from about 85/100,000 (European Standardised Rate,
ESR) in 1975 to almost 130/100,000 women in 2004 (Figure 1). After an initial drop,
mortality was rather stable around 40/100,000 in the 80s. Since the mid 1990s mortality
has decreased (EAPC -2.0% since 1995, p=0.8)

The incidence of breast cancer for patients aged below 40 and 40-49 has
increased by 2.1% and 2.4% annually since 1995 (p=0.08 and p=0.001, respectively)
(Figure 2). The incidence among patients aged 50-69 increased markedly in the early
90s, then dropped, but has increased again since 2000. The incidence among women
older than 70 increased steadily, with a marked increase around the year 2000 followed
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by a decrease. Age-specific mortality rates decreased most markedly among women aged
50-69, already since 1985 (EAPC: -1.5%, p=0.14).
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Figure 2 Age-specific trend in incidence and mortality of breast cancer in southeastern
Netherlands in 1975-2004

Age-period-cohort analyses resulted in an age-period-drift model as the best
fitting model for women younger than 50, as well as for those older than 50. Generally,
an increased risk was observed for the more recent periods, risk estimates were higher
for women older than 50 (figure 3).

Stage and treatment

Stage distribution became more favourable over time. The proportion of stage I
and II tumours increased from 61% in 1975-79 to 77% in 2000-04, whereas the
proportion of advanced stages (1II & IV) decreased from almost 40% to 13%. (Figure 4).
The proportion of in situ tumours increased from 1.5% in 1975-79 to 10% in recent
years. Age-standardised incidence of patients with stage I tumours steadily increased
(EAPC 4.2%,p <0.0001). Until 2002 the incidence of stage II increased and the incidence
of stage III tumours decreased. However, due to the introduction of the new TNM coding
the trends were reversed from 2002 onwards. The incidence of stage IV tumours
remained around the same level during the study period, although it seems to have
decreased a little in recent years to about 5/100,000 in 2004.

The proportion of patients receiving adjuvant systemic therapy increased for all
stages combined and for patients both younger and older than 70. In 1975-79 about
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20% of patients with stage II or III received systemic therapy and in 2000-04 this
proportion had increased to 60%.

Radiotherapy was administered to 50% of the stage I patients in 1975-79 and
65% of these patients in 2000-04.

Relative risk <50 Relative risk 50+
2.0 2.0
15 " 15 I 4

1.0 1.0
0.5 0.5
0.0 —— 0.0 —

1975- 1980- 1985- 1990- 1995- 2000-
79 84 89 94 99 04

Period of diagnosis

1975- 1980- 1985- 1990- 1985- 2000-
79 84 89 94 99 04

Period of diagnosis

Figure 3 Period effect among women with breast cancer according to age in southeastern
Netherlands during 1975-2004

Relative survival

Improvements in relative survival were observed for all age-groups. For women
aged 50-69 relative 10-year survival increased from 53% for patients diagnosed in 1975-
79 to 75% for patients diagnosed in 1995-02 (Figure 5). Ten-year relative survival rates
were 65%, 72% and 62% respectively for patients diagnosed before age 40, between
age 40-49, and older than 70, respectively.

A comparison of stage-specific relative survival between the period 1990-1994
and 1995-2002 showed that the rates improved for stage I, II, and III disease (Figure 6€),
but only marginally for patients with metastasis at diagnosis (stage IV).

The most favourable 3 to 20-year survival rates were observed for patients
diagnosed at the age of 45-54 (Figure 7). Prognosis was worse for women older than 80
and particularly poor for women diagnosed before age 35.
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Figure 4  Trend in breast cancer incidence according to stage (a) and stage distribution (b) in
southeastern Netherlands in 1975-2004.

Discussion

There has been a sharp increase. in breast cancer incidence since 1975. For
women younger than 50, the risk 'was most notably increased in recent periods. Mortality
rates were stable for decades but have decreased since the early 1990s, especially for
women younger than 70. Stage distribution became more ‘favourable after 1975 but has
shown no further improvement since 1995. Treatment increasingly involved a
combination of modalities including systemic therapy. Relative 5- and 10-year survival
rates improved for each stage and for each age group. The best prognosis at every point
in time since diagnosis was observed for patients diagnosed between ages 40 and 50.

Early detection has played a major role in the increase in breast cancer incidence
since 1975. The diagnosis of (early) breast cancer has been:facilitated by the introduction
and increased use of mammography and cytology since the 1980s. In developed
countries, recent increases in breast cancer incidence have been partly attributed to
(organised) screening activities and increased awareness. However, some of the screen-
detected tumours would probably never have been diagnosed without a mass screening
programme, so some of the increase is likely to be artificial.

The introduction of mass screening seems to be the most likely explanation for
the increase in early stage breast cancer,? also in our data, and the decline in the
incidence of advanced stage in women aged 50-69.° We had already found similar
trends, although they started before the introduction of mass screening” 8 and involved
both aggressive and less aggressive tumours.®
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This implies that increased exposure to risk factors for breast cancer is likely to
have contributed to the observed incidence trends. Moreover most increase associated
with early detection could only be temporary. Many known risk factors are in some way
related to endogenous hormones: young age at menarche, older age at menopause,
older age at birth of first child, lower parity, shorter lactation.?® ¥ These factors have
generally changed in an adverse way over the past decades and have probably
contributed substantially to the increase. Furthermore, nutrition and in particular
obesity,?® diminishing physical activity?® and increased alcohol consumption® are likely to
have had a negative impact on the occurrence of breast cancer.

Among women below age 50 the rising incidence may also be attributed partly to
the more vigorous search for families with inheritable breast cancers since 1995. This is
in line with the period effect found for this age group. Among women older than 50 the
age-period model that fitted the data can be explained by the gradual introduction of
mass mammography screening between 1991 and 1996. The period directly following the
introduction of screening shows a slight decrease (slowly growing tumours were detected
in a previous screening round) followed by an increased risk for the most recent period.
The rising risk for periods preceding the population screening programme is probably
caused by the subsequent introduction of better diagnostic techniques since the early
1980s and increased awareness since the mid 1980s.

(a) stage I & IL (b) stage IIT & IV

%

100 100 —A— stage III (1990-1994)
—a— stage 1 (1995-2002)
80 - 80 —8— stage IV (1990-1994)
—B— stage IV (1995-2002)
60 4 60
40 40
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Figure 6 Relative survival of women with invasive breast cancer diagnosed in 1990-2002 in
Southeastern Netherlands according to stage of the disease at diagnosis (a) stage I & II
(b) stage III and IV

In Europe breast cancer mortality has increased since 1960 to 21.6/100,000 in
1990, but has since decreased to about 20/100,000 (WSR) in 1999, despite the
continuing increase in breast cancer incidence. The annual decline in the period 1990-
2000 was 1.4%.%3 '

In the Netherlands, breast cancer mortality had been stable for decades and
started to dedline in the late 1980s.!* The ESR has dropped from 39 per 100,000 woman
years in 1989 to 32 in 2003 (WSR from 27 to 22/100,000). In addition to a change in the
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natural history of the disease, there are two possible explanations for this decline: earlier
diagnosis and better treatment.

Although population screening and thus earlier diagnosis is likely to be responsible
for the recent deciine in mortality,®> a decrease in mortality as a result of population
screening is not expected to become visible until about 10 years after the introduction of
screening.®® Moreover, in Southeastern Netherlands the prognosis had already started to
improve after 1970.” ® Generally, changes in survival rates for solid tumours over time in
the USA reflect changing patterns of diagnosis rather than true progress in treatment of
the disease.>* The contribution of the introduction of mass mammography screening to
the improved survival rates was estimated to be 30% to 50%.%, * Part of the
improvement in survival is due to lead time bias (as a result of early detection the time
between diagnosis and death is by definition longer) and length bias (some screen-
detected tumours would never have progressed to metastasis or death if they had
remained undiagnosed).
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Figure 7 Relative survival of breast cancer patients diagnosed between 1990 and 2002 in
southeastern Netherlands, according to age (‘midpoint of 10 year age interval) at diagnosis
and time since diagnosis

The treatment of breast cancer has changed substantially during the last decades
and may have accounted for at least part of the decrease in mortality.>> 3 3
Chemotherapy was introduced in the late 1970s, first to node-positive patients and since
1998 also to a subgroup of node-negative patients. The use of adjuvant systemic therapy
increased from 15% for patients diagnosed in 1975-1984 to 49% of those diagnosed in
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1995-2004. Similar trends have been observed worldwide, following the more
pronounced role of systemic therapy in international guidelines.® *° Chemotherapy was
estimated to explain 7-50% of the improvement in the breast cancer survival rates.”® *
One should note, however, that survival already started to improve in the seventies.”®

The administration and dosage of radiotherapy became more accurate and the
use of megavoltage was introduced in 1974. The increased use of radiotherapy is also
related to the increased use of breast-conserving treatment.*

Stage-specific survival improved for each tumour stage, as described before,*
which can partly be explained by stage migration:* many patients who previously would
have been classified in a "good" stage were assigned to a "bad" stage due to improved
diagnostic possibilities. Because the prognosis for those who migrated, although worse
than that for other members of the good-stage group, was better than that for other
members of the bad-stage group, survival rates rose in each group without any change in
individual outcomes. To see whether this played an important role in our study, we also
calculated relative survival according to tumour size (T), instead of according to stage
(figure 4), the survival rates were fairly similar (data not shown). Moreover the
proportion of patients with positive lymph nodes given a certain tumour size did not
increase dramatically over the years (among T1 patients it increased from 22% in 1975-
1984 to 26% in 1995-2004, among T2 patients from 48% to 50%). So it seems unlikely
that stage migration was responsible for the improved stage-specific survival rates

The variation in relative survival according to age and time since diagnosis for
patients diagnosed in 1975-1989 was similar to that found in Sweden during the 1980s,*
although our relative survival rates were somewhat higher. Highest survival was found for
women aged 45-54, as was reported by others before the introduction of screening.** A
more favourable distribution of prognostic factors, such as tumour stage, cell
differentiation and cell growth rate, was responsible for better survival in this age group
in a Finnish study.” The particularly poor survival for women diagnosed before age 35
was confirmed in another more recent study.”® Despite diagnostic and therapeutic
advances, the prognosis for women younger than 35 continued to be poor after 1990.

In conclusion, impressive progress appeared in prolonging survival of breast
cancer patients, at least partly related to the improved diagnostic possibilities which lead
to the detection of smaller lesions. Incidence rates continue to increase and exposure to
adverse hormonal and lifestyle factors is not expected to level off or decrease in the near
future. Thus the peak in breast cancer incidence is not expected to occur scon. Currently
the cumulative risk of developing breast cancer before age 75 is 10%.%° The combination
of increasing incidence and improving survival rates implies that the number of prevalent
breast cancer cases will continue to rise. In 2005 there was an estimated number of
119,000 (ex-) breast cancer patients in the Netherlands. In 2015, this number might
increase to about 194,000.*° About 80% of these women will still require some form of
health care, either for diagnosis and treatment, surveillance during follow-up, or because
of recurrences, metastases or new primary malignancies. This will result in a heavy
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burden for health care services. In the long run prevention would be the most useful
public health intervention to decrease this burden.
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Abstract

The relatively small group of patients with breast tumours other than the ductal,
lobular or mixed ducto-lobular types, has reached non-negligible numbers due to the
ongoing increase in the incidence of breast cancer.

We investigated stage and grade distribution of uncommon breast tumours using
the nation-wide Netherlands Cancer Registry (population 16.5 million) and incidence
patterns, treatment and long-term survival (up to 19 yrs) using the regional Eindhoven
Cancer Registry (population 2.4 million).

Incidence of all uncommon breast tumours together was 9.2/100,000 personyears
(age-standardised, ESR). The proportion of stage I tumours was 70% among patients
with tubular (n=3456) and 40% to 50% for mucinous (n=3482), papillary (n=1078),
cribriform (n=503), and neuroendocrine (n=76) tumours, contrasting to 27%, 28% and
36%, respectively among patients with Signet ring cell cancer (n=75), Paget's disease
(n=818) and the common invasive ductal carcinomas (n=121,656).

A better age-, stage-, and grade-adjusted prognosis was observed for patients
with lobular (death risk ratio 0.8, 95%CI: 0.7-0.9), mucinous (0.5, 0.3-0.9), meduliary
(0.5, 0.3-0.9) and tubular (0.4, 0.2-0.6) carcinoma or phyllodes tumour (0.02, 0.0-0.2),
compared with invasive ductal carcinomas. For patients with papillary (0.6, 0.2-1.6) and
cribriform (0.1, 0.0-5.1) tumours better prognosis was not statistically significant.

In conclusion, histologic type was an essential determinant of survival for about
10% of all newly diagnosed women with invasive breast cancer. Because patients with
mucinous, tubular, medullary and phyliodes tumours have such a good prognosis, less
aggressive treatment should be considered in some cases whereby specific guidelines are
becoming increasingly desirable. Communication to patients with these specific
histological types should reflect this.
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Introduction

The large majority of breast cancer patients is diagnosed with an invasive ductal
(about 65-75%) or lobular (15%) carcinoma.! An increasing proportion of up to 7% is
diagnosed with a mixed ducto-iobular tumour (two-fold increase between 1987-1999 in
the USA).2 The remaining 10% of newly diagnosed breast cancers with another histology
have been the subject of only a limited number of studies.

Previously, the substantial variation found in age-specific incidence between
different histological subtypes in large population-based studies,> * suggested different
aetiologies. Patients with a papillary or mucinous tumour are 5 to 10 years older than
those with a ductal carcinoma, while patients with a medullary tumour tend to be about
10 years younger.> 3 Survival according to morphology has been reported in a few
studies, but these described small series of patients,®® only one or two specific
subtypes,® % *° on patients diagnosed and treated before 1995% % ', or without complete
information on treatment.'* ** In these studies prognosis for mucinous'® **** , tubular’ %
3 medullary®® or papillary®® carcinoma was significantly better than that of patients with
an invasive ductal carcinoma.

Within the increasing incidence of breast cancer the incidence and the number of
patients with an uncommon tumour may increase more. Therefore, more knowledge
about the frequency and natural history of these tumours is desirable. A large population
is necessary to obtain a sufficient number of patients with these relatively rare tumours
in a reasonable time span.

The Netherlands Cancer Registry (NCR), in operation since 1989 and covering the
whole country with a current population of 16.5 million people, provides a unique
opportunity to investigate the occurrence and characteristics of these uncommon breast
tumours. In addition, we will study details regarding treatment and long-term survival in
a part of the NCR, the Eindhoven Cancer Registry (ECR) that was started in 1955.

Patients and methods

We used data from the nation-wide Netherlands Cancer Registry (www.ikcnet.nl),
which consists of nine regional cancer registries since 1989. The cancer registries receive
lists of newly diagnosed cases on a regular basis from the pathology departments, all
participating in a nation-wide pathology network (PALGA). In addition the medical records
departments of hospitals provide lists of diagnoses of outpatients and hospitalised
cancer patients. Following this notification, trained tumour registration clerks abstract
information according to a minimum data set, including patient characteristics (gender,
birth date), tumour information (topography, histology, stage, date of diagnosis) and
treatment.

Topography and histology were coded according to the International Classification
of Diseases for Oncology (ICD-0).** We grouped the histology codes according to the
classification in table 1.
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We included all patients diagnosed with a first histological type of malignant
breast tumour between January 1989 and December 2003 (n=158,353). In addition 493
patients with a second primary breast tumour other than invasive ductal, lobular, mixed
ducto-lobular or other/NOS were inciuded in the analyses, resulting in 158,846 tumours
for analyses of which 13,666 (8.6%) uncommon histological types.

Table 1 Classification of morphology of consecutive patients diagnosed with malignant breast
tumours in the Netherlands (1989-2003) and Southeastern Netherlands (1973-2004)

Netherlands

Eindhoven

Cancer

Cancer Registry _Registry

Histological group

Morphology code according to ICD-O%

n

%

n %

Invasive ductal
(not otherwise specified)

Lobular

Mixed ducto-lobular
Mucinous

Medullary

Tubular

Papillary
Metaplastic

Squamous cell (SCC)
Adenoid cystic

Cribriform

Neuroendocrine (carcinoid)
Signet ring cell

Paget disease

Sarcoma

Hemangiosarcoma
Phyllodes
Lymphoma*
Other

Subtotal uncommon
Total

8010-8021,8140-8141,8190,8230-
8231,8310-8441,8500-8502,8508,
8514,8521,8523,8530,8550
8145,8520,8524

8522

8480,8481,8482

8510-8513

8211
8050,8260,8450,8503,8504,8507
8031-8035, 8560,8570-8573, 8575,
8801,8980, 9180,9183,9220
8070-8074

8200

8201

8240-8246,8574,8249,9091

8490

8540-8543
8800,8810-8921,8931,8935,8990,
8991,9040-9044, 9131-9179, 9184-
9219, 9221-9230, 9232-9342,9364-
9372, 9473,9540-9559, 9561-9581
9120-9130

9020

9590-9729,9850

all other codes, including patients
without pathological verification

121,656 77 22,160 78

17,293
6,231
3,482
1,677
3,456
1,078

312
44
98

503
76
75

818

79
70
427
98

1,373

13,6

11 3,105 11
3.9 96134
22 47317
1.1 27110
22 53319
0.7 12404
0.2 33 0.1
0.0 12 0.0
0.1 90.0
0.3 63 0.2
0.0 50.0
0.0 50.0
0.5 12704
0.0 150.1
0.0 12 0.0
0.3 83 0.3
0.1 24 0.1
0.9 34412
86 2133 75

158,846 100 28,359 100

* Only patients with invasive lymphoma of the breast stage I¢ (Ann Arbor)

These data were used to analyse the age at diagnosis and the stage and grade
distribution according to histological group.
Age was presented as median, with 25% and 75% percentiles (Q1-Q3) and the

1%-99% range.

Stage of the solid tumours was categorized according to the IUCC TNM-
classification'® for all patients diagnosed until 2002. From 2003 onwards, when a new
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classification became effective,’® patients with more than 3 positive lymph nodes,
previously included in stage II , are now considered stage III. Stage could not be
classified according to the TNM system for patients with (hemangio)sarcomas, phyllodes
tumours, and those with other/NOS tumours (the latter groups comprised 403 patients
(0.25%) with a clinical diagnosis only). For patients with a lymphoma the Ann Arbor
classification was used. We selected only patients with Ann Arbor stage IE, i.e. the
patients with only one extranodal tumour site, i.e. the breast” (n=98, 0.6% of all
lymphomas in women, 4% of all extranodal lymphomas).

Grade was categorised in 4 classes: well (1), moderately (2), or poorly (3)
differentiated or undifferentiated/anaplastic (4). Strict criteria for assigning stage were
only followed since the most recent decade, so the value of the tumour grade before that
time is somewhat limited.

In addition we used data from the Eindhoven Cancer Registry (ECR) in the south
of the Netherlands (population 0.9 million between 1975 and 1985, over 2 million since
1988 after an expansion of the registration area, comprising 15% of the Dutch population
in 2004). This population-based cancer registry was started in 1955 and is the oldest
cancer registry in the Netherlands and among the oldest in Europe. Data on patients who
lived in the catchment area of the Eindhoven Cancer Registry, but who were diagnosed in
hospitals elsewhere in the Netherlands, were retrieved on a routine basis from all other
Dutch Cancer Registries since 1989. This has been completed up to 2002, so incidence
rates for 2003 and 2004 may be underestimated by about 3% (unselected patients).

From the ECR, all breast cancer patients diagnosed between 1973 and 2004
(n=28,359) were used to study time trends in incidence. Age-adjustment was performed
by direct standardisation according to the European Standard Population (European
Standardised Rates, ESR). Annual incidence rates were calculated as 3-year moving
averages.

Trends in incidence were estimated by calculating the estimated annual
percentage change (EAPC). This was done by fitting a regression line to the natural
logarithm of the rates using calendar year as regressor variable, i.e., y=mx + b where
y=In(rate) and x=calendar year. Then EAPC=100x (em -1). This calculation assumes that
the rates increased or decreased at a constant rate over the entire period.

We used information on type of treatment (surgery, radiotherapy, systemic
therapy) for patients diagnosed in 1985-2004 (n=24,217); these results are presented
separately for patients younger and older than 70 years at diagnosis separately.

For a subgroup of patients (n=16,797) diagnosed in the eastern part of the ECR
region and those diagnosed since 1994 in the western part (all until 2002), we obtained
complete information on vital status up to 1-1-2005 from the Central Bureau for
Genealogy (CBG). This registry provides virtually complete coverage of all deceased
Dutch citizens.
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Figure 1 Age distribution of consecutive patients diagnosed with invasive breast cancer in the Netherlands 1989-2003 (median, Q1, Q3, P1,P99)
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Relative survival (the ratio of the observed to the expected survival rates) is an
estimation of disease-specific survival, which reflects survival of cancer patients adjusted
for survival in a reference population with the same age structure 8. Expected survival
rates were calculated from life tables for the female population of the ECR catchment
area with the same 5-year age distribution. We used generalised linear models with a
Poisson error structure, based on collapsed data and exact survival times.”® When the
number of patients effectively at risk in a particular category became too small for a
reliable estimation of relative survival (i.e. <10), the results are not shown.

All statistical analyses were performed with SAS (SAS System version 8.1, Cary,
CA, USA).

Results

The incidence of all uncommon breast cancers combined (i.e. all breast cancers
other than invasive ductal, lobular, or mixed ducto-lobular) was 9.2/100,000 personyears
(ESR) over the period 1989-2003, in total more than 13,500 new patients in the
Netherlands (8.6% of all breast cancers).

The median age varied according to histological type (figure 1). The median age
of patients with a ductal carcinoma at diagnosis was 60 years (Q1-Q3: 49-72). Patients
with a phyllodes tumour or medullary, or tubular carcinoma were younger (median age
52, 53, and 57 vyears, respectively). Those with other histological types were older;
patients with a histology classified as other/NOS were the oldest at diagnosis (median 82
(73-87)). »

Stage distribution was most favourable for patients with mucinous, tubular,
papillary, cribriform and neuro-endocrine tumours (table 2). For example, the proportion
of patients with a stage I tumour was 42%, 70%, 45%, 52% and 42%, respectively, in
comparison to 36% of patients with an invasive ductal carcinoma. A less favourable stage
distribution with only 27% and 28% stage I tumours was observed for patients with
Signet ring cell cancer and Paget's disease, respectively. Although tumour grade was
unknown for a relatively large proportion of patients (44%) the proportion with a grade 1
tumour was high among patients with mucinous, tubular, papillary, cribriform and
phyllodes tumours, compared to those with an invasive ductal carcinoma.

The incidence of invasive ductal carcinoma varied between 75 and 85/100,000
personyears (ESR) during the 70s and 80s, but has increased markedly since the early
1990s (figure 2). In the mid 1990s during the start of the mass screening programme for
women of 50-69 years (since 1998 extended to women of 70-74 years) a small decline
was observed. But thereafter the incidence increased markedly again, to about
110/100,000. The incidence of lobular breast tumours increased markedly until 1985 upto
about 12/100,000, thereafter it increased more modestly to about 15/100,000 in 2003,
the mixed-ductolobular tumours increased from 1985 onwards and has been to about
5/100,000 since 1995.
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Table 2 Characteristics of patients with malignant breast tumours diagnosed 1989-2003 in the Netherlands according to histological group

InvaS|\l/1(;Sductal, Lobutar M'ﬁz%a:fto_ Mucinous Medullary Tubular Papillary Metaplastic Squamous celi  Adenold cystic
n_% n_% n_ % n_ % n_% n % n_% n_ % n_ % n %
Age at diagnosis
<50 years 34074 28 4103 24 2061 33 458 13 728 43 1001 29 159 15 91 29 7 16 200 20
50-69 51275 42 7565 44 2743 44 971 28 676 40 1777 51 356 33 112 36 16 36 43 44
70+ years 36307 30 5625 33 1427 23 2053 59 273 16 678 20 563 52 109 35 21 48 35 36
Stage at diagnosis
1 43744 36 5433 31 2206 35 1468 42 583 35 2415 70 488 45 51 16 8 18 49 50
I 57817 48 8318 48 3200 51 1672 48 1002 60 893 26 478 44 145 46 29 66 43 4
i1l 10785 9 2191 13 521 8 176 5 65 4 75 2 48 4 25 8 5 11 1 1
v 7287 6 1002 6 179 3 100 3 18 1 311 27 3 12 4 1 2 2 2
NA 0 o 0o 0 0 0 0 0 0 0 0 0 0 0 73 23 0 0 0 0
unknown 2023 2 349 2 125 2 66 2 9 1 42 1 37 3 6 2 1 2 3 3
Grade
1 9735 8 943 S 546 9 531 15 9 1 1097 32 186 17 8 3 3 7 8 8
2 30356 25 2971 17 1533 25 539 15 7% 5 267 8 161 15 2% 8 13 30 8 8
3 34054 28 1494 9 1069 17 198 6 537 32 94 3 9 8 117 38 12 27 2 2
4 562 0 42 0 6 0 2 0 17 1 3.0 2 0 2 1 1 2 0 0
unknown 46949 39 11843 68 3077 49 2212 64 1038 62 1995 58 639 59 159 51 15 34 80 82
Total 121656 17293 6231 3482 1677 3456 1078 312 44 98
Cribriform en":iilé;?ne Slgrzt“rmg Paget disease Sarcoma Hg:‘;?ﬁ;o Phyllodes Lymphoma Other/NOS Total
n_ % n_% n_% n_ % n_ % n_% n_% n__% n_% n %
Age at diagnosis
<50 years 127 25 8 11 12 16 205 25 24 30 9 13 193 45 14 14 57 4 43351 27
50-69 193 38 26 34 24 32 313 38 28 35 25 36 154 36 37 38 207 15 66541 42
70+ years 183 36 42 55 39 52 300 37 27 34 36 51 80 19 47 48 1109 81 48954 31
Stage at diagnosis
1 263 52 32 42 20 27 233 28 0 0 0 0 0o 0 0 0 4 0 56997 36
I 215 43 30 39 28 37 316 39 0 0 0 0 0 0 0 0 2 0 74188 47
I 15 3 5 7 11 15 142 17 0 0 0 o0 0o 0 0 0 1 0 14066 9
v 5 1 4 5 14 19 27 3 0 0 0 0 0o 0 0 o 3 0 8712 5
NA 0 0 0 0 0 o 0 0 79 100 70 100 427 100 98 100 1363 99 2110 1
unknown 5 1 5 7 2 3 100 12 0 0 0 0 0o 0 0 0 0 0 2773 2
Grade
1 97 19 9 12 1 1 11 1 6 8 6 9 84 20 0 0 2 0 13282 8
2 108 21 12 16 8 11 115 14 8 10 4 6 1 0 0 0 0 0 36206 23
3 48 10 13 17 23 3 275 34 8 10 8 11 12 3 0 0 4 0 38058 24
4 0 o0 11 2 3 1 0 1 1 1 1 1 0 0 0 5 0 649 0
unknown 250 50 41 54 41 55 416 51 56 71 51 73 329 77 23 23 1362 99 70576 44
Total 503 76 75 818 79 70 427 98 1373 158846 100

NA=not applicable
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Figure 2 Trend in incidence (3-year moving averages) according to histology for consecutive patients diagnosed with invasive breast cancer in
southeastern Netherlands 1973-2004



Table 3 Treatment of patients with malignant breast cancer diagnosed in the southeast of the Netherlands 1985-2004 according to histological group and age at diagnosis

Age dch“t,aaf “;f)s Lobular M'xﬁﬂgfm Mucinous Medullary Tubular Papilary Metaplastic Squamous cell Adenoid cystic
<70 _Treatment n_% n % n_% n_% n_% n_% n_% n % n_% n_%
S alone 2418 18 374 19 154 21 37 2 39 23 90 21 18 31 213 2 33 117
S+RT 4924 36 703 35 212 29 92 51 66 38 239 57 26 45 4 25 1 17 5 83
S+RT+ST 4075 30 586 29 246 33 26 15 43 28 56 13 6 10 7 44 117 0 0
S+ST 1609 12 242 12 95 13 15 8 i5 9 23 5 6 10 2 13 1 17 0 0
ST alone 242 2 39 2 4 1 0 0 11 1 0 0 0 00 0 0 0 0
Unknown 298 2 31 2 23 3 4 2 2 1 13 3 2 3 i 6 1 17 0 0
Other/N 226 2 30 2 8 1 5 3 11 0 0 0 0 00 0o 0 0 0
Total 13792 2005 742 179 172 422 58 16 6 6
Cribriform enr‘:iilé:?ne Signet ring cell  Paget disease Sarcoma Hszrrncir:_];;o Phyllodes Lymphoma Other/NOS Total
Treatment n_ % n_% n_% n__% n % n_ % n % n_% n_%
S alone 8 19 4] 0 1 33 31 42 4 44 4 57 59 92 1 7 1 2 3244 18
S+RT 14 33 1 100 0 0 16 22 5 56 0 0 4 6 0 0 3 6 6315 36
S+RT+ST 10 24 0 0 1 33 16 22 0 0 0 [ 0 0] 17 0 0 5079 29
S+ST 7 17 0 0 1 33 9 12 0 0 2 29 0 0 3 20 0 0 2030 11
ST alon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 7 22 43 310 2
Unknown 3 7 0 0 0 0 1 1 0 0 1 14 1 2 0 0 4 8 385 2
Other/N o 0 0 0 0 0 0 o0 0 0 0 0 0 0 9 60 21 41 300 2
Total 42 1 3 73 9 7 64 15 51 17663 100
Age df}rc“t/:f “rltis Lobular M'X'z%li:(r:to Mucinous Medullary Tubular Papiilary Metaplastic Squamous cell Adenoid cystic
70+ _Treatment n_% n % n_% n_% n_% n_ % n_ % n % n_ % n_ %
S alone 1124 24 196 23 62 28 76 34 12 29 24 25 14 26 7 47 3 75 2 67
S+RT 1060 22 199 23 52 24 58 26 14 33 38 40 20 42 4 27 0 0 1 33
S+RT+ST 907 19 175 20 53 24 19 9 5 12 17 18 6 13 00 0 0 0 0
S+ST 861 18 156 18 43 20 43 19 6 14 14 15 6 13 2 13 0 0 0 o
ST alon 544 11 98 11 2 1 13 6 2 5 1 1 1 2 00 1 25 0 0
Other/N 166 3 21 2 2 1 6 3 0o 0 2 2 0 0 2 13 0 0 0 o0
Unknown 104 2 14 2 4 2 6 3 3 7 0 0 1 2 00 0 0 0 0
Total 4766 859 218 221 42 96 48 15 4 3
Cribriform enl\:!?)lg?n e Signet ring cell  Paget disease Sarcoma HS:QZTT?;O Phyllodes Lymphoma NOS Total
Treatment n_% n_% n_% n__% n_ % n_% n % n_% n_ %
S alone 12 57 3 75 0 0 21 46 3 60 5 100 6 86 2 25 1 1 1573 24
S+RT 3 14 1 25 0 0 7 15 1 20 ¢ 0 0 0 113 o 0 1459 22
S+RT+ST 3 14 0 o0 1 50 8 17 0 0 0 0 0 0 00 0 0 1194 18
S+ST 1 5 0 0 0 o0 8 17 0 0 0 0 0 0 0 0 2 1 1142 17
ST alon 0 0 0 0 1 50 1 2 1 20 0 o0 1 14 00 138 75 804 12
Unknown 2 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 3 139 2
Other/N 0 0 0 0 0 0 1 2 0 0 0 o0 0 0 5 63 38 21 243 4
Total 21 4 2 46 5 5 7 8 184 6554 100
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In 2004 these two groups together comprised about 15% of all invasive breast
cancers. The incidence of all uncommon tumours combined was generally low (3 to
5/100,000/year) during the 1970s and 1980s, but increased over time to 12/100,000 in
1998; it subsequently decreased to about 7/100,000 in 2004. A markedly increased
incidence in the mid 1990s followed by a decline was observed for patients with tubuiar,
phyllodes and cribriform tumours. This trend was also observed for (hemangic)sarcoma,
but about 5 years earlier. The incidence of patients with a medullary tumour has
decreased since the early 1990s from 1.8 to 0.6/100,000 in 2004 (EAPC: -9.4%,
p=0.001). A steady increase, also in recent years, was observed for papillary (EAPC:
+7.5%, p=0.001) and metaplastic (EAPC: +10%, p=0.05) tumours and lymphomas
(EAPC: +6%, p=0.2).

The large majority of patients underwent surgery, especially those younger than
70 (94%) (table 3). Treatment of patients below age 70 with mucinous, tubular, papillary,
cribriform, Paget or (hemangio) sarcomas was generally less aggressive; the proportion
receiving adjuvant systemic therapy in addition to surgery and radiotherapy was
significantly lower (respectively 15%, 13%, 24%, 22%, 0%) in comparison with patients
with invasive ductal carcinomas (30%). Similar tendencies were observed for patients
older than 70 years at diagnosis. Systemic therapy (mostly hormonal therapy) was
administered to 48% of patients with an invasive ductal carcinoma, these proportions
were 34%, 34%, 28%, and 19%, respectively, for patients with mucinous, tubular,
papillary, and cribriform carcinoma.

B
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Figure 2 Relative survival according to histology for consecutive patients diagnosed with invasive
breast cancer in the southeastern Netherlands

Relative 5-year survival rates for patients with lobular (82%) or mixed ducto-
lobular (84%) carcinomas were slightly more favourable than those for patients with an
invasive ductal carcinoma (81%) (figure 3). Prognosis was significantly worse for those
with Paget's disease, metaplastic tumours, breast lymphoma or other/NOS tumours, with
3-year survival rates of 75%, 59%, 69% and 54%, respectively. All other histological
groups exhibited significantly better survival rates compared to invasive ductal carcinoma,
especially patients with tubular carcinoma or phyllodes tumour, with 5-yr relative survival
rates of 97% and 94%, almost similar to that of women without breast cancer. Survival of
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patients with cribriform tumours was comparablie to that for women never diagnosed with
breast cancer (5-year relative survival 104%).

Multivariate analyses of relative survival (table 4) showed a significantly better
prognosis for patients with lobular (Relative Excess Risk of death (RER) 0.82, 95%CI:
0.7-0.9), mucinous (0.53, 0.3-0.9), medullary (0.52, 0.3-0.9), tubular (0.39, 0.2-0.6)
carcinoma or phyllodes tumour (0.02, 0.0-0.2), independent of age at diagnosis, stage,
and grade. Prognosis for patients with papillary (RER 0.57, 95%CI: 0.2-1.6), and
cribriform (0.11, 0.0-5.1) tumours was also better than that for patients with invasive
ductal carcinoma, though not statistically significant.

Table 4 Multivariate regression analysis of relative survival rates of consecutive
patients with malignant breast tumours in southeastern Netherlands,

1985-2002
RER 95% CI
Histolgical group Invasive ductal, nos 1.00
Lobular 0.82 0.7-0.9
Mixed ducto-lobular 095 0.8-1.1
Mucinous 0.53 0.3-0.9
Medullary 0.52 0.3-0.9
Tubular 0.39 0.2-0.6
Papillary 0.57 0.2-1.6
Metaplastic*
Squamous cell carcinoma (SCC)*
Adenoid cystic*
Cribriform 0.11 0.0-5.1
Neuroendocrine*
Signet ring cell*
Paget disease 0.76 04-1.3
Sarcoma*
Hemangiosarcoma*
Phyliodes 0.02 0.0-0.2
Lymphoma*
Other 0.97 0.6-1.6
Age at diagnosis <50 years 1.00
50-69 years 1.04 1.0-1.1
70+ years 1.36 1.2-15
Stage at diagnosis I 1.00
II 243 2.2-27
I 5.10 4.5-5.8
v 19.8 18-22
NA 10.1 6.1-17
unknown 2.59 19-35
Grade 1 1.00
2 1.61 1.2-22
3 231 1.7-3.1
4 235 1.4-4.0
unknown 197 15-2.6

* Number of patients at risk too smali for calculation of RER
NA=not applicable



Uncommon breast cancer

Discussion

The number of patients with uncommon tumours in the Netherlands has
increased markedly since 1989, with about 700-800 new patients every year; for this
largely heterogeneous group the incidence lies between those of cervical and ovarian
cancer.

The less frequent histological types of breast cancer were clearly other entities
than ductal carcinoma, as shown by differences in age at diagnosis, stage, and grade
distribution. The pattern of incidence rates over time was different from that of ductal
carcinoma and relative survival rates also differed for the uncommon tumours, with very
good survival rates for patients with cribriform or tubular cancer or phyliodes tumour, and
poor survival for the lymphomas and metaplastic tumours.

Use of data from the large nation-wide Netherlands Cancer Registry allowed
analyses of rare tumours which otherwise could not have been studied at a population-
based level due to insufficient numbers. A potential drawback might be the involvement
of a large number of pathologists who diagnosed the breast tumours, which may have
led to some morphology misclassification, although it seems unlikely that this resulted in
over- or under representation of specific histolgical types. This is also supported by the
similarity of histological distribution of the Dutch (NCR) and the Eindhoven Cancer
Registry. Also, the distribution according to age, stage, and grade between the two
populations was very similar (data not shown). Furthermore, the pathology diagnoses
became more accurate over time, the number of pathologists increased, especially since
the 1980s and they became increasingly aware of differences in histological types. This
increased awareness is probably related to a decrease in the incidence of breast cancers
with unknown histology. Simuitaneously with this decrease, the incidence of all specific
histological groups (including invasive ductal NOS, lobular and mixed ducto-lobular)
increased and the total incidence of unknown histologies was lower than the incidence of
all uncommon tumours combined. Thus, it seems unlikely that the majority of uncommon
tumours were previously diagnosed with unknown histology.

The median ages at diagnosis for the different histological types were similar to
the population-based SEER data on patients diagnosed in the 1990s* and also to other
histological type-specific studies in industrialized countries.” * % 2 Ppatients with
medullary breast cancer are generally younger, possibly because this type of tumour
might be hereditary, occuring at a younger age than sporadic breast tumours.?

The stage and grade distribution showed the less aggressive nature of mucinous,
tubular, papillary and cribriform carcinoma and phyllodes tumours, as also found in
earlier studies, %79 10: 12
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Table 5 Overview of studies on survival of patients with uncommon tumours of the breast

Authors Study population Histological types No. of Survival rates* Risk ratio# Median Remarks
patients survival
Sulfivan’ Massachusets General tubular 73 90.5 mths
Hospital 1980-2002
Allemani® population-based cancer  medullary 62 5-yr: 86% (76-96) 1.19 (0.49-2.85) relative
registries of Estonia, survival,
France, Italy, Spain, special types 211 5-yr: 95% (90-100)  0.35 (0.12-0.99) RER, adjusted
Netherlands, UK 1990- (i.e. tubular, for age, stage,
1992 apocrine, cribriform, hormone
papillary, mucinous, receptor status
signet ring cell)
Ellis” Nottingham City Hospital  tubular 38 10-yr: 90%
1974-1987 cribriform 13 10-yr: 91%
mucinous 14 10-yr: 80%
medullary 44 10-yr: 51%
Komenaka®  Columbia University- mucinous 65 5-yr: 93.6%
Presbyterian Medical 10-yr: 72.8%
Center 1980-1998
Kuper- 2 regional population- lymphomas 38 2-yr: 63% 38 mths
Homme!*®  based cancer registries in
the Netherlands 1981-
1999
Lit? SEER 1974-1998 mucinous 3923 0.80 (0.86-0.91) only patients
50-79 yrs
medullary 2902 0.82 (0.78-0.87) HR, adjusted
tubular 2260 0.66 (0.60-0.73) for age, yr of
papillary 1049 0.81 (0.73-0.90) diagnosis,
stage, SEER
registry,
surgery, RT
Fu® Providence Hospital & Paget 41 42 mths

Medical Centers 1980-
1999




Diab?® San Antonio, TX, breast tubular 444 5-yr: 88% (p<0.001) p for
cancer databases mucinous 1221 5-yr: 80% (p=0.088) comparison
with ductal
carcinomas nos
Ha* University of Texas M.D.  lymphoma 23 5-yr: 74%
Anderson Cancer Center
Lymphoma database
1972-1994
Northridge'? SEER 1973-1990 mucinous 4082 0.38 (0.34-0.42) HR, adjusted
for age, stage,
yr of diagnosis,
race, grade
Gamel™ SEER 1973-1991 medullary 2908 2.8-3.9 yr
Berg® SEER 1973-1987 medullary 4486 5-yr: 82% relative survival
mucinous 3553 5-yr: 95%
paget 1775 5-yr: 79%
papillary 1395 5-yr: 95%
tubular 1092 5-yr: 96%
Pedersen®  Danish Breast Cancer medullary 235 5-yr: 82% read from the
Cooperative group 1977- 10-yr: 77% graphs
1987
Venable”  George Washington cribriform 32 5-yr: 100% 12 patients
Univeristy Medical Center with pure
1971-1975, 1981-1986 cribriform, 20
with at least
50% cribriform
component
Wargotz* *  Armed Forces Institute of metaplastic:
Pathology Washington DC  matrix-producing 26 5-yr: 68%
before 1983 spindie cell 100 5-yr: 64%
Lattes™ 1970s lymphoma 33 5-yr: 9%

* crude survival rate unless otherwise stated
# compared to invasive ductal carcinoma, nos



68

Chapter 2.3

Women diagnosed with tubular carcinoma are more likely to be detected at
screening.? Our results also suggest this, because the incidence of tubular carcinoma
increased markedly in the mid 1990s followed by a decline a few years later. This is in
accordance with the introduction of population screening for women aged 50-69 in the
area of the Eindhoven Cancer Registry in 1991 which was fully implemented in 1996. This
temporary rise in incidence was also observed for phyllodes tumours and cribriform
carcinoma. A few years earlier, an increase followed by a decrease was observed for
(hemangio)sarcomas, which are related to previous radiotherapy to the breast.?* % In our
study 28 patients (40%) with an hemangiosarcoma had suffered a prior breast cancer.
The increasing incidence rates for lobular and mixed ducto-lobular carcinoma might be
related to the use of hormone replacement therapy,® 2% although this use remained
relatively modest in the Netherlands (10-16%2*>' compared to over 50% in the USA®?).

Treatment of uncommon breast tumours has rarely been studied, because it is
difficult to obtain sufficient numbers of patients in each category. In an average hospital
one observes most of these categories of patients only once every 5 to 10 years. So, it is
not illogical that in the Dutch guidelines for breast cancer treatment, no specifications
according to histological type are shown (although it is stated that axillary treatment of
patient with tubular carcinomas smaller than 1 cm is not necessary),*® nor were they an
issue at the international expert consensus meeting in St Gallen (Switzerland).*
Therefore treatment decisions were probably based on the same criteria as for invasive
ductal carcinoma: stage, grade, menopausal status, and hormone receptor status.
Unfortunately, we do not have information about the latter in our database. We observed
less aggressive treatment of patients with mucinous, tubular, papillary, and cribriform
tumours in accordance with the favourable stage and grade distribution. However, for
older patients comorbidity may also have played a role.*® Treatment recommendations for
patients with some rare tumours, e.g. adenoid cystic®, tubular,*” and phyllodes,®® advise
excision, in some cases combined with radiotherapy but without adjuvant chemotherapy.
Patients with metaplastic tumours should be treated as invasive ductal carcinomas,* and
those with lymphoma of the breast should be treated as all extranodal lymphoma
patients, based on appropriate staging and histopathology.

Like previous studies (table 5), we found a very good prognosis for patients with
tubular,” % ** % and mucinous™ 1 ** 13 % carcinoma. Relative 5-yr survival of patients
with medullary cancer was about equa! to that found in a study which combined data
over 1990-92 from six European cancer registries.® Due to the limited number of cases,
only a few studies have reported on the survival of patients with cribriform carcinoma.*"
“2 In our relatively recent series of patients the prognosis was even better than for
women in general. The very good prognosis for patients with papillary carcinoma has
been reported before from the SEER database.* *°

The poor survival rates for patients with metaplastic tumours is probably affected
by the heterogeneity of the group; previous studies consisted of small series of cases and
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S-year survival rates ranged from 40%!® to 68% for the matrix-producing subtype.®
Survival of patients with breast lymphomas has been reported to be very poor,** ** but
survival might improve for more recent patients through modern staging and therapy.*

Relative excess risks of death (RER) were calculated for most histological types, if
a sufficient number of patients was available. Only one previous study reported RERs
according to histology® but could not distinguish the various histologic subtypes, nor
could it adjust for grade. We found that histology significantly predicted survival after
adjustment for age, stage, and grade. Treatment, which varied over the years and is
largely related to stage and grade, was also added to the model, but this did not change
the RERs significantly (data not shown).

In conclusion, in about 10% of all newly diagnosed breast cancer patients specific
histology has implications for the detection, diagnosis, stage (and thus also treatment)
and survival. Despite a less aggressive treatment, the survival for certain histological
types appeared to be very high, even comparable to that of women without breast
cancer. Furthermore, after adjustment for age, stage and grade, patients with mucinous,
tubular, and medullary carcinoma or phyllodes tumours exhibited such a low risk of death
that in some cases even less aggressive treatment should be considered. Communication
to patients with these specific histological types should reflect this relatively favourable
prognosis.
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Abstract

Node-negative breast cancer patients have a relatively good prognosis, but
eventually one-third will die of the disease. Thus, prognostic factors to identify the high-
risk group among these patients are needed. We retrospectively determined the Mitotic
Activity Index (MAI) for a large series of node-negative breast cancer patients (n=468)
with tumours smaller than 5 cm who only received locoregional treatment. Patients were
followed for up to 29 years; crude and relative survival were calculated, both univariate
and multivariate. Relative survival differed significantly according to MAI (p=0.05), the
difference occurred in the first 5 years after diagnosis and remained constant thereafter.
After adjustment, MAI still significantly affected relative survival (RER 1.9, 95%CI: 1.1-
3.5). Tumour size also increased the risk, but this was not statistically significant (RER
1.5, 95%CI: 0.8-2.7). Survival of patients with a T1 tumour and MAI < 10 was similar to
that for the general population in the first 5 years after diagnosis.

In conclusion, MAI significantly predicted long-term survival for T1/T2NO breast
cancer. Adjuvant systemic therapy appears to have little benefit for node-negative breast
cancer patients with a T1 tumour, regardless of the MAIL For those with a T2 tumour and
a MAI = 10 systemic therapy might have reduced mortality. The need for close
surveillance of node-negative breast cancer patients with a T1 tumour and MAI < 10
seems limited.
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Introduction

Adjuvant chemotherapy and hormonal treatment have been shown to improve
survival for patients with breast cancer but have potentially serious side-effects, and are
costly. Therefore, adjuvant treatment should only be given to high-risk patients, which
requires reliable prognostic factors to indicate high risk.!

Patients with node-negative disease have a relatively good prognosis, but
approximately one-third will eventually die of their disease.?

At the St Gallen meeting in 2001,° updated in 2003,° it was agreed to select high-
risk node-negative patients for adjuvant systemic therapy on the basis of tumour size,
age, hormone receptor status and histological grade.

Several studies have shown that the Mitotic Activity Index (MAI) is the most
important constituent of the histological grade.” ® In previous studies the prognostic value
has been demonstrated, independent of tumour size and node status. 52

MAI can be assessed easily and is highly reproducible (mean correlation
coefficient 0.91) if a protocol with quality control is used.®

In the Dutch guidelines which became effective in the year 2000 it was decided to
use either the MAI or the histological grade, in combination with tumour size, to select
node-negative patients for adjuvant systemic therapy.**

Few studies have investigated long-term survival based on MAI in large series of
breast cancer patients with negative axillary nodes,’” '° however, none of them
population-based. In most studies, part of the population received systemic therapy, thus
making it impossible to evaluate the pure prognostic value of this variable.

In a study on tumour aggressiveness we retrospectively assessed MAI values for
breast cancer patients diagnosed in the years 1975, 1981, 1988 and 1989.%° These
patients were followed for vital status until January 2004, so a follow-up of 15 to 29 years
was attained.

The aim of the present study was to evaluate the pure prognostic value of MAI in
an adequate series of patients with node-negative breast cancer treated with locoregional
therapy alone. We calculated crude and relative survival, taking into account deaths from
causes other than breast cancer, both univariate and multivariate.

Methods
Patients

Data were derived from the population-based Eindhoven Cancer Registry, which
has collected data on all new cancer cases in southeastern Netherlands since 1955. The
registry covers a population of 2.3 million inhabitants and is embedded in the
Comprehensive Cancer Centre South, where cancer patients are discussed in multi-
disciplinary meetings. The area offers good access to specialised medical care supplied in
12 general hospitals and two large radiotherapy institutes. Trained registry personnel
actively collect data on diagnosis, staging, and treatment from the medical records after

77



78

Chapter 3.1

notification by pathologists and medical registration offices. Information on tumour grade
was not available for patients diagnosed before 1983 and hormone receptor status was
not routinely coliected for breast cancer patients diagnosed in the period under
investigation (1975-89) in our cancer registry. Therefore, these two parameters were not
included in our analysis.

Table 1 Characteristics of consecutive patients diagnosed with T1 or T2 node-
negative breast cancer in the Southeast Netherlands

MAI® < 10 MAI > 10 Total
N (%) N (%) N (%)

Age (years)

<50 78 (27) 67 (38) 145 (31)

50-69 147 (50) 81 (46) 228 (49)

70+ 68 (23) 27 (15) 95 (20)
Tumour size (cm)

< 20 180 (61) 86 (49) 266 (57)

2.1-5.0 113 (39) 89 (51) 202 (43)
Morphology

ductal 230 (78) 166 (95) 396 (85)

lobular 59 (20) 7 4) 66 (14)

other/unknown : 4 (1) 2 (0) 6 (1)
Therapy

surgery alone 114 (39) 61 (35) 175 (37)

surgery + radiotherapy 179 (61) 114 (65) 293 (63)
Year of diagnosis

1975 35 (12) 25 (14) 60 (13)

1981 60 (20) 43 (25) 103 (22)

1988-1989 198 (68) 107 (61) 325 (65)
Total 293 (63) 175 (37) 468 (100)

@ MAL: Mitotic Activity Index

A detailed description of the study population can be found elsewhere.”® In short,
all 1430 consecutive breast cancer patients diagnosed in 1975, 1981, 1988, and 1989 in
the eastern part of the region (population 1.1 million) were selected. We excluded
patients with distant metastasis at the time of diagnosis (n=75), patients who did not
undergo surgery (n=94), those with one of the following histologica! types (mucinous,
medullary, pappilary, sarcoma, M. Paget, or DCIS, n=89) or those whose histological
specimen was inadequate, could not be traced or appeared to be no carcinoma (n=131) .
For the remaining 1051 patients MAI values were determined retrospectively according to
the strict protocol used in a previous study, being defined as the total number of sharply
defined mitoses in 10 high-power fields (total area 1.6 mm?).!* We used a cut-off point of
10 mitoses/10 high power fields, which corresponds to the cut-off of 12 mitoses/ 2 mm?
that is used in the Dutch treatment guidelines.** To ensure the accuracy of the MAI, a
quality control system with review of tumour specimens by a reference laboratory was set
up; 98% of reviewed slides were in the same diagnostic category.?°

For the present study we selected lymph node-negative patients only, with
tumours smaller than 5 cm (T1 & T2), n=492.
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According to treatment guidelines at that time, these patients were treated either
by surgery alone or by surgery and radiotherapy. As a result of trial participation 24
patients also received adjuvant systemic therapy. These patients were excluded, so 468
remained for analysis.

Follow-up

Information on the vital status of all patients was obtained initially from the
municipal registries and since 1998 from the Central Bureau for Genealogy. These
registers provide virtually complete coverage of all deceased Dutch citizens. Patients lost
to follow-up (n=22) were checked again by reviewing the hospital records. In this way
additional information on vital status was obtained for 14 patients, so only 8 (1.7%) were
lost to follow-up. Follow-up lasted until January 1st 2004.

Statistical analysis

Differences in distribution between patients with MAI <10 and MAL 210 were
tested with the chi-square test.

Crude survival analyses were performed. The log-rank test was used to evaluate
significant differences between survival curves in univariate analyses. We used Cox
regression models to compute multivariate rates. The independent prognostic effect of
MAI (categorised and as a continuous variable) was investigated, adjusting for age (<50,
50-69, 70+ years), tumour size (<2 cm, 2-5 cm), morphology (ductal or lobular/other),
treatment and year of diagnosis (1975, 1981, 1988-89).

Relative survival (the ratio of the observed to the expected rates) is an estimation
of disease-specific survival, which reflects survival of cancer patients adjusted for survival
in the general population with the same age structure.? Expected survival rates were
calculated from life tables for regional male and female populations with the same 5-year
age distribution. We used generalised linear models with a Poisson error structure based
on collapsed data and exact survival times.? If the number of patients at risk in a
particular category became to small to calculate a reliable estimate of relative survival
(i.e. SE >10%), results were not shown.

All statistical analyses were performed with SAS (the SAS System, Cary CA, USA).

Resuits

Characteristics of the study population are given in Table 1. The proportion of
patients younger than 50 was highest in the high MAI group, 38% compared to 27% of
the low MAI group (p=0.01). Patients with high MAI had larger tumours (p=0.01) which
were more often ductal carcinomas (p=<0.0001). Treatment and year of diagnosis did
not differ significantly between MAI categories.

Crude survival rates according to MAI are presented in Figure 1. The difference
between low and high MAI occurred about 2 years after diagnosis and is largest about 7
years after diagnosis (MAI<10: 84%, MAI>10: 73%, p=0.007). Thereafter the survival
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curves came closer together, and the overall effect of MAI on crude 30-year survival was
not statistically significant (p=0.6).
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Figure 1 Crude survival for node-negative T1 & T2 breast cancer patients according to Mitotic
Activity Index (MAI)

Multivariate analysis of crude survival revealed the effect of MAI not to be
statistically significant (HR 1.2, 95%CI: 0.9-1.5). Age and tumour size significantly
affected survival (Table 2). Patients aged 50-69 years had a HR of 2.0 (95%CI: 1.4-2.9)
and those aged 70+ even 5.3 (95%CI: 3.6-7.9). The risk of death was about 40% higher
among patients with tumours 2-5 cm compared with those with smaller tumours (HR 1.4,
95%CI: 1.1-1.8). '

Relative survival was significantly different on the basis of MAI (p=0.05) (Figure
2). In multivariate analyses of relative survival (Table 2) MAI showed a significant effect
on survival (RER 1.9, 95%CI: 1.1-3.5). Age at diagnosis no longer predicted survival,
whereas tumour size revealed an elevated risk (RER 1.5, 95%CI: 0.8-2.7).

Relative survival according to tumour size showed that a low MAI resulted in
better survival for patients with T1 (Figure 3a) as well as those with T2 tumours (Figure
3b); however this was not statistically significant (p=0.07 and p=0.4, respectively).
Survival of patients with a small (T1) tumour and low MAI was similar to that of the
general population the first 5 years after diagnosis (Figure 3a).

Discussion

In this large series of node-negative breast cancer patients diagnosed 1975-1988
we found that MAI significantly predicted relative survival in multivariate analyses up to
almost 30 years after diagnosis.

Previous studies also found that MAI is an independent prognostic factor, even for
node-negative patients.”*
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Table 2 Multivariate regression analyses of crude and relative survival rates of
consecutive patients diagnosed with T1 or T2 node-negative breast cancer in
the Southeast Netherlands

Crude Survival Relative survival
Cox regression Poisson Regression
HR (95% CI) RER (95% CI)
MAT?
<10 1.0 1.0
>10 1.2 (0.9-1.5) 1.9 (1.1-3.5)
Age (years)
<50 1.0 1.0
50-69 2.0 (1.4-2.9) 1.2 (0.7-2.2)
70+ 5.3 (3.6-7.9) 0.0 -
Tumour size {(cm)
< 20. 1.0 1.0
2.1-5.0 14 (1.1-1.8) 1.5 (0.8-2.7)
Morphology
ductal 1.0 1.0
fobular/other/unknown 1.1 (0.8-1.6) 1.3 (0.1-16)
Therapy
surgery alone 1.0 1.0
surgery + radiotherapy 0.8 (0.6-1.1) 0.9 (0.5-1.8)
Year of diagnosis
1975 0.9 (0.6-1.4) 0.5 (0.2-1.6)
1981 1.2 (0.8-1.6) 0.9 (0.5-1.9)
1988-1989 1.0 1.0

? MAI: Mitotic Activity Index

Studies on large series of node-negative breast cancer patients are scarce.' 5%

However, for evaluating the pure prognostic value only patients who have not received
systemic therapy should be studied. This was previously studied in a patient population in
Italy,'® *° where mitotic activity significantly predicted 6-year overall crude survival. In
our study MAI also remained significant for relative survival in multivariate analyses. The
present study provides new information with respect to that of other investigators in that
it evaluated the clinical impact of MAI on long-term survival before the introduction of
adjuvant systemic therapy for node-negative breast cancer patients. To assess the pure
prognostic relevance of the marker, we studied a large series of node-negative breast
cancer patients receiving locoregional therapy alone from a population-based cancer
registry, with follow-up of up to 30 years.

The MAI is made up of the mitotic frequency in the most active part of the
tumour. Quantitative features, such as the MAI, clearly discriminate less aggressive
tumours from more aggressive ones.* 1% 26 27 Although there are well-known problems
about the reproducibility of grading in the absence of strict protocols,?®*° the MAI is
highly reproducible (mean correlation coefficient 0.91) if a protocol with quality control is
used.” Our quality control procedure also confirmed the accuracy of the MAI values.?

Unfortunately, information on hormone receptor status and tumour grade was not
available in our study. A previous studies showed the prognostic value of MAI after
adjustment for both estrogen and progesterone status.!® Several studies investigated the
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prognostic value of MAI and compared it with histological grade. ** 33 They all
conclude that the MAI is the best prognostic factor, so the additional value of histological
grade would be limited.
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Figure 2 Relative survival for node-negative T1 & T2 breast cancer patients according to Mitotic
Activity Index (MAI)

The crude survival rates for patients with low MAI and patients with high MAI
come closer together as time goes by, because eventually every person dies. The relative
survival rates, which reflect the disease-specific survival, do not come closer. Relative
survival of patients with a high MAI remains worse than the survival of those with a low
MAI even after 25 years of follow-up. Because we selected patients from 3 diagnostic
periods, the longest follow-up (29 years) can only be attained by patients diagnosed in
1975, patients diagnosed in 1981 or 1988-89 have only reached a maximum follow-up of
23 or 15 years, respectively. The number of cases after 15 years of follow-up is thus
limited, but population-based studies with follow-up beyond 15 years after diagnosis are
scarce.

After the first 5 years of follow-up the difference in relative survival for MAI<10
and MAI = 10 remained stable. Thus, although MAI is still a prognostic factor, the largest
value occurs in the first five years after diagnosis. Previous studies on the effect of
chemotherapy for node-negative breast cancer also showed that the effects mainly occur
in the first five years after diagnosis.® *® The Dutch guidelines suggested adjuvant
systemic therapy for node-negative breast cancer patients only when expected (crude)
10-year survival was below 80%.* The relative survival of patients with T1 tumours was
relatively good (figure 3a), so the benefit of adjuvant systemic treatment for these
patients is likely to be limited. Administration of chemotherapy to patients with T1 NO and
MAI 2 10 breast cancer might have resulted in minimal survival benefit and considerable
over-treatment.?” Survival of patients with a T2 tumour (figure 3b) and a high MAI (= 10)
was considerably lower, so these patients might have benefited more from adjuvant
therapy, especially endocrine treatment when positive hormonal receptors were present
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in their tumours. In addition, hormonal therapy reduces the risk of contralateral breast
cancer and is less toxic than chemotherapy.®® This is true for all ages, above 60 years
chemotherapy is less effective.
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Figure 3 Relative survival for node-negative breast cancer patients according to Mitotic Activity
Index (MAI): a) T1, b) T2

Ten years after diagnosis the relative survival curves for both the low MAI group
and the high MAI group became horizontal, implying that patients who have survived the
first 10 years do not have a worse prognosis than women in the general population,
regardless of their MAL This is in accordance with a previous study that found that the
risk of recurrence was negligible 10 years after diagnosis.*® Previous studies that did not
focus only on node-negative patients reported that the limit of breast cancer dormancy is
about 20 to 25 years, and the mortality rate at this time was similar to that for the
general population.® A recent study by Schairer and colleagues® showed that the
probability of death from breast cancer after almost 30 years is similar to the probability
of death from other causes for white breast cancer patients diagnosed with localised
disease before age 50. For older patients the probability of dying from other causes is
much larger compared to the risk of dying from breast cancer. Previously, we found that
although there is excess mortality from breast cancer 20 years after diagnosis, the life
expectancy is similar to that for the general population.*

In conclusion, these findings indicate that MAI is an important prognostic factor in
early stage breast cancer. Adjuvant systemic therapy should not be given to node-
negative breast cancer patients with a T1 tumour, because these patients already have a
relatively good prognosis and the adverse effects of chemotherapy may not outweigh the
limited gain in survival. For those with a T2 tumour and a MAI = 10 systemic therapy
might be helpful in reducing mortality. The need for close surveillance of node-negative
breast cancer patients with tumours smaller than 2 cm (T1) and a low MAI (<10) who

have been treated with either surgery alone or a combination of surgery and radiotherapy
is limited.
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Abstract

Background: The prevalence of coexistent diseases in addition to breast cancer
becomes increasingly important in an ageing population. However, clinical implications
are unclear.

Patients and methods: Age-specific prevalence of serious comorbidity among all
new breast cancer patients diagnosed 1995-2001 (n=8966) in the South of the
Netherlands was analysed in relation to age, stage and treatment. Independent
prognostic effects of age and comorbidity were evaluated (follow-up until 1 January
2004).

Results: The prevalence of comorbidity increased from 9% for those <50 years to
56% for patients 80+. The most frequent conditions were cardiovascular disease (7%),
diabetes mellitus (7%), and previous cancer (6%). In the presence of comorbidity fewer
patients received radiotherapy (51% vs. 66%, P<0.0001) and fewer patients who
underwent breast conserving surgery also had axillary dissection (P<0.0001). Relative 5-
year survival rates for patients without comorbidity (87%) were significantly higher
(P<0.01) than those for patients with previous cancer (77%), diabetes mellitus (78%),
and for patients with 2+ coexistent diseases (59%). Relative survival of patients without
comorbidity increased with age to 93% for patients older than 70. Comorbidity negatively
affected prognosis, independent of age, stage of disease, and treatment (HR=1.3,
P=0.0001 for one coexistent disease and HR=1.4, P=0.0001 for 2+ coexistent diseases).
The most important effects were found for previous cancer (HR=1.4, P=0.003),
cerebrovascular disease (HR=1.6, P<0.004) or dementia (HR=2.3, P<0.0001).

Conclusion: Elderly breast cancer patients can be divided in those without other
diseases, who have a relatively good prognosis, and those who have at least one other
serious coexistent disease and significantly poorer prognosis.
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Introduction

Breast cancer is the most common type of cancer among women in the
Netherlands, as in many other western countries , and 51% of all new patients are 60
years or older 2. With increasing age, the prevalence of coexistent diseases increases 3,
Previously we found that about 50% of all breast cancer patients aged 60 years and older
have one or more serious coexistent diseases *. Clinical trials that focus on treatment
evaluation often exclude older patients and those with pre-existing serious diseases, so
that optimal treatment for these patients is still uncertain. Elderly patients often do not
receive any treatment and are less likely to undergo a combination of therapeutic
modalities °. Often, patients with comorbidity are not treated according to guidelines &7
although this may be the effect of advanced age instead of comorbidity. In addition to
the influence on treatment, comorbidity has also been demonstrated to lower 3-year
survival rates, independent of age, stage of disease, and type of treatment ®.

Since 1993 the Eindhoven Cancer Registry has routinely collected data on serious
coexistent diseases in all newly diagnosed cancer patients in the southeastern part of the
Netherlands °. This provides us with the unique opportunity to study its prognostic
implications in a population-based setting.

In an increasingly ageing population comorbid conditions will become to play an
even more important role in clinical decision-making and outcome. The presence of these
coexistent diseases warrants care programmes with adapted treatment guidelines.

In the present study we describe the prevalence of serious comorbidity for all
consecutive breast cancer patients since 1995 with follow-up until 1-1-2004. We
investigated the impact of comorbidity on treatment and its effect on prognosis,
independent from age and stage of the disease.

Patients and methods

Data were derived from the population-based Eindhoven Cancer Registry, which
collects data on all new cancer cases in southeastern Netherlands since 1955. The
registry covers a population of about 2.3 million inhabitants and is embedded in the
Comprehensive Cancer Centre South, where all cancer patients are discussed in multi-
disciplinary meetings. The area offers good access to specialised medical care supplied in
12 general hospitals and two large radiotherapy institutes. Trained registry personnel
actively collect data on diagnosis, staging, and treatment from the medical records after
notification by pathologists and medical registration offices. Data on type of treatment
(surgery, radiotherapy, chemotherapy or hormonal therapy) were recorded as well as
details on the type of surgical procedure (such as breast conserving surgery, mastectomy,
axillary dissection).

Since 1993 the registry also records comorbidity according to a slight adaptation
of the list of serious diseases drawn up by Charlson et al. *°. In short, the following
important conditions were recorded: chronic obstructive pulmonary diseases (COPD),
cardiovascular and cerebrovascular diseases, other malignancies (excluding basal cell
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carcinoma of the skin), and diabetes mellitus. Connective tissue diseases, rheumatoid
arthritis, kidney, bowel, and liver diseases, dementia, tuberculosis and other chronic
infections were also recorded °,

Between 1995 and 2001 a total of 9123 patients with invasive breast cancer were
diagnosed. A previous malignancy was diagnosed in 658 patients, for which the
focalisation couid be traced in 71% of the cases. Patients who had been diagnosed with
breast cancer (invasive or in-situ) before 1995 and developed a second breast tumour
during 1995-2001, were excluded from the analyses (n=164). After the exclusion, the
most frequent previous tumours were gynaecological tumours (25%), and colorectal
cancer (23%).

Table 1 Number of serious concomitant conditions and type of comorbidity by age of consecutive
breast cancer patients diagnosed 1995-2001 in southeastern Netherlands

age at diagnosis (years)

<50 50-69 70-79 >80 all ages
n (%) n (%) n (%) n (%) n (%)
Number of concomitant conditions
0 1816 (79) 2804 (67) 826(50) 283 (35) 5729 (64)
1 184 (8) 686 (16) 458 (27) 268 (34) 1596 (18)
=2 23 (1) 174 (4) 228 (14) 175(22) 600 (7)
unknown 290 (13) 521 (12) 156 (9) 74 (9) 1041 (12)
Type of concomitant condition*
Previous cancer 52(2) 212 (5) 136 (8) 93 (12) 493 (6)
Cardiovascular disease 17 (1) 197 (5) 240 (14) 170 (21) 624 (7)
COPD 57 (2) 174 (4) 114 (7) 58 (7) 403 (4)
Diabetes mellitus 18 (1) 245 (6) 241 (14) 133 (17) 637 (7)
Cerebrovascular 10 (0) 54 (1) 81 (5) 62 (8) 207 (2)
Tuberculosis 8(0) 36 (1) 37 (2) 19 (2) 100 (1)
Dementia 0(0) 3(0) 24 (1) 43 (5) 70 (1)
Digestive tract 27 (1) 50 (1) 34 (2) 32 (4) 143 (2)
Othert 33(1) 54 (1) 31 (2) 20 (3) 138 (2)
Total 2313 4185 1668 800 8966

* Patients may suffer from more than one concomitant condition
1 Connective tissue diseases, rheumatoid arthritis, kidney diseases

Information on the vital status of all patients was obtained initially from the
municipal registries and since 1998 the Central Bureau for Genealogy. These registers
provide virtually complete coverage of all deceased Dutch citizens. Patients who moved
outside the Netherlands were lost to foliow-up; the estimated proportion was 0.2%.
Follow-up lasted until January 1st 2004.

The prevalence of comorbidity was analysed according to age (<50, 50-69, 70-79,
and 280); sometimes combining the patients 70-79 and 80+ because of the small
numbers. Differences in treatment between patients with and without comorbidity were
analysed according to age group, and tested with the chi-square test. Crude survival
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analyses were performed separately for the first year of follow-up and for the following
period, and were stratified according to age at diagnosis. The log rank test was
performed to evaluate significant differences between survival curves in univariate
analyses. We used Cox regression models to compute multivariate rates. The
independent prognostic effect of comorbidity (in general and specific diseases) was
investigated, adjusting for age, stage of disease, and treatment of the patient.

Relative survival (the ratio of the observed to the expected rates) is an estimation
of disease-specific survival, which reflects survival of cancer patients adjusted for survival
in a background population with the same age structure '. Expected survival rates were
calculated from life tables for regional male and female populations with the same 5-year
age distribution.

Results

The proportion of patients with one or more serious coexistent disease at the time
of diagnosis of breast cancer increased from 9% for patients younger than 50 to 55% for
patients aged 80 years and older (table 1).

The most frequent coexistent diseases were cardiovascular disease (7%), diabetes
mellitus (7%), and previous cancer (6%), for all age groups (table 1).

<50 yrs 50-69 yrs 70-79 yrs 80+ yrs
0L,
100% s e )
Bother
80% -R ke = @st
e i 2 . OS+ST
e ks BS+RT+ST
s0% HEe : i BS+RT
3 B8 Surgery
40%
20%
0%
none 1 2+ none 1 2+ none 1 2+ none 1 2+

Figure 1 Primary treatment (%) of consecutive breast cancer patients diagnosed in southeastern
Netherlands, 1995-2001, according to age and number of comorbid conditions
S=surgery, RT=radiotherapy, ST=systemic therapy. ST was mainly chemotherapy (93%) in age <50 y, and
mainly hormonal treatment (78%, 96% and 100%) in age groups 50-69, 70-79 and 80+, respectively
* p<0.01

Treatment of patients without comorbidity was less extensive in the older age
groups (Figure 1). The presence of comorbidity affected treatment in all age groups, but
these effects were much smaller before age 70.
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Table 2

Overalt survival (% and SE) of consecutive breast cancer patients diagnosed in southeastern Netherlands, 1995-2001, according to age and concomitant disease.

age <50y 50-69 y 270y All ages combined
Survival survival survival survival
crude relative crude relative crude relative relative
time since diagnosis 1yr Syr Syr 1yr Syr Syr 1yr S5yr Syr Syr

No comorbidity 98 (0.3) 84(1.0) 84 (1.0) 98 (0.3) 84(0.7) 87 (0.8) 93(0.8) 68(1.6) 93(2.1) 87 (0.6)
One concomitant disease:

Previous cancer 96 (2.9) 77(7.2) 78(7.2) 92 (2.2) 73 (3.8) 76 (3.9) 89 (2.8) 59(4.9) 78 (6.5) 77 (3.2)

Cardiovascular disease 100 (0.0) -t - 98 (1.2) 83(4.0) 88 (4.1) 93 (2.0) 56 (4.4) 77 (6.0) 83(3.8)

CoPD 100 (0.0) 74 (6.9) 75(7.0) 98 (1.4) 84(3.7) 88 (3.9) 94 (2.9) 62 (6.8) 88 (10) 84 (3.5)

Diabetes mellitus 93 (6.9) - - 96 (1.5) 84 (3.1) 88 (3.3) 87 (2.6) 53 (4.4) 69 (5.8) 78 (3.2)

Cerebrovascular - - - 94 (6.1) - - 80 (4.8) 48 (6.6) 75 (10) 76 (8.4)

Tuberculosis - - - 100 (0.0) 87 (6.9) 91(7.2) 96 (3.6) - - 84 (7.1)

Dementia - - - - - - 83 (6.2) 27 (8.8) - -

Digestive tract 96 (4.2) 83(9.5) - 95 (3.7) 87(6.1) 91 (6.3) 89(5.9) 60 (10) - 94 (6.2)

Other 96 (3.5) 81(7.9) 81(8.0) 97 (3.1) 84(7.8) 86 (8.0) 84 (7.3) 54 (10) - 85 (6.4)
Two or more concomitant

diseases 96 (4.3) 72(9.6) 73(9.7) 92 (2.1) 65 (4.3) 68 (4.4) 81 (2.0) 35 (2.8) 53 (4.2) 59 (3.1)

*) - = number of patients at risk too small for reliable survivai estimate (SE > 10%)

Bold: Survival significantly different from patients without comorbidity (P<0.01)
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Patients with at least one serious coexistent disease received less radiotherapy
(51% vs. 66%, P<0.0001) and more systemic therapy (tamoxifen 44% vs. 30%,
P<0.0001) compared to those without comorbidity (all ages combined). The effect of
comorbidity on treatment was most clear for patients aged 80 years and older, when the
proportion treated with surgery alone was lower for those with comorbidity (21% vs.
26%, P=0.09), and treatment with only tamoxifen was higher (21% vs. 14%, P=0.01).
Surgical procedures were less extensive for patients with comorbidity. The standard
breast conserving treatment consists of lumpectomy, axillary dissection and radiotherapy.
Among all patients who underwent lumpectomy (n=3138), axillary dissection was
performed in 78% of the patients with at least two other serious diseases, compared to
97% of those without comorbidity (P<0.0001) (Figure 2). Radiotherapy was administered
to 94% of the patients without comorbidity who underwent lumpectomy, compared to
87% of patients with one coexistent disease and 78% of patients with 2 or more
comorbid conditions (p<0.0001). This effect was strongest among patients aged over 80
years at diagnosis. The proportion who underwent axillary dissection combined with
lumpectomy decreased from 70% in those without coexistent disease to 46% and 40% in
those with one and 2 or more coexistent diseases, respectively (P=0.009). The
proportion that received radiotherapy in this patient group decreased from 70% in those
without comorbidity to 54% and 50% of patients with one and 2 or more coexistent
diseases, respectively (P=0.12) (Figure 2).
<50 yrs 50-69 yrs 70-79 yrs 80+ yrs
100% -pummmaes

80%

60%

40%

20%

0%

none 1 2+ none 1 2+ none 1 2+ none 1 2+

number of comorbid conditions

Figure 2 Proportion axillary dissection and radiotherapy among breast cancer patients who
underwent lumpectomy in southeastern Netherlands, 1995-2001, according to age and
number of comorbid conditions AD= axillary dissection, RT=Radiotherapy * p< 0.01

Crude five-year survival rates for patients who suffered from comorbidity were
significantly lower than for patients without coexistent diseases (table 2). Among patients
aged 50-69 years both 1-yr and 5-yr survival rates were significantly lower in the

B-AD-RT

D-AD+RT

E2+AD-RT

& +AD+RT
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presence of previous cancer (P<0.01). Crude survival of 70+ patients with a
cardiovascular disease, diabetes mellitus, cerebrovascular disease, dementia or other
comorbidity cancer was significantly lower (P<0.01). Survival adjusted for background
mortality (relative survival) yielded similar results (table 2).

Table 3  Multivariate survival of consecutive breast cancer patients diagnosed in southeastern
Netherlands, 1995-2001

n (%) HR (95% CI)  Pvalue

Concomitant disease

No comorbidity 5729 (64) 1.00

One concomitant disease:
Previous cancer 493 (6) 1.37 (1.2-1.7) 0.003
Cardiovascular disease 624 (7) 1.34 1.1-1.7) 0.009
COoPD 403 (4) 1.13 (0.9-1.5) 0.4
Diabetes mellitus 637 (7) 1.33 (1.1-1.6) 0.004
Cerebrovascular 207 (2) 1.63 (1.2-2.3) 0.004
Tuberculosis 100 (1) 1.02 (0.6-1.7) 1.0
Dementia 70 (1) 2.34 (1.6-3.5) 0.0001
Digestive tract 143 (2) 1.18 (0.8-1.8) 0.5
Other 138 (2) 1.27 (0.8-1.9) 0.2

Two or more concomitant diseases 600 (7) 1.44 (1.3-1,5) 0.0001

Stage

1 2490 (28) 1.00

I 3680 (41) 1.93 (1.6-2.3) 0.0001

1I/1v 1105 (12) 3.82 (3.2-4.6) 0.0001

unknown” 1691 (19) 1.82 (1.5-2.2) 0.0001

Treatment

S 1850 (21) 1.00

S+RT 2733 (30) 0.70 (0.6-0.8) 0.0001

S+RT+ST 2656 (30) 1.05 (0.9-1.2) 0.5

S+ST 1245 (14) 1.29 (1.1-1.5) 0.001

ST 310 (3) 2.99 (2.5-3.6) 0.0001

other 172 (2) 3.62 (2.9-4.6) 0.0001

Age (years)

<50 2313 (26)  1.00

50-69 : 4185 (47)  0.97 (0.9-1.1) 0.7
70-79 1668 (19)  1.47 (1.3-1.7) 0.0001
80+ 800 (9) 2.42 (2.1-2.8) 0.0001

*} Patients with a negative sentinel node without complete axillary clearance were coded as stage unknown by the cancer
registry

Relative 5-year survival for patients without comorbidity (all ages combined) was
87% (95%CI: 86-88), which was significantly higher than that for patients with a
previous cancer (77% (95%CI: 71-83)), or diabetes mellitus (78% (95%CI: 72-84)).
Patients with only one comorbid condition experienced 80% 5-year relative survival,
patients with 2 or more conditions only 59% (95%CI: 53-65). Comparing patients
without comorbidity by age group showed that patients without coexistent disease above
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age 70 had higher relative 5-year survival rates than those below age 50 (93% (95%CI:
89-97) vs 84% (95%CI: 82-86)).

In a multivariate survival analysis the presence of any comorbidity yielded a
prognostic effect, after adjustment for age, stage of disease, and treatment (HR=1.3,
P=0.0001 for one coexistent disease and HR=1.4, P=0.0001 for 2+ coexistent diseases)
(table 3). The most important effects on survival were found for previous cancer
(HR=1.4, P=0.003), cerebrovascular disease (HR=1.6, P<0.004), and dementia (HR=2.3,
P<0.0001).

Discussion

Primary treatment of breast cancer patients with serious comorbidity was less
extensive than treatment of those without comorbidity. Adjuvant radiotherapy was
administered less often, being replaced by either another surgical procedure (mastectomy
instead of breast-conserving surgery) or adjuvant hormonal treatment. Axillary dissection
was omitted in a large portion of the (older) patients with serious comorbidity.
Independent of age, stage and treatment, survival was significantly worse for breast
cancer patients who suffered from a previous cancer, cardiovascular disease, diabetes
mellitus, cerebrovascular disease, or dementia, compared to those without these
coexistent diseases. The discrepancy in survival between those patients with only breast
cancer and those who also suffered from other chronic diseases increased.

Charlson's list was used to score prognostic comorbidity in the present study,
without subdivision according to severity, because this was too complex for the registrars.
Misclassification of comorbidity is limited, because the comorbid diseases are recorded
routinely by trained registry personnel and data is collected directly from the medical
records of the patients. A validation study among breast cancer patients showed some
underregistration, mainly for cardiovascular diseases 2. This means that the real effects
of comorbidity on treatment choice and survival are probably even stronger than those
described here.

Other studies also reported less extensive treatment of older breast cancer
patients ** ** although they could not attribute this to either advanced age or the
presence of comorbidity. We found that treatment was affected much more among the
patients aged 70 and older than in the younger patients. About 10% of eiderly patients
were not treated according to guidelines & 7 **, More specifically, elderly patients did not
receive radiotherapy ® 3 and surgical procedures were less extensive " %3, especially with
respect to axillary lymph node dissection 7. In the western part of the Netherlands, the
proportion receiving non-standard treatment was higher among patient aged 75 years
and older, the highest for patients with severe comorbidity ¢. We also found that older
patients received less radiotherapy and less extensive surgery. The presence of comorbid
conditions clearly altered the therapeutic regimen, independent from age and stage.
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The question is whether this is good clinical practice. Treatment of patients with
coexistent conditions according to current guidelines may cause more complications and
thus lower survival rates. But, these patients could also be in fact 'understaged' and/or
'undertreated'. The omission of radiotherapy has been shown to have adverse effects on
recurrence rates and overall mortality **Y7. Furthermore, axillary node dissection
contributes to prolonged survival 8. In contrast, we found no relation between the
number of post-surgical complications and severity of comorbidity in a random sample of
about 500 patients, but we did find an increase of the severity of comorbidity with age 13,
This could explain the increased contrast in survival between patients with and without
comorbidity in the older age groups.

Obviously, breast cancer patients are at risk of dying from breast cancer as well as
from other causes. However, it seems likely that serious comorbidity affects survival,
either due to mortality as a result of the comorbid disease or because of
‘'undertreatment’. Recently, Yancik et al. 7 showed that diabetes and previous cancer
predicted early mortality. The death of only about 50% of the patients who died within 30
months after diagnosis was due to breast cancer. Schairer et al. ° found that white
patients older than 70 with localised, regional or unknown stage at diagnosis had a
higher probability of dying from other causes than breast cancer 5 years after diagnosis.
The probability of death from other causes at the end of follow-up (27.9 y) exceeded that
from breast cancer for patients with localised disease aged >50, and patients with
regional disease aged >60. Unfortunately, we do not have individual data on cause of
death, so we used relative survival to estimate disease-specific survival (this means we
adjusted for survival for the background population with the same age structure). This
showed significantly lower 5-year survival rates for most of the recorded coexistent
diseases, with rates up to 50% lower. Furthermore, hazard ratios were still significantly
elevated after adjustment for age, stage and treatment. Thus an independent effect of
the presence of comorbidity on survival was demonstrated.

We also observed an independent prognostic effect of age. This implies that other
prognostic factors may play a role, such as an inferior performance status, decreased
organ reserves, a diminished mental condition, and unfavourable social factors 2 22,

To our knowledge, this is the first time that the effect of comorbidity in breast
cancer patients has been investigated in a population-based setting with a population of
this size and such a long follow-up period. We could disentangle the prognostic effect of
the coexistent disease itseif from the effect of the aitered treatment of patients with
comorbidity.

In an increasingly ageing population comorbid conditions will play an even more
important role in clinical decision-making and outcome. We demonstrated that elderly
breast cancer patients can be divided in those without other diseases, with a relatively
good prognosis, and those who have at least one other serious coexistent disease with a
significantly poorer prognosis. The presence of these coexistent diseases warrants care
programmes with adapted treatment guidelines.
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Abstract

Background: After a systematic mass mammography breast cancer screening
programme was implemented between 1991 and 1996 (attendance 80%), we evaluated
its impact on survival according to socioeconomic status (SES).

Methods: We studied survival rates up to 1-1-2005 for all consecutive breast
cancer patients aged 50-69 and diagnosed in the period 1983-2002 in the area of the
Eindhoven Cancer Registry (n= 4939). Multivariate analyses were performed using Cox
regression analysis.

Resuits: The proportion of breast cancer patients with a low SES decreased from
22% in 1983-1990 to 14% in 1997-2002 when attendance was 85%. The proportion of
newly diagnosed patients with stage III or IV disease in 1997-2002 was only 10%
compared to 14% in 1991-1996 and 26% in 1983-1989 (p<0.0001). Stage distribution
improved for all socio-economic groups (p=0.01). Survival was similar for all socio-
economic groups in 1983-1990, but after the introduction of the screening programme
women with low SES had lower age- and stage-adjusted survival rates (HR 2.0, 95%CI:
1.3-3.0). Survival was better for patients diagnosed in 1997-2002 compared to 1983-
1990 for all socioeconomic strata; it was substantially better for the high SES group (HR
0.36, 0.2-0.5) compared to the lowest SES (HR 0.77, 0.6-1.1).

Conclusion: Although survival improved for women from each of the socio-
economic strata, related to the high participation rate of the screening programme,
women from lower socio-economic strata clearly benefited less from the breast cancer
screening programme. That is also related to the higher prevalence of comorbidity and
possibly suboptimal treatment.
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Introduction

Mammography screening aims at early detection of breast cancer so that
adequate treatment will eventually lower breast cancer mortality. In a mass screening
programme, it is therefore especially important to reach women who have the highest
chance of being diagnosed with advanced stage or have the lowest survival rates.

Women from lower socio-economic strata are less likely to attend population
screening programmes'™ and are also more likely to present with unfavourable stage at
diagnosis,* % ® although not all studies confirm this.”® Lower breast cancer survival rates
among the disadvantaged are usually attributed to advanced stage at presentation, but
also to suboptimal access to adequate treatment. A recent population-based study in
Switzerland found social class to be an independent prognostic factor.’®

The mass breast cancer screening programme was introduced in 1991 for women
of 50 to 69 years and became fully implemented in 1996 in the south of the Netherlands
covered by the population-based Eindhoven Cancer Registry, with a continuous high
participation rate. Based on previous work*' and a new postcode-based indicator of socio-
economic status (SES) introduced by Statistics Netherlands'? we were able to investigate
survival according to SES for a sufficient period of time after introduction.

We studied whether survival according to SES was affected differentially by the
implementation of the screening programme.

Methods

The Eindhoven Cancer Registry records data on all patients newly diagnosed with
cancer in the south-eastern part of the Netherlands, an area with now 2.4 million
inhabitants (about 15% of the Dutch population) and only general hospitals. Trained
registry personnel actively collect data on diagnosis, staging, and treatment from the
medical records after notification by pathologists and medical registration offices.

In the area of the Eindhoven Cancer Registry, a biennial breast cancer screening
programme for women aged 50-69 years was started in 1991 and fully implemented in
1996. The attendance rate was more than 80%.%

For our analyses we included all patients age 50-69 years diagnosed in 1983-2002
with invasive breast cancer in the eastern part of the registration area (about 1 million
inhabitants). This population has been followed-up for vital status up to 1-1-2005.
Information on the vital status of all patients was obtained initially from the municipal
registries and since 1998 from the Central Bureau for Genealogy. These registers provide
virtually complete coverage of all deceased Dutch citizens.

An indicator of socioeconomic status was developed by Statistics Netherlands'?
being based on individual fiscal data from the year 2000 on the economic value of the
home and household income and provided at aggregated level for each postal code
(average of 17 households). Socioeconomic status was categorized according to quintiles
ranging from 1 (low) to 5 (high), with a separate class for postal codes with a care-
providing institution (such as a nursing home). This measure is assumed to be valid 10
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years before and after the basic year (2000), so for patients diagnosed before 1990 we
used a measure which was also based on postal code of residence, but socio-economic
status (5 categories) was based on data from a marketing agency (self-reported
occupation and education define 45 social classes, collapsed into a 5-level indicator based
on average number of years of education), as described before.!' We also used both SES
indicators for the whole study period (1983-2002) to make sure any effect of diagnostic
period was not attributable to the indicator we used.

We calculated distribution of age and stage of disease according to period of
diagnosis.

Table 1  Characteristics of all women age 50-69 years diagnosed with invasive breast cancer
between 1983-2002 in Southeastern Netherlands

1983-1990 1991-1996 1997-2002 Total
n % n % n % n %
TNM
I 465 30 642 41 838 45 1945 39
I 638 42 665 43 805 44 2108 43
III 278 18 152 10 115 6.2 545 11
v 115 7.5 68 44 65 3.5 248 5.0
unknown 38 2.5 31 2.0 24 1.3 93 1.9
Treatment*
S alone 271 18 341 22 249 13 861 17
S+RT 766 50 628 40 658 36 2052 42
S+RT+ST 305 20 422 27 673 36 1400 28
S+ST 108 7 123 8 231 13 462 9.4
ST alone 26 1.7 23 1.5 23 1.3 72 1.5
Other 58 3.8 21 14 13 0.7 92 1.9
Socio-economic status
1 (low) 336 22 285 18 262 14 883 18
2 325 21 319 20 342 19 986 20
3 308 20 279 18 355 19 942 19
4 154 10 274 18 358 19 786 16
5 (high) 302 20 315 20 414 22 1031 21
institution# 0 0.0 23 15 33 1.8 56 1.1
unknown 109 7.1 63 4.0 83 4.5 255 5.2
Total 1534 1558 1847 4939 100

* S=Surgery, RT=Radiotherapy, ST=Systemic therapy
# institution= care-providing institution such as a nursing home

Stage was categorized according to the TNM classification.'* Patients with either
positive lymph nodes or metastases were considered to have advanced disease.

Chi-square test was performed of changes in the distribution across the three
diagnostic periods. T-tests were performed of differences between two groups.

Crude survival analyses were performed. The log-rank test was used to evaluate
significant differences between survival curves in univariate analyses. We used Cox
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regression models to compute multivariate rates. The proportional hazard assumption of
the predictor was evaluated by applying Kaplan-Meier Curves. The predictor satisfied the
assumption of proportionality as the graphs of the survival function versus the survival
time resulted in graphs with parallel curves as did the graphs of the log(-log(survival))
versus log of survival time. The independent prognostic effect of SES was investigated,
adjusting for age and stage of disease, and stratified according to period of diagnosis
(1983-1990, 1991-1996, 1997-2002). We also calculated the age and stage-adjusted
effect of period of diagnosis stratified according to SES.

Results

Median age was similar for all 3 periods of diagnosis (59, 60, and 59 years,
respectively).

Patients diagnosed between 1997 and 2002 had a significantly more favourable
stage at diagnosis than patients diagnosed in earlier periods (p<0.0001): the proportion
diagnosed with stage I (tumour smaller than 2 cm, no axillary lymph nodes involved)
increased from 30% in 1983-1990 to 41% in 1991-1996 and 45% in more recent years
(table 1). The proportion with advanced disease, i.e. stage III or IV, was significantly
lower in the most recent period (9.7%) compared to 1991-1996 (14%) and 1983-1989
(26%, p<0.0001). Treatment varied over time, with a large proportion receiving systemic
therapy in recent years (50%, vs. 36% and 29%).

The proportion of patients from the lowest socio-economic class decreased from
22% in 1983-90 to 18% in 1991-96 and 14% in 1997-2002 (p<0.0001), whereas the
proportion from in the higher social classes increased

100%

80% 7 7

20%

0% ===
(low) (high) (low) (high} (low) (high)

Figure 1 Stage distribution according to socio-economic status and period of diagnosis of patients
age 50-69 years with invasive breast cancer in Southeastern Netherlands
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Figure 2 Trend in survival according to socio-economic status for all women age 50-69 years diagnosed with invasive breast cancer in Southeastern
Netherlands
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Stage distribution improved significantly over time for each social class (p<0.01).
It was similar for all SES groups in 1983-90 (p=0.7, figure 1), although the proportion
with stage IV was somewhat lower in the highest classes. The stage distribution was
marginally more favourable for high SES compared to the lowest SES group in both 1991-
96 and 1997-2002 (p=0.06 both periods), although the overall effect of SES on stage was
not significant in the last period of time (p=0.4).

Survival improved for all socio-economic strata over time (figure 2). Survival rates
did not differ among patients from each of the socio-economic classes diagnosed 1983-
1990 in the period (p=0.9), S5-year survival rates being 70%, 70%, 70%, 68% and 69%
for patients from the lowest to the highest social class, respectively. For patients
diagnosed in 1991-1996, survival of patients with a high SES was better than that of all
other socio-economic strata (p=0.01), 5-year survival rates being 76%, 76%, 80%, 78,
and 87%, respectively. For patients diagnosed in 1997-2002 an increasing gradient in
survival was observed (p=0.002) ranging from the lowest rates for the lowest SES group
to the highest for the higher classes (80%, 84%, 83%, 85%, and 89%, respectively).

Table 2 Multivariate regression analysis of survival of breast cancer patients age
50-69 years according to period of diagnosis, Southeastern Netherlands

1983-1990 1991-1996 1997-2002
HR*®  95% CI HR*®  95% CI HR*®  95% CI
Age (continuous) 1.03 1.0-1.0 1.04 10-1.1 1.01 1.0-1.0
Socio-economic status
1 (low) 101 08-1.2 1.29 1.0-17 201 13-3.0
2 1.03 0.8-1.3 1.28 1.0-17 1.54 1.0-23
3 095 08-1.2 1.18 09-16 1.53 1.0-23
4 0.99 0.8-1.3 139 1.0-1.8 1.33 0.9-20
5 (high)® 1.00 1.00 1.00
X trend 0.58 (p=0.97) 5.9 (p=0.21) 11.4 (p=0.02)
TNM stage
r 1.00 1.00 1.00
I 175 15-21 233 19-29 200 14-28
I 3.11 25-3.8 4,67 3.5-6.2 539 3.6-8.1
v 9.85 7.6-13 16.0 12-22 16.5 11-24
unknown 225 14-35 256 14-46 481 23-10

* HR=Hazard Ratio, CI=Confidence Interval
a Adjusted for all variables listed
b Reference

Multivariate analysis (table 2) showed that patients diagnosed since 1990 from the
lower social classes had a 29% higher risk of death compared to the highest socio-
economic group, after adjusting for age and stage at diagnosis (HR for the lowest vs. the
highest SES group: 1.29, 95%CI: 1.0-1.7). The risk of death for low SES patients
diagnosed since 1997 was twice as high as that for the highest SES group (HR: 2.01,
95%CI: 1.3-3.0). The overall effect of socio-economic status was significant in the last
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period (p=0.02). Additional adjustment for treatment did not change risk estimates more
than 5% (data not shown).

Age and stage-adjusted survival improved over time for all socioeconomic strata
(table 3), the largest improvements were found for the highest social classes.

Discussion

We found that the proportion of breast cancer patients with a low SES has
decreased since the introduction of a mass biennial mammography screening programime
with high response rates. Although stage distribution improved for all socio-economic
groups, the proportion with advanced disease decreased the most in the highest socio-
eccenomic group. In the 1980s survival was similar for all socio-economic groups, but
since the introduction of screening the survival of women with a high SES has improved
more than that for low socio-economic classes, also after adjustment for age and stage.

We used an indicator of socio-economic status based on the postal code of a
residential area. This aggregate covers a relatively small geographical area, and thus
represents a reliable approximation of individual socio-economic status. Furthermore,
routinely collected income tax data (no questionnaires or interviews) have been found to
provide reliable estimates of household income. Previous studies have proven that socio-
economic differences based on neighbourhood data tend to reflect socio-economic
differences well at the individual level ", Furthermore, this objective measure of SES is
also applicable for older women (born before 1955), whose occupation or education does
not always properly reflect their social class.'® We also repeated the analyses comparing
both SES indicators if they were applied for the whole study period (1983-2002) to
ensure any that effect of diagnostic period was not attributable to the indicator we used,
and it was not.

The lower proportion of patients with a low SES since the introduction of
screening is not likely to reflect the higher attendance rate of women from a higher social
class because of the very high participation rate, although this is not known according to
social class. Studies from other countries have shown that SES does play a role in
participation in the screening programme,? sometimes® but not always® due to the costs
of a screening mammogram. However, the costs for the mass screening programme in
the Netherlands are completely covered by public funds. Furthermore, the mean
attendance rate in the Netherlands has always been rather high (about 80%),” and in
our study area even higher than the national mean (85% in 2005).%

Foreign-born women are more likely to be non-attenders in the Netherlands,?® as
well as in Sweden,? Australia,® and the US,? for a variety of reasons. However the
incidence of breast cancer among these groups of migrants is relatively low in the
Netherlands and the stage distribution is comparable to that of women born in the
Netherlands.?® So this is unlikely to have affected survival rates in our study.



Table 3 Multivariate regression analysis of survival according to socio-economic status (SES) of breast cancer patients age 50-69 years in

Southeastern Netherlands

SES 1 (low) 2 3 4 5 (high)
HR*
2 95% CI HR*® 95% CI HR*? 95% CI HR*¥® 95% CI HR*? 95% CI

Period of diagnosis

1983-1990° 1.00 1.00 1.00 1.00 1.00

1991-1996 087 07 - 11 0.72 0.6 - 0.9 0.80 06 - 1.0 0.84 06 - 1.1 0.60 0.5 - 08

1997-2002 077 06 - 11 0.49 04 - 0.7 0.61 04 - 0.8 0.49 03 - 0.7 0.36 0.2 - 05

Xtrend 321 (p=0.21) 20.9 (p<0.001) 9.2 (p=0.01) 14.1 (p<0.001) 35.6 (p<0.001)

* HR=Hazard Ratio, CI=Confidence Interval

a Adjusted for age at diagnosis and stage of disease
b Reference
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A lower attendance rate of low social classes will result in a more advanced
disease stages at presentation.” Before the start of the mammography screening
programme, we found that the stage distribution for breast cancers diagnosed in 1980-
1989 was slightly more favourable for the highest socio-economic group.?* We have now
shown that this was also true after the introduction of screening, although the differences
were small. In fact, we found that, although stage distribution became more favourable
for all socio-economic groups, the proportion with advanced disease decreased less in the
lower socio-economic group. This differential stage distribution was also described in a
recent Danish study,® although our differences were smaller.

The variation in survival according to SES may also be related to differences in
treatment, which depends on the disease stage and varies over time. The use of surgery
and radiotherapy was similar across SES groups. However, we found that the
administration of adjuvant chemotherapy varied across the social strata among stage II
patients (8% of the lowest SES group vs. 17% of the highest SES group, p<0.001).
Patients with a higher SES seem to have benefited more from the general trend towards
more adjuvant chemotherapy independent of the disease stage. This may explain, at
least in part, the diverging trend in survival rates.

Another explanation for differential survival could be socio-economic variations in
lifestyle. Smoking has become relatively more prevalent among low SES groups. % % This
may have had an adverse effect on survival due to a poor general health while
undergoing breast cancer treatment or to smoking related diseases (such as chronic
obstructive pulmonary diseases (COPD) or cardiovascular disease).

Also related to an unhealthy lifestyle is obesity, which has become an increasingly
important problem in the last decade,?” ?® especially among women from the lower social
classes.”

Serious concomitant diseases besides breast cancer also affect survival rates,®
which may explain differences in survival if comorbidity occurs more frequently in low
SES groups.

Since the Eindhoven Cancer Registry has recorded comorbidity for all newly
diagnosed patients since 1993, we checked whether the prevalence varied across
socioeconomic strata. Indeed, the proportion of patients with comorbidity was higher
among those with a lower SES (70% of patients in the lowest SES group had one or
more concomitant conditions compared to 60% of the high SES group). In particular, the
prevalence of diabetes and cardiovascular disease was highest in the low SES groups
(diabetes in 10% with low SES and 4% with high SES, cardiovascular disease 7% and
4%, respectively).

Several studies have reported increased survival rates after the introduction of
breast cancer screening.>** As far as we know, no studies describe a differential effect of
the introduction of screening on survival rates for socio-economic strata. However,
socioeconomic inequalities in mortality have been widening in recent decades in western
European countries.®® In fact, socio-economic differences in breast cancer mortality
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increased between 1983 and 1993 among women in Finland and Italy (Turin), but
remained stable in Denmark and decreased somewhat in Norway where a mass screening

programme was only introduced later.

36,37

In conclusion, despite a very high participation rate women from lower socio-

economic strata clearly benefited less from the introduction of the breast cancer
screening programme than those with a lower SES, probably due to a higher prevalence
of comorbidity and suboptimal treatment (for both the cancer and the concomitant
disease).
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Abstract

Purpose: To study the use of radiotherapy (RT) in a cohort of 6561 patients with
invasive breast cancer diagnosed between 1996-2000.

Patients and Methods: Radiation given or planned within 6 months of diagnosis
was considered part of primary treatment (PRT). RT given 6 months or later after
diagnosis or after PRT was considered delayed or secondary RT (SRT). The odds for
receiving SRT were studied by logistic regression analysis, taking into account age, co-
morbidity, sociceconomic status, stage, second breast tumour, RT department (2
departments, each serving general hospitals only), primary surgical treatment and prior
PRT. The retreat-rate and the cumulative use of RT at any time were calculated.

Results: Of all patients, 67% received RT, 3554 (54%) only PRT, 323 (5%) only
SRT and 503 (8%) both. The cumulative use of SRT at 100 months was 17%. The 826
patients receiving SRT underwent 1846 courses 0-105 months (median 36) after primary
diagnosis; the retreat-rate was 35%. Patients older than 50 received SRT significantly
less often (ORuge s060=0.7, 95%CI=0.6-0.8 and OR.ge »7=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).

Conclusions: 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.
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Introduction

The incidence of breast cancer 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*”
3, or for palliation of recurrent or metastasized breast cancer * 5. Therefore patients with
breast cancer constitute a large proportion of the patients treated in a RT department.

Of all cancer patients about 50% are assumed to receive radiotherapy (RT) during
the course of their disease® 7. This percentage is not derived from population-based
studies but is nevertheless often used in the process of decision-making for estimation 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
secondary RT (SRT) in the case of recurrent disease or metastases without taking into
account whether patients had already received primary RT® &, In a population-based
study of patients treated with RT as part of their primary treatment we found that 30%
of all cancer patients received PRT> *°. For patients diagnosed with breast cancer in 1998-
2002 this amounted to 55%°. SRT has been studied in our region for all cancer patients
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''. 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% to 83% of all breast cancer patients received RT during the course of
their illness'® 13,

Since we had already performed several studies on the use of primary RT we
wanted to estimate the percentage of patients receiving RT during their illness, which can
also be relevant for planning purposes. We determined, in a population-based setting in a
region with 2 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.

Methods

We studied a cohort of patients with a first invasive breast cancer, diagnosed
between 1-1-1996 and 31-12-2000 and followed until 1-1-2005. Data were derived from
the population-based Eindhoven Cancer Registry (ECR), which has recorded data on all
patients newly diagnosed with cancer since 1955. The registry covers a large part of
South Netherlands with approximately 2.4 million inhabitants 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
one hour to a RT department.
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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)
n (%) n (%) n (%)

Age at diagnosis

< 49 years 554 (22) 1142 (28) 1696 (26)

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

270+ 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)

Institution® 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)

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

v 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 1-1-2005

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

Deceased 840 (34) 989(24) 1829 (28)
Surgery® (western region)

BCS + AC 432 (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
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Figure 1 Flow chart of the study-population: breast cancer patients diagnosed between 1996 and 2000 in South Netherlands

Patients with first breast cancer diagnosed
between 1996 and 2000

N=7224
In situ Primary invasive tumour
N=663 1996-2000
(excluded) N=6561
Radiotherapy (PRT) No radiotherapy
N=4057 N=2504
Radiotherapy No radiotherapy Radiotherapy No radiotherapy

(SRT) N=3554 (SRT) N=2181
N=503 N=323

(PTR=primary radiotherapy, SRT=secondary radiotherapy)
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Trained registry personnel from the ECR actively collect data on diagnosis,
staging, co-morbidity and primary treatment, given or planned within 6 months of
diagnosis, from the hospital charts after notification of newly diagnosed cases by the
regional Departments of Pathology, Haematology and Radiotherapy as well as the
national Registry of Hospital Discharge Diagnoses. An indicator of socioeconomic status
(SES) was developed by Statistics Netherlands based on individual fiscal data (economic
value of the home and househoid income) and provided at aggregated levels for each
postal code (average of 17 households). Socioeconomic status was categorized 1 (low) to
3 (high), with a separate 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, thanks
to the infrastructure of and good access to Dutch health care facilities, together with the
multiple source notification procedures used*. In both RT Departments each course of
RT is recorded with date of onset, patient characteristics and treatment protocol number
indicating the kind of radiation treatment given. Data on all patients with breast cancer
who received RT between 1-1-1996 and 1-1-2005 at the two RT Departments were
combined with the above- mentioned data from the ECR.

Between 1996 and 2000, a total of 7224 patients was 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
(Figure 1).

Radiation given or planned within 6 months of diagnosis was considered PRT™.
This includes patients irradiated within 6 months of diagnosis only for metastases as
planned primary 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 breast cancer (even within 6 months)
was considered as delayed 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 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 considered 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®®.
Eleven of these patients received previous PRT at the same department, and 9 in the
other; 1 had previous SRT for recurrent breast cancer in the same institute.



Radiotherapy during the course of disease

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).

Table 2 0Odds of receiving secondary radictherapy for patients with breast cancer
diagnosed between 1996 and 2000 (n=6561) in South Netherlands, each
variable adjusted for ali others

QOdds-ratio  95% CI P-value

Age at diagnosis

< 49 years 1

50 t/m 69 0.7 0.6-0.8 <0.0001

270 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

Institution® 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

v 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
Surgery®

BCS + AC 1

BCS 1.6 0.9-2.8 0.09

MRM + AC 19 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

®Institution: patients living in an institution (i.e. nursing home)
bBCS=!3reast conserving surgery, AC=axillary clearance, MRM=modified radical mastectomy

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 logistic regression analysis to estimate the chance of receiving SRT adjusting for
age, number of concomitant conditions, socioeconomic status, stage, second breast
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tumour, RT institute, 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 metastasized disease) they received.

The cumulative use of any RT (PRT or SRT) over time was calculated according to
the Life Table Method", starting on the date of diagnosis and ending on the date of start
of RT, or censored on the date of death or 1-1-2005 whichever occurred first. In total
1543 patients were censored on 1-1-2005. The cumulative use of SRT was calculated by
means of the same method: follow-up for patients who received 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 received no PRT (n=2385,
119 patients died within 6 months of diagnosis) started 6 months after diagnosis (by
definition patients without PRT were at risk for SRT 6 months after diagnosis). Follow-up
of both groups ended on the date of initiating SRT, date of death or 1-1-2005, whichever
occurred first. These 2 groups were compared by means of the log-rank test.

Results

In our cohort of 6561 patients with breast cancer diagnosed between 1996 and
2000, (median follow-up 66 months), 4380 (67%) patients received RT between 1-1-
1996 and 1-1-2005: 3554 (54%) only PRT, 323 (5%) only SRT and 503 (8%) both
(Figure 1). Five-hundred-three patients who received PRT and 120 patients who received
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 eastern region a higher percentage
received breast-conserving surgery and was referred for PRT. Five percent of the patients
(n=337) developed a second breast tumour between 1-1-1996 and 1-1-2005, 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 sub localisation, 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 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
underwent 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).
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Cumulative use of radiotherapy (%)
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Figure 2 Cumulative use of radiotherapy (primary or secondary) in a cohort of breast cancer
patients (n=6561) diagnosed between 1996 and 2000 in South Netherlands
(RT=radiotherapy).

Of 826 patients receiving SRT, 138 (17%) had the first course of SRT for a
recurrence and 688 for metastases; they underwent 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).

Figure 2 shows the cumulative use of RT, either PRT or SRT. Of all patients at risk,
4035 (61%) had RT within the first 6 months of diagnosis. After 101 months 4380
patients had received RT, or 67% of the patients at risk. In figure 3 the cumulative use of
SRT is shown separately for patients who did or did not receive 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 receive prior PRT
(p=0.2).

Discussion

We studied the percentage of patients with breast cancer in a cohort diagnosed
between 1-1-1996 and 31-12-2000 in our region who received either primary or
secondary RT. With a median follow-up of 66 months, 67% of all breast cancer patients
received RT at some point in the course of their iliness. This is similar to an evidence-
based estimation for optimal RT utilization in Canada, while an evidence-based study in
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Australia calculated a higher level** . However, reported actual RT utilization rates were
much lower (25-50%)' *°, 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®.

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

Total number of Cumulative number
Number of secondary Number of secondary of secondary
radiotherapy courses _patients (%)  radiotherapy courses radiotherapy courses
i 438 (53) 438 438
2 166 (20) 332 770
3 76 (9.2) 228 998
4 47 (5.7) 188 1186
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

*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.

We found that patients older than 50 years of age had a significantly lower
chance to receive SRT than younger patients. Manders and colleagues described the
clinical management of women with metastatic breast cancer, demonstrating that
patients aged 70 years or older were less likely to receive both chemotherapy or RTZ,
Elderly patients were also treated less often with primary irradiation, sometimes related
to co-morbidity™ 2.

Socioeconomic status did not affect the chance to receive SRT in our cohort (Table
2), while in the USA large treatment disparities were found?*. However, socio-economic
disparities in the Netherlands are relatively small and medical insurance covers cancer
treatment for 99% of the population®.

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 ¢, Currently 49% of patients with
DCIS are irradiated but in 1996 this was only 20% %. 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
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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®.

Cumulative use of SRT (%)

2 Primary radiotherapy
no
es
1571
1071
P=0.2
5
0
] 1 I T 1 1 T T ¥ T
0 12 24 36 48 60 72 84 96 108
Patients at risk Months at risk for SRT

NoPRT: 2,385 2,182 2,007 1,858 1,571 1,123 725 381 115
PRT: 4057 3,819 3,598 3,409 2.977 2,160 1,449 859 350

Figure 3 Cumulative use of secondary radiotherapy for patients who did or did not receive primary
radiotherapy in a cohort of breast cancer patients (n=6561) diagnosed between 1996
and 2000 in South Netherlands (PTR=primary radiotherapy, SRT=secondary
radiotherapy).

In our cohort 337 (5%) patients developed a second breast tumour between 1-1-
1996 and 1-1-2005. This percentage was also found in another population-based study®.
Because we only considered RT given for the first tumour, we excluded these second
tumours, 43% of which received 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 included in our study. A second breast tumour did not influence
the chance to receive 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. Patients with a recurrence after breast conserving-treatment (97% of whom
received PRT) are usually not suited for RT for their recurrence. Therefore a mastectomy
will commonly be the first treatment of choice. Some of these patients are eligible 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
combined with hyperthermia as radiosensitizer'®.
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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 region®™ 3. This variation in referral for
radiotherapy was observed not only for PRT but also for SRT.

Patients with a higher stage, usually treated with mastectomy 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 tumour at diagnosis, thus a higher risk for
symptomatic metastases amenable to RT. Eventually, skeletal metastases occur in 20-
40% of patients with breast cancer’ *. 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 **. 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 metastasized breast cancer®’.

The cumulative use for SRT was slightly higher for patients who did not receive
prior PRT (Figure 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 differences 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 was incomplete before
1996. Although the development of loco-regional recurrences after 5 years is not
uncommon®, the majority of recurrences and distant relapses occur in the first 5 years®
#_ Generally, breast cancer often behaves as a chronic disease for many patients,
resulting in prolonged survival with metastases* “. Patients with metastasized 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 localizations until their death. Only 28%
of patients in our cohort had died on 1-1-2005. 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 follow-up (Figure 2), the
cumulative use of SRT (17% at 100 months after the start of follow-up) will undoubtedly
continue to increase slowly over subsequent years.

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 cancers, 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 several referring specialists® ** and there was also
some undertreatment of elderly patients® %, This approach to the investigation of
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radiotherapy consumption stimulates discussion on optimal treatment and cdlinical
justification of treatment variations. Therefore continued monitoring and discussion with
referring specialists is highly warranted.
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Abstract

A cohort of 9919 breast cancer patients registered in the population-based
Eindhoven registry was followed for vital status and development of second cancer.
Person-year analysis was applied to determine the risk of second primary breast or
urogenital cancer among breast cancer patients and to assess its relationship to age,
treatment and time since the first breast cancer diagnosis. Women with previous breast
cancer have an elevated risk of overall second breast or urogenital cancer. The largest
relative risk was observed for second breast cancer (SIR [Standardised Incidence Ratio]:
3.5; 95%CI: 3.2-3.8) and second ovarian cancer (SIR: 1.7; 95%CI: 1.2-2.3). The
absolute excess rate was highest for second breast cancer (64/10,000 patients per year).
On the other hand, breast cancer has an inverse relationship to risk of cervical cancer.
Changes in behavioural risk factors are important for lowering the risk of second cancer
after breast cancer.
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Introduction

A history of breast cancer is a risk indicator for second primary cancer among
women, especially for second primary breast and genital cancer. Higher risks of second
breast cancer,” > subsequent ovarian cancer’ and uterine cancer 3.4 after primary breast
cancer ° have been found. However, the association with cervical cancer and cancer of
the vagina-vulva has not been well studied in detailed.?> Only a few studies have shown
an increased risk of second primary kidney and bladder cancer among breast cancer
patients.® 7

Examination of the association between breast cancer and second primary cancer
may contribute to the development of preventive interventions. Understanding these
issues may also help identify the treatment that carries the lowest risk of second cancer
for breast cancer patients. In addition, it may also contribute to early detection of second
cancer. Common risk factors, such as dietary habits, reproductive characteristics,
exogenous oestrogen exposure and genetic factors play an important role in the aetiology
of second female cancers, particularly breast, uterine and ovarian cancer.® Breast cancer
treatments, such as radiotherapy, systemic chemotherapys' ® and hormonal therapy, may
be associated with a higher risk of certain second primary cancers among breast cancer
patients. In addition, hormonal therapy with tamoxifen has been found to increase the
risk of cancer of the uterine, in particular mixed mullerian tumours.'**?

The effect of factors such as latency time, cancer treatment and the age at
diagnosis, on the risk of second female cancer remains unknown. Our cohort comprises
the most recent data, with a long follow-up time and a large number of cases. This
enables us to assess the role of important risk factors in the development of second
primary cancer. The aim of this population-based cohort study was to determine the
incidence of second primary breast and urogenital cancers among breast cancer patients
in the south of the Netherlands, compared to the incidence expected in the general
population, and to relate this incidence to the initial breast cancer treatment, follow-up
time, and age at breast cancer diagnosis.

Patients and methods

Patients

Breast cancer patients were obtained from the Eindhoven Cancer Registry in the
south of the Netherlands. This is a population-based cancer registry, which covered
almost 2.3 million individuals in 2004. A detailed description of the data collection has
been reported elsewhere.®

We excluded patients with less than 1 year of follow-up time (n=1458), patients
with in situ primary breast cancer (n=458), patients with other malignancies diagnosed
before breast cancer as well as patients with a second cancer that appeared to be a
metastasis (n=44). For the calculation of risks of second ovarian cancer, patients who
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were oophorectomised as treatment for breast cancer were not included in the analyses
(n=9). As a result, in the period 1972-2000, 9919 breast cancer patients older than 25
years were available for analysis.

Analyses were stratified according to age at diagnosis of the initial tumour
(categories: premenopause [age < 50 years] and postmenopause [age = 50] years);
initial treatment combination of breast cancer (categories: Surgery [S], radiotherapy £ S,
chemotherapy + S, hormonal therapy + S, radiotherapy and chemotherapy = S,
radiotherapy and hormonal therapy = S; and other treatments [chemotherapy and
hormonal therapy = S, radio- and chemo- and hormonal therapy + S, no treatment and
unknown treatment); and follow-up time after diagnosis (categories: 1-4 years, 5-9
years, 10-14 years and longer than 15 years).

Methods

The risk of developing a second cancer was investigated by means of person-
years analysis, corrected for age and calendar-year period to the date of death, date of
last follow-up, date of diagnosis of the second cancer or end of the study (December 31,
2001) which ever came first.™ We compared the incidence of second primary tumours
among patients with a diagnosis of breast cancer (the observed incidence) with the
incidence for the same tumours in the general population (the expected incidence), which
is expressed as the Standardised Incidence Ratio (SIR). Calculation of the expected
subsequent primary cancer was derived from the same population, using EUROCIM 4.2.
The statistical significance and 95% confidence intervals were determined by means of
exact Poisson probability.'> The Absolute Excess Risk (AER) was calculated by subtracting
the expected number from the observed number and then dividing the difference by
person-years at risk (per 10,000 breast cancer patients/year).® All statistical analyses
were performed using SPSS 11.5 for Windows (Statistical Products and Service Solution,
Inc, Chicago, USA).

Results

Our cohort yielded 65,938 person-years. General characteristics at the time of
primary breast cancer diagnosis are shown in table 1. The average age at breast cancer
diagnosis was 58.8 years, the average follow-up time was 6.6 years, and the median
follow-up time was 4.9 years. Overall, 725 breast cancer patients developed second
breast and urogenital cancer, compared to the expected 266 patients in the population
(SIR: 2.7; 95%CI: 2.5-2.9) (table 2.). The relative risk of developing second urogenital
cancer after excluding all second breast cancers was higher among breast cancer patients
than in the general population (SIR: 1.9; 95%CI: 1.6-2.3).
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Table 1 Relative (SIR)® and absolute risks (AER)® of second cancer among breast cancer patients
in the south of the Netherlands

All Patients Pre-menopause® Post-menopause?
Num. of patients 9919 2950 - 6969
Num. of personyrs 65,938 22,546 43,392
Site of 2nd cancer Obs® SIR 95% CI AER Obs SIR AER Obs SIR AER
All second cancers 2.3-25 115. 415 4.59 143.0 2.08 100.5
1298 2.49 0 883
Mouth and pharynx 12 1.7 0.9-3.1 0.8 4 29 12 8 14 0.6
Salivary glands 4 4.69 1.2-125 0.5 3 1899 1.3 1 14 0.1
Pharynx 3 20 0.4-6.4 0.2 0 E04" 0.2 3 27 0.4
Digestive tract 196 1.3 1.1-15 7.2 27 19 5.8 169 1.3% 8.0
Oesophagus 7 15 0.6-3.3 0.4 1 21 0.2 6 15 0.4
Stomach 33 13 0.9-1.8 11 8 449 27 25 11 0.3
Colon 90 159 1.1-15 4.5 10 18 2.0 80 1.5° 5.9
Rectum 36 1.3 1.0-2.0 1.1 7 20 1.5 29 1.2 0.9
Gall bladder 12 11 0.6-2.0 0.2 0 EO06" -0.3 12 1.2 -0.4
Pancreas 16 1.1 0.6-1.8 0.2 1 07 -0.2 15 11 0.5
Respiratory tract 36 1.2 0.9-1.7 1.0 12 2.0 2.6 24 1.0 0.1
Lung 34 13 0.9-1.8 1.1 11 2.0 2.5 23 11 0.4
Pleura 2 35 0.4-14.4 0.2 1 109 0.4 1 21 0.1
Bone 2 32 0.4-13.5 0.2 2 2169 0.8 0 EQ.5 -0.1
Connective Tissue 6 3.29 1.2-7.3 0.6 2 43 0.7 4 28 0.6
Melanoma 21 1.8 1.1-2.7 1.4 12 3.29 3.7 9 1.1 0.2
Breast 588 3.59 3.2-3.8 63.9 255 6.39 95.2 333 2.6° 47.6
Urogenital tract 137 159 1.2-1.7 6.6 40 2.59 10.6 97 1.3 4.5
Cervix uteri 9 09 0.4-1.7 0.2 5 1.8 1.0 4 0.5 -0.8
Corpus uteri 40 14 1.0-1.9 1.8 8 16 1.4 32 14 2.0
Ovarium 43 1.7 1324 2.8 21 3.99 6.9 22 1.1 0.6
Vagina Vulva 6 1.3 0.4-2.6 0.1 1 26 0.3 5 1.0 0
Kidney 17 1.2 0.7-2.0 0.5 2 11 0.1 15 1.2 0.7
Bladder 22 1.99 1.2-2.9 1.6 3 35 0.9 19 1.89 1.9
Brain 6 1.2 0.5-3.2 0.2 3 26 0.8 3 08 -0.2
Thyroid 2 08 0.1-3.3 -0.1 2 29 0.6 0 E2.3" -0.5
Non-Hodgkin’s
lymphoma 12 08 0.4-1.4 -0.5 3 13 0.3 9 07 -1.0
Myeloma 4 0.5 0.1-1.4 ~0.6 1 14 0.1 3 04 -1.0
Leukaemia 15 1.3 0.9-2.6 0.8 1 0.8 -0.1 14 1.7 1.3

2 SIR: standardised incidence ratio

5 AER: Absolute excess risk per 10,000 person per year

€ Obs: Observed numbers of second primary cancers diagnosed in 1972-2001
995% CI: 95 % confidence interval

© Age at primary breast cancer diagnosis less than 50 years old

f Age at primary breast cancer diagnosis more than or equal to 50 years old

9 95 % Confidence interval excludes 1

P E: Expected numbers of second primary cancers in the south of Netherlands

Markedly increased risks of second breast cancer (SIR: 3.5; 95%CI: 3.2-3.8) and
ovarian cancer (SIR: 1.7; 95%CI: 1.2-2.3) were also observed among these patients. The
absolute excess risk (AER) was highest for second breast cancer (64/10000 person
years).
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Age

In general, the increased risk of overall second urogenital cancer (SIR: 2.1;
95%CI: 1.9-2.3), second breast cancer (SIR: 2.6; 95%CI: 2.4-2.9) and second ovarian
cancer (SIR: 1.1; 95%CI: 0.7-1.7) was more marked among patients who were
diagnosed with breast cancer before menopause (table 3). In contrast, no differences in
the SIR were observed between patients diagnosed before and after menopause for
second uterine, cervix, vagina-vulva, kidney and bladder cancer. A higher incidence rate
and absolute excess of second breast and ovarian cancer were observed among women
diagnosed before menopause.

Treatment

The risk of second breast cancer was elevated for breast cancer patients receiving
any treatment, compared to those undergoing surgical treatment (SIR: 3.4; 95%CI: 2.9-
4.0). Treatment was not associated with the elevated risks of cervix, endometrial, vagina-
vulva, kidney or bladder cancer compared to patients treated surgically (table 4).

Furthermore, we assessed whether the excess risk of second breast and
endometrial cancer among women aged 50 years and older receiving hormonal treatment
% radiotherapy was higher than the excess risk among women undergoing surgical
treatment (data are not shown). We observed a significantly lower SIR for second breast
cancer among women who received hormonal treatment * radiotherapy (SIR: 1.6
95%CI: 1.2-2.2) than those who were treated surgically (SIR: 2.8; 95%CI: 2.3-3.4). In
contrast, we observed a higher SIR for second endometrial cancer (SIR: 1.7; 95%CI: 0.7-
3.4) among patients receiving hormonal treatment + radiotherapy than among those
undergoing surgical therapy (SIR: 0.7 95%CI: 0.2-1.8).

Follow-up time

The SIR for second breast cancer was 4.6 (95%CI: 4.0-5.1) during the first 4
years of follow-up then it decreased steadily to 14 years of follow-up and then increased
again after 15 years (SIR: 4.7; 95%CI: 3.5-6.1) (figure 1). The SIR for ovarian cancer
increased after 5-9 years of follow-up (SIR: 2.2 95%CI: 1.2-3.7) and again after 15 years
of follow-up (SIR: 5.5 95%CI: 2.7-10.4). The SIR for cervical, endometrial, vagina-vulva,
kidney, and bladder cancer did not vary according to follow-up time. However, after 5
years of observation, the SIR for cervical cancer remained below 1.

Discussion

Our results suggest that women diagnosed with a primary breast cancer are at
increased risk of developing a second breast and ovarian cancer. This is in line with
previous studies.” “% 167 Elevated risks were particularly marked among pre-menopausal
women. In the south of the Netherlands (area of Eindhoven Cancer Registry), every year,
11 of every 1000 breast cancer patients develop second a cancer (I. Soerjomataram,
Netherlands Institute of Health Sciences), half of which are second primary breast
cancers. Common risk profiles, side-effects of the initial breast cancer treatment and
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genetic factors have been proposed to cause the elevated risk of second female cancer in
breast cancer patients.

Age at first breast cancer diagnosis is an important determinant of the incidence
of second breast and ovarian cancers: the risk for women diagnosed before the age of 50
was significantly higher than that observed for those diagnosed at older ages, as
reported in previous studies.® *® This highlights the importance of female hormones in the
pathogenesis of second breast and ovarian cancer. Nonetheless, other common risk
factors, which initially induced the breast cancer, may also be involved in the aetiology of
the second breast cancer, including genetic factors. BRCA1 and BRCA2 mutation would
explain 5-10 % of breast and ovarian cancer cases.® %

Age at breast cancer diagnosis was closely related to the treatment choice. A
higher risk of second uterine cancer in post-menopausal breast cancer patients taking on
hormonal therapy was found, as has been reported by other authors.* 7 Tamoxifen, a
hormonal therapy, which has been widely used since the late 80’s for post-menopausal
women, has been suggested to cause the increase in uterine cancer in breast cancer
patients, although controversy exists.” ® In our study we found a decreased risk of
second endometrial cancer after 15 years of follow-up, which might suggest a latency
period of less than 15 years for tamoxifen to induce second endometrial cancer.

However, the risk of second breast cancer among post-menopausal breast cancer
patients who received tamoxifen was lower in comparison to that for women who
underwent surgical treatment (SIR: 1.6 vs. 2.8). In addition to the side-effects of
tamoxifen in inducing cancer of the uterine, some potential beneficial effects in post-
menopausal breast cancer patients are now being examined: for example, the anti-
oestrogenic role of tamoxifen in mammary cells was found to protect against second
breast cancer.>#

We found an elevated risk of second breast cancer during the total follow-up
period. It has been reported that after radiation there is a latency period of at least 10
years.” During the last decades, both radiotherapy and chemotherapy for breast cancer
treatment have improved. This includes lower radiation dose, better protection of the
normal tissue and more effective polychemotherapy regimens. These changes have
diminished some side-effects of radiotherapy in breast cancer patients.” Our result
supported this fact by showing no difference in second breast cancer risk between
women who underwent surgical or radiotherapy.

We observed dedlining risks of cervical cancer during the follow-up period, which
reached 0 in the last follow-up period. This may be related to the human papilloma virus’s
(HPV) latency period of £ 17 years (the time needed from infection to formation of
invasive cancer),” suggesting sexual behaviour changes among breast cancer women.
Some authors have also noticed the lowered risk of cervical cancer among breast cancer
patients.> % ** 2* In contrast to cervical cancer, breast cancer is observed more often
among women with a higher socio-economic position and among women who had their
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first child at an older age.” ?® This may also relate to the lower risk of cervical cancer in
breast cancer patients.

During 28 years of follow-up only 6 patients developed carcinoma of the vagina
and vulva. These cancers are rare and represent only 7-8 % of gynaecological cancers.”®
Consequently, we could not draw any conclusion on the association between breast
cancer and cancer of the vagina and vulva. However, vagina and vulva cancer have been
related to HPV infection. The risk of second vagina and vulva cancer became 0 after a
follow-up of more than 15 years, as found for second cervical cancer in our study. This
suggests a possible inverse relationship between breast cancer and second vagina-vulva
cancer. Breast cancer patients may change their lifestyle towards a healthier one that
protects against vagina and vulva cancer.

We could not find an excess risk for second primary Kidney or bladder cancer after
breast cancer. A few studies found a slightly increased risk of second kidney and bladder
cancer among breast cancer patients.% 7 Elevated kidney and bladder cancer risk was
found for women receiving high radiation exposure in the pelvic area such as
radiotherapy for cervical cancer” The bladder is one of the organs that receives a
considerable amount of scattered radiation during radiotherapy for breast cancer
treatment.?® However, this seems to be insufficient to induce bladder or kidney cancer.

We could not coliect information for some of the main risk factors such as
reproductive characteristics or lifestyles of the patients and did not adjust for potential
confounders or effect modifiers. Also, there may be some bias caused by metastases of
the primary breast cancer. We expect this bias to be minimal because trained personnel
from the cancer registry checked each patient’s medical record.

In conclusion, our results show that breast cancer patients are at increased risk of
developing second breast and ovarian cancer. Initial breast cancer treatment plays a
limited role in causing second breast cancer, this suggesting a bigger role for common
risk factors that induce both primary and second primary breast cancer. This stresses the
importance of behaviour modification among breast cancer patients, in addition
monitoring in order to prevent increased morbidity and mortality caused by second breast
cancer. As for second ovarian cancer, women diagnosed with breast cancer before
menopause may benefit from a longer follow-up directed to the early detection of second
ovarian cancer. As our understanding of the relationship between risk factors and the
occurrence of a second cancer develops, more questions will arise. Thus, extensive
studies on multiple cancers will continue to play an important role in the medical
sciences. Such studies may serve as a foundation for understanding the environmental
and genetic determinants of cancer.
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Abstract

The number of long-term survivors with breast cancer is increasing for
demographic and epidemiologic reasons. Several studies have shown that life expectancy
of breast cancer patients has become simifar to the general female population 20 years
after diagnosis, but little is known about the pattern of causes of death in these patients.
In this population-based study causes of death have been traced for 418 deceased breast
cancer patients diagnosed in 1960-1979 who survived at least 10 years after diagnosis.
The pattern of causes of death in these patients has been compared with the general
female population by calculation of standardised mortality ratios (SMRs). Of all 418
patients surviving at least 10 years, 196 (47%) died from breast cancer and 50 (12%)
died from another cancer. The SMR for breast cancer was 15.8 (95%CI: 13.1-18.8) 10-14
years after diagnosis; it was still 4.7 (95%CI: 2.6-7.8) after 20 years. Overall mortality
was higher than expected 10-14 years after diagnosis (SMR: 1.3; 95%CI: 1.1-1.5), but
lower after more than 20 years (SMR: 0.6; 95%CI: 0.4-0.7). Despite a normal (or even
improved) life expectancy for breast cancer patients 20 years after diagnosis the risk of
dying from this disease remains elevated.
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Introduction

Prognosis for breast cancer patients has improved over the last decades; relative
10-year survival rates increased from 47% for patients diagnosed in 1970-1974 to 61%
for patients diagnosed in 1980-1984.' In studies carried out in the UK, Sweden, New
Zealand, and The Netherlands it was found that about 20 years after diagnosis, the life
expectancy of patients with breast cancer resembles that of the average population,®®
suggesting that patients can then be considered cured. However, breast cancer
recurrences or metastases may develop decades after initial diagnosis and treatment® *
and a higher death rate due to breast cancer has been reported up to 40 years after
diagnosis.®

Since the age-adjusted incidence rate in Southeast Netherlands, as in many other
western countries, has doubled since 19607 and prognosis has improved, the number of
long-term survivors of breast cancer has increased markedly. However, it remains unclear
whether these patients should still be considered at increased risk of being affected by
breast cancer, even though this is important for follow-up surveillance and learning the
natural history of breast cancer.

In the present population-based study we traced causes of death of deceased
breast cancer patients who survived at least 10 years after diagnosis. Causes of death
were compared with the general population by calculating standardised mortality ratios
(SMRs). Furthermore, we investigated whether initial tumour characteristics were related
to late death from breast cancer.

Methods

Data on diagnosis, stage of disease, and treatment were obtained from the
population-based Eindhoven Cancer Registry, which has collected data on new cancer
patients since 1955 according to international guidelines.® The registry covers an area of
2,500 km? in Southeast Netherlands with a population of almost one million inhabitants.
The data on first and second primary breast tumours were obtained, after notification by
pathologists, from pathology reports, hospital records, and the regional Radiotherapy
Institute. Access to specialised care was good during the whole period.

Medical registration of causes of death in the Netherlands is similar to that in
other countries, according to WHO-guidelines. The attending physician must report the
underlying cause of death. Statistics Netherlands assigns a code for the underlying cause
of death according to the Intemnational Classification of Diseases, ninth revision (ICD-9).°
If any other medically relevant information is mentioned on the death certificate, the
secondary cause of death is also recorded. The anonymous cause-of-death register,
maintained by Statistics Netherlands, is listed per municipality according to sex and age
(derived from date of birth and date of death).

Patients were tracked by the Central Bureau of Genealogy in order to obtain the
unique death certificate number. Statistics Netherlands was provided with a list,
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according to municipality of death, the date of birth, date of death and death certificate
number (when available). The data were obtained at an aggregate level fit for data
analysis.

All 1460 patients diagnosed with breast cancer in 1960 through 1979 who
survived at least 10 years after initial diagnosis were selected for the present study.
Follow-up was completed until 1-1-1994, when 487 long-term survivors had deceased.
The cause of death of those patients who survived at least 10 years but died in 1970-
1979 (n=47) was not traced, because of the high costs per year and the low yield. For 22
patients the cause of death could not be traced. Thus, observed causes of death are
presented only for 418 patients.

In the analysis intervals of follow-up (10-14, 15-19 and 20 years or more) were
distinguished.

Table 1 Characteristics of 418 deceased breast cancer patients diagnosed in
1960-1979 who survived at least 10 years
period of diagnosis

1960-1969 1970-1979 Total
n (%) n (%) n (%)
Age at diagnosis (yrs)
<40 6 (7.8) 16 (4.7) 22 (5.3)
40-49 21 (27) 58 (17) 79 (19)
50-59 21 (27) 83 (24) 104 (25)
60-69 21 (27) 117 (34) 138 (33)
=70 8 (10) 67 (20) 75 (18)
Tumor stage
local 42 (55) 168 (49) 210 (50)
regional 34 (44) 121 (36) 155 (37)
distant 0(0) 4 (1.2) 4 (1.0)
unknown 1(1.3) 48 (14) 49 (12)
Histological type
ductal 49 (64) 300 (88) 349 (84)
lobular 2(2.6) 12 (3.5) 14 (3.3)
mucinous 1(1.3) 9 (2.6) 10 (2.4)
medullar 2 (2.6) 6 (1.8) 8(1.9)
sarcoma 1(1.3) 0 (0) 1(0.2)
not otherwise specified 22 (29) 14 (4.1) 36 (8.6)
Radiotherapy
no 17 (22) 144 (42) 161 (39)
yes 60 (78) 197 (58) 257 (62)
Total (% of study population) 77 (13) 341 (87) 418 (100)

Causes of death have been grouped together according to major disease
categories. SMRs were calculated for comparison of causes of death in the study
population with the general female population. In this person-years type of analysis, the
ratio of the observed (O) and expected (E) numbers of deaths was determined. Time at
risk began at the date of diagnosis and ended at the date of death or the end of the
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follow-up period (1-1-1994), whichever occurred first. Taking into account the person-
years of observation in the cohort (by age and calendar period), E numbers of death
were computed with the use of age-, and calendar-period-specific cancer death rates
from the area of the Eindhoven Cancer Registry. The confidence limits of SMR were
obtained with the use of the Poisson distribution of O numbers.’® SMRs were calculated
for all patients together and separately by follow-up interval.

Results

Clinical characteristics are presented in Table 1 according to period of diagnosis.
Adjuvant primary radiotherapy was administered to 53% of patients with localised
tumours and 84% of those with regional or distant disease. Only 11 patients received
adjuvant systemic therapy, 9 of who had regional or distant disease at the time of
diagnosis, one had a T4 tumour and in one patient tumour stage was unknown.

Of all 418 patients surviving for at least ten years after diagnosis 196 (47%) died
from breast cancer and 50 (12%) from ancther cancer (Table 2). In another 13 cases
breast cancer was recorded as secondary cause of death.

Table 2 Causes of death in breast cancer patients surviving for more than 10
years after diagnosis in 1960-1979 for different intervals of follow-up

10-14 yrs 15-19 yrs > 20 yrs Total
Cause of death n (%) n(%) n (%) n (%)
Breast cancer 126 (54) 56(42) 14(27) 196 (47)
Other cancer 23(9.7) 17 (13) 10(20) 50 (12)
Cardiovascular disease 53(22) 36(27) 17(33) 106 (25)
Respiratory disease 7 (3.0) 3(2.2) 4(7.8) 14(3.3)
Disease of the digestive system 4(1.7) 3(2.2) 3(1.3) 10(24)
External causes* 6 (2.5) 4(3.1) - 10(24)
Other causes 16(6.8) 13(10) 3(1.3) 32(7.6)
Total (% of study population) 235 (56) 132 (31) 51 (12) 418 (100)

* Includes accidents, murder, suicide

Among those who survived 10-14 years after initial diagnosis the observed
number of total deaths was higher than expected (SMR: 1.3; 95% CI: 1.1-1.5) (Table 3).
The risk of dying from breast cancer was almost 16 times higher than expected (13.1-
18.8). In the patients who survived 15-19 years the SMR for all causes of death was 1.0,
with an excess risk of dying from breast cancer (SMR: 11.0; 95% CI: 8.3-14.3). For those
patients surviving more than 20 years the observed number of total deaths was lower
than expected (SMR: 0.6; 95% CI: 0.4-0.7), but the risk of dying from breast cancer was
still almost 5 times higher than expected (95% CI: 2.6-7.8).

The distribution of patients dying from cancer other than breast cancer is revealed
in Table 4. High, but not statistically significant SMRs were observed for small bowel and
brain tumours and low SMRs for cancer of the stomach, larynx and lung. Another cancer
was the secondary cause of death for another 9 patients, of whom 4 had female genital
cancer.
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Table 3 Number of observed (O) and expected (E) causes of death, standardised mortality ratios (SMRs) and 95% CI in breast cancer patients for
different intervals of follow-up

10-14 years 15-19 years > 20 years
Cause of death ] E SMR  (95% CI) o E SMR (95% CI) 0] E SMR (95% CI)
Breast cancer 126 80 158 (13.1-18.8) 56 51 11 (8.3-143) 14 3 47 (2.6-7.8)
Other cancer 23 322 07 (05-.1.1) 17 216 08 (05-1.3) 10 134 0.7 (0.4-1.4)
Cardiovascular disease 53 892 06 (0.4-0.8) 36 646 06 (0.4-0.8) 17 442 04 (0.2-0.6)
Respiratory disease 7 117 06 (0.2-1.2) 3 9.7 03 (0.1-0.9) 4 73 05 (0.1-1.4)
Other causes 26 395 07 (04-1.0) 20 322 06 (0.4-1.0) 6 24 03 (0.1-0.5)

Total 235 1807 13  (1.1-1.5) 132 1331 1 (0812 51 919 0.6 (0.4-07)
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Table 4 Number observed (O) and expected (E), standardised mortality ratios
(SMR), and 95% CI for breast cancer patients who survived 3 10 years and
died from cancer other than breast cancer

Tumor site (ICD-codes) 0 E SMR (95%CI)

Head, Neck, Oesophagus (140-150) 1 16 06 (0.0-3.5)

Stomach (151) 3 73 04 (0.1-1.2)

Small bowel (152) 2 03 61 (0.8-24)

Colon, Rectum (153, 154) 10 142 0.7 (0.3-1.3)

Liver, Biliary tract, Pancreas (155-157) 5 82 06 (0.2-1.49)

Larynx, Lung (161, 162) 2 52 04 (0.0-1.4)

Cervix uteri (180) 1 1.2 08 (0.04.6)

1
6
4
2
6
8

Corpus uteri (182) 1.6 0.6 (0.0-3.5)
Ovary (183) 46 13 (0.5-2.8)
Urinary tract (188, 189) 42 0.9 (0.3-2.4)
Brain (191) 07 27 (0.3-10)
Haemopoietic (200-208) 6.7 0.9 (0.3-2.0)
Other malignancies 11.4 0.7 (0.3-1.4)

Total 50 673 0.7 (0.6-1.0)

Patients who died from breast cancer after 10 years were generally younger at
diagnosis and at death than those who died from other causes (Table 5). Among patients
with localised disease the proportion who died from breast cancer equalised to the
proportion dying from other causes, until 20 years after diagnosis. Patients diagnosed
with regional disease were more likely to die from breast cancer 10-14 years after
diagnosis, whereas the proportion dying from other causes became higher thereafter.

A second primary breast tumour was present in 131 of the 1460 patients (9%).
For 76 women with a second breast tumour the cause of death was unknown because
the patients were still alive at 1-1-94 (n=67), died between 1970 and 1979 (n=5), or the
cause of death could not be traced (n=4). For 55 patients with a second breast tumour
the cause of death was known: 39 (71%) died from breast cancer and 16 died from other
causes.

Discussion

Breast cancer patients who have survived 20 years or more after diagnosis and
are presumed to have a normal life expectancy were still at a S-fold increased risk of
dying from breast cancer. Mortality from other causes was lower, except for other cancers
and respiratory disease.

Registration of cause of death in the Netherlands is similar to that in other
countries, according to WHO guidelines. Could overreporting of breast cancer as
underlying cause of death explain the excess death risk? We think that this tendency, if
present, rather declines with the duration of follow-up. Breast cancer would only be
reported if there was clear progression in the disease or a second breast cancer had
occurred. We found that in 39 (71%) of the 55 of the patients who had developed a
second primary breast tumour the cause of death was attributed to breast cancer.
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Fentiman et al.® found that 10% of patients surviving more than 20 years since diagnosis
of the first tumour died from metastases from contralateral cancer and late deaths from
breast cancer were due to new tumours rather than a late manifestation of slow growing
metastases. Of the 51 such patients in our study 11 (22%) developed a second breast
tumour, 7 of whom died from the disease. A total of 14 long-term survivors died from
breast cancer (Table 2). So if the 7 deaths in those with a second primary tumour were
caused by this second tumour, the other 7 deaths due to breast cancer (50%) resulted
from progression of the initial disease.

Table 5 Age and stage of breast cancer patients who survived at least 10 years after diagnosis at
different intervals of follow-up. Patients who died from breast cancer are compared with
patients who died from other causes

10-14 yrs 15-19 yrs > 20 years
breast other breast other breast other
cancer cause cancer cause cancer  cause

n (%) n (%) n (%) n{(%) n(%) n (%)
Mean age (yrs) at diagnosis (SD) 56(12) 65(10) 54(11) 62(10) 50(11) 56 (10)

Mean age (yrs) at death (SD) 69 (12) 77(10) 71(11) 79(10) 72(11) 80 (9)
Age at diagnosis (yrs)
<50 43(81) 10(19) 21(65) 11(35) 6(38) 10(63)
50-69 68 (51) 65(49) 31(41) 45(59) 8(24) 25(76)
>07 15(31) 34 (69) 4(16) 20(84) 0 2(100)
Tumor stage
local 58(48) 63(52) 31(52) 29(48) 9(31) 20(69)
regional 54(64) 30(36) 20(37) 34(63) 4(24) 13(76)
distant 2(67) 1(33) 0 1(100) 0 0
unknown 13 (46) 15(54) 5(25) 12(75) 1(20) 4 (80)
Total 126 (54) 109(46) 56(42) 76(58) 14(27) 37(73)

Irrespective of whether late death from breast cancer was due to metastasis from
the initial tumour or from a second primary, the question remains whether excess death
from breast cancer can be prevented by longer regular surveillance or better treatment.
Routine follow-up by physical examination and an annual or biannual mammography
would be sufficient to detect recurrences or a second primary tumour . More
importantly, overall mortality in patients who survived over 20 years after initial diagnosis
became lower than in the general population. Even if those deceased patients of whom
the cause of death was not traced (n=69) were added to the observed number of deaths
the SMRs for overall mortality remained roughly the same (SMR: 1.5, 1.1, and 0.7 for
those surviving 10-14 years, 15-19, and > 20 years, respectively).

Patients diagnosed before the age of 50 were more likely to die from breast
cancer than from other causes. Proportional mortality from breast cancer is clearly
related to the age at death.'? At younger ages women are less likely to die from other
causes, therefore the proportion dying from breast cancer is relatively high. We
accounted for this by calculating standardised mortality rates, but breast cancer mortality
remained higher than expected. We also checked whether misclassification of cause of
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death in the oldest elderly may have affected the high death rates from breast cancer.
However, we found that the percent of patients who died from breast cancer was actually
lower in the 85+ group than in the total study-population.

The pattern of death due to cancer other than breast cancer was not very
surprising. The increased observed/expected ratio for small bowel cancer could also be a
random finding. Increased risks after breast cancer, regularly reported for cancer of the
colon-rectum, ovary, and uterus’*' are partly explained by a common aetiology or
pathogenesis (e.g., hormonal exposure or susceptibility). The decreased risk for tobacco-
related cancers in the lung and head and neck area could also be related to the high
socio-economic status of breast cancer patients,'® greater health awareness could also
play a role.

Previously, excess mortality from breast cancer despite a normal life-expectancy
was also observed in British diagnosed between 1947 and 1950 who survived more than
20 years.” *° The present study indicates that these findings are still valid for patients
diagnosed in later decades (1960-1979). Despite a normal (or even improved) life
expectancy for breast cancer patients 20 years after diagnosis, the risk of dying from this
disease remained elevated.
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Abstract

Background: Numerous studies have examined prognostic factors for survival of
breast cancer patients, but relatively few have dealt specifically with 10+-year survivors.

Methods: A review of the PubMed database from 1995 to 2006 was undertaken
with the following inclusion criteria: median/mean follow-up time at least 10 years;
overall survival and/or disease-specific survival known; and relative risk and statistical
probability values reported. In addition, we used data from the long-standing Eindhoven
cancer registry to illustrate survival probability as indicated by various prognostic factors.

Results: 10-year breast cancer survivors showed 90% 5-year relative survival.
Tumor size, nodal status and grade remained the most important prognostic factors for
long-term survival, although their role decreased over time. Most studies agreed on the
long-term prognostic values of MI (mitotic index), LVI (lymphovascular invasion), Her2-
positivity, gene profiling and comorbidity for either all or a subgroup of breast cancer
patients (node-positive or negative). The roles of age, socioeconomic status, histological
type, BRCA and p53 mutation were mixed, often decreasing after correction for stronger
prognosticators, thus limiting their clinical value. Local and regional recurrence,
metastases and second cancer may substantially impair long-term survival. Healthy
lifestyle was consistently related to lower overall mortality.

Concdlusions: Effects of traditiona! prognostic factors persist in the long term and
more recent factors need further follow-up. The prognosis for breast cancer patients who
have survived at least 10 years is favorable and increases over time. Improved long-term
survival can be achieved by earlier detection, more effective modern therapy and
healthier lifestyle.
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Introduction

Breast cancer (BC) is the most common cancer among women, with a lifetime risk
of up to 12% and a risk of death of up to 5%." Its incidence has been increasing but
after a period of continuous rise in many industrialized countries BC mortality has been
stable or has even decreased in the last 10-15 years.” * The introduction of mass
mammographic screening programmes also resulted in earlier detection and diagnosis of
small and less aggressive tumours. This, in combination with therapeutic improvements,
has led to a substantial increase in breast cancer survivors over the last few decades
(figure 1). A long-term survivor is commonly defined as a person who is still alive 5 years
after cancer diagnosis.* For breast cancer, the relative survival at five and ten years after
diagnosis is 88% and 77%, respectively, both substantially higher than the 5-year relative
survival of all cancers together (64%).* Thus, it seems logical to consider factors known
to play an important role in predicting 5-year survival of BC patients and to question their
importance in survival 10 years after diagnosis and even longer. Furthermore, in recent
years major advances in the prognostic value of several molecular markers have been
achieved, hence the need to incorporate this data into our current knowledge. Therefore,
we have summarized available knowledge on the determinants of survival 10 years or
more after breast cancer diagnosis. We supported our analyses and considerations with
data from the population-based, long-standing Eindhoven cancer registry in the
Netherlands.
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Figure 1 Proportion of breast cancer patients (3-year moving average) diagnosed between 1973-
2003 who survived 10 years or longer in Southeastern Netherlands

Methods

We initially searched PubMed, using the search MESH term for ‘breast neoplasms’
AND ‘prognoses’ AND ‘long-term’. Only papers published in English between 1995 and
2006 (September) which researched female adults (19+ years) were included. We
retrieved 528 articles and studied the abstracts (sometimes also the methods section).
We selected only articles that assess or show the results for those surviving 10 years or
longer with cohorts having a mean/median follow-up of 10 years or longer. If
mean/median follow-up time was not reported, we examined the proportion of patients
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who survived 10 years after diagnosis, and this ought to be larger than 50%. If, for a
specific topic of interest, no relevant studies with a follow-up of at least 10 years were
found (such as BRCA mutation or gene profiling, which have been studied only during the
last decade), then studies with the longest available follow-up were chosen. Furthermore,
the following inclusion criteria were used: overall and/or breast cancer-specific survival
was reported; relative risk or hazard rate and statistical probability values were given; at
least 250 BC patients included at the beginning of study. We also searched the reference
lists collected by this search strategy and selected those that were relevant to both our
study question and inclusion criteria. Reviews and books that gave general overviews
were also included in the reference list.

We present data from the Eindhoven Cancer Registry (ECR) to illustrate the role of
factors such as age, stage, tumour size, lymph node involvement, grade and time since
diagnosis. Within the Netherlands, ECR is unique because it has collected follow-up data
since 1970, including clinical aspects of cancer patients. This is a population-based cancer
registry covering a population of almost 2.4 million people in 2004.°> Cumulative survival
proportion was calculated using the Kaplan Meier method. Relative survival was
calculated by comparing the survival of breast cancer patients to the general population.

Throughout the text the term long-term and/or survival will frequently be
mentioned; this corresponds to at least 10-year survival unless otherwise indicated.

Results and discussions

Patient characteristics
Age at diagnosis

Very young women, i.e. younger than 30/35 years,® 7 exhibited a particularly poor
survival as do those older than 70 (figure 2).% ® Young BC patients were more likely to
have a more negative clinical presentation, such as affected lymph nodes, negative for
oestrogen receptors, and have large tumour with a high fraction of p53 nuclei and
overexpression of c-erb-2 oncoprotein.® *> ' However, current adjuvant treatment seems
to diminish the poor prognostic value of young age;® young women who did not receive
adjuvant treatment had a significantly increased risk of dying; those diagnosed at 35-
39 years and <35 years had a 1.4 and 2.2 higher risk of death, respectively, compared to
those of 45-49 years.® Older patients exhibited higher mortality rates,'? probably because
of less extensive treatment (either related to advanced age itself or the presence of
serious concomitant diseases (comorbidity)).*?
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Figure 2 Relative survival of breast cancer patients (n: 13,279) diagnosed in 1990-2002 and
followed until 2004, according to age at diagnosis and time since diagnosis in
southeastern Netherlands.

Comorbidity

Concurrent health conditions (comorbidity) at the time of BC diagnosis have a
significant impact on early”® as well as long-term survival of BC patients.’* The most
prevalent conditions were cardiovascular disease (7%), previous cancer (7%) and
diabetes meliitus (6%), all becoming more common with increasing age.”® Compared to
those without comorbidity whose 5-year relative survival was 87%, those with diabetes
mellitus or cardiovascular disease represented 78% and 83% of the respective survival
estimates.” Patients with severe comorbidity exhibited a 2.7-3.4 higher risk of death in
10 years compared to those without comorbidity.'* **

Period of diagnosis

Access to care and treatment of BC has improved over time in most industrialized
countries, which is reflected in the higher long-term survival of BC cases across all age
groups and the tumour characteristics of those diagnosed more recently.® In Finland,
relative survival 10 years after diagnosis among patients younger than 50 years increased
from 49% for those diagnosed in 1953-1959 to 68% for the 1983-1989 cohort.'
Furthermore, 60% of node-positive BC patients diagnosed in 1978-1979 in Italy survived
10 years or longer compared to the 50% probability 10-year survival for those diagnosed
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in 1968-1969."” In addition, changes in BC diagnosis, e.g. screening’® % and better
staging, may partly be responsibie for the observed increase in the proportion of
survivors.

Time after diagnosis

The longer 2 woman survives BC the more the prognosis improves, illustrated by
conditional survival.’® 2! Probably the subgroup of patients who survived longer had less
aggressive tumours due to a different genetic make-up or better life-style. In Australia,
79% of women with localized BC survived 10 years after diagnosis, yet among those still
alive 5 years after diagnosis 84% had a 10-year survival.'® The respective values for
regional vs. advanced BC were 53% and 68%.¢ Unlike other cancers, relative conditional
survival remained stable below 100% after 12 years of survival and decreased again after
about 19 years (figure 3).° This may be a consequence of late recurrences and
metastases, second cancers or late side-effects of treatment.?
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Figure 3 Conditional 5-year relative survival (calculated using period analysis''®) of breast cancer
patients diagnosed in southern Netherlands in 1985-2002 and followed until 2004,
according to age. Dashed line: diagnosed at 25-49 years, solid line: diagnosed at 50-74
years

Socioeconomic status (SES) and race

A population-based study of breast cancer patients diagnosed in 1968-1999 in
France showed a diminishing role of SES on excess mortality among women with BC over
these periods.” Long-term follow-up studies reported that women with BC from low
social classes had a 20-50% poorer survival compared to patients from higher social
classes,* % although others contradicted this.?® Low SES patients were more likely to be
diagnosed at a later stage, had more aggressive tumour characteristics and might have
received sub-optimal treatment. However, differences in these prognostic factors did not
fully explain the variation in survival according to social class.?* This is also the case when
breast cancer survival is studied according to race/ethnicity. Ten years after treatment
58% of African Americans were still alive compared to 66% of the white Americans. After
adjusting for other prognostic factors, 41% excess mortality from all causes was still
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observed among African Americans compared to caucasians.” This suggests other
residual factors such as lifestyle (higher body weight was observed among African
Americans), comorbidity,’* genetics or variation in the delivery of treatment, which
influence outcome beyond variation in tumour aggressiveness.?®

Tumour-related characteristics
Tumour size

Tumour size is one of the strongest prognostic indicators (figure 4),” %° even after
20 years of follow-up.* ** A larger tumour has been related to more positive lymph
nodes, thus their interaction further influences the survival from BC. Nonetheless, the
independence of survival by node status is shown by the lower 10-year overall survival
rate found for node-negative patients with a tumour of 2-5 cm compared to those with a
tumour smaller than 1 cm, 66% vs. 79%, respectively.”
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Figure 4 Cumulative survival of proportion of breast cancer patients diagnosed in southern
Netherlands in 1970-1994 and followed until 2004, according to tumour size (based on
pathological diagnosis)

Histological type

The prognostic value of histological type can be grouped into four: excellent,
good, poor and very poor prognosis.”® BC with an excellent prognosis, such as invasive
cribriform, tubular®®, tubulo-lobular and mucinous ' 3 showed >80% survival at 10
years.? Tubular mixed, mixed ductal with special type, atypical medullary®” and alveolar
lobular carcinoma have a good prognosis with a 60-80% 10-year survival. Those with
invasive papillary, classic lobular and medullary cancers have a worse prognosis. Finally,
10-year survival among those with ductal, solid lobular, mixed ductal and lobular
carcinoma is below 50%.** In most populations infiltrating ductal carcinoma covers about
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70% of all diagnoses.®> * Inflammatory BC has a particularly poor prognosis: about 30%
survived 10 years.>®

Histological grade

The most widely used grading systems are Scarff-Bloom-Richardson classification,
Fisher grading nudlear system and Nottingham Combined Histologic Grade (NCHG).*® The
validity of grading has been subjected to inter-observer reproducibility and subjectivity.*
However, higher grades have been quite consistently associated with lower long-term
survival.” 3% 4% pepending on other prognostic factors, such as nodal status or tumour
size,* *® cumulative survival among patients with the lowest score was 90-94% 10 years
after diagnosis and 30-78% among those with the highest score.’® %

Regional lymph node involverment

Lymph node involvement is a valuable indicator of long-term survival (figure 5).%
3 Node- positive patients have about a 4-8 times higher mortality than those without
nodal involvement.® * % The more nodes involved the worse the prognosis. Prognosis for
patients with 10 or more involved axillary nodes showed 70% more deaths at 10 years
than for those with 1-3 involved nodes.* The survival of node-positive patients improved
due to better staging procedures and application of systemic treatment.” 3% 4
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Figure 5 Cumulative survival proportion of breast cancer patients diagnosed in southern
Netherlands in 1970-1994 and followed until 2004, according to nodal status (based on
pathological diagnosis)

Lymphovascular invasion (LVI) and molecular markers of tumours angiogenesis

At the St. Gallen meeting in 2005, LVI was added to the prognostics for node-
negative patients.®® Compared to patients having no LVI, a 60% higher breast cancer
mortality was observed for node-negative BC patients having positive LVI,* > although
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others did not observe the independent role of LVI.* * In this line of research, studies
have also focused on the value of microvessel density,”® blood invasion (BVI)* and
markers of angiogenesis (VEGFR (vascular endothelial growth factor receptor), CD105,
Tie-2)** *° in predicting long-term survival of BC patients, although the results are still
conflicting.

Grouped prognostic factors

Some of the prognostic factors have been combined into a prognostic index, such
as the TNM classification, as shown by the data of the ECR (figure 6), and also the more
current Nottingham Prognostic Index (NPI), both highly predictive for estimating long-
term survival.® TNM staging consists of information on primary tumour size, involvement
of the regional lymph node and the presence of distant metastasis. Only 53% of patients
with regional or locally advanced BC had survived 10 years after diagnosis compared
t079% of those with localised BC'. Patients with metastasis (stage: M1) at diagnosis
exhibited very poor 10-year survival (3.4%).%

Tumour size, grade and lymph node status make up the NPI.** * %8 In a large
series of 2879 BC patients, 10-year survival proportion was 85% for those with the
lowest NPI score and 19% for those with the highest score.™

Recurrence, metastasis and second cancer

Patients with recurrent, metastasized or second cancer generally exhibited lower
long-term survival than those without.> % %% Ten years after surgery, the probability for
survival for another 10 years, thus 20 years after diagnosis, for node-negative patients
aged 245 years, tumour <1 cm, grade 1 and without a recurrence or metastasis was
0.89. If a recurrence occurred, the probability of being alive at 20 years dropped to 0.72.
If a metastasis was observed the probability of survival was only 0.18.2! The prognosis
decreases with larger primary tumour size, nodal involvement,® higher grade,” early
recurrence (within 5 years of surgery)®?, location of recurrence (regional rather than local
ipsilateral)® and inadequate primary cancer treatment.” © In the dataset of the ECR,
overall survival was better for women without second primary tumours than for women
who developed a new primary cancer (figure 6). Only 68% of early BC patients with
second malignancies had survived 10 years of follow-up compared to 78% of those
without multiple cancers.5* Younger breast cancer patients are reported to have poorer
survival and a higher risk of second cancer.%® Corrected for race and grade, women in the
20-29 year old category who had a second breast cancer had a probability of 10-year
survival probability of only 23% compared to 57% for those without multiple cancers.
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Figure 6 Cumulative survival of breast cancer patients diagnosed in southern Netherlands in
1970-1994 and followed-up until 2004, according to second cancer. Follow-up for
patients with second cancer begins at the date of second cancer diagnosis.

Other tumour markers
Hormone Receptors

The presence of hormone receptors such as oestrogen (ER) and progesterone
(PR) receptors predicts the long-term outcome of hormonal therapy,® thus they have
been more commonly used as a predictive marker rather than as a prognostic marker.
Thus given a particular treatment, e.g. tamoxifen, ER-positive patients have a
considerably better prognosis than ER-negative patients. The prognostic value is weak**
“2 or negligible,* particularly in the early years after diagnosis.%

HER-2 expression

Node-positive patients with BC cells showing amplification of the gene for human
epidermal growth factor receptor type 2 (HER2), and/or overexpression of its product had
a lower 10-year overall survival proportion, 50% versus 65% for those without HER2
amplification.'” & After 10 years the difference in survival persisted, although it became
somewhat smaller.’” Tumours that overexpress HER2 are more likely to contain p53
abnormalities, to be hormone receptor- and bcl-2-negative and to have lymphoid
infiltration and a high mitotic index, all known to be markers of poor prognosis for breast
cancer.'” % % As for patients with node- negative tumours, HER2 did not seem to affect
long-term survival significantly.” *¢ % HER-2 expression has been valuable in predicting
treatment responses to trastuzumab, certain endocrine therapies and chemotherapy,
adding to it's role as a predictive marker.®’
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MAI (Mitotic Activity Index)

MAI is an indicator of tumour proliferative activity that represents the mitotic
activity in a given area of the tumour. Combined with another prognostic factor (NCHG),
MAI has proven to be an accurate tool for assessment of long-term survival.¥ In a
population-based study women with node-negative tumours < 5 cm and a MAI = 10
exhibited 80% survival at 10 years compared to 90% for an MAI <10.7°

Gene expression profile

A very promising new finding is the microarrays method, in which a set of intrinsic
genes is clustered and segregated into major subgroups; BC with a good and poor
prognosis profile is correlated to the probability of distant metastases™ or a tumour with
basal or luminal characteristics which are strongly associated with ER status.”? In a study
of 295 patients diagnosed with stage I or II breast cancer, those classified as having a
good prognosis profile had a 95% overall 10-year survival rate compared to 55% for
those with a poor profile.”® This classification predicted outcome regardiess of the nodal
status, implying that more accurate criteria have become available for administering
adjuvant systemic treatment.

Various molecular markers

BRCA1 & 2 mutations were first identified in 1994 and are BC risk factors for
some specific groups.”* Their role as prognostic indicator for long-term (more than 10-
year) survival has not yet been established. A study of 496 women (median follow-up:
116 months), 56 of whom (11%) carried a BRCA1/BRCA2 mutation, showed worse breast
cancer-specific survival for women with BRCA1 mutations than for those without (62% at
10 years versus 86%; P < 0.0001), but not for women with the BRCA2 mutation.”
However, another study which compared patients from BRCA1, BRCA2 and non-BRCA1/2
families as well as sporadic cases did not confirm the prognostic role of BRCA1/2.7®

Long-term follow-up studies have not demonstrated an independent effect of p53
mutations on fong-term survival. The P53 mutation was related to a poor dinical profile
for patients, hence in multivariate analysis its role on survival diminished. . 7. 78

A high level of tissue urokinase-type plasminogen activator (UPA) and its inhibitors
has been correlated with poor outcome for node-negative and node-positive patients.
Those having the highest level of UPA have a 5 times greater risk of dying from breast
cancer compared to those with the lowest level.®® Other factors such as Ki67 (MIB-1),
cathepsin-D, DNA ploidy and S-phase have been suggested as prognosticators of survival,
with conflicting results, particularly among long-term survivors. Their use in general
clinical settings is therefore not recommended.”
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Table 1 Overview of studies reporting long-term prognostic factors for breast cancer (BC) patients

Mean/median

Univariate (UV)

Multivariate (UV)

No. | Author, year No. of patients follow-up (yrs) | analysis significant analysis significant Not significant Remarks
. Overall survival was measured, P53 was
1 ?:g;gl& 490 106 MS, T, N, Htyp, ML, G, ﬁl]l ﬁit_'ealsé(bé:‘ PR. Her2 related to absence of tubular formation, high
L 19958 * : PR, Her2 In N-'.MS &G : G, ER-negative, high PCNA (proliferating cell
i . nuclear antigen) score.
P53, N, T, Htyp,
Pietilainen (t:]"tbﬁl:'?&cgrgfga?t" All patients: N, T, MI Overall survival was measured.
2 10 392 11.1 N A InN+: T, ML P53 is related to younger age, M1, Al, G,
1995 margin formation, InN-: T, p53,G nuclear pleomorphism
necrosis, DNA ploidy, Fhpad P P
S-phase fraction
Overall survival was measured. PR was only an
Her2 & PCNA N . by
Haerslev " . independent factor in N-pasitive pts. Her2 &
3 19957 * 490 11 PCNA T, G PR (Prolhferauillg cell PCNA were related to more positive N, higher
nuclear antigen) G, ER-/PR-niegative.
NR. Range Histological type by
4 Gamel 1996% 163,808 1m;)s~19 s stage (localized & Breast cancer specific survival was measured.
Yrs. reglonal BC)
Adjusted for age, Overall survival was measured. Charlson
NR. Diagnosed: race, stage, N, comorbidity index was used. There is no
5 West 1996'% 1196 1973-1986. Comorbidity Level of comorbidity therapy. Values for difference in the significance of comorbidity on
End FU: 1994. these factors were survival of Caucasfans and African American
not shown (AA)
Haersley Overall survival was measured. PR only an
6 1996112 * 487 >10 Ki-67, PCNA T, G, PR Ki-67 & PCNA, independent factor for N+ patients. Ki-67 was
related to T, ML, G.
Mucinous BC:
Northrid 4082. R, Dia : i . .
7 1997‘13';' 9e Infiltrating duct ?973_19%35& gi:éﬁbgglgdtagfe, G Age Breast cancer specific survival was measured.
BC: 139,154
. " Overall survival was measured. Younger than
8 }*(olhas 1997 12_51759cranges70, >10 Age<35, NP1 T,G,N Age 35 yrs had higher grade, more LVI and worse

NPI group. After 10yrs NPI did not change OS.




Table 1 (continued)

Excess hazard from breast cancer was

I Diagnosed: Survival categorized by "
Zahl & Tretli % - measured. After 8 yrs being younger than 35
9 1997% 8802 age< 70 ;3651331 End 3geé:1t:ge and follow does not influence survival, Stage was an
' P important prognosticator up to 20 years.
Overall survival was measured. The study
46 N by grade, Treatment aimed to confirm value of Nottingham grading
10 Pinder 1998 465 12 by grade system for survival. N+G3 patients benefited
from prolonged chemotherapy.
BRCAL: 30 Overall survival was measured.
T on BRCA1: 9.8 Case and control were matched for date of
11 fggg‘]?! gggt':ﬁl', 21%278 BRCA2: 7.5 Sgnct’:;[ vs. BROA2vs. | it date of diagnosis and tumour size.
8C pts ’ Control: NR Patients with BRCA+ were younger, Patients
P with BRCA1 had higher grade.
\%;Zezatslggt; At 10 years ;Tl?acingﬁgltiﬁ'e-r's rsntzgﬁ{g Overall survival was measured.
- 27 . y 59-67% . I Ml UV: alcohol, family AA is more likely to be younger at diagnosis,
12 Wojcik 1998 ?':ng‘lréé\smencan patients were gar;? faarv,:;l|do;g having | Race, age, stage history ' have larger tumour, higher stage and more
' alive depen denty lymph nodes. .
- Overall and breast cancer-specific survival was
" 114 Bone marrow Bone marrow measured. Bone marrow metastases may be
13 Mansi 1999 350 125 micrometastases N T micrometastases, LVI useful as prognostic factor for BC pts without
information on T and N.
n a5
14 | Kolias 1999% 4 319 1ciem >10 G, N, LVI, NP1 G N ! Overall survival was measured.
NR Overall survival was measured. Screening
iy . . " " arrests disease progression. Tumour
15 | Tabar 1999% | 2468 ?;@%Tg;e‘én A G}'#Etedm” Tt 292, Hiyp*N, progression is more rapid in BC patients
o 199é , Hlyp . <50yrs. OS of T1a(1-5mm) vs. Tib(6-10mm})
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1857 <80yrs

Second cancer and

Age, ER, N,

Overall survival was measured.
Recurrence is refated to higher stage,
younger age at diagnosis, Htyp, and therapy.

MIB-1, MAL, Al

In N+: N, age, ER,
Her2

MV in N- & N+ AL MI, ER,
G.

57
16 Nomura 1999 stage I-III 12 recurrence (r:z;lé;rrence, second Second cancer is related to younger age.
Death related to recurrence and second
cancer is increased 12 yrs after diagnosis.
Overall survival was measured. Her2 was
X related to PR-, ER-negative, P53, G. P53 was
17 | Reed 1999% | 613 T1-2N0 155 Age >50, T, G G, T, treatment g‘é;;’fﬁ;g"e“t’ ER, PR, related to PR-. Treatment was ovarian &
! focoregional irradiation that had lower
mortality rate
Overall survival was measured. Younger
. 5 3700 pre- & N, T, G, patients with ER+ who were not
18 Aebl 2000 perimenopausal 12 Age <35 vs. 235 age<35*ER+ Age, ER amenorrhoea had a significantly shorter
survival.
Breast cancer-specific survival was measured.
19 Ferrero 2000”7 | 297 N- 11 T, ER, P53 T, ER Age, PR, G P53 was related to grade, T, ER-negative.
P53 was continuous variable
NR Relative survival was measured for excess
5 L . Period of treatment and mortality due to BC, When chemotherapy
20 Kroman 2000 10,356 age<50 |1)|9a798rzgzed Age, T, N, 6 surgery was give:n BC at young age does have worse
_prognosis.
All patients: uPA, N, Overali survival was measured. For patients
| T, Her2, age. who received chemotherapy uPA, T & N
2 gggg{f Pous | 4a8 10 ER'H‘;':Q' G, N PR, PS3 | 10N upa, T determined OS. For patients who received
Y In N+: N: uPA, T, hormonal therapy uPA, Her2 & N determined
age, Her2. 0S.
Overall survival was measured. AMC is a
22 Kato 2001 * 377 10 T, NG AMC, T, N, G Necrosis good prognostic factor for N- and 72-3
patients.
é:,l\ paginzts: N.T. G, g\\\l/ :I?E\'atienw AL MI Breast cancer-specific mortality was
4 . . ’ 3 N
23 Liu 2001% 791 16.3 T, N, G, ER, Her2, p53, In N G. MIB-1, ER, G measured. When patient FU was truncated at

5 years, MI was prognostic factor for N+ and
N-.
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Overall survival was measured.
: High risk group (ER- . " MI was only significant when FU was
24 Page 200111 glléra"o adjuvant 116 or T23cm) vs. low risk Ig r;zl\:é;roup (high G, ML truncated at 5 years. Grade was significant
py. (ER+ and T<2cm) ' prognostic factor for short- and long-term
survival.
Frkovic-Grazio & Breast cancer-specific survival was measured.
25 P 270 TINOMO 12.5 G, Tubular score, MI Tubutar score and M1 This study confirmed the use of Nottingham
Bracko 2001 N A y
grading system in their cohort.
UV: Age, MS, ER, type of Overali survival was measured.
26 D'Eredita 2001% | 402 216 T, N, Htyp, G, LV, NPL | T, N, G surgery. NPI gives similar survival prognosis as T, N,
MV; LVI & Htyp G,
':lt};l?t);%ao;: IS?S 'ng'a;%:’rse'c?é%h Deprived vs. high SES Deprived women have more ER- tumours. ER
27 | Thomson 20012 | 23786 patients Age stratified by SES | £ age EPR NT group corrected for age, distribution and treatment method accounted
s " ' 7 0, I ul i
were alive stage ER, N, T, stage for 20% of disparities in survival.
28 Vorgias 20017 269 stage 11 12 NR T, N, age, ER/PR MS, therapy Overall survival was measured.
. i ; Overall survival was measured,
29 V'“cejlt Salomon 685 T<3 cm 10.8 G, N, ER, necrosis N, necrosis, G UV: Vascular density, LV, Intratumoral vascular density was related to
2001 age, PR N .
larger tumour size and higher grade.
Familial BC: gg'gno sed: Stage, age, period of
7% 359. coar | - BC diagnosis, FU 5-year relative survival was measured for
30 Eerola 2001 Sporadic BC: ég?}:ﬁ'?gs' time (after 2 and 3 BRCAL, BRCA2 excess mortality due to BC.
59517. ! yrs of diagnosis)
1997
Tubular BC type vs, Overall survival was measured.
. 3 other type, by nodal Tubular BC type had better prognosis than
3 Kitchen 2001 9520 12 status and other type. This type was more likely to have
chemotherapy low G & ER+.
Overall survival was measured.
P53, MI, necrosis, T, In MV P53 & MI were independent prognostic
49 ¥ ’ ' (] .
32 Kato 2002 a2 10 N, LVI ML T, N uv: Al factors for N- patients only. P53 was related
to MI, Al, necrosis, G, T, N, ER/PR




Table 1 (continued)

BVL, T, N, G BVI, T, N, G . Overall survival was measured.
53 % v L Ny 5y + 1y Ny Ly .
33 Kato 2002 398 10 chemotherapy chemotherapy UV: necrosis
Breast cancer-specific survival was measured.
34 Costa 2002% 670 11.4 N, T, age, ER/PR N, T, age MS, ER/PR After 5 years of FU ER and PR were not
independent prognostic factors.
.D'agmsed Her2, N, T, MS, . Overall survival was measured. HER-2 was
17 in 1968-69 S G, T, N, lymphoid ; .
35 Menard 2002 1928 and 1978- lymphoid infiltration, infiltration related to large tumours, higher G, lymphoid
79 PR- infiltration, higher mitotic index, PR-.
N Gene profile (Good vs.
Van de Vijver 295 age<53 ; Gene profile, T, N VI, G, age, hormonal .
36 73 a 6.7 bad prognosis) for all ro P oS Overall survival was measured.
2002 stage I-11 patients, N+, N- chemotherapy therapy
Van't veer Better classification of patients with high risk
¥ 20027 117 age <55 NR. of metastasis and in need of chemotherapy.
?eijrsrgcz'o(rs’ If patient remains without recurrence or
Hatteville ., metastasis, effect of prognostic factors
38 2002% 3180 158 g]zt:;t?;c‘ir?:nzc ‘Z );rr. Age, T decreases over time. With metastases, this
Ny effect increases.
metastasis
Gene profile (fuminal Luminal-like 1-3 was predominantly ER+.
39 Sotiriou 20037 | 99 6.1 1-3 vs, basal 1-2 & Basal-like 1-2 and Her2 was predominantly
Her2 type) ER-
Overall and breast cancer specific survival
were measured. Patients with supraclavicular
. metastases had significantly better survival
40 | Ofivotto 2003% | 620 stage IIB-ML | >20 g“tap’:cl';‘gc:r';r 3(1: than patients with M1. Survival of these
9 patients resembles that of BC stage I1B. (FU
for living patients 20 yrs, for all patients 4.5
yrs)
N+ (N1-3 vs. N4-9 vs,
. 3 905 N+ N>10), also by MV: NXT, MSXT, additional | Overall survival was measured. N was refated
4 Weiss 2003 Chemotherapy+ 226 treatment and follow- N, T, MS vincristine and prednison to T. MS was related to receptor status.
up time




Table 1 (continued,

Relative survival was measured for excess

2;0}0 Years | period of diagnosis, mortality due to BC.
42 Taylor 2003'¢ 54,228 ﬁ" nts stage by age, FU time The longer the survival the better the
\[')vaerg alive by stage prognosis. Improvement in relative survival
for all patients and all stages since 1972,
o ‘I/r;sl:;I.S.CD105+ \I,::;LgfsEf » (D105 ;g:_" pts: T, Heyp, CD31, PR, Overall survival was measured, MV: Ti.e-.
43 | Dales 2004 905aged 2581 | 117 In all pts: CD31, Tie- | In N-: G, CD105 In N-: T, CD31 vessels, ER, é’ST fr:‘;'l“’wggnsts‘ggfgarj‘f r°'tfe;‘;; predicting
2/Tek vessels, PR. age. pa pa )
Brenner & NR. Period of diagnosis, Improvemhent g{) progn(:]s;s fortE;C pz:jtlents
44 Hakulinen 18,578 age< 50 Diagnosed: stage, stage*period, }/{oxlmgert an | over t elpas edeca es.40
2004 1953-1999. | time after diagnosis elative survival remains lowered even
yrs after diagnosis.
Breast cancer-specific survival was
584 Ashkenazi BRCAL, T, N, ER, age . measured.
45 Robson 20047 Jewish 116 he therapy | BRCAL, T, N, Age Tamoksifen, BRCA2 No effect of BRCA on non-BC death. BRCA1
chemotherapy only predicted BC death in patients without
chemotherapy
Overall and breast cancer specific survival
1187 LVI-, N-, were measured. Patients with higher grade
46 Chia 2004% Adjuvant systemic { 10.4 T,G TXG and size have greater chance to die from
therapy- other & those with low risk disease greater
chance of death from BC.
Yoshimots NR. Over the dgclades;‘t:gée were !esst.exte;nsive
‘oshimoto ! . " N surgery and lymp! e examination, less
4 2004'° 15,416 ?;%"gg%ci Period of diagnoss. radiotherapy,ymore chemo- and hormonal
) therapy.
S I e e
48 2004 527 age=40 4.7 Therapy, age270, Ir? 202;7'8" 12 agse; e>.70' ;(Japt)ll-.era Older patients with comorbidity were not
comorbidity*N < om?)rt;i dit;l age pts age=/Ui N, Py treated differently but had a worse
+ 89 prognosis.
Schoppmann LMVD (Lymphatic Microvessel | Overall survival was measured.
49 2004% 374 22.4 LI, G, N, Therapy VI, G, N Density), T, Htyp, ER, age, LVI is relfated to young premenopausal BC,
MS lower G, N+
Breast cancer specific survival was
Warwick measured. All studied factors predicted
50| Hn0e% 2299 >10 G, N, T, Metastases G, N, T, Metastases long-term survival, but their value

decreased over time.




Table 1 (continued)

chemotherapy,
radiotherapy

NR. . . .
N X Location of home, . Breast cancer-specific survival was measured.
51 Robsahm & 5042 ll)é%%"g;ed NR age at first child, M\iiggr(r)efcé?: rf‘%rs.‘sag;, th Incidence of BC increases with higher
Tretli 2005% End FUs physical activity at (r:)gho it educgtional' level educational level, and case fatality decreases
1992 ) work 4 by increasing education level.
. Overall survival was measured. Medullary BC
1490 received
Nichi . ) type had better prognosis than other type.
52 \Zlgor;;s;hmo ‘:(;:l:ﬁasr 13.9 r;edullary BC vs other BC This type was more likely to have ER+, PR+
tr eatmerr\? pe & less BRCA1/2 mutation. Medullary type was
only a prognostic factor for the first 5 years.
No LR treatment, . - .
Imse R tme | TSR TN | e o g e second
53 | Galper 20052 { 314 with local 13.1 NR (yrs) to local Of nodes sampled, ngnancy, -
ER/PR, histological type, G, | Patients with a longer time to recurrence
recurrence (LR) recurrence, age at VI " h jonged val
initial BC diagnosis , margins ave prolonged survival,
Location of LR, size
11.2 after of LR, skin Overall survival was measured.
54 Voogd 2005% 266 BC with LR LR for living | NR involvement of LR, Early detection of local recurrence may
pts N+ for primary improve the treatment outcome,
tumour
Previous cancer,
Diagnosed 2 or more g./rzi)lr?xéscular Overall as well as relative survival was
Louwman 1995-2001. comorbidities, diabetes | disease, dementia, 2 mgasured for excess mortall'ty due Fo BC'.
55 13 8966 . " N Primary treatment of BC patients with serious
2005 End FU: mellitus and previous or more comorbidity was less extensive tha
2004 cancer comorbidities, stage, ¢ h ! bn .
treatment (RT, ST, treatment of those without comorbidity.
age)
Ali patients: 3 or
more comorbidities Overall survival was measured,
56 Tammemagi 906 10 ?:é‘"oﬁg d?tfiessvfarge adjusted for stage, AA had more diabetes and hypertension.
2005 type of como;bi dityl age, ER, surgery, After adjustment for these 2 comorbidities

disparity disappeared.




Table 1 (continued)

Overall survival was measured. VEGFR-1

Meunier- 909/918 age: 25- and Tie2 were reported as independent
57 Carpentier 81 * 113 Tie2 - UV: VEGFR-2, VEGFR-2 prognostic factors corrected for T, G, Htyp,
2005% in all patients and N-. However no estimates
were given.
NR. . .
6164 Diagnosed ﬁ‘r::::ssltJ r(;eadncer—speafic survival was
. 39 . ) . .
8 Tai 2005 Inflammatory BC !15223;6995 Period of diagnosis Prognosis has improved over the decades
2000. ' due to more aggressive therapy.
Overall (OS) as well as relative survival
0S: HTyp, therapy, period | (BCS) was measured for excess mortality
Louwman R 0S: age, T of diagnosis. due to BC.
59 20057 482T1-2NO >10yrs MAL BCS: MAL BCS: therapy, period of Higher MAI was a significant prognostic
diagnosis, age, T, Htyp factor for N- and N+, but only during the
first 10 yrs of FU,
Total FU: T, N, G,
age<35, age=55.
FU 0-5yrs: T, N, G,
R . age255. Overall survival was measured.
60 Arrigada 2006° %410 T<7em Nt 19 ;)’(:g;nnﬁéanﬁ n,a n;uscle FU 5-10yrs: N, G, age Long-term effect of prognostic factors
0 &, N, age. <35, age=55. vanishing.
FU 10-15yrs: N>10,
age>55, FU 15-20yrs:
age265.
N 36){]124. Meta-analysis. African American is an
ewman ite American: independent predictor of poor outcome for
61 2006% 76,111, Age, stage, SES overall survival and breast cancer specific
AA: 14,013 mortality
Breast cancer death among women with the
62 Menvielle ?glrol\:‘vzz \p/ot:n;?:n ggdmgpgg}z Level of education by highest education compared to women with
2006% death (N:1408) 1968-96 period of diagnosis the lowest education in 1968-74 was 0.43;

and in 1990-96: 1.17 (NS)




Table 1 (continued)

NR 553 corrected for aglze, period E)veraﬂ gtér;/i;/‘::jv;las rpeasurecil.
L of diagnosis, marital status, owest ess frequently
63 288‘6:?43 rdy 3920 age<70 z'i%%%s_ed SES country of birth, Htyp, ER, screen-detected cancers, less stage
2000 detection method, stage, 1, less lobular BC, less BCT, less
’ sector of care, therapy lymph node dissection.
?:;'l??ﬁé?e:cr;ee;;hrgg{]{;na‘ In stage 1A-2A: age, CHF, DM, Overall survival was measured.
CHF cardiac' arrhyth mi’a PVD, stage, cardiac QHF: Cardiac .Heart Failure. DM':
Siegelmann- DM ’IHD osteoporosis ' | arrhythmia, Parkinson’s Diabetes Mellitus. IHD: Ischemic
64 Danieli 200617 992, age270 6.9 PVls ¢ erleb rovascular 4 disease, renal insufficiency. Systemic therapy Heart Disease. PVD: Peripheral
dise;;se COPD In stage 2B-4: G, stage, N, Heart Disease. COPD: Chronic
Parkins(’)nls dislease wheelchair-bound, renal Obstructive PuI[npnary Disease.
valvular heart dis ea'se. insufficiency, COPD, age, DM Role of comorbidity varies by age.
. 639 Overall survival was measured.
65 ;gg%’;?'d premenopausal 10 Her2 amplification Her2 c;) :ﬁcfd for age, N, ER, Those with amplified Her2 have
N+ type of surgery improved survival with CEF.
Breast cancer-spexific survival was
(A) Adjuvant . measured.
therapy - : 990. Group A: 13. g;gzp gj 1’ g’ ::g’ Htye. For patients without adjuvant
66 Lee 2006% (B) Adjuvant Group B: VI ch em%th‘erell ! horlmonal B: ER, age, Hty treatment, role of G in survival was
treatment + : 6.8. therapy bYs * ER, age, Hyp higher in the first 5 years. Role of
1765 Htyp was not significant for the first
5 years of FU.

*indicates the overlapping patients used by the same author to answer another research question Yrs: years; UV: Univariate analysis. MV: Multivariate analysis. MS: Menopausal Status; T:
Tumour size; N: Nodal involvement; Htyp: Histological type; MI: Mitotic Index; G: Grade; PR: Progesterone Receptor status; ER: Oestrogen Receptor status; PCNA: proliferating celf nuclear
antigen; mos: months; NR: Not Reported; AA: African American; age: is in year and indicate age at primary breast cancer unless otherwise state; NPI: Nottingham Prognostic Index; LVI:
Lymphovascular Invasion; (Prognostic factor)*(Prognostic factor): interaction between 2 factors; AMC: Average Microvessel Count; MAI: Mitotic Activity Index; AI: Apoptosis Index; FU: Follow-
up; SES: Socioeconomic Status; BVI: Blood vesse! Invasion; LMVD: Lymphatic Microvessel Density; LR: local recurrence; CVD: Cardiovascular Disease; DM; Diabetes Mellitus; RT: radiotherapy;
ST: Systemic therapy; VEGFR: Vascular Endothelial Growth Factor Receptor; OS: Overall survival; BCS: Breast Cancer Specific Survival; NS: not significant; CHF: Cardiac Heart Failure; IHD:

Ischemic Heart Disease. PVD: Peripheral Heart Disease. COPD: Chronic Obstructive Pulmonary. CEF: cyclophosphamide, epirubicin and fluorouracil




Prognostic factors for long-term survivors

Miscellaneous
Lifestyle

Generally, increased death rates due to BC (13-20%), other causes (49-86%) and
all causes (14-70%) have been observed among obese patients.®** Normal body weight
tended be more beneficial in death from other causes than from BC:* % 9.5% of obese
patients died from non breast cancer causes compared to 6.4% and 5.8%, respectively,
of the normal or intermediate groups.®! Obesity was also related to a 2-fold increased risk
of postmenopausal contralateral BC and a 60% higher occurrence of second other
cancers.®® Therefore, normal weight may reduce the risk of second post-menopausal BC,
second other cancers and overall mortality.® % &

Compared with women who engaged in less than 9 MET (metabolic equivalent
task)-hours per week of activity, women who engaged in 9 or more MET-hours per week
had a 40% Ilower risk of death from all causes, translating into a 6% absolute
(unadjusted) reduction in mortality,®® which emphasizes the need to advise physical
activity.

So far, although studies have not convincingly shown the positive influence of
eating fruit, vegetables and soy bean on long-term BC survival,® & diets high in fruits,
vegetables, legumes, poultry, and fish and a low intake of red meat, desserts and high
fat dairy products are likely to protect against mortality from non-BC causes.®

Modification of BC's prognostic factors

Various studies have questioned the role of breast cancer risk factors in
determining the biological tumour features as mentioned above. Indeed, breast cancer
risk factors seem to differ according to histological type, grade, size, nodal status and
ER/PR receptor status.’*® For example, excessive alcohol intake and obesity increased
the risk for the development of ER-positive tumours.®* %2 Ags for late age at first full-term
birth and obesity are related to an increased risk of large tumours.*® Hence, risk factors
for breast cancer may also affect breast biology and clinical behaviour, thus also BC
prognosis.

Changing importance of prognostic factors over time after diagnosis

Commonly, the value of prognostic factors decreases depending on the length of
the follow-up period.®® ** Survival curves according to prognostic factors usually show a
large drop in survival for all stages during the first 5 years; afterwards the curve
stabilizes. Studies agreed on the long-lasting influence of tumour size at diagnosis on
survival, albeit attenuating over time.”> %> * Grade, nodal status and metastases were
also valuable in predicting survival up to 20 years after diagnosis.>® ** Although, others
have reported that 10 years after diagnosis only tumour size®® or nodal status® or old
age® remained as an independent predictor of long-term survival. Similarly, ER/PR status
and MAI only had a significant prognostic role in the first 5-10 years after
diagnosis.® 7% % Because even 10 years after BC diagnosis the probability of survival for
BC patients does not seem to reach that of the general population, the role of other
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prognostic factors in determining survival for long-term survivors still needs to be
determined.

The role of early detection

Increased awareness among women and improvement in diagnostic procedures
have enabled earlier and better detection of BC. Trials on population screening have
reported 21%-29% reduction in BC mortality for women invited for screening within 14-
16 years of follow-up.’® *® Screening identified tumours at an early stage consequently,
survival improved.” % Screening also identified patients with slowly growing tumours
who might receive unnecessarily aggressive cancer treatment. Thus, Joensuu et al®
examined recurrence rates among patients detected by screening compared to those
detected outside screening. After adjusting for tumour aggressiveness (tumour size,
nodal status, grade, age, treatment, PR status, HER-2), hence eliminating bias towards
detection of indolent cancers (length bias), the benefit of screening for the prognosis for
BC patients remained evident.®® This suggests that other factors explain the indolent
behaviour of BC detected by screening. Hence, until this factor is established, detection
mode should probably be considered as a prognostic factor and thus be taken into
account in patient management.

The role of treatment

Improvement in BC treatment has undoubtedly also increased the long-term
survival of BC patients,'® as reflected by the improved overall survival across all BC
stages.'® Using historical data from population-based studies in periods when effective
treatment was not available, it was estimated that without treatment only 4% of BC
patients would survive 10 years or longer.'® BC treatment guidelines have been modified
continuously in the last 28 years, tailored to most of the prognosticators mentioned
earlier.® Effectiveness of various treatment modalities has been summarized by others
who conclude that radiation, chemotherapy and hormonal therapy may reduce long-term
mortality by up to 57%.% '%'** Emerging new therapeutic approaches using a
monoclonai antibody directed against HER-2 have yielded improved short-term survival
for advanced stage'® as well as operable BC patients.!% Quality of treatment as indicated
by loco-regional failure'”, surgeon workload*®® or hospital volume!®®, may affect survival
although its role on long-term survival still needs confirmation. In conclusion, on the one
hand we have observed a shift in stage towards less aggressive cancers; on the other
hand, better and more (systemic) treatment has become available, leading to improved
survival for breast cancer patients.



Table 2 Prognostic role of lifestyle on 10-year survival of breast cancer patients

No. | Author, year No. of patients | Follow-up Univariate Multivariate (MV) Outcome measure Remark
(Uv) -
1 Daling et al, 1177 NR BMI < 21: HR: Highest vs lowest 25% UV: proportion Breast cancer younger than 45 yrs
2001% 21% percentile: 1.7 mortality at 10 years
SZ!,ZZ 26: m\él‘é"{; all cause BMI 1 yr before dx
MV: T, N, PR, ER, c-erb B-2, BCL-2,
p53, p27
2 Dignam et al, 4077 NR BM: BMI 25-29: 1.18 ns BM: HR breast cancer Breast cancer with lymph node and
2005% BM: BMI 30-34: 1.02 ns mortality ER negative.
BM: BMI = 35: 1,13 OM: HR other death MV: Treatment, T, age, race, ER
OM: BMI 25-29: 0.89 ns level, PR level.
OM: BMI 30-34: 1.11 ns BMI < 24 was reference
OM: BMI > 35: 1.86 56% of patients were overweight.
3 Dignam et al, 3385 166 mos BM: BMI < 18.5: 1.08 ns BM: HR death following | Breast cancer with lymph node
2003% BM: BMI 25-29; 1.02 ns recurrence or second negative and ER positive.
BM: BMI 2= 30: 1.20 ns breast cancer MV: Treatment, T, age, MS, race,
OM: BMI < 18.5: 3.5 OM: OM: HR other death ER level, PR level.
BMI 30-34: 1,19 ns BMI 18.5-24 was reference
OM: BMI > 35: 1.49 50% of patients were overweight.
4 Berclaz et al, 6792 14 yrs BMI < 25; BMI 25-29: 1.07ns UV: proportion survival MV MS, T, N, LVI, G, ER, PR,
20048 55% BMI > 30: 1.14 at 10 years, estimates | treatment
BMI 25-29: from graph. BMI 18.5-24 was reference.
57% MV: 10-year mortality
BMI 2 30: from all cause
61%




Table 2 (continued)

T™M: MET 3-8: 0.7
TM: MET 9-14: 0.59
TM: MET 15-23: 0.56
TM: MET > 30: 0.65

5 Holmes et 1982 157 mos BMI 21-22: 0.91 ns All cause MV for BMI: age, family history of BC, diet interval,
al, 1999% BMI 23-24: 0.8 ns mortality calender, OC, MS, HRT, smoking, age at menarche
BMI 25-28: 1.1 ns and first birth, N, T, G, ER, PR
BMI = 30: 1.7 MV for protein intake: BMI and factors above
Protein intake after diagnosis without family history of BC
2st quintile; 0.90 ns BMI <21 was reference.
3st quintile: 0.55 1% quintile was reference
4st quintile: 0.64 Trend test for protein intake prior to BC diagnosis
5st quintile: 0.65 was significant (0.2).
Protein intake prior diagnosis Significant trend of higher mortality from lowest to
2st quintile: 1,02 ns highest quintiles of fiber, lutein & zeaxanthin,
3st quintile: 0.7 ns calcium & protein intake, with 13-35% lower
4st quintile: 0.62 mortality in the lowest quintile. Alcohol ns effect.
5st quintile: 0.7 ns
6 Holmes et 2987 96 mos BC: MET 3-8: 0.8 ns BC: breast Physical activity at a median of 38 mos after
al, 2005% BC: MET 9-14: 0.5 cancer mortality | diagnosis
BC: MET 15-23: 0.56 TM: total MV: age, interval between diagnosis and physical
BC: MET = 30: 0.6 mortality activity assessment, smoking, BMI, MS, HRT, age

at first birth, parity, energy intake, stage,
treatment

NR: not reported, cumulative survival proportion at 10 years larger than 50%.
Mos: months, yrs: years

BMI: body mass index

HR: Hazard ratio
ns: not significant
BC: breast cancer

MET: metabolic equivalent task hours per week. T: Tumour size, N: Lymph node status, PR: progesterone receptor, ER: estrogen receptor, MS: Menopausal status, OC:

oral contraceptive use, HRT: postmenopausal hormone use, LVI: lymphovascular invasion, G: grade




Table 3 Selected prognostic factors for long-term overall mortality of breast cancer (BC) patients

Hazard ratio (HR) for overall
follow-up or Survival

Hazard ratio (HR) for overall
follow-up or Survival

Hazard ratio (HR) for overall
follow-up or Survival

Patient groups based probability (S) 10 years after Morphology based probability (S) 10 years after Molecular based probability (S) 10 years after
diagnosis diagnosis diagnosis
Age at diagnosis ® HR: Lymph node status ¥ HR: HER2%® HR:
<35 vs. 35-44 1.4 (p: 0.07) N=1vs. NO® 2.4(1.9-3.9) > 500 vs. < 500 1.82 (1.1-2.9)
45-54 vs. 35-44 1.1 (ns) Only in node-positive patients
55-64 vs, 35-44 2.0 (p: 0.000) Metastases vs. NO 22.73 (16.1-32.2)
65-75 vs. 35-44 2.5 (p: 0.000)
Period of diagnosis ¢ Relative Survival % Tumour size (mm) ¥ HR: Cell proliferation index HR;:
1972-1976 59% T10-14 vs. T1-9 1.2 (0.8-1.9) (MAI)
1977-1986 64% T15-19 vs. T1-9 1.7 (1.1-2.6) >10vs, €10 1° 1.02 (1.00-1.03)
1987-1991 70% T20-29 vs. T1-9 2.5(1.6-3.9) Only in node-positive patients
T30-49 vs, T1-9 3.8 (2.4-6.0)
T250 vs. T1-9 4.6 (2.9-7.6)
Time after diagnosis * Relative Survival: Tumour grade HR: Gene expression profile”™
0 vs. 5 yrs after diagnosis Ivs. 1 2.5(1.0-6.1) Poor vs. good signature®  S:
Regional BC 79% vs. 84% Mivs. I 5.7 (2.6-12.4) 55% vs. 95%
Locally advanced BC 53% vs. 68%
Socioeconomic status » HR: Tumour type™ S: ER/PR status HR:
Intermediate vs. affluent 1.2 (1.0-1.4) Poor vs. excellent ¢ <50% vs. >80% Positive vs. negative 0.38 (0.02-1.06)

Deprived vs. affluent

1.2 (0.99-1.53)

HR: Hazard ratio calculated within multivariate analysis of breast cancer patients foilowed for a median/mean of 10 years or longer

a Estimates taken from graph

b becomes larger as numbers of involved fymph nodes increases ®
¢ Excellent prognosis: tubufar, invasive cribriform, mucinous, tubulofobutar, Poor prognosis: mixed lobular, solid lobular, ductal and mixed ductal lobular.

d unadjusted estimates
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Conclusion

The prognosis of breast cancer has become relatively good, with current 10-year
relative survival about 70% in most western populations,'® ° especially if up-to-date
statistical method such as the period analyses is used.'*® Even better, the longer patients
survive their breast cancer the higher their survival chance.’® Our review shows
conventional prognostic factors of survival, such as tumour size, lymph node status and
grade, remain the most important determinants of 10-year survival for BC patients (table
2). Most studies agreed on the value of MAI and LVI for prediction of long-term survival.
The influence of host factors including age, race/ethnicity or socio-economic factors and
tumor-related factors such as histological type and angiogenesis diminishes after
correction for other factors. For most recent markers such as Her2, gene profiling, p53
mutation and uPA level longer follow-up is needed. Recurrence, metastases and a second
cancer double the burden of disease thus increase risk of mortality. Similarly, co-
occurrence with other diseases is in no doubt decrease survival.

Healthier lifestyle generally increases long-term survival. Modifiable risk factors
(such as alcohol consumption and obesity) not only affect incidence but also tumour’
clinical behaviour and thus survival.

Although a lot is known about the prognosis for breast cancer patients, effect of
traditional prognostic factors appears to attenuate over time, leaving room for studies on
the role of other and newer factors for long-term survival.
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5.2 General Discussion

Trends in incidence

Breast cancer incidence has been increasing in most industrialised countries for
decades. The rise we observed in the southeast of the Netherlands before the
introduction of mass screening was not only attributable to earlier detection of more
tumours with lower malignant potential. The incidence of more aggressive tumours also
increased (albeit to a lower extent), so there appeared to be a real increase in breast
cancer incidence, either due to an increased exposure to risk factors or more exposed
women.

In fact, the known hormonal risk factors for breast cancer such as early
menarche, late age at birth of first child, low parity and postmenopausal hormone use
have changed in a risk increasing way over the last decades, and this does not seem to
have levelled off yet. Furthermore, obesity and alcohol consumption, particularly among
women born since 1950, increased and physical activity decreased on the average, also
without a turning point in sight.

The introduction of a mass screening programme also increased incidence rates
through detection of small and slowly growing tumours. This increase is supposed to be
temporary: when all slowly growing tumours have been discovered, only tumours arising
since the last screening round will be detected. A decreasing incidence was observed for
women aged 50-69 in the second half of the 1990s, and for women older than 70 since
the year 2000, but in both age groups the incidence rates went up again in the more
recent years.

The risk of breast cancer among women younger than 50 years appeared to have
increased markedly in the more recent periods, which is probably also related to the
more vigorous search for inheritable breast cancers since the end of the 1990s in the
south of the Netherlands.

Future monitoring will have to exhibit whether incidence rates will increase any
further, especially among women born since the 1960s. We did not yet see a decline of
rates in postmenopausal women who stopped with postmenopausal estrogens in 2003
after the unfavourable publicity.! Additional research needs to investigate the specific
etiology of breast cancer occurring at a very young age.

Trends in survival

Survival of breast cancer markedly increased over the past decades, which can be
attributed to several factors. First, early detection played a major role. The improvement
of diagnostic possibilities (mammography, cytology) allowed for diagnosis of smaller and
non palpable tumours, already before the introduction of the mass screening programme
S-year survival improved from 48% in the 1960s to 75% in the 1980s. Also, as mentioned
before, the mass screening programme positively affected survival rates. Part of these
improvements are attributable to bias, e.g. lead time bias (an artifactual increase in time
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from diagnosis to death because screened cancers are detected earlier in their natural
history) and length bias (an artifactual decrease in hazard rates because some screen
detected cancers progress too slowly to kill).

Improved treatment also lifted survival rates. Surgical treatment was always a
major component of the treatment, and still is, but a large proportion of patients
nowadays receives breast conserving surgery. Radiotherapy can be administered more
precisely, with the dose exactly on the tumour, and less on the surrounding areas,
megavoltage radiation being in use since 1974. Adjuvant chemotherapy changed towards
more combination chemotherapeutics and also the introduction of tamoxifen for node-
positive post-menopausal patients since the early 1980s and for node negative since the
late 1980s.

The effect of the recent introduction of trastuzumab (Herceptin) for women with
positive HER2 Neu receptor will be monitored in the coming years, not only to watch
potential variation, but also to see whether survival improved in a population-based
setting. Another reason is to carefully watch long-term effects.

Optimal treatment

Treatment plays a major role in duration and quality of life of women diagnosed
with breast cancer. The line between under- and over treatment is however thin:
sufficient treatment is needed to prolong life or to reduce recurrence and as little as
possible should be given to prevent over-treatment with negative effects on quality of life
due to serious side-effects.

Over-treatment can be limited by use of prognostic factors that distinguish women
that will have a good prognosis without adjuvant systemic therapy. The mitotic activity
index is such a measure, and can be assessed relatively straightforward. In a long-term
analysis adjuvant therapy for node/negative women with tumours 2-5 cm (T2) with low
MAI exhibited a prognosis comparable to T1 node negative tumours, so one might
conclude that only those with a higher MAI (>10) should be eligible for adjuvant systemic
therapy.

Histological type also appeared to be a good predictor of survival. Certain less
frequent types (such as mucinous, medullary, and tubular carcinomas) have an excelient
prognosis. For these patients treatment may consist of surgery with or without
radiotherapy, but patients would not have to undergo adjuvant systemic therapy.

Under-treatment could occur among breast cancer patients who suffer from other
serious diseases at the time of diagnosis of the breast cancer, especially if they are older.
These patients have a worse prognosis, also after adjustment for age, due to a
combination of increased death risk due to the concomitant disease and non-standard
treatment.

Quite a few elderly patients have received treatment with tamoxifen only in the
late 1980s/early 1990s, but since this was no longer recommended”* most of them
underwent surgery from the mid 1990s onwards. From the standard breast conserving
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treatment (lumpectomy, axillary dissection and radiotherapy) axillary dissection and
radiotherapy were often omitted in elderly patients, also related to the prevalence of
comorbidity.5

The chance of receiving good quality of care as far as chemotherapy is concerned
is reduced by old age, presence of co-morbidity and lower socio-economic status.® Dose
reductions were more frequent among patients with obesity and lower education.”

Future studies should be conducted to clarify whether non-standard treatment is
indeed more suited for elderly or chronically ill breast cancer patients when new therapies
emerge. However, individualization and/or the identification of a large number of
subgroups may be needed. The current treatment varies greatly, and watching the
outcome of these various therapies in the sense of monitoring complications, recurrences
and death may shed light on optimal treatment for this subgroup of patients.

This also applies to the uncommon breast tumours, which comprise almost 10%
of the newly diagnosed tumours. This largely heterogeneous group amounts to a
considerable number of new patients each year, which enhances the desirability of
specific guidelines.

Patients from disadvantaged backgrounds also are less likely to receive adjuvant
chemotherapy compared to those from higher socio-economic classes. Future studies
will demonstrate whether this is only temporarily or a structural inequality in treatment
differences. In this light monitoring of the new (and expensive) medication administration
such as herceptin across socio-economic strata is worth while.

Long-term burden of disease

A considerable proportion of breast cancer patients will receive radiotherapy for
recurrences or metastases after the first curative treatment, the cumulative proportion
receiving radiotherapy within 8 years after diagnosis being about 70% and with longer
follow-up probably up to about 80%, because of late presentation of metastases.

Ancther burden after initial diagnosis and treatment of breast cancer is the
occurrence of second primary cancer. The risk of subsequent new primaries is dependent
on treatment for the first cancer, common risk factors and genetic predisposition or
chance. An absolute excess of 115 second primary cancers for every 10,000 breast
cancer patients per year was observed, of which about 50% were breast cancers. The
15-year cumulative risk of developing a second primary breast cancer amounted to 10-
13%.5°

Although survival of women with breast cancer appeared similar to that of women
without the disease at about 20 years after diagnosis, the cause of death is still 5 times
more often breast cancer than expected from the background population. This can partly
be explained by a relatively healthy lifestyle of the breast cancer patients studied (most
were born between 1910-1940) with regard to smoking and alcohol intake;® ** a higher
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prevalence of exposure to these factors will result in a higher mortality from
cardiovascular disease in the background population compared to breast cancer patients.

Future perspectives

With an increasingly aging population and ongoing rising incidence the number of
new breast cancer patients will increase from to about 11,500 in 2003 to 17,000 in 2015
in the Netherlands. Since survival has improved considerably, the number of women alive
ever being diagnosed with breast cancer will almost double by that time to about
194,000. Of these (partly ex-) breast cancer patients, about 80% probably requires some
form of health care either for initial treatment, the follow-up by the medical specialist, or
for recurrences or metastases.™

For an average hospital in the Netherlands this means that in 2015 about 200
newly diagnosed breast cancer patients will require diagnosis and treatment, about 1200
are included in some form of routine follow-up schedule, 115 are treated for recurrences
and about 80 for metastasis each year.

The question is how to address this rising care need. The number of attending
and qualified physicians will be stable or even decrease in the next ten years, to rise
again after that period. Training of (oncology) nurses and/or paramedics seems to be of
help so these can address practical matters and take over some of the workload of
physicians. Furthermore, the frequency of routine follow-up might be reduced or partly
transferred to the general practitioners (although they will also experience an increasing
non-oncology related workload due to the aging of the population).

Special attention should be given to patients from disadvantaged backgrounds.
Not only to make sure that women from all socio-economic strata benefit equally from
diagnostic and therapeutic progress, but also because co-morbidity (which is more
prevalent in lower socio-economic classes) may complicate treatment of these patients.

With advanced age a considerable number of breast cancer patients will also
suffer from co-morbidity at the time of cancer diagnosis. These serious other diseases in
combination with the high attained age (and thus the frailty) of the patients will
complicate standard treatment, so specific guidelines and/or individualisation of
treatment is probably necessary. Furthermore, attention should be given to co-morbidity
during the follow-up, not only to evaluate the effects on treatment response, but also to
study the impact of co-morbidity arising after cancer diagnosis.

The use of population-based cancer registries allows for careful monitoring of
frends in cancer incidence, treatment and survival. New diagnostic or therapeutic
developments can be evaluated in unselected patients and variation in its use between
hospitals or regions can be studied, provided that cancer registration occurs in a
standardised way and the delay between diagnosis and registration is not too long,
preferably between 6 and 12 months. Many of the parameters that treatment decisions
are based on (age, tumour size, node status, tumour differentiation, and
estrogen/progesterone receptor status) are already retrieved from the medical records.
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Others, such as performance status or patient's preferences are not recorded and could
also contribute to better evaluation of guideline adherence and outcome measures.
Furthermore, a long-standing population-based cancer registry is an ideal tool for the
monitoring of long-term effects, such as multiple primary cancers.

Another important issue, which currently gets more attention, is the quality of life
of breast cancer patients. Most studies on long-term survivors reported good overall
quality of life,"® but specific problems like a thick and painful arm, problems with sexual
functioning, and specifically among younger women also fatigue were reported among
women who survived more than 5 years.!* Treatment with chemotherapy increased the
risk of feeling fatigued even 10 years after diagnosis. Multidisciplinary rehabilitation
programs, such as ‘Herstel en Balans’ (‘Recovery and Balance’), might be offered to
survivors on a regular basis, especially to those feeling tired. A number of studies
concluded that ‘Herstel en Balans’ could reduce fatigue.’® The rehabilitation program,
which started on a small scale in 1996 is nowadays geographically and financially
adequately accessible for all patients with cancer. Referral to this program might need to
be improved in order to ensure that every cancer patient in the Netherlands is able to
follow a rehabilitation program after treatment.
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Summary

Breast cancer is the most frequent cancer among women in the Netherlands, with
over 11,000 new patients every year. Furthermore, it is the most important cause of
cancer death among women and at middle age it is the most frequent cause of death,
one in every five deaths is caused by breast cancer in this age group. This thesis presents
registry-based studies on long-term trends in incidence, mortality and survival of breast
cancer, as well as determinants of long-term survival and other aspects of the disease,
e.g. second cancer and the use of radiotherapy.

In chapter 2 we explored iong-term trends in incidence, mortality and survival of
breast cancer.

We studied the increase in breast cancer incidence according to tumour
aggressiveness. The age-adjusted incidence of tumours with a low Mitotic Activity Index
(MAI) increased 30% between 1975 and 1988-89, while the incidence of high MAI
increased about 20%. For small tumours (T1) the odds for a high MAI decreased over
time, whereas for T3 and T4 tumours the odds increased. These results indicated that the
incidence of both less aggressive as well as more aggressive tumours increased preceding
the mass screening programme, so there appeared to be a real increase in breast cancer
incidence (chapter 2.1).

This was confirmed in our study of the long-term trends in incidence, mortality
and survival. We found a sharp increase in breast cancer incidence since 1975 when
mammography was introduced. For women younger than 50, the risk was especially
increased in the more recent periods. Considering the recent trends in exposure to known
risk factors, the peak in breast cancer incidence is not yet in sight. Mortality rates were
stable for decades, but decreased since the early 1990s, especially for women younger
than 70. Relative 5- and 10-year survival improved for each stage, and for each age-
group. The impressive improvements in survival during the last three decades (taking
stage migration into account) in combination with the increasing incidence, imply that the
number of prevalent cases will continue to increase considerably in the next ten years
(chapter 2.2).

Using the data from all Dutch cancer registries combined, the trends in occurrence
and outcome of uncommon histological types of breast cancer were studied and also the
impact of histological type on survival (chapter 2.3). The number of patients with
uncommon tumours in the Netherlands has increased markedly since 1989, with about
700-800 new patients every year; for this largely heterogeneous group the incidence lies
between those of cervical and ovarian cancer. The less frequent histological types of
breast cancer were clearly other entities than invasive ductal carcinoma, as shown by
differences in age at diagnosis, stage, and grade distribution. The trend in incidence rates
over time was different from that of ductal carcinoma and relative survival rates also
differed for the uncommon tumours, with very good survival rates for patients with
cribriform or tubular cancer or phyllodes tumour, and poor survival for the lymphomas
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and metaplastic tumours. Since all uncommon breast tumours combined comprise about
10% of all newly diagnosed cases, it becomes increasingly desirable to adapt guidelines
for these types. Furthermore, communication to patients with these specific subtypes
should reflect the very favourable prognosis of certain subtypes.

Chapter 3 of this thesis describes determinants of breast cancer survival.

The mitotic activity index was valuable in predicting long-term prognosis of node-
negative breast cancer patients with tumours smaller than 5 cm (chapter 3.1). The
relative survival among those with a T1 tumour and low MAI (<10) was similar to that of
women without breast cancer. Only survival of women with T2 and high MAI (=10) was
significantly lower, so these patients might benefit from adjuvant systemic therapy.

The presence of serious co-morbidity at the time of diagnosis resulted in less
extensive primary treatment and poorer survival (chapter 3.2). Radiotherapy was
administered less often, being replaced by either another surgical procedure (mastectomy
instead of breast conserving surgery) or adjuvant hormonal treatment. Survival was
significantly worse, independent of age, stage and treatment for breast cancer patients
who suffered from a previous cancer, cardiovascular disease, diabetes mellitus,
cerebrovascular disease, or dementia, compared with those without these coexistent
diseases. The discrepancy in survival between those patients with only breast cancer and
those who also suffered from other chronic diseases increased with the rise of age.

Among breast cancer patients aged 50-69 years we investigated the variation in
survival according to socio-economic status, before, during and after the implementation
of the mass mammography screening programme (chapter 3.3). We found that the
proportion of breast cancer patients with a low SES has decreased since the introduction
of a mass biennial mammography screening programme (with a response rate >80%).
Although stage distribution improved for all socio-economic groups, the proportion with
advanced disease decreased the most in the highest socio-economic group. In the 1980s
survival was similar for all socio-economic groups, but since the introduction of screening
the survival of women with a high SES has improved more than that for low socio-
economic classes, also after adjustment for age and stage. It seems that women from
lower socio-economic strata benefited less from the introduction of the breast cancer
screening programme than those with a higher SES, probably due to a higher prevalence
of comorbidity and possibly suboptimal treatment (for both the cancer and the
concomitant disease).

In chapter 4 multiple primary cancers and events that arise during the course of
the disease are discussed.

During the course of the disease, at least six months after initial treatment and
diagnosis, many breast cancer patients are (again) treated with radiotherapy. The
cumulative use of radiotherapy in a cohort diagnosed between 1996 and 2000 went from
54% during the first 6 months after diagnosis to 67% during the follow-up until 2005
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(chapter 4.1). Wide variations existed in both primary and secondary radiotherapy
referral, based on age, stage, type of surgical procedure and hospital.

The occurrence of new primary tumours during the long-term follow-up (up to 30
years) of women diagnosed with breast cancer is described in chapter 4.2. Women with
a history of breast cancer have an elevated risk of second cancer of the breast, ovary,
salivary gland, colon, connective tissue and skin, particularly at younger ages. However,
an increased risk does not always correlate with a high absolute excess risk and burden
for the population. Every year, 115 excess cancers were diagnosed among 10,000
surviving breast cancer patients, predominantly second breast, ovarian and colon cancer.

We also explored shifts in the pattern of causes of death of patients who survived
at least 10 years after diagnosis when life expectancy almost normalizes. This is
described in chapter 4.3. Breast cancer patients diagnosed and treated between 19560
and 1979 who have survived 20 years or more after diagnosis and are presumed to have
a normal life expectancy were still at a 5-fold increased risk of dying from breast cancer.
Mortality from other causes was lower, except for other cancers and respiratory disease.
In this cohort mortality from cardiovascular disease was low.

In chapter 5 (literature overview and discussion) we describe that the effects of
traditional prognostic factors persist in the long term. More recent prognostic factors
require a longer follow-up before evaluation. The prognosis of breast cancer patients who
have survived at least 10 years is favourable, about 70% in most western populations,
and increases over time up to 95%. Improved long-term survival may be achieved by
earlier detection, more effective modern therapy and a healthier lifestyle.

With an increasingly aging population and ongoing rising incidence the number of
new breast cancer patients will increase and since survival has improved considerably, the
number of women alive ever being diagnosed with breast cancer will increase
considerably to about 194,000 in 2015. About 80% of these women probably require
some form of health care. For an average hospital in the Netherlands this means that in
2015 about 200 newly diagnosed breast cancer patients will require diagnosis and
-treatment, about 1200 are included in some form of routine follow-up schedule, 115 are
treated for recurrences and about 80 for metastasis.

Patients from disadvantaged backgrounds generally do worse. It would be good
medical practice that women from all socio-economic strata benefit equally from
diagnostic and therapeutic progress, but also because co-morbidity (which is more
prevalent in lower socio-economic classes) may complicate treatment of these patients.

At advanced age a considerable and increasing number of breast cancer patients
will also suffer from co-morbidity at the time of cancer diagnosis. These serious other
diseases in combination with the high attained age (and thus the frailty) of the patients
will complicate standard treatment, so specific guidelines and/or individualisation of
treatment is probably necessary. Furthermore, attention should be given to co-morbidity
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during the follow-up, not only to evaluate the effects on treatment response, but also to
study the impact of co-morbidity arising after cancer diagnosis.

The use of population-based cancer registries allows for the evaluation of new
diagnostic or therapeutic developments in unselected patients, and variation in its use
between hospitals or regions can be studied. Many of the parameters that underlie
treatment decisions are already retrieved from the medical records. Others, such as
performance status or patient's preferences are not recorded and should also contribute
to better evaluation of guideline adherence and outcome measures.
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Borstkanker is de meest voorkomende vorm van kanker bij vrouwen in Nederland
met jaarlijks ruim 11.000 nieuwe gevallen. Bovendien is het de belangrijkste vorm van
kankersterfte bij vrouwen, op middelbare leeftijd is het de belangrijkste doodsoorzaak,
één op de vijf sterfgevallen wordt in deze leeftijdsgroep veroorzaakt door borstkanker. Dit
proefschrift beschrijft onderzoek gebaseerd op de kankerregistratie naar de lange termijn
trends in incidentie, sterfte en overleving van borstkanker, alsook determinanten van
lange termijn overleving en andere aspecten die optreden gedurende het beloop van de
ziekte, zoals meervoudige tumoren en het gebruik van radiotherapie.

In hoofdstuk 2 worden de lange termijn trends in incidentie, sterfte en
overleving van borstkanker besproken. De toename in de incidentie van borstkanker werd
bestudeerd in relatie tot de agressiviteit van de tumor. De incidentie van tumoren met een
lage Mitotische Activiteits Index (MAI) steeg 30% tussen 1975 en 1988-89, de incidentie
van tumoren met een hoge MAI, de meer agressieve tumoren, nam met ongeveer 20%
toe. Voor kleine tumoren (tot 2 ¢cm) nam de kans dat het een agressieve tumor betrof af
in de loop der tijd, voor grotere tumoren (>5 cm of met ingroei in de huid) werd de kans
groter dat het een agressieve tumor betrof. De stijgende incidentie (die voorafging aan de
introductie van de borstkankerscreening) betrof dus niet alleen de minder agressieve
tumoren, maar ook de meer agressieve tumoren namen toe in de loop der tijd. Dit duidt
op een reéle toename van de incidentie (hoofdstuk 2.1).

Dit word bevestigd in de studie naar de lange termijn trend in incidentie, sterfte
en overleving. We zagen een sterke toename van de borstkankerincidentie sinds 1975.
Wanneer de (trends in de) bekende risicofactoren in ogenschouw worden genomen lijkt
de piek in de incidentie nog niet in zicht. De sterfteciifers zijn decennia lang stabiel
geweest, maar sinds begin jaren 90 neemt de sterfte af, met name bij vrouwen tot 70
jaar. De relatieve 5- en 10-jaarsoverleving werden gunstiger voor elk stadium, en voor
elke leeftijdsgroep. De indrukwekkende verbetering van de overleving gedurende de
laatste drie decennia in combinatie met de stijgende incidentie, zal resulteren in een
aanzienlijke groei van het aantal prevalente patiénten in de komende tien jaar. (chapter
2.2).

Met de gegevens van de Nederlandse kankerregistratie werden de zeldzame
histologische types van borstkanker bestudeerd. Gekeken werd naar de trends in
incidentie en de relatie tussen de histologie en de overleving (hoofdstuk 2.3). Het
aantal patiénten met zeldzame tumoren nam toe sinds 1989, tot zo'n 700-800 nieuwe
patiénten per jaar. De incidentie van deze heterogene groep tumoren is vergelijkbaar met
die van baarmoederhals- en eierstokkanker. De zeldzame tumoren onderscheiden zich van
het meest voorkomende ductale carcincom door een andere leeftijd bij diagnose, en een
verschil in stadium en gradering bij diaghose. De relatieve overleving was ook anders,
met een uitzonderlijk goede overleving van patiénten met een cribriforme, tubulaire of
phyllodes tumour, en minder goede overleving voor patiénten met een lymfoom van de

197



198

Samenvatting

borst of een metaplastische tumor. Omdat alle zeldzame tumoren tezamen ongeveer 10%
van de borstkankers vormen is het belangrijk om de richtlijnen daarop aan te passen.

Hoofdstuk 3 van dit proefschrift beschrijft een aantal determinanten van
overleving.

De mitotische activiteits index bleek een prognostische factor voor tumoren kleiner
dan 5 cm (hoofdstuk 3.1). De relatieve overleving van vrouwen met een kleine tumor
(<2 cm) en een lage MAI (<10) was vergelijkbaar met de overleving van vrouwen die
nooit borstkanker hebben gehad. De overleving van vrouwen met een tumor van 2-5 cm
en een hoge MAI (210) was significant lager, dus voor deze patiénten zou adjuvante
therapie de overleving wellicht kunnen verbeteren.

De aanwezigheid van andere ernstige aandoeningen op het moment van diagnose
van de borstkanker resulteerde in een minder agressieve behandeling en minder goede
overleving (hoofdstuk 3.2). Radiotherapie werd minder vaak toegepast, vervangen door
een andere chirurgische procedure (mastectomie in plaats van een borstsparende
behandeling) of adjuvante hormonale therapie. De overleving was significant slechter,
onafhankelijk van leeftijd, stadium en behandeling voor patiénten die een eerdere tumor
gehad hebben, of die lijden aan hart- en vaatziekten, suikerziekte, of dementie in
vergelijking tot borstkanker patiénten zonder bijkomende ziekten. De verschillen in
overleving tussen patiénten met en zonder comorbiditeit namen toe met het stijgen van
de leeftijd.

De variatie in overleving naar sociaal-economische status (SES) werd onderzocht
bij vrouwen van 50-69 jaar oud, waarbij de periode védr de invoering van de
borstkankerscreening werd vergeleken met de periode waarin de screening werd
geimplementeerd en de periode erna (hoofdstuk 3.3). Het aandeel van de patiénten
met een lage SES werd kleiner na de introductie van de screening. De stadiumverdeling
werd gunstiger voor alle SES groepen, maar dit effect was het gunstigst in de hoogste
SES klasse. Voorafgaand aan de screening was de overleving van de SES groepen
vergelijkbaar, maar na de invoering van de screening verbeterde de overleving van de
hoogste SES groep meer dan die van de laagste SES klasse. Het lijkt erop dat vrouwen
uit de laagste SES groepen minder profiteren van de introductie van de screening dan zij
met een hoge SES, waarschijnlijk door het vaker voorkomen van comorbiditeit en
mogelijk door een minder optimale behandeling (van de borstkanker of de bijkomende
ziekte)

In hoofdstuk 4 wordt in gegaan een aantal factoren die te maken hebben met
het beloop van de ziekte, zoals meervoudige tumoren en het gebruik van radiotherapie
zowel als onderdeel van de primaire behandeling, als later tijdens de ziekte.

Veel borstkanker patiénten krijgen langer dan 6 maanden na diagnose en initiéle
behandeling opnieuw radiotherapie. Het cumulatieve radiotherapie gebruik in een cohort
patenten met de diagnose tussen 1996 en 2000 liep op van 54% in de eerste 6 maanden
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tot 67% tijdens de follow-up tot 2005 (hoofdstuk 4.1). Er was een grote variatie in de
toepassing van zowel primaire als secundaire radiotherapie, afhankelijk van leeftiid,
stadium, type chirurgie en ziekenhuis.

In hoofdstuk 4.2 wordt het optreden van nieuwe primaire tumoren tijdens de
borstkanker follow-up beschreven. Vrouwen met borstkanker hebben een verhoogd risico
op een nieuw primair mammacarcinoom en kanker van de eierstokken, speekselklier,
dikke darm, en huid, met name wanneer de eerste tumor op jonge leeftijd werd
gevonden. Maar een verhoogd risico resulteert niet altijd in een groot aantal extra
patiénten of een groot risico op populatie niveau. Elk jaar worden ongeveer 115 extra
gevallen van kanker gevonden per 10.000 overlevende borstkanker patiénten, met name
borst-, eierstok- en dikkedarmkanker.

Het patroon van doodsoorzaken bij borstkanker patiénten die minimaal 10 jaar na
diagnose overleefd hadden werd bestudeerd in hoofdstuk 4.3. Vrouwen die tussen
1960 en 1979 werden gediagnosticeerd en behandeld hadden na 20 jaar een overleving
die vergelijkbaar is met vrouwen zonder borstkanker. Toch was de doodsoorzaak nog vijf
keer vaker borstkanker dan verwacht. De sterfte aan andere doodsoorzaken was lager,
met name de sterfte aan hart- en vaatziekten.

In hoofdstuk 5 wordt beschreven dat het effect van de meeste prognostische
factoren ook aanhoudt op de lange termijn. De recentere prognostische factoren hebben
op dit moment nog onvoldoende lange follow-up om een uitspraak over te kunnen doen.
Vrouwen die minimaal 10 jaar na diagnose hebben overleefd hebben een gunstige
levensverwachting, die oploopt tot 95%. De lange termijn overleving kan verbeteren door
vroegere detectie, effectievere moderne therapie en een gezondere leefstijl.

Gezien de vergrijzende bevolking en de voortstijgende incidentie, zal het aantal
nieuwe borstkanker patiénten nog toenemen. Doordat bovendien de overleving flink
verbeterd is zal het aantal vrouwen dat ooit de diagnose borstkanker heeft gekregen en
nog in leven is sterk toenemen, tot naar schatting 194.000 in 2015. Ongeveer 80% van
deze vrouwen doet nog een beroep op een bepaalde vorm van de gezondheidszorg. Voor
een gemiddeld ziekenhuis in Nederland betekent dit ongeveer 200 nieuwe patiénten per
jaar voor diagnose en behandeling. Daarnaast zullen er ongeveer 1200 opgenomen zijn
in een routine follow-up schema, 115 worden er behandeld voor recidieven en ongeveer
80 voor metastasen.

In het algemeen zijn patiénten uit lagere sociale klassen slechter af. Vrouwen uit
alle sociale lagen zouden op een gelijk manier moeten profiteren van vooruitgang in
diagnostiek en behandeling. Speciale aandacht is nodig voor bijkomende ziekten (die
vaker voorkomen in lagere sociale klassen), omdat dat de behandeling van deze
patiénten kan bemoeilijken.

Bij het stijgen van de leeftijd neemt het aandeel patiénten dat lijdt aan
comorbiditeit toe. De kwetsbaarheid van deze patiénten bemoeilijkt een standaard
behandeling, dus specifieke richtlijnen of meer individualisering van de behandeling is
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noodzakelijk. Bovendien is het belangrijk aandacht te besteden aan het ontstaan van
comorbiditeit na de diagnose, niet alieen om de behandeling van de tumor te kunnen
evalueren, maar ook om de inviced ervan op de overleving te kunnen bepalen.

Het gebruik van population-based kankerregistraties maakt de evaluatie van
nieuwe diagnostiek en therapie&n mogelijk bij ongeselecteerde patiénten. Bovendien kan
de variatie in de toepassing tussen ziekenhuizen of regio’s bestudeerd worden. Veel
factoren die het behandelingsbeleid bepalen worden al geregistreerd vanuit het medisch
dossier. Andere, zoals de functionele status of de voorkeur van de patiént worden nog
niet opgenomen en zouden kunnen bijdragen tot een betere evaluatie van uitkomstmaten
en het afwijken of volgen van de richtlijnen.
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