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Introduction

1.1. Breast cancer risk
In the Western world breast cancer is a fairly common disease in women, nearly one in 
ten is diagnosed with breast cancer during her life. Worldwide 1.200.000 women are diag-
nosed with breast cancer annually, in the Netherlands about 12.000, 25% of them before 
age 50 years 1. Worldwide the incidence doubled between 1975 and 2000, with the steepest 
increase in developing countries. Survival has clearly improved the last decade, mainly 
as a result of earlier detection by women’s awareness and mammography screening, and 
also by increased use of adjuvant hormonal and chemotherapy 2,3. The diagnosis is still 
frightening as approximately 3.500 women die annually of breast cancer metastases in the 
Netherlands, but an increasing number of women survives after the disease.

The main risk factors for breast cancer are associated with; increasing age, a family 
history for the disease and previous breast cancer. Only a small fraction, about 20%, of all 
breast cancer deaths in the western world and worldwide are estimated to be caused by 
preventable behavioural risk-factors like physical inactivity, obesity, alcohol consumption 
and use of hormonal replacement therapy (HRT) 4. These factors influence the hormonal 
balance, leading for instance to early menarche and late menopause, hormonal factors that 
are known to increase breast cancer risk. Like in postmenopausal hormonal replacement 
therapy, and nulliparity, the harmful effect seems to be the cumulative exposure to ovarian 
hormones/ ovulatory cycles. While also the preventive effect of prolonged breast-feeding 
may be caused by reduced ovulatory cycles, the protective effect of a first full-term preg-
nancy at a relatively young age seems associated with early terminal differentiation of the 
breast epithelium. The increase in breast cancer risk with increasing ovulatory cycles and 
the decrease associated with terminal differentiation are explained by their influence on 
the number of cell divisions of the breast epithelial cells and accumulation of molecular 
and DNA damage 5,6. 

1.1.2 Breast development and the sensitive age for ionizing radiation 
During childhood a few ducts, lined by epithelium, surround together with collagenous 
connective tissue the nipple. During puberty anterior-pituitary follicular- stimulating hor-
mones cause follicular ripening in the ovaries, resulting in increased estrogenic hormone 
output. In response the mammary ducts elongate and their lining epithelium proliferates 
at the end of the mammary tubules, forming the sprouts of future lobules. The periductal 
fibrous tissue increases also. When ovulation starts and the corpus luteum secretes proges-
terone, this stimulates the formation of lobules and acinar structures in the breast. In this 
period the breast appears to be extra sensitive to harmful effects e.g. by ionizing radiation, 
inducing cancers that are detectable decades later. Most breast cancers originate from the 
epithelial cells that line the ducts. 

Age at exposure is crucial for the risk of ionizing radiation. Women who received 
mantle radiation for Hodgkin’s lymphoma before age 25 years have a nearly 30% cumula-
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tive risk for developing breast cancer at age 55, but this risk is considerably lower when 
treated above age 30 years 7,8.

1.1.3 Carcinogenesis 
Cancer cells are distinct from normal cells by uninhibited replication and by invasion in 
surrounding tissue. 

A replicating cell progresses trough the cell-cycle, (figure) consisting of the G1-phase 
(gap 1), the S-phase (in which DNA synthesis/replication occurs), the G2-phase (gap 2) 
and the M-phase (“mitosis”) in which nuclear chromosomes separate and cytoplasmic 
(cytokinesis) division occurs, resulting in 2 identical daughter cells.

Most cells escape from the cell-cycle in the G1-phase and are in a resting G0-phase. For 
proliferation the cell has to progress from the G1 to the S-phase. 

This is influenced by the p53 and Rb (retinoblastoma) gene. They regulate progression 
through the cell-cycle by a variety of proteins, cyclins in complex with cyclin-dependant 
kinases (Cdks).

Progression through the cell cycle can be arrested, to allow time for several DNA dam-
age repair mechanisms to work. If the damage cannot be repaired the cell can be disposed 
of by programmed cell death (apoptosis). Malignant cells occur more frequently when 
these protective mechanisms are lost, which allows genetically unstable cells to survive 
and proliferate.

There is evidence, that at least 3 gene-mutations are required, to develop a malignant solid 
tumour cell in a man or woman, while in rodents only 2 genetic changes are required 
to turn a normal cell into a malignant one 19.10 Normal human mammary cells could be 
transformed in vitro in poorly defined tumour-producing cells by the introduction of the 
hTERT gene making the cells immortal by escaping apoptosis, by the inactivation of the 
P53 tumor suppressor pathway and the H-ras V12 gene leading to the high production 
of the H-ras oncoprotein 11. The regulatory pathways disrupted by these 3 genes are com-
monly altered in naturally arising breast tumours, causing unlimited proliferative poten-

Figure 1.
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tial, anti-apoptosis strategies and invasive capabilities. However other genetic changes, 
working in the same pathways, may replace the above mentioned.

1.1.4 Influence of the microenvironment on cancer development
Invasiveness of breast tumours occurred in vitro when fibroblasts, preferably immortalized 
fibroblasts were present. In their absence the process often stopped at the carcinoma in situ 
stage. Thus for the further development of a tumour, interaction of the mutated epithelial 
cells and the surrounding stroma, containing collagen and blood vessels, is important 12,13. 

Especially with the endothelial cells, necessary for angiogenesis which is needed for the 
growth of a tumour above 0.4-2 mm. Tumour cells are supposed to have a pre-angiogenic, 
dormant state14. Vascular endothelial growth factor (VEGF), can induce angiogenesis and 
synthetic inhibitors of this angiogenic pathway can stop tumour progression in vitro 15. 
VEGF expression in tumour cells is also associated with more metastases by opening, as 
shown in a mouse model, the vascular endothelium sufficiently for tumour cells to pass 
through 16. All oncogenes and tumour suppressor genes influence directly or indirectly 
angiogenesis, 17,18 but they are not known to influence the occurrence of metastases 19. 

1.1.5 Genetic predisposition for breast cancer 
The neoplastic process can be started by a somatic mutation (i.e. a mutation acquired dur-
ing life and present in a limited number of cells of the body) in an oncogene or tumour 
suppressor gene that initiates clonal expansion. A germline mutation (inherited) in that 
gene, predisposes the owner to cancer, as this contributing mutation is present in every 
cell of the body, but it does not on its own cause the cancer. Carriers of such a germline 
mutation however, may develop multiple tumours, or tumours occurring at an earlier 
age19. According to the Knudson two-hit model, the first somatic mutation occurs in tu-
mour-suppressor-gene-mutation-carriers in the normal copy of the gene, inherited from 
the unaffected parent 20,21. In BRCA1-associated breast tumours for instance, frequent loss 
of heterozygosity of the wild-type allele is seen indeed, suggesting that malignancy occurs 
when both functional alleles of BRCA1 are lost.

The genes that (when mutated) can increase the risk for breast cancer, e.g. BRCA1, 
BRCA2, ATM, Chk2, are nearly all involved in the normal DNA damage repair process, 
while p53 influences the progress from cells from the G1 into the S-(DNA-replication) 
-phase and thereby proliferation. 

Deleterious mutations in the autosomal dominant transmitted genes BRCA1 and BRCA2 
predispose for both breast and ovarian cancer. 

BRCA1, located on chromosome 17q was first cloned in 1994 by Miki et al 22. It con-
sists of 22 exons coding for a protein, the largest is exon 11.Many mutations that alter the 
function of the gene, are known today. The 2804del AA and IVS12-1643del3835 muta-
tions are frequent in the Netherlands, originating each from one single origin/founder 23. 
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The 185delAG and 5382insC mutations occur at a 10-fold higher frequency in the Ashke-
nazi Jewish population. 

BRCA2 on chromosome 13q was first cloned by Wooster’s group and has 27 coding ex-
ons 24. 5579insA is a Dutch BRCA2 founder mutation. Deleterious BRCA2 mutations are 
less frequent than BRCA1 mutations in the Netherlands but not in the UK or Canada. 

From pooled analyses of 22 studies Antoniou estimates, that by age 50 years 40% of 
the BRCA1-mutation carriers will have developed breast cancer and 15% ovarian cancer. 
Lifetime-risk is 65% for breast and 39% for ovarian cancer, with the highest breast cancer 
incidence between 35-50 years 25. Figure 2 Breast cancer risk rises shomewhat later and 
has a fairly constant incidence throughout life in BRCA2 mutation carriers. Figure 3

Figure 2.
Cumulative risk of breast () and ovarian () cancer in BRCA1-mutation carriers. A. Antoniou Am J Hum 
Genet 2003;1124.

Figure 3.
Cumulative risk of breast () and ovarian () cancer in BRC2 mutation carriers
A. Antoniou Am J Hum Genet 2003;1124

Chap 1/ fig 3 
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BRCA1 functions as a sensor of DNA damage, and plays a role in cell cycle checkpoints. In 
response to DNA damage it may stop the cell progressing in the normal replicative growth 
cycle, triggering cell cycle arrest to allow more time for repair. If the damage cannot be 
repaired the cell can be disposed of by apoptotic cell death. Malignant cells occur more 
frequently when these protective mechanisms are lost, which allows genetically unstable 
cells to survive and proliferate. 

BRCA1 and BRCA2 proteins are both involved in the pathway of the repair of double-
strand breaks in DNA by homologous recombination 26. Double-strand breaks in DNA 
can be caused by ionizing radiation or for instance agents like mitomycin C and cisplatin. 
BRCA1 and 2 protein-deficient cells may therefore be more radiosensitive. In these BRCA1 
or 2 defective cells double-strand breaks are repaired by an error prone mechanism-such 
as non homologous end-joining- and errors can lead to chromosomal rearrangements. 
It is thought that the resulting chromosomal instability is crucial for carcinogenesis 27. 
BRCA2 transports RAD51 from the cell cytoplasma to the nuclear site, where its action 
is requested for this DNA repair process 26. BRCA1 plays a part in a third DNA repair 
mechanism, nucleotide excision repair.

In a small population based study only 30% of the BRCA1 mutation carriers had a 
history of a first or second degree relative with breast cancer, vs 56% of the BRCA2 muta-
tion carriers. Two or more affected relatives were seen in 20% of the BRCA1 and BRCA2 
mutation carriers vs. 14% of controls of age 40 years or less 28. 

Breast cancers arising in BRCA1 carriers tend to have distinctive histopathologic fea-
tures; they are frequently high grade, with abundant lympocytic infiltration, and most are 
HER-2, estrogen-, and progesterone receptor negative. They more frequently show promi-
nent pushing margins around the tumour, and not the extensive stromal reaction, termed 
desmoplasia in which excess collagen is deposited, causing the star- like spiculae 29-31. The 
pathologic characteristics of BRCA2 tumours are less different from sporadic ones 29-31

Other breast cancer susceptibility genes, transfer a lower life-time risk for breast can-
cer than BRCA1 and BRCA2: P53 on chromosome 17p13, ATM on chromosome 11q23, 
PTEN on chromosome 10p and possibly a CHEK 2,1100delC mutation.

The P53 gene at chromosome 17p13, codes for a protein that functions to block the 
cell cycle if the DNA is damaged. This allows time to repair DNA If the damage is severe 
this protein can cause apoptosis (programmed cell death). A p53 mutation is the most 
frequent mutation seen in malignant tumour cells. 

A P53 germline mutation may lead to the Li-Fraumeni syndrome, an autosomal domi-
nant disorder, leading to an excess of breast cancers at a relatively young age, soft tissue 
and osteo-sarcoma, brain tumours, leukaemia, or adrenocortical carcinoma. P53 muta-
tions are detected in only 1% of unselected women with breast cancer. Women with a P53 
germline mutation who survive childhood cancer will develop breast cancer ≤ 50 years in 
about 50%. The increase in risk is however greatest before age 25 years and decreases, to a 
relative risk of 1.8 after the age of 45 32. 
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Somatic mutations in P53 are found in up to 60% of human breast cancers. One inac-
tivated allele may be sufficient for the development of breast cancer. Surprisingly breast 
cancer risk was decreased in homozygous carriers of 3 P53 polymorphisms (in intron 3, 
exon 4 and intron 6) 33 

Ataxia Teleangiectasia is a recessive hereditary disorder. Homozygote carriers of the 
AT-mutated gene at chromosome 11q22-23, develop severe neurological problems eg 
cerebellar ataxia. ATM functions upstream of BRCA1 in the double-strand break repair 
mechanism. Homozygote carriers have an increased radiation sensitivity and risk for lym-
phoma, breast and many other cancers.

A PTEN mutation on chromosome 10q23 leads to the autosomal dominant Cowden 
syndrome and predisposes for both benign and malignant tumours e.g., breast, thyroid, 
intestinal polyps and skin cancer. 

1.1.6 Familial breast cancer risk without a major breast cancer gene mutation
Approximately 10% of breast cancers are detected in patients with a clear family history, 
but high-penetrance germ-line mutations in BRCA1 or BRCA2 account for less than 20% 
of the familial aggregation of breast cancer 34.

The sensitivity of the DNA tests for deleterious BRCA1 and BRCA2 mutations in the 
Netherlands is estimated to be 80%. The risk of chance clustering of ≥ 3 breast cancers un-
der the age of 60 in a family has been estimated as less than 10% 35. So some of these fami-
lies will contain non-recognized BRCA1/2 mutations and some will be caused by chance-
clustering, but many of these family-histories suggest an unidentified heritable risk. 

Further, specific histopathologic characteristics have been described in non-BRCA1/2 
breast cancers from families with at least 3 breast cancer cases, such as more frequent low-
grade tumours, low mitotic count, a lower proliferation rate and more lobular carcinoma 
29-31. These features seem to discriminate these non-BRCA1/2 from both BRCA1/ BRCA2 
and sporadic breast cancers. At the moment however it is impossible to indicate which 
women in these families run the increased breast cancer risk. 

1.1.7 Inherited risk and environmental factors
We do not know by which influence about 60% of the BRCA1 mutation carriers does not 
have manifest breast cancer at age 50 yrs. and what determines which 40% of mutation 
carriers will not have signs of this disease at age 70 years. Nor why life-time risk is some-
what lower for BRCA2 mutation carriers (45%) than for BRCA1, and why most cancers in 
BRCA2 carriers develop above age 50 yrs. The incidence of breast cancer halves in BRCA1 
mutation carriers after menopause, when estrogen and progestreron levels fall sharply. In 
BRCA2 carriers however no decrease is seen.

Neither is it clear why ovarian cancer incidence is increased in both BRCA1 and 2 mu-
tation carriers, and not for instance endometrial cancer, which is much more associated 
with estrogen/progesterone exposure. Nor why ovarian cancers develop less and later than 
breast cancers in both BRCA1 and 2 mutation carriers. In the general population no cor-
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relation or inverse association is known between breast and ovarian cancer. Benign ovar-
ian cysts however are by an unknown mechanism associated with reduced breast cancer 
risk (OR =0.70% 95%CI 0.59-0.82) 36. 

Why do men with BRCA2 but not with BRCA1 mutations have a higher risk for pros-
tate cancer and most likely also breast cancer37.

It has been shown in mice recently, that food substances like folic acid, can influ-
ence the methylation of DNA and thereby the expression of genes38. Silencing genes like 
BRCA1 by methylation, seems to be a frequent event in sporadic breast cancer39. Which 
environmental and epigenetic factors, co-genes and gene-polymorphisms influence the 
expression of the main breast cancer genes needs further investigation. 

1.1.8 Inflammation and cancer
Many examples exist of chronic inflammations that predispose to cancer; like colitis ul-
cerosa for colon cancer, gastric Helicobacter Pylori infection for stomach cancer, hepati-
tis B and C for hepatocellular carcinoma, papilloma-virus infection for cervical cancer, 
schistosomiasis for bladder cancer. No single infectious agent is known today, to cause 
subclinical chronic inflammation, preceding human breast cancer.

While aspirin and non-steroidal anti-inflammatory drugs may reduce colon cancer 
risk, no such effect has been described yet for breast cancer.

1.2 Risk reduction
For a woman with increased breast cancer risk from a relatively early age on, because of a 
BRCA1 or BRCA2 gene mutation or a clear family history there are at the moment only a 
few options to reduce the mortality risk of the disease.

1.2.1. Chemoprevention
Tamoxifen has been shown to reduce by more than 50% the 30% risk of contralateral breast 
cancer in BRCA1 and 2 mutation carriers. In pre and postmenopausal carriers similar risk 
reduction was seen, suggesting that the anti-estrogen tamoxifen is effective in preventing 
ER-negative as wel as ER-positive second primary breast cancers40. These results suggest, 
that tamoxifen might be effective in preventing premenopausal primary breast cancers in 
both BRCA1 and BRCA2 mutation carriers also. 

Stem cells are self-renewing. When they divide, one of the daughter cells differentiates 
and eventually stops dividing. The other retains its stem cell properties with the ability to 
divide in the same way. Cancer stem cells have been identified. The findings in immuno-
deficient NOD/SCID mice with human breast cancer cells injected in their mammary 
glands, showed that only a small proportion of the tumour cells, that can be recognised 
by the surface markers CD44+/CD24-, are self-renewing and drive tumour growth and 
metastasis, the so called stem cells41. Preliminary evidence suggests that the proportion of 
stem cells of a tumour may determine how deadly it is and these cells should specifically 
be targeted. Clarke found 25% stem cells in an extremely aggressive tumour. 
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Poly (ADP-ribose) polymerase (PARP) is an enzyme involved in base excision repair 
of DNA single-strand breaks. Inhibition of PARP-enzyme leads to chromosomal insta-
bility, cell cycle arrest and apoptosis in BRCA1 or 2 lacking cells in mice42. This seems 
caused by the persistence of DNA lesions normally repaired by homologous recombina-
tion. Whether this mechanism works the same in humans and without major side-effects 
needs further research. 

There are no chemoprevention studies ongoing in unaffected BRCA carriers and 
women with familial breast cancer risk in the Netherlands. Such studies are necessary to 
weigh effectiveness and side-effects in different groups.

1.2.2 Surgical prevention.
I. Preventive oophorectomy,
Preventive oophorectomy has been shown to reduce not only the risk for ovarian cancer, 
but to also halve breast cancer risk if performed in premenopausal BRCA1 and 2 muta-
tion carriers 43. In the Netherlands bilateral preventive salpingo-oophorectomy is often 
recommended to BRCA1 and 2 mutation carriers with a completed family from 40 years 
onwards, as ovarian screening has not been shown effective in detecting the disease at an 
early stage.
II Bilateral risk-reducing mastectomy. 
By the total (simple) mastectomy 95-99% of breast tissue is removed including the areola-
nipple complex. The nipple-areola complex is preserved with vascularisation and some 
ducts in the subcutaneous mastectomy. Both techniques do not allow the complete re-
moval of all breast parenchyma, but a risk reduction of 90% for primary breast cancer 
may be reached44-46. Immediate reconstruction can be performed. After 5.2 yrs follow-up 
of a cohort of 76 healthy BRCA1/2 mutation carriers who choose risk-reducing bilateral 
mastectomy (mean age 37.7 yr.) and 63 under surveillance (mean age 39.5 yr.) 9 women 
in the surveillance group developed breast cancer and 2 metastases (age 23 and 26 yrs.) 
vs. one women with breast cancer metastases in the mastectomy group 3 yrs after both bi-
lateral mastectomy and bilateral salpingo-oophorectomy at age 36 yrs47. As women make 
the choice for preventive surgery in order to prevent disease mortality, longer follow-up is 
needed to determine the effectiveness48. 

1.2.3 Secondary prevention by surveillance/screening
Screening cannot prevent cancer but aims to reduce the mortality and part of the mor-
bidity, by detecting the cancer at an early stage. This is based on several studies, showing 
that increasing size of breast cancer and increasing number of axillary nodal metastasis 
independently predict decreasing survival chances49-51. And increasing size of the pri-
mary tumour is associated with more axillary metastases. Seemingly conflicting evidence 
however suggests that the proclivity to metastasize is acquired early in tumour genesis52. 
The percentage of patients with metastases increases faster with the size of the tumour in 
high grade breast cancers than in low grade53. So both the inherent aggressiveness/type 
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of breast cancer as indicated by grade, hormonal receptors or gene-expression profiles 
and the size of the cancer at detection seem to influence and predict survival. Tabar et al. 
found good cumulative 12 yr. disease specific survival rates of over 90% for all high grade 
tumours ≤ 1 cm54. 

Several randomised studies and population studies have shown, that screening women 
above age 50 years with mammography may reduce mortality if a large part of the popula-
tion participates55,56. In the Netherlands a 2-yearly mammography is therefore provided 
for every woman from age 50-75 years. 

Four large prospective studies have recently shown that screening with MRI and mam-
mography can detect hereditary breast cancers early57-60. Two of the studies in this thesis 
served as pilot-study for the Dutch multicentre MRI-screening for women at high risk 
study (MRISC). Cost-effectiveness of screening healthy BRCA1/2 mutation carriers with 
MRI has recently been shown61. The optimum screening procedure and interval is not yet 
clear for every risk-group, nor are all cancers detected in a 100% curable stage. 

The different prevention strategies have also when free of charge different acceptability in 
different countries and hospitals. Screening with mammography was slightly less accept-
able for high-risk British (76.9%), than French (90.8%) and Canadian (91.7%) women. 
Preventive oophorectomy > 40 yrs. was acceptable for 35% of the French, 45% of the Ca-
nadian and 58% of the British women, bilateral risk-reducing mastectomy> age 35 yrs. for 
7%, 22% and 23% respectively, chemoprevention for respectively 49%, 46% and 80%62. 

None of the preventive measures we can offer today give 100% prevention of breast 
cancer mortality and all have clear side-effects. Until the cause of the disease can be di-
rected effectively, improving the current options is needed.
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1.3 Scope and outline of this thesis
In this thesis we investigated which features of hereditary and familial breast cancer influ-
ence the effectiveness of screening women in reducing the mortality of the disease. We 
examined how screening may be best adapted in this specific group. 

The last 2 decades have seen a lively debate, whether breast tumours have either from their 
origin a more or less pronounced capacity to behave aggressively and metastasize, or cause 
metastases increasingly with increasing lifetime and size. 

We therefore investigated in chapter 2.A the influence of tumour stage on breast can-
cer specific survival in patients at high familial breast cancer risk without a BRCA1 or 
BRCA2 mutation. As the histopathologic characteristics described in this group suggested 
a possibly better survival we compared their survival with patients not selected for fam-
ily history (“sporadic”) of the same age. Furthermore we assessed which other factors 
influenced survival, e.g. the occurrence of contralateral breast cancer, as in some studies 
12-60% of familial patients get a contralateral preventive mastectomy.

We analyzed in chapter 2.B the influence of tumour stage and other factors on breast 
cancer survival in BRCA1 and BRCA2 mutation carriers, non-BRCA1/2 patients with fa-
milial risk and sporadic patients. We also assessed ipsilateral recurrence and the incidence 
of contralateral breast cancer in these 4 groups, and its impact on survival.

The frequency of a screening test should be adapted to the expected tumour growth 
rate to prevent interval cancers. BRCA1 tumours have often a high mitotic count and 
BRCA1 and -2 tumours are more often grade 3 or 2 than sporadic cancers, suggesting fast-
er growth. We therefore investigated in chapter 3.A and 3.B the growth rates of BRCA1, -2 
and familial breast cancers detected respectively in the Dutch multicentre MRI-screening 
study MRISC or during screening at the Daniel den Hoed Cancer Centre (3.A). We per-
formed an extended international study on factors influencing the growth rate of heredi-
tary breast cancer in the British 22-centre MRI-screening study MARIBS, the Canadian 
uni-centre study and the extended MRISC study (3.B).

In chapter 4 we investigated the rate of interval cancers in the 3 above mentioned 
MRI-screening studies in the different risk-groups and discuss on the role of breast self-
examination in a MRI-screening setting.

As mammography is the most used and best documented screening tool for breast 
cancer, we investigated in chapter 5 the factors that contribute to a decreased sensitivity of 
mammography in screening BRCA1 and 2 mutation carriers in comparison to as young 
sporadic patients. 

In chapter 6 we investigate the effectiveness of breast-MRI for breast cancers, occult at 
clinical examination and mammography.

As tumour size and nodal status were proven to be a reliable proxy for survival in 
hereditary breast cancer also (in chapter 2), we investigated in chapter 7 tumour stages of 
familial high-risk patients detected during surveillance, partly with MRI. These results are 
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compared to the tumour stages in symptomatic patients visiting the outpatient clinic in 
the same period and in patients referred by the national breast screening program.

In chapter 8 a preliminary investigation is performed to indicate the extra cost caused 
by the addition of MRI to the other screening methods for women at high hereditary 
risk. 

In chapter 9 we investigated the influence of DNA-testing selection bias on the contra-
lateral breast cancer incidence and survival in women with a high familial risk for breast 
cancer, but a negative test for BRCA1&2.

Finally a general discussion and summary of the results reported in this thesis is given 
in chapter 10.
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Abstract

Background 
A higher incidence of contralateral breast cancer (CBC) and ipsilateral recurrence (ILR) 
has been reported in familial breast cancer (BC) than in sporadic cancer.This study in-
vestigated the influence of contralateral cancer and tumour stage on survival in familial 
non-BRCA1/BRCA2-associated breast cancer.

Methods
The incidences of contralateral breast cancer, ipsilateral recurrence, distant disease-free 
and overall survival (OS) were assessed in 327 patients from families with ≥ 3 breast and/
or ovarian cancers, but no BRCA1 or BRCA2 gene mutation (familial-non-BRCA1/2), 
and in 327 control cases with sporadic breast cancer, matched for year and age at detec-
tion.

Results
Mean follow-up was 7.3 yrs for patients with familial-non-BRCA1/2 cancers and 6.5 yrs. 
for sporadic patients. Tumours were stage T1 or lower in 62.1% of familial-non-BRCA1/2 
cancers vs. 49.9% in sporadic breast cancers (p= 0.003), and node-negative in 55.8% ver-
sus 52.1% respectively (p=0.477). After 10 years the incidence of metachronous contralat-
eral breasrt cancer was 6.4% for familial-non-BRCA1/2 tumours versus 5.4% for sporadic 
cancers. The rate of ipsilateral recurrence was not significantly increased (17.0 versus 14.2 
per cent respectively at 10 yrs; P=0.132). Tumour size (hazard ratio (HR) 1.02 per mm. 
increase; p=0.016) and node status (HR 2.6 for three or more involved nodes versus node 
negative, P=0.017) were independent predictors of overall survival in the familial-non-
BRCA1/2 group and in the whole group, whereas contralateral breast cancer (HR 0.7; 
p=0.503) and risk-reducing contralateral mastectomy (HR 0.4; p=0.163) were not. 

Conclusion
Stage at detection was a key determinant of prognosis in familial-non-BRCA1/2 breast 
cancer, whereas contralateral cancer was not. Risk-reducing contralateral mastectomy did 
not significantly improve survival, but early detection can. Decisions on breast-conserving 
treatment can be made on the same grounds in patients with familial and sporadic breast 
cancer.
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Introduction 

A positive family history is a risk factor for breast cancer1,2 and possibly for contralateral 
breast cancer (CBC) 3-9. About 10 per cent of breast cancers are detected in women with 
a clear family history. High-penetrance germ-line mutations in BRCA1 or BRCA2, how-
ever, can be demonstrated in fewer than 20 per cent of these familial patients10 A recent 
review of familial non-BRCA1/BRCA2-associated breast cancer concluded, that data on 
ipsilateral recurrence and contralateral tumours in this group are scarce and that survival 
analyses are hampered by small numbers or incomplete testing 11.

The likelihood of chance clustering of 3 or more breast cancers in female relatives 
under the age of 60 years has been estimated as less than 10% 10. Consistently, more low-
grade tumours have been described in patients from families with at least 3 breast cancer 
cases, but a negative test for BRCA1/BRCA2. These tumours also have low mitotic count, 
a lower proliferation rate and more lobular carcinoma 12-14. These features discriminate fa-
milial non-BRCA1/BRCA2-associated cancers from both BRCA1 or BRCA2 cancers and 
sporadic breast cancer, and suggest possible improved survival for these patients. 

The authors recently compared 327 women with breast cancer and at least two other 
relatives with breast or ovarian cancer and negative testing for BRCA1 and BRCA2 (fa-
milial non-BRCA1/2 cancer) and 327 age-matched influenced by DNA testing selection 
bias15, that is, women were more likely to have DNA testing after the development of a 
contralateral cancer and when they lived longer after diagnosis. 

In studies not selected by family history, some have shown the same survival rate for 
bilateral breast carcinoma as for unilateral breast cancer others have shown a worse sur-
vival.16-18. The impact of contralateral cancer and primary tumour stage on survival in fa-
milial non-BRCA1/2 cancer has to our knowledge not previously been analyzed. Data on 
ipsilateral and contralateral recurrence in familial non-BRCA1/2 breast cancer are needed 
for evidence-based decisions on breast conserving treatment and risk-reducing contralat-
eral mastectomy. 

This study assessed the incidence of ipsilateral recurrence, contralateral breast cancer, 
distant disease free (DDFS) and overall survival (OS) in the two populations studied pre-
viously 15. To estimate the importance of early detection, the impact of tumour stage on 
these endpoints was also assessed.

Patients and Methods

Patients
The study population has been described previously15. In brief, from 265 consecutive 
families, registerd at ErasmusMC with at least 3 confirmed relatives with breast cancer or 
breast and ovarian cancer, including the index case, but with negative testing for BRCA1 
or BRCA2 mutations before May 1 2004, all 327 women with primary breast cancer (in-
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cluding ductal carcinoma in situ; DCIS), diagnosed between 1January1980 and 31 De-
cember 2002 were selected. All had a pathology report of the tumour, follow-up data for 
at least 6 months and no previous cancer other than basal skin carcinoma Of these 262 
women tested negative for BRCA1 and BRCA2, whereas in 65 patients one or more family 
members with breast or ovarian cancer tested negative. One of 117 familial patients tested 
positive test for CHEK 2*1100delC. DNA testing was performed at the Clinical Genetics 
Department of the Erasmus MC Rotterdam. BRCA1/BRCA2 and CHEK2*1100delC mu-
tation analyses were reported19,20 The sensitivity for deleterious BRCA1 or BRCA2 muta-
tions was estimated as 80%.

Control patients with breast cancer had no history of more than one family member 
with breast cancer > age 50 yrs (sporadic) and were matched for age and year of diagnosis 
to each patient with non-BRCA1/2 cancer.

Study protocol
Detailed information was examined on family history, age at diagnosis, hormonal factors 
such as menopausal status, tumour characteristics (size, type, grade) node status, local and 
systemic treatment and local and distant from the medical files and from information at 
the Department of Clinical Genetics 

For the purpose of the analyses follow-up was assumed to commence on the date of 
detection of the first breast cancer and to cease on the date of the last notes in the medi-
cal files, death, or otherwise at loss to follow-up. Cancer in the contralateral breast was 
considered metachronous if detected more than 3 month’s after the first tumour, also after 
primary DCIS. The synchronous occurrence of metastases (within 3 months) with a con-
tralateral cancer was counted as a failure in the group with unilateral BC. The endpoints 
of interest were date of first local and/or distant recurrence, the occurrence of a second 
primary breast tumour and date of death due to breast cancer or other cause. The census 
date for follow-up was 1 May, 2004.

The study was approved by the Erasmus MC Institutional Review Board. All DNA-
tested patients gave informed consent for DNA analyses and their use in research.

Statistical methods
Using chi-square tests (for categorical variables) or t-tests (for continuous variables) we 
compared patient and tumour characteristics between the familial non-BRCA1/2 patients 
and sporadic breast cancer patients. Kaplan-Meier survival curves were calculated and 
differences compared with the logrank test. Endpoints were the incidence of contralateral 
breast cancer, local recurrence, distant disease-free survival and overall survival. The si-
multaneous effect of several prognostic variables on these four endpoints was investigated 
by Cox proportional hazard regression models. 

The impact of contralateral breast cancer on distant disease-free and overall survival 
was investigated twice. In the first analyses survival was defined as the time from date of 
diagnosis of the first breast cancer. In the second, survival of patients with a contralateral 
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breast cancer was counted from the date of diagnosis of the contralateral tumour, and the 
time before the occurrence of the contralateral cancer was counted as follow-up time in 
the unilateral group. This method was modeled by including a time-dependent variable 
for contralateral breast cancer. The difference between the two methods has been well 
explained by Heron et al.16 

P-value < 0.050 (two-tailed) was considered statistically significant. All analyses were 
performed by STATA/SE TM for Windows version 8.1. 

Results

Patient and tumour characteristics
A hereditary breast cancer syndrome (HBC) was seen in 214 of the 265 families, and 
hereditary breast and ovarian cancer (HBOC) in 51. Patient, tumour and treatment char-
acteristics have been described15 and are summarized in Table 1. 

Some 65.7% of the familial non-BRCA1/2 patients were diagnosed in women at or 
under the age of 50 years. Tumours were with 62.1% vs. 49.9% ≤T1 smaller in famil-
ial non-BRCA1/2 patients than in sporadic patients (p=0.003), whereas nodal status was 
comparable (p=0.477). Tumours were similar in women with non-BRCA1/2 cancer and 
those with sporadic tumours with regard to hormonal receptor status and grade; ER-nega-
tive in 27.5% and 33.6% respectively (p=0.308) 15. There were no significant differences 
in surgical or adjuvant therapies; except that risk-reducing contralateral mastectomy was 
performed in 11.4% of familial non-BRCA1/2 patients compared with 1.5% of sporadic 
patients (p < 0.001).

Incidence of ipsilateral recurrence and contralateral breast cancer 
At 10 yrs, the ipsilateral recurrence rate in patients who had breast conserving treat-
ment was 14.2% vs. 17.0%. in sporadic and familial non-BRCA1/2 patients respectively 
(p=0.132) (Table 2). On multivariate analysis age at detection (HR 0.9; p=0.009) and node 
status (HR 3.5 for ≥3 nodes vs. node negative; p=0.007) correlated significantly with ip-
silateral recurrence, but not risk group (HR 1.3 for familial non-BRCA1/2-associated vs. 
sporadic patients, p=0.44). 

The 5-year rate of metachronous contralateral breast cancer was 5.5% for familial non-
BRCA1/2 patients and 2.3% for sporadic patients. At 10 years the rate was 6.4% and 5.4% 
respectively. The rate for synchronous and metachronous contralateral tumours together 
at 10 years was 10.1 and 5.9% respectively (p=0.002) (Table 2).

Distant Disease Free and Overall Survival and the influence of tumour stage 
The distant disease-free survival rate was 90.6%, 77.0% and 65.1% at 2, 5 and 10years re-
spectively for familial non-BRCA1/2 cancer, compared with (85.8%, 69.9% and 50.2%) for 
sporadic cancer (P= 0.005, log rank test) 15. After correction for stage, age, adjuvant and 
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surgical therapy this difference in survival remained essentially the same. Tumour size 
(HR 1.02 per mm increase; p=0.001), and node status (HR 1.7 for 1 or 2 positive nodes 
vs. node negative; p=0.04; HR 2.6 for ≥3 nodes vs. negative; p<0.001) were independent 
predictors of distant disease-free survival in the whole group of patients studied.

Table 1 Patient-, tumour- and treatment characteristics in familial non-BRCA1/2 and sporadic patients.

Sporadic
(n=327)

Non -BRCA1/2
(n=327) 

P-value

Patient Characteristics
Mean FU* (range) 6.5 (0.2-20.8) 7.3 (0.7-22.5) 0.019
Mean age yrs/range.† 46 (23-78) 46 (23-77) 0.787
< 40 yrs.  97 (29.7)  93 (28.4)
40-50 yrs. 123 (37.6) 122 (37.3) 0.904
> 50 yrs. 107 (32.7) 112 (34.3)
Tumour detection
Symptomatic 225 (68.8) 165 (50.5) 0.068 ‡
< 50 yrs. screened  13 ( 4.0)  26 ( 7.9)
> 50 yrs. screened  48 (14.7)  39 (11.9)
unknown  41 (12.5)  97 (29.7)
Tumour characteristics
Stage
DCIS  14 ( 4.3)  16 ( 4.9)
T1 149 (45.6) 187 (57.2) 0.003‡
≥ T2 145 (44.3) 112 (34.2)
Size unknown  19 ( 5.8)  12 ( 3.7)
No. of involved nodes §
Node - 163 (52.1) 174 (55.8)
Node 1,2 +  61 (19.5)  68 (21.8) 0.477
Node ≥ 3  79 (25.2)  68 (21.8) 
N unknown  10 ( 3.2)   2 ( 0.6)
BR grade§¶ 
Grade 1  21 ( 6.7)  25 ( 8.0)
Grade 2  81 (25.9)  75 (24.1) 0.690‡
Grade 3 142 (45.4)  130 (41.8)
Grade unknown  69 (22.0)  81 (26.1)
Therapy Surgery
Breast conservation 175 (53.5) 158 (49.1) ††
Mastectomy 145 (44.4) 159 (49.4) 0.405
No primary surgery   7 ( 2.1)   5 ( 1.5)
Contraleteral. Mastectomy
“risk-reducing” 

 
  5 ( 1.5) 36 (11.4)** < 0.001

Adjuvant therapy
Chemotherapy 122 (37.3) 123 (37.6) 0.892
Hormone therapy  57 (17.4)  69 (21.1) 0.248
Oophorectomy  15 ( 4.6)  20 ( 6.1) 0.325

*FU, follow-up; † yrs, years; ‡ p-value of the comparison between the risk-groups not taking the percentages 
“unknown” into account; §Nodal status, Bloom Richardson grade and Hormonal receptor status of invasive 
cancers; ¶, Bloom Richardson grades. †† of the 322 patients with known primary surgery. **Of the 315 
unilateral familial cancers at first diagnosis.
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In the familial non-BRCA1/2 group tumour size (HR 1.02 per mm increase, P= 0.021) and 
node status (HR 3.2 for ≥3 nodes vs. negative; p=0.001) significantly influenced metasta-
sis-free survival on multivariable analyses (Table 3).

In the whole group the overall survival rate was 98.1, 86.4 and 73.1 per cent at 2, 5 and 
10 years respectively in women with non-BRCA1/2 tumours, compared with 92.9, 77.9 
and 61.4 per cent in those with sporadic cancers (P= 0.003, log rank test) 15. This difference 
in survival rates remained essentially the same after correction for stage, age and adjuvant 
therapy. Factors that also correlated significantly with better overall survival on multivari-
able analysis were smaller tumour size and fewer positive lymph nodes (Table 3). 

Table 2. Cumulative ipsilateral recurrence in patients with breast conserving treatment in the 2 risk-groups and 
contralateral breast cancer incidence in familial non-BRCA1/2 and sporadic patients

175 BCT Sporadic 158 BCT Non-BRCA1/2 p-value*
Ipsilateral recurrence  nr (%) nr (%)
 2 year  5/167 ( 3.0)  5/156 ( 3.2)
 5 year 12/167 ( 7.7) 18/131 (13.7) 0.132
10 year 17/156 (14.2) 21/124 (17.0) 
Contralateral 
breast cancer

327 Sporadic
nr (%)

327 non-BRCA1/2
nr%

p-value

synchronous  1/327 (0.5) 12/327 ( 3.7)
 2 year  4/308 (1.3) 21/321 ( 6.4) 0.002
 5 year  8/285 (2.8) 30/319 ( 9.2)
 10 year  12/203 (5.9) 33/309 (10.1)

Tabel 3. Multivariable analysis for overall survival in the whole group and for distant disease-free and overall 
survival in familial non-BRCA1/2 patients 

HR OS†
Whole group

95% CI

p-value HR DDFS†
Non-BRCA1/2

95% CI

p-value HR OS
Non-BRCA1/2

95% CI

p-value

Risk group Non-BRCA1/2
Vs sporadic

0.6
0.5-0.9

0.016

Tumour Size Per mm.
Increase

1.01
1.0-1.03

0.019 1.02
1.0-1.03

0.021  1.02
1.00-1.0 4

0.016

Nodal Status 1 or 2 nodes
+ vs. -

1.9
1.0-3.4

0.045 1.4
0.6-3.3

0.515  1.9
0.7-5.2

0.206

≥ 3 nodes 
+ vs. -

3.1
1.8-5.3

<0.001 3.2
1.6-6.3

0.001  2.6
1.2-5.6

0.017

Age at 
detection

Continuous
Increase

1.0
0.98-1.02

0.826 1.0
0.9-1.04

0.222  1.03
0.99-1.06

0.066

CBC 
from 1st BC; § 

+ vs. - 0.6
0.3-1.4

0.231 1.0
0.5-2.2

 0.974  0.7
0.3-1.9

0.503

CBC
From 2d BC¶ 

1.3
0.6-2.9

0.578 2.5
1.2-5.5

0.017 1.4
0.5-3.6

0.491

The model included all variables in the table in addition to systemic adjuvant therapy. *CBC, contralateral 
breast cancer; † OS, overall survival ‡DDFS distant disease free survival
§ survival in the contralateral group counted from first BC, ¶ survival in contralateral group from second bc, 
survival from first till second BC added to the unilateral group (see methods) (this hardly influenced the HR 
and p-value of all other variables).
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In the familial non-BRCA1/2 group, tumour size (HR 1.02 per mm increase; p=0.016) 
and node status (HR 2.6 for ≥3 nodes vs. negative; p=0.017) also significantly influenced 
overall survival (Table 3).

Exclusion of the 103 probands from the non-BRCA1/2 group did not affect the results, 
neither did exclusion of women with non-BRCA1/2 cancers from the HBOC families. 

Influence of contralateral breast cancer on survival
The contralateral tumour was > 2 cm, whereas the primary had been ≤ 2 cm in 9/34 (27%) 
of the metachronous cancers in the whole group (when both sizes were known). The con-
tralateral cancer was node positive whereas the primary tumour had been node negative 
in 7/33 (21%).

Kaplan-Meier estimates of distant disease-free survival were similar for all bilateral 
and all unilateral breast carcinoma patients (Figure 1). The mean time from the first breast 
cancer to diagnosis of a contralateral tumour was 5 years. The median time from the first 
breast cancer to metastases was 2.6 years (range 0-19 yrs), and that from diagnosis of a 
contralateral cancer to metastases 1.1 yr (range 0 - 4,8 yrs). 

A Survival in CBC from first BC B Survival in CBC from second BC

0.
00

0.
25

0.
50

0.
75

1.
00

0 2 4 6 8 10
analysis time

bc2 = unilat BC
bc2 = contralat BC

DDFS after metachronous contralateral BC

0.
00

0.
25

0.
50

0.
75

1.
00

0 2 4 6 8 10
analysis time

bcgroup = unilat BC
bcgroup = contralat BC

DDFS after metachronous contralateral BC

At risk A  598                     280                100  B 640                 299                      113              
42                       34                23         0                  15                     10

Figure 1. Distant Disease-Free Survival in patients with unilateral an contralateral breast cancer.
Univariate analysis
A CBC vs. unilateral disease; survival from first BC       HR 0.6  p = 0.05
B CBC vs. unilateral disease; survival from second BC HR 1.8  p = 0.067

Blue dotted line survival of patients with unilateral breast cancer,
Red line survival of patients with metachronous contralateral breast cancer  
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Table 4 shows the 2-, 5- and 10-year overall survival rates for the 539 patients with uni-
lateral BC, the 45 with metachronous contralateral cancer and the 13 with synchronous 
contralateral cancer.

Measured from the first breast cancer, overall survival was slightly better in the meta-
chronous group. This reflects the fact that patients often survived for a long time before 
the contralateral cancer developed, and shows no substantial negative impact of contralat-
eral cancer on survival in the whole group.

Table 4. Overall Survival after contralateral breast cancer: 2 methods univariate analyses

Nr.* 2-yr OS†
%

5-yr OS
%

10-yr OS
%

Log rank
p-value

Follow Up from 1st Breast Cancer
Unilateral BC 539  95.1  81.8  66.3
Metachronous CBC¶  45  100.0  86.5  75.3 0.122
Synchronous CBC  13  92.3  75.5  75.5
Follow Up from 2d Breast Cancer 
Unilateral BC 539  95.1  81.8  66.3 
Metachronous CBC¶  45  88.5  80.2  63.0 0.695
Synchronous CBC  13  92.3  75.5  75.5

*Nr, number; †OS, overall survival; ¶ CBC, contralateral breast cancer

When survival was defined as time from diagnosis of the second cancer in the bilateral 
group, showing the survival only after contralateral cancer in the metachronous group, 
overall survival was slightly worse. On univariable analysis overall survival was not signifi-
cantly different between patients with unilateral breast cancer, synchronous- and meta-
chronous contralateral employing either method (p= 0.122 and p=0.695 respectively) 
(table 4). 

The incidence of metastasis in the familial non-BRCA1/2 group was at any point of 
follow-up higher than the incidence of contralateral breast cancer (Figure 2).

In the familial non-BRCA1/2 patients the influence of contralateral breast cancer on over-
all survival was non-significant at univariate analysis (HR 1.6 p = 0.332). On multivariable 
analysis correcting for tumour stage and therapy, and counting survival for all patients 
from diagnosis of first breast cancer, the occurrence of a metachronous contralateral tu-
mour had no significant influence on distant disease-free survival in women with non-
BRCA1/2 cancer HR 1.0 (p=0.974) or on their overall survival HR 0.7 (p=0.503) (table 3). 
After the occurrence of contralateral breast cancer (measured from the second breast can-
cer) a significantly increased risk of metastasis was demonstrated HR 2.5 (p=0.017), but 
overall survival was not significantly affected HR 1.4 (p=0.491), the results for all other 
variables hardly changed. 

When risk-reducing contralateral mastectomy was added to the multivariable model 
in place of contralateral breast cancer it had no significant impact on OS in the non-
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BRCA1/2 group (HR 0.4; p=0.163). Five of the 36 familial patients developed metastases 
after risk-reducing contralateral mastectomy. 

Discussion 

Ipsilateral and contralateral recurrence
Ipsilateral breast cancer recurrence in this study was similar for familial non-BRCA1/2 
and sporadic cancers. Therefore decisions on breast conserving treatment can be made on 
the same grounds in familial and sporadic patients. This is in line with the literature on 
breast conserving treatment in familial and hereditary cancer21,22. 

There was a slightly higher rate of metachronous contralateral breast cancer in familial 
non-BRCA1/2 patients than in the sporadic group (6.4% vs. 5.4% at 10 years). In studies of 
familial breast cancer performed before DNA testing was available, the incidence of con-
tralateral tumours was increased in some studies 6,7, but not in others.3This inconsistency 
may be explained by a different rate of BRCA1, BRCA2 and CHEK2*1100delC mutation 
carriers included in the various studies. 8,19,20 Although in the present study, the familial 
patients were extensively tested for deleterious BRCA1 and BRCA2 mutations the sensi-
tivity of the DNA screening is not 100% and some occult mutation carriers may still have 
been in the study group. Furthermore the studies that assess contralateral cancer risk in 
patients with familial non-BRCA1/2 cancer have, to some extent, like the present one of-
fered DNA testing preferentially to patients with contralateral breast cancer.3,6-8 When this 
selection bias on the reported incidence of contralateral cancers in the familial group was 
corrected, no significant difference in contralateral breast cancer incidence was shown 
anymore between familial non-BRCA1/2 and sporadic cancers 15. 

The 3.7 per cent rate synchronous contralateral breast cancer (Table 2) in the familial 
group in our study highlights the importance of good preclinical investigation to detect 
contralateral cancer early.

Survival and the impact of contralateral cancer 
Both distant disease-free and overall survival were significantly better in familial non-
BRCA1/2 patients than in sporadic patients. These results, however, were also clearly in-
fluenced by selection bias and the survival difference disappeared after correcting for the 
fact that patients diagnosed before 1995 had to live longer to get DNA testing and thus 
were selected for longevity15.

On both univariable- and multivariable analyses, and measuring survival as the time 
from first or from second breast cancer, contralateral breast cancer had no significant 
negative impact on the overall survival rate in either the whole group or the familial non-
BRCA1/2 group. Because of the relatively small numbers (21) of metachronous familial 
cancers however, the 95 per cent confidence interval was rather wide. Heron et al. how-
ever, had comparable results for the influence of CBC on survival, using both method’s of 
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analysis in 1313 patients with unilateral and 104 with metachronous contralateral BC not 
selected by family history.16 Measuring from the first breast cancer survival was in Heron 
et al.’s study significantly better in the metachronous CBC group (p=0.037), but counting 
from second BC not significantly different (p=0.52) and after correction for age and stage 
not significantly different (HR 1.3 p=0.518) 16.

When measuring survival in the bilateral group from first BC, the impact of metachro-
nous contralateral breast cancer on survival can be seen, taking into account (1) the per-
centage of patients who develop CBC (6.4% after 10 yrs in familial patients in the present 
study), (2) the fact that patients who do not develop metastases and live longer more often 
develop contralateral tumours and (3) survival after diagnosis of contralateral breast can-
cer. When counting from the second breast cancer one sees specifically the survival results 
in the small contralateral breast cancer group. The first analysis may be the most informa-
tive for decisions on risk-reducing contralateral mastectomy at first diagnosis. For familial 
patients metastasis-risk is considerably higher than the risk for contralateral breast cancer 
throughout (Figure 2).

In two recent studies 12-24% of women with a clear family history of breast cancer, 
chose risk-reducing contralateral mastectomy at diagnosis despite preoperative negative 
testing for BRCA1 /BRCA 2 23,24. These women not only wanted to reduce their about 7% 
10-year-risk of metachronous contralateral cancer, but had also hoped to improve their 
survival chances. The present study did not demonstrate a significant effect of risk-re-
ducing contralateral mastectomy on survival of the familial non-BRCA1/2 group. In 148 
BRCA1 and BRCA2 mutation carriers, van Sprundel et al. could not demonstrate a signifi-
cant beneficial effect of risk-reducing contralateral mastectomy, performed by 79 women 

Figure 2  Incidence of metastases and contralateral breast cancer in the familial non-BRCA1/2 
patients during 8 years follow-up. 
Metastases                                                        CBC 
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Chapter 2A / Figure 2 Figure 2. Incidence of metastases and contralateral breast cancer in the familial non-BRCA1/2 patients during 

8 years follow-up. 
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on breast cancer specific survival (p=0.11) 25, although they showed a high CBC incidence, 
as expected in BRCA1-patients diagnosed before age 50 years19. 

Although contralateral cancer had no significant influence on survival in the whole 
familial non-BRCA1/2 group, especially in the first year after contralateral breast cancer 
an increased rate of metastases was seen (analyses from second BC). It is not possible to 
differentiate the extent to which contralateral cancer is part of general metastatic disease 
and functions as a marker for metastasis or whether it is also the source of subsequent 
metastases. With a median time of 1.1 years to metastasis, considerably shorter than from 
primary breast cancer to metastasis, and parallel survival curves after 3 years (fig1), the 
former explanation seems more plausible. 

In the present study, the stage in 20-25 per cent of the 45 metachronous contralateral 
cancers was more advanced, than in the primary breast cancer. Usually patients are under 
surveillance for 10 years after their diagnosis, with mammography and clinical examina-
tion performed yearly in order to detect CBC early. 

Impact of age and tumour stage on survival
Although familial cancers do grow faster at younger age26, age at detection did not 

effect survival negatively in the present study on multivariable analyses. The main predic-
tors of survival were, also in familial non-BRCA1/2 patients, lymph node involvement and 
tumour size. This is fully in accordance with literature on the influence of tumour stage in 
sporadic breast cancer. Unlike the findings in Michaelson’s study however, survival was in 
the total group already significantly lower with only one or 2 positive nodes27. The pres-
ent findings, that tumour size and nodal stage have also a key influence on prognosis in 
familial cancer, is promising for the chances of improving survival by surveillance. In this 
study only a small percentage of the familial patients were under surveillance before age 
50 years. This may have contributed to the smaller tumour size in this group, although the 
difference in node-negative patients was not significant. Favourable tumour stages have 
been reported in BRCA1/2 mutation carriers screened with MRI. 28-30 Cost benefit analyses 
of screening various high risk groups are due.

Conclusion 
Ipsilateral recurrence occurred with comparable frequency in familial-non-BRCA1/2 pa-
tients and sporadic patients. Familial non-BRCA1/2 breast cancer patients can receive 
breast-conserving treatment on the same grounds as sporadic patients. Metachronous 
CBC incidence was only slightly increased in the familial group.

Stage at detection is also in familial BC a key indicator of prognosis, and early detection 
therefore important for survival. We did not demonstrate a significant influence of con-
tralateral breast cancer on overall survival of familial non-BRCA1/2 patients, nor of risk-
reducing controlateral mastectomy. CBC may however indicate imminent metastases.
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Abstract

Background
As yet, many studies reported on the tumour characteristics and survival of hereditary 
breast cancer (BC), including BRCA2-BC. However, due to small sample sizes, it is in-
sufficiently known whether BRCA2-BC comprises of a specific tumour type and clinical 
course. Further, the prognostic impact of the classical tumour and treatment factors in 
hereditary BC is unclear.

Patients and methods
We selected 103 BRCA2-, 223 BRCA1-associated and 311 non-BRCA1/2 BC patients di-
agnosed between 1980 and 2004, ascertained at the Rotterdam Family Cancer Clinic. To 
correct for longevity bias, analyses were also performed while excluding index patients 
undergoing DNA testing more than 2 years after BC diagnosis. As a comparison group, 
759 sporadic BC patients of comparable age at and year of diagnosis were selected. We 
compared tumour characteristics, the occurrence of ipsilateral recurrence (LRR) and con-
tralateral BC (CBC) as well as distant disease-free (DDFS), BC-specific (BCSS) and overall 
survival (OS) between these groups. By multivariate modeling, the prognostic impact of 
tumour and treatment factors was investigated separately in hereditary BC.

Results
We confirmed the presence of the particular BRCA1-phenotype. In contrast, tumour 
characteristics of BRCA2-associated BC appeared to be quite similar to those of non-
BRCA1/2 and sporadic BC, with the exception of a high risk of metachronous contralat-
eral BC (3.1% per year) and a frequent occurrence of estrogen-receptor (ER)-positivity 
(83%). No significant differences between BRCA2-associated BC and BRCA1-associated, 
non-BRCA1/2 and sporadic BC were found with respect to LRR, DDFS, BCSS and OS.

Independent prognostic factors for BC-specific survival in hereditary BC (combining 
the 3 subgroups) were tumour stage, adjuvant chemotherapy, histologic grade, ER status 
and a prophylactic (salpingo-)oophorectomy. In this analysis, no prognostic impact was 
found for the occurrence of a contralateral BC or the performance of a (contralateral) 
prophylactic mastectomy.

Conclusions
Apart from the frequent occurrence of contralateral BC and a positve ER-status, BRCA2-
associated BC did not markedly differ from other hereditary or sporadic BC. Our observa-
tion that tumour size and nodal status are prognostic factors also in hereditary BC, implies 
that the strategy to use these factors as a proxy for ultimate mortality, for instance in BC 
screening programmes, appears to be valid in this specific group of patients.
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Introduction

Hereditary BC is characterized by a young age of onset, and a high incidence of contra-
lateral BC. 

Five to ten percent of all breast cancer cases are hereditary, with germline mutations 
in the BRCA1, BRCA2, and CHEK-2 1100delC gene accounting for about 30% of these 
cases. Thus, the majority of hereditary BC is due to other germline mutations in as yet 
unknown genes. 1 2 

Many studies report about the typical tumour characteristics of BRCA1-associated 
breast cancer, such as the basal-like phenotype and the high histologic grade 3 4 5. Despite 
these unfavourable characteristics, most reports describe a similar or worse survival as 
compared to sporadic BC 6 7.

Although less data are available on BRCA2-associated BC; the phenotype appears to be 
partly similar to that of BRCA1, with respect to the young age at diagnosis, the increased 
risk of contralateral BC, and the presence of continuous pushing margins, while a high 
histological grade has also been found in several studies. 4 8 9 Cyclin D is overexpressed in 
BRCA2 10, whereas an immunohistochemical RAD51/CHEK2 staining pattern can dif-
ferentiate between BRCA2-associated and other breast cancers. 11 The clinical outcome 
appears to be not markedly different from sporadic BC. 12 13 14 15 

Hereditary BC not due to a BRCA1 or BRCA2 mutation, hereafter called non-
BRCA1/2, appears to be a heterogeneous group, although specific characteristics such as 
a low histologic grade and mitotic count have been reported. 4 16 In some non-BRCA1/2 
families a CHEK2*1100delC-germline mutation can be found17, with one small study sug-
gesting an unfavourable impact on disease-free, but not overall, survival. 18 

In 1991, the Rotterdam Family Cancer Clinic was set up, an outpatient department for 
the counseling, surveillance and (preventive) treatment of members from families with a 
frequent occurrence of breast and/or ovarian cancer. In several reports we described the 
characteristics and clinical course of BC patients from these families. Recently, we pub-
lished the tumour characteristics and survival of 223 BRCA1-associated breast cancers 7, 
and of 327 cases from families in which a BRCA1- and BRCA2-mutation was excluded.19 
Both series of patients were matched for age at and year of diagnosis with sporadic control 
patients. In the current manuscript, we combine the data from both publications and add 
data from 103 BRCA2-associated BC cases in order to compare tumour characteristics 
and survival of these three cohorts of hereditary breast cancers to sporadic BC. Further, 
we investigated the impact of the classical prognostic factors in hereditary BC.

Methods
Included were all female patients with primary, invasive BC and available data on histo-
pathology and follow-up that were diagnosed after 1-1-1980 in hereditary breast/ovarian 
cancer (HB(O)C) families undergoing DNA-analysis at the Family Cancer Clinic (Clinical 



40

Genetics Department) of the Erasmus MC (See Verhoog EJC 2001 for minimal criteria 
for DNA-testing).
Three cohorts of hereditary BC patients were defined:

☐ BRCA2 (n=103): BC cases from families with an identified deleterious BRCA2-
mutation 

☐ BRCA1 (n=223): BC cases from families with an identified deleterious BRCA1-
mutation. 7

☐ Non-BRCA1/2 (n=311): BC cases within a family tested negative for a deleterious 
BRCA1- and BRCA2-mutation. 19 The number of patients is smaller than in the 
previous paper, as for the current analysis only the invasive cancer cases were used.

In addition, we selected a cohort of sporadic BC cases by combining two previously 
used cohorts from the Erasmus MC – Daniel den Hoed cancer registry: one cohort was 
matched for age at and year of diagnosis (within 5 years) to BRCA1-associated cases and 
one to non-BRCA1/2-associated BC cases. For this analysis, both cohorts were combined 
to form one reference group of sporadic BC cases. All medical files of potential control 
patients were checked to exclude a family history suggestive of hereditary breast cancer. 
Excluded were control patients with at least 2 additional family members with breast can-
cer, or 1 additional family member with breast cancer under the age of 55 years or ovarian 
cancer (any age). 

To correct for longevity bias, all cases of hereditary BC occurring within the family 
were included, regardless of mutation carrier status, except for BC occurring in proven 
non-mutation carriers in BRCA1/2 families. In addition, all three hereditary BC cohorts 
were divided into two groups: 1. index patients, undergoing DNA testing more than 2 
years after their BC diagnosis (hereafter called the ‘late-tested index group’) and 2. all re-
maining cases (hereafter called ’unselected cases’). This was done as we previously showed 
that the survival of the first group was extremely favourable, due to the selection of the 
longer living patients for DNA testing.7 19 

All analyses concerning comparisons with the sporadic cohort were performed (table 
1-3 and figure 1) in unselected hereditary cases only. The prognostic factors for breast can-
cer specific survival were investigated by multivariate analyses in the 3 hereditary groups 
combined (table 4) and in the 4 risk-groups combined.

DNA analysis
For all families, DNA testing was performed at the Clinical Genetics Department of the 
Erasmus MC, Rotterdam. The coding parts and exon-flanking intronic regions of the 
BRCA1 gene (exon 3, 5-10, part of exon 11, and exon 12-23) were screened for the pres-
ence of mutations using denaturing gradient gel electrophoresis (DGGE).20 All aberrant 
fragments were sequenced; exons 2 and 24 were directly sequenced. Presence of mutations 
in exon 11 was detected with the protein truncation test (PTT). Additionally, multiplex 
ligation-dependent probe amplification (MLPA) was performed for detection of large ge-
nomic deletions and duplications. 21,22 
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Most of the coding regions and exon-flanking intronic sequences of the BRCA2 gene 
were also screened by DGGE (exon 2-9, part of exon 10, the 5’ and 3’ parts of exon 11, 
exon 12-18 and exon 20-27). 20 Again all aberrant fragments were sequenced; the 3’ part 
of exon 10 and exon 19 was directly sequenced. The PTT test was used to screen for the 
presence of mutations in exon 11. 21,22

117 families from the non-BRCA1/2 cases were investigated for the presence of a 
CHEK-2 1100delC germline mutation. As only 1 family was found positive, no further 
separation was made into CHEK2-positive and -negative families. 

Data registration and statistical methods
For all four cohorts of BC patients, the following patient and tumour characteristics were 
extracted from the medical files: age at diagnosis, axillary lymph node status (negative, 
positive (1-3 or ≥ 4 positive nodes) and unknown), tumour diameter, presence of distant 
metastases at diagnosis, morphology of the tumour, histological grade (Bloom-Richard-
son), ER- and PR-status (positive, negative or unknown), surgical and adjuvant systemic 
treatment (hormonal and/or chemotherapy). Further, registration if and when women 
underwent prophylactic bi- or contralateral mastectomy ((C)PM) and a bilateral (sal-
pingo-)oophorectomy (B(S)O), with the reason of the B(S)O (prophylactic, for benign 
reasons or as treatment for breast or ovarian cancer), was undertaken.

Differences between these characteristics were tested by chi-square tests (categorical 
variables) or t-tests (continuous variables).

For the hereditary BC cases, information on the complete family pedigree, dates of 
DNA testing/diagnosis and the type of germline mutation were gathered from the depart-
ment of Clinical Genetics. 

Endpoints of interest were the occurrence of a local (ipsilateral) recurrence (LRR) after 
breast-conserving therapy (BCT), metachronous contralateral breast cancer (CBC), dis-
tant metastases (DM), and death (overall or breast-cancer related), whichever occurred 
first. For all five endpoints, Kaplan-Meier survival curves were constructed for the three 
hereditary groups and the sporadic group. Differences between the curves were tested by 
the logrank test. Multivariately, differences in the abovementioned five endpoints between 
the three groups of hereditary and sporadic BC were examined by the Cox proportional 
hazard method, correcting for tumour and treatment factors. 

As we had a special interest in the investigation of the impact of the traditional prog-
nostic factors on BC-specific survival in hereditary breast cancer, we also performed a 
multivariate analysis excluding the sporadic cohort.

All statistical analyses were performed with STATA SE version 9.
The study was supported by grant DDHK 2004-3124 from the Dutch Cancer Society 

and approved by the local Ethics Committee on july 15, 2004.



42

Results

The complete cohorts of hereditary BC consisted of 103 BRCA2-associated cases, 223 
BRCA1-associated cases, and 311 non-BRCA1/2 cases. After exclusion of the late-tested 
index cases, 90 BRCA2-associated, 170 BRCA1-associated and 238 non-BRCA1/2 cases 
remained (unselected cases). As there were no important differences with respect to tu-
mour characteristics between the total and unselected hereditary cohorts, the data in table 
1 are shown for the unselected hereditary cases only.

The mean age at diagnosis of BRCA2-associated cases was 44 years, like in the sporad-
ic controls. This was slightly older, however not signficantly, than the BRCA1-associated 
cases (mean age 42 years), but significantly younger than non-BRCA1/2 associated cases 
(mean age 47 years). 

As compared to non-BRCA1/2 BC, both BRCA2- and BRCA1-associated BC was less 
likely to be detected during the course of a screening programme.

Tumour size did not significantly differ between the groups, while nodal status was 
significantly more often node-positive in BRCA2-BC as compared to BRCA1-associated 
BC (p < 0.001). No signficant difference between BRCA2-BC and non-BRCA1/2 or spo-
radic BC was noticed (p=0.13 and 0.39, respectively).

The typical tumour morphology of BRCA1-BC, with a high frequency of the medullary 
type (7%), was not found in BRCA2-BC: with 89% of the cases of the ductal tumour type, 9% 
of the lobular tumour type and 2% of the medullary type the morphology was not signifi-
cantly different from non-BRCA1/2 (p=0.55) nor from sporadic BC (p=0.76). A similar pat-
tern was found for the histologic grade: 88% of BRCA1-associated BC was grade III, which 
was significantly more (p=0.001) than in BRCA2-BC (65%). The latter percentage was not 
significantly different from that in non-BRCA1/2 BC (p=0.19), or sporadic BC (p=0.48).

Also with respect to the steroid receptor status, the well-known high incidence of 
estrogen (ER)- and progesterone (PgR)-negative cases in BRCA1-BC was not found in 
BRCA2-BC. On the contrary, BRCA2-BC was more often ER-positive as compared to 
non-BRCA1/2 BC, however non-significantly (p=0.13), and sporadic BC (p=0.005).

No clear differences in the type and administration of adjuvant treatment were found 
between the four groups, with the exception of a lower frequency of hormonal treatment in 
BRCA1-BC, most likely reflecting the high frequency of ER-negative BC in that subgroup.

The incidence of metachronous contralateral BC in BRCA2-associated BC was, with 
a yearly rate of 3.1%, identical to that in the BRCA1-BC group (p =0.98) and significantly 
higher than in the non-BRCA1/2 (1% per year; p=0.008) and sporadic BC cohort, respec-
tively (0.7.% per year; p < 0.001). 

Also the incidence of ovarian cancer after BC in the BRCA2-cohort was, with a yearly risk 
of 0.7%, equal to that in the BRCA1-cohort (p=0.88), and higher than in the non-BRCA1/2 
cohort (0.1% per year; p=0.05). Three other cancers occurred after BC in the BRCA2-co-
hort: a squamous carcinoma of the skin, brain tumor and invasive cervical cancer.
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In table 2 and figure 1, actuarial 5- and 10-year event and survival rates, as well as log 
rank tests, are presented for five different endpoints, for the three groups of unselected 
hereditary cases and sporadic BC, respectively. Table 3 presents multivariate hazard ratio’s 
for these five endpoints.

No significant differences were seen between the groups regarding the local recurrence 
rate (LRR) after breast conserving therapy. However, it has to be notified that the number 
of events for this endpoint was small, especially in the hereditary BC cohorts (3 events in 
the BRCA2-group, 8 in the BRCA1-group and 16 in the non-BRCA1/2 group), and thus, it 
was only possible to detect large differences with respect to this endpoint. Results did not 
change after correction for tumour and treatment factors (table 3). 

In contrast, the uni- and multivariate incidence of contralateral BC in BRCA2-BC was 
comparable to BRCA1-associated BC (p=0.72), and significantly increased as compared to 
non-BRCA1/2 BC (p=0.001) as well as to sporadic BC (p<0.001). No signficant difference 
in contralateral BC incidence was seen between non-BRCA1/2 and sporadic BC (table 3: 
HR=1.67; p=0.13). Univariately, the breast cancer-specific survival (BCSS) was slightly 
better, however non-significantly, in BRCA2- as compared to sporadic BC (p= 0.16). The 
difference disappeared after correction for tumour and treatment factors (table 3).

Multivariate hazard ratios for potential prognostic factors for BC-specific survival in he-
reditary BC only (BRCA1-, BRCA2 and non-BRCA1/2 BC combined) and the hereditary 
and sporadic patients combined are presented in table 4.

Table 4  Prognostic factors for breast-cancer specific survival, for the total group of BC cases, and hereditary 
breast cancer only (BRCA1-, BRCA2-associated and non-BRCA1/2 BC combined)

All BC cases Hereditary BC cases only
Variable HR (95% CI) p-value HR (95% CI) p-value
Age at diagnosis (per year)1 0.97 (0.97-0.99) 0.001 0.99 (0.98-1.02) 0.94
Tumour size T1
 T2
 T3/T4

1.00
2.17 (1.67-2.81)
3.54 (2.39-5.26)

-
< 0.001
< 0.001

1.00
1.85 (1.23-2.80)
4.87 (2.65-8.95)

-
0.003

< 0.001
Nodal status Negative
 1-3 positive
 ≥ 4 positive

1.00
2.82 (1.95-4.07)
4.54 (3.07-6.72)

-
< 0.001
< 0.001

1.00
2.85 (1.55-5.23)
4.49 (2.33-8.64)

-
 0.001

< 0.001
Chemotherapy (yes vs. no) 0.44 (0.32-0.62) < 0.001 0.41 (0.22-0.75) 0.004
Hormonal therapy (yes vs. no) 0.51 (0.34-0.77) 0.001 0.65 (0.34-1.25) 0.20
Histologic grade (grade III vs. I/II) 1.47 (1.06-2.05) 0.02 2.01 (1.10-3.68) 0.02
Estrogen receptor status (positive vs. negative) 0.58 (0.44-0.76) < 0.001 0.60 (0.38-0.95) 0.03
B(S)O (yes vs. no) - - 0.40 (0.16-0.99) 0.05
Metachronous CBC (yes vs. no) 0.90 (0.54-1.48) 0.68 0.93 (0.47-1.89) 0.86

1 Continuous variable  HR= hazard ratio, B(S)O =  bilateral (salpingo-)oophorectomy;  CBC = contralateral 
breast cancer
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In this analysis, age at diagnosis appeared to be no independent prognostic factor for 
BC-specific survival in hereditary BC, nor was the admittance of adjuvant hormonal treat-
ment or the occurrence of a contralateral BC. This last factor was included in the model 
as a time-dependent variable, with follow-up starting as of the date of the CBC. When we 
included CBC with follow-up starting as of the date of the first BC, a significant favourable 
effect on BC-specific survival was seen, reflecting the inclusion of the event-free period 
between the first and second BC (HR 0.44 (95% CI 0.23-0.83; p=0.01)). 

All other factors in the model (tumour stage, the admittance of adjuvant chemothera-
py, histologic grade, ER status, and a prophylactic (salpingo-)oophorectomy), were signifi-
cant prognostic factors for BC-specific survival in hereditary breast cancer. 

To investigate the independent effect of a prophylactic (bi- or contralateral) mastec-
tomy, we created a multivariate model as in table 4, including this factor instead of the 
occurrence of a contralateral BC. No effect on BC-specific survival was found for this 

figure 1a figure 1b

figure 1c figure 1d

Figure 1.

Local recurrence rate after BCT (a), incidence of metachronous contralateral BC (b), distant disease-free 
survival (c), and BC-specific survival (d) of BRCA1-, BRCA2-,  non-BRCA1/2 and sporadic BC.
Symbols used: _________ sporadic BC (yellow line)     ------- BRCA1-associated  (green line)  _._._.  BRCA2-
associated (blue line)        _ _-_ _ -_ _- non-BRCA1/2 (purple line). All three hereditary groups represent 
unselected cases only.
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variable, not for the total hereditary group (HR 0.98 (95% CI 0.50-1.91), p=0.96) nor for 
the unselected cases only (HR 0.88 (0.40-1.95); p=0.75).

When we included sporadic breast cancer cases with the 3 hereditary groups in the 
model (except a BSO), all factors included in the model had a significant impact on bc-
survival, except for the occurrence of contralateral cancer. 

Discussion

In 1999 we published our initial report about the first 28 BRCA2-associated cases from 
the Rotterdam Family Cancer Clinic. 8 For the current analysis, we extended this series 
to 103 cases, and compared the tumour and treatment characteristics and survival of this 
group to other groups of hereditary and sporadic BC. We found that the clinical course in 
BRCA2-associated BC, with the exception of the high contralateral BC risk, was identical 
to that in non-BRCA1/2 and sporadic BC, with respect to LRR, DDFS, BC-specific and 
overall survival. Correction for tumour characteristics and treatment factors, including 
a B(S)O, did not essentially change these findings. We further found that the traditional 
prognostic factors, such as tumour stage and the admittance of adjuvant chemotherapy, 
were also independent prognostic factors in hereditary breast cancer. In addition, a pro-
phylactic (salpingo-)oophorectomy nearly significantly (p=0.05) improved BC-specific 
survival. No prognostic impact was found for age at diagnosis, the admittance of adjuvant 
hormonal treatment, the occurrence of a contralateral BC or the performance of a (con-
tralateral) prophylactic mastectomy.

While the special tumour features of BRCA1 are well-known, the phenotype of 
BRCA2-associated BC appears to be less specific. Our results were mostly in line with 
these observations. While we confirmed the frequently reported high incidence of grade 
III tumours in BRCA1-BC, no differences with respect to this variable were found be-
tween BRCA2-BC as compared to non-BRCA1/2 and sporadic BC. This is in contrast 
with most other studies reporting a high prevalence of grade III tumours in BRCA2-BC. 
9 23 24 In addition, another study4 reported a higher score for tubule formation but a lower 
mitotic count, both components of histologic grade. Two other studies did not find dif-
ferences in histologic grade in BRCA2-BC cases as compared to control patients.25,26 As 
the assessment of histologic grade is hampered by a high interobserver-variation27, a valid 
comparison between studies of this variable is only possible after revision of all the histo-
pathological material. 

We also showed that the ER-positivity rate in BRCA2-BC (83%) was higher than in 
all other groups, and significantly higher than in sporadic tumours. This is in line with 
our previous publication 8, in which we found an even higher ER-positivity rate (93%), 
however not significantly different from sporadic BC, most likely because of the very small 
dataset (28 BRCA2-cases) at that time. To our knowledge, only Agnarsson also reported 
a significantly higher ER-positivity rate in BRCA2- as compared to sporadic cases (94 
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versus 62%; p=0.002).9 Interestingly, Eerola et al also found a high ER-positivity rate in 
BRCA2-associated cases (79%), but only in the age group below age 50.28 We did not 
find this age-dependency in our dataset (83% and 86% ER-positivity in BRCA2-associated 
cases below and over the age of 50, respectively (p for difference between the age groups 
0.77)). This is in line with findings from Foulkes et al, who found no change in ER status 
with age for BRCA2-carriers, in contrast to other subgroups. 29 As 65% of the tumours in 
our BRCA2- series was PgR-positive, this means that a substantial subgroup (21%) of our 
BRCA2-tumours was of the ER-positive/PgR-negative type. This is a higher frequency 
than expected in sporadic BC of comparable age (< 10%).30 A possible reason might be the 
inability of the ER to bind DNA, as was suggested previously by Osin et al.31 The incidence 
of ovarian cancers after BC in unselected BRCA2-BC was, with a yearly incidence of 0.7%, 
equal to that in BRCA1-BC and almost identical to the estimates in 152 BRCA2- cases, 
reported by Metcalfe et al. 19,32

Our results were based on a large dataset with detailed information about tumour 
and treatment characteristics and follow-up. All sporadic cases were selected from the 
cancer registry of the Rotterdam Erasmus MC, and all hereditary cases were ascertained 
at the Clinical Genetics Department. However, the analysis of the clinical course of he-
reditary BC in family-based studies, such as ours, is hampered by various types of bias. 
For instance, the occurrence of a bilateral BC may prompt members from HBC/HBOC 
families to present themselves at the family cancer clinic. This was previously investigated 
by Tilanus et al, who noted that the higher incidence of a 2nd BC in non-BRCA1/2 BC as 
compared to sporadic cases was most outspoken before DNA testing and hardly increased 
thereafter, making it indeed likely that selection of patients with bilateral BC took place.19 
For BRCA1/2 BC in the current series, the high incidence of a metachronous 2nd BC was 
maintained throughout the follow-up period (figure 1). However, this is no guarantee 
that oversampling of bilateral BC cases did not take place. Apart from a population-based 
study, a more optimal design in the family-based setting would be to perform a study 
while excluding all bilateral BC patients that occurred in the family before the date of 
DNA testing of the proband. In the current series, this would leave too small numbers to 
draw any meaningful conclusions about the incidence of contralateral BC in the various 
cohorts of hereditary BC. The unbiased incidence of bilateral hereditary BC is an interest-
ing subject for further study, in unselected populations or large prospective databases in 
the family-based setting.

A further drawback of our study is that we included cases with a BC incidence date 
long before the possibility of germline-mutation testing, leading to a preferential selec-
tion of long-living cases: the so-called longevity bias. Therefore, in our current and previ-
ous comparisons with sporadic BC, we excluded cases with two years or more between 
BC diagnosis and DNA testing date. However, by excluding these so-called late-tested 
hereditary cases, which are characterized by an extremely favourable survival and a typi-
cal tumour profile 7,19, we introduced a bias towards a unfavourable prognosis. Ideally, 
one would include all BC patients from each family. In practice, however, this is difficult 
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as data of especially deceased patients are frequently missing. An interesting alternative 
strategy is to match for the time between breast cancer and DNA diagnosis, as was done 
by Kirova et al. 33 In the near future, we will perform this type of matching and compare 
the results with those of the current analysis.

In the meantime we can conclude that, even with the selection bias towards an unfour-
able clinical course, survival of neither of the three cohorts of hereditary BC appears to be 
significantly different from that in sporadic BC. 

Further, our observation that tumour size and nodal status are prognostic factors also 
in hereditary BC, implies that the strategy to use these factors as a proxy for ultimate mor-
tality, for instance in BC screening programmes or the consideration of (contralateral) 
prophylactic mastectomy, appears to be valid in this specific group of patients. A prophy-
lactic contralateral mastectomy did not improve survival in the hereditary group.
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Abstract 

Imaging is often performed yearly for the surveillance of BRCA1/2 mutation carriers and 
women at high familial breast cancer risk. Growth of cancers in carriers may be faster as 
these tumours are predominantly high grade. Quantitative data on tumor growth rates in 
these two groups are lacking.

Here, we have examined 80 high risk women under surveillance for tumour size at 
diagnosis and preceding examinations at mammography and/or MRI. Tumour volume 
doubling time (DT) could be assessed in 30 cancers in BRCA1/2 mutation carriers and 25 
non-carriers. Impact of age and menopausal status were also evaluated.

Mean DT of all invasive cancers was shorter in carriers (45 days CI: 26-73) than non-
carriers (84 days CI: 58-131) (P = 0.048). Mean age at diagnosis was lower in carriers (40 
yr.) than non-carriers (45 yr.) (P= 0.007). At multivariable analysis only age (P=0.03), not 
risk-group (P=0.26) nor menopause (P=0.58) correlated significantly with DT. The mean 
growth rate slowed down to half in each successive 10 years-older group.

In conclusion: Age at detection indicates the growth rates of hereditary and familial 
breast cancers. If recommended, the screening frequency should be adjusted according 
to a woman’s age. A high-sensitive biannual test may be appropriate before the age of 40 
years. 

Keywords: Breast cancer, surveillance, interval cancer, growth rate, BRCA1, familial breast 
cancer, screening, sojourn time, MRI, mammography.
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Introduction

Early detection is one of the limited options to possibly reduce the risk of mortality from 
breast cancer for women with a gene mutation (e.g. BRCA1, BRCA2, p53) or with a fam-
ily history, indicative of an increased risk for breast cancer at a relatively young age. For 
BRCA1 mutation carriers the risk to develop breast cancer before 50 years of age is as high 
as 50%, while for BRCA2 the risk is slightly less [1,2]. Although breast cancer cells may 
disseminate early during tumour development [3], tumour size and lymph node status 
remain strong prognostic factors for survival in breast cancer [4-7]. Screening women at 
hereditary risk with Magnetic resonance imaging (MRI) can detect tumours at an early 
stage [8-9]. In the Dutch MRISC study 78% of the detected tumours were ductal carci-
noma in situ (DCIS) or smaller than 2 cm, 79% node-negative [8].

However, a higher percentage of interval cancers have been observed in BRCA1/2 mu-
tation carriers compared with women with high familial risk without a proven mutation 
(non-carriers) under the same surveillance scheme [8, 10]. One of the likely causes is dif-
ferent growth rates of tumours, as in cancers of BRCA1 mutation carriers a high mitotic 
count and high grade tumours (63% and 69% respectively) were more frequently found 
than in sporadic cancers (32% and 38% respectively) and BRCA1/2-negative hereditary 
breast cancers (17% and 23% respectively) [11,12].

To our knowledge no quantitative data have been published on tumour growth rates in 
these hereditary risk groups based on measurements from imaging. Finding the optimal 
frequency at which a screening method should be applied can be as important to improve 
its effectiveness as the ability to detect cancers at an early stage [13]. 

Screening too frequently, increases the medicalisation of healthy women, the risk of 
false-positive results, cost and radiation risk [14], but too low a frequency may result in a 
delay in diagnosing breast cancer, missing the chance to improve prognosis.

In this study, we have investigated the influence of a BRCA1/2 mutation, age and meno-
pausal status / bilateral preventive salpingo-oophorectomy (BPSO) on tumour growth rate 
in women at high familial risk.

Based on our results we have tried to define the optimal screening frequency for wom-
en in different risk categories. 

Material and methods 

We could evaluate the size of 55 tumours at diagnosis and with the same radiologique 
technique, mammography (Mx) or MRI, at previous screening(s) for 80 breast cancer pa-
tients examined. All tumours were detected in women under surveillance, because of: (a) 
a proven BRCA1 or BRCA2 mutation (carrier group), or (b) an estimated hereditary risk 
of 20-50% according to modified tables of Claus [8,15], while no BRCA1 or 2 mutation 
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could be demonstrated or no DNA investigation had been performed (non-carriers). The 
methods for BRCA1/2 mutation analyses are described elsewhere [16, 17].

From November 1, 1999 to July 1, 2003, 47 breast cancers were detected in women 
participating in the Dutch surveillance study MRISC in 2 cancer centers and 4 university 
hospitals. Screening consisted of clinical breast examination every 6 months and annual 
Mx and MRI. Imaging technique and protocol have been previously described [8]. Tu-
mour growth rate was evaluable in 32 cases. Thirty-three consecutive cancers were de-
tected in the women under surveillance for the same indication outside this study after Jan 
1 1995, at the ErasmusMC. Surveillance for them was performed with biannual clinical 
examination and annual mammography. Additional MRI was performed with the same 
Tesla strength, intravascular contrast and subtractions as in the MRISC in 13 patients. 
Tumour growth rate could be assessed in 23 cases. In total growth rates were assessed in 
55 patients. In 25 patients tumour growth rates could not be calculated as the tumour was 
neither measurable at diagnostic Mx or at MRI.

The diameter at pathology and mitotic count and Bloom-Richardson grading of the 
tumours, menopausal status and BPSO were taken from medical files. 

Measurements and calculation of tumour growth rate
To estimate the growth rate of tumours, all diagnostic mammograms and MRI, were re-
evaluated by a radiologist (CB or IO). For all the cancers visible at the diagnostic Mx 
/MRI, the previous examination(s) were reassessed. If the tumour could be clearly identi-
fied from the diagnostic MRI, 3D measurements at right angles, including the single larg-
est dimension (SLD), were taken from the diagnostic and previous MRI. For all cancers 
positively identified at the diagnostic Mx, tumour size was measured at both oblique and 
craniocaudal views at diagnostic and previous Mx. The tumour diameter was measured 
using the longest axis (a = SLD) and a second maximum diameter was measured perpen-
dicular to the first (b). For tumours measurable at both views the largest and smallest size 
and the mean of the other two were used to calculate tumour volume. In the case of a stel-
late mass, the centre was measured. 

For cancers with a measurable tumour at 2 or more subsequent mammograms or MRI 
and where a previous mammogram/MRI showed no visible tumour (9 Mx, 2 MRI), only 
the measurable tumour sizes were used for the calculation of individual tumour volume 
doubling time (DT).

To calculate the DT of each cancer, either Mx or MRI measurements were used. The 
method with most measurement points was used. In case of equal number of measure-
ments, the method with the single largest tumor diameter at diagnosis closest to the size 
at pathology was used.

The volume of the tumour was estimated using the formula for obloid spheroids V = 
4/3 π.1/2a.1/2b.1/2c. 

Tumour volumes were assumed to have exponential growth (i.e. growth with a con-
stant volume doubling time). For patients with 2 real volume measurements, the slope of 
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the straight line connecting the two log-transformed data points was calculated. In case of 
3 or more real volume measurements, this slope was calculated using least-squares regres-
sion. For patients with one last real measurement and one previous undetected tumour, 
the latter tumour size was set at 0.004 cm3 corresponding to a diameter of 2 mm (assumed 
lower detection limit). The resulting slopes for these patients therefore may under-esti-
mate the true slope. However not including these for the estimation of growth rates would 
probably exclude many of the fast growing tumours [18].

Subsequently, tumour volume doubling times were calculated using the formula DT = 
log 2/β, where β was the slope of the regression line of the logarithm of the tumour volume 
vs.time. This outcome may over-estimate the true doubling time for the patients with an 
undetectable tumour at the previous visit and is treated as a left-censored observation in 
the statistical analysis [18]. 

Statistical methods
Differences in patient and tumour characteristics between the 2 risk-groups were tested with 
the use of the t-test in case of continuous variables and of the chi-square test or Fisher’s exact 
test in case of categorical variables. To determine the correlation between tumour size at 
mammography /MRI and at histo-pathologic examination we calculated Pearson’s correla-
tion coefficient separately for invasive cancers and ductal carcinoma in situ (DCIS). To get 
an approximate normal distribution of volume doubling times, these times were logarithmi-
cally transformed for analysis. Comparison of the transformed DT between risk-groups was 
done using the t-test. Multiple regression was used to evaluate simultaneously the effects of 
age, risk-group and menopausal status. STATA-software (procedure CNREG) was used in 
these calculations to allow for the presence of left-censored volume doubling times. A two-
sided P-value of less than 0.05 was considered to indicate statistical significance.

Results

Patients and tumour characteristics 
Of the total group of 55 tumours, in which growth rate could be assessed, 30 (5 DCIS, 
4 of the DCIS in BRCA1) were detected in mutation carriers (25 BRCA1 and 5 BRCA2) 
(carriers) and 25 (3 DCIS) in women with an estimated life-time risk of 20-50% (non-car-
rier group). Eighteen patients in the non-carrier group had tested negative for BRCA1 /2, 
while for 7 patients no DNA test result was available. Only 1/7 tumours in the non-tested 
group had characteristics suggestive of a BRCA1-associated tumour (both high grade and 
ER and PR negative), but with a mitotic count of 3. Patient and tumour characteristics of 
the carrier and non-carrier groups are shown in Table 1. Mean age at diagnosis was sig-
nificantly lower in carriers than in non-carriers (40 years vs. 45 yrs, respectively, P=0.007); 
(39 yrs. for BRCA2 and 47 yrs. for the non-tested). Seven of the carriers were post meno-
pausal at diagnosis, 6 after BPSO (no BRCA2), while 6 non-carriers were naturally post-
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menopausal (3 non-tested). Age of post-menopausal carriers vs.non-carriers was 47.0 vs. 
52.2 (P = 0.11). Only in BRCA1 carriers cancers were detected between follow-up visits 
(n = 5). Median diameters of the invasive tumours at pathology were with 12 vs. 11 mm. 
comparable between the 2 groups (mean = 9 (6-15) mm. in 4 BRCA2). 

Mean mitotic count was higher in carriers than non-carriers ((40 vs. 8.5, P = 0.001) (23 
in BRCA2 and 7.8 in the 7 non-tested range 1-19). Tumours were more often high grade in 
carriers vs. non-carriers (P=0.01) (2 grade 3 and 2 grade 2 in BRCA2). The size of DCIS at 

Table 1. Patient and tumour characteristics in BRCA1/2 mutation carriers and non-carriers

BRCA1/2 carriers  Non-carriers P-value
n = 30 n = 25

Patient characteristic

Mean age at detection† (range) 
Overall 40.1 (27-52) 45.4 (31-59) P = 0.007
Detected pre-menopausal 38.0 (27-50) 43.1 (31-53) P = 0.009
Detected post-menopausal 47.0 (37-52) 52.2 (45-59) P = 0.11 

Menopausal status‡

Pre- 23 (77%) 19 (76%) P = 0.95 §

Post- after BPSO II  6 (20%) 0 P = 0.03 
Post- natural 1 (3%)  6 (24%) 

Mode of detection ¶
Interval cancer  5 (17%) 0 P = 0.06 
Screen detected 25 (83%) 25 (100%)

Tumour characteristics
DCIS ¶   5 (17%)  3 (12%) P = 0.72
Invasive 25 (83%) 22 (88%)
Median diameter at
Pathology mm. # (range) 12 (3-40) 11 (6-40) 
Median mitotic count **  23 (1-319)  4 (1-43) P = 0.001
Bloom-Richardson Grade***

1  0 ( 0%)  5 (23%) 
2  8 (36%) 10 (45%) P = 0.01 
3 14 (64%)  7 (32%) 

†Data were available for 30 carriers and 24 non-carriers.
‡ Menopausal status – number (percentage)
§ Pre- vs. postmenopausal
II BPSO (bilateral prophylactic salping-oophorectomy vs. no BPSO
¶ Mode of detection – number (percentage)
¶ DCIS ductal carcinoma in situ
# Data were available for 30 carriers and 22 non-carriers (missing in 1 invasive and 2 DCIS). 
** Data were available for 21invasive tumors in carriers and 16 invasive tumors in non-carriers. Number of 
mitosis per 2 mm2 (range) in invasive cancers
*** Data available for invasive tumors of 22 carriers and 22 non-carriers
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pathology in carriers was 6-33 mm. at age 32-44 years and in non-carriers 12 mm.- “large” 
at age 31-48 years.

Growth rate could for reasons mentioned in the methods section not be assessed in 
10 carriers (2 BRCA2) with mean age 38 yrs (range 29-57), and 15 non-carriers (8 DNA 
tested) mean age 45.3 yrs (33-55). There were no interval cancers in this group. One tu-
mour in these carriers was DCIS, mean diameter of the others at pathology 11.2 mm 
(2-28), mean mitotic count 50 (15-116). For the not assessable non-carriers mean tumour 
diameter was 15.4 mm (4-45) mean mitotic count 9 (1-45).

Tumour measurements 
Calculations were performed using the measurements at Mx for 34 tumors and MRI for 
21. The mean time between two measurements was 0.9 yrs (range 0.3-1.8) for the total 
group and carriers, while for the non-carriers it was also 0.9 yrs (range 0.4-1.3). Figure 1. 

Table 2. Characteristics, number and modality of the measurements of the tumours in the 2 risk groups.

Risk group Carriers Non-carriers Total
n = 30 n = 25 n = 55 

Rad. Characteristic* 
Calcifications 3 (3) 4 (1) 7 (4)
Nucleus shadow 27 (2) 21 (2) 48 (4) 

55 (8)

Number of measurements
Mx† ≥ 2 ‡ 9 (2) 12 (1) 21 (3)
MRI ≥ 2 7 6 (1) 13 (1) 
Mx 1 + n.o.t§. 7 (2) 6 13 (2) 
MRI 1 + n.o.t. 7 (1) 1 (1) 8 (2) 
Total 30 (5) 25 (3) 55 (8) 

Between brackets number in situ cancers.
Rad.* = radiological.
†Mx: mammogram.
‡ ≥ 2 = measurable tumor on at least 2 consecutive images.
§ n.o.t. = on previous imaging “no observable tumor”. 

Table 2 gives the number of the used measurements, method and characteristics of the 
images (i.e. as nucleus shadow or calcifications) of the tumours in the 2 risk groups. 

The size of the invasive cancers at pathology correlated significantly with the estimated 
size at the diagnostic MRI and Mx, with a correlation coefficient of 0.84 and 0.67 respec-
tively. DCIS at pathology correlated significantly with measurements at Mx (n=4) with a 
correlation coefficient of 0.99. 
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Chapter 3A figure 1 
Figure 1. Measurements at Mx (A) and MRI (B) used for the calculations of DT’s. Data 
points with volume = 0.004 cm 3 denote tumours undetectable at the mammograms or MRI 
prior to the diagnostic ones 
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Figure 1. Measurements at Mx (A) and MRI (B) used for the calculations of DT’s. Data points with volume = 
0.004 cm3 denote tumours undetectable at the mammograms or MRI prior to the diagnostic ones
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Growth rate of invasive cancers in BRCA1/2 mutation carriers vs. non-carriers
Figure 2 shows the tumour volume doubling times of the invasive and in situ cancers in 
the 2 risk groups according to menopausal status. 

The geometric mean volume doubling times of the 47 invasive carcinomas and 8 DCIS 
were 60 and 59 days, respectively. Further analysis was restricted to the invasive tumors 
only. The geometric mean doubling time for carriers and non-carriers was 45 and 84 days, 
respectively (P=0.048). It was further found that the doubling time increased with advanc-
ing age at diagnosis: 9.8 percent per year for carriers (P=0.01) and 5.4 percent per year for 
non-carriers (P=0.064). These percentual increases did not significantly differ from each 
other. When adjusted for the significant age difference between carriers and non-carriers 
(Table 1), there was no significant difference in geometric mean tumour volume doubling 
times any more between the two risk-groups (Table 3).

Table 3. Multivariate impact of carriership, menopausal status and age at detection on tumour doubling Times (DT)

Factor Multivariate ratio of geometric mean 
doubling times

95% CI P-value at multi-variate 
analysis

Carrier status a 0.7a 0.4-1.3  0.26

Menopausal status b 1.3b 0.6-2.8  0.58

Age c 1.9c 1.1-3.4  0.03

a) carriers vs. non-carriers b) postmenopausal vs. pre-menopausal c) per 10 years older age

____Chapter 3A/fig 1 
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Figure 2.
Tumour volume doubling times for (of) invasive and in situ cancers according to risk group 
and menopausal status 
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Figure 3. Tumour DT (months) according to age at diagnosis 

Figure 2. Tumour volume doubling times for (of) invasive and in situ cancers according to risk group and 
menopausal status. 1, DT of cancers in BRCA1/2 mutation carriers; 2, DT of cancers in women at non-
BRCA1/2 hereditary risk. º calculated with 2 or more measurements; Δ, left censored.
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Although there was a significant difference between the total group of pre- vs. postmeno-
pausal women regarding geometric mean doubling times, 49 days versus 115 days (P = 
0.023) respectively; (this difference was 35 vs. 87 days in carriers and 75 vs. 153 days in 
non-carriers), significance was lost in a similar way after adjustment for age. 

Table 3 shows results of the multivariable analysis of logarithmically transformed tu-
mour volume doubling times taking into account carriership, age at diagnosis and meno-
pausal status of the women. Only age was significantly associated with the mean doubling 
times. The mean of the DT was more than twice higher after a decade.

Taking account of age only, the relationship for mean values was log2 (doubling time 
[years]) = -7.75 + 0.12 age (standard error for the age-coefficient: 0.03, with P-value 
<0.001). The resulting relationship is shown in Figure 3 and the associated increase of the 
geometric mean volume doubling time equals 9 percent (95% CI: 4%-14%) for each one-
year increase of age. This relationship did not really differ (P=0.45) between MRI and Mx 
assessed doubling times (Figure 1). Nor did the multivariate analyses change substantially 
after exclusion of the 7 cases not tested for BRCA1 and BRCA2 (P-value for risk-group 
0.21, menopausal status 0.7, age 0.03). 

Figure 3. Tumour DT (months) according to age at diagnosis

Solid symbols = BRCA1/2-carrier, open symbols = non-carrier. Triangles represent left- censored DT’s. The 
increase in geometric mean volume doubling time equals 9 percent (95% CI: 4%-14%) for each one-year 
increase of age. Log2 (doubling time [years]) = -7.75 + 0.12 age
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The tumour characteristics grade and mitotic count differed between the 2 risk-groups. At 
univariate analysis mitotic count correlated with DT (P=0.03), while grade did not (sig-
nificantly so) (P= 0.3). When mitotic count and grade were entered into the multivariable 
model the results remained essentially unchanged with P value for age, grade and mitotic 
count P = 0.015; P= 0.8 and P= 0.4 respectively. 

DCIS
Four in situ cancers were only visible at diagnosis not on previous imaging: 3 in carriers 
(6, 7 and 33 mm.) and 1 non - carrier (>40 mm) (Figure 2). 

Discussion

The growth rates of hereditary breast cancer are important to estimate the optimal test 
frequency for screening, be it by breast imaging (Mx or MRI) or new emerging screening 
tools, e.g. serum-proteomic-pattern markers [9,13,19].

Tumour volume doubling time was with 45 vs. 84 days twice as short in invasive can-
cers of BRCA1/2 mutation carriers compared to non-carriers and twice as short in pre- vs. 
postmenopausal women. However, mean age at detection differed significantly between 
the 2 risk groups and carriers were more often postmenopausal at a relatively young age 
after BPSO. Age at diagnosis and not risk-group nor menopausal status, was the only sig-
nificant indicator of tumour growth rate at multivariate analysis. The on average higher 
tumour growth rates in carriers vs. non-carriers and pre- vs. postmenopausal women con-
tributed apparently to earlier ages at detection. Tumours were more often high grade and 
the average mitotic count was higher in our younger carrier group as expected. When 
these indicators of growth rate were entered into the multivariate model still only age 
correlated independently with the estimated tumour doubling times (P=0.015). Tumour 
growth rates gradually slowed down (9% yearly) with increasing age at diagnosis, without 
a clear cut-off between the risk-groups or at menopause. 

Our study was performed in women with a well-defined hereditary risk, within sur-
veillance schemes with complete follow-up. The relatively low number of interval cancers 
(in 5 BRCA1 carriers only) may be due to the rather short screening intervals. We assessed 
the growth rates in only 4 invasive breast cancers in BRCA2 mutation carriers, who did 
not differ significantly with regard to age, tumour size, grade (and) or mitotic count from 
the BRCA1 mutation carriers. The DT pattern for BRCA1 mutation carriers and non-car-
riers of the same age were similar. 

In 7 patients no test for deleterious BRCA1 or 2 mutations was performed or com-
pleted. But after exclusion of the 7 results of the analyses were essentially the same. In the 
two risk groups, patient and tumour characteristics did not differ between those with and 
without DT assessment. Therefore DT measurements in both risk groups may be repre-
sentative for that group. 
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Either measurements at Mx or at MRI were used for DT calculations, but both corre-
lated well with size at pathology. Neither the mean doubling time nor the results at multi-
variable analyses differed significantly between assessments with either method.

The radiologist knew from the diagnostic imaging, where and how the cancer was 
depicted, therefore we estimated tumour size at the previous image with “no observable 
tumour” on retrospect, to have a max size of 2mm. This seems realistic as we could mea-
sure 5 tumours at MRI and 8 Mx cases were < 4mm. despite high breast density in several. 
By extrapolating growth-curves of tumours measurable at ≥ 2 Mx/MRI but “no tumour” 
at the previous image (9Mx, 2MRI), occult- tumour-size was at Mx twice < 2mm. and 7 
times < 4mm, at MRI twice < 2mm. Importantly, also when we assumed for the calcula-
tion of our DT’s occult -tumour-size at Mx to be < 4 mm (instead of < 2 mm), results of 
the multivariable analysis did not essentially change. 

Growth may not be continuous and possibly speed up or slow down under influence of 
host factors or size. However we performed calculations on the assumption of exponential 
growth of the tumours, as this is usually assumed to be the best approximation for the 
range of tumour sizes in our study (3-40 mm)[20,21]. Our findings in 12 of the 15 cases 
with more than 2 measurements were consistent with exponential growth, while in 1 there 
seemed to be a period without growth (figure 1). 

Although the tumours in BRCA1 mutation carriers are more frequently oestrogen- and 
progesteron receptor negative, a clear influence on the occurrence of (contralateral) can-
cers has been described for hormonal factors like menopause and BPSO, but less consis-
tently also for breastfeeding, use of oral contraceptives, pregnancy, parity and tamoxifen 
[22]. All these hormonal influences may, like other host factors, have an impact on tumour 
growth rate and possibly to a different degree in carriers of BRCA1 or BRCA2 mutations 
and non-carriers. Within the size and scope of our study we could only account for the 
strongest proven hormonal influence of menopause/BPSO. Extended and different studies 
are needed to clarify these complex issues. 

Spratt and colleagues calculated in sporadic breast cancer patients DT with a wide 
range from (of) 10-7051 days and age range 18-88 years. With age sorted in categories they 
did not find a clear relationship between growth rates and age [23]. They assessed however 
less fast growing tumours, by not including cancers that were only visible at diagnosis, not 
at the previous mammograms. Kusama, Spratt and colleagues on the other hand found 
significantly less tumours with short doubling times in patients age 60 years and over than 
in younger patients [24]. Peer and colleagues, calculated a median DT of 80 days (95% C.I. 
44-147) for breast cancers in women less than 50 years of age not selected for risk, twice 
as fast as in women aged 50-70 years [18]. These results are quite similar to the pre- and 
postmenopausal growth rates we calculated from our non-carriers (mean 75 and 153 days 
respectively), reflecting most likely the comparable ages at detection. The data available 
from sporadic breast cancers in the literature substantially support our analyses. 

Breast screening women aims to detect cancers at an early stage at which the future 
development of metastases is less likely, in order to possibly improve survival. Tumour size 
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at diagnosis and the number of positive axillary nodes are strong prognostic factors for 
survival in sporadic and hereditary breast cancers [4-7, 25], even though other evidence 
suggests that the proclivity to metastasize is acquired early in tumour genesis [3]. The per-
centage of patients with metastases seems to increase faster with size in high grade breast 
cancers than in low grade [26]. Tabar et al,.however, found good cumulative 12 yr. disease 
specific survival rates of over 90% for all high grade tumors ≤ 1 cm [27]. 

If we try to assess the optimal screening interval, taking the impact of tumour stage 
into account, we should consider, that a tumour with a diameter of 2 mm, missed at imag-
ing, needs 4 doubling times to reach size 5 mm, where it becomes easier to detect but is 
most likely still node-negative. In that period, a tumour with the same growth rate missed 
at 4 mm. may reach 1 cm. With regard to stage at detection a 4 times DT screening interval 
seems acceptable. In our study this would result in screening intervals of 3-7 months from 
age 30 till 40 years; of 7-16 months from 40 till 50 yrs. and 16-32 months from 50 till 60 yrs 
(Figure 3), reflecting the gradual decrease in growth rate for tumours detected at increas-
ing age. In practice and because of the range of DT’s at a given age this might translate into 
a biannual screening-test before age 40 yrs, annual between 40-50 yrs and once every 2 
years at age 50-60 yrs. It has been suggested by different models that in selected groups of 
women, biannual imaging might be necessary to improve survival [13, 19, 28, 29]

At such frequency, a test with high sensitivity for invasive cancer seems the method of 
choice. In BRCA1/2 mutation carriers MRI seems preferable over mammography because 
the tumor characteristics cause frequent false-negative mammography results [30] In MRI 
screening studies sensitivity for invasive cancers proved better for MRI than mammogra-
phy, but separate estimates for BRCA1/2 carriers are not yet available [8,9]. The number 
of BRCA1/2 mutation carriers under surveillance is relatively small and their expected tu-
mor incidence high (2% yearly between age 25-50 years) [1, 2]. Cost-effectiveness analyses 
are now performed, impact on survival however has still to be shown. 

In the large group of women at hereditary risk without a known BRCA1/2 mutation in 
the family, screening is usually started at an older age than in BRCA1/2 mutation carriers. 
Imaging annually between ages 40-50 yrs. and once every 2 years between 50-60 yrs. may 
be appropriate. This is in agreement with studies that have estimated the sojourn time (i.e. 
the length of time the disease is in the preclinical detectable phase) in women aged 40-49 
to be one year [31, 32] 

With 4 DCIS out of 30 cancers detected in BRCA1 carriers (and 1 in BRCA2) we can-
not confirm that the in situ stage is skipped in BRCA1 cancers. With screening it can be 
detected. We could recognize DCIS 4 times only at diagnosis, not the previous year. We 
do not know for how long DCIS may grow before invasion starts - the event we aim to 
prevent. But DCIS could reach a considerable size (33 mm and > 40 mm respectively) in 
carriers and non-carriers. 

In conclusion: Age at detection is the main indicator for growth rates of hereditary and fa-
milial breast cancers. If screening may prove indicated from a certain age on, the woman’s 
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age, not the risk group should determine the screening interval. A high-sensitive biannual 
test may be appropriate before age 40 years. 

Conflict of Interest Statement
None declared.

Acknowledgments

The authors like to thank Marijke Westerhout-Kersten and Kerstin van der Veen for assist-
ing in literature search, Ada van Eekelen for logistic support. Petra Bos, Titia van Echten, 
Angelique Schlief, Marijke Hogenkamp, Irene Groot and Arjan Nieborg for their contri-
bution to data management.



69

C
h

a
p

t
e

r
 3

References

1. Scott CL, Jenkins MA, Southey MC et al. Average age-specific cumulative risk of breast cancer according 
to type and site of germline mutations in BRCA1 and BRCA2 estimated from multiple-case breast cancer 
families attending Australian family cancer clinics. Hum Genet. 2003;112 (5-6):542-51.

2. Antoniou A, pharaoh P, Narod S et al. Average risk of Breast and ovarian cancer associated with BRCA1 
or BRCA2 mutations detected in case series unselected for family history: a combined analysis of 22 stud-
ies. Am.J HumGenet 2003;72:1117-30.

3. Schmidt-Kittler O, Ragg Th, Daskalakis A, et al. From latent disseminated cells to overt metastasis: Ge-
netic analysis of systemic breast cancer progression. Proc. Natl.Acad.Sci.USA 2003;100, 13:7737-42.

4. Sant M, Allemani C, Capocaccia R, et al. Stage at diagnosis is a key explanation of differences in breast 
cancer survival across Europe. Int. J Cancer 2003;106(3):416-22.

5. Michaelson JS, Silverstein M, Sgroi D, et al. The effect of tumor size and lymph node status on breast 
carcinoma lethality. Cancer 2003; 98; 2133-43. 

6. Carter C, Allen C, Henson D. Relation of tumor size, lymph node status and survival in 24,740 breast 
cancer cases. Cancer 1989; 63:181-7.

7. Eerola H, Vahteristo P, Sarantaus L, et al. Survival of breast cancer patients in BRCA1, BRCA2 and non-
BRCA1/2 breast cancer families: a relative survival analysis from Finland. Int. J Cancer. 2001; 93:368-372.

8. Kriege M., Brekelmans CTM, Boetes C, et al. Efficacy of breast cancer screening with MRI and mammog-
raphy in women with a familial or genetic predisposition. N Eng J Med 2004; July 29;351(5):427-37.

9. Robson ME, Offit K. Breast MRI for women with hereditary cancer risk. JAMA 2004;292(11):1368-70.

10. Brekelmans CT, Seynaeve C, Bartels CC, et al. Effectiveness of breast cancer surveillance in BRCA 1/2 
gene mutation carriers and women with high family risk. J Clin Oncol 2001; 19:924-30.

11. Lakhani SR, Gusterson BA, Jacquemier J, et al. The pathology of familial breast cancer: Histological 
features of cancers in families not attributablre to mutations in BRCA1 or BRCA2. Clin Cancer Res 2000; 
6:782-9.

12. Vaziri SAJ, Krumroy LM, Elson P, et al. Breast tumor immunophenotype of BRCA1-mutation carriers is 
influenced by age at diagnosis. Clin Cancer Res 2001; 7:1937-45.

13. Michaelson JS, Halpern E, Kopans D. Breast cancer: Computer simulation method for estimating optimal 
intervals for screening. Radiology 1999; 212:551-60.

14. Fletcher SW, Elmore JG. Clinical practice. Mammographic screening for breast cancer. N Engl J Med 
2003; 348:1672-80. 

15. Claus EB, Risch N, Thompson WD. Autosomal dominant inheritance of early-onset breast cancer. Impli-
cations for risk predictions. Cancer 1994; 73:643-51.

16. Verhoog LC, Brekelmans CT, Seynaeve C, et al. Survival and tumour characteristics of breast-cancer 
patients with germline mutations of BRCA1. Lancet 1998; 351 (9099):316-21.

17. Verhoog LC, Brekelmans CT, Seynaeve C, et al. Survival in hereditary breast cancer associated with germ-
line mutations of BRCA2. J Clin Oncol. 1999; 17: 3396-402.

18. Peer PGM, vanDijck JAAM, Hendriks JHCL, et al. Age-dependent growth rate of primary breast cancer. 
Cancer 1993; 71:3547-51.

19. Kopans DB, Rafferty E, Georgian-Smith D, et al. A simple model of breast carcinoma growth may provide 
explanations for observations of apparently complex phenomena. Cancer 2003; 97:2951-9. 

20. Norton L. A Gompertzian model of human breast cancer growth. Cancer Res. 1988; 48:7067—71.



70

21. Speer JF, Petrosky VE, Retsky MW, Wardwell RH. Et al. Stochastic numerical model of breast cancer 
growth that simulates clinical data. Cancer Res 1984; 44:4124-30.

22. Rebbeck TR Prophylactic oophorectomy in BRCA1 and BRCA2 mutation carriers. Eur J Cancer 2002;6:
S15-S17.

23. Spratt JA, von Fournier D, Spratt JS, et al. Mammographic assessment of human breast cancer growth and 
duration. Cancer 1993; 71:2020-6.

24. Kusama S, Spratt JS, Donegan WL et al. The gross rates of growth of human mammary carcinoma. Cancer 
1972;30:594-99.

25. Seynaeve C, Tilanus-Linthorst MMA, Meijers Heijboer H, et al. BRCA1 versus non-BRCA1/2-associated 
breast cancer: tumor characteristics and impact of prognostic and treatment factors.Proc.Am.Soc.Clin.
Oncol.2004;23:nr.9557.

26. Tubiana M, Koscielny S. Natural history of human breast cancer: recent data and clinical implications. 
Breast Cancer Res and Treatm. 1991;18:125-40.

27. Tabar L, Fagerberg G, Day NE, et al. Breast cancer treatment and natural history: new insights from 
results of screening. Lancet 1992; 339:412-4.

28. Ren JJ, Peer PG,. A study on the effectiveness of screening mammograms. Int. J Epidemiol.2000;29(5):803-
6.

29. Duffy SW, Day NE, Tabar L et al. Markov models of breast tumor progression: some age-specific results. 
Monogr Natl Cancer Inst 1997;22:93-7.

30. Tilanus-Linthorst MMA, Verhoog L, Obdeijn AIM, et al. A BRCA 1/2 mutation, high breast density and 
prominent pushing margins of a tumor independently contribute to a frequent false-negative mammog-
raphy. Int J Cancer.2002; 102:91-5.

31. Brekelmans CTM, Westers P, Faber JAJ, Peeters PHM, Collette H. Age-specific sensitivity and sojourn 
time in the DOM screening programme: a comparison of different methods. J Epidemiol. Community 
Health 1996; 50:68-71.

32. Feig SA. Increased benefit from shorter screening mammography interval for women aged 40-49 years. 
Cancer 1997; 80:2035-9.



Chapter 3.B 

Young age and a BRCA1&2 mutation predict fast 
breast cancer growth: results from UK, Dutch, 
Canadian MRI-screening studies.

Madeleine MA Tilanus-Linthorst, Inge-Marie Obdeijn, Wim CJ Hop, 
Petrina A Causer, Martin O Leach, Ellen Warner, Linda Pointon, John 
W Wong, Kimberley Hill, Jan GM Klijn, Ruth ML Warren, Fiona J 
Gilbert



72

Abstract

Breast cancer in young women with high hereditary risk can be detected early by screen-
ing with MRI. Interval cancers occur mostly in BRCA1 mutation carriers. To find the op-
timal screening frequency for different groups, we investigated the independent influence 
of age, a BRCA1or BRCA2 mutation, menopause and mammographic breast density on 
the growth rate of breast cancers.

Material and methods
To assess their tumour volume doubling time (DT) 125 cancers were reviewed from 3 
MRI screening trials for women at hereditary risk (UK 22-centre, Canadian and Dutch 
6-centre) for tumour size at diagnosis and preceding mammography and/or MRI. 

Results
DT of invasive cancers was assessed in 43 BRCA1- and 16 BRCA2 mutation carriers, 
and 41 women with 20-40% lifetime risk (non-BRCA1/2). Forty tumours, and 46% of 
BRCA1 cancers were of patients age 40 years or less. Invasive tumour pathology size was 
significantly greater in patients age 40 years or less than in older ones (median 15 vs. 9 
mm) (p=0.003) and correlated continuously inversely with increasing age (p=0.001) at 
univariate and multivariate analyses (p<0.001) corrected for density. Tumour growth rate 
correlated at multivariate analysis with age (p= 0.004) and decreased 1,6 times in each 10 
year older group. Growth was twice as fast in BRCA1 (p=0.003) and BRCA2 (p=0.03) than 
non-BRCA1/2 patients of the same age. Growth rate did not correlate independently with 
menopause, while a trend was shown for slower growth at higher breast density (p=0.07). 
In situ cancers were significantly more detected in dense breasts (75% in density>50%)) 
than invasive cancers (45%) (p=0.02).

Conclusion 
Annual MRI-screening detects smaller breast cancers in older age groups. Tumours de-
tected young and in BRCA1 & -2 mutation carriers grow faster. Increased screening fre-
quency is required for these groups to detect cancers early. 
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Introduction

The breast cancers of pre-menopausal women with increased hereditary risk can often be 
detected at a favourable stage by annual screening with MRI and mammography 1-4. This 
is important as BRCA1 mutation carriers have a breast cancer risk of 40% before age 50 
years and BRCA2 carriers 16% 5. In women without a BRCA1or BRCA2 mutation with an 
estimated lifetime risk for breast cancer of 20-40% based on pedigree information (non-
BRCA1/2), three quarters of the breast cancers occur above age 50 years 6, resulting in an 
estimated risk of 5-10% in the under 50 age group. Tumour size at detection is a key-pre-
dictor of survival also in BRCA1 mutation carriers and familial non-BRCA1/2 patients7,8.

Despite annual screening, interval cancers occurred during MRI surveillance studies 
mainly in the BRCA1 or BRCA2 mutation carriers9. Faster tumour growth may be one of 
the causes, as tumours grow faster in the younger age groups in both mutation carriers 
and non-carriers10, but occur more often at a young age in BRCA1 and BRCA2 carriers. 
Tumour growth rate and screening frequency may have considerable influence on the 
effectiveness of high risk-screening and may be important factors when considering a 
surveillance strategy in a particular age group.

High grade breast cancers are found more often in BRCA1 mutation carriers, than 
in non-BRCA1/2 carriers both under age 50 yrs (84% grade 3 vs. 17%) and over 50 years 
(47% vs. 23%)11. The growth rate of tumours in BRCA1 mutation carriers may decrease 
with age at a different rate than in non-carriers, and have possibly faster growth through-
out the age span. The characteristics of breast cancers in BRCA2 mutation carriers differ 
less from those in non-BRCA1/2 carriers and sporadic patients11,12. Tumour growth rates 
in BRCA2 mutation carriers may therefore differ from BRCA1, but could only be assessed 
in 5 BRCA2 mutation carriers in the above mentioned study 10. 

Induced menopause by bilateral preventive salpingo-oophorectomy (BPSO) halves 
breast cancer risk in BRCA1-2 carriers 13. Menopause and BPSO possibly slow down the 
growth rate of hereditary breast cancer. 

As well as family history and age, high breast density at mammography is one of the 
longest known and best documented risk factors for breast cancer 14-17. The stroma of the 
breast, containing collagen and blood vessels, is known to influence tumour growth in 
human breast cancer cell cultures, and possibly invasiveness 18,19. We speculated that dense 
breast tissue might influence tumour growth rate.

In order to investigate whether age, hereditary risk-group, hormonal factors and breast 
density independently influence tumour growth rates we assessed the growth rate of the 
tumours in 3 MRI-screening studies in high risk women with complete registration of 
DNA testing, hormonal factors and follow-up: 1.The UK study in 22 centres MARIBS 2, 
2.The Canadian single-centre MRI-screening study 3 and 3. The Dutch MRISC 6 centre 
study1.
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Further we assess in these 3 large national studies with a yearly imaging frequency in 
all age groups the influence of age on tumour size. 

Material and methods

Tumours found during screening in patients taking part in the Dutch MRISC study, The 
UK MARIBS study and the Canadian high risk screening study were included in this anal-
ysis. All studies have been given institutional ethical approval and all women have given 
informed consent. The eligibility criteria for each study has been previously published1-3. 
and included BRCA1&2 gene mutation carriers and women at 20-40% lifetime risk of de-
veloping breast cancer (non-BRCA1/2 carriers). Patients were included if the MRI and/or 
mammogram from the diagnostic screen was available for review together with the previ-
ous screening examinations. The Dutch images were reviewed by I-M O, The UK images 
by RMLW and FJG and the Canadian images by PAC. 

Patients
In the Dutch high-risk screening study MRISC we could evaluate the size of 28 tumours at 
diagnosis, and with the same radiological technique, either Magnetic Resonance Imaging 
(MRI) or mammography (Mx) at previous examination(s), detected between July 1, 2003 
and January 1, 2006,. These results were added to the previously described in 55 tumours 
detected at high-risk MRI-screening before July 200310.

Tumour size could be evaluated in 18 cancers detected within the22 centre- UK MAR-
IBS study between August 1997 and May 2004 2. All non-BRCA1/2 patients were anony-
mously DNA-tested. 

The size of 24 cancers detected in the Canadian high-risk MRI screening study could 
be evaluated 3. The study included from November 1997-September 2005 unaffected 
women between age 25-60 yrs. and affected (past history of breast or ovarian cancer; until 
June 2003) who were a). BRCA1/2 mutation carrier, b). First-degree relatives of mutation 
carriers (until June 2003) and c). Women with a family history of ≥3 family members with 
breast cancer < 50 years or ovarian cancer (until July 2002) (non-BRCA1/2).

In total tumour volume doubling time (DT) could be assessed in 125 tumours.
Breast density was measured visually at diagnostic Mx in a semi-quantitative 4 scale 

system (< 25% of dense breast tissue = 1, 25-50%=2, 50-75%=3, and > 75%=4) in the 
Dutch and Canadian patients. The MARIBS study used a 3 point scale-fatty, mixed or 
dense.These were reclassified as 1, 2.5 and 4.

Measurements and calculation of tumour growth rates
The way measurements were performed and growth rates calculated have been described 
extensively 10. In short, If the tumour could be clearly identified at the diagnostic MRI and 
previous imaging was available, 3D measurements at right angles, including the single 
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largest diameter (SLD) of the tumour were performed. For all cancers positively identified 
at the diagnostic Mx with a previous available, the SLD was measured and the diameter 
perpendicular at both oblique and craniocaudal view. 

For cancers with a measurable tumour at 2 or more subsequent MRI/Mx, and where a 
previous image showed no visible tumour (n.v.t.), only the measurable sizes were used for 
the calculation of individual tumour volume doubling time.

For patients with measurements at diagnosis and no visible tumour (n.v.t.) at the pre-
vious examination the estimated tumour size at n.v.t., previously set at 0.004 cm3 corre-
sponding to a diameter of 2 mm., was re-evaluated. 

The volume of the tumour was estimated using the formula for obloid spheroids: V=4/
3π.1/2a.1/2b.1/2c. When 4 sizes were assessed at Mx the SLD (a), the smallest (b) and the 
mean of the other 2 (c) were used.

We assessed whether tumour volume changes with time confirmed exponential growth 
(i.e. growth with a constant volume doubling time) or Gompertzian growth (exponential 
growth, but accelerated at small tumour size and slowing down at large tumour size) 20.

The slope of the straight line connecting the 2log-transformed volume measurements 
was calculated, using least-squares regression for 3 or more real volume measurements. 
Tumour volume doubling times were calculated using the formula: DT=log2/β, where β is 
the slope of the regression line of the logarithm of the tumour volume vs. time.

Statistical methods
Differences in patient and tumour characteristics between the 3 risk-groups were tested 
with the use of the t-test in case of continuous variables and of the chi-square test or Fisher’s 
exact test in case of categorical variables. To determine the correlation between tumour size 
at mammography /MRI and at histo-pathologic examination we calculated Pearson’s cor-
relation coefficient 21 separately for invasive cancers and ductal carcinoma in situ (DCIS). 
To get an approximate normal distribution of volume doubling times, these times were 
logarithmically transformed for analysis. Comparison of the transformed DT between 
risk-groups was done using the t-test. Multiple regression was used to evaluate simultane-
ously the effects of age, risk-group and breast density. STATA-software (CNREG) was used 
in these calculations to allow for the presence of left-censored volume doubling times. A 
two-sided P-value of less than 0.05 was considered to indicate statistical significance.

Results

Patients and tumour characteristics
Tumour-size could be assessed at diagnosis and previous imaging in 100 patients with 
invasive tumours and 25 ductal carcinoma in situ (dcis); 50 in BRCA1-, 23 in BRCA2 
mutation carriers, and 52 in non-BRCA1/2 patients. The characteristics of the patients in 
the 3 studies are given in Table 1. Patients were on average significantly younger in the 
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British and Dutch than in the Canadian group; average age 42 and 44 vs. 50 yrs. respec-
tively (p=0.007). The different age in the 3 study-groups was significant in BRCA1 and 2, 
not in non-BRCA1/2 patients.

Median invasive tumour size was with 8 vs.12 and 13 mm. respectively significantly 
smaller in the Canadian study than in the Dutch (p=0.02) and British (p=0.03). 

Patient and tumour characteristics in the 3 hereditary risk-groups are given in Table 
2. About 2/3 of the cancers evaluated were of patients before the menopause. The average 
age was significantly lower in pre-menopausal BRCA1 patients than in BRCA2 and non-
BRCA1/2 patients, 38 vs. 43 and 43 yrs. respectively (p=0.009). Of the evaluated cancers 
9 (18%) of the BRCA1 were detected in the interval and 3 (6%) of the non-BRCA1/2 
patients. Six of the 12 interval-patients were age 41 years or less. Median and average in-
vasive tumour size was with 18 mm. vs. 13 mm. larger in the interval than screen-detected 
cancers. Only 1 of the interval cancers came within 6 months of the previous imaging. 

Forty-six % of the BRCA1 tumours were of patients age 40 years or less vs. 22% of 
BRCA2 and 23% of non-BRCA1/2 tumours (p=0.02). Median invasive tumour size was 
with 15mm. vs. 9 mm. significantly larger in patients detected at age 40 years or less than 
above (p=0.003). The difference was most pronounced in BRCA1 patients 18 vs. 12 mm. 
Invasive tumour size decreased significantly with increasing age; correlation coefficient r 
= -0.3 (p=0.001).

The frequency of DCIS did not differ significantly between the 3 risk groups (p=0.4). 
There was no significant difference between patients with invasive and in situ cancers in 
age (average 45 vs. 43 yrs. respectively; p =0.3), menopausal status (p=0.9), the percentage 
detected at interval (13 vs. 4%; p=0.3), or grade (p=0.2) of the tumours. 

Table 1. Patients characteristics in the British, Canadian and Dutch study

UK MARIBS Canadian Dutch MRISC Total
Nr.invasive
(nr. dcis)

Nr. invasive 
(nr. dcis)

Nr. invasive
(nr. dcis)

Nr. invasive
(nr. dcis)

Nr. invasive 
(nr. dcis)

BRCA1  5  8 (2) 30 ( 5)  43 ( 7)
BRCA2  4 (2)  7 (4)  5 ( 1)  16 ( 7)
Non-BRCA1/2  5 (2, p53)  2 (1) 34 ( 8)  41 (11)
Total nr. 14 (4) 17 (7) 69 (14) 100 (25)
Median invasive 
PA size

13
(6-31 mm)

 8
(4-20mm.)

12
(4-42mm.)

p-valuea

0.045
Mean age (range) MARIBS Canadian  Dutch p-valuea

BRCA1 40 (34-45) 50 (38-60) 40 (27-60) 0.01
BRCA2 47 (41-52) 51 (38-67) 39 (36-46) 0.01
Non-BRCA1/2 40 (31-47) 45 (39-48) 45 (31-61) 0.09
Total 42 (31-52) 50 (38-67) 44 (27-61) 0.007
Density at Mx 
< 50%  6 (43%)  9 (40%) 36 (53%) 0.5b

≥ 50%  8 (57%) 13 (60%) 32 (47%)
a p-value for the difference between the 3 study-groups b p-value for the difference in percentage patients with 
< 50% and ≥ 50% mammographic density between the 3 study-groups.
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Mammographic breast density was in all 3 risk-groups significantly less frequently 
high (>50%) for invasive tumours than in situ; density was high in 45% of invasive tu-
mours vs. 83% of dcis in BRCA1; in 53% vs. 86% respectively in BRCA2 and in 42% vs. 
57% in non-BRCA1/2 (p= 0.02). Seventy-five % of the DCIS was associated with high 
mammographic density. 

Table 2. Patients and tumour characteristics in the 3 risk groups

Total BRCA1 BRCA2 Non-BRCA1/2 p-value
Patient characteristics Nr=125 nr= 50 nr= 23 Nr= 52
Mean age (range)
Overall 45 (27-67) 43 (27-60) 48 (37-67) 46 (32-59) 0.04a

Pre-menop. 41(27-53) 38 (27-50) 43 (36-52) 43 (31-53) 0.009a

Post-menop. 53(37-67) 51 (37-60) 55 (47-67) 54 (45-61) 0.5a

Menopausal status Nr. % Nr. % Nr. % Nr %
Pre- 85 (68%) 33 (66%) 16 (70%) 36 (69%) 0.2a

Post- BPSO 12 (10%) 10 (20%)  1 ( 4%)  1 ( 2%)
Post- natural 28 (22%)  7 (14%)  6 (26%) 15 (29%)
Nr detected per age group (%)  Nr. %  Nr. %  Nr. %  Nr. %
≤ 40 yrs (%) 40 (32%)  23 (46%)  5 (22%) 12 (23%) 0.02 a

> 40 yrs (%) 85 (68%)  27 (54%)  18 (78%) 40 (77%)
Detected at  Nr. %  Nr. %  Nr. %  Nr. %
Interval  12 (10%)  9 (18%)  3 ( 6%) 0.05a

Screening 113 (90%) 41 (82%) 23 (100%) 49 (94%)
Median invasive 
Tumour size interval 

 18 mm 0.1b

Median invasive tumour size 
screen detected

 11 mm

Tumour characteristics  Nr. %  Nr. %  Nr. %  Nr. %
DCIS  25 (20%)  7 (14%)  7 (30%) 11 (22%) 0.3a

Invasive 100 (80%) 43 (86%) 16 (70%) 41 (78%)
Median invasive size at 
pathology mm. (range)

 11 (4-42) 13 (4-40)  8 (4-15) 11 (4-42) < 0.001a

Median invasive size ≤ 40 
yrs mm.

 15 (4-40) 18 (4-40) 11 (7-15) 12 (4-20) 0.003c

Median invasive size > 40 
yrs mm.

  9 (4-42) 12 (4-35)  7 (4-10) 10 (5-42)

Total Mx- density Nr. % Nr. % Nr. % Nr. %
≤ 50% in inv. 46 (55%) 21 (55%) 7 (47%) 18 (58%)
> 50% in inv. 38 (45%) 17 (45%) 8 (53%) 13 (42%) 0.02d

> 50% in dcis 15/20 (75%)  5/6 (83%) 6/7 (86%)  4/7 (57%)
Gradee 1 11 (12%)  1 ( 3%) 1 ( 7%)  9 (24%)
 “ 2 38 (43%) 12 (32%) 9 (60%) 17 (46%) <0.001 a

 “ 3 40 (45%) 24 (65%) 5 (33%) 11 (30%)

a p-value for the difference between the 3 risk-groups b p-value for the difference in tumour size between the 
total screen- and in the interval detected cancers c p-value for difference in tumour size ≤ 40 yrs and > 40 yrs 
in the total group d p-value for difference between the per cent of the invasive tumours and per cent of dcis 
detected in > 50% dens breast tissue e grade of invasive tumours
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Grade 3 invasive tumours were most frequently seen in BRCA1- (65%), grade 2 in 
BRCA2 (60%) and grade 1 in the non-BRCA1/2 patients (24%) p<0.001. Median size 
of the invasive tumours differed with 13 vs. 8 vs. 11 respectively significantly between 
BCA1-, BRCA2-mutation carriers and non-BRCA1/2 carriers (p<0.001).

Tumour measurements and Doubling Times (DT) of the 100 invasive tumours
Calculations of DT were performed using ≥2 real measurements at MRI or Mx for 60 in-
vasive tumours, and 1 real measurement at diagnosis with a previous examination show-
ing no visible tumour (n.v.t.) for 40. Not including this group with n.v.t. at the previous 
exam would selectively exclude many of the fast growing tumours for the estimation of 
growth rate.

Table 3. Number and modality of the measurements used for DT calculations according to centre, invasiveness 
of the tumour, and risk-group

Total Nr. MRI ≥2 Mx ≥2 MRI 1 + 
n.v.t.

Mx 1 + n.v.t.  Total≥2 Total 1 + 
n.v.t.

p-value

Inv. (is) Inv. (is) Inv. (is) Inv. (is)  Inv. (is) Inv. (is)
British  8 (2)  1 (1)  4 (1)  1  9 ( 3)  5 ( 1)
Canadian  5 (1)  2 (1) 10 (5)  -  7 ( 2) 10 ( 5) 0.07
Dutch 23 (2) 21 (6) 12 (2) 13 (4) 44 (10) 25 ( 6)
Total 36 (5) 24 (8) 26 (8) 14 (4) 60 (15) 40 (12)
Risk group Inv. (is) Inv. (is) Inv. (is) Inv. (is)  Inv. (is)
BRCA1 14  9 (1) 15 (3)  5 (3) 23 ( 1) 20 (6)
BRCA2  6 (1)  2 (3)  7 (3)  1  8 ( 4)  8 (3) 0.048
Non-1/2 15 (4) 15 (4)  5 (2)  6 (1) 30 ( 8) 11 (3)

NR.- Number, ≥2 - 2 or more real measurements, n.v.t.- no visible tumour, inv.- number of Invasive tumours, 
(is) - ductal carcinoma in situ.

Significantly more DT’s were calculated with ≥2 real measurements in invasive tumours 
of non-BRCA1/2 patients (73%), than BRCA2 (50%) or BRCA1 (53%) (p=0.048). Less 
DT’s were calculated with ≥2 real measurements in the Canadian (41%) than in the Dutch 
(64%) and British (64%) group (p=0.07) despite the higher ages in the former.

Invasive tumour size at pathology correlated well 21 with the measured size at diagnos-
tic MRI with coefficient 0.7 (good) and moderately well with size at Mx. coëfficient 0.6.

In situ size correlated well with size at diagnostic MRI with coëfficient 0.7 and moder-
ate-poor with Mx size coefficient 0.5.

Exponential tumour growth 
In order to investigate whether smaller tumours were growing faster and the growth rate 
was slowing down at large tumour size (Gompertzian growth) 20 we plotted invasive tu-
mour size against DT. Within the range of sizes of the tumours in this study, tumour volume 
doubling times were not dependant on tumour size. Most large tumours had small dou-
bling times (fast growth), while tumours <10 mm. often had large DT’s (slow growth). 
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In the previous study tumour size at “no visible tumour” (n.v.t.) was set at 0.004 cm3 
corresponding to a diameter of 2 mm (assumed lower detection limit). When extrapolat-
ing tumour size from the tumours with ≥2 real measurements and n.v.t. at a previous 
image this resulted in estimated n.v.t. tumour sizes at MRI of 3x < 2 mm (Figure 1), 3x 5 
and 2x 10 mm. At mammogram 2x < 2mm., 4x < 4mm, 6, 7 and 10 mm. In the complete 
series 9 real measurements of invasive tumours at MRI were ≤ 2 mm. for the “largest size” 
and 21 were < 4mm. For Mx 4 tumour sizes ≤2 mm were measured and 11 x <4 mm. We 
therefore set tumour size for “no visible tumour” (while in later images measurable) at 
MRI at < 2mm. and at Mx at <4mm.

Growth rates of the 100 invasive cancers by age, risk group and breast density 
The further analyses are performed in only the 100 invasive tumours. At univariate analy-
sis DT correlated significantly with age; coefficient 0.07; p=0.003. 

Menopause did not correlate significantly with DT either by univariate analysis p= 0.1, 
or correcting for age p=0.5. The correlation of DT-age was not significantly different in the 
pre-menopausal group (CI for age-DT 0.02-0.2; p=0.01) and the post-menopausal group. 
Nor did the correlation DT-age change when correcting for interval cancer (coefficient 
age-DT 0.07; p=0.003).

Adjusted for age, no significant correlation could be seen between DT and Bloom-
Richardson grade (Gr 2 vs.1, p=0.09; Gr3 vs. 1, p=0.1)

Adjusted for age, and study-group, a significantly shorter average DT was seen how-
ever in BRCA1 (p=0.003) and in BRCA2 than non-BRCA1/2 patients (p= 0.03) (Table 4). 
The average DT’s of BRCA1&2 mutation carriers were twice smaller at the same age than 
in non-BRCA1/2 patients (Figure 2).

Chapter 3B fig 1 
Fig 1 Exponential tumour growth during 2 years before detection and no visible   .
tumour 4 years earlier
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Figure 2 Doubling times of the 100 invasive tumours according to age and risk-group 
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Figure 1. Exponential tumour growth during 2 years before detection and no visible tumour 4 years earlier

y-axis volume at imaging, x-axis time before detection
52 yr old British BRCA2 patient. Tumour detected (0) at MRI 7.6x6mm, 1 yr before (-1) 5x3mm, 2 yr before 
2x2mm, 4 (triangle) yr before no abnormality at MRI, extrapolated volume <0.004 cm3
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With every 10 years older age the geometric mean DT increases with a factor 1.6 
(95%CI: 1.2-2.1). This factor applies to all 3 risk-groups (difference between risk-groups: 
P=0.71).

Table 4 Multivariate analysis of the relation between tumour doubling time (DT) in 100 invasive tumours, age 
and risk-group, adjusted for participating study group.

Factor DT ratio 95% CI of 
DT ratio

p-value

Age 1.6¶ 1.2-2.1 0.004
BRCA1 0.5# 0.3-0.8 0.003
BRCA2 0.5# 0.2-0.9 0.03

¶ effect of an increase of age with 10 years
# versus non-BRCA1/2

No clear correlation could be detected between DT and breast density at mammogra-
phy (coefficient 0.3; p=0.3) at univariate analysis in the total group. In the non-BRCA1/2 
group however a trend was seen for slower growth at higher density (p=0. 07). With age, 
risk group and density in the model a trend for slower growth at increasing density was 
seen (p=0.07).
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Fig 1 Exponential tumour growth during 2 years before detection and no visible   .
tumour 4 years earlier
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Figure 2. Doubling times of the 100 invasive tumours according to age and risk-group
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Results per age cohort

Table 5. Numbers, tumour pathology size, geometric mean DT and average density of 100 invasive cancers per 
age-group

≤ 40 years 41-50 years > 50 years p-value
nr.  n=31  n= 41  n=27
Median and
mean pathology size,
std. dev. 

15 mm
16 mm
 8 mm

10 mm
13 mm
 9 mm

 9 mm
11 mm
 8 mm

 
0.009

Geometric mean DT   
 BRCA1&2  33 days  55 days  73 days <0.001*
Non-BRCA1/2   117 days  183 days
Mean density**  2.6  2.5  2.0  0.03

* p for the difference in geometric mean DT between the 3 age groups ** Mean density at a 4 point scale. Mean 
value would be 2.5 with equal numbers ≤ 50% and > 50% density. 

Growth slowed continuously down with age and mean DT was at every age twice shorter 
in carriers. Tumour size decreased continuously significantly with increasing age; correla-
tion coefficient r= -0.3 (p=0.001). The mean of these results for 3 age cohorts are given in 
Table 5. Tumour size decreased (p=0.009) and DT increased significantly in older cohorts 
(p<0.001). Density did not differ significantly between the age 40 or less and 41-50 year-
group (p=0.4), but was significantly lower above 50 years than in the 41-50 age-group 
(p=0.04). Multiple regression showed that tumour size decreased significantly in older 
age-cohorts (p<0.001), but did not correlate with density-scale (p=0.3).

Subgroup-analyses
The effect of age on doubling time did not differ in the 3 national study groups (p=0.92). 
Also the independent influence of a BRCA1&2 mutation on DT (adjusted for age), was 
consistent in the 3 study-groups (p=0.6). As a sensitivity analyses we performed the mul-
tivariate analyses also, with the “size at no abnormality” at MRI set at 0.01 instead of 0.004 
cm3. This hardly changed the analyses results with coefficient and p-value for age-DT re-
spectively 0.07 (0.002), for BRCA1 -1.0 (0.004), for BRCA2 -1.0 (0.04).

When the multivariate analyses were performed using only the 60 invasive tumours 
with ≥2 real measurements, the correlation between age and DT remained and the cor-
relation between risk-group and DT did not change, but reached significance only for 
BRCA1 (p=0.01). Evaluation of MRI vs. Mx measurements did not show a significant dif-
ference regarding the DT-age effect or of the results at multivariate analyses between cases 
of both modalities (p=0.81).
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Discussion

In these 3 large national MRI-screening studies, the decreasing growth rate of breast can-
cers at increasing age was confirmed in BRCA1&2 mutation carriers and non-BRCA1/2 
patients. Invasive tumour growth rate decreased on average 1,6 times in each 10 years 
older cohort. Although the average growth rate decreased slightly slower with increas-
ing age compared to the previous study (DT ratio1.9)10, the correlation is robust. Slower 
growth of tumours detected at older age has been shown in mammography screening 
studies in patients above 40 years, not selected for family history 22,23.

A finding unique to our study is that at the same age, the average growth rate of the tu-
mours of BRCA1&2 mutation carriers was twice as fast as in non-BRCA1/2 patients (DT 
ratio 0.5). This mutation-effect on tumour growth was also consistent in the 3 national 
study-groups. The average growth rate at a certain age did not differ however between 
carriers of a BRCA1 or a BRCA2 mutation. A comparable ratio for the growth rates of 
BRCA1&2 vs. non-BRC1-2 tumours was seen in the previous study (0.7) however not 
reaching significance adjusted for age. As we lack an age matched group of patients from 
the general population (“sporadic”) detected in a MRI-screening setting, we cannot say 
whether the growth rate of our non-BRCA1/2 patients possibly differs from “sporadic” 
patients of the same age. In that case tumours in BRCA1&2 mutation carriers might 
grow faster than in “sporadic” patients, but not twice as fast. This cannot be tested for 
the “sporadic” group since women aged < 40 years and at population risk do not undergo 
MRI-screening. Peer et al22 calculated median DT of 80 days in sporadic patients less than 
50 years and twice slower growth above age 50 years. One might expect slower tumour 
growth in non-BRCA1/2 than sporadic patients, as they are more frequently low grade 
in some studies, although not in others8,11,12. We could not demonstrate a correlation of 
tumour grade with faster or slower growth independent of age however. 

Eighteen percent of the tumours in BRCA1 vs.6% in the non-BRCA1/2 patients were 
detected during the screening interval in our study, and half of the interval-patients were 
≤ 41 years. As the invasive tumour size was with 18 mm. vs. 13 mm. larger in the interval 
than screen-detected cancers, screening results might improve if interval cancers could be 
prevented. Only 1 of the interval cancers came within 6 months of the previous imaging. 

Tumours were on average significantly larger (15 vs. 9mm.) in the 40 patients detected 
at age 40 years or below than above (p=0.003). In BRCA1 mutation carriers in this study 
46% were detected under age 40 years vs. 22% and 23% in BRCA2 and non-BRCA1/2 
patients (p=0.02). This reflects partly the age of the participating women in the 3 national 
studies. The frequent occurrence of tumours under age 40 in BRCA1 mutation carriers, 
the significantly larger tumour size under age 40, the relatively frequent interval cancers in 
BRCA1 patients, the larger size of the interval cancers and the twice faster tumour growth 
in BRCA1&2 mutation carriers than non-BRCA1/2 patients suggest, that especially the 
small group of BRCA1&2 mutation carriers < age 40 years will benefit from twice yearly 
high sensitive screening. In carriers this means screening with MRI 1-4.
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Tumour size decreased also continuously significantly with increasing age. In all 3 
age-cohorts imaging was performed yearly. Breast density was not significantly lower in 
the 41-50 year group than the aged 40 year or less, and did not explain at multivariate 
analysis the on average smaller size of the tumours in the older group (median 10 and 
15 mm respectively). The earlier detection is therefore most likely caused by the slower 
growth of the tumours in the on average 10 year older group. The BRCA1&2 mutation 
carriers above 40 years of age were in this joint study detected at a favourable stage by 
yearly imaging with MRI. Even in grade 3 tumours a 12 year survival of over 90% may be 
expected in node negative tumours of 1cm or less23. Our results suggest, that above age 
50 the screening frequency could be decreased gradually, while below age 40 years the 
frequency should be higher for equal results.

In the large group of non-BRCA1/2 high-risk women, growth rate was twice slower 
than in carriers, and yearly imaging may be sufficient till age 45 years. Gradual decrease to 
once every 1,5 year between 45-55 and biannual imaging between 55-65 years would be 
most in accordance with our findings. 

We could not demonstrate an influence of menopausal status independent of age, 
while the DT according to age did not differ in the small group of patients with an early 
menopause by bilateral preventive salpingo-oophorectomy (10%). 

Dense breast tissue did not enhance growth rate. A trend was even seen for slower 
growth with increasing breast density especially in the non-BRCA1/2 familial patients. 
Therefore dense breast tissue does not seem a valid reason to increase screening frequen-
cy. Nor did dense breast tissue enhance invasiveness of the tumours. On the contrary, 
breast tissue was significantly more often highly dense (> 50%) in DCIS than in invasive 
tumours and this was not caused by younger age in the DCIS group. The well-documented 
increased breast cancer risk in denser breast tissue does not seem to be caused by faster 
tumour growth or enhanced invasiveness therefore. Breast density was not measured pre-
cisely however, but estimated visually on a 4 point categorical scale. 

Half of the DCIS (13) were measured for growth at MRI and it is promising that they 
are increasingly detected at MRI, suggesting that addition of mammography to MRI 
screening may be not necessary in the future. 

Tumour growth
Many early studies of breast cancer growth rate have been performed in vitro in tumour 
cell-lines at the earliest stages of growth at a tumour size that would not be detectable in 
the living human 24-25. Recent studies in mice have suggested, that only a small proportion 
of the tumour cells, are self-renewing and drive tumour growth and metastasis, the so-
called cancer stem cells 26,27. An increasing proportion of stem cells would suggest more 
aggressive breast cancer, 25% stem cells were found in an extremely aggressive breast tu-
mour. We could not demonstrate however a correlation between tumour grade, the usual 
indicator of tumour aggressiveness and growth rate. Large scale mammography screen-
ing-studies have given useful data for in human’s detectable tumour sizes 22,23,28-32. In our 
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study most tumours seemed to have exponential growth. Contrarily to the Gompertzian 
model most slowly growing tumours were small in our study, probably because slowly 
growing tumours have a better chance of being detected early. 

We can recognise some limitations to the present study, that are consequent on the 
combination of material from three different national trials. The background inclusion 
criteria were different which results in the older age profile of the Canadian participants. 
The review processes have been undertaken separately by the three national groups, and 
although methods were precisely described and discussed, one cannot be sure that these 
were exactly comparable. The gain from combining the material to give greater statistical 
power for the subset analysis however exceeds these limitations, allowing the analyses for 
separate gene mutations, interval cases and of the correlation between age- DT and age-
tumour size with sufficient power to give statistically significant findings. 

A tumour can sometimes acquire the mutation(s) that enables it to metastasize early in its 
development. The chance to acquire this mutation(s) increases however most likely with 
every cell division and therefore with increasing size of the tumour. Also in BRCA1 mu-
tation carriers and non-BRCA1/2 familial patients tumour size was a strong indicator of 
survival 7,8. Screening hereditary high-risk women may therefore effectively reduce mor-
tality by detecting the tumour early. It depends on the risk group from what age on screen-
ing may be indicated and cost-effective, but our study shows, that both young age and a 
BRCA1 or BRCA2 mutation, but not dense breast tissue, are good reasons to increase the 
frequency of the screening test. Especially the small group of BRCA1&2 mutation carriers 
under age 40 years need MRI twice yearly to prevent large tumours and interval cancers.
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MARIBS study

The UK MARIBS study (May 21, p769)1 provides important information on the screening 
of women at high risk of breast cancer with MRI and mammography. The study will have 
had the additional benefit of spreading the MRI breast screening expertise of a few centres 
quickly over the country, as did the Dutch study.

Two points regarding this study and the other two large prospective MRI-screening 
studies done so far are worth noting.

First, the occurrence of only a few interval cancers during screening in the three studies 
seems a good result as is the promising state at detecton (table).

However, although it can result in more interval cancers, breast self-examination can 
decrease the number of large or node-positive cancers detected. In the three studies, the 
interval cancers were all node-negative and five of seven were less than 2 cm (table) (stage 
of 1 not presented in the MRISC). Selfexamination caused few extra investigations in the 
Dutch study. Therefore, the sensitivity and specificity of breast self-examination should be 
presented in all three studies, not only those of MRI, mammography, and clinical exami-
nation. Self-examination can be more cost-effective than clinical examination and should 
not be neglected in our investigations. Monthly self-examination after good instruction 
does not necessarily increase anxiety, although it underlines that MRI-screening has limi-
tations. The negative results of a large randomised study on breast self-examination are 
not applicable to the surveillance situation, because some of the Shanghai women in the 
study were not seen by a doctor nor underwent mammography after they felt a lump. Pre-
senting the results of breast self-examination in the studies would illustrate that surveil-
lance relies on cooperation between healthy women and well equipped doctors.

Second, the interval cancers in the three studies were nearly all in BRCA1/2 mutation car-
riers (table). In our study on the growth rate of hereditary breast cancer, young age at de-
tection predicted fast tumour growth both in BRCA1/2 mutation carriers and in patients 
at high familial risk. Breast cancers can occur at a very young age in BRCA1/2 mutation 
carriers, because the incidence increases rapidly from age 30 years onwards. Therefore, we 
should investigate whether imaging more frequently than yearly might be necessary in 
this small group of young mutation carriers. Twice yearly MRI in women younger than 40 
years, or maybe MRI and mammography at different time points, should not be dismissed 
as too costly. All doctors now offering surveillance to young BRCA1/2 mutation carriers 
should be aware that there is a clear risk of interval cancer when imaging is done only 
once a year.

We declare that we have no conflict of interest.

*Madeleine M Tilanus-Linthorst, Inge-Marie Obdeijn, Karina C M Bartels
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Table 1. Number of cancers detected in the MARIBS, MRISC, and Toronto studies and at the interval by size, 
nodal status, and risk group

MARIBS MRISC Toronto
Total Cancers
(n=35)

Interval cancers
(n=2)

Total cancers
(n=50)

Interval cancers
(n=5)

Total cancers
(n=22)

Interval cancers
(n=1)

Size
Tis  6 1  6 0  6 0
<1 cm 11 1 19 1  5 0
1–2 cm  9 0 14 1  9 1
>2 cm  9 0 11 2  2 0
Nodal status
Negative * 21 1/1 33 4/5 13 1/1
Positive  5 0  9 ** 0  2 0
Unknown  3 0 2 1/5  1 0
Risk group
BRCA1/2 21 2 22 4 22 1
PTEN  0 0  1 0  0 0
High familial risk 14 0 27 1  0 0

* Node negative of respectively the 29, 44, and 16 invasive cancers in the 3 studies
** Node positive = results including nodal micrometastases of 0.2-2 mm..
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Summary

Aim Female BRCA1/2 mutation carriers develop in up to 50% breast cancer (BC) before 
age 50 years. We investigated whether the specific histologic features of BRCA1/2-associ-
ated breast cancer influence imaging. 

Methods We correlated the mammographic results with the histology of 34 BC in 
BRCA1/2 mutation carriers and 34 sporadic cancers in patients, matched for age and year 
of diagnosis.

Results Mammography was significantly more frequently false-negative in carriers 
than controls (62% vs. 29% p=0.01), despite comparable tumor size (mean Ø 1,51 vs 1,75) 
and breast density (high 41% vs 53%). The image in carriers was significantly less as spicu-
lated mass (6 vs 18 p=0.01) 

Cancers of BRCA1/2 mutation carriers had as expected frequently high mitotic counts 
(p<0.0001) and prominent pushing margins around the tumor (p= 0.08) (p= 0.05 for 32 
BRCA1). A new observation is also, that prominent “pushing margins” significantly cor-
related with a false-negative mammography (p=0.005) and with a mammographic image 
of a smooth / not a spiculated mass (p=0.01). False-negative mammography correlated 
independently with: BRCA1/2 mutation (p=0.02), prominent pushing margins (p=0.03) 
and high breast density (p=0.01). MRI was carried out in 12 carriers, had 100% sensitivity 
and detected 5 cancers, still occult at physical examination and mammography.

Conclusion A BRCA1/2 mutation and high breast density at mammography inde-
pendently contribute to false-negative mammography results. In mutation carriers any 
mammographic mass must be regarded with suspicion. Pushing margins of the tumor 
partly explain these results. For early BC detection in mutation carriers additional meth-
ods like MRI may be needed, but not necessarily in most other young women with breast 
symptoms. 
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Introduction

Female carriers of a BRCA1 or BRCA2 mutation are at an increased risk of developing 
breast cancer (BC) at a young age. Risks of 3% at 30 years of age and up to 50% at 50 
years have been described.1,2 Therefore carriers of these mutations often choose already 
at a young age surveillance, generally consisting of regular clinical breast examination 
and mammography, with the addition of breast magnetic resonance imaging (MRI) in 
some centers. However preliminary reports on the performance of mammography in the 
detection of breast cancer in mutation carriers show false-negative results of up to 62%.3-5 
A breast tumor is best recognized at mammography as a malignancy, when it is depicted 
as a spiculated or ill-defined mass, malignant calcifications, an asymetric opacity or an 
architectural distortion. A well-defined mass at mammography indicates a malignancy in 
less than 1%. 6-7 

One of the causes for the disappointing mammography results might be the specific 
histologic phenotype of BRCA1/ 2-associated breast cancers. This histologic phenotype is 
distinguishable from non hereditary tumors with more frequently high grade features like 
a high mitotic count, and less tubule formation. They show more often features of medul-
lary carcinoma like continuous pushing margins (well defined pushing edge, caused by a 
continuous front of tumor cells not separated by connective tissue) around > 75% of the 
tumor.8 BRCA1 -associated tumors show more prominent lymphocytic infiltrate and a 
less extensive intraductal component has been described.8-13 Possibly this influences the 
imaging in BRCA1/2 carriers.

In this study we investigated whether the specific histologic features of breast cancer in 
BRCA1/2 gene mutation carriers influence their mammographic appearance and cause a 
false negative mammographic result. 

We correlated the histopathologic characteristics of the breast cancers of BRCA1 and 
2 mutation carriers with the mammographic result and presentation. To correct for the 
improvement of the mammography over two decades and for the influence of young age, 
we compared the BRCA1/2 -associated cases with sporadic cancers in patients matched 
for year of diagnosis and age at onset. Further we checked whether the histologic features 
in the 2 groups showed the differences described in the literature. 

Patients and methods

BRCA1 and BRCA2 -associated cases. 

In this cross-sectional study we included all consecutive cases of breast cancer from Jan 
1980 till September 2001, in patients with a disease-causing BRCA1/2 germline mutation, 
whose mammography at time of diagnosis and histopathologic report could be obtained 
in the Daniel den Hoed Cancer Center. Carriers were identified through the registry of the 
Family Cancer Clinic of the Erasmus University Medical Center Rotterdam. We included 
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invasive and in situ cancers and both primary and contralateral breast cancer if the first 
treatment was surgery. We excluded all ipsilateral recurrences. In this way 43 cancers were 
identified. No imaging was available of the detection of 9 cancers, so the analyses were 
performed with 34 cancers. 

Selection of control cases. 
The group of 34 BRCA1/2 associated BC cases was matched for age at onset and year of di-
agnosis (the same year or as close as possible within 5 years) with 34 BC cases in sporadic 
patients without a family history of breast cancer, detected in the outpatient breast clinic 
of our hospital. The controls were not tested for mutations in BRCA1 or BRCA2. Controls 
were further excluded if the mammography performed at detection of BC or histologic 
slides were not available in our clinic.

Imaging review.
All mammograms were reviewed by an experienced radiologist who was informed of 
the clinical data provided at the initial reading but blinded for carriership and the initial 
mammographic result. Appearance of the tumor was described and classification was per-
formed according to the protocol of the American College of Radiology.14

True positive were the mammograms with classification: suspicious for malignancy or 
malignant. False-negative the mammograms with classification: no abnormality, benign 
or probably benign. 

Pathology.
Breast cancer staging was performed according to the TNM classification.15 The histo-

logic slides were reviewed by 2 pathologists (LCV and ThvdK) together and in consensus, 
who were uninformed of both the BRCA1/2 mutation status and radiological appearance 
of the tumors. Cases and controls were eligible for all the characteristics when invasive BC 
was present, (in in-situ carcinoma only presence of DCIS could be scored). 

The slides with the largest diameter of the tumor were used for evaluation. The pres-
ence of so-called “pushing margins”(smooth well-defined edge), lymphoplasmacytic in-
filtrate and ductal carcinoma in situ (DCIS) were scored semi-quantitatively 9,10. A tumor 
with less than 25% of pushing margins was given 1 point, 25-75% 2 points and >75% 3 
points. If DCIS was absent it was given 1 point, if present 2 points and extensive 3 points. 
The amount of stroma was scored as the estimated percentage of the area within the cir-
cumference of the tumor that was not occupied by tumor cells. Less than 25% of stroma 
was 1 point, 25-75% 2 points and >75% 3 points. Since the quality of the stroma could 
account for a range of distinct appearances, for instance densely fibrotic, highly cellular or 
myxoid stroma, the degree of fibrosis was similarly scored.The percentage of tubule for-
mation was scored according to the Nottingham modification of the Bloom-Richardson 
system; >75% (high) 1, 10-75% (medium) 2 and <10% (low) 3.16
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Statistical analysis.
Differences in patient and tumor characteristics between carriers and sporadic cases were 
tested by t-tests for continuous variables and chi-square tests for categorical variables. 
Fisher’s exact test was used if the count in at least one cell was <5. Odds ratios (that can be 
interpreted as relative risks) to investigate the simultaneous effect of several variables on 
mammographic presentation were computed by conditional logistic regression. 

A p-value of less than 0.05 was considered significant. All analyses were performed 
with SPSS version 9.0.

Results

Imaging at detection was available of 34 breast cancers, of which 2 in-situ, detected be-
tween Jan 1, 1983 and Sept 1, 2001 in 26 BRCA1 and 2 BRCA2 (2 cancers) mutation carri-
ers. These cases were matched for age at onset and year of detection to 34 sporadic cancers 
in 33 patients.

Review of mammography and histopathology.
Mammography was significantly less often suspicious for malignancy in carriers as com-
pared to controls, 38% vs. 71% respectively at review (p=0.01) (Table 1).

Table 1. Characteristics of 68 breast cancer cases in 2 8 BRCA 1/2 carriers and 33 controls.

Characteristics Carriers Sporadic group p-value
Breast cancers 34 34
Mean age (range) 39.4 (23-52) 39.8 (24-53) 0.85
Mammography
Initial result *suspicious/malignant 13/34 (38%) 23/34 (68%) 0.03

At review
*suspicious/malignant 13/34 (38%) 24/34 (71%) 0.01
High breast density 14/34 (41%) 18/34 (53%) 0.47
Appearance at review
No abnormality 11  7
Slight distortion  1  0
(partly) smooth mass 13  4 0.01
Spic/ill-defined mass  6 18
Calcifications only  3  5
MRI malignant 12/12 (100%)  6/7 (86%) 0.37

Pathology
Diameter all tumors 1.51 cm 1.75 0.30

* mammography classification suspicious or malignant, forming together the true positive results.



98

Review did not considerably change the percentage false-negative reports in both groups. 
The difference in true positive result of mammography was also significant in subgroup 
analyses with:

A) Only the 56 cases with all histologic variables complete, with mammography sus-
pect in carriers in (10/28 (36%) vs controls 20/28 (71%) p = 0.02) 

B) Only BRCA1 and their matched controls (12/32 (41%) vs 24/32 (75%) p = 0.01)
C) Exclusion of 3 carriers with no histology available and their matched controls 

(12/31 (39%) vs 22/31 (71%) p = 0.02) 
D) Only palpable tumors (9/24 (38%) vs 23/32 (72%) p = 0.01).

Not different between carriers vs. controls were the frequency of high breast density at 
mammography 14/34 (41%) vs. 18/34 (53%) (p= 0.47) and tumor size (mean ø 1,5 cm. vs. 
1,75 cm. respectively (p= 0.30)).

Table 2. Histopathologic characteristics in the 2 groups
Group BRCA1/2 carrier

n=34
Sporadic ca
n=34

p-value for trend

Tis  2/34 ( 6%)  0/34 ( 0%)
T1 27/34 (79%) 27/34 (79%) 1.00
≥ T2  5/34 (15%)  7/34 (21%)
N0* 23/32 (72%) 22/34 (65%) 0.38
# Pathol. Review 31 31
**Mitotic count 
Low  1/28 ( 4%) 17/28 (61%)
Medium  6 /28 (21%)  5 /28 (18%) 0.0001
High 21/28 (75%)  6 /28 (21%)
**Tubuli score
High

 
 1/28 ( 4%)  8 /28 (29%)

Medium  4 /28 (14%)  6 /28 (21%) 0.007
Low 23/28 (82%) 14/28 (50%)
**Pushing margins
<25% 18/28 (64%) 23/28 (82%)
25-75%  6 /28 (21%)  5 /28 (18%) 0.08
>75%  4 /28 (14%)  0/28
**Lymf.inf 
Grade 1 

 
 8 /28 (29%) 19/28 (68%)

Grade 2 11/28 (39%)  4 /28 (14%) 0.02
Grade 3  9 /28 (32%)  5 /28 (18%)
***DCIS 
Absent

 
13/31 (42%)

 
 9 /31 (29%)

Present 11/31 (35%) 17/31 (55%) 0.60
Extensive  7 /31 (23%)  5 /31 (16%)
**Fibrosis 
Grade 1

 
12/28 (43%)

 
 6 /28 (21%)

Grade 2  7 /28 (25%) 14/28 (50%) 0.40
Grade 3  9 /28 (32%)  8 /28 (29%)

*node negative in invasive cancer. # In 3 carriers no histology was available; their 3 matched controls are 
excluded. **This characteristic could not be scored in 1 DCIS and 2 of the 4 T1a tumors; their 3 matched 
controls are excluded. ***DCIS + DCIS around invasive carcinoma
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The mammographic images differed significantly between carriers and sporadic cases: 
a “spiculated /ill-defined mass” was reported significantly less in carriers vs. controls (6 vs. 
18) a (partially) smooth mass more often (13 vs. 4) (p = 0.01) (Table 1). MRI detected 5 
cancers in carriers that were still occult at physical examination and mammography.

Histopathologic differences between carriers and controls 
The histologic slides of 3 carriers were not available (1 a DCIS) and we excluded their 3 
matched controls. Only absence or presence of DCIS could be scored in 1 in situ carci-
noma and in 2 of the 4 stage T1a tumors in carriers. Of their 3 matched controls also only 
DCIS was scored. Breast cancers of BRCA1/2 mutation carriers showed significantly more 
frequently than controls a high mitotic count (p<0.0001), a low score for tubule formation 
(p=0.007) and more lymphocytic infiltrate (p=0.02) (Table 2). A greater proportion of the 
tumor with continuous pushing margins was seen more frequently though non signifi-
cantly (p= 0.08), but reached just significance when comparing only 32 cancers of BRCA1 
carriers with their matched controls (p=0.05). 

Correlation between pathology and imaging
Prominent versus absent or < 25% of continuous pushing margins at histopathologic ex-
amination correlated significantly with a false-negative versus true positive (suspicious/
malignant) result at mammography (p=0.005) (Table 3).

Table 3. Correlation between histology and mammography result

Mammography *true positive *false-negative p-value for trend
Number at mammography 37 (13 carriers + 24 controls) 31 (21 carriers + 10 controls)
Histology available** 34 (12 carriers + 22 controls) 28 (19 carriers +  9 controls)
Pushing margins#
 <25% 27/30 14/26
 25-75%  3/30  8/26 0.005
 >75%  0/30  4/26
Lymf.inf# 
 Grade 1 18/30  9/26
 Grade 2  6/30  9/26 0.10
 Grade 3  6/30  8/26
DCIS*** 
 Absent 11/34 11/28
 Present 14/34 14/28 0.22
 Extensive  9/34  3/28
Fibrosis# Grade 1  6/30 12/26
 Grade 2 14/30  7/26 0.13
 Grade 3 10/30  7/26

*True positive: mammographic report was suspicious for malignancy or malignant. False negative: 
mammographic report was no abnormality, benign or probably benign.**In 3 carriers no histology was 
available, the histology of their matched controls was excluded #Characteristics could not be scored in 2 
T1a tumors and 1 DCIS in carriers, their matched controls are excluded ***DCIS + DCIS around invasive 
carcinoma
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The correlation with negative result of mammography was non significant for lymphocyt-
ic infiltrate (p= 0.10), stroma (p=0.194), fibrosis (p=0.13) and absence of DCIS (p=0.22) 
(Table 3).

Absent or < 25% of continuous pushing margins at histology correlated also signifi-
cantly with an image of a spiculated /ill-defined mass at mammography (p = 0.01) (Table 
4). With pushing margins > 75% of the tumor (3 carriers) no spiculated mass was seen 
at mammography, while pushing margins scored mostly absent or low (score 1) if mam-
mography showed a spiculated mass (3 carriers and 18 controls).

Table 4. Correlation between histology and mammographic image 

Mammographic image Smooth mass Spic*/ill-defined mass P for trend
Number at mammography 17 (13 carriers + 4 controls) 24 (6 carrie + 18controls)
Histology available** 15 24
Pushing margins#
 <25% 8/14 21/24
 25-75% 3/14  3/24 0.01
 >75% 3/14  0/24
Fibrosis# 
 Grade 1 9/14

 
 4/24

 Grade 2 4/14 12/24 0.004
 Grade 3 1/14  8/24
Stroma 
 1 5/14

 
 3/24

 2 8/14 12/24 0.02
 3 1/14  9/24
DCIS*** 
 Absent 3/15 10/24
 Present 9/15 11/24 0.20
 Extensive 3/15  3/24
Lymfoc.inf 
 Grade 1 4/14 16/24
 Grade 2 7/14  4/24 0.10
 Grade 3 3/14  4/24

* image of a spiculated mass at mammography ** histology was not available of 2 carriers #Characteristics 
could not be scored in 1 T1a tumor ***DCIS + DCIS around invasive carcinoma

A spiculated versus a smooth mass correlated also significantly with a high score for fibro-
sis (p=0.004) and stroma (p=0.02) but not with lymphocytic infiltrate (p=0.10) or pres-
ence of DCIS (p=0.20) (Table 4).

Multivariate analysis of influences on false negative mammography results
In table 5 multivariate analysis is performed in the 56 carriers + controls of whom all 
mammographic and histologic characteristics could be scored of the factors that poten-
tially influence the false negative results at mammography; size of the tumor, breast den-
sity, BRCA1/2 mutation carriership, prominent pushing tumor margins at histology and 
lymphocytic infiltrate. 
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Factors that independently showed a significant correlation with false-negative mam-
mographic results were carriership (p= 0.02), mammographic breast density (p=0.01) and 
prominent pushing margins at histology (p= 0.03).

Table 5. Multivariate analysis of the 56 cases with complete histology data of factors influencing false negative 
mammography results

Variable OR multivar. 95%CI p-value multivar.
BRCA1/2 carrier 5,988 (1,380 - 25,975) 0,02
Size tumor 0,957 (0,884 -  1,036) 0,28
Mam.density 6,860 (1,581 - 29,775) 0,01
Push. mgs 5,648 (1,137 - 28,063) 0,03
Lymf inf. 1,209 (0,515 -  2,838) 0,66

OR; odds ratio, mutivar.; at multivariate analysis, CI; confidence intervalGroup; carriers versus controls, 
Mam density; breast density at mammography, Push.mgs; pushing margins at histology, lymf inf.; lymfocytic 
infiltrate

Discussion

The poor sensitivity of mammography in our BRCA1/2 mutation carriers in comparison 
to controls, was not caused by a difference in breast density or tumor size nor young age.

The failure of mammography to recognize the cancers in BRCA1/2 mutation carriers 
has been described in smaller series.3,4,19 These could not differentiate though between 
young age, high breast density or the specific histology of carriers as an explanation as 
they had no age-matched controls or performed no histology review. 

Our observation that “prominent pushing margins” of cancers contribute to a false-
negative mammography is new. Also new is our finding, that cancers with absent or low 
“pushing margins” presented significantly more often as a spiculated mass at mammogra-
phy (p=0.01) and were more easily recognized as malignant (p=0.008). Figure 1 This pre-
sentation was mostly seen in sporadic cancers. We demonstrated that in mutation carriers 
any mass at mammography must be regarded with suspicion, although benign tumors 
occur with normal frequency at least.18

Prominent pushing margins, a histologic characteristic of medullary carcinoma, is of-
ten described in the literature on the histology of breast cancer in BRCA1 and BRCA 2 
mutation carriers. Breast cancers in our carriers and young control group showed the 
histologic differences in high grade and medullary features as described in the literature 
and so seem representative for their group.8-13 When pushing margins are prominent the 
fibrotic reaction of the connective tissue adjacent to the tumor, that causes the spiculated 
mass and architectural distortion at mammography characteristic of malignancy, is ab-
sent. Lack of these features can in this way result in a false negative mammography. This 
is also supported by the significantly higher score for fibrosis in our study (p=0.004) when 
mammography showed an spiculated/ill-defined mass. Lakhani and others suggested that 
pushing margins, a continuous front of tumor cells not separated by connective tissue, 
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could result from a reduced potential for stromal infiltration by individual or small groups 
of tumor cells.8,9 However not all the tumors in BRCA1/2 mutation carriers have medul-
lary features like prominent pushing margins and our multivariate analysis showed that 
Chapter 5 Fig 1 
Figure 1 

Chapter 5 Figure 1.  Figure 1.
A. Spiculated mass the arrow indicating the malignant tumor in the inner upper quadrant of the right breast of 
a 46 yr control patient.
B. Absence of pushing margin in the 1,6 cm tumor A. at histology
C. Benign image despite low density at mammography of the cancer in the  upper quadrant of the right breast 
of a 43 year BRCA1 mutation carrier
D. Prominent pushing margin of 1,2 cm. cancer  C. at histology
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carriership has also negative influence on imaging results independent of pushing mar-
gins and breast density. 

Several pathologic features have been described for mammographic occult breast 
cancers apart from tumor size.17 The difference in density between the fibrous stroma 
produced by the tumor mass and the surrounding fibroglandular tissue can be invisible 
in dense breasts. This was in our series in carriers and controls of equal influence. Breast 
density (high 41% in carriers vs 53% in controls) was for their age conform the literature. 

The desmoplastic reaction produced by the tumor can be poor like in lobular carcino-
ma, while intraductal carcinoma is virtually only recognized when it produces malignant 
microcalcifications.7,17 Consistent with the literature, DCIS around the invasive tumors 
was seen less often in our carriers compared to controls. However the result was not sig-
nificant nor was the difference in presentation with microcalcifications at mammography. 
So the presence of DCIS did not strongly influence our imaging results. 

Our pathologic review could not further elucidate the mechanism by which BRCA1/2 
mutation carriership leads to false-negative mammography results. 

Our finding that in BRCA1/2 mutation carriers breast cancer is frequently missed at 
mammography, must be taken into account when defining the optimal imaging strategy 
for carriers with symptoms or under surveillance. Additional detection methods such as 
breast-MRI may often be needed in these mutation carriers 3,4,19-20, but not necessarily in 
other young women with breast complaints.
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Summary

In 4 women with adenocarcinoma metastasis in an axillary lymph node and no primary 
tumor found, we investigated whether Magnetic Resonance Imaging (MRI) of the breast 
could detect a clinically and mammographically occult breast tumor. MRI detected an en-
hancing lesion in 3 women and an enhancing double lesion in one patient. MRI directed 
ultrasound guided fine needle aspiration cytology confirmed the 5 breast carcinomas in 
the 4 women.

In women with metastasis in an axillary lymph node consistent with breast cancer and 
without a primary tumor, MRI of the breast should be added to clinical examination and 
mammography before defining it as an occult primary and planning therapy.
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Introduction

Metastatic adenocarcinoma in an axillary lymph node, without an evident primary tu-
mor, is most likely the first sign of breast cancer in women. In less than 0.4% of all breast 
cancer patients axillary metastases are the only clinical manifestation of the disease [1]. 
If after clinical examination and mammography no primary breast carcinoma is found, it 
is defined as occult [2–5]. Before 1980 axillary dissection and mastectomy were standard 
treatment in these patients, and breast cancer was detected in the dissected breast in 
80–100% [1, 3, 4]. In the last decade therapy in these patients changed from mastectomy 
to irradiation or no treatment of the breast, axillary dissection, and systemic therapy. 
In the follow-up thereafter the primary breast cancer is detected in 13–50% [3, 5]. This 
reflects the fact that mammographic quality has markedly been improved in the last de-
cade. Nevertheless mammography does not detect all malignancies. Even with optimal 
technique mammography shows no suspicious lesion in 6–20% of patients with a pal-
pable malignancy [6–8]. Furthermore, mammographic sensitivity decreases strongly in 
dense breast tissue [7, 8]. 

In recent years MR Imaging of the breast with paramagnetic contrast has shown a high 
sensitivity for breast cancer of 89–97% [9–15]. MRI is less hampered in the detection of 
breast cancer by dense breast tissue and can depict cancers that were missed at mammog-
raphy in dense parenchyma. Therefore, we investigated whether MRI of the breast should 
be added to clinical examination and mammography in patients with metastatic adeno-
carcinoma in axillary nodes consistent with breast cancer without a primary tumor. 

Patients and methods

Between March 1993 and February 1996, 4 patients with the diagnosis of metastatic ad-
enocarcinoma in an axillary lymph node from an unknown primary were investigated at 
the radiology department. One patient had had a contralateral mastectomy for a T2N1M0 
breast cancer 17 years before. Three patients had no history of previous malignancy. The 
diagnosis of adenocarcinoma metastasis in the axillary node(s) was made at histopatho-
logic examination after axillary dissection in 3 patients and at cytologic examination after 
fine needle aspiration cytology (FNAC) in 1 patient.

Technique
Mammography was performed on a General Electric Senographe 600T unit (Milwaukee 
USA), focus 0.3 mm and Kodak screens (min RE). Standard oblique and craniocaudal 
projections were obtained. For ultrasound of the breast an Acuson 128XP/10 (ART) sys-
tem with a 7.5 Hz linear array transducer was used.

The MR examination was performed with a 1.5 Tesla magnetic resonance imaging 
system (Magnetom- Helicon SP 4000 63/84, Siemens Erlangen Germany).
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The women lay prone with the breast suspended in a double breast surface coil. The 
examination consisted of axial T1-weighted and fat suppressed scans before and after in-
travenous administration of Gadolinium (Magnevist, Schering). After a localizer scan, the 
inversion recovery fat suppressed scan was performed with the following scan parameters: 
FOV 350 mm, contiguous slices of 5 mm thickness, scan matrix 224 ´ 256, scan time 7 
minutes, 1 acquisition, TR = 1900 ms, TE = 20 ms, TI = 150 ms. Next, the gradient echo 
T1-weighted scans were performed before and 1, 3, and 5 minutes after contrast adminis-
tration. The scan parameters were: flip angle 90°, FOV 320 mm, 23 contiguous slices of 4 
mm, TR = 290 ms, TE = 5 ms, scan matrix 224 ´ 256, scan time 1 minute, 1 acquisition.

After these series a fat suppressed scan was performed for better delineation of en-
hancing lesions in the otherwise high intensity of the fat of the breast. At a later stage sub-
traction images were obtained from both the T1 weighted and the fat suppressed images 
with the use of a software subtraction function.

Any focal contrast enhancement in the breast parenchyma was considered as abnor-
mal and possibly malignant.

Results

The age of the patients was: 34, 40, 55, and 79 (Table 1). In 3 patients the left axilla was 
involved, in 1 patient the right.

In the 4 women examined neither a breast mass was palpable on clinical examination 
nor a malignancy was suspected at mammography. Ultrasound screening of the ipsilateral 
breast did not show any suspicious lesion before MRI. MRI however showed 1 enhancing 
lesion in 3 patients and 2 lesions in 1 patient (Table 1, Figure 1).

The location of the lesions on MRI was: the right upper outer quadrant (UOQ), ret-
roareolar, the lower outer quadrant (LOQ), and a double lesion directly lateral to the 

Table 1. Summary of treatments and findings
Patient Age  Diagnosis 

Ax diss/FNAC 
Mamm.
Density

Location at MRI Pathological examination 
and ø

Treatment

A 79 FNAC left side adeno 
carcinoma metastases

N Retroareolar Breast ductal adeno 
carcinoma 1.5 cm 
3 lymph nodes +

Mastectomy Ax 
diss Tamoxifen

B 34 Ax diss left side 1 
lymph node with adeno 
carcinoma metastases

N LOQ Breast ductal adeno 
carcinoma
ø 2 cm

Irradiation left 
breast adjuvant 
chemotherapy

C 55 Ax diss right side 8 
lymph nodes with adeno 
carcinoma metastases

N UOQ Undifferentiated 
Carcinoma ø 1 cm + 
lymphatic invasion

Irradiation right 
breast
Tamoxifen

D 40 Ax diss left side 1 
lymph node with adeno 
carcinoma metastases

D Lateral to nipple 
double lesion 2 ´ 
1 cm ø 

No lumpectomy of the 
breast performed

Chemotherapy

Ax diss – axillary dissection; FNAC – fine needle aspiration cytology; N – normal breast parenchyma; D 
– dysplastic breast pattern; Irradiation – 50 Gy+20 Gy boost irradiation of the breast.
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nipple. At MRI directed ultrasound examination, FNAC of a correlating structure could 
be performed in all patients. Cytologic examination showed carcinoma cells in all patients 
(5 breast lesions). Pathological examination after lumpectomy showed infiltrating ductal 
carcinoma of 1.5 and 2 cm in 2 patients and an undifferentiated carcinoma of 1 cm with 
lymphatic invasion in 1 patient. One patient had no lumpectomy but systemic chemo-
therapy with MRI control for regression of the double breast lesion.

Discussion

The standard treatment of a small breast carcinoma is excision of the primary tumor and 
axillary dissection followed by postoperative radiotherapy of the breast. In our patients 
the tumors varied between 1–2 cm in diameter, illustrating that minimal invasive breast 
carcinoma can be clinically and radiologically occult.

For patients with metastatic adenocarcinoma in an axillary lymph node and no pri-
mary tumor found, the best treatment is still not clear [5, 16, 17]. In case the primary 
tumor in the breast can be detected it is possible to choose optimal treatment, adding 
local therapy. In our patients this resulted in lumpectomy followed by radiotherapy to the 
breast in 2 patients and mastectomy in an elderly patient. All 4 patients were treated with 
systemic therapy.

Breast cancer is mammographically occult in 6–20% of patients with a clinically mani-
fest tumor [6–8]. In our patients neither dimension nor location of the lesion could ex-
plain why it did not show at mammography. The density of the breast parenchyma was an 
explanation for a mammographically occult tumor in only 1 of our patients. In retrospect, 
however, one lesion was visible as a benign shadow.

The high sensitivity of MRI in the detection of breast cancer can be of considerable 
value in patients in whom the clinical and mammographical the low specificity for breast 
cancer (30–67%) is a limitation to its use and requires confirmation that the detected 

Figure 1. MRI subtraction image 5 minutes after intravenous contrast administration showing the enhancing 
double lesion in the left breast of patient D.
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lesion is malignant [12–15]. In our group of patients malignancy was already established 
in the axillary nodes, but to prove that the primary tumor was identified, FNAC was per-
formed. The procedure depends on the experience of the radiologist with ultrasound 
guided FNAC [18]. 

Davis described a similar patient in whom the breast lesion seen on MRI could not be 
found at ultrasonography, but MRI guided wire localization and excision was succesfully 
performed [19]. Equipment for MRI guided wire localization of breast lesions, however, 
is clinically scarcely available. If at MRI of the breast in women with axillary lymph node 
metastasis no lesion is found, only follow-up will determine whether the nodal metastasis 
is from a different origin, or from a breast cancer occult even at MRI. In conclusion, we 
think that in women with metastasis in an axillary lymph node consistent with breast can-
cer without a primary tumor, MRI of the breast should be added to clinical examination 
and mammography, before defining it as an occult primary and planning therapy.
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Abstract

A positive family history increases the risk for breast cancer which often occurs at a much 
younger age than in the general population. We studied whether surveillance of these 
women resulted in the detection of breast cancer in an earlier stage than in symptomatic 
patients with a family history. Between January 1994 and April 1998, 294 women with 15-
25% risk (moderate), mean age: 43.3 (22-75) years, were screened with a yearly physical 
examination and mammography form 5 years before the youngest age of onset in the fam-
ily and 384 women with >25% risk (high) for breast cancer, mean age: 42.9 (20-74) years 
were screened with a physical examination every 6 months and yearly mammography. 
From September 1995 breast magnetic resonance imaging (MRI) was also carried out for 
109 high risk women where mammography showed over 50% density. 26 breast cancers 
detected under surveillance were significantly more often found in an early T1N0 stage 
than the 24 breast cancers in patients with a family history referred in that period because 
of symptoms: 81 versus 46% (P = 0.018). Patients under surveillance were also less fre-
quently node-positive than the symptomatic group: 19 versus 42% (P = 0.12). 20 patients 
with a family history referred by our national screening programme in that period had 21 
breast cancers detected, 81% in stage T1N0 and 5% node-positive, which was comparable 
to the results in our national screening programme T1N0 66%, N + 24% resulting in a 30% 
reduction in mortality. The incidence in women under surveillance was 10.1 per 1000 in 
the ‘high’ risk group and 13.3 per 1000 in the ‘moderate’ risk group. Expected incidence in 
an average risk population aged 40-50 years is 1.5, expected in the group consisted of only 
gene carriers 15 per 1000. 23% of the breast cancers in the surveillance group were de-
tected at physical examination, but occult at mammography. 38% were detected at mam-
mography and clinically occult. Breast MRI (in the subgroup) detected 3 occult breast 
cancers. The results of this study show that women with a family history benefit from 
surveillance as breast cancer was detected significantly more often in a favourable T1N0 
stage and a mortality reduction comparable to that obtained in our national screening 
programme may be expected also in women < 50 years of age. Both physical examination 
and mammography contribute tot this result, but the former in this study only contributed 
in women before menopause. Starting surveillance some years before the youngest age of 
onset in the family may result in higher detection rates. Screening with MRI can detect 
breast cancers, still occult at physical examination and mammography.
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Introduction

Women with a strong family history of breast cancer not only run a high risk to develop 
this malignancy, but their risk also increases at a much younger age than in the general 
population (1). Highly penetrant mutations in genes like BRCA1 and BRCA2 can be de-
tected in women with these family histories and cause approximately 5% of all breast can-
cers (2). In carriers of a BRCA1 mutation, the risk for breast cancer rises sharply from 3% 
at 30 years of age to 50% at 50 years (2-3). In BRCA2 mutation carriers the risk profile 
develops later (4).

40-80% of healthy women, who after a presymptomatic DNA test appeared to be carri-
ers of the BRCA1 or 2 mutation causing breast cancer in their family, chose primarily sur-
veillance and not (at least for the time being) preventive mastectomy (5-6). The increased 
risk of women with a family history if often not attributable to BRCA1 and BRCA2 muta-
tions and these women also chose to continue surveillance (7).

In the Netherlands, women with an estimated risk of breast cancer over 25% based on 
their family history are recommended surveillance with monthly breast self examination 
(BSE), semi-annual examination by a physician (PE) and yearly mammography from 25 
years onwards (8). However, there are not yet sufficient data to prove the effectiveness of 
surveillance from this age.

In this study, we investigated the value of surveillance in patients with a family history. 
Our central question was whether breast cancer was detected in an earlier stage in patients 
under surveillance than in patients with a family history, referred because of symptoms 
of this disease.

We also compared the stage of breast cancer of the patients under surveillance with the 
stage of breast cancers detected during national screening for 50-75 year old women. In 
this last group, the survival gain and cost-benefit analysis is known. 

Patients and methods

In this study, we included the group of consecutive women who visited the outpatient 
breast clinic of the Rotterdam Cancer Centre between January 1994 and April 1998 with 
a family history of breast cancer. Some of these women were registered together with the 
patients of the Rotterdam Family Cancer Clinic in the Rotterdam/Leiden genetic working 
group. We included in this study only the group of women under surveillance at the breast 
clinic, as this group can be compared with the consecutive group of women referred to 
this clinic during the same time period because of symptoms or because of an abnormality 
detected at the national screening programme. Women were considered under surveil-
lance, if they consented with the proposed surveillance scheme and no breast cancer was 
detected at clinical examination nor at two view mammography during the first visit. Risk 
estimation was performed by two breast clinic doctors or by the geneticist using the tables 
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of Houlston and Claus (9-10). Risk estimates were higher, with an increasing rate of af-
fected relatives, decreasing age of onset in the relatives and/or one or more cases of ovarian 
cancer. A woman was considered at moderate risk, with for instance, 1 affected first degree 
relative or 2 second degree relatives < 50 years of age. High risk estimates were made for 
instance for patients with 2 first degree relatives < 50 years of age with breast cancer; 1 or 
more first degree relatives with breast cancer plus 1 or more with ovarian cancer. Accord-
ing to the estimated risk two surveillance schemes were proposed.

294 women under surveillance with moderate risk (15-25%) got instructions on car-
rying out a monthly BSE and were scheduled for a yearly physical examination and mam-
mography, starting 5 years before the age at which the youngest family member had got 
breast cancer (age of onset). 

384 women under surveillance with high risk (>25%) were scheduled for surveillance 
according to the national guidelines. From September 1995 onwards breast MRI in addi-
tion to normal surveillance was performed in women with high risk and over 50% density 
at mammography (n=109). 

We investigated and compared the stage in which breast cancers were detected in three 
groups of patients all with a positive family history: 

Group 1: Patients who developed breast cancer whilst under surveillance because of 
their family history (n=26). The surveillance group. 

Group 2: Patients with breast cancer, referred by the general practitioner in the same 
period because of symptoms of their disease who appeared to have a positive family his-
tory (n=24). The symptomatic group. Patients could be referred because of a palpable 
mass, skin of nipple retraction, nipple discharge, inflammatory breast disease or pain.

Group 3: Patients detected at the national screening programme and referred to our 
clinic in that period who appeared to have positive family history (n=20). The screening 
group

We also evaluated the contribution of BSE, physical examination, mammography and 
fine needle aspiration cytology (FNAC). Statistical differences in stage between groups 
were analysed using the two-sided Fisher’s exact tests.

Technique
Mammography was performed on a General Electric Senographe 600T unit (Milwaukee, 
USA), focus 0.3 mm and Kodak screens (min RE). Standard oblique and craniocaudal 
projections were obtained during the first visit and alternated thereafter with mediolateral 
oblique projections only. There was dual reading of all mammograms by experienced ra-
diologists. For ultrasound an Acuson 128XP/10 (ART) system with a 7.5 mHz linear array 
transducer was used. Breast MRI examination was performed with a 1.5 Tesla magnetic 
resonance imaging system (Vision, Siemens, Erlangen, Germany).
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Results

From January 1994 to April 1998, 384 women were under surveillance because of their 
family history with an estimated risk for breast cancer over 25% (high), mean age 42.9 (20-
74) years in April 1998. We screened 200 women in 1994; 228 in 1995; 284 in 1996; 372 
in 1997; 105 women in 1998 until April. In total in this period in this group 1189 women 
year at risk.

294 Women with an estimated risk between 15 to 25% (moderate), mean age 43.3 (22-
75) years in April 1998, were under yearly control. 184 women in 1994; 226 in 1995; 274 in 
1996; 286 in 1997; 80 women in 1998 until April. In total in this period in this group 1050 
women year at risk. In 26 of these women under surveillance breast cancer was detected 
during follow up (surveillance group). 12 were at high risk (H) and 14 moderate (M). 13 
were ≤ 50 years of age and 4 > 70 years of age. In the same period breast cancer was de-
tected in 198 patients referred with symptoms to our department. 24 had a family history 
(symptomatic group). 11 were at high risk (1 BRCA1 carrier) and 13 moderate.

Of the 111 women referred by the national screening programme with breast cancer 
in that period, 20 had a family history (screened group). One patient had a bilateral carci-
noma. 4 patients were at high risk and 16 moderate.

Characteristics of the patients and the means of detection
Characteristics of the patients and means of detection in the 3 groups are summarised in 
Table 1. The mean age of the patients in the surveillance and symptomatic group was lower 
than in the screened group, 52 (27-86), 52 (31-86) versus 58 (49-69) years of age. 

Cancers were more often palpable in symptomatic patients (18; 75%) than in the pa-
tients under surveillance (13; 50%). Other signs of malignancy at physical examination 
were: one nipple retraction in the surveillance group; two nipple retraction and one in-
flammatory breast cancer in the symptomatic group; three cases of dimpling of the skin in 
the screening group. 2 of the patients under surveillance at moderate risk, both 51 years 
old, presented in the interval between two screens with a palpable tumour detected at BSE, 

Table 1 Means of detection of cancer in the three groups

Surveillance
(n=26)

Symptomatic
(n=24)

Screening
(n=20; 21 cancers)

Mean age (range) years 52(27-86) 52(31-86) 58(49-69)
n (%) n (%) n (%)

Palpable tumour 13 (50) 18 (75) 15 (71)
Mammography malignant 16 (62) 18 (75)  21 (100)
Suspicious
Detected at MRIa (in subgroup only)  3 (11)  1 (4)
FNAC malig/susp (% m/s of cyt) 18/20 (90) 18/22 (81) 14/16 (87)

a In subgroup only 
b Percent malignant/suspicious of performed cytologies
FNAC, fine needle aspiration cytology 
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which proved to be T1cN0 and T1cN1 breast cancer. 4 other patients noticed the tumour 
themselves at BSE, but did not come earlier. Breast cancer was detected clinically but not 
suspected at mammography in 6 (23%) women under surveillance and 5 (21%) symp-
tomatic women. These tumours were suspicious at ultrasound guided FNAC in 3 women. 
FNAC on palpation was suspicious in the other 8. 

Mammography results were considered malignant in more symptomatic patients 
(75%) than in patients under surveillance (62%). Malignancy was detected at mammog-
raphy and clinically occult in 10 (38%) patients under surveillance and 1 (4%) symptom-
atic patient. In 2 of the 10 clinical occult patients under surveillance the mammographic 
abnormality was not classified as malignant, but proved to be so at ultrasound guided 
FNAC (Table 2).

MRI detected three breast cancers, occult at mammography and without a new pal-
pable tumour in the surveillance group, but 1 patient showed nipple retraction at PE. In 1 
symptomatic patient breast MRI was performed because of axillary metastasis, of a clini-
cally and mammographically occult breast tumour and MRI showed the primary breast 
cancer. Thereafter these malignancies could be recognised at ultrasound and proven by 
ultrasound guided FNAC. 

Stage at detection
Table 2 shows the stage of the cancers in the three groups. In the surveillance group, pa-
tients were 81 versus 46% significantly more often detected in a favourable T1N0 stage (P 
= 0.018) than in the symptomatic group. Patients under surveillance were also more often 
node negative compared with the symptomatic group 81-54% (P = 0.12).

Tumour stage in the patients under surveillance was comparable to the results in our 
national screening with T1N0 81 versus 66% at the national screens and N + in the in-
vasive cancers 24% (5/21) versus 24% (11). Tumour stage in our screened group was not 
significantly different from the surveillance group.

Table 2. Stage of detection of breast cancer in the three groups

Surveillance (H)
n=26

Symptomatic (H)
n=24

Screening (H)
n=21

Tis 5 (3) 5 (1+1BRCA1) 3
T1a+b No 9 (2) 3 (1) 9 (3)
T1c No 7 (5) 3 (1) 5
T2-3 No 2 (1) 3 (1)
T1 N1 3 (1) 3 (2)
T2-3 N1-2 2 (1) 5 (4) 1
Tx N1 1
T2 Nx 1
T4 M1 1
Tis-1 No 21 (81) 11 (46) 17 (81) P 0.018
Tis1a+bNo 14 (54)  8 (33) 12 (57)
N+  5 (19) 10 (42)  1 (5) P 0.12
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Table 3 shows the stage of the cancers and means of detection in the surveillance group 
for patients ≤ 50 years and > 50 years. The stage of detection in the 13 patients ≤ 50 years of 
age was at least as favourable as in the total surveillance group. Of the surveillance patients 
> 50 years of age, 4 were above the age for national screening, with their tumours detected 
in an early stage primarily by mammography. PE contributed substantially in patients 
≤ 50 years of age whilst in only 2 patients > 50 years of age the malignancy was occult at 
mammography. In a 51 year old patient the tumour was detected at PE in a late stage. In 
a patient of 53 years of age the tumour was visible at MRI, whilst there was slight nipple 
retraction at PE.

Discussion

This study showed that in patients under surveillance significantly more breast cancers 
are detected in a favourable Tis-1 N0 stage than in symptomatic patients with a family 
history. In the patients under surveillance ≤ 50 years of age detection was at least as often 
early as in the patients over 50 years of age. For the evaluation of breast cancer screening 
programmes, the percentage Tis-1-N0 cancers is considered a good predictor of mortality 
(12-14). At this stage we can expect an 80-87% (dependant on tumour grade) 15 years sur-
vival rate compared with 83% survival of age-matched females in the general population 
(14). In the 54% of patients detected in stage ≤ T1a-bNo under surveillance, we can even 
expect a 7 year survival rate of 96%(15).

Table 3. Stage and means of detection in the surveillance group according to age

≤50 years > 50 years 
PE+ 3 T1cN0 34 a, 47, 50 yrs. 1 T1aN0 65 yrs.
Ma+ 2 T1cN0 51, 61 yrs

2 T1b+cN1 51, 61 yrs
PE+ 2 Tis 39, 48 a yrs.
Ma- 1 T1bn0 36 a yrs.

1 T2N1 27 a yrs. 1 T2N1 51 yrs.
PE- 1 Tis 37 yrs. 2 Tis 70,78 yrs 
Ma+ 3 T1a+bN0 32, 46, 50 yrs. 2 T1a+bN0 75, 78 yrs

1 T1cN0 72 yrs.
1 T1bN1 55yrs.

MRI+ 2 T1b+cN0 29, 42 yrs. 1 T1bN0 53 yrs.
(nipple retraction, PE+)

Ma-

PE, physical examination; Ma, mammography; MRI, magnetic resonance imaging; FNAC, fine needle 
aspiration cytology; Underlined, > T1N0
a Noticed at Breast Self Examination (BSE)
b Noticed at BSE and came at interval
c Tumour noticed at mammography, but no malignant classification, proven at ultrasound guided FNAC
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Disease free and overall survival in patients with BRCA1 or 2 mutations or hereditary 
cancer does not differ significantly from survival in sporadic patients in most studies (16-
19). This makes the effort to detect breast cancer at an early stage worthwhile in these 
patients. 

Our study showed no differences apart from MRI in means and stage of detection 
between women at high or at moderate risk in the three groups. In the surveillance group, 
6 of the 13 palpable tumours were noticed at BSE, but only 2 of these women came dur-
ing the interval despite strong encouragement for women to do so at any possible suspect 
clinical sign. We could not demonstrate earlier detection by BSE in patients under sur-
veillance in this study. Coebergh and colleagues demonstrated an earlier stage of breast 
cancer detection in the general population in the last decades due to better awareness of 
women of suspect clinical signs or less hesitation to visit a physician (20). Because of this 
we give instructions to all women pre- and postmenopausal on BSE and indeed often see 
symptomatic patients who detect very small tumours. 

The 23% clinically detected mammographically occult tumours in the surveillance 
group were suspicious at ultrasound guided FNAC or at FNAC on palpation. This under-
lines the necessity of FNAC in all palpable tumours. Physical examination, if followed by 
the right consequences, seems a useful addition to mammography certainly in the surveil-
lance of premenopausal high risk women. However, PE hardly contributed to early detec-
tion in patients > 55 years under surveillance. Menopause seems a better indicator for the 
effectiveness of PE than a fixed age (for instance ≤ 50 years of age). In our mostly post-
menopausal patients detected at the national screening programme 71% had a clinically 
manifest tumour. Their tumour stage was as good as in the surveillance group. Screen-
ing with only BSE and mammography 2-yearly may also be sufficient after menopause in 
women with a family history, although the percentage of women at high risk was too small 
to draw such a conclusion in this study.

Malignancies were detected at mammography exclusively in 38% during surveillance 
and in 4% of symptomatic patients. In young women >25 years of age mammography is 
of great value in our experience. This has also been described by Liberman in the screen-
ing of women of 35-39 years old (21). Even in young women mammography is the most 
sensitive examination for the detection of in situ carcinoma. In only 28% (109/384) of our 
screened women with high risk did mammography results show >50% dense breast tissue 
which is likely limiting its sensitivity. Both Feig and Brekelmans showed that in premeno-
pausal women mammography should be performed yearly, not 2-yearly, to prevent too 
high (50%) a rate of carcinomas developing during the intervening time period (22, 23). 
They explained this by faster growth rate of tumours occurring in patients at a younger 
age.

MRI detected three breast cancers in T1N0 stage during surveillance which were in 
two cases clinically occult and all mammographically occult. In the 109 women screened 
with MRI, no carcinomas were detected by palpation or mammography even 1 year after 
closing this study.
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Results of surveillance
In our high risk group the detection rate was 10.1 per 1000 person-years; expected rate 
in an average risk population aged 40-50 years is 1.5 per 1000. If this group had consisted 
only of gene carriers a breast cancer incidence of 15 per 1000 would have been expected 
(2% per year between 25-50 years of age and 1% per year between 50-75 years of age). The 
risk estimation in our group seems realistic. Screening women at familial risk with physi-
cal examination and yearly mammography was shown to be effective and seems worth-
while in women before menopause, when this incidence can be expected.

In our moderate risk group the detection rate was 13.3 per 1000 person-years. Our risk 
estimation may have been somewhat low. The explanation of the higher incidence could 
also be explained by the fact that we screened this group only from 5 years younger than 
the youngest age of onset in the family. Maybe we should start surveillance closer to the 
youngest age of onset in women at high risk. 

The stage of the tumours detected in women with a family history during the national 
screening programme, was as good as those amongst the younger patients of the surveil-
lance group. For postmenopausal women at moderate risk the national screening scheme 
with only mammography 2-yearly together with BSE may be sufficient. 

Between October 1988 and December 1995 Kollias and colleagues (1998) screened 
1371 women under 50 years of age with a family history with an annual clinical examina-
tion and 2-yearly mammography (24). Their incidence rate was 3.3 per 1000 visits. They 
detected a higher proportion of DCIS in the family history surveillance group compared 
with an age-matched symptomatic group; 21 versus 4%, but no differences for invasive 
tumour size or lymph node stage. This difference compared our study could be due to the 
interval of the screening mammography in premenopausal women; 2-yearly versus yearly 
in our study.

Between September 1992 and May 1997 Lalloo and colleagues screened 1259 women 
under 50 years who had a 4-fold increased risk with annual breast examination and mam-
mography. They detected 9 incident + interval cancers, with an incident rate of 4.8 per 
1000. The stage of detection was 1 LCIS, T1 7 out of 9, node-positive 4 out of 9 and 2 where 
the nodal status was unknown (25).

Multicentre trials have started in Great Britain, Germany and The Netherlands to de-
termine the cost effectiveness of screening woman at high risk with different surveillance 
schemes.

Conclusion

In this study we demonstrated a significant earlier detection of breast cancer in women 
at increased risk under surveillance compared with symptomatic patients. The stage of 
detection was as favourable in the patients ≤ 50 years of age under surveillance as in the 
> 50 years of age patient group. The incidence in the high risk group was seven times the 
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incidence in an average risk population (40-50 years of age). Both physical examination 
and mammography made an important contribution to this result in patients < 55 years of 
age. Physical examination made no contribution in postmenopausal women with a family 
history. Screening with MRI can detect tumours occult at PE and mammography.
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Summary

Women with a genetic predisposition for breast cancer are often advised surveillance with 
physical examination twice a year and mammography once a year from 25 years onwards. 
However, the sensitivity of the mammography decreases when breast tissue is dense and 
this is seen in 40–50% of women under 50 years.

We therefore investigated whether magnetic resonance imaging (MRI) in addition to 
the normal surveillance could detect cancers otherwise missed. In 109 women with over 
25% risk of breast cancer, MRI was performed because over 50% dense breast tissue was 
seen at mammography and no suspect lesion was seen at the previous screening. MRI 
detected breast cancers in three patients (2.8%) occult at mammography and with no 
new palpable tumor, twice at stage T1bN0 and T1cN0 once. Two cancers were expected. 
MRI was false positive in six women, resulting in two benign local excisions because ul-
trasound or fine needle examination confirmed suspicion. We had no false negativeMRI 
results. MRI proved true benign in four BRCA 1/2 gene mutation carriers at histologic 
examination.

Preoperative wire localization of the malignancies detected at MRI proved necessary 
as the tumor was not palpable in the lumpectomy specimen nor visible at specimen radi-
ology. 

The extra cost of breast MRI in addition to mammography and physical examination 
was €13.930 per detected cancer. The cost of the detection of one breast cancer patient in 
our national screening program is €9000. During follow-up of patients with a familial risk 
in whom the first breast cancer was detected at MRI, MRI detected two recurrent cancers 
in stage T1bN0 and T1cN0 and one contralateral cancer T1aNo. Breast MRI is promising 
in screening young women at high risk for breast cancer, as it can advance the detection 
of cancers still occult at mammography and physical examination; but the cost may be 
considerable.
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Introduction

An increasing number of women, of 25 years and older, at high risk for developing breast 
cancer because of a strong family history, are recommended to undergo surveillance with 
clinical examination and mammography [1]. Although breast cancer can be detected ear-
lier by this policy there may be drawbacks to the regular use of mammography at such a 
young age. 

Both patients and physicians are concerned about mammography at a young age be-
cause of radiation exposure and false positive results [2]. There is no direct evidence of 
risk of cancers induced by doses within the mammographic range, but extrapolations 
from high to low doses are made [3, 4]. In women treated with mantle-field irradiation 
before the age of 30, a twelve-fold increased risk of breast cancer has been demonstrated 
[5, 6]. In women exposed to atomic bomb radiation at Hiroshima and Nagasaki the excess 
relative risk of breast cancer increased in proportion with the dose and inversely with age 
at the time of exposure [3, 7]. By extrapolations from these examples Beemsterboer et al., 
calculated, that the number of deaths induced versus prevented might rise from 1:242 to 
1:66 by extending screening women aged 50–69 years with mammography with 2mGy per 
view, at two year interval, to women aged 40–49 with yearly mammography [4].

A second problem is, that in dense breast tissue the sensitivity of mammography for 
breast cancer may decrease and vary from 25% to 85% [8–10]. In women under 50 years 
breast tissue is dense in 40–50% of the cases [11–14]. This may have a negative influence 
on surveillance results in youngerwomen. Kerlikowske et al., reported a low sensitivity of 
68.8% of first screening mammography in women <50 years of age with a family history, 
but demonstrated a decreasing sensitivity of mammography with increasing breast den-
sity only in women older than 50 years [15].

Magnetic resonance imaging (MRI) has no limitations in mammographically dense 
breasts. MRI yields a high sensitivity in the detection of invasive breast cancer from 91% 
to 98% [16–19]. We showed in previous studies of women with axillary metastasis from 
clinical and radiological occult breast cancer, that MRI can detect these tumors [20, 21]. 
In this study we wanted to investigate, whether breast MRI, in addition to the normal 
surveillance scheme of clinical examination every 6 months and yearly mammography 
could detect breast cancers that were otherwise missed. We studied high-risk women with 
over 25% estimated lifetime risk for breast cancer in whom mammography showed breast 
tissue with more than 50% density.

Patients and methods

From September 1995 till April 1998 breast MRI was performed in addition to the normal 
surveillance, in women attending because of a family history the outpatient breast clinic 
of the Daniel den Hoed Cancer Center. MRI was only offered to women with over 25% 
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risk of breast cancer and more than 50% density at their mammography. Risk estimation 
was performed by the geneticist or the breast clinic doctors (M.T-L, C. B.) with the tables 
of Claus [22].

Breast density was estimated visually with a quantitative measure, that is, the percent-
age of the area of the breast encompassed by fibroglandular tissue dense enough to ob-
scure a cancer was estimated. Only patients with dense fibroglandular tissue > 50% of the 
mammogram were offered additional MRI. This corresponds mostly with grade 3 ‘hetere-
geneously dense breast tissue’, which lowers the sensitivity of mammography, and grade 4 
‘extremely dense breast’, which lowers the sensitivity of mammography, of the American 
College of Radiology Breast Imaging and Data System protocol [23]. Breast density was 
normally described in the mammography report. There was dual reading of all mammog-
raphies by two experienced radiologists. If breast density was not reported the two breast 
clinic doctors made the estimation. 

Patients were considered under surveillance if they accepted the proposed scheme of 
clinical examination every 6 months and yearly mammography and no suspect lesion 
was detected at the first screening with both modalities. The additional breast MRI was 
combined with clinical examination 6 months after the screening with physical examina-
tion and mammography. Focal enhancement on MRI was considered possibly malignant.
If focal enhancement was seen, MRI guided ultrasound (US) examination followed. If this 
confirmed the lesion, US guided fine needle aspiration cytology (FNAC) was performed. 
A device for MRI directed stereocore biopsy was not available at our institution nor in 
the Netherlands at that time. If FNAC demonstrated a malignancy, mammography was 
performed, to see whether it was a radiological occult carcinoma. Then histology was 
obtained, followed by adequate treatment. If ultrasound and ultrasoundguided FNAC did 
not show a questionable lesion, normal follow-up was continued.

To calculate the expected incidence of breast cancer, we supposed, both in the 109 
women screened with additional MRI and in the total high risk group of 384 women, 
that the average risk of being a BRCA1 or 2 gene mutation carrier was 50%. In a BRCA1 
or 2 gene mutation carrier the expected breast cancer incidence is: 15 per 1000 (2% per 
year between 25 and 50 years of age and 1% per year between 50 and 75 years of age) in 
this group with mean age 41.5. We multiplied half this percentage with the women year 
at risk.

True negative MRI result was defined: No suspicion raised at MRI and no breast can-
cer detected at follow-up with physical examination and mammography till one year after 
the last MRI in that patient in the study or at histopathological examination if performed 
within a year of the last breast MRI. False positive MRI result was defined: Enhancing le-
sion called suspicious at MRI while no cancer could be demonstrated either at histologic 
examination or during follow-up with physical examination and mammography till one 
year after the MRI.
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Technique
Mammography was performed on a Senographe 600T unit (General ElectricMilwaukee 
USA), focus 0.3mmand Kodak screens (min RE). Standard oblique and craniocaudal pro-
jections were obtained on the first screening and thereafter alternated with mediolateral 
oblique view. There was dual reading of all mammographies by experienced radiologists. 
For ultrasound an Acuson 128XP/10 (ART) system with a 7.5 mHz linear array trans-
ducer was used. Breast MRI examination was performed at our institution, with a 1.5 Tesla 
magnetic resonance imaging system (Vision, Siemens Erlangen Germany). Before scan-
ning, venous access was established in a cubital veine through which a bolus of contrast 
material, consisting of 20 ml gadolinium-diethylenetriamine penta-acetic (Gd-DTPA) 
(Magnevist, Schering, Berlin, Germany) was administered during the examination. The 
women lay on their front, with the breasts suspended in a double breast surface coil. After 
a localizer scan, a T2-weighted sequence was performed with the following scan param-
eters: field of view (FOV) 350mm, contiguous slices of 5mm thickness, scan matrix 220 x 
256, scan time 3 min 11 s, 1 acquisition, TR/TE D 9128/60ms, TI D 150 ms, flip angle 180°. 
Next, the gradient echo T1-weighted series were made: initially with a two-dimensional 
fast low angle shot (FLASH) sequence, since January ’97 a threedimensional FLASH se-
quence was performed before and 1, 3 and 5 min after contrast administration. The 2D 
scan parameters were FOV 320 mm, scan matrix 224 x 256, scan time 1 min, 1 acquisition, 
TR/TE D 290/5ms, flip angle 90°. The 3D scan parameters were FOV 320mm, scan matrix 
96 x 256, scan time 1 min 26 s, 1 acquisition, TR/TE D 8. 1/4ms, flip angle 20°. Subtraction 
images were obtained with the use of a software subtraction function.

Results

From January 1994 to April 1998, 384 women were under surveillance at the outpatient 
breast clinic of the Rotterdam Cancer Centre because of their family history with an es-
timated life time risk for breast cancer of over 25%. Mean age 42.9 (20–74) years in April 
1998.Their surveillance results have been published earlier [24]. They were referred by 
their general physician, the geneticist or self referred. In this total group breast cancer was 
detected in 12 patients. Table 1 shows the stage of the breast cancers and the expected 
number of cancers in the total group and in the subgroup screened with additional MRI. 
Between September 1995 and April 1998 in 109 of the 384 women (28%) breast MRI was 
performed at least once, because mammography showed more than 50% dense breast tis-
sue. The mean age of the 109 women was 41.5 (22–68) years in April 1998. In12 women 
a BRCA1 or 2 gene mutation was known. Only few women declined breast examina-
tion with MRI mainly because of claustrofobia. Mammography was performed once in 47 
women and twice or more in the other women. MRI was performed once in 38 women 
and twice or more in 70 women. MRI was interupted because of claustrofobia in one 
woman. MRI detected breast cancers in three patients (2.8%), occult at the mammography 
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performed afterwards, as well as on the mammography 6 months earlier. Physical exami-
nation showed no new palpable tumor in all three, but slight retraction of the nipple in 
one patient. The age of the patients was A: 29, B: 42 and C: 53 years.

In patient A with an estimated life time risk for breast cancer of 40%, the MRI guided 
ultrasound examination recognised the three lesions, shown at MR imaging in the right 
breast as suspect lesions of 1 cm each. FNAC at ultrasound confirmed malignancy of two 
lesions, the cytologic material of the third lesion was inadequate. Histologic examination 
after mastectomy showed one invasive medullary carcinoma of 1.5 cm T1cN0. Preopera-

Table 1. Characteristics and stage of the cancers detected in the total group of women at high risk and in the 
subgroup screened with additional MRI

Total group of women
At high risk n = 384
(Jan ’94–April ’98)

Subgroup of women
With MRI n = 109
(September ’95–April ’98)

Mean age 42.9 (20–74) 41.5 (22–68)

Women year at risk 1;2 1189 193
Cancers expected 3    9   2
Cancers detected 2   12 4   3

Stage of the cancers
Tis    3
T1bN0    24   2
T1bN1    54   1
T2 N1    1 

   1

1 Total number of years of women screened in the given period.
2 Eur J Cancer 2000;36:514–519.
3 Methods.
4 Of them detected with MRI.

Chapter 8 fig 1 
Figure 1. Craniocaudal oblique view of the mammography of the right breast of patient B, 
performed after detection of the suspect lesion with MRI, clearly shows dense breast tissue 
and not the malignancy

Chapter 8 fig 1 

Chapter 8 fig 2 
Figure 2. The MRI image after substraction shows strong irregular enhancement 
dorsolateral in the right breast in patient B. Medial in the left breast a typical fibroadenoma. 

Chapter 8 fig 2 

Figure 1. Craniocaudal oblique view of the mammography of the right breast of patient B, performed after 
detection of the suspect lesion with MRI, clearly shows dense breast tissue and not the malignancy.
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tive wire localisation on ultrasound was only performed of this lesion.In the mastectomy 
specimen focal spots were seen of medullary carcinoma, but the other two circumscribed 
lesions could not be recognised.

In patient B with an estimated lifetime risk of breast cancer of 25% breast tissue was 
dense at mammography which showed no lesion (Figure 1), while MRI clearly did (Fig-
ure 2), MRI guided ultrasound (Figure 3) showed the lesion in the right breast, but it did 
not look suspicious.

Chapter 8 fig 1 
Figure 1. Craniocaudal oblique view of the mammography of the right breast of patient B, 
performed after detection of the suspect lesion with MRI, clearly shows dense breast tissue 
and not the malignancy

Chapter 8 fig 1 

Chapter 8 fig 2 
Figure 2. The MRI image after substraction shows strong irregular enhancement 
dorsolateral in the right breast in patient B. Medial in the left breast a typical fibroadenoma. 

Chapter 8 fig 2 Figure 2. The MRI image after substraction shows strong irregular enhancement dorsolateral in the right breast 
in patient B. Medial in the left breast a typical fibroadenoma.

Chapt 8 fig 3 

Figure 3. Ultrasound clearly shows an irregular hypoechogenic lesion in the right breast 
confirming the suspect lesion detected at MRI in patient B.
Chapter 8 fig 3 

Figure 3. Ultrasound clearly shows an irregular hypoechogenic lesion in the right breast confirming the 
suspect lesion detected at MRI in patient B. 
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FNAC, however, showed malignant cells. Histologic examination after ultrasound 
guided lumpectomy showed an adenocarcinoma of 1 cm T1bN0. The patient received 
breast conserving therapy. MRI performed during follow-up, showed a new lesion in the 
right breast 2 years later. At ultrasound guided FNAC it appeared to be recurrent breast 
cancer. In the mastectomy specimen it took great effort to find the tumor, which was not 
clearly palpable nor recognised at mammography of the slices. Histologic examination 
demonstrated an adenocarcinoma of 1.2x1.5 cm T1cN0.

In patient C with an estimated lifetime risk for breast cancer of 25% physical examination 
showed flattening of the nipple. MRI guided ultrasound recognised the lesion behind the 
left areola as suspicious. FNAC showed suspicious but not malignant cells. At histologic 
examination an adenocarcinoma of 1 cm with DCIS and LCIS was shown T1bN0.

We expected the incidence of two breast cancers in the 109 women screened with addi-
tionalMRI, with 193 women year at risk. Breast MRI was false positive in six women. In 
four, physical examination, ultrasound and cytology showed no suspicion and follow-up 
continued. Local excision was performed in two patients – in one patient because the ul-
trasound examination raised suspicion of the lesion indicated at MRI, in the other because 
clinical and cytological findings confirmed suspicion of the lesion, enhancing on MRI. 
Histologic examination showed atypia in one and no abnormality in the other patient. 
After 2.5 year of follow-up no malignancy was detected in either of them. After one year 
follow-up of the other 106 women screened with MRI, no breast cancers were detected at 
the regular screens with physical examination and mammography. 

We had no false negative breast MRI results in the study period in this group. In four 
women with a proven BRCA1/2 gene-mutation, preventive mastectomy was performed 
after a period of follow-up. Only a small focus of lobular carcinoma in situ was detected in 
one. In a patient in whom excision was performed because of papillary cells at cytologic 
examination of nipple discharge, no abnormality was shown, confirming the negative 
MRI result. After closing this study all women who did not receive a negative BRCA1/
BRCA2 test result continued follow-up according to the normal scheme, often with the 
yearly addition of MRI. No breast cancers were detected, missed on a breast MRI, made 
<1 year before.

Cost of added breast MRI
To detect three breast cancers in the 109 women we performed 193 MRI examinations 
at €170; leading to 51 ultrasound examinations at €61; 29 FNAC at €127 and two benign 
excision biopsies at €1026. Bringing the additional detection cost at €13.930 per detect-
ed patient. The total cost of MRI in the 109 women was €32.842 versus mammography 
€10.557.
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Discussion

It was only MRI, which detected three breast cancers in T1No stage, without a clinical 
manifest new tumor and occult at mammography during surveillance in the group of 
women screened with additional MRI. In the other 106 women screened with MRI no 
breast cancer was detected by palpation or mammography one year after closing this 
study. So breast MRI is likely to have advanced the detection of these three cancers. MRI 
is the most sensitive examination in the detection of invasive breast cancer. In women 
with axillary metastasis from a clinical and radiological occult breast cancer, breast MRI 
can detect these tumors and they can be occult also when mammography shows no dense 
breast tissue [21, 25, 26]. It may be useful to examine the value of MRI in high risk women 
with normal breast density also.

For DCIS, however, reported breast MRI sensitivity has been as low as 45% [27–29]. In 
young breast gene mutation carriers one would preferably detect breast cancer in its in situ 
stage, although this may mean overtreatment in an much older population.

For this reason it is not likely that MRI can replace mammography fully in a premeno-
pausal screening population yet. Because of the reported low specifity of breast MRI (67–
79%), it is necessary to confirm that a lesion is malignant, before deciding on operation. 
Reliable MRI guided needle biopsy was clinically not available in the Netherlands at the 
time of this study however. We could recognise the lesions detected with breast MRI at ul-
trasound examination and confirm malignancy with FNAC. Follow-up showed no breast 
cancers, missed by not performing excisional biopsy if ultrasound and FNAC showed no 
suspicion of an onMRI enhancing lesion. The numbers are small though. Comparison 
with a previous MRI improves its specificity. It proved also useful if focal enhancement 
was seen on a MRI examination that was performed in the second half of the menstrual 
cycle to repeat the examination on the 5th–15th day. Focal enhancement, if caused by 
hormonal activity, then often disappears completely.

It is necessary to perform wire localisation of a breast lesion, detected by MRI, before 
operation, as it may be not palpable in the lumpectomy specimen nor recognisable at speci-
men radiology. This is most likely the reason why in patient A one of the two lesions con-
firmed at ultrasound guided FNAC could not be confirmed at histologic examination of the 
mastectomy specimen. The same problem occurred with the recurrent cancer in patient B.

At young age breast tissue is more sensitive to radiation than at older age. So especially 
for young breast genemutation carriers it may be an advantage if screening with breast 
MRI could partly replace mammography, despite the high cost. The addition of breast 
MRI to the surveillance scheme caused an extra cost of €13.930 per detected patient in 
our study, but because of the small numbers the estimation is not precise. This amount 
is considerable, compared to the €9000 that is spent for the early detection of one breast 
cancer patient in our national breast screening programme for women 50–70 years [30]. 
This makes investigations necessary for tailoring screening with MRI to whom would 
most benefit from it.



136

Recently in the Netherlands like in Great Britain and Germany, a multicentre trial with 
the two national cancer clinics and four university hospitals has started, to assess the cost 
effectiveness of screening with added breast MRI in women with different risk levels for 
breast cancer [31, 32].

During the follow-up of patients, with a positive family history in whom the first breast 
cancer was detected with MRI, MRI detected three carcinomas in this period; one contra-
lateral T1aN0, two recurrent; one T1bN0 and one T1cN0 (patient B). It seems worthwhile 
to study the costeffectiveness of follow-up with breast MRI in these patients also.

Conclusion

In conclusion we think that breast MRI is promising in screening young women at high 
risk for breast cancer, as it can advance the detection of cancers while they are still occult 
at mammography and not yet clinically manifest. MRI may be useful also in the follow-up 
of breast cancer patients detected primarily at MRI. Further study is needed to determine 
whether breast MRI can (partly) replace mammography in screening these women and 
at what cost.
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Abstract

Purpose
The results of studies comparing survival in familial and sporadic breast cancer (BC) can-
cer are inconsistent. A higher incidence of contralateral breast cancer (CBC) has been 
reported in familial BC. Ascertainment bias may influence both the reported familial CBC 
and survival

Design
We assessed CBC incidence, distant disease free (DDFS) and overall survival (OS) in 327 
BC patients who had ≥ 3 breast and/or ovarian cancers in the family but no BRCA1/2 
gene mutation (non-BRCA1/2). They were matched to 327 sporadic controls for year and 
age at detection. To correct for ascertainment bias, we analyzed also separately the results 
1) of the 250 non-BRCA1/2 patients with DNA testing performed before diagnosis or 
within two years (“unselected”) and 2) of the 77 with testing ≥ 2 years after diagnosis 
(late-tested). 

Results
Median follow-up of non-BRCA1/2 patients was 6.1 yrs. Ten years CBC incidence was 
11% in non-BRCA1/2 vs. 6% in sporadic patients (p=0.002). At multivariate analysis CBC 
incidence was increased in late-tested non-BRCA1/2 (HR 4.6 p=0.001) not in “unselected” 
(HR 1.8 p=0.1). Increased CBC occurred in non-BRCA1/2 patients mainly before genetic 
testing, suggesting ascertainment bias. Tumors were ≤ T1 in 62% of non-BRCA1/2 vs. 50% 
of sporadic patients (p= 0.003), node-negative in 55% vs. 52% respectively (p=0.5). After 
correction for stage and therapy, OS did not differ between “unselected” non-BRCA1/2 
and sporadic patients (HR 0.8; p=0.3), but was improved in late-tested non-BRCA1/2. 

Conclusion 
Overall survival and contralateral BC were similar in “unselected” non-BRCA1/2 - and 
sporadic patients. Reports of higher CBC incidence and better survival in non-BRCA1/2 
patients may substantially be caused by DNA-testing selection-bias. 
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Introduction 

Family history and age are the strongest risk factors for both primary and contralateral 
breast cancer in women [1-3].

Approximately 10% of breast cancers (BC) are detected in patients with a clear family 
history, but high-penetrance germ-line mutations in BRCA1 or BRCA2 account for less 
than 20% of the familial aggregation of breast cancer.

The risk of chance clustering of ≥ 3 breast cancers under the age of 60 in a family has 
been estimated as less than 10% [4]. Further, specific histopathologic characteristics have 
been described in non-BRCA1/2 breast cancers from families with at least 3 breast cancer 
cases, such as more frequent low-grade tumors, low mitotic count, a lower proliferation 
rate and more lobular carcinoma [5,6]. These features discriminate non-BRCA1/2 from 
both BRCA1 BRCA2 and sporadic breast cancers and suggest a possibly more favorable 
prognosis.

The data on survival of familial cancer, reviewed by Chappuis and summarized by 
Haffty however, are inconsistent [7,8], while Eerola did not find a difference in survival 
between 284 proven non-BRCA1/2 breast cancer patients from families with ≥ 3 breast 
cancer cases and 59.517 sporadic BC patients not matched for age [9].

A higher frequency of contralateral breast cancer (CBC) has been reported in patients 
from high risk families, also when proven BRCA1/2 negative, than in sporadic patients 

and also in patients with a CHEK 2*1100delC mutation [9-19].  However DNA-testing 
may have been offered with preference to patients with bilateral BC.

In order to compare CBC incidence and survival in familial and sporadic breast cancer 
we assessed the incidence of CBC, distant disease free survival (DDFS) and overall sur-
vival (OS) in two groups:

1. BC patients with ≥ 3 breast and/or ovarian cancers in the family but a negative test 
for deleterious BRCA1/2 gene mutations (non-BRCA1/2) and 

2. control patients with sporadic BC matched for year and age at detection.
To estimate the influence of ascertainment bias (preferential DNA-testing in longer living 
patients or patients with CBC) on the results, we performed all the analyses both for the 
total group of non-BRCA1/2 patients and also separately for patients whit DNA testing 
≥ 2yr after diagnosis (late-tested) and the other non-BRCA1/2 patients (“unselected”),

Patients and Methods

Study subjects
Families were identified through the Rotterdam Family Cancer Clinic registration at 
Erasmus Medical Centre. The series of 292 families eligible for this study consisted of 
consecutive families with at least 3 confirmed breast cancer cases (“hereditary breast can-
cer “/HBC) or breast and ovarian cancers (HBOC) including the index case, but with a 
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negative test for a BRCA1 or BRCA2 mutation before May 1 2004. We selected from these 
families all 350 women with primary breast cancer (including DCIS), who had been diag-
nosed between 1-1-1980 and 31-12-2002 and available data on histopathology, follow-up 
data for at least 6 months and no previous cancer other than basal skin carcinoma. Nine 
patients were not eligible because a pathology report was lacking, 6 because follow-up 
data was lacking, 7 because the family member, who tested negative for BRCA1/2 did 
not have breast or ovarian cancer and 1 had lobular carcinoma in situ. This left 327 non-
BRCA1/2 patients from 265 families for analyses. Of these 262 tested negative for BRCA1 
and BRCA2, while in 65 patients one or more family members with breast or ovarian 
cancer tested negative. 

Test results for CHEK 2*1100delC were available in 117 familial patients and positive 
in one. BRCA1/2 and CHEK2*1100delC mutation analyses were reported [10]. 

To each non-BRCA1/2 patient a control BC patient (sporadic) was matched for age 
and year of diagnosis (within 5 years). Excluded were control patients with a family his-
tory of more than one family member with BC > age 50 yrs.. Other eligibility criteria were 
in conformity with the non-BRCA1/2 patients. 

Study protocol
We extracted detailed information on family history, age at diagnosis, hormonal factors 
(e.g. menopausal status), tumor characteristics (diameter, morphology, Bloom-Richardson 
grade) axillary lymph node status, surgical and adjuvant systemic treatment (hormonal 
and / or chemotherapy) of non-BRCA1/2 and sporadic BC patients from the medical files. 
Whenever possible (93%) each breast cancer was reclassified according to TNM classifica-
tion version 6 (2002), for the others we used the TNM classification at diagnoses. Further 
it was registered if and when women underwent prophylactic contralateral mastectomy or 
bilateral (salpingo-)oophorectomy (BSO) as wel as local and distant recurrences. 

For the purpose of the analyses follow-up was assumed to commence on the date of 
detection of the first breast cancer and to cease on the date of the last notes in the medical 
files, death, or otherwise at loss to follow-up, whichever came first. 

Cancer in the contralateral breast was considered metachronous if detected more than 
3 month’s after the first, also after primary DCIS. 

Endpoints of interest were the occurrence and date of contralateral breast cancer 
(CBC), distant metastases and date of death due to breast cancer or other cause. Census 
for the follow-up period was 1 May, 2004.

Ascertainment bias in non-BRCA1/2 patients
To investigate the preferential selection of non-BRCA1/2 patients with long survival or 
CBC and investigate its impact, we created two separate subgroups 1. index patients in 
whom DNA-testing was performed more than 2 years after breast cancer diagnosis, here-
after called late-tested (n= 77) and 2. all other non-BRCA1/2 breast cancer patients here-
after called the “unselected” non-BRCA1/2 (n=250). The latter group consisted of 185 
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patients tested for DNA either before diagnosis or within 2 years (103 of them probands) 
and 65 patients with DNA tested in family members with breast -ovarian cancers only.

To assess the magnitude of the remaining bias in the “unselected” non-BRCA1/2 group 
by including the probands we repeated the analyses, combining all probands with the late-
tested non-BRCA1/2 sub-group. Further separate analyses were performed for HBC and 
HBOC families.

Statistical methods
Using chi-square tests (categorical variables) or t-tests (continuous variables) we com-
pared patient and tumor characteristics between the non-BRCA1/2 patients (both in total 
and separated in the subgroups defined above) and sporadic breast cancer patients.

Kaplan-Meier survival curves were calculated and differences tested by the logrank 
test. Endpoints were the incidence of contralateral breast cancer, local recurrence, distant 
disease-free survival and overall survival.

The simultaneous effect of several prognostic variables on these four endpoints was 
investigated by Cox proportional hazard regression models. 

A p-value of less than 0.05 was considered statistically significant. All analyses were 
performed by STATA/SE for Windows version 8.1. A two-sided P-value of less than 0.05 
was considered to indicate statistical significance.

The study was approved by the Erasmus MC IRB. All DNA-tested patients gave their in-
formed consent on all DNA analyses and their use for research.

Results

Patient and tumor characteristics
A hereditary breast cancer syndrome (HBC) was seen in 214 of the 265 families, and a 
hereditary breast and ovarian cancer pattern (HBOC) in 51. In 43% of the families there 
was one or more BC patient < 40 yrs., in 66% there was ≥ 1 BC patient between 40-50 
yrs, and in 94% ≥ 1 BC patient > 50 yrs. Patient, tumor and treatment characteristics are 
described in Table 1. 

Median follow-up was 6.1 years in the total non-BRCA1/2 group, but significantly 
longer in late-tested than “unselected” non-BRCA1/2 patients (9.9 vs. 4.9 respectively; 
p<0.001). Non-BRCA1/2 and sporadic patients were matched for age, but late-tested non-
BRCA1/2 patients were significantly younger than ”unselected”, mean age 43 vs. 47 yrs. 
respectively (p=0.002) and 83% vs. 60% respectively younger than ≤ 50 yrs (p=0.001). 
Seventy-nine % of the non-BRCA1/2 group were diagnosed after 1990, but only 31% late-
tested vs. 60% “unselected” after 1995 (p< 0.001). Tumors were smaller in non-BRCA1/2 
patients than in sporadic patients (p 0.003), nodal status was comparable and there was no 
difference in stage between late-tested and “unselected”non-BRCA1/2 patients. Tumors of 
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Table 1 Patient-, tumor- and treatment characteristics in the different risk-groups.

Sporadic
patients

(n=327)

Non -BRCA1/2

(n=327) 

P-value Non-
BRCA1/2
“unselected”
(n= 250)

Non-
BRCA1/2
late-tested
(n= 77)

P-Value

Patient Characteristics
Median FU*
Range

5.4
(0.2-20.8)

6.1 
(0.7-22.5)

0.9 4.9
(0.7-21.4)

9.9
(1.9-22.5)

<0.001

Mean age yrs/range.† 46
(23-78)

46 
(23-77)

0.8 47
(25-77)

43
(23-75)

0.002

Age at detection
< 40 yrs. 97

(30%)
93
(29%)

 66
(26%)

 27
(35%)

40-50 yrs. 123 
(37%)

122 
(37%)

0.9  85
(34%) 

37
(48%)

 0.001

> 50 yrs. 107 
(33%) 

112 
(34%)

 99
(40%)

13
(17%)

Year of detection
1980-1989  70

(21%)
 69 
(21%)

 50
(20%)

19
(25%)

1990-1995  86
(26%)

 85
(26%)

0.99  51
(20%)

34
(44%)

<0.001

1996-2003 171
(53%)

173
(53%)

149
(60%)

24
(31%)

Menopausal status
Pre- 218

(67%)
213
(65%)

147
(59%)

66
(86%)

Post-  81
(25%)

 76 
(23%)

0.42‡  70
(28%)

 6
(8%)

<0.001‡

Unknown  28 
(8%)

 38 
(12%)

 33
(13%)

 5
(6%)

Tumour characteristics
Stage
DCIS  14 

( 4%)
 16 
( 5%)

 12
(5%)

 4
(5%)

T1 149
(46%)

 187 
(57%)

0.003‡  145
(58%)

42
(55%)

0.9‡

≥ T2 145 
(43%)

112 
(34%)

 87
(35%)

25
(32%)

Size unknown  19 
(6%)

 12 
(4%)

 6
(2%)

 6
(8%)

Nodal status §
Node - 163 

(52%)
 174 
(55%)

127
(53%)

47
(63%)

Node 1,2 +  61 
(20%)

 68 
(22%)

0.5  54
(23%)

14
(19%)

0.3

Node ≥ 3  79 
(25%)

 68 
(22%) 

 55
(23%)

13
(18%)

N unknown  10 
( 3%)

 2
( 1%)

 2
( 1%)

 0
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Sporadic
patients

(n=327)

Non -BRCA1/2

(n=327) 

P-value Non-
BRCA1/2
“unselected”
(n= 250)

Non-
BRCA1/2
late-tested
(n= 77)

P-Value

BR grade§¶ 
Grade 1  21 

( 7%)
 25 
( 8%)

 22
( 9%)

 3
( 4%)

Grade 2  81 
(26%)

 75 
(24%)

0.7‡  59
(25%)

16
(22%)

0.5‡

Grade 3 142 
(45%)

130 
(42%)

 101
(43%)

29
(40%)

Grade unknown  69 
(22%)

 81 
(26%)

 56
(23%)

25
(34%)

Receptor status§ 
ER + 152 

(49%)
161
(52%) 

132
(56%)

29
(40%)

ER -  77 
(25%)

 61 
(20%)

0.3‡  49
(21%)

12
(16%)

0.8‡

Unknown  84 
(26%)

 89 
(28%)

 57
(23%)

32
(44%)

PR + 117 
(38%)

127 
(41%)

106
(45%)

21
(29%)

PR -  64
(20%)

 50 
(16%)

0.3‡  39
(16%)

11
(15%)

0.4‡

Unknown 132 
(42%)

134 
(43%)

 93
(39%)

41
(56%)

Therapy
Surgery
BCT** 175 

(54%)
158 
(48%)

116
(46%)

42
(55%)

Mastectomy 145 
(44%)

159 
(49%)

0.3 127
(51%)

32
(42%)

0.3

No primary surgery   7 
( 2%) 

  5 
( 2%)

 3
( 1%)

 2
( 3%)

Prev.contr. Mastect. ††   5 
( 1%)

 36 
(12%)

< 0.001  28
(11%)

 8
(10%)

0.8

Adjuvant 
Chemo + 122 

(38%)
123 
(38%)

0.9 98
(40%)

25
(33%)

0.3

Hormonal +  57
(17%)

 69 
(22%)

0.3  64
(26%)

 5
(7%)

<0.001

Oophorectomy  15 
( 5%)

 20 
( 6%)

0.6 13
( 5%)

 7
(9%)

0.4

† yrs, years; ‡ p-value of the comparison between the risk-groups not taking the percentages “unknown” into 
account; §Nodal status, Bloom Richardson grade and Hormonal receptor status of invasive cancers; ¶, Bloom 
Richardson grades;** BCT, Breast conserving treatment; †† Prev.contr.Mastect., preventive contralateral 
mastectomy
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non-BRCA1/2 and sporadic patients were comparable regarding hormonal receptor sta-
tus and grade, with Bloom-Richardson grade 3 in 42% and 45% respectively. There was no 
significant difference in surgical or adjuvant therapies apart from preventive contralateral 
mastectomy in 12% of non-BRCA1/2 patients vs.1% of sporadic patients (p < 0.001) and 
late-tested patients received hormonal therapy less frequently than “unselected” patients 
(7% vs. 26%; p < 0.001).

Contralateral BC incidence 
The 2, 5 and 10-year CBC incidence was significantly higher in non-BRCA1/2 than in 
sporadic patients and (Table 2)

Table 2. Cumulative contralateral breast cancer incidence according to riskgroup

327
Sporadic

327
non-
BRCA1/2

p-value* 250
“unselected”
non-BRCA1/2

77
late-tested
non-BRCA1/2

p-value†

Contralateral breast cancer 
synchronous  1 (0.5) 12 ( 4) 10 (2.5)  2 ( 3)
 2 year  4 (1.3) 21 ( 6) 0.002 17 (7)  4 ( 5) 0.05
 5 year  8 (3) 30 ( 9) 20 (9) 10 (14)
 10 year 16 (6) 35 (11) 23 (9.5) 12 (17) 

* p-value for the incidence in the total non-BRCA1/2 versus the sporadic group 
† p-value for “unselected” versus late-tested non-BRCA1/2 patients

Univariate analyses showed that CBC incidence was significantly higher in “unselected” 
patients than in sporadic HR 1.9 (p= 0.04) as well as in late-tested vs. sporadic patients HR 
3.4 (p< 0.001) (Figure 1).

In “unselected” non-BRCA1/2 patients a higher CBC incidence was only seen syn-
chronously and the first 2 years after diagnosis, not later (Table 2), while in the late-tested 
group increased CBC incidence was mainly seen after 2 years follow-up.

At multivariable analyses, correcting for stage, age and adjuvant and surgical thera-
py contralateral BC incidence was significantly higher only for late-tested patients HR 
4.6 (p=0.001), not for “unselected” non-BRCA1/2 vs. sporadic patients HR 1.8 (p=0.1) 
(Table 3). 

Tabel 3. The influence of risk-group on contralateral breast cancer incidence and Overall Survival after 
correction for stage and therapy

HR CBC*
95%CI

p-value HR OS†
95% CI

p-value

Risk-group Non-BRCA1/2  
“unselected” vs. sporadic 

1.8
0.8-3.9

0.1 0.8
0.6-1.2

0.3

Non-BRCA1/2 late-tested 
vs. sporadic

4.6
1.9-10.2

0.001 0.2
0.1-0.5

<0.001

* HR for CBC, corrected for tumor stage, type of surgery (radical mastectomy or breast conserving treatment) 
and systemic adjuvant therapy. † HR for OS corrected for tumor stage, CBC, type of surgery and systemic 
adjuvant therapy.
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Distant Disease Free Survival
Distant disease free survival was, with 91%, 77% and 65% at 2, 5 and10-years respectively, 
significantly better in non-BRCA1/2 patients than in sporadic patients (86%, 70% and 
50%) (logrank p= 0.005). At univariate analyses the difference was only significant for 
late-tested vs. sporadic patients 0.5 (p= 0.004), the HR of DDFS for “unselected” vs. spo-
radic patients was 0.7 (p= 0.08) (Figure 2). After correction for stage, age, CBC, surgical 
and adjuvant therapy the results remained essentially the same: multivariate HR for late-
tested vs. sporadic patients 0.4 (p= 0.001) and for “unselected” vs. sporadic patients 0.8 
(p= 0.1). 

Overall Survival and subgroup analyses
Overall survival was with 98%, 86% and 73% at 2, 5 and 10 year respectively significantly 
better in the non-BRCA1/2 group than in sporadic patients (93%, 78% and 61%) (logrank 
p= 0.003) (figure 2). At univariate analysis OS was significantly better only for late-test-
ed patients compared to sporadic patients (HR 0.2; p<0.001) not for “unselected” non-

Chapter 9 Fig 1
Figure 1 Contralateral breast cancer in the 3 groups 

0.
00

0.
05

0.
10

0.
15

0.
20

0 2 4 6 8 10
analysis time

group = sporadic group = non-brca1/2 other
group = index>2yrs

Incidence of contralateral breast cancer

At risk 
Sporadic          327                                     162                                                    63            
“unselected”    250                                     117                                                    43            
Late-tested        77                                       58                                                    31          
Chapt 9/ fig 1 

Figure 1. Contralateral breast cancer in the 3 groups

At risk
Sporadic 327 162 63
“unselected” 250 117 43
Late-tested  77  58 31
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BRCA1/2 vs. sporadic patients (HR 0.8; p=0.3). Results remained essentially the same 
after correction for stage, age, CBC, surgical and adjuvant therapy: no significantly better 
survival was observed in “unselected” non-BRCA1/2 patients than in sporadic (table 3). 

Exclusion of the 103 probands from the “unselected” non-BRCA1/2 group did not 
change the results, nor did exclusion of the non-BRCA1/2 patients from the HBOC fami-
lies. 

Discussion 

By performing all the analyses for the total group of non-BRCA1/2 patients and also sep-
arately for patients whit DNA testing ≥ 2yr after diagnosis (late-tested) and the others 
non-BRCA1/2 patients (“unselected”), we could demonstrate the influence of DNA-test-
ing bias. I.e. patients diagnosed before 1995 (47%) could receive DNA-testing only if they 
lived long enough, thus skewing results for favorable survival.

Chapt 9/fig 2 
Fig 2. 10 yr. DDF and Overall Survival according to risk-group 
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00
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analysis time

group = sporadic
group = non-brca1/2 unselected
group = late tested

Overall survival

At risk              
Sporadic         326                      145                       51          327                     167                      66 
“unselected”   249                      111                       40          250                     126                      47 
Late-tested       76                        62                       34            77                       66                      38 

Figure 2. 10 yr. DDF and Overall Survival according to risk-group

At risk
Sporadic 326 145 51 327 167 66
“unselected” 249 111 40 250 126 47
Late-tested 76 62 34 77 66 38
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Both distant disease free survival and overall survival were significantly better in non-
BRCA1/2 patients than in sporadic patients (DDFS p= 0.005 and OS p= 0.003 at the lo-
grank test). However this improved DDFS and OS reached significance at univariate anal-
yses only in the late-tested non-BRCA1/2 patients, who had been selected at least partly 
for longevity, but not in the “unselected” non-BRCA1/2 (HR DDFS 0.8; p=0.1 and HR OS 
0.8; p= 0.3). These results remained essentially the same after correction for stage, CBC 
and therapy (Table 3). This underlines the importance of adequate correction for longev-
ity bias in family based studies like ours. The favorable survival in non-BRCA1/2 patients 
who received DNA-testing after 2 years of diagnosis, confirms also the prognostic im-
portance of surviving the first 2 years. Our survival results in “unselected”non-BRCA1/2 
patients are in line with Eerola et al., Eccles et al., while Möller et al. and Hamann et al. had 
no sporadic control group (Table 4) [9,16,17,20].

The 2 groups of non-BRCA1/2 patients also gave better insight in the influence of se-
lection for DNA-testing on reported CBC incidence. In both non-BRCA1/2 subgroups the 
higher CBC incidence occurred mainly before the date of genetic testing. In “unselected” 
non-BRCA1/2 patients CBC incidence was increased before genetic testing only. In our 
younger late-tested group one expects the growth rate of the tumors to be faster and CBC 
to appear earlier [21]. However CBC was seen mainly after 2 years (table 2). The cause 
may be, that patients and family members may be more likely to seek and get genetic test-
ing after bilateral breast cancer. In our study this may largely explain not only the high 
synchronous CBC incidence in all non-BRCA1/2 patients but also the early increase in 
metachronous CBC in the “unselected” group and later increase in the late-tested group.

In studies of familial breast cancer performed before DNA testing was available, CBC 
incidence is increased in some, but not in others [12-14]. This inconsistency may be 
explained by a different percentage of BRCA1/2 mutation carriers in the various stud-
ies, as BRCA1/2 and CHEK2*1100delC mutation carriers with breast cancer have a RR 
of CBC of 2-6 [18,22]. To some extent the studies that assess CBC risk in patients with 
BRCA1/2-negative familial cancer have, like our own, selected the DNA tested cases for 
CBC incidence [9.16-18,22] table 4. Therefore, the higher rates of CBC may be substan-
tially due to selection bias in these studies also. We need population-based studies with 
complete BRCA1/2 testing and pedigree information to assess the real CBC incidence in 
non-BRCA1/2 familial breast cancer. 

With a follow-up of 6.1 yrs in non-BRCA1/2 and 5.4 yrs in sporadic patients our study 
provided extensive DNA testing in the familial group and fairly complete information on 
the pedigree, tumor stage, tumor characteristics and on therapy in both familial and spo-
radic patients. The relatively high percentage (70%) of non-BRCA1/2 patients diagnosed 
before age 50 in our study, may reflect that DNA testing is offered to young patients more 
than to older patients. In Eerola’s study for instance, 70% of the cancers in BRCA1/2 nega-
tive families with 3 or more BC cases were diagnosed above age 50 yrs [9]. The relatively 
young age at detection in our non-BRCA1/2 cases might be responsible for the higher 
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percentage of grade-3 tumors (42%) than the percentage reported by Lakhani et al. (23% 
grade 3) in familial non-BRCA1/2 patients [5]. 

Conclusion

Overall survival and contralateral recurrence were similar in “unselected” non-BRCA1/2 
- and sporadic patients. Both the higher CBC incidence and better survival in late-tested 
non-BRCA1/2 were mainly explained by DNA-testing selection-bias. Reports in other 
studies of higher CBC incidence and better survival in non-BRCA1/2 patients may also 
substantially be caused by this bias.
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General Discussion and Summary

Introduction
The French surgeon Broca described the pedigree of his wife’s family in 1866, showing in 4 
generations that 40% of the adult women got breast cancer. A century after family history 
was recognized to be a risk factor, the first breast cancer causing gene mutations in BRCA1 
and BRCA2 were detected in 1993 and 1994. How BRCA1 and-2 mutations, by inhibit-
ing DNA-damage repair predispose to cancer is fast unraveled. A decade later however in 
over 70% of the breast cancer patients with a clear family history no major breast cancer 
gene mutation can be demonstrated. In the Netherlands about a 1000 of the yearly newly 
diagnosed breast cancer patients have a clear family history or a BRCA1 or 2 mutation. 
Their first degree relatives have still limited options to prevent the disease or it’s mortality. 
In the absence of chemoprevention, screening is one of the most accepted options. Un-
derstandably as the majority of the high risk non-BRCA1/2 carriers and even about 40% 
of the BRCA2 mutation carriers will not get the disease. At the moment there is no way 
to predict who in these families runs the highest risk or who runs the risk already before 
age 50 years. Although screening does not guarantee that the disease, if occurring, will be 
curable, cancers are with high frequency detected at an early stage especially by MRI.

Prognostic factors for hereditary breast cancer
A tumour can sometimes acquire the mutation(s) that enable it to metastasize already 
early in its development. The chance that a tumour acquires this mutation(s) increases 
with every cell division and therefore with increasing tumour size. We showed in chapter 
2, that the prognosis of a BRCA1, BRCA2 or familial non-BRCA1/2 patient decreases with 
increasing size of the tumour at diagnosis and independently with the number of positive 
axillary metastases, like in “sporadic” breast cancer patients. Survival was comparable in 
the 4 risk-groups, adjusted for stage, age, and therapy. This makes the screening approach, 
aiming at early detection to prevent early mortality promising. For nearly 100% cure how-
ever all tumours should be detected in the in situ or T1a/bN0 stage.

Ipsilateral recurrence was in none of the hereditary risk-groups increased in compari-
son with sporadic patients. Breast-conserving treatment is therefore an acceptable treat-
ment option. Contralateral breast cancer incidence was significantly higher in BRCA1 
and BRCA2 mutation carriers than in sporadic patients, but hardly increased in non-
BRCA1/2 familial patients. Contralateral cancer did not worsen breast cancer specific sur-
vival however after adjustment for stage, while adjuvant treatment significantly improved 
the outcome. Patients considering contralateral preventive mastectomy, should receive 
this information. 

Screening women with high hereditary breast cancer risk
We show in chapter 3, that breast tumours in an 10 year older group grow on average 1,6 
times slower in both BRCA1 and -2 mutation carriers and non-1/2 familial patients. We 
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assessed this first in a national study and confirmed it in 3 large international MRI-screen-
ing studies, the British MARIBS, the Canadian study and the extended Dutch MRISC. In 
this larger combined study it was also shown, that tumours of BRCA1 and BRCA2 muta-
tion carriers grow on average twice faster than tumours of non-carriers of the same age. 
Nearly 20% of the tumours in BRCA1 carriers in this joint study were detected during the 
interval. Interval cancers were larger than screen-detected ones (mean 17 vs 11mm). 46% 
of BRCA1 tumours occurred before age 40 years. Tumours detected with yearly screening 
in patients of age 40 or below were significantly larger than above that age (mean 15 mm 
vs 9mm. p=0.003). Tumour size decreased continuously with increasing age at detection 
during yearly MRI-screening. 

The faster tumour growth in young BRCA1&2 carriers, higher rate of interval cancers 
in BRCA1-patients, larger size of the interval cancers, high cancer rate in BRCA1 patients 
under age 40 years and larger tumours in patients below age 40 years all suggest the neces-
sity to perform a screening MRI twice yearly in BRCA1 &2 mutation carriers below age 
40 years.

High breast density, a known risk factor for breast cancer was not associated with 
faster tumour growth. Dense breast tissue is therefore no reason for more frequent screen-
ing examinations. 

We demonstrate in chapter 4 that most of the interval cancers in the above mentioned 
British, Canadian and Dutch MRI-screening studies occurred in BRCA1 mutation carri-
ers. We discuss that breast self examination/ breast awareness will have added to the rela-
tively early stage at detection of these interval cancers and is most likely more cost-effec-
tive than clinical examination beside MRI-screening. Although in a Shanghai randomized 
trial no effectiveness of breast self-examination was shown, the conclusion of the Shanghai 
trial can only be, that self-examination is not effective when a self detected lump is not 
assessed by a doctor and with additional mammography. 

The sensitivity of mammography for breast cancers in BRCA1, and -2 mutation carriers 
was with 40% quite low in our study of chapter 5 and was significantly poorer than in 
as young “sporadic”patients (about 70%). High breast density decreased mammographic 
sensitivity equally in both risk-groups. The tumours in carriers had in accordance with the 
literature more often pushing margins at pathology. This specific pathologic feature influ-
enced imaging. The tumours with these specific BRCA1/2 characterisics were depicted 
less often as a spiculated mass at mammography, the classical malignant sign, but more 
as a smooth mass, mimicking benign tumours. Furthermore a BRCA1 or-2 mutation was 
also independently associated with lowered sensitivity, possibly caused by faster tumour 
growth. These findings support that other imaging modalities than mammography are 
needed for the screening of BRCA1 /2 mutation carriers. MRI performed in 12 BRCA1/2 
carriers had 100% sensitivity and detected 5 otherwise occult cancers.
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The capacity of MRI to detect the breast cancer that was not detectable at clinical examina-
tion and mammography is demonstrated also in chapter 6 in 4 patients with axillary me-
tastases compatible with breast cancer. Therefore breast MRI is mandatory in this group, 
as local treatment is important for survival and breast-conserving treatment can often 
been offered. 

We demonstrated in the pilot-study of chapter 7, performed between January 1994 and 
April 1998, that breast cancers were detected significantly more in an early stage in famil-
ial patients under surveillance, than in symptomatic familial patients. Tumours in patients 
under surveillance were in 54% ≤ 1cm and node negative, in 81% stage T1N0 (≤ 2cm and 
node negative), comparable to the stages of tumours in patients detected > age 50 years in 
the Dutch national screening program. In a sub-group of women with high breast density, 
yearly MRI was performed and detected 3 breast cancers at T1N0 stage, while still occult 
both clinical and at mammography. In familial patients ≤ age 50 years tumours were as 
often detected early as > age 50 years. These results were promising for high-risk women 
who choose surveillance and encouraging large MRI-screening studies in women at high 
hereditary risk. From MRI literature however it was known that MRI gives more false-
positive results than mammography. This may lead to anxiety in the women and extra 
examinations and cost. We calculated in chapter 8 an extra cost of €13.000 per detected 
cancer by adding yearly MRI to the screening program of high-risk women with > 50% 
density at mammography in the study described in the previous chapter. 

A “probably malignant” lesion at MRI, that cannot be detected or confirmed at mam-
mography, ultrasound and clinical examination will lead to close MRI follow-up, because 
of the recognized lower specificity. However if the lesion grows, but remains occult at 
the other examinations, MRI-guided wire-localization and excision is mandatory. MRI-
guided wire localization equipment is only recently commercially obtainable and at the 
moment only available in 3 of the 6 centres that participated in the Dutch MRISC study. 
The lower specificity and higher cost of MRI may reduce its cost-benefit ratio in women 
with only moderately increased risk. We also describe in chapter 8 the early detection of 
recurrent and contralateral cancer by MRI in patients with occult primary breast cancers, 
which may be worthwhile.

DNA-testing bias
We showed in chapter 9 that both familial breast cancer patients with bilateral cancer and 
longer living patients are offered DNA-testing for a BRCA1 or BRCA2 mutation with pref-
erence. This results in too high an estimation of both the risk for contralateral cancer and 
of survival for familial patients with a negative BRCA1 and BRCA2 test-result.
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Conclusions and future perspectives

Four large MRI-screening have shown now, that screening BRCA1 and BRCA2 mutation 
carriers with MRI can detect breast cancers early and is cost-effective. Our study supports 
that early detection reduces mortality also in hereditary breast cancer. However below 
age 40 years a higher than yearly MRI-frequency is needed to prevent large- and interval 
cancers. The screening frequency can decrease with increasing age. Breast self-examina-
tion may be a more cost-effective addition to MRI-screening than clinical examination. In 
women with familial risk without a BRCA1 or BRCA2 mutation tumours grow on average 
slower than in carriers of the same age. Below age 50 yearly mammography may be a good 
option in this group. High breast density may obscure cancers, but does not increase their 
growth rate. Whether additional MRI is cost-effective in the familial non-BRCA1/2 group 
when density is high is not yet clear. Breast-MRI is indicated in patients with axillary me-
tastases from an occult primary. BRCA mutation carriers and familial patients discussing 
therapy, should be informed, that local and adjuvant treatment, not contralateral mastec-
tomy are key for optimal survival.

Untill effective chemoprevention is available for women at hereditary risk, or untill 
the disease can be cured in all, we should aim to improve MRI’s specificity, for instance by 
computer-aided software and try to lower its cost.

The development of a diagnostic breast cancer blood-test may not be an illusion.
Research is needed to predict not only which women have an increased risk for breast 

cancer, but also when this risk rises really, to avoid years of unnecessary screening and 
anxiety.
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Samenvatting en Algehele Discussie 

Introductie
De Franse chirurg Broca beschreef in 1866 de stamboom van zijn vrouw’s familie, waarin 
40% van de volwassen vrouwen borstkanker kreeg. Een eeuw nadat een positieve familie-
anamnese werd herkend als risico factor, werden de eerste borstkanker veroorzakende 
genmutaties aangetoond in het BRCA1-gen (1993) en het BRCA2 gen (1994). Hoe een 
BRCA1 of -2 genmutatie door verstoring van de reparatie van DNA-schade de kans op 
kanker vergroot wordt nu snel duidelijker, maar in 70% van de families met een duidelijk 
positieve familie-geschiedenis kan zo’n genmutatie niet worden aangetoond. Bij ongeveer 
1000 van de vrouwen bij wie in Nederland jaarlijks borstkanker wordt vastgesteld is sprake 
van een duidelijk familiaire belasting of een BRCA1 of BRCA2 gen-mutatie. Hun vrouwe-
lijke eerste-graads familieleden hebben beperkte mogelijkheden om het sterfte-risico van 
deze ziekte te verminderen. Bij gebrek aan bewezen werkzame chemopreventie is scree-
ning een van de meest gekozen opties. Dit mede omdat de meeste van de vrouwen met 
familiair risico zonder BRCA1- of 2 gen-mutatie en ongeveer 40% van de BRCA 2 mutatie 
draagsters geen borstkanker zullen krijgen. Wie in deze families degene is met werkelijk 
hoog risico kan nu niet worden aangetoond en evenmin wie waarschijnlijk al voor zijn 
50e de ziekte krijgt. Hoewel niet alle tijdens screening ontdekte borstkankers genezen zul-
len worden, wordt borstkanker wel hoog frequent in een vroeg stadium, met zeer goede 
genezingskans, ontdekt.

Prognostische factoren voor erfelijk mammacarcinoom 
Soms heeft een zeer kleine tumor al de gen-mutatie(s) die uitzaaing mogelijk maakt. De 
kans dat een tumor deze metastase-veroorzakende mutatie verwerft neemt met iedere 
celdeling toe en daardoor met toenemende tumor-groootte. In hoofdstuk 2 tonen we aan, 
dat de kans aan borstkanker te overlijden toeneemt naarmate de tumor bij diagnose groter 
is en onafhankelijk daarvan met het aantal okselklieren met uitzaaiing, zoals dat bekend is 
van niet-erfelijk borstkanker. De overleving was in het zelfde tumorstadium en bij dezelf-
de therapie gelijk in de BRCA1&2 mutaiedraagsters, vrouwen met familiair rsico en niet 
erfelik belaste borstkankerpatienten Screening lijkt daarom een kansrijke mogelijkheid 
om te vroege sterfte te voorkomen door het vroeg ontdekken van de tumor. Voor bijna 
100% genezing zouden alle borstkankers < 1cm en zonder okselklieruitzaaiing moeten 
worden ontdekt. De tumor recidiveerde niet vaker in de borstsparend behandelde borst 
in de erfelijke groepen dan in de niet-erfelijke. Borst-sparende behandeling is dus goed 
mogelijk. Kanker in de andere borst kwam significant vaker voor bij BRCA1&2 mutatie-
draagsters dan bij niet erfelijk-belaste patienten, maar nauwelijks vaker bij familiaire pa-
tienten zonder BRCA1/2 mutatie. Het onstaan van deze contralaterale kanker had echter 
in de totale erfelijke groep geen aantoonbare invloed op de overleving, terwijl adjuvante 
therapie gepaard ging met duidelijke verbetering. Borstkankerpatienten die overwegen de 
andere borst uit voorzorg te laten verwijderen moeten deze informatie krijgen. 
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Screening van vrouwen met een erfelijk risico voor borstkanker
In hoofdstuk 3 tonen we aan, dat borst kankers van BRCA1&2 mutatie draagsters en 
vrouwen met familiair risico zonder genmutatie gemiddeld 1,6 keer langzamer groeien in 
een groep vrouwen die 10 jaar ouder is. Dit hebben we eerst in een landelijke studie vast-
gesteld en daarna bevestigd in de gezamenlijke resultaten van 3 grote internationale MRI-
screening onderzoeken, De Britse MARIBS studie, de Canadese studie en de Nederlandse 
MRISC studie. In deze gezamelijke studie toonden we ook dat tumoren van BRCA1&2 
mutatie draagsters gemiddeld 2 keer zo snel groeien dan van familiaire niet-gen draagsters 
van gelijke leeftijd. 20% van de tumoren van BRCA1 draagsters werden ontdekt tijdens het 
screeningsinterval en deze interval carcinomen waren groter dan door screening ontdekte 
tumoren (17 versus 11 mm gemiddeld). 46% van de BRCA1 kankers werd ontdekt ≤ 40 
jaar. De tumoren die met jaarlijks screenen bij vrouwen ≤ 40 jaar werden ontdekt waren 
gemiddeld significant groter dan boven de 40 jaar (15mm versus 9 mm; p=0.003). De door 
jaarlijks screenen ontdekte tumoren werden continue kleiner bij toenemende leeftijd.

De grotere tumorgroeisnelheid bij jonge BRCA1&2 draagsters, het hoger percentsage 
intervalcarcinomen bij BRCA1-draagsters onder de 40 jaar, de grotere tumorafmeting van 
interval carcinomen, het hoge percentage carcinomen dat wordt gedetecteerd < 40 jaar bij 
BRCA1-draagsters en de grotere tumorafmeting bij patienten onder de 40 suggereren alle 
de noodzaak BRCA1&2 draagsters < 40 jaar 2x per jaar met MRI te screenen. Hoge dicht-
heid van het borstklierweefsel ging niet gepaard met hogere tumorgroeisnelheid en is dus 
geen reden frequenter te screenen.

In hoofdstuk 4 tonen we dat de meeste intervalcarcinomen in bovengenoemde Britse, 
Canadese en Nederlandse MRI-screening studies bij BRCA1 mutatie draagsters voor 
kwamen. We bediscussiëren, dat borstzelfonderzoek/oplettendheid ongetwijfeld heeft bij-
gedragen aan het redelijk tijdig ontdekken van deze intervalcarcinomen. Tevens dat bij 
vrouwen met hoog erfelijk risico borstzelfonderzoek waarschijnlijk meer kosten-effectief 
is naast MRI dan palpatie door een arts.

Hoewel in gerandomizeerd onderzoek in Shanghai en Rusland de effectibviteit van 
borstzelfonderzoek niet werd aangetoond, mogen we uit de Shanghai studie slechts con-
cluderen, dat borstzelfonderzoek niet effectief is als een gevonden afwijking niet daarna 
door een arts en met aanvullende mammografie wordt onderzocht. 

De gevoeligheid van mammografie om borstkanker op te sporen was in onze in hoofdtuk 
5 beschreven studie met 40% vrij laag bij BRCA1&2 draagsters en significant lager dan 
bij vrouwen met niet erfelijk borstkanker op gelijke leeftijd (70%). Hoge dichtheid van 
het borstklierweefsel verminderde de sensitiviteit in beide groepen. De tumoren van de 
gendraagsters hadden bij pathologisch onderzoek vaker een tumorcel-dichte gladde rand, 
zoals in de literatuur beschreven. Dit bleek het mammografie beeld te beinvloeden. De 
BRCA1&2 tumoren veroorzaakten minder vaak een stralige schaduw op de mammografie, 
het klassiek maligne kenmerk, maar vaker een gladde schaduw, passend bij goedaardige 
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afwijkingen. Ook onafhankelijk van deze eigenschap werden BRCA1&2 tumoren minder 
vaak herkend op mammografie, mogelijk door de hogere groeisnelheid. Deze bevindin-
gen tonen dat BRCA1/2 draagsters op een andere manier moeten worden gescreend dan 
met mammografie. MRI onderzoek werd verricht bij 12 BRCA1/2 carriers en had 100% 
sensitiviteit, MRI ontdekte 5 carcinomen die op mammografie en bij lichamelijk onder-
zoek occult waren.

Het vermogen van de MRI om het carcinoom aan te tonen, dat niet werd ontdekt met 
lichamelijk onderzoek en mammografie, tonen we in hoofdstuk 6, bij 4 patienten met 
lymfkliermetastasen passend bij mammacarcinoom. MRI-onderzoek is daarom noodza-
kelijk bij deze patienten, aangezien behandeling van de borst belangrijk is voor goede 
overleving en borstsparende behandeling vaak mogelijk is.

In de studie beschreven in hoofdstuk 7, die werd verricht tussen januari 1994 en april 
1998 tonen we dat borstkanker door screening significant vaker vroeg werd ontdekt in pa-
tienten met erfelijk risico dan wanneer zij met klachten kwamen. In de gescreende groep 
was 54% van de tumoren ≤ 1cm en zonder okselkliermetastase en 81% ≤ 2cm en zonder 
okselkliermetastase, vergelijkbar met de resultaten van de landelijke screening bij vrouwen 
50 jaar. In een sub-groep vrouwen met dicht klierweefsel werd jaarlijks MRI-onderzoek 
verricht waardoor 3 carcinomen werden ontdekt in T1N0 stadium terwijl ze met klinisch 
onderzoek en mammografie niet ontdekt (occult) waren. Deze resultaten waren veelbe-
lovend voor vrouwen met hoog erfelijk risico die voor screening kozen en stimulerend 
voor grote MRI-screening studies bij deze vrouwen. Uit literatuur was tijdens onze studie 
al bekend dat MRI vaker vals alarm slaat dan de mammographie. Dit veroorzaakt onrust 
bij de vrouwen en extra onderzoeken en kosten. We berekenden in het boven beschreven 
onderzoek in hoofdstuk 8 dat toevoeging van jaarlijks MRI aan de screening van vrouwen 
met hoog borstkanker risico en dens klierweefsel op de mammografie leidde tot €13.000 
extra kosten per ontdekt carcinoom. Bij een “onzeker maligne” afwijking op MRI, die niet 
herkenbaar is bij lichamelijk onderzoek, echografie en mammografie wordt op korte ter-
mijn vervolg-MRI verricht wegens dit frequent vals alarm. Neemt de afwijking toe, maar 
blijft niet herkenbaar bij de andere onderzoeken, dan wordt MRI-geleide draadlokalisatie 
en excisie noodzakelijk. De daarvoor benodigde apparatuur is pas recent te koop en in 
2006 slechts in 3 van de 6 centra die deelnamen aan de Nederlandse MRI-screenings stu-
die MRISC aanwezig. Het frequentere vals alarm zal MRI minder kosteneffectief maken 
bij vrouwen met een matig verhoogd borstkanker risico. In hoofdstuk 8 beschrijven we 
tevens, dat bij patienten bij wie de eerste borstkanker niet mammografisch zichtbaar was 
terugkerende kanker en kanker in de andere borst door MRI aangetoond werd en follow-
up met MRI mogelijk geindiceerd is.
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Selectie bias voor een DNA-test
In hoofdstuk 9 tonen we dat een DNA-test naar BRCA1 &2 mutaties vaker wordt aange-
boden aan patienten met beiderzijds borstkanker en aan patienten die niet snel overlijden. 
Dit heeft geleid tot een te hoge inschatting van het risico op contralateraal borstkanker en 
op goede overleving bij vrouwen met familiaire belasing en een negatieve BRCA1&2 test.

Conclusie en verwachting voor de toekomst

Dat BRCA1&2 gendraagsters screenen met MRI borstkanker vroeg kan ontdekkken en 
kosten effectief is, is inmiddels door 4 grote internationale studies aangetoond. Onze stu-
die maakt aannemelijk, dat hierdoor sterfte kan verminderen. Tevens dat een gen mu-
tatie draagster voor haar 40e jaar vaker dan jaarlijks met MRI moet worden gescreend 
om grote- en interval carcinomen te voorkomen. Met toenemende leeftijd kan de scree-
ningsfrquentie afnemen. Naast MRI-screening is borstzelfonderzoek mogelijk kostenef-
fectiever dan lichamelijk onderzoek door een arts. Bij vrouwen met familiaire belasting 
voor borstkanker maar geen BRCA1- of 2 mutatie groeien tumoren langzamer. Jaarliks 
screenen met mammografie lijkt een goede optie in deze groep. Dicht borstklierweefsel 
kan kanker maskeren, maar verhoogt niet de groeisnelheid. Het is nog niet duidelijk of 
MRI in de familiaire risico groep bij hoge borstklierdichtheid kosten-effectief is.MRI is 
geindiceerd bij patienten met een anders niet ontdekt mammacarcinoom met lymklier-
metastase. BRCA1&2 gendraagsters die hun behandeling bespreken moet worden verteld, 
dat primaire behandeling en eventueel adjuvante therapie belangrijk zijn voor de overle-
ving, niet een preventieve contralaterale mastectomie. 

Totdat effectieve chemopreventie beschikbaar is of borstkanker altijd genezen wordt 
moeten we de specificiteit van de MRI zien te verbeteren bevoorbeeld met behulp van 
computer software en de kosten ervan terugbrengen.

De ontwikkeling van een bloed-onderzoek naar borstkanker is mogelijk niet illusoir.
Verder onderzoek is noodzakelijk om te specificeren welke vrouwen werkelijk een 

hoog risico op borstkanker hebben en wanneer om jarenlang nutteloos screenen en angst 
te voorkomen. 
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Statements
accompanying the thesis

“The Impact of Tumour-Characteristics
on Hereditary Breast Cancer Screening”

1. (Wo)men’s nature is altruistic. Daily patients give informed consent for research, 
knowing it will not benefit them themselves.

2. Surveillance with MRI and/or mammography of young women at high hereditary 
risk can detect breast cancer early and improve survival. (this thesis)

3. In BRCA1&2 mutation carriers, mammography gives frequent false-negative results, 
whereas MRI detects the cancers. (this thesis)

4. Screening must be more frequent in younger women at high hereditary risk. If not, 
the detected cancers will be larger in younger patients than in older. (this thesis)

5. BRCA1&2 and familial breast cancer patients must be informed, that primary and 
adjuvant therapy are key for their survival, not preventive contralateral mastectomy. 
(this thesis)

6. MRI is mandatory in patients with axillary metastases compatible with breast cancer 
but no detectable tumour at clinical examination and mammography.(this thesis)

7. The multidisciplinary meeting does not prevail over a doctor’s responsibility.

8. Politicians calling for longer prison sentences should be obliged to provide sound 
costbenefit analysis.

9. Adult asylum-seekers should have the opportunity to work and study (attend clas-
ses) during their residency-permit procedure.

10. Women live sufficiently long for career’s after kids.

11. Music is the consolation of the gods


