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Summary

BACKGROUND: Family history is a known risk factor for
breast cancer, but its prognostic value and the prognostic
value of tumour characteristics in relation to family history
has not been clearly established. In addition, studies of in-
tra-familial tumour characteristics and prognosis in popu-
lation-based settings are very rare. Two previous studies
have suggested that breast cancer prognosis clusters
within families. However, both studies lack information on
HER2 expression status, which is a strong prognostic fac-
tor and could contribute to the observed results.

METHODS: We conducted a population-based study on
145 mother-daughter and sister-sister affected pairs using
data extracted from the Geneva Cancer Registry.
Histopathological characteristics were determined in
archived tumour blocks by immunochemistry techniques.
Breast cancer survival among family members was stud-
ied according to patient and tumour characteristics.

RESULTS: No significant intra-familial agreement of
pathological characteristic features was observed. We
found that relatives of breast cancer patients experienced
a much higher risk of breast cancer death compared to
the general population. However, we did not find signifi-
cant concordance in good and poor breast cancer-specific
survival between pairs. The small number of family pairs
and deaths from breast cancer may partly explain our re-
sults.

CONCLUSIONS: Large-scale studies with accurate data
on strong prognosticators are still needed to confirm the
possibility of familial inheritance of breast cancer progno-
sis.

Keywords: breast cancer, tumour characteristics, pathol-
ogy review, first-degree relatives, survival clustering

Introduction

A family history of breast cancer is a well-documented risk
factor: women with an affected mother or sister are at dou-
ble the risk of the general population to develop a breast
cancer [1]. However, the prognostic value of family history
has not been clearly established. Several studies reported
better survival for women with a positive family history of
breast cancer as compared to those without [2, 3], whereas
others reported no difference or worse survival [4–6]. A re-
cent meta-analysis performed to clarify this issue demon-
strated that having a first-degree relative with breast and/
or ovarian cancer was associated with better overall sur-
vival and breast cancer-specific survival [7]. No clear con-
clusion could be drawn from subgroup analyses due to
the limited number of studies available. Likewise, studies
of tumour characteristics and prognosis in the context of
a positive family history yielded mixed results and were
mainly conducted in selected populations, particularly in
high-risk families [8]. In two population-based studies, af-
fected women with a positive family history of breast can-
cer had improved survival that could be attributable to dif-
ferent tumour characteristics rather than to differences in
screening, detection method, or treatment [8, 9]. Finally,
studies of intra-familial tumour characteristics and progno-
sis in population-based settings are very rare. In a previous
study conducted among 160 mother-daughter and sister-
sister pairs affected by breast cancer in Geneva, Switzer-
land, we found that breast cancer prognosis clusters within
families and that the hereditary component is independent
of patient and tumour characteristics and type of treatment
[10]. Similar results were observed in a Swedish popula-
tion-based cohort of 834 sister-sister affected pairs [11].
Both studies, however, lacked information on human epi-
dermal growth factor receptor 2 (HER2) expression, which
is a very important prognostic tumour characteristic [12].
Overexpression of HER2 is associated with aggressive tu-
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mour behaviour, resistance to therapies, and poor progno-
sis, especially prior to the introduction of a targeted im-
munotherapy.

The aim of the present study was to conduct a more com-
prehensive analysis of histopathological characteristics
(histology, molecular subtype, tumour type and grade, tu-
mour size, lymph node status, oestrogen receptor (ER) and
progesterone receptor (PR) status, HER2 and Ki-67 sta-
tus) through a centralised review of mother-daughter and
sister-sister affected pairs using archived tumour blocks in
Geneva. We evaluated intra-familial concordance of can-
cer pathology features and tested whether the clustering of
breast cancer survival among family members is linked to
patient and tumour characteristics.

Patients and methods

Ethical approval for retrospective studies and in-
formed consent
Formal ethical approval and patient consent for this study
was not required. The Geneva Cancer Registry has a gen-
eral authorisation (Autorisation de la commission d'experts
du secret professionnel en matière de recherche médicale:
https://www.unige.ch/medecine/rgt/files/7914/6462/0509/
Article321bis_1994_Texte_Commission_Experts.pdf; ac-
cessed on 18 December 2018) to collect nominative data,
and to analyse the anonymised data.

The study was performed in accordance with the ethical
standards as laid down in the 1964 Declaration of Helsinki
and its later amendments.

Study population
We used data from the population-based Geneva Cancer
Registry (GCR) that has been described in detail elsewhere
[13]. Briefly, the database contains information on all can-
cers diagnosed in the resident population of the canton of
Geneva (450,000 inhabitants) since 1970. The Cancer Reg-
istry extracts information from various sources, including
pathology laboratories, public and private hospitals, pri-
vate-sector physicians, and mortality data, and it is consid-
ered an accurate resource [14]. Recorded data include so-
ciodemographic information, tumour characteristics using
the World Health Organization (WHO) criteria [15], hor-
mone receptor status, stage of disease at diagnosis, treat-
ment during the first 6 months after diagnosis, occurrence
of other primary cancers, and survival status. Cause of
death is extracted from medical records.

The GCR regularly assesses survival in reference to the
date of confirmed diagnosis or the date of hospitalisation
(if it preceded the diagnosis and was related to the disease).
In addition to passive follow-up through routine examina-
tion of death certificates and hospital records, an active fol-
low-up is performed yearly using data from the Cantonal
Population Office (OCP) regarding the registration of the
resident population.

For this study we considered all women resident in the
canton of Geneva diagnosed with a first primary invasive
breast cancer between 1970 and 2011. Primary invasive
breast cancer is a malignancy originating in the breast(s)
with epithelial cancer cells from inside the milk ducts or
lobules that have spread to the surrounding breast tissues.
Breast cancer cases diagnosed at death (n = 88) were ex-

cluded. The final cohort consisted of 11,523 women with
breast cancer.

Each resident in the Canton of Geneva is identified by a
unique identification number. This number is registered in
both OCP and GCR databases and was available for 10,375
patients of the cohort. Using the identification number as a
key, a record linkage between these two databases was per-
formed to identify the mother, daughter(s) and sister(s) of
each breast cancer patient, and to retrieve their information
about invasive breast cancer. Formal ethical approval and
patient consent for this study was not required. The GCR
has a general authorisation [16] to collect nominative data,
and to analyse the anonymised data.

Within the 10,375 patients of the cohort, 298 had one or
more relatives diagnosed with invasive breast cancer in the
canton of Geneva, between 1970 and 2011, corresponding
to 99 mother–daughter pairs, 8 mother-daughters trios and
38 sister-sister pairs. For the 8 trios, only the two earliest
diagnosed relatives were retained for analysis (6 mother-
daughter pairs and 2 sister-sister pairs). For the 105 moth-
er-daughter pairs and the 40 sister-sister pairs, the patient
with the earliest diagnosis of breast cancer was defined as
the index case. Figure 1 describes the breast cancer patients
selected for the study.

To determine the uptake of genetic counselling and testing
among the 290 patients of the cohort we performed a link-
age with the database of the Oncogenetics and Cancer Pre-
vention Unit at the Geneva University Hospitals. This unit
has managed more than 4000 families since 1994 and has
had the monopoly on genetic counselling and testing in the
Geneva area until the end of 2017.

Centralised pathology review
Primary tumour tissue specimens fixed into paraffin blocks
of the 145 pairs of breast cancer patients and relatives were
sought in the three laboratories of pathology existing in
Geneva. Blocks were retrieved for 206 affected patients
(69 mother-daughter pairs and 34 sister-sister pairs) and

Figure 1: Flowchart of the study population.
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centralised at the Service of Clinical Pathology of the Uni-
versity Hospitals of Geneva for processing.

Slides from these patients were reviewed in a consensus
meeting with four pathologists from the different laborato-
ries (JCT, ES, DW, HB), who were unaware of the origi-
nal diagnosis and clinical features. Tumour type and grade
were determined according to the WHO classification [17].

Immunohistochemistry (IHC)
Whole 4 μm sections were deparaffinised, rehydrated, and
then submitted to immunohistochemistry with antigen re-
trieval on the Benchmark XT automated stainer (Ventana,
Mannheim, Germany). Antibodies against ER (Ventana,
Clone SP1, Cat num: 790-4324); PR (Ventana, Clone 1E2,
Cat num: 790-2223); Ki-67 (Mib1 clone, DAKO, cat num
M7240); HER2 (Ventana, Clone 4B5, cat num 790-2991)
were used; HER2 chromogenic in situ hybridisation (Ven-
tana, Dual ISH DNA Probe Cocktail Assay, cat num
780-4422) was performed. One slide per antibody was
used.

Quantification
We used the Allred score to quantify ER and PR expression
by evaluating the percentage of stained cells (proportion
score from 0 to 5) and the intensity of nuclear staining (in-
tensity score from 0 to 3) [18]. If a patient's tumour ex-
presses ER and/or PR, we can predict that this patient will
positively benefit from endocrine therapy such as tamox-
ifen or aromatase inhibitors in postmenopausal women.

A semi-quantitative estimation was performed on the en-
tire tumour for Ki-67 status. It was determined as the mean
percentage of positive nuclei incorporating hot spots, ac-
cording to the guideline [19].

HER2 expression was determined by in situ hybridisation
as the first-line indication. If the technique failed, then we
used immunohistochemistry (IHC) and completed by chro-
mogenic in situ hybridisation (CISH) for scores 2+. HER2
status was considered positive when the ratio HER2/cen-
tromere enumeration probe for chromosome 17 (CEP17)
was ≥ 2.0 or HER2 copies/cells > 6.0 and if an IHC score
was 3+ according to the guidelines [20].

Two experts of breast pathology (JCT and ES) interpreted
the staining

Molecular subgroup classification
Intrinsic molecular subtypes based on St Gallen Interna-
tional Expert Consensus (2013) have classified breast car-
cinoma into luminal A, luminal B, HER2+, and triple-neg-
ative, depending on the expression of ER, PR, HER2, and
Ki-67. Primary breast tumours were classified into four
subgroups: luminal A (ER Allred >3, PR Allred ≥4, Ki-67
≤20%, and HER2−), luminal B (ER Allred >3, PR Allred
≤3 or Ki-67 >20% and HER2−), triple negative (if ER
Allred = 0, PR Allred = 0 and HER2-), and HER2 (if
HER2+).

Statistical analysis
We compared index cases and relatives among mother-
daughter pairs and sister-sister pairs for demographic, tu-
mour, and treatment characteristics using chi-square tests.

For calculating the agreement of the breast cancer
histopathological characteristics among mother-daughter

pairs and sister-sister pairs, we used the unweighted kappa
statistics with 95% confidence intervals (95% CIs). The
kappa coefficient is a standard tool for the analysis of
chance-corrected agreement on a binary outcome between
two observers or two independent events [21]. The agree-
ment was calculated between index cases and relatives in
a two-by-two table for each histopathological dichotomous
variable (e.g., ductal breast cancer in index case yes/no
versus ductal breast cancer in relative yes/no). The kappa
statistic was interpreted as follows: <0 less to what would
be expected by chance; 0.01–0.20 slight; 0.21–0.40 fair;
0.41–0.60 moderate; 0.61–0.80 substantial; >0.80 almost
perfect agreement [22].

All women were followed for vital status up to 31 Decem-
ber 2016. Survival analyses were based on breast cancer-
specific mortality. The person-time at risk started at the
date of breast cancer diagnosis and continued until death,
emigration or end of follow-up, whatever came first.

To classify relatives according to their index case’s sur-
vival, we modelled the 10-year survival rate of the index
cases with Cox proportional hazards analysis, adjusting for
age at diagnosis and year of diagnosis. We categorised
all relatives based on the Martingale residuals of the Cox
model of their index case into familial survival groups
[23]. These residuals were calculated as observed minus
expected mortality and values below, above and around ze-
ro correspond to better, worse or expected survival, respec-
tively. We defined the good familial survival risk group as
the first tertile of the Martingale residual distribution, the
medium familial survival risk group as the second tertile
and the poor familial survival risk group as the third tertile.
We estimated breast cancer-specific standardised mortality
ratios (SMRs) of relatives in the poor, medium and good
familial survival risk groups. For this, we calculated the
expected numbers of breast cancer deaths for each progno-
sis group by multiplying the person-years of observation of
each group by the breast cancer mortality rates for the fe-
male population of Geneva (stratified for each 5-year age
group and 5-year calendar period). SMRs for the three fa-
milial survival risk groups were then calculated by divid-
ing the observed numbers of deaths by the expected num-
bers. Statistical significance and 95% CIs were estimated
assuming a Poisson distribution.

We graphed breast cancer-specific survival according to
survival risk groups using Kaplan-Meier survivor function
[24].

We also assessed breast cancer-specific mortality in rela-
tives in relation to the index cases’ survival, using a Cox
regression analysis, adjusting for stage, ER status, PR sta-
tus, and HER2 expression.

All statistical tests were two sided. A p‐value <0.05 was
considered as sttistically significant. We used the STATA
SE15.1 software (Stata Corporation, College Station, TX,
USA) to carry out all analyses.

Results

Patient and treatment characteristics of the 290 affected
women are presented in table 1. As expected, the index
cases were more often diagnosed with breast cancer in the
earlier periods than their relatives (49% before 1993 versus
4.8%, respectively). They were on average older at breast
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cancer diagnosis (62.2 years versus 58.2 years, p = 0.011,
respectively), more often treated with mastectomy (49.7%
versus 24.8%, respectively), and less likely to receive hor-
monal therapy (50.3% versus 25.5%, respectively).

Considering the type of family relationship, index cases
in mother-daughter pairs were significantly older at breast
cancer diagnosis than their relatives (65.0 years versus
55.8 years, respectively, p <0.0001) and less often treated
with breast-conservative surgery (41.0% versus 77.1%, re-
spectively, p <0.001), radiotherapy (61.9% versus 80.0%,
respectively, p = 0.004) and hormonotherapy (47.6% ver-
sus 71.4%, respectively, p <0.001). By contrast, the index
cases in sister pairs were significantly younger at breast
cancer diagnosis than relatives (54.7 years versus 64.6
years, respectively, p <0.0001), but they were also less of-
ten treated with hormonotherapy (55.0% versus 82.5%, re-

spectively, p = 0.008). As expected, index cases were less
likely to have an oncogenetic consultation than relatives
in mother-daughter pairs (9.5% versus 27.6%, respective-
ly, p <0.001) and sister-sister pairs (15.0% versus 27.5%,
respectively, p = 0.274).

Based on the breast tumour pathology review, agreements
of pathological characteristic features between index cases
and relatives are presented for mother-daughter pairs (table
2) and sister pairs (table 3). No significant agreement was
observed; in mother-daughter pairs, the highest kappa val-
ues were found for mixed histology tumours (kappa = 0.27,
95%CI −0.09 to 0.64), luminal A tumours (kappa = 0.24;
95% CI 0.01to 0.48), grade II and grade III tumours (kap-
pa = 0.21; 95% CI −0.03 to 0.44 and kappa = 0.18, 95%CI
−0.07 to 0.43, respectively) and HER2 status (kappa =
0.19, 95%CI −0.09 to 0.48). In sister-sister pairs, the high-

Table 1: Patient and treatment characteristics for mother-daughter, sister-sister and all pairs for the period 1970–2011, extracted from the Geneva Cancer Registry. Only pairs
with known information for both index cases and relatives were considered.

Mother-daughter pairs Sister-sister pairs All pairs

Index cas-
es

(n = 105)

Relatives
(n = 105)

p-value Index cas-
es

(n = 40)

Relatives
(n = 40)

p-value Index cas-
es

(n = 145)

Relative
(n = 145)

p-value

Period of diagnosis, n (%) <0.001 <0.001 <0.001

1970–1984 26 (24.8) 0 (0.0) 7 (17.5) 0 (0.0) 33 (22.8) 0 (0.0)

1985–1993 30 (28.6) 6 (5.7) 8 (20.0) 1 (2.5) 38 (26.2) 7 (4.8)

1994–2002 30 (28.6) 27 (25.7) 18 (45.0) 17 (42.5) 48 (33.1) 44 (30.3)

2003–2011 19 (18.1) 72 (68.6) 7 (17.5) 22 (55.0) 26 (17.9) 94 (64.8)

Age at diagnosis, n (%) <0.0001 <0.005 0.062

<50 years 16 (15.2) 39 (37.1) 14 (35.0) 4 (10.0) 30 (20.7) 43 (29.7)

50–59 years 19 (18.1) 32 (30.5) 14 (35.0) 10 (25.0) 33 (22.8) 42 (29.0)

60–69 years 31 (29.5) 20 (19.0) 9 (22.5) 13 (32.5) 40 (27.6) 33 (22.8)

≥70 years 39 (37.1) 14 (13.3) 3 (7.5) 13 (32.5) 42 (29.0) 27 (18.6)

Socioeconomic status, n
(%)

0.056 0.158 0.262

High 19 (30.7) 10 (16.14) 5 (19.4) 5 (17.9) 24 (26.7) 15 (16.7)

Medium 31 (50.0) 30 (48.0) 13 (64.5) 19 (67.9) 44 (48.9) 49 (54.4)

Low 12 (19.4) 22 (35.5) 10 (16.1) 4 (14.3) 22 (24.4) 26 (28.9)

Sector of care, n (%) 0.334 0.502 0.240

Private 51 (48.6) 58 (55.2) 19 (47.5) 22 (55.0) 70 (48.3) 80 (55.2)

Public 54 (51.4) 47 (44.8) 21 (52.5) 18 (45.0) 75 (51.7) 65 (44.8)

Surgery, n (%) <0.001 0.202 <0.0001

Breast conservative 43 (41.0) 81 (77.1) 24 (60.0) 21 (52.5) 67 (46.2) 102 (70.3)

Mastectomy 56 (53.3) 20 (19.0) 16 (40.0) 16 (40.0) 72 (49.7) 36 (24.8)

None 6 (5.7) 4 (3.8) 0 (0.0) 3 (7.5) 6 (4.1) 7 (4.8)

Chemotherapy, n (%) 0.234 0.061 1.00

No 76 (72.4) 68 (64.8) 22 (55.0) 30 (75.0) 98 (67.6) 98 (67.6)

Yes 29 (27.6) 37 (35.2) 18 (45.0) 10 (25.0) 47 (32.4) 47 (32.4)

Radiotherapy, n (%) 0.004 0.091 0.123

No 40 (38.1) 21 (20.0) 9 (22.5) 16 (40.0) 49 (33.8) 37 (25.5)

Yes 65 (61.9) 84 (80.0) 31 (77.5) 24 (60.0) 96 (66.2) 108 (74.4)

Hormonal therapy, n (%) <0.001 0.008 <0.0001

No 55 (52.4) 30 (28.6) 18 (45.0) 7 (17.5) 73 (50.3) 37 (25.5)

Yes 50 (47.6) 75 (71.4) 22 (55.0) 33 (82.5) 72 (49.7) 108 (74.4)

‒ Antioestrogen 17 42 8 19 25 61

‒ Antiaromatase 6 22 1 7 7 29

‒ Others 27 11 13 7 40 18

Genetic consultation, n
(%)

<0.001 0.274 <0.001

No 95 (90.5) 76 (72.4) 34 (85.0) 29 (72.5) 129 (89.0) 105 (72.4)

Yes 10 (9.5) 29 (27.6) 6 (15.0) 11 (27.5) 16 (11.0) 40 (27.6)

BRCA1/2 testing

– BRCA1/2 not mutated 6 12 4 5 10 17

– BRCA1/2 mutated 2 2 1 1 3 3

BRCA1/2 not tested 2 15 1 5 3 20
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est kappa values were observed for T3–T4 tumours (kap-
pa = 0.45, 95%CI 0.23 to 1), tumour stage (kappa = 0.44,
95%CI 0 to 0.88), lymph node status (kappa = 0.22, 95%CI
−0.16 to 0.59) and triple-negative tumours (kappa = 0.21,
95%CI −0.29 to 0.7).

The 290 patients included in the study were followed on
average for 10.7 years (mean time for mother-daughter
pairs: 9.8 years; mean time for sister-sister pairs: 12.1
years). As expected, it was higher for index cases than
for relatives (13.8 years and 9.3 years in mother-daughter
pairs; 14.8 years and 9.7 years in sister-sister pairs). At
the end of the follow‐up period, 88 of the 145 index cases
were deceased (39 of breast cancer) and 42 of the 145 rel-
atives (17 of breast cancer). After regrouping relatives into
familial survival risk categories based on their index cas-
es’ breast cancer-specific survival, those in the good fa-
milial survival risk category had a nine-fold increased risk
of death from breast cancer when compared to the Gene-
va population (SMR 9.4, 95% CI 3.0–29.0), whereas those
in the poor familial survival risk category had an almost
24-fold higher risk of death from breast cancer (SMR 23.6,
95% CI 11.8–47.1) (table 4). Breast cancer-specific sur-
vival among relatives was lower, although not significantly
(p = 0.14), in the poor familial risk category than in medi-

um and good familial risk categories (fig. 2). In multivari-
ate Cox regression analysis, the 10-year risk of breast can-
cer-specific death estimate was not significantly increased
for relatives in the poor familial survival compared to pa-
tients in the good familial survival risk group, after adjust-
ment for tumour stage, ER and PR status, and HER2 ex-
pression (adjusted hazard ratio 1.78, 95% CI 0.26–12.23)
(table 5).

Figure 2: Breast cancer-specific survival in relatives according to
familial survival categories (Kaplan-Meier method).

Table 2: Tumour characteristics of breast cancer in mother-daughter pairs (data from pathology review).

Characteristics Index cases
(n = 69)

Relatives
(n = 69)

Concordant number Kappa* 95% CI

Histology, n (%)

‒ Ductal 53 (76.8) 56 (81.2) 44 0.09 −0.17 to 0.34

‒ Lobular 8 (11.6) 9 (13.0) 2 0.13 −0.17 to 0.43

‒ Mixed and others 8 (11.6) 4 (5.8) 2 0.27 −0.09 to 0.64

Molecular subtype, n (%)

‒ Luminal A 36 (52.2) 38 (55.1) 24 0.24 0.01 to 0.48

‒ Luminal B 18 (26.1) 16 (23.2) 5 0.06 −0.19 to 0.31

‒ HER2+ 7 (10.1) 13 (18.8) 3 0.19 −0.09 to 0.48

‒ Triple negative 8 (11.6) 2 (2.9) 0 −0.05 −0.11 to 0.01

Tumour size, n (%)

‒ T1 38 (55.1) 48 (69.6) 27 0.03 −0.20 to 0.27

‒ T2 26 (37.7) 15 (21.7) 1 −0.31 −0.48 to 0.15

‒ T3–T4 5 (7.2) 6 (8.7) 0 −0.09 −0.14 to 0.03

Lymph node status −0.11 −0.37 to 0.14

‒ Negative 31 (49.2) 41 (63.1) 16

‒ Positive 32 (50.8) 24 (36.9) 10

Stage, n (%) −0.02 −0.25 to 0.21

‒ I–II 55 (79.7) 58 (84.1) 46

‒ III–IV 14 (20.3) 11 (15.9) 2

Differentiation, n (%)

‒ Grade I 11 (15.9) 11 (15.9) 3 0.13 −0.15 to 0.42

‒ Grade II 38 (55.1) 39 (56.5) 25 0.21 −0.03 to 0.44

‒ Grade III 20 (29.0) 19 (27.5) 8 0.18 −0.07 to 0.43

ER status, n (%) 0.09 −0.19 to -0.36

‒ Negative 11 (15.9) 8 (11.6) 2

‒ Positive 58 (84.1) 61 (88.4) 52

PR status, n (%) 0.03 −0.22 to 0.27

‒ Negative 20 (29.0) 16 (23.2) 5

‒ Positive 49 (71.0) 53 (76.8) 38

HER2 status, n (%) 0.19 −0.09 to 0.48

‒ Negative 62 (89.9) 56 (81.2) 52

‒ Positive 7 (10.1) 13 (18.8) 3

Ki-67, n (%) 0.05 −0.2 to 0.3

‒ ≤20% 45 (68.2) 48 (69.6) 32

‒ >20% 21 (31.8) 21 (30.4) 7

* Unknown values not taken into account in kappa computation
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Discussion

The aim of the present study was to conduct a comprehen-
sive analysis of histopathological characteristics amongst
mother-daughter and sister-sister affected pairs using
archived tumour blocks in Geneva in order to evaluate in-
tra-familial concordance of cancer pathology features and
test whether the association of breast cancer survival
among family members is linked to patient and tumour
characteristics.

Family history is a well-established risk factor for breast
cancer but its association with tumour characteristics at
the time of diagnosis is unclear and existing literature is
scarce. Smaller tumour size and/or less advanced stage for
family history-positive cases has been reported in some but
not other prior studies [8]. In the present population-based
study, the results of kappa statistics showed that breast tu-

mour characteristics in mother-daughter and sister-sister
pairs did not have marked agreement. The analysis of the
SMRs showed that relatives of breast cancer patients in
any survival category experienced a much higher risk of
breast cancer death than that expected in the general popu-
lation of the same age and period. Our results do not con-
firm, however, that relatives in the poor survival category
are at higher risk of breast cancer death than those in the
good survival group.

The findings about the concordance of tumour features
were generally in line with previous ones on Swedish sister
pairs [11]. Our study is the first to report on tumour fea-
tures in both family members based on a centralised
pathology review and tumour analysis from archived
blocks. In such a long follow-up study (from 1970 to
2011), some tumour characteristics in older time periods

Table 3: Tumour characteristics of breast cancer in sister pairs (data from pathology review).

Characteristics Index cases
(n = 34)

Relatives
(n = 34)

Concordant number Kappa* 95% CI

Histology, n (%)

‒ Ductal 28 (82.4) 28 (82.4) 23 −0.01 −0.36 to 0.34

‒ Lobular 3 (8.8) 1 (2.9) 0 −0.05 −0.12 to 0.03

‒ Mixed and others 3 (8.8) 5 (14.7) 1 0.16 −0.29 to 0.6

Molecular subtype, n (%)

‒ Luminal A 20 (58.8) 17 (50.0) 9 −0.12 −0.46 to 0.23

‒ Luminal B 9 (26.5) 9 (26.5) 3 0.09 −0.28 to 0.46

‒ HER2+ 1 (2.9) 5 (14.7) 0 −0.05 −0.14 to 0.04

‒ Triple negative 4 (11.8) 3 (8.8) 1 0.21 −0.29 to 0.7

Tumour size, n (%)

‒ T1 17 (50.0) 25 (73.5) 14 0.11 −0.2 to 0.42

‒ T2 13 (40.6) 5 (15.6) 1 −0.11 −0.38 to 0.17

‒ T3–T4 2 (6.3) 2 (6.3) 1 0.45 −0.23 to 1

Lymph node status 0.22 −0.16 to 0.59

‒ Negative 17 (58.6) 18 (62.1) 12

‒ Positive 12 (41.4) 11 (37.9) 6

Stage, n (%) 0.44 0 to 0.88

‒ I–II 27 (81.8) 28 (84.8) 24

‒ III–IV 6 (18.2) 5 (15.2) 3

Differentiation, n (%)

‒ Grade I 10 (29.4) 5 (14.7) 1 −0.08 −0.37 to 0.21

‒ Grade II 15 (44.1) 19 (55.9) 7 −0.16 −0.5 to 0.18

‒ Grade III 9 (26.5) 10 (29.4) 2 −0.09 −0.43 to 0.24

ER status, n (%) 0.15 −0.3 to 0.6

‒ Negative 4 (11.8) 4 (11.8) 1

‒ Positive 30 (88.2) 30 (88.2) 27

PR status, n (%) −0.03 −0.38 to 0.32

‒ Negative 10 (29.4) 11 (32.4) 3

‒ Positive 24 (70.6) 23 (67.6) 16

HER2 status, n (%) −0.05 −0.14 to 0.04

‒ Negative 33 (97.1) 29 (85.3) 28

‒ Positive 1 (2.9) 5 (14.7) 0

Ki-67, n (%) 0.12 −0.29 to 0.53

‒ ≤20% 25 (78.2) 28 (82.4) 21

‒ >20% 7 (21.8) 6 (17.6) 2

* Unknown values not taken into account in kappa computation

Table 4: Standardised mortality ratios (SMRs) for breast cancer among relatives according to survival risk category.

Survival category* n Person-years Observed Expected SMR 95% CI p-value

Good 48 510.32 3 0.32 9.35 3.02–29.00 <0.005

Medium 48 384.44 6 0.31 19.31 8.68–42.98 <0.001

Poor 49 468.03 8 0.34 23.57 11.79–47.13 <0.001

* 10-year breast cancer-specific survival modelled by multivariate Cox analysis adjusted for age at diagnosis and calendar year
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Table 5: Breast cancer-specific survival in relatives.

Index cases Relatives

10-year risk of breast cancer-specific death

Hazard ratio (HR) 95% CI p-value

Survival category*

Good 1 (reference)

Medium 1.37 0.17 –10.83 0.76

Poor 1.78 0.26 –12.23 0.56

Stage

I 1 (reference)

II 6.98 0.67 –72.56 0.10

III–IV 14.8 1.15 –190.02 0.04

Oestrogen receptor status

Negative 1 (reference)

Positive 0.66 0.04 –11.07 0.77

Progesterone receptor status

Negative 1 (reference)

Positive 0.52 0.05 –5.42 0.58

HER2 amplification status

No 1 (reference)

Yes 0.51 0.06 –4.11 0.53

* 10-year breast cancer-specific survival modelled by multivariate Cox analysis adjusted for age at diagnosis and calendar year

might not have been as accurate as in recent years, which
can be the source of a potential bias toward underesti-
mation of concordance [20]. Furthermore, agreement for
HER2 amplification status could not be investigated as it
was not routinely assessed prior to 2003.

Few population-based studies have considered family his-
tory in relation to invasive breast cancer survival. We pre-
viously reported concordance in good and poor survival
between mother-daughter pairs and sister pairs [10]. Simi-
lar results were observed in Sweden using the nationwide
Family-Cancer Database [11, 25]. These findings could
likely be explained by genetic factors. Moreover, the lack
of information on strong prognostic factors, in particular
HER2 expression status, might potentially contribute to the
observed results. It is also possible that the survival con-
cordance in families is related to behavioural effects, such
as active management of medical treatment in some fam-
ilies and avoidance in others, as well as treatment choices
and lifestyle, the inheritance of host characteristics affect-
ing for instance the ability to mount an effective anti-tu-
moural immune response or to respond to cancer therapy,
and other unknown factors. In the present study, we did not
find significant concordance in good and poor breast can-
cer-specific survival, likely because of the small number of
family pairs and deaths from breast cancer. We also per-
formed screening for germline BRCA1/2 pathogenic vari-
ants among 13 index cases and 20 relatives.

Large-scale studies with accurate data on strong prognosti-
cators are still needed to confirm the hypothetical familial
inheritance of breast cancer prognosis.
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