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Summary Inherited susceptibility to breast cancer is associated with an early onset and bilateral disease. The extent of familial risks has not,
however, been fully assessed in population-based incidence studies. The purpose of the study was to quantify the risks for cancers of the
breast, ovary and other sites of close relatives of women in whom breast cancer was diagnosed at an early age. Records collected between
1943 and 1990 at the Danish Cancer Registry were searched, and 2860 women were found in whom breast cancer was diagnosed before
age 40. Population registers and parish records were used to identify 14 973 parents, siblings and offspring of these women. Cancer
occurrence through to 31 December 1993 was determined within the Cancer Registry’s files and compared with national incidence rates.
Women with early-onset breast cancer were at a nearly fourfold increased risk of developing a new cancer later in life (268 observed vs 68.9
expected). The excess risk was most evident for second cancer of the breast (181 vs 24.5) and for ovarian cancer (20 vs 3.3). For mothers
and sisters, risks for cancers of the breast and ovary were significantly increased by two- to threefold. Bilateral breast cancer and
breast–ovarian cancer were very strong predictors of familial risks, with one in four female relatives predicted to develop breast and/or ovarian
cancer by age 75. Mothers had a slightly increased risk of colon cancer, but not endometrial cancer. The risk for breast cancer was also
increased among fathers (standardized incidence ratio 2.5; 95% CI 0.5–7.4) and especially brothers (29; 7.7–74), although based on small
numbers. The risk for prostatic cancer was unremarkable. In this large population-based survey, the first-degree relatives of women who
developed breast cancer before age 40 were prone to ovarian cancer as well as male and female breast cancer, but not other tumours that
may share susceptibility genes with breast cancer.
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674 JH Olsen et al

Table 1 Selected characteristics of the 2860 women with early-onset
breast cancer in Denmark, 1943–90

Characteristic Number %

Breast cancer patients 2860 100

Year of birth
1935–44 1194 42
1945–54 1453 51
1955–68 213 7

Year of diagnosis
1953–62 7 <1
1963–72 248 9
1973–82 1321 46
1983–90 1284 45

Age at diagnosis
10–14 1 <1
15–19 2 <1
20–24 39 1
25–29 271 10
30–34 807 28
35–39 1740 61

Vital status as of 31 December 1993
Alive 1581 55
Dead 1270 44
Emigrated 9 <1

a Includes 20 pairs of sisters with early-onset breast cancer.
Study population
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Table 2 Year of birth and vital status for 14 973 first-degree rela

Relationship Number located Year of birth
(range)

Mothers 2670 1890–1949
Fathers 2587 1865–1949
Sistersb 2156 1910–1979
Brothers 2354 1910–1974
Daughters 2544 1950–1993
Sons 2662 1950–1993
All relatives 14973 1890–1993

aAs of 31 December 1993. bIncludes 20 sisters with early-onset b
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tives of 2840 probands with early-onset breast cancer

Vital statusa

Alive Dead Emigrated

No. % No. % No. %

1602 60 1061 40 7 <1
1007 39 1569 61 11 <1
1932 90 177 8 47 2
2094 89 206 9 54 2
2456 96 22 1 66 3
2563 96 60 2 39 2

11654 78 3095 21 224 1

reast cancer.
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Table 3 Standardized incidence ratios (SIRs) of second malignant
neoplasms (SMN) of the breast, ovary and other sites among 2860 women
with early-onset breast cancer, 1943–90, and follow-up through 1993

Site of SMN (ICD-7 code) Obs Exp SIR 95% CI

All malignant neoplasms (140–204) 268 68.9 3.9 3.4–4.4
Breasta (170) 181 24.5 7.4 6.4–8.6
Ovary (175) 20 3.3 6.0 3.7–9.2

All other sites combined 67 41.1 1.6 1.3–2.1
Endometrium (172) 5 1.8 2.7 0.9–6.4
Cervix uteri (171) 9 6.8 1.3 0.6–2.5
Buccal cavity and pharynx (140–148) 1 0.7 1.5 0.0–8.1
Stomach (151) 2 0.7 3.0 0.3–11
Colon (153) 5 2.3 2.2 0.7–5.2
Rectum (154) 3 1.1 2.8 0.6–8.1
Liver (155) 2 0.2 9.4 1.1–34
Biliary tract (155.1) 0 0.2 0.0 0.0–18.4
Pancreas (157) 1 0.6 1.8 0.8–9.9
Larynx (161) 0 0.2 0.0 0.0–18.4
Lung (162) 9 3.3 2.7 1.2–5.2
Urinary system (180,181) 2 1.5 1.3 0.2–4.8
Melanoma of skin (190) 5 4.1 1.2 0.4–2.8
Non-melanoma of skin (191) 13 8.7 1.5 0.8–2.6
Brain (193) 4 2.8 1.4 0.4–3.7
Thyroid (194) 2 0.7 3.0 0.3–10.8
Lymphatic and haematopoietic 4 2.7 1.5 0.4–3.8
tissues (200–204)
Other and unspecified sites 0 2.7 0.0 0.0–1.4

Obs, number of cases observed; Exp, number of cases expected. aExcluding
21 women with synchronous, bilateral breast cancer.
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Table 4 Standardized incidence ratios (SIRs) for cancer in mothers and sisters of 2840 probands with early-onset breast cancer

Site of cancer (ICD-7 code) Mothers (n = 2670) Sisters (n = 2156)

Obs Exp SIR 95% CI Obs Exp SIR 95% CI

All malignant neoplasms (140–204) 889 680.4 1.3 1.2–1.4 196 123.9 1.6 1.4–1.8
Breast (170) 291 147.5 2.0 1.8–2.2 92 35.8 2.6 2.1–3.2
Ovary (175) 64 38.5 1.7 1.3–2.1 12 6.5 1.9 1.0–3.3

All other sites combined 534 494.4 1.1 1.0–1.2 92 81.6 1.1 0.9–1.4
Endometrium (172) 38 40.6 0.9 0.7–1.3 6 4.4 1.4 0.5–3.0
Cervix uteri (171) 84 60.0 1.4 1.2–1.7 15 13.5 1.1 0.6–1.8
Buccal cavity and pharynx 9 7.6 1.2 0.5–2.3 3 1.4 2.1 0.4–6.1
(140–148)
Stomach (151) 17 17.1 1.0 0.6–1.6 1 1.4 0.7 0.0–3.9
Colon (153) 67 53.8 1.2 1.0–1.6 5 4.9 1.0 0.3–2.4
Rectum (154) 30 27.3 1.1 0.8–1.6 2 2.3 0.9 0.1–3.1
Liver (155) 4 4.3 0.9 0.3–2.4 0 0.5 0.0 0.0–7.4
Biliary tract (155.1) 8 7.9 1.0 0.4–2.0 1 0.5 2.1 0.0–12
Pancreas (157) 12 17.6 0.7 0.4–1.2 1 1.3 0.8 0.0–4.3
Larynx (161) 4 2.2 1.8 0.5–4.7 0 0.4 0.0 0.0–9.2
Lung (162) 48 44.8 1.1 0.8–1.4 12 7.0 1.7 0.9–3.0
Kidney (180) 19 15.9 1.2 0.7–1.9 0 1.8 0.0 0.0–2.0
Bladder (181) 12 17.3 0.7 0.4–1.2 2 1.8 1.1 0.1–4.0
Melanoma of skin (190) 12 14.1 0.9 0.4–1.5 4 6.6 0.6 0.2–1.6
Non-melanoma of skin (191) 75 67.4 1.1 0.9–1.4 12 13.1 0.9 0.5–1.6
Brain (193) 10 17.8 0.6 0.3–1.0 7 5.9 1.2 0.5–2.4
Bone and connective tissue (196, 197) 2 2.9 0.7 0.1–2.5 1 1.2 0.8 0.0–4.6
Non-Hodgkin’s lymphoma (200, 202) 16 11.4 1.4 0.8–2.3 3 2.3 1.3 0.3–3.8
Hodgkin’s disease (201) 4 2.7 1.5 0.4–3.8 1 1.5 0.7 0.0–3.7
Multiple myeloma (203) 7 6.1 1.2 0.5–2.4 0 0.5 0.0 0.0–7.4
Leukemia (204) 9 12.5 0.7 0.3–1.4 7 3.0 2.3 0.9–4.8
Other and unspecified sites 47 43.1 1.1 0.8–1.5 9 6.3 1.4 0.7–2.7

Obs, number observed; Exp, number expected.

Table 5 Standardized incidence ratios (SIRs) of breast cancer among first-
degree female relatives (mothers and sisters) of probands by age of the
relative and by age of the proband when her own breast cancer was
diagnosed

Age of female relative (years)

Age of proband
at diagnosis <40 40–59 ≥60 All ages

(years) SIR Obs SIR Obs SIR Obs SIR Obs

<30 7.1a  10 1.8a 17 2.2a 15 2.3a 42
30–34 4.4a 16 2.7a 68 1.7a 33 2.4a 117
35–39 2.2a 17 2.1a 118 1.7a 89 1.9a 224
All ages 3.3a 43 2.2a 203 1.7a 137 2.1a 383

Obs, number of cases observed. aP <0.05.

Table 6 Standardized incidence ratios (SIRs) of breast cancer among first-
degree female relatives (mothers and sisters) of probands by age of the
relative and by age of the proband when her own breast cancer was
diagnosed

Age of female relative (years)

Age of proband
at diagnosis <40 40–59 ≥60 All ages

(years) SIR Obs SIR Obs SIR Obs SIR Obs

<30 2.8 1 3.7a 8 0.6 1 2.3a 10
30–34 7.6a 7 3.1a 18 1.4 7 2.7a 32
35–39 1.0 2 1.4 19 1.0 13 1.2 34
All ages 3.1a 10 2.1a 45 1.0 21 1.7a 76

Obs, number of cases observed. aP<0.05
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Table 7 Standardized incidence ratios (SIRs) of cancers of the breast, ovary and other sites combined among
first-degree female relatives (mothers and sisters) of 201 and 20 probands with bilateral breast cancer or a
second primary cancer of the ovary respectively

Probands with cancer of

Bilateral breasta (n = 201) Breast and ovary (n = 20)
Cancer sites in
female relatives Obs Exp SIR 95% CI Obs Exp SIR 95% CI

Mothers
Breast 26 10.2 2.6 1.7–3.8 3 0.9 3.2 0.7–9.5
Ovary 5 2.7 1.9 0.6–4.3 5 0.2 20.4 6.6–47
Other sites 31 34.8 0.9 0.6–1.3 5 3.2 1.6 0.5–3.6

Sisters
Breast 21 3.4 6.1 3.8–9.4 5 0.6 9.2 3.0–21
Ovary 4 0.6 6.4 1.7–16 0 0.1 0.0 0.0–37
Other sitesb 13 7.9 1.7 0.9–2.8 1 1.2 0.8 0.0–4.6

Mothers and sisters
Breast 47 13.6 3.5 2.5–4.6 8 1.5 5.4 2.3–11
Ovary 9 3.3 2.7 1.2–5.2 5 0.3 15.5 5.0–36
Other sites 44 42.7 1.0 0.8–1.4 6 4.4 1.4 0.3–3.2

Obs, number observed; Exp, number expected; aIncludes 21 women with synchronous, bilateral early-onset
breast cancer and one pair of sisters both with bilateral breast cancer, of whom only the sister first diagnosed is
regarded as the proband; b Includes three cases of cervical cancer (1.3 expected) two cases of endometrial
cancer (0.4 expected) and four cases of skin cancer (1.9 expected)
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Figure 1 Cumulative risk for breast and ovarian cancer in mothers and
sisters of probands who developed either bilateral breast cancer or breast
plus ovarian cancer ( ); who developed breast cancer before age 35 (+);
and who developed breast cancer when 35–39 years of age( ); compared
with the expected percentage in the general population (–)
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Table 8 Standardized incidence ratios (SIRs) for cancer in fathers and brothers of 2840 probands with early-
onset breast cancer

Site of cancer (ICD-7 code) Father (n = 2587) Brothers (n = 2354)

Obs Exp SIR 95% CI Obs Exp SIR 95% CI

All malignant neoplasms 798 744.7 1.1 1.0–1.2 107 89.6 1.2 1.0–1.4
(140–204)

Breast (170) 3 1.2 2.5 0.5–7.4 4 0.1 28.9 7.7–74
Prostate (177) 76 76.9 1.0 0.8–1.2 2 2.1 1.0 0.1–3.5
Testis (178) 9 5.6 1.6 0.7–3.0 5 8.7 0.6 0.2–1.3
Buccal cavity and pharynx 31 21.9 1.4 1.0–2.0 6 3.6 1.7 0.6–3.7
(140–148)
Stomach (151) 41 40.1 1.0 0.7–1.4 3 2.3 1.3 0.3–3.8
Colon (153) 50 52.6 1.0 0.7–1.3 6 4.3 1.4 0.5–3.1
Rectum (154) 41 43.3 1.0 0.7–1.3 2 2.0 0.7 0.1–2.4
Liver (155) 5 7.9 0.6 0.2–1.5 0 0.7 0.0 0.0–5.3
Biliary tract (155.1) 5 5.3 1.0 0.3–2.2 0 0.4 0.0 0.0–9.2
Pancreas (157) 30 23.4 1.3 0.9–1.8 2 1.7 1.2 0.1–4.3
Larynx (161) 13 12.2 1.1 0.6–1.8 1 1.5 0.7 0.0–3.7
Lung (162) 149 146.2 1.0 0.9–1.2 9 9.9 0.9 0.4–1.7
Kidney (180) 27 23.6 1.1 0.8–1.7 4 2.8 1.5 0.4–3.7
Urinary bladder (181) 75 65.0 1.2 0.9–1.5 4 5.3 0.8 0.2–1.9
Melanoma of skin (190) 9 9.8 0.9 0.4–1.7 8 4.4 1.8 0.8–3.6
Non-melanoma of skin 122 91.9 1.3 1.1–1.6 18 12.9 1.4 0.8–2.2
(191)
Brain (193) 16 17.6 0.9 0.5–1.5 8 6.5 1.2 0.5–2.4
Bone and connective tissue 2 3.1 0.6 0.1–2.3 3 1.7 1.8 0.4–5.2
(196, 197)
Non-Hodgkin’s lymphoma 22 14.1 1.6 1.0–2.4 4 3.5 1.1 0.3–2.9
(200, 202)
Hodgkin’s disease (201) 3 4.2 0.7 0.1–2.8 6 2.6 2.3 0.8–5.0
Multiple myeloma (203) 4 8.5 0.5 0.1–1.2 0 0.7 0.0 0.0–5.3
Leukemia (204) 19 19.9 1.0 0.6–1.5 7 4.4 1.6 0.6–3.3

Other and unspecified sites 46 50.4 0.9 0.7–1.2 5 7.5 0.7 0.2–1.6

Obs, number observed; Exp, number expected.
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