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Summary Among women in the Thames Cancer Registry database with a first breast cancer diagnosed between 1961-1995 observed
numbers of subsequent cancers were compared with expected numbers and standardized incidence ratios were calculated. The occurrence
of breast cancers subsequent to cancers at other sites was also examined. Women diagnosed with breast cancer before age 50 had
significantly elevated risks for 9 cancer sites namely, oesophagus, stomach, lung, bone, connective tissue, breast, corpus uteri, ovary and
myeloid leukaemia compared with 2 sites (corpus uteri and myeloid leukaemia) in women diagnosed at age 50 and above. Some of these
associations are consistent with the effects of known inherited cancer susceptibility genes, shared environmental factors, or therapy. © 2001
Cancer Research Campaign http://www.bjcancer.com
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The occurrence of multiple cancers in an indivi_dual could be dUgyATERIALS AND METHODS
to: the inheritance of rare genetic mutations which confer a strong
susceptibility to the relevant cancer; inherited mutations in mord he Thames Cancer Registry (TCR) database was used to identify
common genes, conferring a less pronounced susceptibilitﬁreaSt cancer patients with multiple primary cancers. The TCR is a
effects of therapy for the first cancer; misdiagnosed metastase@pulation-based registry, which collects data on cancer in res-
environmental exposure increasing the risk of both cancers; dfents of South East England (a population of 14 million). Data
chance. Several genes in which inherited mutations can predispog@llection began in 1960 in the South Thames Region and was
to breast cancer have been identified inc|uMAl BRCA2 extended in 1985 to also cover the North Thames Region. The
p53and PTEN In each case, mutations in the gene increase theatients registered at the TCR represent a cohort of individuals
risk of other specific cancers in addition to breast cancer. Cdollowed up from diagnosis to death, and the database currently
occurrence of breast cancer and cancer at another site could be g@8tains over 1.5 million incident cancers. Approximately 75 000
to inherited mutations in genes which predispose to both cancéidividuals (5%), identified from the computer system at the TCR,
types. However, this may account for only a small proportion ofare diagnosed with multiple tumours (excluding basal cell carci-
cases of multiple cancers. nomas of the skin). The numbers of observed second cancers cal
In this paper, we have used one of the world’s largest populabe compared with those expected using cancer rates observed il
tion-based cancer registries to identify second cancers whice corresponding region during the same time period.
occur at a higher than expected rate after the diagnosis of femaleFor the analysis of multiple cancers, it is important that meta-
breast cancer. The Sequence of cancers in breast cancer patié‘ﬁes or recurrences of the |n|t|a| tumour Should not be miSClaSS'
with multiple primaries was also examined. Cases of secontied as primary tumours. The rules for accepting a second tumour
cancer induced by treatment or the misdiagnosis of a metastagt§ @ new primary, rather than a metastasis, are well defined anc
are clearly sequence-specific, whereas a genetic or environmenttionally agreed among the UK registries. As a general rule, a
link should not greatly influence the sequence in which the'€W primary tumour needs to be at a different anatomical site and
cancers were diagnosed. Young age at diagnosis is a comm®6ha different histological type from the first tumour, or to be stated
feature of cancer in individuals with a genetic predisposition, an@Xplicitly as being a new tumour by the treating clinician.
hence higher risks of a second cancer in younger diagnosedAn index cohort was created by extracting all registrations
women than in older diagnosed women could indicate an undef)_f females with a first breast cancer, resident in the North or
lying genetic susceptibility. The interval between diagnosis of théSouth Thames region, diagnosed between 1 January 1961 and 3:
breast cancer and diagnosis of a subsequent cancer can also ghReember 1995 from the TCR database. Cases were stratified by
an indication as to whether the association is likely to be treathe age at diagnosis of breast cancer (under 50 years or 50 year

ment related. and over) and subsequent analyses were performed separately o

these two groups. The cut-off age of 50 years was chosen in ordel
Received 11 September 2000 to include approximately one-quarter of cases in the younger
Revised 31 October 2000 group (22.5% of breast cancer cases were diagnosed under ag
Accepted 31 October 2000 50). Within each individual, subsequent cancers were sequencec
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primary cancers for any one individual was tabulated. For womenbserved number to obtain a standardized incidence ratio (SIR)
diagnosed with two or more cancers subsequent to breast cancestimate and 95% confidence intervals were calculated assuming a
each cancer was analysed as an independent observation. Poisson distribution. Calculations were performed using the statis-
Non-melanoma skin cancers were excluded, because of knowital package Stata (StataCorp, 1999). A total of 40 cancer sites
under-reporting (Scotto et al, 1996). Non-malignant tumours werevere studied, classified according to the 10th revision of the
also excluded, along with second cancers occurring within ontnternational Classification of Diseases (ICD) (World Health
year of the initial cancer at the same site, with the same lateralif@rganisation, 1992). No formal correction for multiple testing was
and histology. Patients with a missing date of birth were excludednade.
as were cancers without a year of diagnosis or information on resi- Further analyses were performed for those second tumour sites
dence of the patient at the time of diagnosis. Patients with twéor which more than 100 cases were observed or which showed a
cancers at different sites diagnosed on the same day were rsiatistically significant association with breast cancer (in either age
included in the analysis. group, with either positive or negative association). Each of these
In order to identify second cancers that occur at a higher ratsites was taken as the index tumour, all patients with this tumour
than expected after breast cancer, we computed person yearsware extracted from the database and their subsequent tumours
risk and applied appropriate population-based rates. For a giveabulated (as above) to estimate whether an excess of breast
subsequent cancer site, person-years at risk were calculated fraancers was observed. For each site an age cut-off was used to
the date of diagnosis of breast cancer to the date of first diagnositassify the cases into young age of diagnosis (approximately one
of cancer at the specified site or to the exit date (date of death, logsarter of total cases) or older age of diagnosis.
to follow up or 85th birthday, whichever was earlier). Patients The interval between diagnosis of the breast cancer and diag-
diagnosed prior to 1 January 1971 were followed up activelynosis of a subsequent cancer was examined to determine if an
obtaining death information, until 31 December 1982. Theseassociation was likely to be due to treatment such as radiotherapy.
patients were censored at this date. Patients diagnosed after tBER estimates for subsequent cancers were calculated for intervals
date were followed up passively through the NHS Centrabf 0-4 years, 5-9 years, 10-14 years and more than 15 years after
Registry, which provides notification of all deaths routinely to thethe breast cancer diagnosis.
registry. The follow up of these patients was censored at 31
December 1996. Age/period-specific cancer incidence rates fcﬁESULTS
the region covered by the TCR were then applied to the cohort, to
calculate the number of subsequent tumours that would ba total of 145 677 women with breast cancer diagnosed between 1
expected for each site. This number was compared with th&anuary 1961 and 31 December 1995 were included in this study,

Table 1 Standardized incidence ratios (SIR) for occurrence of subsequent cancers after initial diagnosis of cancer of the breast (expected number greater than
20 across both age groups, or statistically significant)

Breast cancer diagnosed at age <50 Breast cancer diagnosed at age 50-84

Subsequent site n SIR 95% CI n SIR 95% CI

Tongue 3 1.08 0.35-3.36 13 0.75 0.43-1.28
Mouth 3 0.96 0.31-2.98 14 0.70 0.41-1.18
Oesophagus 24 2.30%*x 1.60-3.57 143 1.11 0.94-1.30
Stomach 32 1.83%*+* 1.29-2.59 257 0.95 0.84-1.07
Colon 54 0.99 0.76-1.29 517 0.88** 0.80-0.96
Rectum 27 0.87 0.60-1.27 263 0.91 0.80-1.02
Liver 0 - - 11 0.39** 0.21-0.70
Gallbladder 2 0.49 0.12-1.96 40 0.86 0.63-1.17
Pancreas 24 1.34 0.90-1.99 174 0.78*** 0.67-0.90
Larynx 3 0.90 0.29-2.79 17 0.81 0.50-1.30
Lung, bronchus 127 1.49%* 1.26-1.78 526 0.68*** 0.62-0.74
Bone 4 2.79* 1.05-7.43 3 0.46 0.15-1.44
Connective tissue 9 2.27* 1.18-4.37 16 0.94 0.58-1.53
Skin melanoma 32 1.22 0.86-1.72 126 1.19 1.00-1.41
Breast 768 1.89%* 1.76-2.03 1278 0.88*** 0.83-0.93
Cervix uteri 31 0.61** 0.43-0.87 103 0.80* 0.66-0.97
Corpus uteri 67 1.29* 1.02-1.64 429 1.68%** 1.53-1.85
Ovary 91 1.29* 1.05-1.59 270 0.89 0.79-1.01
Bladder 19 1.10 0.70-1.72 189 0.94 0.82-1.08
Kidney 10 0.84 0.45-1.56 80 0.97 0.78-1.21
Brain/nervous system 14 0.73 0.43-1.24 40 0.59%** 0.43-0.80
Thyroid 12 1.74 0.99-3.07 25 0.92 0.62-1.36
NHL 25 0.96 0.65-1.42 127 0.77** 0.65-0.91
Multiple myeloma 9 1.01 0.52-1.94 55 0.63*** 0.48-0.82
Lymphoid leukaemia 3 0.57 0.18-1.77 48 0.85 0.64-1.13
Myeloid leukaemia 22 2.31%+* 1.52-3.51 86 1.39** 1.12-1.71
All sites 1478 1.49%** 1.42-1.57 5038 0.86*** 0.84-0.88
All sites excluding breast cancer 710 1.21%x* 1.13-1.31 3760 0.85*** 0.83-0.88

n = observed number of cases, * P < 0.05, ** P<0.01, *** P<0.001.
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with a total of 152 453 tumours at all sites fulfilling the criteria for

inclusion. In addition, 551 women had another cancer diagnosed | 10 Oesophagus 10 Stomach

a different site on the same day as the breast cancer and we W F’FH
excluded. z 1[ ' — z lJ — —
Patients with breast cancer diagnosis at age less than 01* 04 59 10-14 15+ 01%0-4 59 10-14 15+
50 years. Interval (years) Interval (years)

SIR
SIR

A total of 32799 females were diagnosed with a first breas

tumour under the age of 50 years during the study period. Th| 10 Lung, bronchus 10 Breast

mean follow up time was 7.5 years per woman. Multiple tumours I [

were reported in 1448 (4.4%) cases: 1389 women had tw|Z ; w 1 W

tumours, 57 had 3 and two women had 4 tumours. 38.6% of subs

quent tumours were diagnosed within 5 years of the first tumou o1 o1

25.6% within 5-9 years, 15.7% within 10-14 years and 20.29| ~— 04 59 1014 15+ S04 59 10-14 15+

after at least 15 years. Interval (years) Interval (years)
The numbers of subsequent tumours observed were more th

expected in 18 of the 40 sites studied. Sites with a number (| 10 Corpus uteri 10 Ovary

expected tumours greater than 20 (across all ages) or with a statis [

cally significant result (in either age group) are shown in Table 1 ?Tg 1 }—ku \T?% 1 &——~+~—-Ll/+

The elevated risk was statistically significaRt(0.05) in 9 of these

SIR

' 1
sites: oesophagus (SIR 2.39, 95% CI 1.60-3.57), stomach (Sl 01l o4 59 1014 15 01J o4 5o 1014 15+
1.83, 95% CI 1.29-2.59), lung (SIR 1.49, 95% CI 1.26-1.78), bon ' B B ' B B B
(SIR 2.79, 95% Cl 1.05-7.43), connective tissue (SIR 2.27, 95% C Interval (years) Interval (years)
1.18-4.37), breast (SIR 1.89, 95% CI 1.76-2.03), corpus uteri (Sl
1.29, 95% CI 1.02-1.64), ovary (SIR 1.29, 95% CI 1.05-1.59) ani| 10 Myeloid leukaemia 10 Cervix uteri
myeloid leukaemia (SIR 2.31, 95% CI 1.52-3.51). The increase [ {
risk for a thyroid tumour was of borderline significance (SIR 1.74,| x 1 ) | |
95% CI 0.99-3.07 = 0.052). A significantly reduced risk was seen | © J [ I

0.1

SIR

1
only for cervix uteri (SIR 0.61, 95% CI 0.43-0.87). The overall SIR ]
for developing a subsequent non-breast cancer after diagnosis 0-4 5-9 10-14 15+ 01194 59 10-14 15+
breast cancer under 50 years of age was 1.21 (95% CI 1.13-1.31) Interval (years) Interval (years)

_The SIR est_lmate_s by interval from first diagnosis are ShOW_ﬂ IMigure 1 Standardized incidence ratios (SIR) for cancers following breast
Figure 1, for sites with more than 10 observed tumours and with cancer diagnosed before the age of 50, by interval since diagnosis
significant association. Cancer of the oesophagus showed a marked
increase at 15 years or more after the breast cancer diagnosis. ‘Table 2 Standardized incidence ratios (SIR) for occurrence of breast cancer
increase in myeloid leukaemia was restricted to the first 5 years af2te" diagnosis of initial cancer at a young age, for sites with more than 10

. . . . subsequent breast cancers or showing a statistically significant association

the breast cancer diagnosis. Risks for other cancer sites were re

tively constant, regardless of the time elapsed since the initial canc Age cut-off Observed SIR 95% CI
(years) number of cases

Patients with breast cancer diagnosis at age 50 years Oesophagus 65 12 1.36 0.77-2.40
and above Stomach 65 22 1.24 0.82-1.89
Colon 65 150 1.18*  1.04-1.43
A total of 112 878 females were diagnosed with a first breasrectum 60 58 1.18 0.91-1.52
tumour between age 50 and 84 years (77.5% of the total). The meLung, bronchus 60 54 1.60%**  1.23-2.09
follow up time was 5.2 years per person, substantially lower thagck’i’:]emelanoma 4218 1; 12-‘1‘2** 3'4;3414'7378
the 7.5 years of follow-up for young onset cases. Multiple tumour._ . "\ 40 28 0.90 0.62—1.30
were reported in 5034 (4.5%) cases: 4815 women had 2 tumoUcorpus uteri 55 84 0.84 0.68-1.05
205 had 3 and 14 had 4. 53.8% of subsequent tumours were diovary 55 77 1.12 0.90-1.40
nosed within 5 years of the first cancer, 27.4% within 5-9 year®ladder 65 73 1.08 0.86-1.35
11.3% within 10-14 years and 7.5% after at least 15 years. Lm"'d ‘5‘2 12 é'gf é'ig'i"gg
Of the 40 subsequent tumour sites observed, 8 showed an exCyiipie myeloma 65 1 009"  0.01-06L1

of observed cancers. Two sites with an expected number
tumours greater than 20 showed a significant excess: corpus Ut. o g5 = p< 0,01, =+ p < 0.001.
(SIR 1.68, 95% CI 1.53-1.85) and myeloid leukaemia (SIR 1.39,

95% CI 1.12-1.71). The increase in corpus uteri cancers was segn
; S . . reast cancer as a subsequent tumour
in all 4 time intervals after the breast cancer diagnosis, whereas the
rise in myeloid leukaemia was restricted to the first 5 yearsThere was a significant increase in breast cancer after a number o
Significantly reduced SIRs were found at 9 sites: colon, livercancers that were diagnosed at a young age (Table 2): colon (SIR
pancreas, lung, breast, cervix uteri, brain, NHL (non- Hodgkin’s1.18, 95% CI 1.04-1.43), lung (SIR 1.60, 95% CI 1.23-2.09),

lymphoma) and multiple myeloma. bone (SIR 10.5, 95% CI 1.48-74.4) and thyroid (SIR 1.97, 95% CI
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1.14-3.39). Significantly fewer breast cancers than expected were We would expect tumours induced by therapy for breast cancer
observed after a young diagnosis of multiple myeloma (SIR 0.09p be over-represented in both groups. Solid tumours resulting
95% CI 0.01-0.61). from radiotherapy include cancers of the lung, bone, oesophagus,
thyroid, salivary gland and connective tissue near the irradiation
site. These usually occur 10 or more years after radiation, whereas
leukaemia typically occurs within 5 years of radiotherapy (Boice
Comparing women with breast cancer diagnosed under age 50 aetal, 1996). Secondary myeloid leukaemia has also been described
over age 50, we note an increased risk of second cancer occurriafier chemotherapy for breast cancer (Kollmannsberger et al,
in the younger group. It is difficult to distinguish between cases 0f.998).
multiple cancers due to a genetic susceptibility and those due to Myeloid leukaemia was significantly increased within five
common environmental factors. However, the majority of associayears of diagnosis of breast cancer (Figure 1). When the tumour
tions were seen with breast cancer diagnosed under age 50, ssetjuence was reversed, breast cancer was not seen in excess after
early age at onset is considered a hallmark of inherited cancedsagnosis of myeloid leukaemia. The associations with cancer of
(Schottenfeld, 1996). the oesophagus and connective tissue were not seen in the reverse
It is possible that the overall significant decrease in tumoursrder, indicating that they may also be due to treatment for breast
reported after an older diagnosis of breast cancer may be due dancer. There is evidence that tamoxifen treatment may increase
under-ascertainment. It is conceivable that medical surveillance the risk of cancer of the corpus uteri in some women (Andersson et
reduced in older patients. Older women may not have such aggres; 1991; Gail et al, 1999), which may account for some of the
sive treatment as the younger cases and so might develop fewsstcess seen in this study.
treatment-related cancers. Inherited mutations in genes predisposing for breast cancer
The common sites of metastasis from breast cancer are borlRCA1 BRCA2 PTEN p53) increase risks of other cancers also
lung, liver and brain. Lung and bone were both significantly overand will therefore contribute to the relative risks of subsequent
represented in the younger age group and it is possible that soro@ncers, particularly for breast cancer diagnosed at a young age
of these were misclassified as primary tumours, but none of thegEord et al, 1994; Eeles, 1995; Breast Cancer Linkage Consortium,
sites were increased in the older group. 1999; De Vivo et al, 2000). The penetrance for ovarian cancer in

DISCUSSION

Table 3 Summary of relative risks found in other cancer registry studies of multiple cancer following diagnosis of breast cancer

Area South East England Denmark Connecticut, USA Finland Slovenia
Reference Current study Ewertz and Mouridsen Harvey and Brinton Teppo et al Volk and Pompe-Kirn
(1985) (1985) (1985) (1997)
Period 1961-1995 1943-1980 1935-1982 1953-1979 1961-1985
No. of breast cancer cases 32799 54 964 41109 26 617 8917
Age cut-off Under 50y All cases Under 45y All cases All cases
Subsequent sites (SIR):
Tongue 1.08 0.7 1.8 NR NR
Mouth 0.96 1.1 2.2 NR 0.7
Oesophagus 2.39%** 1.0 1.3 0.78 12
Stomach 1.83*** 1.0 1.1 111 0.9
Colon 0.99 1.1 1.6* 1.36* 11
Rectum 0.87 1.0 1.9* 0.97 1.2
Liver - 0.7* 1.5 NR 0.7
Gallbladder 0.49 NR NR 0.43* 0.9
Pancreas 1.34 1.0 1.8 NR 0.6
Larynx 0.90 1.0 0.7 NR 3.0
Lung, bronchus 1.49%** 1.4* 1.7* 1.67* 1.6*
Bone 2.79* 2.3* 2.6 NR 1.2
Connective tissue 2.27* 2.1* 15 NR 2.0
Skin melanoma 1.22 1.4* 1.8 NR 2.7
Breast 1.89%+* NR 5.4* NR 1.4
Cervix uteri 0.61** 0.9 1.3 0.95 1.1
Corpus uteri 1.29* 1.0 11 1.33* 1.6*
Ovary 1.29* 1.3* 2.6* 1.73%+* 2.3*
Bladder 1.10 0.9 0.6 1.65* 1.1
Kidney 0.84 1.2 0.5 NR 1.0
Brain/nervous system 0.73 0.8 1.0 NR NR
Thyroid 1.74 1.1 3.2* 1.95* 2.5*%
NHL 0.96 1.0 1.1 NR 0.9
Multiple myeloma 1.01 0.7 1.4 NR 0.9
Lymphoid leukaemia 0.57 1.0t 0.0t NR NR
Myeloid leukaemia 2.3 2.5% 2.1? NR NR

NR = not reported * P<0.05, **P<0.01, ***P<0.001. 1 = chronic lymphocytic leukaemia, 2 = acute nonlymphocytic leukaemia. Denmark, Connecticut and
Slovenia studies stated only P < 0.05.
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BRCAImutation carriers is approximately 0.6 (Easton et al, 1995), Other cancer registries have reported similar studies of women
compared to the lifetime population risk of 0.013 (RR = 46.15). Ifwith breast cancer, four of which are summarized in Table 3. At
we assume that 3% of breast cancer cases diagnosed under agéea8t 3 of the 4 report increased risks for cancers of the lung,
are BRCA1 mutation carriers (Peto et al, 1999) and that thecorpus uteri, ovary and thyroid, as reported in our study.
remaining cases have the population risk for ovarian cancer, thenWe have identified several sites for which women diagnosed
the predicted SIR for ovarian cancer subsequent to breast canaeith breast cancer are at higher risk of developing cancer.
would be 2.35, which is higher than our estimate of 1.29 (95% CAssociations with some sites could be due to known genes (ovary),
1.05-1.59). These calculations are approximations, and ignore tlshared environmental factors (corpus uteri), or the effects of
effect of ovarian cancer iIBRCA2mutation carriers, or possibly therapy (myeloid leukaemia). Other associations, such as thyroid
lower survival rates for breast cancer cases, but they suggest tlatd stomach, are more difficult to explain. They may be artefac-
mutations inBRCA1 and BRCA2 could fully account for the tual, or they could be caused by more common but less penetrant
observed increased risk of ovarian cancer following breast cancegenetic mutations causing only a moderately raised susceptibility
In our study, thyroid cancer risks are increased after breast canderthese cancers.
diagnosed under age 50 (SIR 1.74). However, the increase is
unlikely to be due to radiotherapy for breast cancer, since the risk of
breast cancer is also significantly increased after thyroid canCgCKNOWLEDGEMENTS
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