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Second Primary Neoplasms Following Breast
Cancer in Saarland, Germany, 1968-1987

Hermann Brenner, Sabine Siegle, Christa Stegmaier and Hartwig Ziegler

A statewide cohort study on the occurrence of second primary neoplasms was conducted among 9678 women first
diagnosed with breast cancer in Saarland, Germany between 1968 and 1987. A total number of 409 second primary
neoplasms was observed compared to 328 cases that would have been expected based on the incidence rates of
the general population (standardised incidence ratio, SIR = 1.25). This elevation in incidence of second
neoplasms was primarily due to increased occurrence of cancer of the opposite breast (SIR = 2.48), which was
most pronounced for patients below the age of 50 (SIR = 4.20) and within the first 5 years after diagnosis
(SIR = 2.91). There was a moderate elevation in incidence of malignant tumours of the ovaries (SIR = 1.46),
while the incidence of most other malignancies was lower than in the general population. Our results, which are
in agreement with previous findings from Northern Europe, the U.S.A. and Japan provide valuable background
information for aetiological research, as well as for surveillance of breast cancer patients.
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INTRODUCTION
STUDIES ON the occurrence of second primary neoplasms in
cancer patients serve several purposes: first, these studies may
suggest common (or opposite) risk factors of the first and second
neoplasms [1]. Second, they may help to monitor potential

Correspondence to H. Brenner.

H. Brenner and S. Siegle are at the University of Ulm, Unit of
Epidemiology, Am Hochstriss 8, W-7900 Ulm, Germany; C. Stegmaier
and H. Ziegler are at the Cancer Registry of Saarland, Statistical Office,
Hardenbergstrasse 3, W-6600 Saarbriicken, Germany.

Received and accepted 15 Mar. 1993.

adverse effects of treatment of the first malignancy, such as
radiotherapy or chemotherapy [1-3]. Finally, such studies may
provide guidelines for rational long-term surveillance of surviv-
ing cancer patients [1].

Overall, the occurrence of second malignancies is a rare event.
As aresult, the numbers of patients of single hospitals or medical
centres usually provide insufficient power for epidemiological
studies. Hence, the most important investigations on this topic
have been contributed by population-based cancer registries,
which have been set up to monitor cancer incidence and prog-
nosis in defined large populations. This monitoring function also
provides background incidence rates in the general population,
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with which the incidence rates of second neoplasms in patients
with a first cancer may be compared. On the basis of monitoring
very large populations over several decades, the nationwide
cancer registries of Denmark, Finland and Sweden [4-6] and
the cancer registry of Connecticut, U.S.A. [4], as well as
international collaborative studies of multiple cancer registries
(e.g. [7-10]) have contributed the most comprehensive infor-
mation on the occurrence of second primary neoplasms to date.
In this study, we present the first population-based study on
second primary neoplasms following breast cancer from central
Europe.

MATERIALS AND METHODS
Study population, data collection, variables

Our study is based on the cancer registry of Saarland, Germ-
any. Saarland is a small state (about 1.05 million inhabitants) in
southwest Germany. It is the only state within the western part
of Germany, in which reliable and sufficiently complete cancer
incidence rates have been recorded throughout the past wo
decades [11, 12]. Notifications of cancer patients to the state
registry are made by the physicians who are involved in the
diagnosis and treatment of the cancer patients, including clin-
icians, general practitioners, radiologists and pathologists.

In this paper, we present a cohort study of women notified to
the cancer registry with a first diagnosis of breast cancer (ICD-9
position 174) between 1 January 1968 and 31 December 1987.
Multiple notifications on the same patient (including notifi-
cations of second primary malignancies) were linked by a
sophisticated computer-assisted procedure, which is based on
various combinations of orthographic and phonetic codes of the
name, the address, sex and date of birth of the patients. A
complete mortality follow-up was ensured by routine record
linkage with official mortality statistics. The follow-up period
for this study terminated on 31 December 1987.

For the purpose of this study, all medical informations given
in the original notifications to the registry were reviewed by
one of the authors (8.S.). Access to more detailed sources of
information, such as hospital records, was not possible due to
restrictive data protection laws. Utmost care was given to
distinguish second primary neoplasms from eventual metastases,
taking all relevant medical information, particularly all histopa-
thological information into account. To reduce the potential for
misclassification of second primary neoplasms and metastases,
we excluded the first 12 months after diagnosis of the initial
tumour from the analysis, since manifestation of metastases is
frequent in this time period. We also excluded tumours of
unspecified location and secondary malignancies (ICD-9 195-
199) as well as the following sites of potential second tumours,
which are the preferred locations of breast cancer metastases
[13]: liver (ICD-9 position 155), lung (ICD-9 162), bone (ICD-9
170), brain and nervous system (ICD-9 191-192). Finally, skin
tumours (ICD-9 172-173) were excluded, as cancer notifications
by dermatologists did not always reach satisfactory levels of
completeness [12]. The analyses were performed jointly for all
remaining malignant neoplasms (ICD-9 140-208), as well as
separately for the most common single diagnoses. In addition,
stratifications were made by age of the patients at diagnosis of
the initial tumour (categories;: < 50 years, = 50 years) and
by time after the diagnosis (categories: 13-60 month, 61-120
month, 121-240 month).

Statistical analyses
The observed numbers of cases of second primary malignanc-
ies were compared with the numbers that would have been
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expected, had the sex-, age-, and calendar period-specific inci-
dence rates among the breast cancer patients been identical to
the corresponding incidence rates of the “general population”.
These expected numbers (E) were calculated as

n =85 8387
E=2 z b3 T,’]'k X Ijka
i=1 =04 k=68-72

where n is the number of breast cancer patients, 7' is the follow-
up time (again excluding the first 12 months after diagnosis of
the initial breast cancer) of a patient : (i = 1, ..., n) in age
category j (categories: 0-4, 5-9, ..., 80-84, = 85 years) during
the calendar period % (categories: 1968-1972, 1973-1977,
1978-1982, 1983-1987), and I, is the corresponding incidence
rates of the female population of Saarland as provided by the
cancer registry. The ratio of the numbers of the observed (O) and
expected (E) second primary malignancies is the standardised
incidence ratio (SIR): SIR = O/E [14]. SIR equals 1.0 if the
incidence of second primary neoplasms among the patients
equals the incidence of neoplasms in the general population. An
SIR above or below 1.0 reflects higher or lower incidence
rates among the patients, respectively. For 0 < 30, exact 95%
confidence intervals of the SIR were calculated assuming Poisson
distribution of the observed numbers of cases [15], for 0 > 30,
95% confidence intervals were calculated using Byar’s approxi-
mation [16].

RESULTS

Overall, 43 642.25 person-years of observation were contrib-
uted by 9678 women with a first diagnosis of breast cancer
between 1968 and 1987.

Table 1 displays the observed and expected numbers and the
SIR of the second primary neoplasms of any site, as well as of
the most frequent single diagnoses. A total number of 409
malignancies was observed, whereas 328 cases would have been
expected (SIR = 1.25). The elevation of incidence among the
breast cancer patients compared to the general population
essentially results from the high incidence of tumours of the
contralateral breast (SIR = 2.48). The incidence of second
malignancies excluding the contralateral breast was even lower
among breast cancer patients than among the general population
(206 observed versus 246 expected cases, SIR = 0.84). The
incidence of malignant tumours of the ovaries was moderately
elevated (SIR = 1.46); the 95% confidence interval of the SIR,
however, includes 1.0 given the small numbers of cases. On the
other hand, fewer cancers were observed than expected at
the gallbladder and bile ducts (SIR = 0.28), the cervix uteri
(SIR = 0.48) and the kidneys (SIR = 0.48).

Table 2 shows the results by age at diagnosis of the initial
tumour. As this subdivision leads to very small numbers of cases
for some neoplasms, we present only the results for those tumour
sites for which the expected numbers exceeded 2.0 in all of the
assessed subgroups. The most striking result is the strong excess
incidence of cancer of the contralateral breast (SIR = 4.20)
along with a clear excess incidence of malignant tumours of the
ovaries (SIR = 2.85) among patients whose initial breast cancer
was diagnosed before the age of 50. Overall, 98 second primary
malignancies of any site were observed in this subgroup, whereas
only 41.9 would have been expected from the incidence rates of
the general population (SIR = 2.34). In contrast, the number
of observed neoplasms of any site only slightly exceeded the
number of expected cases in the breast cancer patients above the
age of 50 (SIR = 1.09). There was still an excess incidence of
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Table 1. Numbers of observed (O) and expected (E) second primary
neoplasms, and standardised incidence ratio (SIR) with 95% confidence
interval (95% CI) in breast cancer patients. Saarland, Germany,

1968-1987

Site of second neoplasm ICD-9 0O E SIR (95% CI)

Stomach 151 24 304 0.79 (0.51-1.17)
Colon 153 34 41.5 0.82 (0.57-1.14)
Rectum 154 29 245 1.19 (0.80-1.71)
Gallbladder, bile ducts 156 4 144 0.28 (0.080.72)
Pancreas 157 10 104 096 (0.46-1.77)
Contralateral breast 174 203 81.9 248 (2.15-2.85)
Cervix uteri 180 8 16.7 0.48 (0.21-0.95)
Corpus uteri 182 24 25.6 0.94 (0.60-1.39)
Ovaries 183 22 15.0 1.46 (0.92-2.21)
Urinary bladder 188 12 9.4 1.28 (0.66-2.24)
Kidneys 189 4 83 048 (0.13-1.23)
Lymphomas and leukaemias 200-208 14 18.2 0.77 (0.42-1.29)
Any site* 140-208* 409 328.3 1.25 (1.13-1.37)

*Excluding neoplasms (ICD-9) of the liver (155), lung (162), bone (170), skin
(172-173), brain and nervous system (191-192), and neoplasms of unspecified
location and secondary neoplasms (195-199).

contralateral breast cancer in this subgroup (SIR = 2.05), which
was almost compensated for, however, by clearly reduced inci-
dence rates of other tumours, such as cervical cancer
(SIR = 0.31).

Additional analyses in which stratification by follow-up time
was employed revealed the following pattern: the elevation of
incidence of contralateral breast cancer was most pronounced in
the first 5 years after diagnosis of the initial breast cancer (13-60
months: SIR = 2.91) and decreased during later follow-up
periods (61-120 months: SIR = 2.46, 121-240 months:
SIR = 1.42). While the number of second malignancies of any
site. was higher than the expected number during the first
10 years after diagnosis of the initial cancer (13-60 months:
SIR = 1.51, 61-120 months: SIR = 1.21), the opposite was
true beyond the 10th year of follow-up (SIR = 0.70).

DISCUSSION
The investigation presented in this paper is, to our knowledge,
the first population-based study on second primary neoplasms

following breast cancer reported from central Europe to date.
The most prominent finding of this study is the strong elevation
in incidence of cancer of the contralateral breast, whereas the
incidence of most other malignant neoplasms is lower than in the
general population. The elevation in incidence of contralateral
breast cancer is, on a relative scale, particularly pronounced in
patients below the age of 50 and in the first 5 years after
the diagnosis of the initial cancer. These results are in good
agreement with previous findings from Denmark, North Amer-
ica and Japan [17-21]. The magnitude of the elevation of
contralateral breast cancer incidence is the more striking since
the expected numbers of cases used for comparison refer to
either breast, while the observed numbers are restricted to only
one (the contralateral) breast. If the observed numbers were to
be compared to the expected numbers of just one breast, the SIR
of tumours of the contralateral breast would be twice as high.
The frequent occurrence of bilateral breast cancer is not
surprising, given the shared risk factors of cancer in both breasts.
On the other hand, it can be shown numerically, that the known

Table 2. Numbers of observed (O) and expected (E) second primary neoplasms, and standardised incidence
ratio (SIR) with 95% confidence interval (95% CI) tn breast cancer patients by age at diagnosis. Saarland,
Germany, 1968-1987

Age < 50 years

Age = 50 years

Site of second neoplasm ICD-9 O E SIR (95% CI) o E SIR (95%CID)

Colon and rectum 153-154 3 5.3 0.57 (0.12-1.66) 60 60.7 0.99 (0.76-1.29)
Contralateral breast 174 69 164 4.20 (3.27-5.32) 134 654 2.05 (1.72-2.43)
Cervix uteri 180 4 3.8 1.05 (0.29-2.69) 4 12.8 0.31 (0.08-0.79)
Corpus uteri 182 1 3.3 0.30 (0.01-1.67) 23 222 1.03 (0.65-1.55)
Ovaries 183 7 2.5 2.85 (1.14-5.87) 15 12.6 1.19 (0.67-1.96)
Lymphomas and leukaemias 200-208* 3 2.1 1.46 (0.30-4.26) 11  16.1 0.68 (0.34-1.22)
Any site* 140-208* 98 419 2.34 (1.90-2.85) 311 2859 1.09 (0.97-1.22)

*Excluding neoplasms (ICD-9) of the liver (155), lung (162), bone (170), skin (172-173), brain and nervous system
(191-192), and neoplasms of unspecified location and secondary neoplasms (195-199).
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risk factors of breast cancer are by far insufficient to account for
as strong an association [1]. The same applies to the potential
elevation of incidence of contralateral breast cancer resuiting
from radiotherapy of the first tumour [22]. The potential radi-
ation effects have, however, so far not fully been explored by
cancer registry studies due to the lack of sufficiently detailed
information on the specifics of the therapy, such as dosimetry
[18, 21]. This limitation also applies to our study, which makes
it impossible to distinguish potential treatment effects from
effects of other aetiological factors. Any relevant elevation of
contralateral breast cancer incidence due to radiotherapy in the
first 10 years after diagnosis of the first tumour would be
extremely unlikely though [2, 18, 23]. Other factors, such as
genetic factors [24, 25], are therefore likely to play a major role.

The association between the occurrence of breast cancer and
other gynaecological tumours is of particular interest in the light
of common or opposite aetiological factors [21]. The elevation of
incidence of ovarian cancer found in our study which was
stronger among younger breast cancer patients than among older
patients is very similar to corresponding results from England
[26], Sweden [6], Denmark [27], Finland [S], Connecticut
[17] and Japan [19]. This association may be due to common
endocrine factors. However, radiotherapy of the ovaries or
oophorectomy, which have both been applied in the treatment
of premenopausal patients (and which may influence the rate of
second ovarian tumours in opposite directions), as well as
potential misclassification of tumour metastases in the ovaries
must also be taken into consideration [6, 21]. Like the Danish
study [27], our study did not confirm an increase in incidence of
endometrial cancer among breast cancer patients which was
observed in Connecticut [19], Sweden [6] and Finland [5]. The
decreased rate of cervical cancer found in our study appears to
be plausible in the light of different risk profiles of various
subgroups of the population: while breast cancer is more com-
mon in women with higher socioeconomic status [28], an inverse
relation has been found between socioeconomic status and risk
of cervical cancer [29]. In our study, the incidence of cervical
cancer among breast cancer patients was about 50% lower than
in the general population. A similar result was reported from
Sweden [6], but the reduction was less pronounced in most other
studies 5, 17, 19, 27].

The epidemiological evidence outlined above has important
implications for clinical surveillance: long-term surveillance of
breast cancer patients should focus on the contralateral breast in
order to detect an eventual second breast tumour as early as
possible [30]. In absolute terms, the risk of a later contralateral
breast cancer is substantial: in our study, it amounted to 7.2 and
6.1% within 15 years after diagnosis (conditional on the absence
of competing causes of death) in patients whose first breast
cancer was diagnosed before and after the age of 50, respectively
(see Fig. 1). On the other hand, the patients who are cured from
the initial cancer may be given the assuring message, that,
despite frequently applied radiotherapy and/or chemotherapy,
their risk of developing another malignant neoplasm outside the
breast is not elevated compared to the general population, even
in the long term.

As illustrated above, cancer registry studies on the occurrence
of second primary neoplasms are of immediate interest for both
aetiological research, as well as clinical practice. The main
limitation of this study lies in the small numbers of second
cancers even after 20 years of population-based cancer regis-
tration. Furthermore, overly restrictive data protection laws in
the Federal Republic of Germany (FRG) hindered validation of
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Fig. 1. Cumulative risk of contralateral breast cancer by age at

diagnosis of the initial breast cancer and follow-up time, conditional

on the absence of competing causes of death. Patients with simul-

taneous diagnosis of bilateral breast cancer are excluded from this
analysis.

the notifications to the registry and supplementation of the data
base by more specific information on risk factors, diagnosis, and
therapy. In order to take full advantage of the contributions
that can be provided by cancer registration, extension of the
population covered by reliable cancer registration is badly
needed in the FRG, as well as a legal basis that allows the cancer
registries to actively participate in analytical epidemiological
studies, both on the regional as well as on the international level.

1. Thompson WD. Methodologic perspectives on the study of multiple
primary cancers. Yale ¥ Biol Med 1986, 59, 505-516.

2. Boice JD. Cancer following medical irradiation. Cancer 1981, 47,
1081-1090.

3. Chabner BA. Second neoplasms—a complication of cancer chemo-
therapy. N Engl ¥ Med 1977, 297, 213-215.

4. Boice JD, Storm HH, Curtis RE, et al. Multiple primary cancers in
Connecticut and Denmark. Natl Cancer Inst Monogr 1985, 68.

5. Teppo L, Pukkala E, Saxén E. Multiple cancer—an epidemiologic
exercise in Finland. ¥ Natl Cancer Inst 1985, 75, 207-217.

6. Adami H-O, Bergkvist L, Krusemo UB, Persson I. Breast cancer
as a risk factor for other primary malignant diseases. ¥ Natl Cancer
Inst 1984, 73, 1049-1055.

7. Boice JD, Day NE, Andersen A, et al. Second cancers following
radiation treatment for cervical cancer. An international collabor-
ation among cancer registries. ¥ Natl Cancer Inst 1985, 74, 955-975.

8. Kaldor JM, Day NE, Band P, et al. Second malignancies following
testicular cancer, ovarian cancer and Hodgkin’s disease: an inter-
national collaborative study among cancer registries. Int ¥ Cancer
1987, 39, 571-585.

9. Kaldor JM, Day NE, Pettersson F, er al. Leukemia following
chemotherapy of ovarian cancer. N Engl J Med 1990, 322, 1-6.

10. Kaldor JM, Day NE, Clarke EA, et al. Leukemia following
Hodgkin’s disease. N Engl ¥ Med 1990, 322, 7-13.

11. Muir C, Waterhouse J, Mack T, Powell ], Whelan S, eds. Cancer
Incidence in Five Continents. IARC Scientific Publications No. 88,
Lyon, International Agency for Research on Cancer, 1987, Vol. V.

12. Schén D, Bertz J, Hoffmeister H, eds. Bevilkerungsbezogene
Krebsregister in der Bundesrepublik Deutschland. Miinchen, MMV
Medizin Verlag, 1989, Vol. 2.

13. Sherman CD, Hossfeld DK. Breast cancer. In Hossfeld DK,
Sherman CD, Love RR, Bosch FX, eds. Manual of Clinical Oncology
Sth ed. Berlin, Springer, 1990.

14. Bresiow NE, Day NE. Statistical methods in cancer research.
Vol. II—The design and analysis of cohort studies. IARC Scientific
Publications No. 82, Lyon, International Agency for Research on
Cancer, 1987.

15. Haenszel W, Loveland DB, Sirken MG. Lung cancer mortality as
related to residence and smoking histories. ¥ Nat Cancer Inst 1962,
28, 947-1001.

16. Rothman KJ, Boice JD. Epidemiologic analysis with a programm-



1414

able calculator. NIH Publication 79-1649, US Government Printing
Office, Washington DC 1979.

17. Harvey EB, Brinton LA. Second cancer following cancer of the
breast in Connecticut, 1935-1982. Natl Cancer Inst Monogr 1985,
68,99-112.

18. Storm HH, Jensen OM. Risk of contralateral breast cancer in
Denmark 1943-1980. Br ¥ Cancer 1986, 54, 483-492.

19. Murakami R, Hiyama T, Hanai A, Fujimoto I. Second primary
cancers following female breast cancer in Osaka, Japan—a popu-
lation-based cohort study. Fpn ¥ Clin Oncol 1987, 17, 293-302.

20. Schwartz AG, Ragheb NE, Swanson GM, Satariano WA. Racial
and age differences in multiple primary cancers after breast cancer:
a population-based analysis. Breast Cancer Res Treat 1989, 14,
245-254.

21. Ewertz M, Storm HH. Multiple primary cancers of the breast,
endometrium and ovary. Eur J Cancer Clin Oncol 1989, 25,
1927-1932.

22. Horn PL, Thompson WD. Risk of contralateral breast cancer:
associations with histologic, clinical and therapeutic factors. Cancer
1988,62,412-424.

23. Lavey RS, Eby NL, Prosnitz LR. Impact of radiation therapy

Eur ¥ Cancer, Vol. 294, No. 10, pp. 1414-1418, 1993.
Printed in Great Britain

H. Brenner et al.

and/or chemotherapy on the risk for a second malignancy after
breast cancer. Cancer 1990, 66, 874-881.

24, Schwartz AG, King MC, Belle SH, Satariano WA, Swanson GM.
Risk of breast cancer to relatives of young breast cancer patients. ¥
Natl Cancer Inst 1985, 75, 665-668.

25. Horn PL, Thompson WD. Risk of contralateral breast cancer:
associations with factors related to initial breast cancer. Am ¥
Epidemiol 1988, 128, 309-323.

26. Prior P, Waterhouse JAH. Multple primary cancers of the breast
and ovary. Br ¥ Cancer1981, 44, 628-636.

27. Ewertz M, Mouridsen HT. Second cancer following cancer of the
female breast in Denmark, 1943--1980. Natl Cancer Inst Monogr
1985, 68, 325-329.

28. Kelsey JL, Hildreth NG. Breast and Gynecological Cancer Epidemi-
ology. Boca Raton, Florida, CRC Press, 1985.

29. Brinton LA, Fraumeni JF. Epidemiology of uterine cervical cancer.
F Chron Dis 1986, 39, 1051-1065.

30. Senofsky GM, Wanebo HJ, Wilhelm MC, ¢t al. Has monitoring of
the contralateral breast improved the prognosis in patients treated
for primary breast cancer? Cancer 1986, 57, 597-602.

0964-1947/93 $6.00 + 0.00
© 1993 Pergamon Press Ltd

Response of a Cancer Registry to Reports of
Disease Clusters

Will D. King, Gerarda A. Darlington, Nancy Kreiger and Gordon Fehringer

A protocol has been developed to investigate and report perceived clusters of cancer using a population-based
cancer registry. The protocol comprises a series of steps which lead to assessment of the cluster’s importance on
the basis of three criteria: (1) statistical evidence of clustering; (2) documentation of the existence of exposure to
a carcinogen; and (3) biological plausibility of the relationship between the exposure and the cancer of interest.
The evaluation of these criteria results in one of three recommendations: further study, surveillance only, or no
action. The protocol provides a systematic approach for investigation, makes efficient use of available cancer
registry data, and responds to public concerns. The protocol is demonstrated by its application to an inquiry
concerning an apparent excess of lung cancer in a small Ontario town and the possible role of radon gas exposure.

The public health importance and limitations of addressing perceived disease clusters are discussed.

Eur ¥ Cancer, Vol. 29A, No. 10, pp. 1414-1418, 1993.

INTRODUCTION

IN 1990, THE ONTARIO Cancer Treatment and Research Foun-
dation (OCTRF) received over 150 inquiries concerning the
occurrence of cancer. Most of these were addressed with existing
cancer statistics derived from the Ontario Cancer Registry
(OCR); a number, however, concerned potential cancer clusters,
atype of inquiry for which no formal response guidelines existed.
As a result, a protocol was developed to investigate reports of
perceived cancer clusters using registry data. The investigation
of such reports provides an important public service and has the
potential to identify environmental risk factors for cancer. This
paper describes the protocol which has been developed and
discusses its application to a recent citizen concern.
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SUBJECTS AND METHODS

The development of the cancer cluster protocol was based on
existing informal procedures of the OCTREF, a review of proto-
cols used by other disease control agencies [1-4], and consider-
ation of available resources. This protocol is distinguished from
others by its use of incidence data derived from a cancer
registry rather than the informant. The OCR contains records
on residents of Ontario diagnosed as having cancer since 1964.
This resource permits us to carry out temporal and geographical
investigations of cancer incidence in an expeditious and non-
invasive manner.

Protocol

The cluster protocol is applied to those inquiries which
concern associations among cancer cases characterised by: (i) a
defined geographical area and/or time period, (ii) a localised
environmental exposure, (iii) an institutional exposure (e.g.
hospital, school), or (iv) an occupation. The protocol comprises
six steps, as follows.



