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Abstract
Background: Cancer survivors are at risk of developing a second primary cancer (SPC) later in life because of
persisting effects of genetic and behavioural risk factors, the long-term sequelae of chemotherapy, radiotherapy and
the passage of time. This is the first study with Austrian data on an array of entities, estimating the risk of SPCs in a
population-based study by calculating standardized incidence ratios (SIRs).
Methods: This retrospective cohort study included all invasive incident cancer cases diagnosed within the years
1988 to 2005 being registered in the Tyrol and Vorarlberg Cancer Registries. Person years at risk (PYAR) were
calculated from time of first diagnosis plus 2 months until the exit date, defined as the date of diagnosis of the
SPC, date of death, or end of 2010, whichever came first. SIR for specific SPCs was calculated based on the risk of
these patients for this specific cancer.
Results: A total of 59,638 patients were diagnosed with cancer between 1988 and 2005 and 4949 SPCs were
observed in 399,535 person-years of follow-up (median 5.7 years). Overall, neither males (SIR 0.90; 95% CI 0.86–0.93)
nor females (SIR 1.00; 95% CI 0.96–1.05) had a significantly increased SIR of developing a SPC. The SIR for SPC
decreased with age showing a SIR of 1.24 (95% CI 1.12–1.35) in the age group of 15–49 and a SIR of 0.85 (95% CI 0.
82–0.89) in the age group of ≥ 65. If the site of the first primary cancer was head/neck/larynx cancer in males and
females (SIR 1.88, 95% CI 1.67–2.11 and 1.74, 95% CI 1.30–2.28), cervix cancer in females (SIR 1.40, 95% CI 1.14–1.70),
bladder cancer in males (SIR 1.20, 95% CI 1.07–1.34), kidney cancer in males and females (SIR 1.22, 95% 1.04–1.42
and 1.29, 95% CI 1.03–1.59), thyroid gland cancer in females (SIR 1.40, 95% CI 1.11–1.75), patients showed elevated
SIR, developing a SPC.
Conclusions: Survivors of head & neck, bladder/kidney, thyroid cancer and younger patients show elevated SIRs,
developing a SPC. This has possible implications for surveillance strategies.
Keywords: Relative risk, Second primary cancer, Austria, Retrospective, Cohort study

Background
Multiple primary cancers are defined as the occurrence
of two or more primary cancers, where each cancer originates in a separate primary site and is not an extension,
recurrence or metastasis of the other cancer [1]. Two or
more primary carcinomas can coexist at the time of
diagnosis (synchronous) or develop later (metachronous), sometimes years after the first primary.
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The criteria for defining second primary cancers
have evolved over time and sometimes differ among
studies. Using rules, registries are able to discriminate
between new cancer cases and metastases of an existing malignancy. For international comparisons a
unified definition of second primary cancers would be
helpful. In our study we strictly followed the definition of the International Association of Cancer
Registries (IACR) and the International Agency for
Research on Cancer (IARC) as it is used widely [1].
The IARC/IACR rules are more exclusive; only one
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tumour is registered for an organ, irrespective of
time, unless there are histological differences [1].
The Surveillance Epidemiology and End Results
(SEER) Program takes account of histology, site, laterality and time since initial diagnosis to identify multiple
primary cancers. SEER rules are mainly used by North
American cancer registries. SEER currently collects and
publishes cancer incidence and survival data from
population-based cancer registries covering approximately 28% of the US population [2].
Up to 10% of cancer patients acquire multiple primary
cancers at separate organ sites in the 10 years following
the diagnosis of the first primary cancer [3]. In the SEER
registry cancer survivors had a 14% higher risk of
developing a new malignancy than the general population [4]. In Austria approximately 38,000 people are
diagnosed with cancer annually, the number of prevalent
cancer cases is 306,500, which represents about 4% of
the population [5]. As demonstrated by the most recent
publication of the EUROCARE-5 Working Group [6],
Austria’s survival rates are high for the most frequent
cancer sites [6].
The western provinces Vorarlberg and Tyrol have been
covered by cancer registries since 1993 and 1988,
respectively. The data of these two registries have
reached a degree of completeness and data quality to be
accepted for publication in Cancer Incidence in Five
Continents [7].
There is increased surveillance in cancer survivors that
could be a potential bias towards increased standardized
incidence ratios (SIRs) even in the absence of an
increase in the underlying risk.
The present retrospective cohort study investigated
the relative risk of second primary cancers sites in
Austria’s most western federal states firstly for all
main primary cancer sites with a sufficient number
of second primary cancer cases and secondly for all
primary cancer sites aggregated in a single group.
We estimated the relative risk of secondary primary
cancers in a population-based study in western
Austria by calculating SIRs. SIR is the established
estimator in calculating the relative risk for multiple
primary cancers (MPC) in population based cancer
registries [8–11]. Our study is an examination of
over 59.000 survivors of incident primary cancer
with almost 400.000 person-years of follow-up. As
this is the first study with Austrian data on an array
of entities, we decided to publish these data based
on a good quality population-based cancer registry,
to support oncologists, epidemiologists and public
health experts in their decision making process.
Simultaneously we provide an useful addition to
existing literature on second cancer risk in cancer
survivors.
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Methods
This is a retrospective cohort study. In 2010 the cancer
registries of the Austrian states of Tyrol and Vorarlberg
covered a population of 707,485 and 369,453 respectively.
Data of both registries are published in Cancer Incidence
in Five Continents [7]. We included all invasive incident
cancer cases diagnosed between 1988 and 2005 in adult
patients (age ≥ 15 years). We excluded non-melanoma
skin cancers, death certificate only (DCO) cases
(below 4% for the whole observational period and
below 2% since 1995), cases with a survival of less
than 2 months and cases with a second primary cancer within 2 months after diagnosis, ending up in a
total of 59,638 patients.
Patients were followed in a passive way by performing
a probabilistic record linkage between incidence data
and the official mortality data provided by Statistics
Austria [12, 13]. Life status could not be assessed in 17
cases. These cases were excluded from analysis. The
cohort was followed up until the end of 2010, thus
allowing a follow-up of at least 5 years. The exit date
was the date of diagnosis of the second primary cancer,
date of death, or end of 2010, whichever came first.
Events were defined as first new primary cancer occurring at least 2 months after the diagnosis of the first primary cancer. Second primary cancers found at the same
time of diagnosis of the first primary cancer (synchronous cancers) or occurring within 2 months after the first
primary cancer diagnoses were excluded. Due to methodological matters third or subsequent primary cancers
were excluded from this analysis. Additionally the risk
for third and subsequent primary cancers is substantially
lower (<1%) than that of second primary cancers in our
group of patients.
Multiple cancers were assessed according to IARC definitions [14]. All cancer diagnoses were coded according
to International Classification of Diseases for Oncology
(ICD-O) Version 3 (cases diagnosed before 2001 have
been reclassified), ICD-O was transformed to ICD10
applying a tool provided by IARC [15]. Cancer diagnosis
was analysed based on ICD10-Codes, some codes have
been aggregated according to topography (for example
head/neck/larynx sites and colon/rectum). Tables were
configured in the order of ICD10-codes. All cancer sites
with at least 40 s primary cancer cases were analysed as
a separate group.
Person years at risk (PYAR) were calculated from
time of first diagnosis plus 2 months to the exit date
defined above, as we did not count second primary
cancers in the time slot of 2 months after the first
primary cancer. The expected number of second primary cancers was calculated stratified by sex, age at
time of first diagnosis grouped in five-year intervals
and years of follow up grouped in five-year intervals
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as sum of PYAR multiplied by the incidence in the
general population of Tyrol and Vorarlberg aggregated in one group in the respective stratum.
The SIRs of second primary cancer for the total of
primary cancers were calculated as well as for specific
primary cancers. SIRs were defined as the quotient of
observed by expected cases and can be interpreted as
risk of a cancer patient to develop a second primary
cancer relative to the incidence rate in the general population. SIR for specific second primary cancers was
calculated based on the risk of these patients for this
specific cancer [16].
SIR was calculated for all second primary cancer sites
aggregated in one group (in this situation the underlying cancer risk was defined by total cancer risk) and
for specific second primary cancer sites (in that case
the underlying cancer risk was defined as the cancer
risk for that specific cancer site). In contrast, Table 3
and the supporting material (Additional file 1) show
the risk for second primary cancer for the main cancer
sites only (i.e. only those with 40 or more second primary cancer cases).
Analyses were performed with Stata Version 11.2
(Stata V11.2: Stata Statistical Software: Release 11.
College Station, Tx: StataCorp LP; 2009). All patient data
were non-identifiable.

Results
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Table 1 Characteristics of the study cohort
Study cohort

First primary
cancers

Second primary
cancers

Number of
cases

%

Number of
cases

%

59,638

100

4949

100

Males

31,215

52.3

3036

61.3

Females

28,423

47.7

1913

38.7

656

1.1

8

0.2

Total
Sex

Age at first diagnosis
15–24
25–49

9143

15.3

439

8.9

50–64

19,119

32.1

1784

36.0

65–79

23,424

39.3

2356

47.6

80+

7296

12.2

362

7.3

7764

13.0

706

14.3

Period of first diagnosis
1988–1990
1991–1995

15,140

25.4

1487

30.0

1996–2000

16,837

28.2

1526

30.8

2001–2005

19,897

33.4

1230

24.9

2 months to less than 1 year

8851

14.8

546

11.0

1 year to less than 5 years

13,279

22.3

1928

39.0

5 years to less than 10 years

17,563

29.4

1522

30.8

10 years or longer

19,945

33.4

953

19.3

Follow-up interval

Baseline characteristics and distribution of first primary
cancers by cancer type

Table 1 shows the baseline characteristics of the analysed
study cohort of 59,638 patients diagnosed with cancer
between 1988 and 2005. The most common first primary cancer entities of all patients were prostate cancer
(16.9%) followed by breast cancer (14.8%) and colon/rectum cancer (12%). 4949 s primary cancers were observed
over 399,535 person-years of follow-up. The median
follow-up was 5.7 years (interquartile range 1.4–10.3).
The distribution of first primary cancers by cancer
types is shown in Table 2.
Distribution of gender, site and time of occurrence of
second primary cancers

In our data we did not observe relevant differences
(absolute difference ≤ 0.2) of SIR between females and
males in each entity except for lung cancer 0.90 (95% CI
0.75–1.06) for males versus 1.58 (95% CI 1.19–2.05) for
females. Full details are shown in Table 3. About one in
10 s primary cancers (11%) was diagnosed within 1 year
after the first diagnosis, 39% of the second primary
cancers were diagnosed within one to 5 years of the first
diagnosis and 50% after 5 years. Prostate cancer
accounts for about 1/3 of all cancer cases in males in
our cohort.

Table 2 Distribution of first primary cancers by cancer type
First primary cancers

Number of cases

%

Head/neck/larynx

2322

3.9

Stomach

2974

5.0

Colon/Rectum

7138

12.0

Lung

5134

8.6

Breast

8833

14.8

Cervix

1290

2.2

Endometrium

1768

3.0

Ovary

1310

2.2

Prostate

10,103

16.9

Bladder

2420

4.1

Kidney

1866

3.1

Thyroid gland

1088

1.8

NHL high/low

1070

1.8

CLL/ALL

573

1.0

Other

8704

14.6

NHL non-Hodgkin Lymphoma, CLL chronic lymphatic leukaemia, ALL acute
lymphatic leukaemia
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Table 3 SIRs of second primary cancer by type of first primary cancer and sex
Sex

Males

First primary cancer

Obs.

SIR (95% CI)

Obs.

Females
SIR (95% CI)

Head/Neck/Larynx

281

1.88 (1.67–2.11)

53

1.74 (1.30–2.28)

Stomach

111

0.94 (0.77–1.13)

57

0.83 (0.63–1.07)

Colon/Rectum

381

0.91 (0.82–1.00)

233

0.89 (0.78–1.01)

Lung

130

0.90 (0.75–1.06)

56

1.58 (1.19–2.05)

Melanoma

133

0.93 (0.78–1.10)

107

0.94 (0.77–1.14)

Breast

580

0.82 (0.75–0.89)

Cervix

102

1.40 (1.14–1.70)

Endometrium

177

1.08 (0.92–1.25)

Ovary

72

1.09 (0.85–1.37)

61

1.13 (0.86–1.45)

Prostate

1117

0.68 (0.64–0.72)

Bladder

300

1.20 (1.07–1.34)

Kidney

162

1.22 (1.04–1.42)

84

1.29 (1.03–1.59)

Thyroid gland

40

1.23 (0.88–1.67)

79

1.40 (1.11–1.75)

NHL high/low

68

1.20 (0.93–1.53)

43

1.23 (0.89–1.66)

CLL/ALL

34

0.93 (0.64–1.30)

22

1.11 (0.69–1.67)

1913

1.00 (0.96–1.05)

All cancers combined

3036

0.90 (0.86–0.93)

All cancers except Prostate

1919

1.10 (1.05–1.15)

Obs. Observed number of second primary cancers, SIR standardized incidence ratio, CI confidence interval, NHL non-Hodgkin Lymphoma, CLL chronic lymphatic
leukaemia, ALL acute lymphatic leukaemia
SIRs shown in normal bold font indicate significantly increased risk, SIRs shown in bold italics indicate significantly decreased risk

Age at diagnosis of the first primary cancer

The SIR for second primary cancer decreased with age
showing a SIR of 1.24 (95% CI 1.12–1.35) in the age group
of 15–49 years and a SIR of 0.85 (95% CI 0.82–0.89) in
the age group of ≥65 years. The same pattern was seen in
most cancer sites (for details see Table 4).
SIR of second primary cancer by type of first primary
cancer and sex

SIR of all cancers combined except prostate cancer
was 1.00 (95% CI 0.96–1.05) for females and significantly decreased 0.90 (95% CI 0.86–0.93) in men.
After exclusion of prostate cancer SIR was significantly increased at 1.10 (95% CI 1.05–1.15). The SIR
for second primary cancers varied substantially
according to the type of first primary cancer. There
was a significantly increased SIR for second primary
cancers in men after head/neck/larynx cancer (SIR
1.88; 95% CI 1.67–2.11), kidney cancer (SIR 1.22; 95%
CI 1.04–1.42) and bladder cancer (SIR 1.20; 95% CI
1.07–1.34), see Table 3. Amongst women there was a
significantly increased SIR for second primary cancers
after head/neck/larynx cancer (SIR 1.74; 95% CI 1.30–
2.28), lung cancer (SIR 1.58; 95% CI 1.19–2.05),
cervical cancer (SIR 1.40; 95% CI 1.14–1.70), thyroid
cancer (SIR 1.40; 95% CI 1.11–1.75) and kidney
cancer (SIR 1.29; 95% CI 1.03–1.59), see Table 3,

while women after breast cancer (SIR 0.82; 95% CI
0.75–0.89) and men after prostate cancer (SIR 0.68;
95% CI 0.64–0.72) had a significantly decreased SIR
of developing a second primary cancer. Figures showing the SIR of further entities can be found in the
supporting material section (see Additional file 1).

Discussion
In our study we analysed the SIR for second primary
cancers for the main entities. We found no increased SIR
except for cancer of the head & neck, bladder/kidney and
thyroid and an increased SIR for younger patients.
Role of prostate cancer

The incidence of prostate cancer more than doubled in
Tyrol in 1993 and some 5 years later in Vorarlberg due
to the introduction of PSA screening in men aged 45 to
79. Prostate cancer accounts for about 1/3 of all cancer
cases in males in our cohort and therefore had a major
impact on the estimates for all cancer sites combined.
Therefore we were interested in an estimate for all
cancer sites combined, except prostate cancer. Analysing
this, the SIR in males for all cancer sites except prostate
was slightly increased (10%) and this increase was statistically significant.
When comparing our results with other study results
this observation should be kept in mind because the mix
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Table 4 SIR of second primary cancer by type of first primary cancer and age group at first diagnosis
Age group at first diagnosis
15–49 years

50–64 years

65 years and over

First primary cancer

Obs.

SIR (95% CI)

Obs.

SIR (95% CI)

Obs.

SIR (95% CI)

Head/Neck/Larynx

42

2.35 (1.69–3.17)

189

2.21 (1.91–2.55)

103

1.34 (1.10–1.63)

Stomach

8

1.14 (0.49–2.25)

43

0.92 (0.66–1.24)

117

0.88 (0.72–1.05)

Colon/Rectum

29

1.17 (0.78–1.68)

200

1.03 (0.89–1.18)

385

0.83 (0.75–0.92)

Lung

13

1.31 (0.70–2.25)

83

1.13 (0.90–1.40)

90

0.93 (0.74–1.14)

Melanoma

54

1.18 (0.89–1.54)

88

0.89 (0.71–1.10)

98

0.88 (0.71–1.07)

Breast

70

0.79 (0.62–1.00)

227

0.89 (0.78–1.02)

283

0.77 (0.68–0.87)

Cervix

43

1.56 (1.13–2.11)

33

1.28 (0.88–1.80)

26

1.32 (0.86–1.93)

Endometrium

11

1.21 (0.60–2.16)

67

1.06 (0.82–1.35)

99

1.07 (0.87–1.31)

Ovary

15

1.72 (0.96–2.83)

26

1.09 (0.71–1.59)

31

0.93 (0.63–1.31)

Prostate

15

1.10 (0.62–1.81)

326

0.66 (0.59–0.74)

776

0.68 (0.63–0.73)

Bladder

15

1.65 (0.93–2.73)

126

1.41 (1.18–1.68)

220

1.07 (0.93–1.22)

Kidney

21

1.54 (0.96–2.36)

106

1.35 (1.10–1.63)

119

1.12 (0.93–1.34)

Thyroid gland

23

1.05 (0.66–1.57)

53

1.49 (1.12–1.95)

43

1.37 (0.99–1.84)

NHL high/low

10

1.24 (0.59–2.27)

45

1.29 (0.94–1.73)

56

1.15 (0.87–1.50)

CLL/ALL

3

1.86 (0.38–5.44)

14

0.71 (0.39–1.19)

39

1.11 (0.79–1.52)

All cancers combined

447

1.24 (1.12–1.36)

1784

1.02 (0.97–1.07)

2718

0.85 (0.82–0.89)

Obs. Observed number of second primary cancers, SIR standardized incidence ratio, CI confidence interval, NHL non-Hodgkin Lymphoma, CLL chronic lymphatic
leukaemia, ALL acute lymphatic leukaemia
SIRs shown in normal bold fond indicate significantly increased risk; SIRs shown in bold italics indicate significantly decreased risk

of cancer sites varies in some extent between countries
[9, 15]. Our data with a reduced SIR for second primary
cancers in patients with prostate cancer is in accordance
to data published by Coyte et al. [8].
An inclusion of prostate cancer may alter the results
due to radiation therapy. In Austria prostate-specific
antigen (PSA) screening allows prostate cancer to be
detected in a very early stage, achieving a very good
prognosis. The underlying aetiology of developing a
second primary cancer after prostate cancer may be
related to various factors, including treatment modality. More than 50% of the small intestine tumours
were carcinoid malignancies, suggesting possible hormonal influences. An excess of pancreatic cancer may
be due to pathogenic variants, which predisposes to
both [17].
Role of definition

The criteria for defining second primary cancers have
evolved over time and sometimes differ among studies.
Using rules, registries are able to discriminate between
new cases and metastases of an existing malignancy.
Definitions are critical when analysing the SIR for second primary cancer. Internationally, both the definition
of the International Association of Cancer Registries
(IACR) and the International Agency for Research on
Cancer (IARC) [1] as well as the rules of the Surveillance Epidemiology and End Results (SEER) Program [2]

definitions are widely used and some registries use their
own definitions [8, 9].
The IARC rules are more exclusive. Irrespective of
time only one tumour is registered for an organ,
unless there are histological differences. In contrast,
North American cancer registries use the SEER rules
that take account of histology, site, laterality and time
since initial diagnosis to identify multiple primary
cancers [2].
Coyte et al. demonstrated the implication of these
differing definitions: for an aggregation of 10 cancer
sites in the Scottish study, applying the IARC definition led to a SIR of 0.86 and SEER definition to a
SIR of 1.0 [8]. At least for the Scottish data, the
absolute difference in SIR is at about 0.15. Our estimates for all cancer sites combined at SIR 1.00
(0.96–1.05) for females and SIR 0.90 (0.86–0.93) for
males are in the range reported in different studies,
namely from 1.08 to 1.3 [9, 18–20]. Therefore our
estimates for all cancer sites combined are in line with
published data by previous studies [8–10]. This observation was applicable for site specific results, e.g. increased
SIR for primary cancer in the head & neck cancer, kidney,
bladder and thyroid and reduced SIR in prostate. For
female breast published results are inconsistent [7, 9] but
the Scottish data from Coyte et al. are in line with our
lowered SIR in women with breast cancer as a first
primary [8].
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Role of age

Taking into account the variation of age specific incidence during the follow-up period in our method we
found a consistent pattern of higher SIR for second
primary cancer in younger patients (SIR 1.24 for patients
aged below 50) and lower SIR in patients aged 65 and
higher. Some of the results for SIR were significantly
higher in the lowest age group (15–49 years). According
to increased SIRs in head/neck/larynx, cervix and
prostate cancer as well as in the all cancers combined
group a more dense surveillance may be warranted. This
observation is in line with results reported by previously
published data [9] and has clinical implications such as
more dense surveillance in younger cancer patients [9],
but also the fact of their longer life expectancy. The risk
compared to the age-matched general population was
higher in survivors at younger ages, but within the
survivor population, increasing age is still associated
with increased cancer risk. In an other study it has been
shown that adolescents and young adult cancer
survivors, who survive more than 5 years have a
higher relative risk of secondary malignant neoplasms
compared with younger or older cancer survivors
[21]. In addition we would like to notice that we calculated
age adjusted SIRs.
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gynaecologic malignancies such as vulvar and endometrial cancer it has been shown that radiotherapy causes
second primary cancers. These are lung, breast, stomach
and thyroid cancer after Hodgkin lymphoma, contralateral breast, lung and oesophagus after breast cancer and
leukaemia and any other secondary malignancy after
vulvar or endometrial cancer, respectively [27–33].
SIRs and rates of secondary malignancies in high-risk
populations have been influenced also by changes in
chemotherapy protocols. Chemotherapy-sensitive tissues
such as bone marrow, epithelial cells of the gastrointestinal tract and hair follicles are most likely to begin carcinogenesis, therefore the development of leukaemia and
lymphoma as secondary hematologic cancers seem to be
the greatest long-term risk to cancer survivors after
chemotherapy [29–34].
Future effort of research might focus on the complex area of molecular mechanisms of second cancer
development. In times of targeted therapies it
becomes increasingly important to incorporate factors
in our decision making process that might be able to
predict the susceptibility of patients to both acute
and chronic toxicity, including second primary cancers. This might offer opportunities to individualize
therapy, to maximize therapeutic benefit and to
minimize serious late toxicity [35].

Genetic and behavioural risk factors

Possible reasons for an increased SIR for second primary
cancers in cancer survivors are genetic and behavioural
risk factors [11, 22, 23], treatment of the first primary
cancer radiotherapy and chemotherapy, and more
intense surveillance of prevalent cancer cases [24]. Lifestyle factors such as smoking (risk factor for head and
neck/lung/bladder/kidney) and alcohol consumption are
risk factors for a number of cancers. A lack of risk factor
data in our cohort limits us to speculation regarding
correlations. However, in our analysis the majority of
primary cancer sites with increased SIR is nicotineassociated. Of course changing modifiable lifestyle
factors like e.g. to quit smoking, will reduce the risk of
second primary cancer but also risk of other diseases
[25]. However, there is little knowledge on whether
cancer survivors in fact are successful to change their
habits and we have no data on this. There is some evidence that a cancer diagnosis in adults may have a positive influence on smoking and diet but a negative
influence on exercise [26].
Therapy as a risk

Radiation is a risk factor to neighbouring organs of the
first primary cancer site. About half of all cancer patients
receive radiotherapy at some stage of their disease in
developed countries, and at least for some cancer sites
like Hodgkin lymphoma, breast cancer, and some

Surveillance matters

Increased surveillance after a first primary cancer leads
to earlier detection of second primary cancers. For example routine use of ultrasound has been shown to dramatically increase thyroid cancer incidence on a
population level and hence we would also expect a
higher detection rate of thyroid cancer as second primary cancer [36].
Why the risk of second primary cancers is so important

Age-specific mortality rates for chronic diseases are
driven by changes in exposure to risk factors and by
availability of screening systems and treatment. The risk
of cancer after cancer in the overall population might be
expected to rise because of persisting effects of genetic
and behavioural risk factors, long-term side effects of
chemotherapy and radiotherapy, and improved diagnostics [8]. Even if cancer incidence and survival rates
remain stable, the number of cancer survivors in the
United States will increase by 31%, to about 18.1 million,
by 2020 [37]. Because of the aging of the U.S. population, the largest increase in cancer survivors over the
next 10 years will be in the age group 65 and older. If
new tools for cancer diagnosis, treatment, and follow-up
continue to be more expensive, medical expenditures for
cancer could reach as high as $207 billion [37]. Policies
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and programs modifying behavioural and environmental
factors to reduce the burden of cancers are key [38].
These data also fit to different other high-income
countries and therefore also for Austria. We are also
confronted with an aging population. Due to a growing
number of cancer survivors this becomes an increasing
health concern also in Austria [39], as these patients
may impact the overall quality of long-term care in this
growing population, like elsewhere [40].
As more and more patients are surviving a cancer, preventing both recurrence and development of second primary cancers is a major goal of national health plans, as
they are cost intensive in treatment and care [41].
Taking care of cancer survivors is becoming a challenge
for health programs. Cancer survivors could benefit
from a coordinated public health effort to support them,
as they face numerous physical, psychological, social,
spiritual, and financial issues throughout their diagnosis
and treatment and the years thereafter. Support depends
on the national health care system of the respective
country. By preventing secondary diseases or recurrence
of cancer and with it improving quality of life for each
survivor, many of these issues could be successfully and
more focally addressed. Patterns of secondary cancers as
shown by our analysis would be helpful for deciding
where to focus efforts. One focus of course must be primary prevention as it has already been shown to be the
most effective way to fight cancer [42] and the reduction
of exposure to key behavioural and environmental risk
factors is key to prevent a substantial proportion of
deaths form cancer [38].
Strengths and limitations

The strength of our study is the high degree of data
completeness of both registries over the full study period
and the strict definition of second primary cancer.
Furthermore, this is the first study with Austrian data on
an array of entities. The limitations are the low population number which causes broader confidence intervals
and limits the conclusions to draw especially for site
specific results, the lack of registering key information
on risk factors and more detailed information on
treatment which in consequence does not allow us to
analyse the impact of these factors on the risk of second
primary cancer.

Conclusions
The SIR of second primary cancer incidence in general
might be expected to rise because of persisting effects of
genetic and behavioural risk factors (e.g., smoking, lack
of exercising, HPV infections), long-term side effects of
chemotherapy and radiotherapy and better diagnostics.
Our data show, that for all cancer sites combined, the
SIR for of second primary cancer is increased only for
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men when we exclude prostate cancer. In our study the
SIR for second primary cancer is consistently increased
after first primary cancer of the head/neck, bladder/kidney as well as the thyroid and is also increased for
younger patients, facts that can help focusing strategies
for surveillance.

Additional file
Additional file 1: SIRs of second primary cancer by type of first primary
cancer and sex. Standard incidence ratios of all second primary cancers
analysed are provided by type of first primary cancer and sex. (DOC
58 kb)
Abbreviations
ALL: Acute lymphatic leukaemia; CLL: Chronic lymphatic leukaemia;
DCO: Death certificate only; IACR: International Association of Cancer
Registries; IARC: International Agency for Research on Cancer;
ICD: International Classification of Diseases; ICD-O: International Classification
of Diseases for Oncology; MPC: Multiple primary cancer; NHL: Non-Hodgkin
Lymphoma; Obs.: Observations; PSA: Prostate-specific antigen; PYAR: Person
years at risk; SIR: Standardized incidence ratio; SPC: Second primary cancer
Acknowledgements
The authors like to acknowledge the efforts of Karl Tamussino to revise the
manuscript as a native speaker.
Funding
No specific funding was received for this study.
Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.
Authors’ contributions
Conception and design: OP, NC, HC, AO, WO, HU. Acquisition of data: OP,
NC, HC, WO. Analysing the data: OP, NC, WO. Drafting the manuscript: OP,
WO. Critically revising the manuscript: OP, NC, HC, AO, WO. All authors read
and approved the final manuscript.
Ethics approval and consent to participate
Not applicable.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Agency for Preventive and Social Medicine, Bregenz, Vorarlberg, Austria.
2
Department of Obstetrics and Gynaecology, Medical University of Innsbruck,
Innsbruck, Austria. 3Research Gynaecological Oncology, Queensland Centre
for Gynaecological Cancer, Royal Brisbane and Women’s Hospital, 6th Floor
Ned Hanlon Building, Brisbane, QLD, Australia. 4Department of Medical
Statistics, Informatics and Health Economics, Medical University of Innsbruck,
Innsbruck, Austria. 5Department of Clinical Epidemiology of the Tyrolean
State Hospitals Ltd, Cancer Registry of Tyrol, Tirolkliniken GmbH, Innsbruck,
Austria. 6Department of Public Health, Health Services Research and Health
Technology Assessment, Institute of Public Health, Medical Decision Making
and HTA, UMIT the Health & Life Sciences University, Hall in Tirol, Austria.

Preyer et al. BMC Cancer (2017) 17:699

Received: 23 July 2016 Accepted: 11 October 2017

References
1. International Association of Cancer Registries. Multiple primaries internal
report no. 00/003. Lyon: IARC; 2000.
2. Howlader N, Noone AM, Krapcho M, Miller D, Bishop K, Altekruse SF, et al.,
editors. SEER cancer statistics review, 1975–2013. Bethesda: National Cancer
Institute; 2016. https://seer.cancer.gov/csr/1975_2013/ based on November
2015 SEER data submission, posted to the SEER web site, April 2016
3. Horri A, Han HJ, Shimada M, Yanagisawa A, Kato Y, Ohta H, et al. Frequent
replication errors at microsatellite loci in tumors of patients with multiple
primary cancers. Cancer Res. 1994;54:3373–5. PMID: 8012952
4. Curtis RE, Freedman DM, Ron E, LAG R, Hacker DG, Edwards BK, et al.,
editors. New malignancies among cancer survivors: SEER cancer
Registries,1973–2000. Bethesda: National Cancer Institute. NIH Publ. No.
05–5302; 2006.
5. Statistik Austria, 2015; Available from: http://www.statistik.at/web_de/
statistiken/menschen_und_gesellschaft/gesundheit/krebserkrankungen/
krebspraevalenz/index.html.
6. De Angelis R, Sant M, Coleman MP, Francisci S, Baili P, Pierannunzio D, et al.
EUROCARE-5 working group. Cancer survival in Europe 1999-2007 by
country and age: results of EUROCARE–5-a population-based study. Lancet
Oncol. 2014;15:23–34. doi:10.1016/S1470-2045(13)70546-1.
7. Forman D, Bray F, Brewster DH, Gombe Mbalawa C, Kohler B, Piñeros
M, et al., editors. Cancer incidence in five continents, Vol. X (electronic
version). Lyon: International Agency for Research on Cancer; 2013.
Available from: http://ci5.iarc.fr, accessed [date]. The printed version of
this volume (IARC Scientific Publication No. 164) is available for
download in PDF format at the IARC website http://www.iarc.fr/en/
publications/pdfs-online/epi/index.php.
8. Coyte A, Morrison DS, McLoone P. Second primary cancer risk - the impact
of applying different definitions of multiple primaries: results from a
retrospective population-based cancer registry study. BMC Cancer. 2014;14:
272–82. doi:10.1186/1471-2407-14-272.
9. Youlden DR, Baade PD. The relative risk of second primary cancers in
Queensland, Australia: a retrospective cohort study. BMC Cancer. 2011;11:
83–94. doi:10.1186/1471-2407-11-83.
10. Donin N, Filson C, Drakaki A, Tan H, Castillo A, Kwan L, et al. Risk of second
primary malignancies among cancer survivors in the United States, 1992
through 2008. Cancer. 2016 Oct;122(19):3075–86. doi:10.1002/cncr.30164.
11. Park SL, Caberto CP, Lin Y, Goodloe RJ, Dumitrescu L, Love SA, et al.
Association of cancer susceptibility variants with risk of multiple primary
cancers: the population architecture using genomics and epidemiology
study. Cancer Epidemiol Biomark Prev. 2014;23:2568–78. doi:10.1158/10559965.EPI-14-0129.
12. Oberaigner W. Errors in survival rates caused by routinely used deterministic
record linkage methods. Methods Inf Med. 2007;46:420–4. PMID: 17694235
13. Oberaigner W, Stühlinger W. Record linkage in the cancer registry of Tyrol.
Methods Inf Med. 2005;44:626–30. PMID: 16400370
14. IARC/ENCR/IACR Working Group. International rules for multiple primary
cancers. Asian Pacific J Cancer Prev. 2005;6:104–6. PMID: 15801152
15. Ferlay J, Burkhard C, Whelan S, Parkin DM. IARC tool for transforming ICD-O
to Icd10, Check and conversion programs for cancer registries. (IARC/IACR
tools for cancer registries). Lyon: IARC Technical Report No. 42; 2005.
16. Sasieni P. On the expected number of cancer deaths during followup of an initially cancer-free cohort. Epidemiology. 2003;14:108–10.
PMID: 12500058
17. PDQ Cancer Genetics Editorial Board. Genetics of prostate cancer (PDQ®):
health professional version. Bethesda: PDQ Cancer Information Summaries.
[Internet] (MD): National Cancer Institute (US); 10 Feb 2002-2017. Available
from http://www.ncbi.nlm.nih.gov/books/NBK65784/. PubMed PMID:
26389227
18. Curtis RE, Freedman DM, Ron E, LAG R, Hacker DG, Edwards BK, et al. New
malignancies among cancer survivors: SEER cancer registries, 1973–2000.
Bethesda: NIH Publ. No. 05–5302.
19. Dong HK. Second primary neoplasms in 633,964 cancer patients in Sweden,
1958-1996. Int J Cancer. 2001;93:155–61. PMID: 11410860
20. Crocetti E, Buiatti E, Falini P. Multiple primary cancer incidence in Italy. Eur J
Cancer. 2001;37:2449–56. PMID: 11720842

Page 8 of 8

21. Lee JS, DuBois SG, Coccia PF, Bleyer A, Olin RL, Goldsby RL. Increased risk of
second malignant neoplasms in adolescents and young adults with cancer.
Cancer. 2016;122:116–23. doi:10.1002/cncr.29685.
22. Schottenfeld D. Multiple primary cancers. In: Schottenfeld D, Fraumeni JF,
editors. Cancer epidemiology and prevention. 2nd ed. New York: Oxford
University Press. p. 1370–87.
23. Storm HH, Jenson OM, Ewertz M, Lynge E, Olsen JH, Schou G, et al.
Summary: multiple primary cancers in Denmark, 1943-1980. Natl Cancer Inst
Monogr. 1985;68:411–30. PMID: 4088312
24. Van Leeuwen FE, Travis LB. Second cancers. In: VT DV, Hellman S, Rosenberg
SA, editors. Cancer: Prinicipes and practice of oncology. 6th ed. Philadelphia:
Lippincott, Williams & Wilkins. p. 2939–64.
25. Danaei G, Ding EL, Mozaffarian D, Taylor B, Rehm J, Murray CJ, et al. The
preventable causes of death in the United States: comparative risk
assessment of dietary, lifestyle, and metabolic risk factors. PLoS Med. 2009;6:
e1000058. doi:10.1371/journal.pmed.1000058.
26. Blanchard CM, Denniston MM, Baker F, Ainsworth SR, Courneya KS, Hann
DM, et al. Do adults change their lifestyle behaviors after a cancer
diagnosis? Am J Health Behav. 2003;27:246–56. PMID: 12751621
27. Kamran SC, Berrington de Gonzales A, Ng A, Haas-Kogan D, Viswanathan
AN. Therapeutic radiation and the potential risk of second malignancies.
Cancer. 2016;122:1809–21. doi:10.1002/cncr.29841.
28. Bartkowiak D, Humble N, Suhr P, Hagg J, Mair K, Polivka B, et al. Second
cancer after radiotherapy, 1981-2007. Radiother Oncol. 2012;105:122–6.
doi:10.1016/j.radonc.2011.09.013.
29. Travis LB, Hill D, Dores GM, Gospodarowicz M, van Leeuwen FE, Clarke EA,
et al. Breast cancer following radiotherapy and chemotherapy for Hodgkin’s
disease. JAMA. 2003;290:465–75. PMID: 12876089
30. Van Leeuwen FE, Klokman WJ, Stovall M, Dahler E, van’t Veer MB, Noordijk
EM, et al. The role of radiation dose, chemotherapy, treatment-related
ovarian ablation, and other risk factors in breast cancer following Hodgkin’s
disease. J Natl Cancer Inst. 2003;95:971–80. PMID: 12837833
31. Travis LB, Gospodarowicz M, Curtis RE, Clarke A, Anderson M, Glimelius B,
et al. Lung cancer following chemotherapy and radiotherapy for Hodgkin’s
disease. J Natl Cancer Inst. 2002;94:182–92. PMID: 11830608
32. Curtis RE, Boice JD Jr, Stovall M, Bernstein L, Greenberg RS, Flannery JT, et al.
Risk of leukemia after chemotherapy and radiation treatment for breast
cancer. N Engl J Med. 1992;326:1745–51. PMID: 1594016
33. Grantzau T, Overgaard J. Risk of second non-breast cancer among patients
treated with and without postoperative radiotherapy for primary breast
cancer: a systematic review and meta-analysis of population-based studies
including 522,739 patients. Radiother Oncol. 2016;121:402–13. doi:10.1016/j.
radonc.2016.08.017. PubMed PMID: 27639892
34. Vega-Stromberg T. Chemotherapy-induced secondary malignancies. J Infus
Nurs. 2003;26:353–61. PMID: 14624175
35. Bast RC Jr, Hortobagyi GN. Individualized care for patients with cancer - a
work in progress. N Engl J Med. 2004;351:2865–7. PMID: 15591336
36. Ahn HS, Kim HJ, Welch HG. Korea’s thyroid-cancer “epidemic”–screening
and overdiagnosis. N Engl J Med. 2014;371:1765–7. doi:10.1056/
NEJMp1409841. PMID: 25372084
37. Mariotto AB, Yabroff KR, Shao Y, Feuer EJ, Brown ML. Projections of the cost
of cancer care in the United States: 2010-2020. J Natl Cancer Inst. 2011;103:
117–28. doi:10.1093/jnci/djq495.
38. Danaei G, Van der Hoorn S, Lopez AD, Murray CJL, Ezzati M, the
Comparative Risk Assessment collaborating group (Cancers). Causes of
cancer in the world: comparative risk assessment of nine behavioural and
environmental risk factors. Lancet. 2005;366:1784–93. PMID: 16298215
39. Oberaigner W, Geiger-Gritsch S. Prediction of cancer incidence in Tyrol/
Austria for year of diagnosis 2020. Wien Klin Wochenschr. 2014;126:642–9.
doi:10.1007/s00508-014-0596-3. PubMed PMID: 25193482
40. Gilbert SM, Miller DC, Hollenbeck BK, Montie JE, Wei JT. Cancer survivorshipchallenges and changing paradigms. J Urol. 2008;179:431–8. doi:10.1016/j.
urol.2007.09.029.
41. Fenn KM, Evans SB, McCorkle R, DiGiovanna MP, Pusztai L, Sanft T, et al.
Impact of financial burden of cancer on survivors’ quality of life. J Oncol
financial burden of cancer on survivors’ quality of life. J Oncol Pract.
2014;10:332–8. doi:10.1200/JOP.2013.001322.
42. Vineis P, Wild CP. Global cancer patterns: causes and prevention. Lancet.
2014;383:549–57. doi:10.1016/S0140-6736(13)62224-2.

