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Abstract

Queensland, Australia.

minimum of 2 months.

Background: Cancer survivors face an increased likelihood of being subsequently diagnosed with another cancer.
The aim of this study was to quantify the relative risk of survivors developing a second primary cancer in

Methods: Standardised incidence rates stratified by type of first primary cancer, type of second primary cancer, sex,
age at first diagnosis, period of first diagnosis and follow-up interval were calculated for residents of Queensland,
Australia, who were diagnosed with a first primary invasive cancer between 1982 and 2001 and survived for a

Results: A total of 23,580 second invasive primary cancers were observed over 1,370,247 years of follow-up among
204,962 cancer patients. Both males (SIR = 1.22; 95% Cl = 1.20-1.24) and females (SIR = 1.36; 95% Cl = 1.33-1.39)
within the study cohort were found to have a significant excess risk of developing a second cancer relative to the
incidence of cancer in the general population. The observed number of second primary cancers was also higher
than expected within each age group, across all time periods and during each follow-up interval.

Conclusions: The excess risk of developing a second malignancy among cancer survivors can likely be attributed
to factors including similar aetiologies, genetics and the effects of treatment, underlining the need for ongoing
monitoring of cancer patients to detect subsequent tumours at an early stage. Education campaigns developed
specifically for survivors may be required to lessen the prevalence of known cancer risk factors.

Background

The number of people being diagnosed with cancer
worldwide is rising sharply, mainly as a result of popula-
tion growth, ageing and increases in the prevalence of
several lifestyle factors related to cancer risk [1,2]. Com-
bined with improvements in survival, due in part to
both earlier detection and better treatment, more people
are living with a diagnosis of cancer than ever before,
and this increasing trend is likely to continue [3].

One of the consequences of surviving cancer is the
increased likelihood of being diagnosed with a second
primary cancer. Among other things, these second can-
cers may be the result of lifestyle choices, genetics, envir-
onmental exposures (all of which may also be related to
the first cancer) and late effects of treatment [3,4].
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For the patient and their treating clinician, quantifying
and characterising the risks for second malignancies has
important implications for screening (particularly when
effective screening methods such as mammography are
available), prevention strategies and counselling [3,5,6].
Identifying cancers which have an elevated likelihood of
occurring together is also a useful starting point for
investigating possible shared aetiologies and mechanisms
of carcinogenesis [7].

This study reports for the first time the relative risks
of a second cancer for people diagnosed with a first pri-
mary cancer in Queensland, Australia.

Methods

A retrospective cohort design was used for this analysis.
De-identified case records were obtained from the
Queensland Cancer Registry (QCR), a population-based
registry covering the entire state. All public and private
hospitals, nursing homes and pathology services
throughout Queensland are required by law to notify
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the QCR about any patients diagnosed with cancer,
except for non-melanoma skin cancers [8].

The study cohort included all Queensland residents
diagnosed with a first primary invasive cancer between
1982 and 2001 who survived for a minimum of
2 months. Since classifications for childhood cancers are
different to adult cancers [9], we decided to restrict the
cohort to people who were 15 years or older at the time
of first diagnosis. A small number of records were
excluded because information was missing for age (n =
20), or because the person was known to have had a
first primary cancer diagnosed prior to 1982 (n = 76).

The cohort was followed up until 31* December 2006
(allowing a potential minimum of five years and a maxi-
mum of 25 years after the initial diagnosis) to ascertain
the occurrence of second primary invasive cancers. His-
tologically similar cases of cancer at the same body site
were included, unless the medical record indicated that
the tumour was recurrent or metastatic. Synchronous
primary cancers (those diagnosed within 2 months of
the first primary cancer) [10] were excluded because
they were more likely to have been diagnosed as a result
of detection bias [6]. Third or subsequent primary can-
cers were not considered in this analysis.

Cancers of various body sites were analysed in a sepa-
rate group if they averaged more than 100 eligible first
primary cancers per year. These cancers are shown in
Table 1. Cancers of the head and neck (ICD-O-3 topo-
graphy codes C00-C14 and C30-C32) were grouped
together prior to analysis, as were cancers of the colon
and rectum (C18-C20 and C218). All remaining types of
cancer were analysed collectively in the category labelled
“Other”, including cases where site was ill-defined or
unknown.

Person years at risk (PYAR) among people diagnosed
with a first primary cancer was calculated as the time
from 2 months after diagnosis until 31 December 2006,
date of death or date of diagnosis of a second primary
cancer, whichever came first. Data were stratified by
type of first primary cancer, type of second primary can-
cer, sex, age at first diagnosis, period of first diagnosis
and follow-up interval. Analysis by period of first diag-
nosis was restricted to five years of follow-up to allow
more consistent comparisons across time. The expected
number of second primary cancers in each stratum was
calculated by multiplying the sum of PYAR by the can-
cer-specific incidence rate experienced by the general
Queensland population, matched by sex, age group and
time period. Standardised incidence ratios (SIRs) were
then obtained by dividing the observed number of cases
of second primary cancer by the expected number. The
SIR is thus used to estimate the risk of a cancer patient
developing a second primary malignancy relative to the
incidence of cancer among the general population.
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Confidence intervals (CIs) for the SIRs were derived
from the Poisson distribution [11] and calculated at the
95% level of certainty.

All analyses were conducted using SAS v9.2 for Win-
dows. Data required for this study was non-identifiable
so no ethics committee approval was necessary.

Results

The basic characteristics of the study cohort are sum-
marised in Table 1. Among the 204,962 eligible cancer
patients, a total of 23,580 second invasive primary can-
cers were observed during 1,370,247 years of follow-up
(median follow-up = 5.5 years per person, interquartile
range = 1.3 to 10.2 years per person). In terms of abso-
lute numbers, second primary cancers were more com-
mon among males and increased with older age, which is
consistent with the distribution of first primary cancers.
About one in ten (10.6%) of the second primary cancers
were diagnosed within a year of the first diagnosis, while
more than one in five (20.6%) were diagnosed at least
10 years afterwards. The highest proportions of second
primary cancers occurred following an initial diagnosis of
melanoma (21.6%), colorectal cancer (12.9%), prostate
cancer (12.7%), or female breast cancer (12.6%).

Relative risk of second primary cancers by sex
Compared to the incidence of cancer in the general
Queensland population, both males (SIR = 1.22; 95% CI
= 1.20-1.24) and females (SIR = 1.36; 95% CI = 1.33-
1.39) in the study cohort exhibited an increased risk of
developing a second primary cancer (Table 2). Signifi-
cantly increased relative risks of invasive cancer were
recorded among males following diagnosis of head and
neck cancer, oesophageal cancer, lung cancer, mela-
noma, kidney cancer, bladder cancer, thyroid cancer,
non-Hodgkin lymphoma, lymphoid leukaemia or mye-
loid leukaemia. In contrast, males initially diagnosed
with either prostate or stomach cancer subsequently
experienced a significantly lower risk of cancer com-
pared to the general population.

Within the female cohort, the relative risk of a second
cancer was higher for those diagnosed with head and
neck cancer, colorectal cancer, lung cancer, melanoma,
breast cancer, cervical cancer, uterine cancer, kidney can-
cer, bladder cancer, thyroid cancer, non-Hodgkin lym-
phoma, lymphoid leukaemia or myeloid leukaemia.
There were no types of cancer for which female survivors
had a significantly lower risk of developing a second inva-
sive cancer in relation to the general population.

Relative risk of second primary cancers by age group at
diagnosis

The risk of a second malignancy was higher in compari-
son to the general population for each of the three age
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Table 1 Characteristics of the study cohort
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First Primary Cancers

Second Primary Cancers

Number of cases % Number of cases %
Total 204,962 100.0 23,580 100.0
Sex
Males 110,961 54.1 14,388 61.0
Females 94,001 459 9,192 39.0
Age at first diagnosis
15-49 years 41,690 203 3,150 134
50-64 years 60,573 29.6 7,687 326
65 years and over 102,699 50.1 12,743 54,0
Period of first diagnosis
1982-1986 36,216 177 4,716 20.0
1987-1991 43,904 214 5,841 24.8
1992-1996 57,381 280 6,972 296
1997-2001 67,461 329 6,051 25.7
Follow-up interval
2 months to less than 1 year na. 2511 106
1 year to less than 5 years na. 8,924 378
5 years to less than 10 years na. 7,286 309
10 years or longer n.a. 4,859 206
Type of first primary cancer
Head and neck (C00-C14,C30-C32) 10,942 53 1,989 84
Oesophagus (C15) 2,075 1.0 105 04
Stomach (C16) 4,103 20 206 09
Colorectal (C18-C20,C218) 27,814 13.6 3,046 129
Pancreas (C25) 2,817 14 49 02
Lung (C33-C34) 17,347 85 729 3.1
Melanoma (C44,M872-M879) 29,289 14.3 5,092 216
Breast - female (C50) 26,725 13.0 2,962 126
Cervix (C53) 3,492 1.7 300 1.3
Uterus (C54) 3,527 1.7 409 1.7
Ovary (C56) 2,864 14 164 0.7
Prostate (C61) 23,122 113 3,006 12.7
Kidney (C64-C66,C68) 4,927 24 655 28
Bladder (C67) 8,719 43 1,680 7.1
Brain & CNS (C70-C72) 2,566 1.3 50 0.2
Thyroid (C73) 2,302 1.1 215 09
Non-Hodgkin lymphoma (M967-M972) 6618 32 689 29
Lymphoid leukaemia (M982-M983) 2,645 13 422 18
Myeloid leukaemia (M984-M993) 2,195 1.1 125 0.5
Myeloma/PCT (M973) 2,174 1.1 134 0.6
Other 18,699 9.1 1,553 6.6

n.a. = not applicable; CNS = central nervous system; PCT = plasma cell tumours.

groups for all first primary cancers combined, but
tended to decrease as age at first diagnosis increased
(Table 3) - 15-49 years (SIR = 1.84; 95% CI = 1.77-1.90),
50-64 years (SIR = 1.39; 95% CI = 1.36-1.42) and
65 years and older (SIR = 1.23; 95% CI = 1.20-1.25). Dif-
ferent patterns emerged within the various cancer-speci-
fic cohorts. An elevated relative risk across all three age
groups was found following head and neck cancer, lung

cancer, melanoma, female breast cancer, cervical cancer,
kidney cancer, bladder cancer, non-Hodgkin lymphoma
and lymphoid leukaemia. For oesophageal and colorectal
cancer, significantly increased relative risks were only
observed among those aged under 65 years at first diag-
nosis, while for pancreatic and brain cancers the risk
was elevated in the younger age groups but was lower
than expected for people aged 65 years and over.
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Table 2 Relative risk of second primary cancer by type of first primary cancer and sex, Queensland, 1982-2006

Sex
Males Females

First primary cancer Obs. SIR Obs. SIR
(95% CI) (95% ClI)

Head and neck 1,620 1.70 369 1.84
(1.62-1.79) (1.66-2.04)

Oesophagus 78 143 27 1.06
(1.13-1.79) (0.70-1.54)

Stomach 150 0.83 56 1.00
(0.70-0.98) (0.75-1.30)

Colorectal 1,899 1.04 1,147 1.08
(0.99-1.08) (1.02-1.15)

Pancreas 31 0.92 18 0.85
(0.63-1.31) (0.50-1.34)

Lung 552 1.18 177 1.41
(1.08-1.28) (1.21-1.64)

Melanoma 3,267 1.77 1,825 1.70
(1.71-1.83) (1.62-1.78)

Breast - female na. na. 2,962 1.31
(1.27-1.36)

Cervix na. na. 300 1.36
(1.21-1.52)

Uterus na. na. 409 1.16
(1.05-1.28)

Ovary na. na. 164 1.12
(0.95-1.30)

Prostate 3,006 0.83 n.a. n.a.

(0.80-0.86)

Kidney 434 1.39 221 1.69
(1.27-1.53) (1.47-1.93)

Bladder 1,370 1.40 310 1.61
(1.33-1.48) (1.43-1.79)

Brain & CNS 31 1.05 19 0.94
(0.71-1.49) (0.57-147)

Thyroid 70 1.47 145 135
(1.15-1.86) (1.14-1.59)

Non-Hodgkin lymphoma 411 1.37 278 1.36
(1.24-1.51) (1.20-1.53)

Lymphoid leukaemia 297 1.66 125 1.40
(1.48-1.86) (1.17-1.67)

Myeloid leukaemia 87 1.44 38 1.25
(1.15-1.77) (0.88-1.71)

Myeloma/PCT 93 1.04 41 0.89
(0.84-1.27) (0.64-1.21)

Other 992 1.23 561 137
(1.16-1.31) (1.26-1.49)

All cancers combined 14,388 1.22 9,192 1.36
(1.20-1.24) (1.33-1.39)

Obs. = Observed number of second primary cancers; SIR = standardised incidence ratio; Cl = confidence interval; n.a. = not applicable; CNS = central nervous system;
PCT = plasma cell tumours. SIRs shown in normal bold font indicate significantly increased risk; SIRs shown in bold italics indicate significantly decreased risk.

Consistently decreased relative risks were recorded Relative risk of second primary cancers by time period of
within each age group for males with prostate cancer, first diagnosis

although the SIR was not statistically significant for =~ There was some evidence that the more recently a first
those aged 15-49 years. primary cancer was diagnosed the higher the relative
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Table 3 Relative risk of second primary cancer by type of first primary cancer and age group at first diagnosis,
Queensland, 1982-2006

Age group at first diagnosis

15-49 years 50-64 years 65 years and over

First primary cancer Obs. SIR Obs. SIR Obs. SIR
(95% ClI) (95% ClI) (95% ClI)

Head and neck 223 2.07 884 2.20 882 1.77
(1.80-2.36) (2.06-2.35) (1.65-1.89)

Oesophagus 6 4.00 39 1.70 60 1.16
(1.47-8.70) (1.21-2.32) (0.88-1.49)

Stomach 17 1.59 60 1.04 129 091
(0.93-2.55) (0.79-1.34) (0.76-1.08)

Colorectal 188 1.58 994 1.15 1,864 1.03
(1.36-1.82) (1.08-1.22) (0.99-1.08)

Pancreas - - 26 1.60 23 0.61
(1.05-2.35) (0.39-0.92)

Lung 52 2.46 270 1.55 407 1.24
(1.84-3.23) (1.37-1.74) (1.12-1.36)

Melanoma 1,121 2.05 1,755 1.80 2,216 1.74
(1.94-2.18) (1.72-1.89) (1.67-1.81)

Breast - female 689 1.86 1,047 1.29 1,226 1.15
(1.72-2.00) (1.21-1.37) (1.08-1.21)

Cervix 129 133 94 1.49 77 1.27
(1.11-1.57) (1.21-1.83) (1.01-1.59)

Uterus 47 1.63 164 1.07 198 1.16
(1.20-2.17) (0.91-1.25) (1.00-1.33)

Ovary 33 1.25 64 1.12 67 1.06
(0.86-1.76) (0.87-1.44) (0.82-1.34)

Prostate 7 0.81 554 0.87 2,445 0.82
(0.32-1.66) (0.80-0.95) (0.79-0.85)

Kidney 52 1.63 230 1.59 373 1.57
(1.22-2.14) (1.39-1.81) (1.42-1.74)

Bladder 81 2.02 465 1.63 1,134 1.70
(1.60-2.51) (1.49-1.79) (1.60-1.80)

Brain & CNS 27 1.64 15 0.94 8 0.48
(1.08-2.39) (0.52-1.55) (0.21-0.95)

Thyroid 65 1.22 84 1.39 66 1.37
(0.94-1.55) (1.11-1.72) (1.06-1.74)

Non-Hodgkin lymphoma 81 1.60 261 1.57 347 1.23
(1.27-1.99) (1.39-1.77) (1.10-1.36)

Lymphoid leukaemia 27 2.68 131 1.69 264 1.57
(1.77-3.90) (1.42-2.01) (1.39-1.77)

Myeloid leukaemia 22 2.23 33 1.39 70 1.35
(1.40-3.38) (0.96-1.95) (1.05-1.70)

Myeloma/PCT 8 1.40 47 1.35 79 0.89
(0.61-2.77) (0.99-1.79) (0.70-1.10)

Other 273 1.69 472 143 808 1.20
(1.49-1.90) (1.30-1.56) (1.12-1.29)

All cancers combined 3,150 1.84 7,687 1.39 12,743 1.23
(1.77-1.90) (1.36-1.42) (1.20-1.25)

Obs. = Observed number of second primary cancers; SIR = standardised incidence ratio; Cl = confidence interval; CNS = central nervous system; PCT = plasma
cell tumours. SIRs shown in normal bold font indicate significantly increased risk; SIRs shown in bold italics indicate significantly decreased risk. SIRs for
pancreatic cancer for the age groups 15-49 years and 50-64 years have been combined due to less than 5 observed cases aged 15-49 years.

risk of a second primary cancer, with a gradual increase  (SIR = 1.36; 95% CI = 1.31-1.41) and 1997-2001 (SIR =
across the four time periods for all cancers combined  1.46; 95% CI = 1.41-1.50). In particular, the SIRs for
(Table 4): 1982-1986 (SIR = 1.14; 95% CI = 1.08-1.20), people with colorectal cancer, lung cancer, breast can-
1987-1991 (SIR = 1.22; 95% CI = 1.17-1.28), 1992-1996  cer, thyroid cancer, non-Hodgkin lymphoma, lymphoid
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leukaemia and myeloid leukaemia were only significant
for the later time periods. Among men with prostate
cancer, the risk of developing a second primary cancer
was lower than the incidence of cancer experienced by
males in the general population irrespective of the year
of first diagnosis, except for the latest period (1997-
2001). Several cancer-specific cohorts had SIRs that
were significantly higher than expected in each time
period, including head and neck cancer, melanoma, kid-
ney cancer and bladder cancer.

Relative risk of second primary cancers by follow-up
interval

The risk of a second primary cancer for all survivors
combined remained consistently elevated compared to
the general population during each follow-up interval
(Table 5): 2 months to less than 1 year after first diag-
nosis (SIR = 1.32; 95% CI = 1.27-1.37), 1 year to less
than 5 years (SIR = 1.33; 95% CI = 1.31-1.36), 5 years to
less than 10 years (SIR = 1.39; 95% CI = 1.35-1.42) and
10 years or longer (SIR = 1.28; 95% CI = 1.24-1.31).
A significantly increased relative risk across all follow-
up intervals was also observed following a diagnosis of
head and neck cancer, melanoma, kidney cancer, blad-
der cancer or lymphoid leukaemia, while the risks were
significantly higher from 1 year or longer after diagnosis
for colorectal cancer, lung cancer, female breast cancer
or non-Hodgkin lymphoma. The relative risk of devel-
oping another cancer was significantly higher among
cervical cancer survivors up to 10 years after the initial
diagnosis but not after that. Prostate cancer patients
were found to have subsequent risks that remained
lower than the matching population, particularly 10 or
more years after initial diagnosis.

Relative risk by type of first and second primary cancers
and sex
The relative risks for specific second primary cancers
varied substantially according to the type of first primary
cancer (Figure 1 and 2). Within the melanoma cohort
(Figure 1c and 1d), both males and females were over
six times more likely to be diagnosed with another pri-
mary melanoma compared to the general population.
They also had significantly increased relative risks for
several other cancers, including thyroid cancer and lym-
phoid leukaemia (both males and females), brain cancer,
non-Hodgkin lymphoma, prostate cancer and colorectal
cancer (males only) and kidney cancer and breast cancer
(females only). However, lung cancers occurred less
often than expected among males with a first primary
melanoma.

An elevated relative risk of melanoma was also
observed for both sexes in the colorectal cancer cohort
(Figure le and 1f). In addition, male colorectal cancer
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survivors had higher risks for lymphoid leukaemia, oeso-
phageal cancer and kidney cancer but a lower risk of
developing a second primary colorectal cancer compared
to the general population, while females with colorectal
cancer experienced a subsequent increased risk of breast
cancer.

Men diagnosed with prostate cancer had significantly
increased relative risks for thyroid cancer, melanoma,
bladder cancer, kidney cancer, non-Hodgkin lymphoma
and colorectal cancer but a significantly decreased risk
of lung cancer (Figure 2a). Instances of primary prostate
cancer occurring twice in the same person were rare.
Female breast cancer survivors were more likely to be
diagnosed with uterine cancer, myeloid leukaemia, sto-
mach cancer, breast cancer, ovarian cancer, melanoma,
kidney cancer or colorectal cancer than were the general
population (Figure 2b).

People initially diagnosed with head and neck cancer
were found to have elevated relative risks for a second
cancer of the head and neck, oesophageal cancer, lung
cancer and non-Hodgkin lymphoma (Figure 2c and
2d). Males with head and neck cancer were also at
increased risk of developing melanoma, colorectal can-
cer or bladder cancer. All lung cancer patients had a
significantly increased risk of oesophageal and head
and neck cancers compared to other residents of
Queensland (Figure 2e and 2f), while males with lung
cancer experienced high relative risks of being subse-
quently diagnosed with kidney, pancreas or bladder
cancers and females with lung cancer had a signifi-
cantly increased risk of developing a second primary
lung cancer. Lymphoid leukaemia occurred less often
among males following lung cancer than in the general
population, although both the observed and expected
number of cases were small.

Discussion

Cancer patients in our study cohort were at significantly
higher risk of a second diagnosis compared to the
underlying incidence rates experienced in the entire
population of Queensland. Although there was some
variation in the size of the estimated relative risks, a
consistent pattern of increased risk following all first
primary cancers combined was seen for both males and
females, and across all age groups at first diagnosis, time
periods of first diagnosis and follow up intervals.

Our data offers further evidence of significant associa-
tions between particular types of first and second pri-
mary cancers that have been previously documented
elsewhere in Australia and around the world [6,12-16].
Some examples include the mutual increased risks
between head and neck, lung and oesophageal cancers
and the relationship between melanoma and both pros-
tate and female breast cancers.



Youlden and Baade BMC Cancer 2011, 11:83 Page 7 of 12
http://www.biomedcentral.com/1471-2407/11/83

Table 4 Relative risk of second primary cancer by type of first primary cancer and time period of first diagnosis,
Queensland, 1982-2006

Time period of first diagnosis

1982-1986 1987-1991 1992-1996 1997-2001
First primary cancer Obs. SIR Obs. SIR Obs. SIR Obs. SIR
(95% ClI) (95% Cl) (95% CI) (95% ClI)
Head and neck 165 1.92 204 1.88 271 1.98 255 1.93
(1.64-2.23) (1.63-2.16) (1.75-2.23) (1.70-2.18)
Oesophagus 8 153 10 0.90 23 1.60 23 1.19
(0.66-3.02) (0.43-1.66) (1.01-2.39) (0.76-1.79)
Stomach 18 0.75 27 1.02 30 091 36 1.09
(0.44-1.18) (0.67-1.49) (0.62-1.31) (0.76-1.51)
Colorectal 198 0.89 273 0.95 411 1.07 559 1.20
(0.77-1.02) (0.84-1.07) (0.97-1.18) (1.11-1.31)
Pancreas 7 1.20 5 061 10 0.98 12 0.83
(0.48-247) (0.20-1.42) (047-1.81) (043-1.45)
Lung 71 1.06 93 1.14 147 1.61 148 1.30
(0.83-1.34) (0.92-1.40) (1.36-1.89) (1.10-1.53)
Melanoma 311 1.81 471 1.89 639 2.04 835 2.02
(1.62-2.02) (1.72-2.07) (1.88-2.20) (1.89-2.16)
Breast - female 152 0.97 199 0.94 359 1.32 504 1.37
(0.82-1.14) (0.81-1.08) (1.19-1.47) (1.25-1.50)
Cervix 24 1.29 38 1.88 34 1.64 26 1.55
(0.83-1.92) (1.33-2.58) (1.14-2.29) (1.01-2.27)
Uterus 30 1.14 35 118 35 087 63 1.30
(0.77-1.63) (0.82-1.64) (0.60-1.21) (0.99-1.66)
Ovary 16 1.36 10 0.64 26 1.35 24 1.02
(0.78-2.20) (0.31-1.18) (0.88-1.98) (0.66-1.52)
Prostate 163 0.64 291 0.76 603 0.84 655 0.95
(0.54-0.74) (0.68-0.85) (0.77-0.91) (0.88-1.02)
Kidney 44 1.48 73 1.79 92 1.53 160 2.04
(1.08-1.99) (1.40-2.25) (1.24-1.88) (1.74-2.38)
Bladder 137 1.46 189 1.78 238 1.84 353 2.22
(1.22-1.72) (1.53-2.05) (1.61-2.09) (2.00-2.47)
Brain & CNS - - 5 1.00 - - 9 1.10
(0.33-2.34) (0.50-2.09)
Thyroid 9 125 12 1.25 29 1.64 46 1.67
(0.57-2.38) (0.64-2.18) (1.10-2.36) (1.22-2.23)
Non-Hodgkin lymphoma 42 1.09 62 1.15 88 1.25 144 1.49
(0.79-1.48) (0.88-1.48) (1.00-1.54) (1.25-1.75)
Lymphoid leukaemia 24 1.00 33 1.25 63 1.68 88 1.71
(0.64-1.48) (0.86-1.75) (1.29-2.15) (1.37-2.10)
Myeloid leukaemia 13 1.23 11 091 26 1.52 34 2.05
(0.66-2.11) (045-1.62) (0.99-2.22) (1.42-2.86)
Myeloma/PCT 21 1.37 7 0.46 19 0.83 39 1.05
(0.85-2.10) (0.19-0.95) (0.50-1.29) (0.75-1.44)
Other 79 0.94 136 1.22 241 1.43 318 1.43
(0.74-1.17) (1.03-1.45) (1.26-1.62) (1.28-1.60)
All cancers combined 1,534 1.14 2,184 1.22 3,386 1.36 4,331 1.46
(1.08-1.20) (1.17-1.28) (1.31-1.41) (1.41-1.50)

Obs. = Observed number of second primary cancers; SIR = standardised incidence ratio; Cl = confidence interval; CNS = central nervous system; PCT = plasma
cell tumours. Analysis by period of first diagnosis was restricted to five years of follow-up to allow more consistent comparisons across time. SIRs shown in
normal bold font indicate significantly increased risk; SIRs shown in bold italics indicate significantly decreased risk. Estimates are not shown for Brain & CNS for
the periods 1982-1986 and 1992-1996 due to observed cell counts of less than 5.
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Table 5 Relative risk of second primary cancer by type of first primary cancer and follow-up interval, Queensland,
1982-2006

Follow-up interval

2 months to less than 1 year 1 year to less than 5 years 5 years to less than 10 years 10 years or longer

First primary cancer Obs. SIR Obs. SIR Obs. SIR Obs. SIR
(95% Cl) (95% ClI) (95% ClI) (95% Cl)
Head and neck 164 1.67 731 2.00 651 2.10 443 1.89
(1.42-1.95) (1.86-2.15) (1.94-2.26) (1.72-2.08)
Oesophagus 22 122 42 1.31 32 1.76 9 1.11
(0.77-1.85) (0.95-1.77) (1.20-2.48) (0.51-2.10)
Stomach 36 097 75 095 55 1.04 40 0.99
(0.68-1.35) (0.74-1.18) (0.78-1.35) (0.71-1.35)
Colorectal 310 1.03 1,131 1.07 912 1.1 693 1.14
(0.92-1.16) (1.01-1.13) (1.04-1.18) (1.06-1.23)
Pancreas 14 0.74 20 1.01 15 0.99 - -
(0.40-1.24) (062-1.57) (0.55-1.64)
Lung 147 1.06 312 1.46 183 1.71 87 1.35
(0.89-1.24) (1.30-1.63) (1.47-1.98) (1.08-1.67)
Melanoma 458 2.15 1,798 1.92 1,553 1.80 1,283 1.63
(1.95-2.35) (1.84-2.02) (1.71-1.89) (1.55-1.73)
Breast - female 194 1.02 1,020 1.25 1,019 1.44 729 1.36
(0.88-1.18) (1.17-1.33) (1.35-1.53) (1.26-1.46)
Cervix 33 2.13 89 1.46 89 1.43 89 1.09
(1.46-2.99) (1.18-1.80) (1.15-1.76) (0.87-1.34)
Uterus 29 1.03 134 1.15 147 1.36 99 1.00
(0.69-1.48) (0.96-1.36) (1.15-1.60) (0.81-1.21)
Ovary 22 122 54 1.04 46 1.18 42 111
(0.77-1.85) (0.78-1.35) (0.86-1.57) (0.80-1.50)
Prostate 344 0.81 1,368 0.84 988 0.88 306 0.66
(0.73-0.90) (0.80-0.89) (0.82-0.93) (0.59-0.74)
Kidney 115 245 254 1.57 177 1.42 109 1.35
(2.02-2.94) (1.38-1.77) (1.22-1.65) (1.11-1.63)
Bladder 249 240 668 1.73 477 1.61 286 1.39
(2.11-2.72) (1.61-1.87) (1.47-1.76) (1.23-1.56)
Brain & CNS 6 0.60 12 0.77 18 144 14 1.28
(0.22-1.31) (0.40-1.34) (0.85-2.28) (0.70-2.15)
Thyroid 18 1.65 78 1.53 63 1.21 56 1.16
(0.98-261) (1.21-1.91) (0.93-1.55) (0.87-1.50)
Non-Hodgkin lymphoma 74 1.23 262 1.31 209 1.46 144 1.49
(0.97-1.55) (1.16-1.48) (1.27-1.67) (1.26-1.76)
Lymphoid leukaemia 52 1.82 156 1.40 143 1.89 71 1.78
(1.36-2.39) (1.19-1.64) (1.59-2.23) (1.37-2.22)
Myeloid leukaemia 27 1.59 57 1.44 28 140 13 141
(1.05-2.31) (1.09-1.87) (0.93-2.03) (0.75-241)
Myeloma/PCT 18 0.76 68 1.02 36 1.26 12 1.12
(0.45-1.21) (0.79-1.29) (0.88-1.74) (0.58-1.95)
Other 179 1.22 595 1.35 447 1.36 332 1.33
(1.05-1.42) (1.25-1.47) (1.24-1.49) (1.19-1.48)
All cancers combined 2511 1.32 8,924 1.33 7,286 1.39 4,859 1.28
(1.27-1.37) (1.31-1.36) (1.35-1.42) (1.24-1.31)

Obs. = Observed number of second primary cancers; SIR = standardised incidence ratio; Cl = confidence interval; CNS = central nervous system; PCT = plasma
cell tumours. SIRs shown in normal bold font indicate significantly increased risk; SIRs shown in bold italics indicate significantly decreased risk. SIRs for
pancreatic cancer for 5 years to less than 10 years after first diagnosis and 10 years or longer after first diagnosis have been combined due to less than 5
observed cases 10 years or longer after first diagnosis.
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a. All cancers — Males

b. All cancers — Females

Standardised Incidence Ratio

indicates SIR 95% confidence interval. X-axes are shown on a log scale.
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Figure 1 Relative risk following all cancers combined, melanoma or colorectal cancer by type of second primary cancer and sex,
Queensland, 1982-2006. CNS: central nervous system; PCT: plasma cell tumour.Vertical black line indicates SIR point estimate; grey shading

Standardised Incidence Ratio

Much of the elevated risk of being diagnosed with a
second malignancy can be attributed to risk behaviours
(such as smoking, harmful levels of alcohol consumption
and poor diet), inherited susceptibilities and/or the med-
ical treatment that cancer survivors have received

[3,4,6]. On occasions, treatment can also have the oppo-
site effect of reducing the risk of subsequent diagnosis.
As was noted in another recent study of second primary
cancer [13], the overall lower SIRs observed among
prostate cancer survivors are mainly due to extremely
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Figure 2 Relative risk following prostate cancer, breast cancer, head and neck cancer or lung cancer by type of second primary
cancer and sex, Queensland, 1982-2006. CNS: central nervous system; PCT: plasma cell tumour. Vertical black line indicates SIR point estimate;
grey shading indicates SIR 95% confidence interval. The SIR for a second primary prostate cancer following a first primary prostate cancer was
0.3 and is not shown in Figure 2a. No cases of lymphoid leukaemia following head and neck cancer were recorded for females (Figure 2d). X-
axes are shown on a log scale. Note different scale endpoints for x-axis used in Figures 2d, 2e and 2f.
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low rates of reoccurrence as the organ is often comple-
tely removed as part of treatment. Given that prostate
cancer is the most common cancer diagnosed for males
in Queensland, this also helps to explain why the total
relative risk is lower for male survivors compared to
female survivors.

Another potential explanation for the difference in
risk between cancer survivors and the general popula-
tion is that some demographic factors may not be com-
parable between the two groups. Although the relative
risks were based on calculations matched by sex, age
group and time period, it is possible that other qualities,
such as socioeconomic status, may vary between people
who have been diagnosed with cancer and those who
have not. This is likely to be the reason for at least part
of the reduced risk of lung cancer (which has higher
incidence among lower socioeconomic groups) for
males following melanoma (which is more common in
segments of the community with higher socioeconomic
status) [6,17]. A similar explanation could be used for
the deficit of lung cancer after a diagnosis of prostate
cancer. In contrast, the high reciprocal relative risks of
melanoma with both female breast cancer and prostate
cancer may correlate with the higher incidence for each
of these malignancies among more affluent populations
[18-20].

One of the interesting relationships that emerged from
the analysis was the variation in relative risk of second
primary cancer by age at first diagnosis following cancer
of the brain and central nervous system. Younger survi-
vors (15-49 years old) had an increased risk of being
diagnosed with a second primary cancer while survivors
aged 65 years or over had a decreased risk. This is most
likely due to the various histopathological subtypes of
brain tumours which are more common in the different
age groups. For example, glioblastoma tends to be diag-
nosed at an older age and is associated with poor survi-
val, allowing a limited time for treatment-related second
primary cancers to appear [6].

The reasons behind an increased relative risk of sec-
ond primary cancer following certain types of cancer
among survivors who were diagnosed more recently are
unknown. Tsukuma et al. [16] described a similar pat-
tern in Japan, and suggested that apparent increases in
risk may be due to improved follow-up and surveillance
of cancer patients. Another possible cause is the change
in treatment modalities over time [4,21].

Second primary cancers that arise due to the effects of
treatment for the initial cancer might be expected to
occur many years after the first diagnosis. However, the
increase in relative risk remained fairly consistent irre-
spective of time since diagnosis, in accordance with
results published elsewhere in Australia [13] and the
United States [6].
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The main strengths of this study include the extensive
population-based coverage achieved by the QCR for the
reporting of cancers among Queensland residents, com-
bined with a high level of histological verification (88%
in 2006) [8], which is important for distinguishing
between new primary cancers and metastases of an
existing cancer. Since all data used in this study have
been collected prospectively for administrative purposes,
and coded independently of the hypotheses, the oppor-
tunity for recall or information bias has been removed.

Increased medical surveillance of newly-diagnosed
cancer patients may introduce a detection bias for sec-
ond primary cancers. The likelihood of this happening
has been reduced by only considering metachronous
primary cancers, with a two-month window between
first and second diagnosis. It is also possible that some
second primary cancers were incorrectly classified as
first primary cancers, especially for cancers diagnosed
soon after the establishment of the QCR in the early
1980s; we are unable to quantify the impact of this on
the observed results.

While acknowledging that the study cohort and com-
parison population were not independent, with the
population containing people already diagnosed with
cancer, this proportion was less than 0.5% in any given
year. Finally, as a result of the large number of compari-
sons made, the possibility that some of the SIR esti-
mates have been spuriously identified as statistically
significant needs to be considered, particularly those
based on small numbers of primary or secondary can-
cers, and these results should therefore be interpreted
with due caution.

Conclusions

Our results demonstrate that cancer survivors in
Queensland, Australia, like those in other countries, are
confronted by a very real, ongoing risk of developing a
second primary cancer that is significantly higher than
the incidence of cancer experienced by the general
population. Some first and second primary cancers
share common aetiologies, making it imperative that
cancer patients adopt a healthier lifestyle in order to les-
sen their chances of subsequent diagnoses [4,22]. Recent
studies have reported little difference in the health beha-
viours of cancer survivors compared to the wider com-
munity [23-25], suggesting that health promotion efforts
may need to be specifically targeted at people diagnosed
with cancer due to their subsequent increased risk.
Further work is needed to determine exactly how bene-
ficial changes to lifestyle may be in regard to the risk of
developing a second primary cancer [26]. Even so, some
second primary cancers will be unavoidable, and as the
number of cancer survivors continues to grow,
the importance of ongoing medical supervision and
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screening to detect second primary cancers at an earlier
stage and thereby improve the effectiveness of treatment
will remain critical.

Acknowledgements
The authors wish to thank the staff working in the Queensland Cancer
Registry who provided the data extract used in this analysis.

Author details

iertel Centre for Research in Cancer Control, Cancer Council Queensland,
Brisbane, Australia. “School of Public Health, Queensland University of
Technology, Brisbane, Australia.

Authors’ contributions

DY conducted the statistical analysis and drafted the manuscript. PB
conceived the study and edited the draft manuscript. Both authors read and
approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 23 June 2010 Accepted: 23 February 2011
Published: 23 February 2011

References

1. Boyle P, Levin B, (eds): World cancer report 2008 Lyon: World Health
Organization; 2008.

2. Bray F, Moller B: Predicting the future burden of cancer. Nat Rev Cancer
2006, 6(1):63-74.

3. Mariotto AB, Rowland JH, Ries LA, Scoppa S, Feuer EJ: Multiple cancer
prevalence: a growing challenge in long-term survivorship. Cancer
Epidemiol Biomarkers Prev 2007, 16(3):566-571.

4. Travis LB: The epidemiology of second primary cancers. Cancer Epidemiol
Biomarkers Prev 2006, 15(11):2020-2026.

5. Ng AK Travis LB: Subsequent malignant neoplasms in cancer survivors.
Cancer J 2008, 14(6):429-434.

6.  Curtis RE, Freedman MF, Ron E, Ries LAG, Hacker DG, Edwards BK,

Tucker MA, Fraumeni JF, (eds): New malignancies among cancer survivors:
SEER cancer registries, 1973-2000. Bethesda: National Cancer Institute, NIH
Publ. No. 05-5302; 2006.

7. Hemminki K, Boffetta P: Multiple primary cancers as clues to
environmental and heritable causes of cancer and mechanisms of
carcinogenesis. JARC Sci Publ 2004, , 157: 289-297.

8. Queensland Cancer Registry, Cancer Council Queensland, Queensland
Health: Cancer in Queensland: Incidence and Mortality, 1982 to 2006.
Brisbane: CCQ; 2009, 59.

9. Steliarova-Foucher E, Stiller C, Lacour B, Kaatsch P: International
Classification of Childhood Cancer, third edition. Cancer 2005,
103(7):1457-1467.

10. Howe HL, (ed): A review of the definition for multiple primary cancers in
the United States. Springfield: North American Association of Central
Cancer Registries; 2003.

11. Breslow NE, Day NE: Statistical methods in cancer research. Volume Il -
the design and analysis of cohort studies. Lyon: International Agency for
Research on Cancer, IARC Scientific Publication No 82; 1987.

12. Heard A, Roder D, Luke C: Multiple primary cancers of separate organ
sites: implications for research and cancer control (Australia). Cancer
Causes Control 2005, 16(5):475-481.

13. Karahalios E, English D, Thursfield V, Simpson J, Farrugia H, Giles G: Second
primary cancers in Victoria. Melbourne: Cancer Council Victoria; 2009, 113.

4. Crocetti E, Buiatti E, Falini P: Multiple primary cancer incidence in Italy. fur
J Cancer 2001, 37(18):2449-2456.

15. Storm HH, Jensen OM, Ewertz M, Lynge E, Olsen JH, Schou G, Osterlind A:
Summary: multiple primary cancers in Denmark, 1943-80. Nat! Cancer Inst
Monogr 1985, 68:411-430.

16.  Tsukuma H, Fujimoto I, Hanai A, Hiyama T, Kitagawa T, Kinoshita N:
Incidence of second primary cancers in Osaka residents, Japan, with
special reference to cumulative and relative risks. Jpn J Cancer Res 1994,
85(4):339-345.

Page 12 of 12

17. Crocetti E, Guzzinati S, Paci E, Falcini F, Zanetti R, Vercelli M, Rashid |, De
Lisi V, Russo A, Vitarelli S, Ferretti S, Mangone L, Cesaraccio R, Tumino R,
Pannozzo F: The risk of developing a second, different, cancer among 14
560 survivors of malignant cutaneous melanoma: a study by AIRTUM
(the Italian Network of Cancer Registries). Melanoma Res 2008,
18(3):230-234.

18. Liu L, Cozen W, Bernstein L, Ross RK, Deapen D: Changing relationship
between socioeconomic status and prostate cancer incidence. J Nat/
Cancer Inst 2001, 93(9):705-709.

19. Robert SA, Strombom |, Trentham-Dietz A, Hampton JM, McElroy JA,
Newcomb PA, Remington PL: Socioeconomic risk factors for breast
cancer: distinguishing individual- and community-level effects.
Epidemiology 2004, 15(4):442-450.

20. Shack L, Jordan C, Thomson CS, Mak V, Moller H: Variation in incidence of
breast, lung and cervical cancer and malignant melanoma of skin by
socioeconomic group in England. BMC Cancer 2008, 8271.

21, Kirova YM, De Rycke Y, Gambotti L, Pierga JY, Asselain B, Fourquet A:
Second malignancies after breast cancer: the impact of different
treatment modalities. Br J Cancer 2008, 98(5):870-874.

22. Demark-Wahnefried W, Aziz NM, Rowland JH, Pinto BM: Riding the crest of
the teachable moment: promoting long-term health after the diagnosis
of cancer. J Clin Oncol 2005, 23(24):5814-5830.

23. Bellizzi KM, Rowland JH, Jeffery DD, McNeel T: Health behaviors of cancer
survivors: examining opportunities for cancer control intervention. J Clin
Oncol 2005, 23(34):8884-8893.

24, Coups EJ, Ostroff JS: A population-based estimate of the prevalence of
behavioral risk factors among adult cancer survivors and noncancer
controls. Prev Med 2005, 40(6):702-711.

25. Eakin EG, Youlden DR, Baade PD, Lawler SP, Reeves MM, Heyworth JS,
Fritschi L: Health behaviors of cancer survivors: data from an Australian
population-based survey. Cancer Causes Control 2007, 18(8):881-894.

26.  Aziz NM: Cancer survivorship research: state of knowledge, challenges
and opportunities. Acta Oncol 2007, 46(4):417-432.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2407/11/83/prepub

doi:10.1186/1471-2407-11-83

Cite this article as: Youlden and Baade: The relative risk of second
primary cancers in Queensland, Australia: a retrospective cohort study.
BMC Cancer 2011 11:83.

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

e Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BioMed Central



http://www.ncbi.nlm.nih.gov/pubmed/16372017?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17372253?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17372253?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17057028?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19060610?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15055302?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15055302?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15055302?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15712273?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15712273?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15986102?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15986102?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11720842?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4088312?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8200845?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8200845?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18477899?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18477899?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18477899?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11333293?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11333293?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15232405?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15232405?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18822122?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18822122?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18822122?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18268495?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18268495?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16043830?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16043830?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16043830?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16314649?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16314649?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15850868?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15850868?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15850868?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17638108?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17638108?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17497308?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17497308?dopt=Abstract
http://www.biomedcentral.com/1471-2407/11/83/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Relative risk of second primary cancers by sex
	Relative risk of second primary cancers by age group at diagnosis
	Relative risk of second primary cancers by time period of first diagnosis
	Relative risk of second primary cancers by follow-up interval
	Relative risk by type of first and second primary cancers and sex

	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history

