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Abstract

Objective To investigate whether people diagnosed with

cancer have an increased risk of death from non-cancer

causes compared to the general population.

Methods The non-cancer mortality of people diagnosed

with cancer in Queensland (Australia) between 1982 and

2002 who had not died before 1 January 1993 was com-

pared to the mortality of the total Queensland population,

matching by age group and sex, and reporting by standar-

dised mortality ratios.

Results Compared to the non-cancer mortality in the

general population, cancer patients (all cancers combined)

were nearly 50% more likely to die of non-cancer causes

(SMR = 149.9, 95% CI = [147–153]). This varied by

cancer site. Overall melanoma patients had significantly

lower non-cancer mortality, female breast cancer patients

had similar non-cancer mortality to the general population,

while increased non-cancer mortality risks were observed

for people diagnosed with cervical cancer, colorectal can-

cer, prostate cancer, non-Hodgkin lymphoma and lung

cancer.

Conclusions Although cancer-specific death rates under-

estimate the mortality directly associated with a diagnosis

of cancer, quantifying the degree of underestimation is

difficult due to various competing explanations. There

remains an important role for future research in under-

standing the causes of morbidity among cancer survivors,

particularly those looking at both co-morbid illnesses and

reductions in quality of life.

Keywords Cancer Æ Mortality Æ Non-cancer causes of

death Æ Risk factors Æ Survivorship

Introduction

A combination of increasing incidence of cancer and im-

proved survival have resulted in an increase in the number

of people living with a diagnosis of cancer [1–4]. This

pattern can be at least partly explained by the aging of the

population and improvements in management and early

detection of cancer.

While it is well established that a cancer diagnosis

will increase the risk of premature death from cancer-

related causes, cancer patients may also have increased

susceptibility to other types of non-cancer mortality. The

various forms of cancer treatment, such as surgery,

radiation therapy or hormone therapy can, in and of

themselves, increase mortality risk [5–9]. In addition,

known risk factors for cancer such as smoking, obesity

and physical inactivity are also common to other non-

cancer diseases such as heart disease [10–14], and may

therefore increase the risk of death from causes other

than cancer.

There have been a number of studies looking at the long

term health of childhood and adolescent cancer patients

[15–20] which suggest that they have increased risks of

developing other chronic health problems in later life,

usually as a result of their cancer treatment. However
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published data looking at non-cancer mortality among

adults diagnosed with cancer is very limited.

One study [21], using data from the United States

between 1973 and 1987, found that for all cancers com-

bined, cancer patients had a 37% higher rate of non-

cancer mortality than the general population. The most

common causes of non-cancer death were circulatory and

respiratory diseases. However, given the changes over the

past three decades in both cancer management strategies

[22–26] and the population prevalence of various risk

factors [27–31], it is important to investigate whether this

increased risk of non-cancer mortality among cancer

patients remains.

In this study, we compared non-cancer mortality rates of

a cohort of cancer patients diagnosed in Queensland

(Australia) to those of the general population, looking at

the most common non-cancer outcomes in all cancers

combined, as well as in seven specific cancers.

Material and methods

Data sources

Cohort

The cohort of patients considered in this study were those

people diagnosed with cancer in Queensland, Australia,

between 1982 and 2002 who had not died before 1 January

1993. Data on cases were obtained from the Queensland

Cancer Registry (QCR) in non-identifiable format. Notifi-

cations to this population-based registry, which com-

menced in 1982, are required by law. Non-melanoma skin

cancers are not included in the notifications. In the year

2002 there were 17,938 incident invasive cancers regis-

tered in Queensland, which had a population of approxi-

mately 3.7 million people.

Incident cases are routinely matched to the national

death registration dataset, and for this study, cases not

known to have died before 31 December 2002 were con-

sidered to be still alive. The QCR routinely records detailed

information about cancer causes of death and all other

deaths are coded as ‘‘Non Cancer Death’’. The QCR

database is matched to the more detailed Registrar-general

births deaths and marriages (RGBD) dataset to obtain more

data on the non-cancer deaths.

We obtained ethics approval to conduct this study from

the Behavioural & Social Sciences Ethical Review Com-

mittee at the University of Queensland. Government

gazettal approval was obtained to access the data from the

QCR, while separate written approval was obtained from

the Registrar-general to access the additional data on non-

cancer deaths.

Coded death information was available using ICD-9 and

ICD-10 classifications. Due to the complexity of matching

the different classifications, we used previously published

mortality concordances [32, 33] to categorise the non-

cancer mortality groups. The specific ICD-9 and ICD-10

codes for the major causes of death are detailed in Table 3.

Groupings were not necessarily mutually exclusive. Codes

were not available for approximately 3.3% of the non-

cancer causes of death for the final cancer cohort. Although

text-based descriptions of these non-coded deaths were

available, we did not manually code these deaths for the

purposes of this study. When cause of death information

for cancer-related deaths was available from both the QCR

and RGBD datasets, we gave priority to the QCR coding

due to the additional information they have available when

coding.

Variables extracted for the cohort dataset included year

of diagnosis, year of death, age (5 year age groups to 85

plus), sex, cancer site, time since diagnosis and cause of

death. Time since diagnosis was taken to be the difference

between date of diagnosis and date of death for people who

have died, and between date of diagnosis and the censor

date (31 December 2002) for people still alive at the censor

date.

Cohort exclusions/inclusions

Only people who were diagnosed between the ages of 20

and 79 were included in the analysis. We also censored all

subjects at the age of 80 years to allow a focus on pre-

mature mortality, and remove the perceived difficulties of

coding cause of death information among the eldest of the

elderly [21, 34]. We also excluded those people for whom

the date of death was not greater than the date of diagnosis,

since these were primarily death certificate only cases (i.e.

no histological confirmation) or cases discovered at

autopsy and so they did not contribute person-time to either

the numerator or the denominator.

Initially we considered the cohort of people diagnosed

with any invasive cancer (All cancers combined). In

addition, we looked at cancer-specific cohorts. These spe-

cific cancers were those cancers currently considered

Australian ‘‘National Health Priority Area’’ (NHPA) can-

cers [35]; these cancers are prostate cancer, melanoma,

cervical, female breast cancer, non-Hodgkin lymphoma

(NHL), lung cancer and colorectal cancer. The NHPA

cancers were chosen to reflect those that cause the greatest

burden to the community and have potential for health

gains and improved outcomes.

The QCR only records the first (primary) cancer on each

cancer site (according to the 3-digit ICD rubric and his-

tology code) [36]. However there were 1,721 people

diagnosed since 1982 who had more than one primary
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invasive cancer. That is, these people had a primary cancer

on more than one site. Since the main outcome in this study

is mortality, including all these multiple cancers would

reduce the independence of the data. Therefore for those

people with multiple primary invasive cancers, we included

only the first cancer diagnosis recorded on QCR.

Comparison data

Mortality of the cohort of cancer patients was compared

to the mortality of the total Queensland population. Unit

record mortality data for the total Queensland population

for each year between 1993 and 2002 (inclusive) was

obtained from the Australian Bureau of Statistics (ABS).

Cause of death information was coded by the ABS

according to the ICD-9 and ICD-10 classifications. This

mortality data were then categorised into the same

mortality groupings as for the cancer cohort described

above.

Estimated resident population data for Queensland

between 1993 and 2002 (inclusive) was obtained from the

Australian Bureau of Statistics.

Analysis

Standardised mortality ratios

The analysis focuses on indirectly age-standardised mor-

tality ratios (SMR). This is, in effect, the ratio of the cause-

specific mortality rate among the cohort of cancer patients

to the corresponding cause-specific mortality rate among

the Queensland population. This ratio was calculated after

matching both rates by age group and sex.

We calculated the cause-specific mortality rate for

cancer patients by dividing the total number of deaths

(cause-specific) between 1993 and 2002 by the total

number of prevalent cancer patients in the same period,

according to the specific cancer diagnosis, year, sex, age

group and time since diagnosis. Cases were considered

prevalent if they had been diagnosed since 1982 (i.e. re-

corded on the QCR database) and were alive on 31

December of the relevant year (1993–2002). The ‘‘pre-

valent age’’ was calculated based on the age at diagnosis

and the time from the year of diagnosis to the prevalent

year. People diagnosed prior to the commencement of the

registry (pre-1982) were not included. Time since diag-

nosis was measured in single year periods, as well as all

years combined.

A similar process was used for the comparison mortality

rate in the Queensland population, except that rather than

using prevalent cases as the denominator, we used the

estimated resident population for each year. All analysis

was carried out using SAS� [37].

Results

Description of the cohort

There were a total of 144,679 cancer patients in Queensland

that met the eligibility criteria outlined above. Of these,

52.9% were male, and 73.0% were over 50 years of age

when diagnosed. About one-third of these cancer patients

(51,346 or 35.6%) had died of some cause between 1993

and 2002. Of those that had died, about one in six (8123 or

15.8%) had died of a non cancer-related cause. The majority

(96.0%) of patients who died of a cancer-related cause died

of the cancer they were first diagnosed with.

For the comparison cohort, there were a total of 125,124

deaths of people in Queensland aged 20–79 between 1993

and 2002, and of these 80,016 (or 63.9%) were of non-

cancer related causes.

The percent of deaths caused by non-cancer causes

varied with age (Table 1). For cancer patients diagnosed in

their 20 s, 30 s and 40 s, the proportion of deaths coded to

non-cancer causes was around 10%. However for people

diagnosed in their 60 s and 70 s, among whom the majority

of deaths occurred, the proportion was closer to 20%. The

median survival time (or time to death) was significantly

higher among those who died of non-cancer causes (med-

ian = 3.1 years for 20–79 years combined) compared to

those who died of cancer- related causes (median = 0.9 -

years) (Wilcoxon two-sample test, p < 0.0001).

SMRs

The proportion of patients who died of either cancer or non-

cancer deaths varied depending on the specific cancer diag-

nosis (Table 2). The proportion of patients who died from

non-cancer deaths ranged from 3.0% among female breast

Table 1 Distribution of non-cancer and cancer causes of death

among cancer patients by age

Age group

at diagnosis

(Years)

Total

diagnoses

% still

alive

Total

Deaths

Non-cancer

causes

of death (%)

Cancer

causes

of death (%)

20–24 2,299 91.7 190 9.5 90.5

25–29 3,432 90.4 329 10.6 89.4

30–34 4,891 89.7 506 8.7 91.3

35–39 6,899 86.2 952 8.6 91.4

40–44 9,213 82.8 1,585 8.6 91.4

45–49 12,388 79.5 2,541 7.7 92.3

50–54 15,164 74.4 3,877 9.5 90.5

55–59 17,913 69.7 5,434 12.8 87.2

60–64 20,465 62.8 7,607 17.1 82.9

65–69 22,116 54.5 10,057 19.2 80.8

70–74 19,573 44.1 10,936 19.6 80.4

75–79 10,326 29.0 7,332 16.0 84.0

20–79 144,679 64.5 51,346 15.8 84.2
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cancer patients to 10.3% among men with prostate cancer.

Across all cancers, 5.6% of cancer patients had died from a

non-cancer cause of death. Compared to the non-cancer

mortality in the general population, cancer patients (all

cancers combined) were nearly 50% more likely to die of

non-cancer causes (SMR = 149.9). The non-cancer mortal-

ity for people diagnosed with melanoma (SMR = 93.5) was

statistically significantly less than the general population,

while the lower non-cancer mortality risk for female breast

cancer patients (SMR = 94.2) was not statistically different

to the general population. People diagnosed with any of the

remaining NHPA cancers were all significantly more likely

to die of a non-cancer cause of death than the age and sex-

matched Queensland population. The greatest increased risk

was for people diagnosed with lung cancer, with the non-

cancer mortality rate being over 4 times that of the general

population (SMR = 429.4).

Cause-specific data

Cardiovascular disease was the greatest cause of non-can-

cer mortality among the cancer cohort (Table 3), being

Table 2 Status of people in the cancer cohort in Queenslanda

Cancer Total number

diagnosed

Number who

died of cancerb
Number who died

of other causesb
SMR (non-cancer

deaths)c

All Cancers Combined 144,679 43,223 (29.9%) 8123 (5.6%) 149.9 [147, 153]

Female breast cancer 20,501 3106 (15.2%) 608 (3.0%) 94.2 [87, 102]

Cervical cancer 2,692 414 (15.4%) 90 (3.3%) 153.0 [123, 188]

Colorectal cancer 17,967 5990 (33.3%) 1109 (6.2%) 136.7 [129, 145]

Lung cancer 12,657 9551 (75.5%) 716 (5.6%) 429.4 [399, 462]

Melanoma 24,098 1619 (6.7%) 878 (3.6%) 93.5 [ 87, 100]

N-H Lymphoma 4,709 1589 (33.7%) 289 (6.1%) 187.8 [167, 211]

Prostate cancer 13,010 2646 (20.3%) 1330 (10.2%) 132.6 [126, 140]

a See methods for the inclusions and exclusions
b Percents relate to the total number of people diagnosed
c SMR = Indirectly age-standardised mortality ratio. A value of 100 suggests that the mortality among the cancer cohort is the same as the

mortality in the Queensland population over the same period, matched by age group and sex. 95% confidence intervals in brackets

Table 3 Major contributors to non-cancer causes of death (all cancer diagnoses combined)

Non-cancer cause of deatha ICD9 – ICD10 codesb Percent

(n = 8,123)

Cardiovascular disease (all) 390–459; I00-I99, G45-G46 55.2%

Coronary heart disease 410–414; I20–I25 35.0%

Stroke 430–438; I60–I69, G45–G46 10.8%

Respiratory diseases 460–519; J00–J99 13.8%

Chronic obstructive pulmonary disease (COPD) 416.0, 416.8, 416.9, 490–492, 495–496; I27.0, I27.8, I27.9, J40–J44, J67 9.5%

Diseases of the digestive system 520–579; K00–K99 5.9%

Diseases of the liver 570–573; K70–K77 1.7%

Diseases of oesophagus, stomach & duodenum 530–537; K20–K31 1.2%

Injury and poisoning 800–869, 880–929, 950–999; V00–X99, Y00–Y39, Y85–Y87, Y89 5.1%

Suicide 950–959; X60–X84, Y870 1.9%

Falls 880–888; W00–W19 0.9%

Motor vehicle crash injury 810–825; V20–V79, V02–V04, V12–V14, V090, V092,

V190–V192,V194–V196, V803–V805, V810, V811,

V820, V821, V870, V878, V890, V892, V84–V86, V880–V888

0.8%

Endocrine, nutritional and metabolic diseases 240–278; E00–E90 4.6%

Diabetes 250; E10–E14 3.3%

Diseases of the genitourinary system 580–629; N00–N99 2.6%

Acute renal failure 584–585; N170, N171, N172, N178, N179, N189 0.6%

Diseases of the nervous system 320–359; G00–G99 2.5%

Parkinson’s disease 332; G20 0.6%

Amyotrophic lateral sclerosisc 335.2; G12.2 0.6%

Other (specified) non-cancer causes of death 7.0%

Unspecified non-cancer causes of death 3.3%

a Disease groups are not mutually exclusive
b The ICD-9 codes are numeric only, ICD-10 codes are alpha-numeric
c Although these codes are for motor neuron disease (MND), Amyotrophic lateral sclerosis makes up about 90% of MND deaths (43)
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responsible for over half of the non-cancer mortality. In-

cluded in this group were coronary heart disease and

stroke. Other major non-cancer causes of death included

respiratory diseases, diseases of the digestive system, in-

jury and poisoning and endocrine, nutritional and meta-

bolic diseases. Among the cancer cohort who died of non-

cancer causes, a greater proportion of males died of coro-

nary heart disease than females (36.9% versus 30.9%

respectively, v2 = 27.9, df = 1, p < 0.001) and COPD

(10.5% versus 7.4%, v2 = 19.0, df = 1, p < 0.001), while

more females were more likely to have died of stroke

(12.6% versus 10.0%, v2 = 12.2, df = 1, p < 0.001. Among

the cancer cohort who died of non-cancer causes, the

proportion of deaths due to cardiovascular disease in-

creased with age, while the proportion due to injury and

poisoning decreased with age.

Cause-specific age-standardised mortality ratios

The age-standardised mortality ratios for non-cancer cau-

ses of death were calculated, comparing the cancer cohort

to the total Queensland population, matched by age group

and sex (Figure 1). To increase the stability of the esti-

mates we have only presented those SMRs for cancers that

had at least 100 observed deaths for all cancers combined.

All cancers combined

Compared to the general population, the cancer cohort had

a significantly increased risk of mortality from diseases of

the digestive system (SMR = 187.1), respiratory diseases

(SMR = 155.5), diseases of the genitourinary system

(SMR = 155.4), injury and poisoning (SMR = 147.8),

cardiovascular disease (SMR = 138.6) and endocrine,

nutrition and metabolic diseases (SMR = 136.3).

Colorectal cancer

The overall risk of non-cancer mortality among colorectal

cancer patients was nearly 40% higher than the general

population (SMR = 136.7). Compared to the general pop-

ulation, colorectal cancer patients had over twice the risk of

dying from diseases of the digestive system

(SMR = 231.7), and increased risks of dying from injury

and poisoning (SMR = 186.9), cardiovascular disease

(SMR = 125.9) and respiratory diseases (SMR = 120.3).

Lung cancer

Lung cancer patients had the highest comparable risk of

dying from non-cancer causes of death (SMR = 429.4)

than the other cancers considered in this study. In partic-

ular, increased risks were observed for diseases of the

digestive system (SMR = 721.6), respiratory diseases

(SMR = 6141), injury and poisoning (SMR = 424.3), car-

diovascular disease (SMR = 390.9), diseases of the geni-

tourinary system (SMR = 346.6) and endocrine, nutrition

and metabolic diseases (SMR = 233.4).

Melanoma

Overall, the rates of non-cancer mortality among people

diagnosed with melanoma was significantly less than the

general population (SMR = 93.5). There were very few

non-cancer causes of death for which the risk of melanoma

patients dying from was significantly greater than the

general population, and those that did have significantly

increased risks, Parkinson’s disease (SMR = 199.2) and

Falls (SMR = 206.1), were based on very small numbers of

deaths (12 and 11 deaths respectively). Significantly re-

duced risks were observed for cardiovascular disease

(SMR = 90.4) and respiratory disease (SMR = 77.8).

Female breast cancer

The rates of non-cancer mortality among women diagnosed

with breast cancer was not significantly different to that of

the general (female) population (SMR = 94.2). There were

no non-cancer causes of death (with more than 10 deaths)

for which the risk of female breast cancer patients dying

from was greater than the general female population. Re-

duced risks were observed for cardiovascular disease

(SMR = 83.9).

Cervical cancer

The overall rate of non-cancer mortality among women

diagnosed with cervical cancer was about 50% higher

(SMR = 153.0) than that of the general (female) popula-

tion. Since the numbers of cervical cancer diagnoses (and

deaths) were much fewer than for the other cancers

examined, the ability to detect statistically significant dif-

ferences for specific causes of non-cancer death was lim-

ited. However there was an significantly increased risk of

diseases of the digestive system (SMR = 332.5), endo-

crine, nutrition and metabolic diseases (SMR= 328.8) and

cardiovascular disease (SMR = 146.1) among cervical

cancer patients compared to the total female population.

Prostate cancer

Overall, the rates of non-cancer mortality among men

diagnosed with prostate cancer were about 30% higher

(SMR = 132.6) than the age-matched male general popula-
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All cancers combined

Diseases of digestive system

Suicide

Diseases of liver

Respiratory diseases

Diseases of genitourinary system

COPD

Non-cancer deaths (combined)

Injury and poisoning

Coronary heart disease

Cardiovascular disease (all)

Stroke

End., nutr. and metab.dis.

Diabetes

Diseases of nervous system

10 100 1000 10000

Colorectal cancer

Diseases of liver

Diseases of digestive system

Suicide

Injury and poisoning

Non-cancer deaths (combined)

Coronary heart disease

Cardiovascular disease (all)

End., nutr. and metab.dis.

Diseases of nervous system

Diseases of genitourinary system

Respiratory diseases

COPD

Diabetes

Stroke

10 100 1000 10000

Lung cancer

Suicide

Diseases of digestive system

COPD

Respiratory diseases

Coronary heart disease

Non-cancer deaths (combined)

Injury and poisoning

Cardiovascular disease (all)

Diseases of liver

Diseases of genitourinary system

Stroke

Diabetes

End., nutr. and metab.dis.

Diseases of nervous system

10 100 1000 10000

Melanoma

Diseases of nervous system

Suicide

End., nutr. and metab.dis.

Injury and poisoning

Stroke

Non-cancer deaths (combined)

Cardiovascular disease (all)

Coronary heart disease

Diabetes

Diseases of genitourinarysystem

Respiratory diseases

COPD

Diseases of digestive system

Diseases of liver

10 100 1000 10000

Breast cancer Females

Suicide

Diseases of liver

Injury and poisoning

Diseases of nervous system

Respiratory diseases

Diseases of digestive system

Diseases of genitourinary system

Diabetes

COPD

Non-cancer deaths (combined)

Coronary heart disease

Cardiovascular disease (all)

End., nutr. and metab.dis.

Stroke

10 100 1000 10000

Cervical cancer

Diseases of genitourinary system

Diabetes

Diseases of digestive system

End., nutr. and metab.dis.

Diseases of nervous system

Injury and poisoning

COPD

Respiratory diseases

Coronary heart disease

Non-cancer deaths (combined)

Cardiovascular disease (all)

Stroke

10 100 1000 10000

Prostate cancer

Suicide

Injury and poisoning

Stroke

Diseases of nervous system

Respiratory diseases

Diseases of digestive system

COPD

Non-cancer deaths (combined)

Cardiovascular disease (all)

Diseases of genitourinary system

Coronary heart disease

End., nutr. and metab.dis.

Diabetes

Diseases of liver

10 100 1000 10000

N-H Lymphoma

Diseases of liver

Suicide

Injury and poisoning

Diseases of genitourinary system

Diabetes

Non-cancer deaths (combined)

End., nutr. and metab.dis.

Diseases of digestive system

Respiratory diseases

Cardiovascular disease (all)

Coronary heart disease

Diseases of nervous system

COPD

Stroke

10 100 1000 10000

1. Only non-cancer causes of death with at least 100 deaths over the study period among the total cancer cohort 
2. COPD = Chronic obstructive pulmonary disease 
3. X-axis on log scale 

Fig. 1 Age-standardised mortality ratios for non-cancer causes of death: Cancer cohort versus total QLD population (20–79 years)
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tion. Increased rates were observed for injury and poisoning

(SMR = 196.8), respiratory diseases (SMR = 136.0), dis-

eases of the digestive system (SMR = 135.1) and cardio-

vascular diseases (SMR = 126.7).

Non-Hodgkin lymphoma

The overall rate of non-cancer mortality among people

diagnosed with NHL was nearly 90% higher (SMR = 187.8)

than that of the general population. Increased risks of death

due to injury and poisoning (SMR = 224.3), respiratory

disease (SMR = 159.7) and cardiovascular disease

(SMR = 159.4) were observed among NHL patients.

SMRs by time since diagnosis As shown in Figure 2,

the majority of the increased risk for non-cancer causes of

death is generally in the first year after diagnosis and then

quickly decreases to be equivalent to that of the general

population. Exceptions to this pattern were for lung cancer

and cervical patients, where the non-cancer mortality risk

remained higher than the general population as time after

diagnosis increased. The other exception was for prostate

cancer patients, whose non-cancer mortality risk decreased

quickly after the first year but then started to increase over

time.

Of the 2,261 non-cancer deaths in the first year after

diagnosis, 54.2% were due to cardiovascular disease and

13.5% were due to respiratory disease. Although only 4.9%

(110) of these deaths were due to injury and poisoning, this

included 50 deaths by suicide, and 18 deaths by firearm

injuries. There were 21 cases of death from HIV-AIDS,

primarily among younger patients, and in these cases this

underlying cause of death may also have caused the cancer

(13 were due to NHL). There were only a few causes of

non-cancer death which potentially could have been a

direct complication of the cancer or treatment of the can-

cer. These include 29 (1.2%) deaths due to septicaemia and

35 (1.5%) deaths due to diseases of blood and blood

forming organs.

Discussion

Summary of results

Overall, cancer patients were at about a 50% higher risk of

mortality from non-cancer causes of death than the general

population, with the increased risk particularly evident

within 2 years after diagnosis. However this varied

depending on the specific cancer diagnosis, with lung

cancer patients having more than a 4-fold increased risk of

dying from non-cancer causes than the general population,

while melanoma patients were significantly less likely to

die of non-cancer causes of death.

The major cause of non-cancer deaths among cancer

patients were cardiovascular disease, in particular coronary

heart disease and stroke. This is not surprising, since car-

diovascular disease is the second most common cause of

death (behind cancer) among the Australian population

[38]. However, apart from people diagnosed with mela-

noma or female breast cancer, the risk of mortality due to

cardiovascular disease among cancer patients was still

higher than the risk in the general population.

There is little information in the literature on the

non-cancer causes of death in cancer patients. Studies of

the prevalence of co-morbidities in cancer patients have

shown that the most frequent diseases in cancer patients are

cardiovascular conditions, hypertension, chronic obstruc-

tive pulmonary disease and diabetes [39, 40]. This is

consistent with findings from this study pertaining to the

entire cancer cohort, which also showed increased death

rates from cardiovascular disease, and endocrine and

metabolic disease. However, it is difficult to explain the

increased risk of death from digestive system diseases,

particularly among lung cancer patients. A closer exami-

nation of the small number of digestive system deaths

revealed that these deaths were from a number of causes

including cirrhosis of the liver, peptic ulcer and diverticular

disease.

As with the overall findings, NHL patients had increased

risks of death from respiratory and cardiovascular diseases,

similar to the prevalent conditions in NHL patients in other

studies [41]. Prostate cancer patients in our study had

increased risk of death from conditions of the nervous,

respiratory and digestive system, as well as cardiovascular

diseases. While the increased prevalence of cardiovascular

disease among prostate cancer patients has been reported

previously [42], the increased risk for the other conditions

has not.

A recent study [43] reported evidence of increased risk

of mortality due to Amyotrophic Lateral Sclerosis (ALS)

and Parkinson’s disease among melanoma patients. We

found a similar increased mortality risk in this study (al-

though not significant for ALS), however the very small

numbers of deaths (9 and 12 respectively) for these con-

ditions, and the resulting wide confidence intervals for the

risk estimates, made any definitive interpretation difficult.

Possible explanations for risk differentials

There are a number of possible reasons for the observed

risk differentials in this study. The first is that the treat-

ments used for the management of cancer had a side effect

of causing another fatal condition. If this side effect was

directly related to the cancer (for example death during
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Fig. 2 Standardised mortality ratios (SMR) of cancer patients dying

from non-cancer causes of death, compared to the total Queensland

population, by time after diagnosis [dotted line = 95% CI].

100 = Queensland average. Minimum of 5 observed non-cancer

deaths in each time period
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surgery for the cancer), then this would usually be coded as

being due to the specific cancer. However some treatments

can have longer term side effects; examples include im-

mune suppression due to chemotherapy which may result

in a later death due to infection, or scarring from radio-

therapy resulting in obstruction of the bowel. The excess of

non-cancer deaths in the cancer cohort immediately after

diagnosis may be interpreted as being due to the short-term

effect of treatment. This is the explanation previously

proposed by Brown and colleagues [21]. However, closer

examination of the non-cancer causes of death in the

12 months after diagnosis of cancer suggests that only a

small proportion of these deaths were closely related to the

cancer, and so it is unlikely that short-term side-effects of

treatment can explain much of the observed results. Rather,

considering the results of studies looking at the long-term

health of childhood cancer survivors suggests that any

treatment side effects are more likely observed in the long-

term.

A second plausible explanation is that, rather than the

non-cancer death being directly related to the cancer (or its

treatment), the diagnosis of cancer could have been made

almost incidentally while treating the other (fatal) condi-

tion. This may also explain why the non-cancer mortality

rate was highest soon after diagnosis, because more de-

tailed medical tests and/or invasive procedures are more

likely as the non-cancer condition gets more serious.

Additional evidence supporting this hypothesis could be

obtained using stage information – if most of the cancers

diagnosed in the year before death were early stage can-

cers, then it is more likely they were incidentally diag-

nosed, rather than contributing to the person’s death.

Unfortunately stage information is not routinely collected

by cancer registries in Australia.

The third possible reason is that the demographics of the

cancer cohort are not representative of the general popu-

lation. An example of this could be the reduced risk of non-

cancer mortality among melanoma patients. Previous

studies have shown that incidence of melanoma is typically

higher among more affluent people [44] who also have

better general health [45]. Since the majority of melanomas

in Queensland are diagnosed when thin [46] and can be

treated with curative intent, it is unlikely they would im-

pact on the person’s general health. Therefore the reduced

risk of non-cancer death among melanoma patients could

be attributed to the increased proportion of affluent people

in this sub-cohort compared to the general population. A

similar effect could potentially explain the lack of differ-

ence in non-cancer mortality among female breast cancer

patients, who are also more likely to be of higher socio-

economic status [47].

The fourth possible reason is that the risk factors that

contributed to the development of a specific cancer can be

the same as those for other potentially fatal conditions.

Cigarette smoking is responsible for the development of

the majority of all lung cancers [48]. However it is also

responsible for an increased risk of ischaemic heart disease,

chronic obstructive pulmonary disease and stroke [49]. We

would expect, therefore, that a population who have had

lung cancer would contain more smokers than the general

population and therefore would be at higher risk of other

smoking-related diseases. This is reinforced by the results

of this study, in which the major causes of non-cancer

deaths among lung cancer patients were also smoking

related.

A fifth possible reason is the potential for interaction

between these two above reasons. That is, some subgroups

of the population are more likely to have higher prevalence

of specific risk factors. For example smoking and obesity

have been more prevalent in lower socio-economic groups

[29, 50]. Therefore the impact of the increase in these risk

factors and the lower general health, could both impact on

the observed risk of non-cancer mortality.

Study quality

This was a population-based study with large numbers of

cancers and deaths, thus giving us confidence in the results. It

was based on routinely collected and coded data so, although

there would be some errors, these are likely to be random.

The cancer cohort was compared with the general population

that also would contain some people with cancer; however

the proportion of the comparison cohort (total Queensland

population) that is also in the cancer cohort (those diagnosed

with cancer) in a single year is less than 1%.

Further research/implications

We have found that cancer patients are at greater risk,

compared to the general population, of dying of causes

which are, at least superficially, unrelated to their cancer.

Our results, and those of previous studies [21] suggest that

cancer-specific death rates underestimate the mortality

directly associated with a diagnosis of cancer. However

quantifying the amount of underestimation is problematic

due to the inability to separate the abovementioned possible

reasons for the observed results. There remains an important

role for future research in understanding the causes of

morbidity among cancer survivors, particularly studies that

characterise the extent of disease burden in terms of both

comorbid illnesses as well as reductions in quality of life.

The role of potentially modifiable risk factors such as

smoking, obesity and physical inactivity also warrants

attention; as such factors will likely play a role in improving

the quality of life of the growing number of cancer survivors.
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