
UNDERLYING CAUSES OF DEATH AMONG PATIENTS WITH 
CANCER IN NOVA SCOTIA, 1969-1 989 

by 

Sharon Gushue 

Faculty of Medicine and Dentistry 
Graduate Program in Epidemiology & Biostatistics 

Submitted in partial fulfilment 
of the requirements for the degree of 

Master of Science 

Faculty of Graduate Studies 
The University of Western Ontario 

London, Ontario 
August, 1999 

O Sharon Gushue 1999 



National Library 1+1 , canaa 
Biblioth&que natiode 
du Canada 

Acquisitions and Acquisitions et 
Bibliographic Services services bibliographiques 

395 Wellington Street 395, rue Wellington 
OttawaON KIA ON4 OltawaON K I A W  
Canada Canada 

The author has granted a non- 
exclusive licence allowing the 
National Librq of Canada to 
reproduce, loan, distniute or sell 
copies of this thesis in microform, 
paper or electronic formats. 

The author retains ownership of the 
copyright in this thesis. Neither the 
thesis nor substantial extracts fkom it 
may be printed or othenvise 
reproduced without the author7 s 
permission. 

L'auteur a accorde me licence non 
exclusive pernettant a la 
Bibliotheque nationale du Canada de 
reproduire, p&ter, distniuer ou 
vendre des copies de cette these sous 
la fonne de microfiche/£ih, de 
reproduction sur papier ou sur format 
electronique. 

L'auteur conserve la propriete du 
droit d'auteur qui protege cette these. 
Ni la these ni des extraits substantiels 
de ceue-ci ne doivent &e imprimes 
ou autrement reproduits sans son 
autorisation. 



ABSTRACT 

Objectives: To examine the underlying causes of death among patients with 

malignant neoplasms diagnosed in Nova Scotia between 1969 and 1988. 

Mefhods: Mortality data were from 1969 to 1989 inclusive. Vital status was 

determined by record linkage to the Canadian Mortality Data Base. Proportions 

of cancer and non-cancer deaths were first examined by sex and age. The 

relative proportions of cancer and non-cancer deaths were also determined using 

cumulative five-year cause-specific mortality. Deaths from circulatory, respiratory 

and digestive diseases were compared to those of the general population of 

Nova Scotia using standardized mortality ratios (SMRs) and 95% Cls. 

Resulfs: Cancer was the main overall underlying cause of death (54.2%), 

followed by circulatory (7.8%) and respiratory (1.9%) diseases. Cumulative five- 

year cause-specific mortality showed the highest proportion of deaths to be 

caused by the cancer diagnosis; the highest proportion of non-cancer deaths 

were from circulatory diseases. SMRs ranged from 1.1 8 (95% CI 1.04 - 1.33) to 

4.82 (95% CI 2.69 - 7.95) depending on cancer type and cause of death. 

Conclusions: Most cancer patients will die from cancer. However, non- 

cancer causes of death become more prevalent with age. More studies are 

needed to confirm whether cancer patients are at an increased risk for mortality 

from diseases other than cancer as well as to investigate the relationship 

between cancer and comorbidity. 

Keywords: Underlying causes of death, cancer, SMR, comorbidity 
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Chapter I - Introduction 

1.1 Cancer Incidence and Mortality in Canada 

Cancer is the leading cause of death among Canadian women and the second 

leading cause of death for men (Statistics Canada, 1997). With respect to 

cancer-specific mortality, lung cancer remains the leading cause of death for both 

sexes (National Cancer Institute of Canada [NCIC], 2998). Cancer incidence and 

mortality are increasing mainly because of the growth and ageing of the 

population, whereby older Canadians, particularly those 60 years of age and 

older, represent a majority of the cancer population (Steering Committee for 

Canadian Cancer Statistics, 1997; Yancik and Ries, 1994; Dodd, 1991). 

In Canada, the risk of developing cancer has increased for most cancer sites 

since the 1970s. With the exception of lung cancer, cancer mortality rates 

among women have actually decreased by 15% since 1971. The overall cancer 

mortality rate for men has also decreased due to decreasing mortality rates for 

lung, colorectal and other specific malignancies (NCIC, 1998). This finding may 

be attributed to improved cancer survival rates over time from earlier detection of 

cancer and therefore more effective treatment (Mao, Robson, Semenciw, 

Morrison and Wigle. 1991). Although cancer-specific mortality is well 

documented and reported, there is a paucity of information regarding the 

underlying causes of death in patients with cancer and whether mortality from 

causes other than cancer is higher or lower compared to those of the general 



population. 

1.2 Investigating Underlying Causes of Death 

Studies that have examined the underlying causes of death to help understand 

the natural history of a disease or determine whether there is an increased risk 

for a specific cause of death compared to a standard population, exist for a 

variety of other diseases but there are few relevant studies relating to cancer. 

Diseases such as congestive heart failure, schizophrenia, Down's syndrome, 

rheumatoid arthritis, Alzheimer's disease, systemic lupus erythematosus (SLE) 

and multiple sclerosis provide information on this topic (Ackman et al., 1996; 

Newman and Bland, 1991; Baird and Sadovnick, 1988; Mitchell et al., 1986; 

Beard et al., 1996; Ward, Pyun and Studenski, 1995; Sadovnick, Eisen, Ebers 

and Paty, 1991 ; Koch-Henriksen, Brrannum-Hansen and Stenager. 1998). To 

date, there is only one Canadian study that has investigated the underlying 

causes of death using a population of breast cancer patients in Northern Alberta 

(Koch, Hanson, Gaedke and Wilson, 1987). Extending this information using 

available Canadian data for men and women, as well as to several types of 

cancer, would be worthwhile, provided a linked cancer incidence and mortality 

database were available. 

1.3 Potential for Examining Underlying Causes of Death in Cancer 

With such a database, when examining the underlying causes of death, it is 

first important to define what the underlying cause of death means, since the 



death certificate contains immediate, contributory and underlying causes of 

death. Using the World Health Organization (W.H.O.) definition, the underlying 

cause of death defined in Part I of the death certificate is '(a) the disease or 

injury which initiated the train of morbid events leading directly to deathn, or '(b) 

the circumstances of the accident or violence which produced the fatal injury" 

(World Health Organization, 1977). Secondly, it is helpful to consider that what a 

patient with cancer dies from is likely to be related to the probability of dying from 

the cancer itself or another competing cause. To begin with, the liifetime 

probability of developing cancer in general is higher than the lifetime probability 

of dying from it and the relative extent to which the probability of developing 

cancer exceeds the probability of dying from it is defined as cancer prognosis 

(National Cancer Institute of Canada, 1998). An example is lung cancer, which 

typically has a very poor.prognosis (poor survival) as indicated by its casefatality 

rate being greater than 90% (Beckett, 1993), hence the probabilities of 

developing it and dying from it are very similar. 

For cancers with available screening programmes and potential detection at an 

earlier stage, the proportions of non-cancer underlying causes of death might be 

higher or at least more varied due to longer survival offered by treatment 

modalities which make it more likely that competing causes of death enter the 

picture. The second consideration is that with increasing age, individuals are 

more likely to have other co-existing conditions, such as cardiovascular disease, 

in which case the underlying cause of death may be attributed to this existing 



disease (Phillips, Glendon and Knight, 1999). To examine these ideas and 

further understand the nature of some cancer diagnoses using mortality data, 

underlying causes of death (both cancer and non-cancer causes) should be 

examined .. 

Measures such as cancer-specific mortality or relative survival, although useful, 

may be considered narrow in scope since the focus is either cancer-specific 

causes of death or mortality compared to that of the general population 

irrespective of cause. In other words, all specific underlying causes of death are 

not examined. Such indices may be important in the context of the perceived risk 

of mortality for an individual diagnosed with cancer. This is not to disregard the 

seriousness of the cancer diagnosis itself, but to also emphasize that cancer 

does not necessarily have to be a lethal disease and that there exist other 

possible risks of mortality from preventable causes that should not be ignored 

(Phillips et al., 1999). 

1.4 Probabilities of Developing and Dying from Cancer 

In Canada, 1998 estimates reported the lifetime probability of developing 

cancer in males to be one in 2-4, and for women, one in 2.9. The lifetime 

probability of dying from cancer for Canadian men is one in 3.7 and for women 

one in 4.5 (NCIC, 1998). These lifetime probabilities of dying from cancer were 

based on a cohort subjected to the prevailing mortality conditions in the 

Canadian population at large in 1995. Since the probability of developing cancer 



is greater than the probability of dying from it, many cancer patients will die from 

other causes- 

Noting the probabilities of developing and dying from cancer, an observed 

decrease in cancer mortality over time (when lung cancer is excluded) and 

improved survival in cancer patients, investigating the underlying causes of death 

among cancer patients would be of interest Subsequently, the underlying 

causes of death should not only consist of cancer-specific deaths but other 

causes, perhaps varying according to the specific cancer diagnosis, sex, age 

group and calendar period. 

This project therefore examined the underlying causes of death as defined by 

W.H.O., in deceased cancer patients using incident cancer cases from the Nova 

Scotia Cancer Registry which were linked to the Canadian Mortality Data Base. 

1.5 Research Objectives 

Using the Nova Scotia linked incidence and mortality database that covered the 

diagnosis years of 1969 to 1988 and mortality years from 1969 to 1989. the 

objectives of this study were: 

1. To describe the causes of death among the cancer patient cohort by 

identifying the proportion of cancer and non-cancer causes of death for all 

cancer patients who died. 

2. To compare the overall cumulative 5-year cause-specific mortality experience 



of subgroups of patients with different cancer types and to examine the 

relative proportions dying from different causes within 5 years. 

3. To compare cause-specific mortality of the patient cohort with that of the 

general population of Nova Scotia. The specific underlying causes of death 

were circulatory, respiratory and digestive diseases. 

The results of these objectives may be of value to patients and their families as 

well as medical practitioners for selecting and monitoring patients with potentially 

higher risks for specific causes of death. Examining the underlying causes of 

death among males and females with the most frequently diagnosed cancers will 

also allow one to investigate how the proportions of deaths vary according to 

cancer lethality, sex and age thus providing us with some information about the 

nature of the disease. - 



Chapter 2 - Literature Ovewiew: Cancer in Canada and Nova Scotia, the 
Province of Nova Scotia and Underlying Causes of Death Among Cancer 

Patients and Other Diseases 

2.1 Cancer in Canada 

Since 1969, the yearly number of cancer cases has more than doubled, with 

49,629 cases occurring in I969 and 1 17,016 cases occurring in 1993. Incidence 

rates between 1984 and 1993 were relatively stable for women with an average 

annual percent change (AAPC) of 0.3%; whereas for men, it was higher (0.8%) 

due to an increase in the number of cases of prostate cancer. For the same time 

period, cancer mortality rates were stable for women (AAPC = 0.0%) and men 

(0.3%) (Gaudette, 1997). Currently, the most frequently diagnosed cancers in 

men (in decreasing order) are prostate, lung and colorectal cancer. In women, 

the most frequently diagnosed cancers are breast, lung and colorectal cancers. 

Lung cancer is the leading cause of cancer mortality in both men and women and 

accounts for approximately one-third of cancer deaths in men and over one-fifth 

of cancer deaths in women (NCIC, 1998). 

2.2 Cancer (All Sites) in Nova Scotia 1971-1990 

An interim report describing the cancer burden and cancer data quality 

improvements for Nova Scotia was produced by the Nova Scotia Cancer 

Registry and the Cancer Treatment and Research Foundation of Nova Scotia in 

1994 (Croteau, Johnston, Starratt and Hum, 1994). A brief summary of cancer 

incidence, which was examined from 1971 to 1990, and mortality (examined from 

1984 to 1990) for Nova Scotia are presented here. Age-and sex-standardized 



cancer incidence rates which excluded non-melanotic skin cancer and in-situ 

cases, increased by 47.9 per cent (21 1.8 to 313.3 per 100,000). Nova Scotia 

rates were consistently lower compared to the overall Canadian incidence rates 

up until 1986. It was suggested that this might have been attributed to an 

underreporting of cases.. Nova Scotia age-standardized incidence rates were 

also consistently higher each year among men compared to women and may 

have been partly due to a greater absolute increase in the number of lung cancer 

cases. Persons aged 65 or older had consistently higher agespecific incidence 

rates, compared to those less than 65. which may be explained by the ageing of 

that population group. 

Age-standardized mortality rates were also presented in the interim report and 

were calculated for the years 1984 to 1990. Men had consistently higher 

mortality rates than did women with an increased mortality rate from 173.1 b 

183.3 per 100,000 in comparison to 120.8 to 128.1 per 100,000 for women. 

2.3 Historical Background of the Causes of Death In Cancer Patients 

From the wealth of literature that exists for cancer, cancer mortality and 

survival, there is limited current information discussing the causes of death in 

cancer patients. Research into the causes of death among cancer patients can 

be traced to at least the early nineteen sixties and seventies in which bacterial 

infection and cancer causes of death were the focus for mortality. At that time, 

some of the information obtained from these studies provided feed back regarding 



the effectiveness of cancer therapies and treatment, especially when new 

antibiotic therapies were being introduced. 

Throughout the nineteen eighties and early nineteen nineties the focus for the 

causes of death shifted from infectious diseases to diseases more chronic in 

nature such as cardiovascular or respiratory causes. Comparisons of specific 

underlying causes of death were also made to reference populations, to 

determine whether cancer patients experienced higher or lower risks of mortality. 

The following overview provides information from these studies in which causes 

of death were investigated among various cancer populations. 

2.3.1 Ederer, Cutler, Goldenberg and Eisenberg (1963) 

Ederer et al. (1 963) examined the underlying causes of death among 4,100 

breast cancer patients in Connecticut who were known to have survived at least 

five years since diagnosis. Follow-up ranged from 5 to 20 years after diagnosis. 

Life table methods were used to calculate mortality rates. To account for 

competing causes of death, net mortality rates for breast cancer and net mortality 

rates for all other causes were calculated. Specific causes of death were 

calculated using partial crude mortality rates. Breast cancer mortality was 

increased (40:l) for patients who died five to ten years after diagnosis and 

gradually decreased ten to twenty years after the cancer diagnosis. Deaths from 

other cancers such as endometrial and ovarian cancer were also greater than 

expected (2.97:l for ovarian and 2.57:l for endometrial cancers). Non-cancer 



causes of death which included arteriosclerotic heart disease, other 

cardiovascular-renal diseases and all other causes (undefined) were all lower 

than expected. 

2.3.2 Klastersky, Daneau and Verhest (1972) 

Klastersky et al. (1972) examined the causes of death in 157 cancer patients 

admitted to a Belgian cancer therapy centre where there was '...modem and 

aggressive treatment? (p. 149) over an 18-month period- Each patient had 

histological evidence of cancer plus a complete post-mortem examination. The 

researchers used clinical and pathological information to determine the specific 

cause of death for each patient. Minor degrees of infection, haemorrhage or 

other morbid conditions were excluded. Over sixty per cent of the causes of 

death were due to infection (31.8%), severe haernorrhage (1 1.4%) and cancer 

metastases (19.7%). Other notable causes were cardiac failure and infarction 

(4.46% combined), pulmonary embolus (3.1 %) and thrombosis of the carotid and 

cerebral vessels (3.8%). Death due to infection was more common among 

patients with leukemia, upper respiratory and digestive tract neoplasms, gastro- 

intestinal and genito-urinary tract turnours. There was no clear indication of 

whether cancer therapy had any association with the cause of death although 

infection was found more commonly among patients treated with cytostatic 

agents or radical surgery. Although statistical tests were not calculated, the 

authors had stated that age, sex, duration of the cancer diagnosis and the length 

of hospital stay did not significantly influence the cause of death in their study 



sample. 

2.3.3 lnagaki, Rodriguez and Bodey (1 914) 

Causes of death were examined in 816 cancer patients over the period of 

January 15 1968 to December 31: 1970. Cause of death was determined 

using data from the last hospitalization that included clinical, laboratory, x-ray 

findings, therapy and post-mortem examination results. Patients who were 

excluded were those with haematologic malignancies (e.g. leukemias, 

lymphomas and myelomas), patients with an incomplete post-mortem 

examination and any patient dead on arrival at hospital. Patient data were 

reviewed independently by two of the authon and each of their findings was 

compared. Differences between the two authors were reviewed and resolved by 

the third author. Causes of death that were investigated included infection, organ 

failure, infarction, haemorrhage and carcinornatosis. The proportions for the 

causes of death were infection (47%), organ failure (25%), infarction (1 1%). 

carcinomatosis (1 0%) and haemorrhage (7%). Patients who died from infection 

were those who had tumours that compressed or obstructed urinary, alimentary 

or respiratory tracts, patients with neutropenia (abnormally small neutrophil count 

in the blood) as a result of cancer treatment, patients who had been diagnosed 

with head and neck cancers, and genitourinary tract and gastrointestinal cancers. 

Organ failure (201 cases), appeared as a direct result of tumour invasion. Death 

from haemorrhage (62 cases) was more common among patients with 

gastrointestinal or brain cancers in which bleeding was mainly due to the 



underlying tumour. Among patients who had died from carcinomatosis, post- 

mortem examination revealed extensive dissemination of the tumour to vital 

organs such as the pituitary gland, adrenals, heart and brain. Death due to 

carcinomatosis was common in breast cancer patients and persons diagnosed 

with melanotic cancers. ' 

2.3.4 Ambrus, Ambnw Mink and Pickren (1975) 

In 1975, Ambrus and colleagues reviewed the causes of death in 486 patients 

who died in 1970 at a cancer hospital and research centre in Buffalo, New York. 

All patients had autopsy and histopathologic data. Causes of death were sub- 

classified as either a major mechanism or a contributory factor. Over seventy per 

cent of the major mechanisms of death included infection (36%), respiratory 

failure (19%), haemorrhage (I 1 %) and pulmonary embolism and myocardial 

infarctionfcardiac failure (7%). Some of the major mechanisms that caused 

death overlapped as being a contributory cause of death. These included 

infection (13%), haemorrhage (25%) and thrombosis andlor embolism of any 

type (18%). Unfortunately, this study did not provide basic descriptive patient 

information such as age at diagnosis, sex, cancer diagnosis nor any description 

of the cause of death classification system. No comparisons were made among 

cancer types to see whether a particular cancer showed an increased mortality 

for a particular cause of death. Definitions of what constituted a major 

mechanism as well as contributory causes of death were not provided. 



2.3.5 Hakulinen and Teppo (1977) 

Cause-specific mortality in women diagnosed with breast cancer between 1953 

to 1970 was calculated and compared to the expected mortality in the general 

Finnish population. Women with colon cancer and cancer of the small intestine 

were used as a comparison group, representing a cancer in which excess 

mortality (compared to the general population) disappeared almost entirely after 

five years of follow-up. The study population consisted of 17,181 breast and 

colonlsmall intestinal cancer patients. Cases derived from death cetiicate only 

or autopsy were excluded, as well as patients who had been diagnosed with 

multiple primaries that did not have breast cancer or cancer of the intestines as 

the first primary tumour. Cause-specific mortality was examined by stratifying by 

the extent of the disease (localized or non-localized), age at diagnosis and length 

of follow-up time (categorized as 0 to 4 years or 5 years or greater). Cause of 

death was defined using the W.H.O. definition from ICD-7. 

Breast cancer patients had an excess total mortality during the entire follow-up 

period with excess mortality decreasing both with increased follow-up time and 

age at diagnosis. The comparison group exhibited a marked excess mortality 

(follow-up 0 4  years) for all age groups. Patients with intestinal cancer had 

experienced a lower mortality than expected for deaths from cardiovascular 

diseases. Breast cancer patients with non-localized tumour had a higher risk of 

dying from accidents and other violent causes of death during the first 5 years of 

follow-up. Mortality from other forms of malignancy (other than the primary 



cancer) was lower than expected during the first 5 years of follow-up and 

eventually reached the expected level of mortality. Mortality from other cancers 

such as the stomach and cervix uteri was lower than expected. Patients with 

localized breast cancer showed an increased mortality from leukemia after 5 

yean of follow-up suggesting possible effects from radiation therapy. 

2.3.6 Houten and Reilley (1980) 

Houten and Reilley provided a continuation of the causes of death from the 

previously mentioned study by Ambrus et al. (1975), using 4,728 consecutive 

autopsies. Nine causes-of death were investigated: respiratory failure, infection. 

toxic drug reaction, hepatic failure, renal failure, shockheart failure. electrolyte 

imbalance and central nervous system (CNS) failure. Relationships between 

causes of death and patient information such as age at death, sex, duration of 

disease, primary tumour site and the presence or absence of metastases and 

tumour mass were also examined. The majority of deaths (44.3%) were due to 

respiratory failure with shock or heart failure and infections being the second and 

third causes of death respectively. No statistical tests were performed to 

examine the relationships between cause of death and patient information; 

instead, proportions for the causes of death were calculated. Respiratory failure 

was found more commonly in men, especially in those with lung, lymph node, 

tongue or testicular cancer. Respiratory failure was also more common among 

patients who had been diagnosed with breast, testicular or bone cancer and had 

shown metastases to the lung. Factors such as age or length of survival did not 



appear to be associated with respiratory failure. 

2.3.7 Rutqvist (1 984) 

Rutqvist assessed whether breast cancer patients were at risk for other causes 

of death, besides breast cancer, compared to the Swedish general population 

using death certificate information which was linked to the Swedish Cancer 

Register by record linkage. A toM of 1.732 breast cancer patients from 1961 to 

1963 and 2,127 breast cancer patients from 197 1 to 1973 were analyzed using 

the Swedish Cancer Register. In-situ cases and two cases lacking complete 

identification were excluded. Underlying causes of death as well as contributory 

causes, were based on medical death certificates coded using ICD-8. Follow-up 

periods ranged from 18 to 21 years in the 19611963 group and from 8 to 11 

years in the 1971-1973 group. Observed and expected mortality were compared 

to that of the general population using life-table methods. Sixty-three per cent 

had breast cancer recorded as the underlying cause of death and 36.7% had 

died from other causes. Non-cancer causes of death included circulatory 

diseases (534 cases), other primary malignant sites (1 76 cases), respiratory 

diseases (48 cases), accidents, suicides and injuries (47 cases), gastro-intestinal 

diseases (32 cases), endocrine and metabolic diseases (1 5 cases) and infectious 

diseases (14 cases). Compared to the general population, this study population 

experienced a 21% excess mortality from other causes of death @ c 0.001). A 

29% increase in deaths was attributed to other tumours such as the ovary and 

endometrium @ < 0.001) and a 19% increase in deaths was due to non- 



neoplastic diseases (mainly circulatory diseases). 

2.3.8 Koch, Hanson, Gaedke and Wilson (1987) 

Koch et al. (1987) examined competing causes of death among breast cancer 

patients in Northern Alberta, Canada between 1974 and 1983. Cause of death 

was divided into three groups: (1) the percentage who died of breast cancer; (2) 

the percentage who died of other causes; and (3) the percentage with cause of 

death unknown. A total of 2,053 deaths occurred among women with a 

diagnosis of breast cancer. The medical records of all patients recorded as 

having died of other causes (413 cases) were reviewed along with a five percent 

random sample of patients who were recorded as having died of breast cancer. 

Cause of death was ascertained using autopsy results (13%), hospital records 

and discharge summaries (62%) and death certificates (25%). The observed 

number of deaths were compared to the expected number of deaths by chi- 

square analysis. The proportion of patients dying of other causes increased 

progressively in the first 20 years after diagnosis and then decreased afterward. 

A statistically significant excess of deaths was due to cardiovascular disease @ < 

0.01) and second malignancies @ c 0.05). Secondary malignancies revealed an 

excess of cancers of the digestive organs @ c 0.05), a non-statistically significant 

excess in the genital organs, and a decrease in bronchogenic carcinomas @ c 

0.05). The proportion of patients dying from other causes of death stratified by 

10-year age groups was similar to that of the general Alberta female population 

greater than 40 years of age. 



2.3.9 Brown, Brauner and Minnotte (1993) 

Non-cancer death rates were investigated by Brown et al. (1993) using data 

from the National Cancer Institute's Surveillance, Epidemiology, and End Results 

(SEER) Program. The study population included cancer patients diagnosed 

between 1973 and f987. Exclusion criteria included non-white patients. those 

diagnosed at age 85 years or older, patients less than 20 years of age, death 

certificate only cases and cancer found at autopsy. Non-cancer death rates were 

compared to that of the general population of the United States. Where rates 

differed, the effects of sex, age, time since cancer diagnosis and calendar year of 

diagnosis were examined. Non-cancer mortality rates were calculated by 

subtracting the cancer mortality rates from the overall mortality rates according to 

sex and five-year age-groupings for each calendar year. Twenty-one per cent of 

deaths were due to non-cancer causes of which circulatory and respiratory 

diseases accounted for over fQ percent The overall non-cancer relative hazard 

rate was 1.37 times greater than that expected from the US. age- and sex- 

specific mortality rates. The non-cancer relative hazard decreased with age and 

the number of years since diagnosis for both men and women. This decrease 

was more gradual for patients between the ages of 20 to 54 years compared to 

patients aged 70 to 84 years. To examine the effect of calendar year of 

diagnosis and the non-cancer relative hazard rate, the first and ffih year after 

diagnosis were investigated. Using a log-linear model to fit the data, the non- 

cancer hazard rate was higher than the general US. population rates for all age 



groups and for both one and five years after diagnosis, except for men aged 70 

to 84 years at 5 years after diagnosis. 

2.3.10 Krongrad, Lai and Lai (1997) 

Competing risks of mortality for patients with prostate cancer were investigated 

by Krongrad et al. (1997) using data from the Surveillance, Epidemiology and 

End Results (SEER) program from 1973 to 1990. The association of prognostic 

variables (age, race, stage and treatment modality) with the risk of death 

(prostate cancer or other causes) and survival time was examined. A 

multivariate accelerated failure time model was used to perform the competing 

risk analysis. A total of 1 02.707 prostate cancer cases were used in the analysis. 

Of these, 13.6% died from prostate cancer and 33.0% died from other causes. 

The specific non-cancer causes were unstated but were categorized as 'non- 

specific mortality'. Age greater than 70 years, was significantly associated with 

the relative risks of prostate cancer mortality (R.R. = 1.45; 95% CI 1.20-1 -75, p = 

0.0001) but more so for non-specific mortality (R.R. = 4.33; 95% CI 3.47-5.34, p 

= 0.0001). Black race was significantly associated with overall mortality but more 

so with prostate cancer mortality (R.R. = 1.34; 95% CI 1.26-1.42, p = 0.0001) 

versus (R.R. = 1.16; 95% CI 1.12-1.21, p = 0.0001). Localized stage in 

comparison to regional or in-situ stages, showed a lower risk for death from 

prostate cancer but a higher risk for non-specific mortality (R.R. = 1.08; 95% CI 

1.05-I -1 1, p = 0.0001) versus (R.R. = 1.16; 95% CI 0.97-1 -38). Radiation and 

surgical forms of treatment showed a significantly lowered relative risk of death 

for both prostate and non-specific mortality. The authors advised cautious 



interpretation of this finding. First, coding practices for treatment in SEER data 

during the period 1973 to 1990 may have included nonturative treatments thus 

limiting true relative risk differences across treatment level. Secondly, direct 

comparisons between surgery and radiation may not have been appropriate 

since each method utilised different staging criteria to treat an individual, making 

the patient populations possibly different across outcome. 

2.4 Summary of the Literature Review 

These studies have shown that a variety of cancer and non-cancer causes of 

death occur among cancer patients and that the risk of death from non-cancer 

causes may decrease with age. However, there were some important limitations 

to these studies. One of these limitations was an inconsistency in the definition 

of cause of death. Although some studies defined the cause of death according 

to ICD standards, various terns such as cause of death, intercurrent cause of 

death, contributory cause of death and spec& versus non-specific mortality 

were also used, with each term likely having its own definition yet not provided 

with a clear explanation. It is uncertain whether these researchers referred to the 

same diseases when they described 

possible that this was not the case. 

should be made cautiously. 

the causes of mortality across studies. It is 

Consequently, comparisons among studies 

A second limitation which also added complexity for comparing studies was the 

method for determining the underlying cause of death. Some studies, mostly 



earlier ones, used autopsy data which may have resulted in a biased reporting of 

certain underlying causes of death due to the nature of autopsies using highly 

select populations. 

Thirdly, some studies did not perform any statistical analyses yet made 

references to associations of underlying cause of death and cancer type. Other 

concerns which question some of the inferences made in these studies were 

multiple testing and small sample sizes with consequential instability of 

comparisons. A scarcity of basic patient inforrnation such as age at diagnosis, 

sex and cancer diagnosis was also noted for some studies. Lastly, there was no 

consistent denominator when reporting the causes of death. Some proportions 

considered all deaths as the denominator whereas others used the total number 

of incident cases of cancer. Comparing risk is problematic if the denominators 

are not comparable. 

The intention of this study was to address some of the aforementioned 

limitations mainly by using a clear definition - the underlying cause of death - as 

described by W.H.O., as well as to include basic demographic inforrnation of the 

study population such as sex, age at diagnosis and cancer type. Lastly, the 

denominator used in calculating the proportions of cancer and non-cancer 

causes of death was the number of incident cases of cancer. 



2.5 Causes of death in other diseases 

As stated earlier, there is limited information regarding the underlying causes of 

death in cancer populations. To provide a broader perspective on the 

methodological framework of how the causes of death could be examined for the 

Nova Scotia database, several other studies, though not cancer-based, were 

reviewed. The objectives and methods paralleled those found within the cancer 

literature- 

2.5.1 Causes of death among patients with congestive heart failure (CHF) 

Ackman et al. (1 996) provided a descriptive study on the non-cardiac causes of 

death in a sample of hospitalized congestive heart failure (CHF) patients in 

Alberta. The authors had stated that with the advancement of medical 

technology for congestive heart failure, patients had been dying of various non- 

cardiac causes of death and would probably continue to show an increase in 

non-cardiac deaths as technology improved and the ageing of the population 

increased. Non-cardiac causes were not well characterized since studies 

outlining the underlying causes of death for CHF were also scarce. Deaths were 

categorized as either cardiac or non-cardiac, based on the medical record of 

each patient. Chi-square tests were performed to compare demographic and 

clinical variables for patients dying of either cause. The denominator used to 

calculate the proportions of underlying causes of death was the total number of 

deaths. 



2.5.2 Causes of death among patients with schizophrenia 

Newman and Bland (1991) using a population of patients with schizophrenia 

from Alberta, determined vrhether schizophrenics were at an increased risk of 

mortality for specific causes of death since previous studies had shown an 

overall increased risk of mortality compared to that of the general population but 

were inconclusive with respect to specific causes such as cardiovascular 

disease, respiratory illness and cancer. Data from the Alberta Mental Health 

Information System (AMHIS) database was linked to the Canadian Mortality Data 

Base to determine the number and the underlying causes of death. 

Standardized mortality ratios (SMRs) for males and females combined and 

separately were calculated and compared to those of the general Alberta 

population. Observed and expected deaths were compared using the Pearson 

chi-square test. Survival analyses were performed to compare the observed 

versus the expected mortality as well as a Cox regression model (using the 

covariates age, sex, marital status, education and clinic/instiiution at time of entry 

into the study) to study the effects of these covariates on mortality. 

2.5.3 Causes of death among patients with Down Syndrome 

Baird and Sadovnick (1988) provided research that examined the causes of 

death in a cohort of Down Syndrome (DS) individuals between 1952 and 1981. 

Although it was known that DS individuals had a much lower life expectancy 

compared to those of the general population, recent studies had shown that 

seventy percent of DS individuals were known to be alive until age thirty. Wih an 



increase in life expectancy but little information on how DS individuals' mortality 

compared to that of an age-matched general population, the authors examined 

the underlying causes of death using ICD-9 categories and compared them to 

those of the age-rnatched general population of British Columbia during the same 

period. Mortality rates were compared using relative risk ratios along with their 

95% confidence intervals. In calculating the general population's mortality rates, 

numerators and denominators were adjusted by subtracting the DS cohort 

2.5.4 Causes of death among patients with rheumatoid arthritis 

Mitchell et al. (1986) examined the causes of death and factors influencing 

survival using Cox regression analysis in 805 patients with rheumatoid arthritis. 

Rheumatoid arthritis was cited as being potentially fatal due to features specific 

to the disease itself or drug-related causes. However, the authors wanted to 

substantiate this information by carefully documenting patient characteristics as 

well as having a longer follow-up period compared to previous studies. Cause of 

death was obtained using physician records, hospital charts and death 

certificates though it was not stated whether it was the underlying cause or 

immediate cause of death which was used for analyses. The distribution of the 

causes of death in the rheumatoid arthritis population occumng over a five-year 

follow-up period was compared to one year of mortality for the general population 

of Saskatchewan. The one year of mortality experienced by Saskatchewan was 

the midpoint for the rheumatoid arthritis population. 



2.5.5 Causes of death among Alzheimer's patients 

Beard et al. (1 996) studied the causes of death among incident cases of 

patients with Alzheimer's disease from 1960 to 1984 to evaluate the usefulness 

of death certificates and medical records for studying dementing illness. Death 

certificate and medical record information in cases with Alzheimer's disease was 

compared to that of an age- and gender-matched control group of patients 

without Alzheimer's disease. The authors first compared the number of 

diagnostic codes listed on the death certificate for both cases and controls and 

then secondly, compared death certificate information with clinicians' reports of 

death in cases and controls. Chi-square tests were used to compare the 

frequencies of the recorded conditions in each section of the death certificate for 

cases and controls. Logistic regression analysis was performed to determine 

which factors could predict the underlying cause of death based on diagnostic 

categories set by ICD-8. 

2.5.6 Causes of death among patients with systemic lupus erythematosus 
@LEI 

Ward et al. (1995) examined the causes of death in 144 patients with systemic 

lupus erythematosus (SLE) since previous research had suggested that sunrival 

in SLE patients had increased over time producing a natural shift in the causes of 

death- However, it was inconclusive whether the cause of death varied 

specifically with duration of the disease as well as with various patient 

characteristics such as age, sex, race and socioeconomic status. Cause of 

death was determined using clinical records and death certificates. Cause of 



death was categorized as either SLE or other. Survival of patients was based on 

the date of diagnosis until the study end date. The distribution of the causes of 

death was reported according to patient characteristics using the number of 

deaths as the denominator. Associations between patient characteristics and the 

cause of death were determined using the analysis of variance. The association 

between cause of death (SLE or other causes) and disease duration was 

examined by using survival analysis with focus on the hazard function to 

determine the probability of the type of death occurring at a particular time 

throughout the course of disease. 

2.5.7 Causes of death among patients with multiple sclerosis (MS) 

Sadovnick and colleagues (1991) examined the causes of death among 145 

multiple sclerosis (MS) patients attending two MS clinics. One clinic was in 

London, Ontario and the other was in Vancouver, British Columbia- The follow- 

up period was 16 years. Causes of death were examined because previous 

research had focused on mortality rates and patterns rather than the specific 

causes of death. Reporting of deaths differed for each province. The Ontario 

clinic was informed of each patient's vital status using various methods: 

notification of death from relatives or physician, a follow-up phone call, 

notification if the patient's body was willed for research or by chance methods 

such as newspaper obituaries or by other patients attending the clinic. The 

Vancouver clinic was registered with the Vital Statistics Registry therefore each 

patient's vital status was made known from the Registry. The causes of death 



consisted of five categories and were grouped. according to sex, a disability 

scale, mean age at death and mean duration of disease. The relative 

proportions of causes of death were compared to those of the age-matched 

population of British Columbia using chi-square analyses. 

Another study investigating the causes of death among MS patients was 

undertaken by Koch-Henriksen et al. (1998). Their purpose for researching the 

causes of death was built upon two ideas. First, death for this patient population 

could be attributed to a variety of causes that affect a person throughout his or 

her life suggesting that MS itself was not necessarily a lethal disease. Secondly, 

to understand the natural history of the disease and to assist in planning for 

terminal care and treatment, knowledge of the causes of death is important. 

Record linkage was performed between the Danish Multiple Sclerosis Registry 

and Denmark's National Registry of Causes of Death whereby causes of death 

were coded using ICD-6, 7 and 8. The distribution of deaths was grouped 

according to major ICD category, age, calendar period and post-mortem status. 

The total number of deaths was used to calculate the proportion of deaths from 

specific causes. Specific causes of death in the MS population were compared 

to those of the general population of Denmark using standardized mortality ratios 

(SMRs) and 95% confidence intervals. 

2.6 Summary of the Causes of Death Found in Other Disease Groups 

These studies that examined the causes of death among other diseases, 



provided at least two objectives that paralleled those found in the cancer 

literature. The first common objective was to understand the nature of the 

disease which included mortality from the disease itself as well as other causes. 

It may be important to examine the causes of death over time, especially if 

treatment for a disease has changed, allowing individuals to be cured, and hence 

shift the distribution of causes. The second common objective was to compare 

specific underlying causes of death with a general population's mortality to 

determine whether certain diseased populations were at an increased or 

decreased risk of mortality. It may be known that a certain disease increases the 

overall risk of mortality relative to a general population without the disease, but 

often it is unknown whether that disease shows an increased or decreased risk of 

mortality for other specific causes of death. If a diseased population is at an 

increased risk of mortality for a particular cause of death, then strategies for 

assisting certain diseased populations can be made and implemented based on 

this knowledge. 



Chapter 3 - MateriaI and Methods 

3.1 Data Source 

Cancer incidence data were obtained from the National Cancer Incidence 

Reporting System (NCIRS) as reported annually by the Nova Scotia Cancer 

Registry to the Health Statistics Division at Statistics Canada (see Appendix A for 

information on NCIRS). Incidence years were 1969 to I988 inclusive. The vital 

statistics registries covering the years 1969 to 1989 inclusive, collected 

information on mortality. In 1991, a computerized record linkage of the Nova 

Scotia cancer incidence data to the Canadian Mortality Database (CMDB) was 

performed using diagnostic years from 1969 to 1988 and mortality years from 

1 969 to 1989. Probabilistic linkage software (General Iterative Record Linkage 

System or (GIRLS)) was used to achieve this linkage since a unique numerical 

identifier was not listed on death certificates (see Appendix B). Linkage was 

completed in late 1993. Permission to use these data was obtained from the 

Nova Scotia Cancer Registry (refer to Appendix C). 

3.2 Nova Scotia Cancer Registry 

The Nova Scotia Cancer Registry, which began in 1964, is population-based. 

Provincial legislation requires that all cancers diagnosed within the province 

involving Nova Scotia residents be reported to the Registry (Queen Elizabeth II 

Health Sciences Centre, 1995). Reporting sources may include pathology 

reports, death certificate registration and neoplasm report forms filled out by 



physicians and health record departments. Up until 1 982, registration of cancer 

cases was submitted to the Registry using only hospital record departments or 

physicians. During the- 1980s two other sources of cancer registration were 

introduced: 1) pathology reports from 1982 onward and 2) Vital Statistics who 

began adding their death lists to the Registry (Croteau et al., 1990). 

Computerization of cancer data was initiated in Nova Scotia in 1983. Until that 

time, the only computerized records that existed were found at Statistics Canada. 

An audit performed on the Registry data in 1989, suggested that in comparing 

published age-adjusted incidence rates for Nova Scotia and Canada, Nova 

Scotia may have had a 20 to 25% under-reporting of cancer cases prior to the 

mid-1980s (Cancer Treatment and Research Foundation of Nova Scotia, 1990). 

Updating of the Registry covering the period between 1970 and 1983 was 

performed by the addition of site and histology index cards from the Halifax 

Tumour Clinic. The number of incident cases increased slightly (from less than 

2% and between 2% and 4%) for each year but showed a marked increase for 

the years 1978, 1981 and 1982 (12.08%, 13.42% and 21 -62% respectively). It 

was suggested that for 1981 and 1982 the increase may have been attributed to 

the transition from a manual to an automated system. For 1978, possible 

reasons for under-reporting were unknown (Cancer Treatment and Research 

Foundation of Nova Scotia, 1990). Wth the additional information of death 

certificates only (DCOs) provided to the Registry from Statistics Canada in 1986, 



incident rates, especially from 1969 to 1985, were expected to increase as the 

data were continually updated. 

3.3 The Province of Nova Scotia and General Population 

Nova Scotia has a total area of 54 400 km2 and is the second smallest in size 

of the 10 Canadian provinces (Nova Scotia Department of Finance, 1994). It is 

located in the eastern part of Canada and consists of a peninsula ((connected b 

Canada by 27 km of land) and the island of Cape Breton. The province is 

divided into 18 counties and the population is over 900,000 (Nova Scotia 

Department of Finance. 1994). About 46.5% of the population reside in rural 

areas while the remaining 53.5% of the population dwell in urban regions. 

According to the 1991 Canadian Census, 58% of Nova Scotiass population can 

be traced to British origins, while 6.3% is of French origin. Other ethnic 

backgrounds include German, Dutch. Black and Native Peoples. The largest 

employer (33.8%) if the province is the service sector industry (ie. community, 

business and personal service groups). Other major employment industries 

include trade (retail and wholesale outlets), public administration and 

manufacturing. Per capita income as recorded in 1992 was $18,956, which 

represented 83.8% of the Canadian average. The average household income in 

1992 for Nova Scotia was $38,373 and the average family income was $46,872; 

these average incomes were 87.1% and 87.3% of the Canadian population 

household and family incomes. 



Provincial taxes provide funding for free hospital in-patient care (up to ward 

level) and medically required services from physicians. The Department of 

Health administers health services. Prescriptions are available to those over 65 

for a minimum fee- 

3.4 Cancer Database 

This database is a patient-oriented file, that initially contained a total of 70,781 

cancer diagnoses relating to 65,534 patients diagnosed with cancer in Nova 

Scotia from January lSt, 1968 to December 3lSt, 1988. A separate record entry 

was made for each cancer diagnosis according to the patient identification 

number. Patients with more than one diagnosis of cancer were incorporated into 

the study population by selecting the first cancer diagnosis, using the earliest 

date, and the underlying cause of death if applicable. Selecting the first cancer 

diagnosis and not all diagnoses was based on two ideas. First, the data set was 

easier to work with using only one cancer diagnosis. Secondly, more than one 

cancer diagnosis may not have necessarily been responsible for the underlying 

cause of death. What was of importance for this research was to examine the 

underlying causes of death for persons with cancer, regardless of the number of 

diagnoses each individual may have had. 

3.5 Classification of Cancer and Underlying Cause of Death 

Cancer cases were classified according to cancer type, based on the 

International Classification of Diseases (9" Revision) (World Health Organization, 



1977). This classification system distinguishes between types of cancer based 

on the anatomic location with the exception of melanoma, leukemias and 

lymphomas that are characterized by their tissue or cellular origin. 

Mortality data in Canada is confined to the underlying cause of death (defined 

previously) taken from death certificates using the International Classification of 

Diseases provided by the World Health Organization. Canadian cancer mortality 

statistics originated from death records maintained by the provincial and territorial 

registrars of vital statistics for persons resident in that province or territory at the 

time of death (NCIC, 1998). 

Cause of death information on the death certificate should form a causal 

sequence based on the underlying cause of death (Baird and Sadovnick, 1988). 

Since 1979, the 9" Revision of the ICD (ICD-9) has been used in Canada to 

establish the cause of death, Cancer deaths are considered "those attributed to 

some form of cancer as the underlying cause of death by the certifying physiciann 

(NCIC, 1998, p.12). This study used the underlying cause of death as defined by 

W.H.O., however throughout the rest of the text the simpler term cause of death 

will be used. 

3.6 Patient Inclusion 

Cancers that were included in the analyses were patients diagnosed with a 

malignant neoplasm (ICD-9 rubrics 140-208). This consisted of twenty-five major 



types of cancer that were defined and ordered according to the first three digits of 

the ICD-9 code. The major cancer groupings are shown in Table 1. Proportions 

of causes of death included persons diagnosed with ill-defined and secondary 

cancers (ICD-9 195 -199). 

The outcome of the analyses was the cause of death determined by record 

linkage to the Nova Scatia death certificates. The unit of analysis was the 

patient. Cause of death for deceased patients from 1979 onward was 

categorized using the ICD-9 (Table 2) broad disease groupings. Deaths that 

occurred before 1979 were coded using ICD-8 broad disease groupings. 

Linkage to deaths from all Canadian sources was completed for the years 1969 

to 1989; consequently, December 31*, I989 was used as the cutoff date for the 

analyses. 

3.7 Patient exclusion 

Patients diagnosed with non-melanotic skin cancer (ICD-9 173, n =9,974) were 

excluded since this cancer type is known for incomplete registration and is 

therefore not comparable with other types of cancer (Scotto, Fears and 

Fraumeni, 1983; NCIC, 1998). Patients diagnosed with an ICD-9 cancer 

diagnosis number greater than 208 @ = 3,838) were excluded since these 

cancers were benign, in-situ or uncertain or of unspecified behaviour. Two male 

patients ( r~  = 2) were diainosed with diseases of blood and blood forming organs 

(ICD-9 289) and not cancer and were therefore excluded from the analyses. 



Patients who had date and age at diagnosis information missing &I = 500) and 

any patient 

Table 1. Cancer sites by ICD-9 grouping. 

Cancer Site ICD-9 Code 

Mouth and Pharynx 
Esophagus 
Stomach 
Colon and rectum 
Liver 
Gallbladder 
Pancreas 
Larynx 
Lung 
Bone 
Connective tissue 
Malignant melanoma 
Female breast 
Uterus 
Cervix uteri 
Ovary 
Prostate 
Test is 
Bladder 
Kidney 
Brain and central nervous system 
Thyroid 
Lymphoma 
Multiple myeloma 
Leukemias 
All sites combined but excluding non-melanotic 
skin cancer (includes 195 - 199) 



Table 2. Underlying causes of death by broad disease groupings, ICD-9 and ICD- 
8. 

Cause of Death 

t nfective and Parasitic Diseases 

Malignant Neoplasms 

Endocrine/NutritionaI/Metabolic 

Blood Diseases 

Mental Disorders 

Nervous System/Sense Organ Disease 

Circulatory Diseases 

Respiratory Diseases 

Digestive Diseases 

Genitourinary Diseases 

Complications of Pregnancy 

SkinlSubcutaneous Tissue 

Musculoskeletal Diseases 

Congenital Anomalies 

Perinatal Mortality 

Symptomsilll-defined 

Accidents, Poisonings and Violence 

who had been registered with a cancer diagnosis through death certificate only 

(DCO) @ = 6,951) were excluded. Patients designated as DCO were those 

whose method of diagnosis was coded as missing, unknown or clinical and 

whose source of cancer registration was through vital statistics. Among patients 

without an age at diagnosis, birth date information was missing and therefore age 

at diagnosis could not be calculated. Eleven male cancer cases @ = 1 1) coded 

as dying of female breast cancer and other and unspecified female genital 

organs &= 2) were excluded. 



3.8 Study Population 

The study population consisted of a linked cancer incidence-mortality database 

file representing 44,253 patients @ = 22,899 males and n = 21,354 females) with 

malignant neoplasms diagnosed in Nova Scotia from January I*, 1968 to 

December 31*, 1988. The mortality period was from January I*, 1969 to 

December 31*, 1989 inclusive. Ninewight per cent (98.1%) of these cancers 

were histologically confirmed. 

3.9 Methodology for thesis objectives 

Objective 1: Causes of death for the Nova Scotia cancer patient cohort 

The causes of death were grouped together using broad disease categories 

according to ICO-8 and ICD-9. Counts of causes of death were stratified by sex 

and then stratified by sex and age at diagnosis. Proportions of deaths for males 

and females combined, were calculated using the total number of incident cases 

of cancer. The proportion of deaths for males and females separately, was 

calculated using the incident cases of cancer for each sex. 

Objective 2: Causes of death using the overall cumulative five-year 
cause-specific mortality 

The second objective was to examine the overall cumulative five-year cause- 

specific mortality by examining the relative proportions dying from cancer and 

non-cancer causes of death among males and females diagnosed with the three 

most commonly diagnosed cancers in Canada. These three cancers, as 



opposed to the entire study population, were analyzed since they account for at 

least 50% of the new cases in Canada in each sex (NCIC, 1998). The second 

reason for using these cancer diagnoses as opposed to the entire database, was 

to compare cause-specific mortality between these different cancer types since 

each cancer type has different Metime probabilities of dying fram the specific 

cancer once diagnosed due to differences in prognoses (NCIC, 1998). Among 

males, cancer diagnoses induded prostate, lung and colorectal cancers. For 

females, breast, lung and colorectal cancers were included. Crude five-year 

cumulative all cause mortality was calculated according to cancer type, five-year 

calendar period and age at diagnosis. The cancer and non-cancer causes of 

death groupings included: death from the cancer diagnosis; death from other 

neoplasms; death from circulatory diseases; death from respiratory diseases; 

death from digestive diseases; and lastly, death from all other causes combined. 

Five-year follow-up intervals allowed for an equal distribution of follow-up time so 

that mortality (within each cancer type) could be compared equally across the 

calendar periods. Approximate ninety-five percent confidence intervals were 

calculated for the overall proportion of deaths during each calendar period for the 

selected cancers by using 

(Pagano and Gauvreau, 1993) which has its foundation built upon the binomial 



distribution but where n is sufficiently large (where both np and n(1-p) are greater 

than or equal to five) the distribution can be approximated with the normal 

distribution. is the point estimate of the population proportion based on the 

sample proportion. Where confidence intervals did not overlap among the three 

calendar periods, this suggested a possible true increase or decrease in the five- 

year cumulative mortality over time. 

Objective 3: Comparison of mortality in patients with cancer versus the 
general Nova Scotia population 

Standardized mortality ratio 

The primary method of data analysis was the standardized mortality ratio 

SMR) which was calculated to compare the mortality between the general Nova 

Scotia population and persons diagnosed with the three most common cancers 

in Canada. The SMR is the ratio of the observed to the expected number of 

deaths by applying published mortality rates to the cohort age structure from a 

reference population (Breslow and Day, 1987; Kelsey. Whitternore. Evans and 

Thompson, 1996) shown by: 

where E' = C n , q  is the total expected number of deaths for the cohort in We j"' 



age group and where D = x d ,  is the total observed number of deaths. This 

ratio measures the degree to which the risk of mortality is higher or lower in the 

cohort than the reference population by examining whether the number of deaths 

is higher or lower than expected had the group developed the disease at the 

same rate as the comparison population. The use of an SMR is viewed as an 

adjustment process (Hennekens and Buring, 1987) or an indirect method of 

standardization since standard rates are applied to the weights in the study group 

to control for the effects of potential confounding factors. The weights in the 

study cohort are the person-yean at risk which is the summation of time each 

individual has contributed to the population at risk for mortality throughout the 

period of observation. For example, if a patient is observed for one year, then 

one year is contributed by that individual to the total amount of person-years at 

risk calculation. 

Testing the significance for the observed SMR 

The observed number of deaths was assumed to follow a Poisson 

distribution. To test the statistical significance of a difference between observed 

and expected number of deaths, an approximation method by Byar was used 

(Rothman and Boice, 1979) which is suggested as an accurate approximation to 

the exact Poisson test. The test is shown as 



where D- = D (the number of obsenred deaths) if D exceeds E* (the expected 

number of deaths), and D- = D + I otherwise. The p-value is obtained by 

consulting the unit normal distribution. An alpha level of -05 was used to 

compare the difference between the obsenred and the expected death counts. 

The Pearson chi-squre test shown by 

was considered as a method for testing the observed versus the expected 

deaths, however, where the number of deaths is small, the Poisson distribution 

becomes more skewed and the normal approximation implicit in the chi-square 

test will be inadequate (Breslow and Day, 1987). 

Confidence intervals for the SMR 

Approximate two-sided ninety-five per cent confidence intervals for each 

SMR were calculated using Byar's approximation shown by 

(Rothman and Boice, 1979), where 0 is the total observed number of deaths. 

The confidence intervals around the SMR determine the range of possible values 



for the true SMR consistent with the observed data as well as study precision if a 

non-signficant difference is shown between the observed and expected deaths 

(Breslow and Day, 1987). 

Person-years at risk calculation 

The number of person-years at risk was obtained by following every 

cancer patient from the time of diagnosis until the time of death (if applicable) 

using four programs created in SAS v.6.12 program package (SAS Institute lnc, 

North Carolina). If death did not occur then follow-up was from the date of 

diagnosis until the cut-off date, December 315 1989. Each program calculated 

the amount of person-years at risk according to calendar period, age-group, 

cancer diagnosis and sex. For instance, if an individual contributed time to the 

first two calendar periods (1 969 to 1973 and 1974 to 1978), the first and second 

program would capture that individual's time. The last two programs which 

covered the last two calendar periods (1979 to 1983 and 1984 to 1989) would 

capture zero person-years at risk because that individual would not have 

contributed any time to those periods. The four calendar periods were 1969 to 

1973, 1974 to 1978, 1979 to 1983 and 1984 to 1989. A sample SAS computer 

program is shown in Appendix D. 

Calculation of expected deaths 

The expected number of deaths in each stratum (age group, sex, cancer 

type, cause of death and calendar period) were calculated by multiplying the age- 



, sex-, and disease-specific mortality rates of Nova Swtia by the person-years at 

risk within each stratum. Crude age-, sex- and disease-specific mortality rates 

for the years 1971, 1976, 1981 and 1986 were used within the appropriate 

calendar period since these were the approximate midpoints of each calendar 

period. Crude mortality rates were obtained from Orius98 v.2, a disease 

surveillance system prepared by the Cancer Bureau at Health Canada. Mortality 

data are provided to Health Canada by Statistics Canada. The total expected 

number of deaths was the sum of expected numbers among all age groups and 

calendar periods. The SMR was the ratio of the total number of observed deaths 

divided by the total expected deaths, according to cancer diagnosis and cause of 

death. 

Causes of death due to circulatory, respiratory and digestive diseases 

were selected for comparison with those of the Nova Scotia general population. 

These were chosen because previous studies (Ederer et al., 1963; Ambrus et al., 

1975; Houten and Reilley, 1980; Rutqvist, 1984; Koch et al., 1987; and Brown et 

al., 1993) revealed these diseases to be substantial conbtributors to mortality 

among cancer patients. It was of interest to investigate whether W e  same could 

be shown for these data. Although infectious diseases were cited as signifcant 

causes of mortality among cancer patients in earlier studies (Klastersky et al., 

1972; lnagaki et al., 1974; Ambrus et al., 1975), underlying causes of deaths 

from diseases more chronic in nature were selected in this study to reflect current 

causes of mortality within the general population. 



Chapter 4 - Results 

This section first describes the distribution of the cancer diagnoses among 

males and females in the cancer cohort, followed by the results of the research 

objectives. 

4.1 Distribution of cancer diagnoses 

The distributions of cancer diagnoses for males and females are shown in 

Table 3. A total of 58,065 patients from Nova Scotia were diagnosed with cancer 

(all types) between 1968 and 1988 with males and females having similar overall 

cancer frequencies (28,967 and 29,098 respectively). However, the distribution 

of specific cancer diagnoses differed between males and females. Among males 

diagnosed with malignant neoplasms, the three most diagnosed cancers were 

digestive cancer (26.3%), respiratory cancer (24.6%) and cancer of the genital 

organs (1 7.5%) which consisted primarily of prostate cancer. Among females. 

the three most diagnosed malignant neoplasms were breast cancer (27.6%), 

digestive cancer (25.2%) and cancer of the genital organs (17.8%). Cancers of 

the respiratory system was the fourth leading cause of cancer (7.7%) in females, 

with lung cancer accounting for 92.8% of all respiratory cancers. 

Among the digestive cancers diagnosed in males @ = 6,035), 78.0% were 

stomach and colorectal cancers. For males diagnosed with respiratory cancers, 



Table 3. Cancer cases by site and sex, Nova Scotia, 19694988. 

Site ICD-9 Total Males Females 

All Cancer Sites 

Oral (Buccal cavity and pharynx) 
Lip 
Tongue 
Salivary Gland 
Floor of Mouth 
Pharynx 
Other and Unspecified 

Digestive Organs 
Esophagus 
Stomach 
Small Intestine 
Large Intestine 
Rectum 
Liver and billiary passages 
Pancreas 
Other and unspecified 

Respiratory System 
Larynx 
Lung 
Other and Unspecified 

Bone Tissue and Skin 
Bone 
Connective Tissue 
Skin (melanoma) 

Breast 

Genital Organs 
Cervix 
Body of uterus 
Ovary 
Prostate 
Other and Unspecified 

Urinary Organs 
Bladder 
Kidney and other urinary 



Table 3 confd. Cancer cases by site and sex, Nova Scotia, 13694988. 

Site ICD-9 Total Males Females 

Eye 

Brain and central nervous system 

Endocrine Glands 
Thyroid 
Other endocrine 

Leu kaemia 

Other blood and lymph tissues 

All other and unspecified sites 

Non-melanoma skin cancer 

Benign neoplasms 

Carcinoma in-situ 

Neoplasms of uncertain behaviour 

Neoplasms of unspecified behaviour 

89% were lung cancer cases. Prostate cancer accounted for 91 -2% (L? = 3,660) 

of males diagnosed with genital organ cancer. 

Among females diagnosed with digestive cancer, 81 % were diagnosed with 

stomach or colorectal cancer. Cervical, uterine and ovarian cancer accounted for 

91 -7% @ = 3,556) of females diagnosed with genital organ cancer. Of all female 

genital organ cancers, uterine cancer was the most frequent, accounting for 

33.9% of all diagnoses. 



When all cancer diagnoses were considered, including cancers with an ICD-9 

173 (non-malanotic skin cancer) and ICD-9 greater than 208, non-melanotic skin 

cancer accounted for 17.2% of the cancer diagnoses for males and females 

combined. In-situ carcinoma (ICD-9 230-234) was considerably higher among 

females in comparison to males @ = 3,454 versus g = 300). Among females with 

this cancer diagnosis, 93.3% &I = 3,211) had carcinoma in-situ of the breast and 

genitourinary system. Of these, 93% (n=2,985) were diagnosed with carcinoma 

in-situ of the cervix uteri. 

Frequencies of non-melanotic skin cancer (ICD-9 1 73), benign neoplasms 

(ICD-9 21 O-227), carcinoma in-situ (ICD-9 230-234), neoplasms of uncertain 

behaviour (ICD-9 235-238) and neoplasms of unspecified behaviour (ICD-Q 239) 

are also shown in Table 3. These conditions were not included in the anlayses 

for reasons mentioned earlier in the inclusion and exclusion criteria- 

4.2 Distribution of cancer diagnoses by age and sex 

Malignant neoplasms were grouped by sex and age at diagnosis using 10-year 

intervals with the exception of the first age interval (20 years) shown in Table 4. 

The number of incident cases among males increased gradually from 0 to 39 

years of age. The number of incident cases of cancer doubled for men aged 40 

to 49 in comparison to men diagnosed in the previous age group. The number of 

incident cases of cancer continued to increase for those aged 50 to 69 with a 

decrease in incident cancer cases beginning in those aged 70 years-of-age and 



older. 

Table 4. Age distribution of malignant neoplasms, Nova Scotia males and 
females I 968-f 988. 

Males Females 
n O h  n % 

- . -- 

Total: 22,899 100.0 21,354 100.0 

Females diagnosed with malignant neoplasms showed a gradual increase in 

the number of inciden cases of cancer up until age 29 but a larger increase in the 

number of cancers occurred much sooner in women starting at age 30. The 

number of incident cases of cancer peaked for women aged 60 to 69 then started 

to decline in those aged 70 years and older. 

Just over seventy percent (70.3%) of male incident cases of cancer were 

diagnosed at age 60 and older. Almost sixty percent (59.5%) of female incident 

cases of cancer were diagnosed in those aged 60 and older, leaving 40.5% of all 

incident cancer in women diagnosed between 0 to 59 years of age. The 

difference in age distribution of the incident number of cancer cases between 



males and females was due to a larger proportion of women being diagnosed 

with breast and genital cancers before the age of 60. 

4.3 Distribution of causes of death among patients with malignant 
neoplasms 

The overall mortality for males diagnosed with malignant neoplasms was 

74.2% (r~ = 17,000); among females diagnosed with malignant neoplasms, the 

overall mortality was 60.2% @ = 12,847). The most frequent cause of death was 

from neoplasms (ICD8/ICD-9 140-239). Fii-nine per cent (59.1 %) of male 

incident cancer cases and fifty per cent (50.0%) of female incident cancers had 

died by the end of the follow-up period from cancer (Table 5). Deaths attributed 

to cancer included either the original cancer diagnosis or another cancer as the 

underlying cause of death. 

Mortality from circulatory diseases (ICD8 390-458; ICD9 390459) was the 

second highest cause of death for both sexes. Among males. 9.3% = 2,129) 

died from circulatory causes while among females, 6.3% @ = 1.355) died from 

this cause. 

Respiratory diseases (ICD8/ICD9 390459) was the third highest cause of 

death for both men and women. Among males with malignant neoplasms, 2.5% 

(n=574) died from respiratory diseases. Among females. 1.2% (n=256) died from 

respiratory diseases. 



Table 5. Distribution of underlying causes of death among males and females diagnosed with malignant neoplasms 
(1 969-1988) by ICD-8 and ICD-9 broad disease grouping (1969-1989). 

Underlying cause of death ICD-8 and ICD-9 
Total Males Females 

n (56) ' n (%I n (%) 

Infective and Parasitic Diseases 
(ICD-8 000-1 36; ICD-9 001-1 39) 
Neoplasms (ICD-8 1 ICD-9 140-239) 
EndocrinelNutritionaIlMetabot~c Disease 
(ICD-8 I ICD-9 240-279) 
Blood Diseases (ICD-8 I ICD-9 280-289) 
Mental Disorders (ICD-8 290-31 5 1 ICD 290-31 9) 
Nervous SystemlSense Organ Diseases 
(ICD-8 I ICD-9 320-389) 
Circulatory Disease (ICD-8 390-458 / ICD-9 390-459) 
Respiratory Disease (ICD-8 1 ICD-9 460-51 9) 
Digestive Disease (ICD-8 520-577 1 ICD-9 520-579) 
Genitourinary Disease (ICD-8 / ICD-9 580-629) 
Complications of Pregnancy (ICD-8 630-678 1 ICD-9 630-676) 
SkinlSubcutaneous Tissue Disease (ICD-8 I ICD-9 680-709) 
Musculoskeletal Disease (ICD-8 710-738 1 ICD-9 710-739) 
Congenital Anomalies (ICD-8 740-759 I ICD-9 740-759) 
Perinatal Mortality (ICD-8 I ICD-9 760-779) 
SymptonslHI-Defined (ICD-8 780-796 1 ICD-9 780-799) 
Accidents/PoisonirrgNiotence (ICD-8 / ICD-9 800-999) 

Total 

8 The danodnator used to cakukte the percentages was the total number of IncMent cancers, 44,263. 
b The denominators used to calculate the psrcentages for m k s  and fhmsles were 22,899 mak kcklent caws and 21,354 h m t e  IncMent cans of mollgant m p l a w m  



Digestive diseases (ICD8 520-577; ICD9 520-579) was the fourth highest 

cause of death for both men and women. Almost one per cent of the males and 

females died from causes in this broad disease grouping representing 0.9% and 

0.8% for males and females. respectively. 

Mortality due to accidents, poisonings or violence (ICD8lICD9 800-999) was 

the feh highest cause of death among males (06%). while deaths from 

endocrine, nutritional or metabolic disease (ICDBlICD9 240-279) was the fifth 

cause of death for females (0.5%). The remaining causes of death are also 

shown in Table 5- 

4.4 Cause of death by age at diagnosis 

All causes of death 

Wth the exception of persons diagnosed before age 20, the proportion of 

persons dying among incident cases of cancer from all causes of death 

increased with age as shown in Table 6. When the proportion of deaths in each 

age group was calculated using all ages of incident cancer cases as the 

denominator, an increase in the proportion of deaths occurred up until age sixty- 

nine in both men and women, followed by a decrease. 

Neoplasms 

Among males and females whose cause of death was due to neoplasms. 

the proportions of deaths among the incident cases of cancer for each age group 



6. Numbers and proportions of underlying causes of death by age at diagnosis among males and females 
diagnosed with malignant neoplasms, Nova Scotia, 19694988, by ICD-8 and ICD-9 broad disease grouping (N = 
44,253) 

Males (n = 22,899) I Females (n = 21,354) 
Underlying Cause of Death ICD-8 I ICD-9 0-19 20-29 30-39 40-49 50-59 60-69 70-79 80+ 0-19 20-29 30-39 40-49 50-59 80-69 70-79 8Qt 

Infective and Parasitic Dlseases 

Neoplasms 

EndocrlnelNutritionalIMetaboHc Disease 

Blood Diseases 

Mental Olsorders 

Nervous SysternlSense Organ Dlseases 

Circulatory Diseases 

Respiratory Dlseases 

Dlgestlve Diseases 

Genitourinary Diseases 

Cornplicatlons of Pregnancy 

Skin/Subcutaneous Tissue Disease 

Musculoskeletal Disease 

Congenital Anomalies 

Perinatal Mortality 

Symptomsllll-Defined Conditions 

AccidenWPoIsoningsNIoIe11~e 

Total 

IncMent Cases of Cancer 
for each age group 

Percentage of deaths per lnoident 
caw of cancer 

0 0 0 1  

114 124 386 1,033 

0 0 0 1  

0 0 0 3  

O O O Q  

1 1 2 3  

1 1  5 3 4  

1 1 1 5  

0 1 2 9  

0 0 1 2  

0 0 0 0  

0 0 0 1  

0 0 1 0  

0 0 1 0  

0 0 0 0  

1 0 1  1  

0 0 0 6  



increased with age (with the exception of males diagnosed between the ages of 

0-19) until age 69 followed by a decrease in persons aged 70 years and older 

(Table 6). 

The proportions of deaths due to specific cancers are shown in Table 7. 

Neoplasms accounted for 59.1% of deaths among males diagnosed with cancer. 

Twenty per cent (20-1 %) were caused by respiratory cancers, chiefly# lung 

cancer. Slightly more than seventeen per cent (17.5%) of male incident cases of 

cancer died from digestive cancers. The third most common cancer death was 

from genital cancer (6.2%) in which prostate cancer was the main cause of 

death. 

Among females, fifty per cent (50.0%) of the incident cases died from 

neoplastic causes. Digestive cancer accounted for the largest proportion of 

cancer deaths (45.7%) among female incident cases of cancer. Breast cancer 

was the second cancer cause of death (9.9%). Respiratory and genital organ 

cancers represented similar proportions (6.4% each). 

The proportion of deaths from neoplasms was the leading cause of death 

in each age interval for both males and females. However, the proportion of 

deaths attributed to the remaining causes as a whole. increased with age at 

diagnosis, starting at age twenty. The four other prominent causes of death will 

be described below. Comparisons between males and females for each cause 



of death are given. 

Table 7. Underlying cause of death due to neoplasms among males and females 
diagnosed with malignant neoplasms, Nova Scotia, 1969-1989 (N = 
44,253). 

Underlying Cause of Death 
Males Females 

n % n % 

Oral cancer 

Digestive cancer 

Respiratory cancer 

Bone tissue and skin cancer 

Non-melanoma skin cancer 

Breast cancer 

Genital organ cancer 

Urinary organs cancer 

Eye cancer 

Brain and central nervous system 
cancer 

Endocrine cancer 

Leukaemia 

Other blood and lymph tissues 

All other and unspecified sites 

Benign neoplasms 

Carcinoma in-situ 

Neoplasms of uncertain behaviour 

Neoplasms of unspecified behaviour 

Total: 

Circulatory Diseases 

The proportion of deaths due to circulatory diseases increased with age at 



diagnosis among both male and female incident cases of cancer. Table 8 shows 

that ischaemic heart disease (ICD-8 410413; ICD-9 410414, 429.2) had the 

largest proporbjon of deaths within this disease grouping, accounting for 5.3% 

and 3.1 % of all male and female incident cases of cancer, respectively. 

lschaem ic heart disease included acute myocardial infarction, old myocardial 

infarction and angina pectoris. CerebrovascuIar disease (ICD-8llCD-9 430438) 

was the second most common cause of death within this disease grouping. 

accounting for 1.5% and 1.3% of deaths among men and women diagnosed with 

malignant neoplasms respectively. 

Table 8. Circulatory Diseases as the Underlying Cause of Death Among 44,253 
Men and Women Diagnosed with Malignant Neoplasms, Nova Scotia, 
1969-1 989. 

Underlying Cause of Death 
Males Females 

n % n % 

Chronic rheumatic heart disease 

Hypertensive disease 

Ischaemic heart disease 

Diseases of pulmonary circulation 

Other forms of heart disease 

Cerebrovascular heart disease 

Diseases of arteries, arterioles and capillaries 

Diseases of veins, lymphatics and other 
diseases of the circulatory system 

Total: 



Respirafory Diseases 

Respiratory diseases was the third leading cause of death for both males 

and females. The proportion of persons dying from causes within this disease 

grouping increased with age at diagnosis for both males and females, starting at 

age 40 and older (Table 6). Proportions of persons who died from the specific 

diseases within this broad disease grouping are shown in Table 9. Pneumonia 

and influenza (ICD-8 480-486, 470474; ICD-9 480487) were the prominent 

underlying causes of death for both men and women (1.1% and 0.6% 

respectively), followed by chronic obstructive pulmonary disease and allied 

conditions (ICD-8 490-493, 519.3; ICD-9 490496) (1.0% and 0.3% among men 

and women respectively). 

Table 9. Respiratory Diseases as the Underlying Cause of Death Among 44,253 
Men and Women Diagnosed with Malignant Neoplasms, Nova Scotia, 
1969-1 989. 

Underlying Cause of Death 
Males Female 

n % n % 

Acute respiratory infections 4 0.0 1 0.0 

Other diseases of the respiratory tract 4 0.0 3 0.0 

Pneumonia and influenza 246 1.1 130 0.6 

Chronic obstructive pulmonary disease 
(COPD) and allied conditions 

Pneumoconioses and other lung diseases 
due to external agents 

Other diseases of the respiratory system 62 0.3 38 0.2 

Total: 574 2.5 256 1-2 



Digestive Diseases 

Digestive diseases was the fourth leading cause of death among males 

and females, with over ninety per cent (94.3%) of these deaths in persons 

diagnosed at aged 50 and older. The majority of deaths among men (0.4%) was 

due to other diseases of the digestive system (ED-8 570-577; ICD-9 570-579) 

which included chronic liver disease and cirrhosis. liver abscesses and sequelae 

of chronic liver disease and gastro-intestinal haemorrhage shown in Table 10. 

Diseases of intestines and peritoneum as well as other diseases of the digestive 

system were the prominent underlying causes of death for both males and 

females ranging from 0.2 to 0.4% of the incident cases of malignant neoplasms. 

Table 10. Digestive Diseases as the Underlying Cause of Death Among 44,253 
Men and Women Diagnosed with Malignant Neoplasms, Nova Scotia, 
1969-1 989. 

- 

Underlying Cause of Death 
Males Females 

n % n % 

Diseases of oral cavity, salivary glands and jaws 2 0.0 0 0.0 

Diseases of the esophagus, stomach and duodenum 45 0.2 25 0-1 

Appendicitis 3 0.0 2 0.0 

Hernia of abdominal cavity 1 0.0 3 0.0 

Noninfective enteritis and colitis 13 0-1 14 0-1 

Diseases of intestines and peritoneum 50 0.2 60 0.3 

Other diseases of the digestive system 94 0.4 59 0.3 

Total: 208 0.9 163 0.8 



Endocrine, ~ u ~ o n a l  and Metabolic Diseases 

Endocrine, nutritional and metabolic diseases was the fifth leading cause 

of death for females, accounting for 0.5% of females diagnosed with malignant 

neoplasms. This was the sixth leading cause of death for males, accounting for 

0.5% of males diagnosed with malignant neoplasms. Almost ninety per cent 

(88.4%) of deaths occurred in males aged 60 years or older; among females, 

83.4% of the deaths occurred in women 60 years of age and older. 

Diabetes mellitus (ICD-8lICD-9 250) which was grouped under diseases 

of other endocrine glands, was the main cause of death within this broad disease 

grouping, accounting for 0.4% @ = 81) of deaths among all females and 0.3% (L! 

= 72) of deaths among all males diagnosed with malignant neoplasms Fable 

11). 

Table 11. Endocrine, Nutritional and Metabolic Diseases as the Underlying Cause 
of Death Among 44,253 Men and Women Diagnosed with Malignant 
Neoplasms, Nova Scotia, 1969-1 989. 

Underlying Cause of Death 
Males Females 

n % n % 

Diseases of other endocrine glands 72 0-3 81 0.4 

Nutritional deficiencies 3 0.0 4 0.0 

Other metabolic disorders and immunity 37 0-2 14 0.1 
disorders 

Total: 112 0.5 99 0.5 



Accidents, Poisonings and Violence 

Deaths from accidents, poisoning and violence was the fiffh leading cause 

of death among males (0.6%) and the seventh leading cause of death among 

females (0.3%). Just over sixty-five per cent (65.2%) of deaths among males 

occurred in men 60 years of age and older. Seventy-five per cent (75.0%) of 

deaths occurred among women 60 years of age and older. 

The specific causes within this disease category, shown in Table 12, were 

suicide and self-inflicted injury which accounted for 0.2% @ = 43) of deaths 

among male incident cases. Accidental falls also accounted for 0.2% of deaths 

among male cases but the absolute number of deaths @ = 36) was less than the 

number of deaths from suicide and self-inflicted injury. Among women, 

accidental falls and motor vehicle traffic accidents each accounted for 0.1% of 

deaths. 

4.5 Overall five-year cumulative mortality by cause of death and major 
cancer - Males 

Results for the five-year cumulative mortality among men are shown in Tables 

13, 14 and 15 and for women in Tables 16, 17 and 18. Approximate 95% 

confidence intervals are reported in text and not in these tables. For men, cancer 

diagnoses included prostate, colorectal and lung cancer. Among women, the 

cancer diagnoses were breast, colorectal and lung cancer. 

4.5.1 Overall five-year cumulative mortality - Prostate Cancer 

The overall fiveyear cumulative mortality for prostate cancer (Tables 1 3, 14; 



Table 12. Accidents, poisonings and violence as the underlying cause of death 
among 44,253 males and females diagnosed with malignant 
neoplasms, Nova Scotia, 1969-1 989. 

Males Females 
Underlying Cause of Death n % n % 

Motor vehicle traffic accidents 

Non traffic accident involving off-road 
motor vehicle 

Accidental poisoning by drugs, medicaments 
and biologicals 

Accidental poisoning by other solid and liquid 
substances, gases and vapors 

Misadventures to patients during surgical and 
medical care 

Surgical and medical procedures as cause of 
abnormal reactions of patients to later complications 
without mention of misadventure at time of procedure 

Accidental falls 

Accidents by fire and flames 

Accidents due to natural and environmental 
factors 

Accidental drowning and submersion 

Accidental fall into water 

Inhalation and ingestion of other objects causing 
obstruction of respiratory tract or suffocation 

Mechanical suffocation 

Foreign body accidentally entering other 
orifice 

Other accidents 

Drugs, medical and biological substances causing 
adverse effects in therapeutic use 

Suicide and self-inflicted injury 

Homicide and injury purposely inflicted by 
other persons 

Injury undetermined whether accidentally or 
purposely inflicted - 

Total: 



and 15) decreased over calendar period with 62.4% (95%CI 58.9, 65.9) of 

incident cases dying among those diagnosed between 1969 and 1973, 60.1% 

(95% CI 56.7, 63.5) for those diagnosed between 1974 and 1978 and 52.2% 

(95% CI 48.9, 55.5) for men diagnosed between 1979 and 1983. While the 

overall 5-year cumulative mortality decreased by calendar period, incident cases 

of prostate cancer increased over the same period of time. Cumulative five-year 

mortality increased by age group (excluding those up to age 49 since there the 

incident number of cases was particularly small) and was consistent within each 

calendar period. Incident cases of prostate cancer also increased with age, with 

the majority of cancer cases occurring in men 70 to 79 years of age. 

4.5.2 Five-year cumulative cause-specific mortality - Prostate Cancer 

When all ages were combined, prostate cancer was the major cause of death. 

This was consistent across calendar period and generally by age at diagnosis. 

Although prostate cancer was the major cause of death, the proportion of 

prostate cancer deaths decreased over the three calendar periods. In fact, when 

death from prostate cancer and death from other neoplasms were combined, the 

proportion dying from cancer also decreased (38.6% for 1969 to 1973; 37.8% for 

1974 to 1978; and 31 -0% for 1979 to 1983). Circulatory diseases was the 

second cause of death among prostate cancer patients. The proportion of 

deaths from circulatory diseases decreased throughout each calendar period 

(1 7.4% for those diagnosed between 1969 and 1973; 16.8% for those diagnosed 

between 1974 and 1 978; and 14.8% for those diagnosed between 1979 and 



Table 13. Cumulative five-year cause-specific mortality by cancer type and age 
at diagnosis for Nova Scotia males diagnosed from 1969 to1973. 

Age Group 
Cancer type Cases Propomon 0-19 20-29 30-39 40-49 50-59 60-69 70-79 8- 

Prostate Cancer 

Deaths 
Prostate Cancer 
Other NeopIasms 
Circulatory Diseases 
Respiratory Diseases 
Digestive Diseases 
All other causes 

Total 

Percentage dead 
within 5 years of diagnosis 

Colorectal Cancer 

Deaths 

Colorectai Cancer 
Other Neoplasms 
Circulatory Diseases 
Respiratory Diseases 
Digestive Diseases 
All other causes 

Total 

Percentage dead 
within 5 years of diagnosis 

Lung Cancer 

Deaths 
Lung Cancer 
Other Neoplasms 
Circulatory Diseases 
Respiratory Diseases 
Digestive Diseases 
All other causes 

Total 

Percentage dead 
within 5 years of diagnosis 



Table 14. Cumulative fiveyear cause-specific mortality by cancer type and age 
at diagnosis for Nova Scotia males diagnosed from 1974 to 1978. 

Age Group 
Cancer type Cases Proportion 0-19 20-29 30-39 4049 50-59 60-69 70-79 80+ 

Prostate Cancer 

Deaths 
Prostate Cancer 
Other Neoplasms 
Circulatory Diseases 
Respiratory Diseases 
Digestive Diseases 
All other causes 

Total 

Percentage dead 
within 5 years of diagnosis 

Colorectal Cancer 

Deaths 
Colorectal Cancer 
Other Neoplasms 
Circulatory Diseases 
Respiratory Diseases 
Digestive Diseases 
All other causes 

Total 

Percentage dead 
within 5 years of diagnosis 

Lung Cancer 

Deaths 
Lung Cancer 
Other Neoplasms 
Circulatory Diseases 
Respiratory Diseases 
Digestive Diseases 
All other causes 

Total 

Percentage dead 
within 5 years of diagnosis 



Table 15. Cumulative five-year causespecific mortality by cancer type and age 
at diagnosis for Nova Scotia males diagnosed frOm 9979 to 1983. 

Age Group 
Cancer type Cases Proportion 0-19 20-29 30-39 40-49 50-59 60-69 70-79 80+ 

Prostate Cancer 

Deaths 
Prostate Cancer 
Other Neoplasms 
Circulatory Diseases 
Respiratory Diseases 
Digestive Diseases 
All other causes 

Total 

Percentage dead 
within 5 years of diagnosis 

Colorectal Cancer 

Deaths 
Colorectal Cancer 
Other Neoplasms 
Circulatory Diseases 
Respiratory Diseases 
Digestive Diseases 
AII other causes 

Total 

Percentage dead 
within 5 years of diagnosis 

Lung Cancer 

Deaths 
Lung Cancer 
Other Neoplasms 
Circulatory Diseases 
Respiratory Diseases 
Digestive Diseases 
All other causes 

Total 

Percentage dead 
within 5 years of diagnosis 



1983). Respiratory diseases was the third cause of death throughout each 

calendar period. The majority of respiratory deaths occurred in men diagnosed 

at 70 years of age and older. 

4.5.3 Overall five-year cumulative mortality - Colomctal Cancer 

A decrease in the overall five-year cumulative mortality occurred in males 

diagnosed with colorectal cancer. During the first calendar period 67.1% (95% 

GI 63.7, 70.5) of incident cases died, while 65.0% (95% CI 61.7, 68.3) and 63.5% 

(95% Cl 60.3, 66.7) died among those diagnosed within the second and third 

calendar periods, respectively. While an overall decrease in the cumulative 

mortality took place, the incident cases of colorectal cancer also increased, 

particularly among men 60 to 79 years of age. 

4.5.4 Five-year cumulative cause-specific mortality - Colorectal Cancer 

With all ages combined, colorectal cancer was the leading cause of death, 

accounting for 52.5% of deaths among incident cases for men diagnosed 

between I969 and 1973,47.2% among men diagnosed befween 1974-1 978 and 

35.8% for men diagnosed between 1979 and 1983. Mortality from other 

neoplasms was generally the second cause of death with the exception of the 

first calendar period (1969 to 1973) in which other neoplasms accounted for 

4.7% of deaths among incident cases of male colorectal cancer in comparison to 

7.8% for those diagnosed between 1974 and 1978 and 12.8% for men diagnosed 

between 1979 and 1 983. Mortality from circulatory diseases was generally the 



main non-cancer cause of death. 

When death from colorectal cancer and other neoplasms were combined, 

representing cause of death from cancer, the proportion of cancer deaths 

decreased across calendar period. Cancer deaths represented 57.2% of the 

incident cases dying among those diagnosed during the first calendar period, 

54.8% for men diagnosed during the second calendar period, and 48.6% among 

men diagnosed during the last calendar period. When the remaining non-cancer 

causes of death were grouped together, 9.9% of incident cases died among men 

diagnosed between 1969 and 1973; 10.2% for men diagnosed between 1974 

and 1978; and 14.9% among men diagnosed between 1979 and 1983. 

4.5.5 Overall five-year cumulative mortality - Lung Cancer 

The overall five-year cumulative mortality experienced by male lung cancer 

patients was quite substantial in comparison to men diagnosed with prostate or 

colorectal cancer. The proportion of deaths among incident cases of lung cancer 

ranged from 90.5% (95% CI 89.0, 92.0) to 91 5% (95% CI 89.9, 93.1). 

4.5.6 Five-year cumulative cause-specific mortality - Lung Cancer 

Lung cancer was the major cause of death during each calendar period. Death 

from other neoplasms was generally the second cause of death with the 

exception of the diagnosis period 1 974 to 1 978 in which circulatory diseases was 

the second cause of death (3.7%). Circulatory diseases was the main non- 



cancer cause of death ranging from 3.6 to 3.8% among incident cases of lung 

cancer. 

4.6 Overall five-year cumulative mortality by underlying cause of death 
and major cancer - Females 

4.6.1 Overall five-year cumulative mortality - Breast Cancer 

Overall five-year cumulative mortality decreased across calendar period with 

39.3% (95% CI 36.6, 42.0) dying among women diagnosed between 1969 and 

1973, 38.8% (95% CI 36.2, 41 -4) among women diagnosed between 1974 and 

1978 and lastly, 36.3% (95% CI 33.9, 38.7) among women diagnosed between 

1979 and 1983. There did not appear to be any consistent mortality pattern 

within each age category except for women diagnosed between ages 60-69 in 

which a constant decrease (along with a constant increase in incidence) in 

overall mortality was shown across the calendar periods. 

4.6.2 Five-year cumulative cause specific mortality - Breast Cancer 

The major cause of death was from breast cancer (Tables 16, 17 and 18) 

representing 30.8% of women diagnosed between 1969 and 1973, 30.3% for 

those diagnosed between 1974 and 1978 and 28.0% for women diagnosed 

between 1979 and 1983. Breast cancer was the major underlying cause of death 

within each age group. Circulatory diseases represented the second cause of 

death among breast cancer patients and showed a slight decrease across 

calendar period starting at 5.2% for those diagnosed in the first period, 4.2% in 



the second period and 3.8% among women diagnosed in the last calendar 

period. The proportion of circulatory causes of death tended to concentrate in 

women diagnosed between 60 and 80 years of age and older. Deaths from other 

neoplasms was the third cause of mortality throughout each calendar period. 

Non-cancer causes of death were more frequent among women diagnosed at 

ages 60 and older. 

4.6.3 Overall five-year cumulative mortality -- Colorectal Cancer 

Overall five-year cumulative mortality for women diagnosed with colorectal 

cancer decreased across calendar period. Among women diagnosed between 

1969 and 1973, the overall five-year cumulative mortality was 61 -1% (95% CI 

57.7, 64.5). For women diagnosed between 1974 and 1978, the overall five-year 

cumulative mortality decreased to 57.8% (95% CI 54.5, 61.1). Among those 

diagoosed in the last calendar period (1979 to 1983) a further decrease in 

mortality was shown with the proportion of women dying among incident cases of 

female colorectal cancer at 55.5% (95% CI 52.3, 58.7). Although the overall 

cumulative five-year mortality declined over time, it was shown that incident 

cases of female colorectal cancer increased by calendar period especially among 

women 60 years of age and older. 

4.6.4 Five-year cumulative cause specific mortality - Colorectal Cancer 

Colorectal cancer was the main cause of death throughout each calendar 

period Fables 16, 17 and 18). However, the proportion of women dying from 



Table 16. Cumulative fiveyear causeapecific mortality by cancer type and age 
at diagnosis for Nova Scotia females diagnosed from 1969 to 1973. 

Age Group 
Cancer type Cases Proportion 0-19 20-29 30-39 4-49 50-59 60-69 70-79 80+ 

Breast Cancer 1,235 100 0  10 64 235 333 267 22T 99 

Deaths 
Breast Cancer 380 30.8 0 0  24 66 116 88 !V 29 
Other Nzoplasms 19 1.5 0 0 0 1  7 2 7 2 
Circulatory Diseases 64 5.2 0 0 0 1  1 11 25 26 
Respiratory Diseases 7 0.6 0 0 0 0 2  1 2  2 
Digestive Diseases 3 0 2  0 0 0 0 1  1  1 0 
Ail other causes 12 1 -0 0 0 0 2 3  1 4 2 

Total 

Percentage dead 
within 5 years of diagnosis 

Colorectal Cancer 

Deaths 
Colorectal Cancer 
Other Neoplasms 
Circulatory Diseases 
Respiratory Diseases 
Digestive Diseases 
All other causes 

Total 

Percentage dead 
within 5 years of diagnosis 

Lung Cancer 

Deaths 
Lung Cancer 
Other Neoplasms 
Circulatory Diseases 
Respiratory Diseases 
Digestive Diseases 
All other causes 

Total 128 0 0  2 13 37 33 32 11 

Percentage dead 83-7 
within 5 years of diagnosis 



Table 17. Cumulative five-year cause-spacific mortality by cancer type and age 
at diagnosis for Nova Scotia females diagnosed from 1974 to 1978. 

- -- 

Age Group 
Cancer type Cases Proportion 0-19 20-29 30-39 40-49 50-59 60-69 70-79 80+ 

Breast Cancer 

Deaths - 

Breast Cancer 
Other Neoplasms 
Circulatory Diseases 
Respiratory Diseases 
Digestive Diseases 
All other causes 

Percentage dead 
within 5 years of diagnosis 

Colorectal Cancer 

Deaths 
Colorectal Cancer 
Other Neoplasms 
Circulatory Diseases 
Respiratory Diseases 
Digestive Diseases 
All other causes 

Total 

Percentage dead 
within 5 years of diagnosis 

Lung Cancer 

Deaths 
Lung Cancer 
Other Neoplasms 
Circulatory Diseases 
Respiratory Diseases 
Digestive Diseases 
All other causes 

Total 

Percentage dead 
within 5 years of diagnosis 



Table 18. Cumulative five-year cause-specific mortality by cancer type and age 
at diagnosis for Nova Scotia *males diagnosed from 1979 to 1983. 

Age Group 
Cancer type Cases Proportion 0-19 20-29 30-39 40-49 50-59 60-69 70-79 80+ 

Breast Cancer 

Deaths 
Breast Cancer 
Other Neoplasms 
Circulatory Diseases 
Respiratory Diseases 
Digestive Diseases 
AIi other causes 

Total 

Percentage dead 
within 5 years of diagnosis 

Colorectal Cancer 

Deaths 
Colorectal Cancer 
Other Neoplasms 
Cirw latory Diseases 
Respiratory Diseases 
Digestive Diseases 
All other causes 

Total 

Percentage dead 
within 5 years of diagnosis 

Lung Cancer 

Deaths 
Lung Cancer 
Other Neoplasms 
Circulatory Diseases 
Respiratory Diseases 
Digestive Diseases 
All other causes 

Total 

Percentage dead 
within 5 years of diagnosis 



colorectal cancer decreased across each calendar period with 52.1% dying 

among those diagnosed between 1969 and 1973, 45.0% among those 

diagnosed between 1974 and 1978 and 32.0% among women diagnosed 

between 1979 and 1983. Death from other neoplasms was generally the second 

cause of mortality, with the exception of the first calendar period in which 

circulatory diseases was second (3.6%) to colorectal cancer. The proportion of 

deaths due to other neoplasms showed a steady increase across calendar 

period, accounting for 3.1% of the incident cases of female colorectal cancer in 

the first calendar period, and 6.5% and 15.4% during the second and third 

calendar periods, respectively. 

4.6.5 Overall five-year cumulative mortality - Lung Cancer 

The overall five-year cumulative mortality among female lung cancer cases 

was quite substantial in comparison to breast or colorectal cancers among 

women, being consistently greater than 80% during each calendar period. An 

increase in the overall five-year cumulative mortality between the first two 

calendar periods (83.7% (95% CI 77.8, 89.6) to 85.1% (95% CI 81.0, 89.2)) 

occurred, followed by a decrease (82.2% (95% CI 78.6, 85.8)) during the last 

calendar period. As shown by the other cancer diagnoses, lung cancer incidence 

consistently increased for each period of diagnosis especially between 1 979 and 

1983 in which 438 women were diagnosed with lung cancer in comparison to the 

first hnro calendar periods @ = 153 and n = 295, respectively). 



4.6.6 Five-year cumulative cause specific mortality - Lung Cancer 

Lung cancer remained the leading cause of death throughout each calendar 

period (Tables 16, 17 and 18). with 73.9% of the female lung cancer cases dying 

from lung cancer among women diagnosed between 1969 and 1973, 75.6% 

dying for those diagnosed between 1974 and I978 and 71 -7% dying for women 

diagnosed between 1979 and 1983. Death from other neoplasms was generally 

the second cause of death with the exception of the first calendar period in which 

circulatory diseases was second to lung cancer, representing 4.6% of incident 

cases of lung cancer. As shown in Tables 16, 17 and 18. the proportion of 

women dying from non-cancer causes of death was very small, ranging fmrn 

2.3% from IW4-lW8 to 6.0% from 1969-1 973- 

4.7 Summary of the overall five-year cumulative mortality 

The overall five-year cumulative mortality appeared worse for males and 

females diagnosed with lung cancer in comparison to persons diagnosed with 

colorectal, prostate or breast cancer. Although there was a slight decrease in the 

five-year cumulative overall mortality for persons diagnosed with colorectal and 

breast cancer, prostate cancer showed the largest decrease. The cause of death 

most prominent among all cancer diagnoses, was the original cancer diagnosis, 

followed by deaths due to other neoplasms or circulatory diseases depending on 

the cancer diagnosis and calendar period. Circulatory diseases was the most 

frequent non-cancer cause of death. 



Among men and women diagnosed at 39 years of age or younger, a smaller 

proportion of non-cancer underlying causes of death was shown, compared to 

those diagnosed at older ages. These results may imply that behaviour of 

cancer is different at younger ages compared to older ages, considering that 

persons who were diagnosed at 39 years and younger typically had the 

underlying cause of death attributed to the original cancer diagnosis. Secondly, 

these results may indicate an absence of competing causes of death at younger 

ages. 

4.8 Standardized mortality ratios 

Standardized mortality ratios (SMRs) were calculated for men and women 

diagnosed with lung, colorectal, breast or prostate cancer. The SMRs for each 

cancer diagnosis corresponded to three causes of death: circulatory diseases, 

respiratory diseases and diseases of the digestive system. The results are 

shown in Table 19. Calculations of the expected number of deaths for each 

cancer and cause of death are shown in Appendix E. 

Interestingly, among male and female lung cancer cases, the SMR for 

respiratory diseases was highest. Similarly, among males and females with 

colorectal cancer, the SMR for digestive diseases was highest. Although the 

SMR for digestive diseases was statistically significant among male lung cancer 

cases (p c .001) this was not shown among females with lung cancer (p > .05). 

Prostate cancer cases had a significantly increased risk for circulatory and 



respiratory diseases, but not for digestive diseases (p > .05). Breast cancer 

patients showed a significantly increased risk of mortality for all three disease 

groupings, however the risk of death from respiratory diseases was highest. 



Table 19. Summary of standardized mortalii ratios by cancer diagnosis, 
undelying cause of death and sex, Nova Scoti., 1969-1989. 

Cancertype and 
Underlying cause of death 06s. EXP- SMR 95% CI 

Breast Cancer 
Circulatory diseases 
Respiratory diseases 
Digestive diseases 

Prostate Cancer 
Circulatory diseases 
Respiratory diseases 
Digestive diseases 

Female Colorectal Cancer 
Circulatory diseases 
Respiratory diseases 
Digestive diseases 

Male Colorectal Cancer 
Circulatory diseases 
Respiratory diseases 
Digestive diseases 

Female Lung Cancer 
Circulatory diseases 
Respiratory diseases 
Digestive diseases 

Male Lung Cancer 
Circulatory diseases 
Respiratory diseases . 

Digestive diseases 



Chapter 5 - Interpretation 

5.1 Introduction 

In comparison to the vast amount of research concerning cancer-specific 

mortality, relatively few studies have examined the causes of death among 

cancer patients. This study has attempted to add information to this area of 

research by considering all causes of death in a population diagnosed with 

malignant neoplasms in Nova Scotia, Canada between 1969 and 1988. 

F-ifty-four per cent (54.2%) of the incident cases of malignant neoplasms died 

from cancer. Circulatory and respiratory diseases were the second and third 

leading causes of death, representing 7.8% and 1.9% of the incident cases 

respectively. 

The overall cumulative five-year cause-specific mortality for the three most 

commonly diagnosed malignancies among men and women in Canada revealed 

the largest proportion of deaths to be attributed to the original cancer diagnosis. 

The most common non-cancer underlying cause of death, shown among all 

selected cancers, was circulatory diseases. Lung cancer had the highest overall 

cumulative five-year mortality for both males and females; prostate and breast 

cancer had the lowest overall cumulative five-year mortality among males and 

females, respectively. 



Most of the seleceted cancer cohorts showed a signifcantly increased risk of 

mortality from circulatory, respiratory and digestive diseases. An interesting 

observation was that among males and females diagnosed with colorectal 

cancer, the SMR was highest for digestive diseases. Among males and females 

diagnosed with lung cancer, the SMR was highest for respiratory diseases. 

5.2 Discussion 

Before discussing what the results from this research may indicate, it is first 

emphasized that cancer is a disease which primarily affects the elderly (Yancik, 

1997; NCIC, 1998). As was shown in this study, over seventy percent of males 

and almost sixty percent of females diagnosed with malignant neoplasms were 

sixty years of age or older, therefore, one may expect certain underlying causes 

of death to predominate for this population (Wilkins, 1995). Among persons aged 

65 years or older, several chronic conditions such as arthritis, heart disease, 

diabetes, hypertension or chronic obstructive pulmonary disease as well as 

medications for the control of these diseases, may be present and possibly affect 

cancer prognosis and survival. How comorbidities interact with treatment 

decisions or to what degree they impact cancer survival is not completely 

understood (Satariano and Ragland, 1994; Yancik et al., 1996). 

Interpretations of these results, limitations and suggestions for further study will 

be discussed in the following sections. 



5.2.1 Ovemll underlying causes of death 

Almost eighty per cent (79.7% for males and 80.4% for females) of the cancer 

deaths were attributed to digestive, respiratory, breast and genital organ and 

urinary organ cancers. These results reflect the aggressive nature of cancer, 

particularly long cancer, which often has a poor prognosis once a person is 

diagnosed with the disease (NCIC, 1998). The high proportion of cancer deaths 

may also be a reflection of death certificate completion in cancer patients. Death 

certificate completion for cancer deaths is considered more straightforward in 

comparison to other causes of death since cancer patients tend to have a lower 

prevalence of cornorbid conditions as suggested from multiplecause of death 

studies (Mackenbach, Kunst, Lautenbach, Oei and Bijlsma, 1997; Wilkins, 

Wysocki, Morin and Wood, 1997). Wih fewer cornorbidlies listed on the death 

certificate, the underlying cause of death becomes more clear in its designation. 

Circulatory causes as the second overall underlying cause of death may not be 

unexpected since cardiovascular disease contributes to mortality and morbidity in 

older patients with cancer Wei, 1995). Results from this study are similar to 

those of Houten and Reilley (1980), Rutqvist (1984), Koch et al. (1987) and 

Brown et al. (1993) in which cardiovascular and respiratory diseases contributed 

substantially to non-cancer deaths in their specific cancer populations. Many 

age-related pathophysiologic changes to the heart such as thickening of blood 

vessel walls, atherosclerotic plaque formation and changes in muscle contraction 

can set off a cascade of events leading to such outcomes as myocardial 



ischemia and diastolic dysfunction, which appears responsible for heart failure 

among the elderly (Weir 1992). Aside from the physiologic changes that occur 

from middle to older age, a second consideration is that those who died from 

circulatory diseases were persons diagnosed with less lethal forms of cancer. 

For example, the overall cumulative five-year cause-specific mortality revealed 

circulatory deaths to be the major non-cancer cause of death among prostate. 

breast and colorectal cancers. In comparison to lung cancer, these cancers have 

screening programs associated with them. Such screening can detect cancer at 

an earlier stage allowing treatment to be given. potentially lengthening survival, 

and then possibly resulting in the patient dying from a competing cause, such as 

circulatory disease. 

Respiratory disease was the third overall cause of death. The respiratory 

system is a common site for complications due to cancer and cancer therapy 

(Stover and Kaner, 1996). Factors which may lead to pulmonary complications 

include immunosuppression in the individual caused by the cancer or cancer 

therapy, the suitability of the large capillary bed supplied by the lungs as a site for 

cancer metastases and pulmonary emboli, and lastly, sensitivity of the lungs to 

side effects of cancer treatments which can lead to respiratory symptoms. In 

contrast to early studies by Klastersky et al. (1 972) and lnagaki et al. (1 974). in 

which deaths from infectious diseases and pneumonia were quite prominent, 

underlying cause of death from infectious and parasitic diseases (ICD-8 000-1 36 

I ICD-9 001-139) in this study represented only 0.2 per cent of deaths among 



incident cases of malignant neoplasms. However, earlier studies did not 

explicitly state the use of ICD grouping but relied more on findings frcm autopsy 

data and medical history. To compare the results of this study with earlier 

findings, it may be appropriate to combine deaths caused by infectious and 

parasitic diseases with pneumonia and influenza as well as acute respiratory 

infections categorized under the broad grouping of respiratory diseases (ICD- 

8ACD-9 460-51 9) since both categories contain the same causes of death as the 

earlier studies. 

5.2.2 Cumulative five-year cause-specific mortality 

Patients diagnosed with breast, prostate, colorectal or lung cancer in three 

different calendar periods, were followed five years to examine the relative 

proportions dying from cancer and non-cancer causes of death. Among persons 

diagnosed with breast, prostate or colorectal cancer, the overall five-year 

cumulative mortality was lower than in persons diagnosed with lung cancer. The 

proportions of non-cancer underlying causes of death was lowest for lung cancer 

throughout all three calendar periods. Proportions of non-cancer causes of death 

varied between 2.3 to 6.0% for women and 5.3 to 7.0% for men across calendar 

period. In contrast, the proportion of non-cancer causes of death was highest for 

prostate cancer, which varied between 21.2 to 23.7% across calendar period. 

Differences between lung cancer and the remaining cancers are likely the result 

of differences in cancer lethality; lung cancer typically has a low fiveyear survival 

rate and a high case-fatality rate (Beckett, 1993), therefore, there is less chance 



that death will be from another competing cause. 

Among all selected cancers, circulatory disease was the main non-cancer 

cause of death. The proportion of circulatory deaths was highest among patients 

with prostate cancer (14.8 to 17.4%) in comparison to patients with colorectal. 

breast cancer or lung cancer. Satariano, Ragland and Van Dan Eeden (1998) 

examined the causes of death in 584 men diagnosed with prostate carcinoma 

between 1980 and 1984 and found 46% had died from other underlying causes 

and the remainder from prostate cancer. Circulatory diseases, defined as ICD-9 

(390459), was the second cause of death, accounting for almost 25% of non- 

cancer causes. The authors found that age at diagnosis was an important factor 

in the type of death (prostate cancer or other cause), with the likelihood of dying 

from a non-cancer cause increasing with older age at diagnosis. As shown for all 

selected cancer cohorts in this study, circulatory deaths as well as all other non- 

cancer causes of death became more frequent from ages 50 onward. 

An interesting observation was that the overall cumulative five-year mortality for 

prostate cancer decreased over time. During the first calendar period the overall 

five-year cumulative mortality was 62.4% and by the last calendar period, 52.2%. 

Because the approximate 95% confidence interval for the last calendar period did 

not overlap with those of the first two calendar periods, it is suggested that a true 

decrease in the overall five-year cumulative mortality may have occurred. It is 

unlikely that prostate specific antigen (PSA) screening contributed to this 



decrease since PSA was not used extensively before 1990 (Le, Manett, Robson, 

Semenciw, Turner and Walter, 1995; National Cancer Institute of Canada, 1998). 

Research by Meyer, Moore, Bairati and Fradet (1 999) examined prostate cancer 

mortality in Quebec and Canada between 1976 and 1997 and found that prostate 

cancer mortality only started to decline in 1991, followed by a more substantial 

decline from 1996 to 1997. They also concluded that the reduction in prostate 

cancer mortality was likely not the result of PSA screening since it had only been 

widespread since 1990, but was a consequence of better prostate mncer 

management or improved treatment. A possible explanation in this study is that 

this observation was the result of an increase in early-stage prostate cancer 

detection either through routine examination or transurethral resection of the 

prostate (TURP) resulting in potentially longer survival (Potosky, Kessler, Gridley, 

Brown and Horm, 1990; Levy, Gibbons, Collins, Perkins and Mao, 1993). In fact, 

Canadian data revealed an increase in prostate cancer survival between 1970 

and 1980 possibly as the result of earlier detection (National Cancer Institute of 

Canada, 1991). 

For all selected cancers, the proportion of non-cancer causes of death tended 

to be more common among men and women diagnosed with cancer from age 50 

and older. Non-cancer causes of death were barely noticeable in patients who 

died at younger ages. This is likely due to the fact that as persons become older, 

other chronic illnesses or diseases become more prevalent. Satariano and 

Ragland (1994) examined the effects of comorbidity and three-year survival in 



936 breast cancer patients aged 40 to 84 and found that the prevalence of 

comorbidity increased with age and that the number of cornorbid conditions was 

inversely related with the risk of breast cancer death. Swanson and Lin (f994) 

examined breast cancer survival among those women diagnosed at age 20 and 

older using SEER data and showed that both black and white women diagnosed 

at 80 years of age and older were significantly (p c -05) more likely to die from 

other causes of death and that women diagnosed at 20 to 29 years and 30 to 39 

years of age were more likely to die of breast cancer than any of the older age 

groups. 

Although the prevalence of cornorbidity generally increases with age and may 

help to explain the variation in proportions of cancer and non-cancer causes of 

death by age-group, it is also possible that patients who presented with cancer at 

younger ages may have had more aggressive forms of the disease compared to 

persons diagnosed at older ages, therefore increasing the probability of dying 

from the original cancer diagnosis. 

5.2.3 Standardized mortality ratios 

The main finding in this study was that for most selected cancer cohorts, a 

sig nifcantly increased risk of mortality for circulatory, respiratory and digestive 

diseases was shown. Deaths from digestive diseases for both prostate cancer 

and female lung cancer cases were not signficantly increased. The 05% 

confidence interval was particularly wide for the female lung cancer cases (0.96- 



6-95), suggesting that the data were compatible with an increased risk but that 

sample size was not sufFicient enough to exclude chance as a likely explanation. 

Although this SMR did not reach statistical significance it is not an indication that 

deaths from digestive diseases are not worthy of further investigation among 

female lung cancer cases. This cause of death should continue to be studied but 

in an investigation where there is adequate sample size. Wfih respect to prostate 

cancer cases, because the width of the 95% confidence interval was much 

narrower (0.89-1.73), this is more supportive evidence to suggest that there was 

no true increased risk of death from digestive diseases. 

Among males and females diagnosed with lung cancer, the SMR was highest 

for respiratory diseases, with values of 4.07 (95% CI 3.284.99) and 4.82 (95% 

CI 2.69-7-95), respectively. Equally interesting was that among males and 

females diagnosed with colorectal cancer, the SMR was highest for digestive 

diseases, with values of 1.97 (95% CI 1.36-2.77) and 2.36 (95% CI 1.65-3.29). 

respectively. It is uncertain whether the increased mortality shown by the SMRs 

was real or a reflection of death certificate coding practices. It is evident that the 

same organ systems are affected in each case (e.g. colorectal cancer and 

digestive diseases) and are perhaps made vulnerable to diseases of those 

systems, whether it is from the spread of cancer or from treatment measures. 

However, it is unknown whether the recorded cause of death was independent of 

the cancer or was actually a complication of the cancer but recorded as a non- 

cancer cause of death. 



Mannino, Ford, Giovino and Thun (1998) examined how often lung cancer was 

recorded as the underlying cause of death when mentioned anywhere on the 

death certificate using multiple cause of death files compiled by the National 

Center for Health Statistics in the United States. Almost 92% had lung cancer 

listed as the underlying cause of death. However, in cases where it was not 

recorded as the underlying cause, it was suggested that there may have been a 

combination of factors responsible such as cancer remission, the number of 

other chronic conditions the individual may have had listed or a factor of how the 

death certificate was completed. Koch et al. (1987) showed that among women 

diagnosed with breast cancer but having died from a non-cancer cause, 64% of 

the cases were considered free of breast cancer at the time of death but with no 

certitude of cure since almost 54% died within the first 10 years after diagnosis. 

That there was an increased risk of mortality from circulatory diseases among 

the breast cancer patients in this study, is consistent with two other studies 

(Rutqvist, 1984; Koch et al., 1987). In fact, in Rutqvist's study, breast cancer 

patients had an SMR of 1.20 (95% CI 1.10-1 -31) for circulatory diseases, 

whereas in this study an SMR of 1.38 (95%CI 1.25-1 -51) was shown. An 

increased risk of mortality from respiratory (SMR=I .86) and digestive diseases 

(SMR=I -56) was also evident among breast cancer patients. The reasons for 

this increase are not completely known, but this may be a reflection of how 

cancer in the breast affects other organs in the body. For example, breast 



cancer is known to spread to the lungs (Houten and Reilley, 1980). Further 

investigation is warranted, as the observed number of deaths was almost double 

the expected number. 

Among prostate cancer patients a significantly increased risk of mortality from 

circulatory and respiratory diseases was shown. Circulatory deaths have been 

noted as a substantial contributor to mortality among men with this cancer 

(Satariano et al., 1998); however, the interaction between cardiovascular disease 

and prostate cancer is not entirely understood. 

In summary, several interesting SMRs were observed among the selected 

cancer cohorts. What seems apparent, is that the increased risk of mortality from 

these causes provides some indication that the general health of cancer patients 

is an area of reseach that may require further investigation. These findings also 

inspire further examination into cause of death coding, particularly when deaths 

are from non-cancer causes. 

5.3 Strengths and limitations 

The following section describes the strengths and limitations of this research. 

5.3.1 Strengths 

Cancer-specific mortality statistics provide important information about the 

lethality of cancer as well as progress made against the disease. However, 

these statistics do not capture the noncancer causes of death among cancer 



patients. This study provided information on all causes of death using ICD-8 and 

ICD-9 broad disease groupings among a welldefined population of almost thirty 

thousand cancer patients diagnosed with malignant neoplasms in Nova Scotia 

and who died during a 20 year period. The cumulative five-year causespecific 

mortality permitted an examination of the causes of death among four cancer 

sites, stratifed according 

years of follow-up time. 

circulatory and respiratory 

to calendar period of diagnosis, age, sex, and five . 
Although it may not be surprising that deaths from 

diseases were the most prominent non-cancer causes 

of death. mainly among persons sixty years of age and older, this information is 

typically not obtained by cancer mortality statistics. This study has also provided 

some indication that certain cancer patients may be at an increased risk of death 

from non-cancer causes and thus provides a stepping stone for further research, 

perhaps in other Canadian provinces. 

5-3.2 Limitations 

There are several limitations to this study including the use of death certifcates, 

methodological limitations of the SMR, missing patient information and the study 

population. These limitations are discussed in the following. 

5.3.2. I Use of death certificates 

Underlying cause of death as recorded on the death certificate, was linked with 

cancer registry records in this study. Death certificates are the most common 

sources of information for the underlying causes of death among populations. 



However, the responsibility of completing the death certificate belongs almost 

always to the physician. His or her ability to comedy certify the underlying cause 

of death is a major determining factor of accuracy and completeness of the death 

certificate (Jordan and Bass, 1993). The certifier is also expected to list the 

causes (immediate, antecedent and underlying cause), in an order that reflects a 

logical sequence of events causing death (Kircher and Anderson, 1987; Wiikins 

et al., 1997). Where information on the death certificate does not comply with the 

standard, W.H.O. sets rules which govern the selection of the underlying cause 

from the information recorded on the death certificate (World Heaith 

Organization, 1 977). 

Although we could not examine whether the death certificate was completed 

according to W.H.O. standards, there was some evidence of inaccurate death 

certificate coding. The first and most simple example was shown among the 

patient exclusions, whereby 13 male cancer cases were assigned female 

underlying causes of death (female breast cancer and other and unspecified 

female genital organ cancer). Errors in death certificate completion have been 

discussed by Kircher and Anderson (1987) and Jordan and Bass (1993). One of 

the comments discussed and investigated by these researchers was that many 

physicians tended not to distinguish between the mechanism and cause of death. 

For example, congestive heart failure (a mechanism) is considered vague in 

description and is only acceptable when accompanied and explained by a 

specific underlying cause of death such as coronary artery disease. Jordan and 



Bass examined the types and frequency of errors in death certificate completion 

and found that the recording of a mechanism of death without an explanation 

occurred in 9.9% of the 426 death certificates sampled. This type of error varied 

among the different medical departments. The department of oncology had the 

second highest ran king of acceptable death certificate completion. If 

mechanisms such as cardiac arrest. respiratory failure and heart failure are 

unaccompanied by an underlying cause of death they are considered errors in 

death certificate completion because they are usually the result of some 

underlying condition. This type of error in this study was not quantified; however, 

mechanisms, such as those mentioned above. were listed as underlying causes 

of death. 

Important reasons for inaccurate death certificate completion include a lack of 

knowledge surrounding the circumstances leading up to death, a lack of training 

in death certificate completion, incorrect selection of the underlying cause of 

death when there are a number of diseases or conditions involved (especially 

among older persons who may have a variety of illnesses) and diagnostic or 

coding errors (Percy, Stanek and Gloeckler, 1981 ; Kircher and Anderson, 1987; 

Moriyama. 1989; Flanders, 1992; Jordan and Bass, 1993; James and Bull, 1996; 

Messite and Stellman, 1996). Ill-defined causes assigned as the underlying 

cause of death may result from some of these factors. However, this disease 

grouping is usually selected as the underlying cause of death when it is the only 

cause reported on the death certificate (Israel, Rosenberg and Curtin, 1986). 



Important consequences of reporting ill-defined underlying causes of death 

include misclassification of the specific site or malignancy (in the case of a 

cancer death) and rnisclassification of the pathologies causing death in the 

elderly (Percy et al., 1981 ; Kohn, 1982). 

lll-defined causes recorded as the underlying cause of death were present in this 

study. Suggested examples (DSAmico. Agonino, Biagino, Sirnonetti and 

Marinelli, 1999) included ICD-9 159-1 59.9 (malignant neoplasm of other and ill- 

defined sites within the Gllperitoneum; ICD-9 179 (malignant neoplasm of uterus, 

part unspecified); ICD-9 195-195.8 (malignant neoplasm of other and ill-defined 

sites); ICD-9 199-199.1 (malignant neoplasm without specification of site); ICD-9 

208 (leukemia of unspecified cell type); ICD-9 427.9 (cardiac dysrhythmia, not 

otherwise specified); and ICD-9 780-796 (symptoms, signs and illdefined 

conditions). The highest proportion of deaths falling into any one of these 

categories was for malignant neoplasm without specification of site (ICD-9 199- 

199.1); 490 deaths were listed in this category. Although this may be considered 

an ill-defined cause, it is important to note that for this category the type of 

cancer that has caused death is a disseminated cancer; designating a more 

precise cancer site as the underlying cause of death may not be possible if a 

history of cancer is unknown. 

The degree to which death certificates were completed accurately is not 

entirely known nor was it an objective of this study. Since death certificates were 



the only source of obtaining the underlying cause of death, acknowledging the 

inherent errors associated with them and their possible influence on study results 

is important- Illdefined causes of death and cancer causes of death without 

specification of site provide some insight into the process of death certification as 

well as the natural history of cancer- It may be true that the certifying physician 

may not completely understand the requirements of death certification or know 

the complete medical history of an individual, but there is also an indication that 

cancer is a disease that can be detected at a very late stage, having already 

spread througout the body. 

5.3.3 Methodological issues of the standardized mortality ratio 

When one wishes to compare mortality from several causes of death in a 

particular cohort to that of the general population, the standardized mortality ratio 

(SMR) is used (Breslow and Day, 1987). This method determines whether the 

number of deaths observed in the study population is greater or less than one 

might expect, had the study population developed the disease at the same rate 

as the general population (Hennekens and Buring, 1987). There are two 

advantages in using the SMR. First, only the total number of deaths is required 

instead of the age-specific amounts. Secondly, the SMR is less sensitive to 

numerical instabilities in one or two of the age-specific categories because the 

weights (person-years at risk) tend to minimize the variance of the weighted 

average of the ratios of age-specific rates for cohort and standard population 

(Breslow and Day, 1987). 



Although there are advantages to using this summary measure, there are 

certain limitations. Some limitations include: the reliance of death certificate data 

for the underlying cause of death; the choice of the general population standard 

in deriving the estimated deaths; the use of a summary measure to represent all 

age-specific mortality ratios; and lastly, the challenge in comparing two SMRs. 

Reliance on death certificates and the associated errors with their usage have 

been discussed previously and will not be discussed in this section. Comments 

on the choice of the general population standard, the use of the SMR as a 

summary measure and the challenge in comparing SMRs are discussed below. 

Crude mortality rates for the specific underlying causes of death were based on 

the province of Nova Scotia as opposed to the general population of Canada. 

Using Nova Scotia mortality rates to calculate the expected deaths instead of the 

Canadian national mortality rates limits the possibility of comparing the SMRs of 

this study with other SMRs since national population mortality rates are generally 

based on large, stable numbers and therefore can permit direct comparison of 

findings (Tsai and Wen, 1986): A second potential limitation in using Nova 

Scotia mortality figures concerns an underestimation of risk. Since the cancer 

cohorts and mortality rates derive from the same province, it is quite possible 

that, because of the same geographical location, similarities in risk factors and 

exposures may be alike, thus potentially resulting in a masking of risk. In other 

words, because the general population consists of exposed and non-exposed 



individuals, the expected number of deaths will reflect the effect of exposure 

resulting in an underestimate of an increased or decreased risk (Tsai and Wen, 

1986; Hennekens and Buring, 1987). One way to modify this problem would be 

to adjust the crude mortality rates of Nova Scotia by subtracting the cancer 

cohort from the numerators and denominators in order for them not to be 

incorporated in the general population counts as was done in Baird and 

SadovnicKs (1988) study on the causes of death among individuals with Down 

syndrome- 

Despite these limitations, Nova Scotia mortality rates were used because 

research which has examined the causes of death among cancer patients is 

quite rare (at least in Canada), and it was thought that as a first step, 

geographical comparisons would be made by comparing mortality in the cancer 

cohort to that of the general population of Nova Scotia. In addition, the crude 

mortality rates for Nova Scotia were easily computed and readily available using 

Orius98 software. 

Although the SMR can provide information about whether a specific cohort has 

experienced a higher or lower mortality than expected, the SMR is considered a 

weighted average of the age-specific mortality ratios across calendar time and 

age groups (Tsai and Wen, 1986). When the SMR is calculated, it represents all 

the individual age-specific mortality ratios and is considered a summary 

measure. However, for the SMR to be representative, mortality ratios should be 



homogeneous across age groups flsai and Wen, 1986). Age-specific mortality 

ratios were not calculated in this study. Instead, the total number of cause 

specific deaths were compared to the total number of cause-specific expected 

deaths within each cancer cohort. To evaluate whether the overall SMR 

adequately summarized the mortality experience among all age groups, the 

assumption of proportionality between the age-specific ratios and those of the 

general population would need to be tested (Kelsey, et al., 1996). 

Several SMRs were calculated in this study and it is advised that comparisons 

not be made, whether by taking the absolute difference between two SMRs or by 

taking their ratio. Comparisons can be biased and lead to wrong conclusions if 

certain conditions are not evaluated- One condition that should be examined is 

whether the age-specific mortality ratios within each study population are similar 

across age groups. The other condition is to examine whether the age structures 

of the two populations are similar. If the age structure of the two populations are 

dissimilar, then each standardized mortality ratio is standardized to a different 

population and they are therefore not comparable (Hennekens and Buring, 

1987). Although these two conditions are advised, both are not required usai 

and Wen, 1986). 

5.3.4 Missing information among cancer patients 

5.3.4.1 Cancer staging 

Staging of disease at initial diagnosis is important for patient prognosis, 



treatment planning as well as examining mortality (Yancik et at., 1996; Yancik 

and Ries, 1994). Cancer stage at the time of diagnosis was not available among 

these data. Had this information been made available, a further understanding of 

the relationship between cancer stage and underlying cause of death (cancer 

versus non-cancer) may have been provided. For example, prostate cancer had 

the highest proportion of deaths from circulatory diseases when the cumulative 

five-year cause-specific mortality was calculated. This high proportion may have 

been partly the result of men being diagnosed with less advanced cancer. In 

fact, research by Satariano and colleagues (1998) showed that men diagnosed 

with early stage prostate carcinoma were more likely to die from a non-cancer 

cause. In Hakulinen and Teppo's (1977) study of the causes of death among 

breast and intestinal cancers, extent of tumour (ciassified as localized or non- 

localized) was available and was used as a stratifying variable in the comparison 

of the causes of death between the cancer and general population of Finland. 

Non-localized breast cancer cases had higher than expected deaths from 

accidents, poisonings and violence (termed violent deaths) during the first five 

years of follow-up. 

Results from the cumulative five-year cause-specific mortality had shown that 

in almost all persons diagnosed with cancer at 39 years of age and younger and 

who had died, the underlying cause of death was due to the original cancer 

diagnosis. Although stage inforrnation at diagnosis was unavailable, it is possible 

that the cancers selected for five-year observation were more advanced in stage. 



Feldrnan and Welch's (1998) study of breast cancer sunrival in women 

diagnosed at thirty years of age or younger showed that most deaths occurred 

within the first five years after diagnosis and that 92% had died from metastatic 

breast cancer. Although their study population was small, consisting of only 

twenty-nine women, they suggested that survival is poor when breast cancer is 

diagnosed at younger ages probably as a result of the disease being presented 

at more advanced stage. Sariego, Zrada, Byrd and Matsumoto (1995) used 

SEER data to retrospectively examine breast cancer survival in women 

diagnosed at age 35 years or younger and who had undergone surgical 

treatment for the disease. Fifty-six per cent of the study population had either 

regional nodal metastases or distant metastases while the remaining fow-four 

per cent had localized breast cancer. The authors stated that no signficant 

differences between age and five- and ten-year survival were shown but that 

there was a significant difference between stage and five- and ten-year survival. 

Unfortunately, no statistical testing was performed so it is uncertain how these 

authors reached this conclusion. However, the fact that stage information was 

considered within the design of the study warrants attention and would have 

likely been used in this study had it been available. 

5.3.4.2 Theatmen t regimen 

The use and type of cancer treatment was unavailable for this research. 

Anticancer drugs are known to adversely affect various organs of the body such 

as the heart (Frishman et al., 1997; Wei, 1995), kidneys, bladder, lungs and 



nervous system, as well as interfering with blood clotting ability (Coleman, 1998; 

Stover and Kaner, 1996; Donati, 1994); therefore, the underlying causes of 

death, whether from cancer or other causes, may have been influenced by late 

complications of cancer treatment. However, associating a type of treatment with 

an underlying cause of death would be difficult due to factors such as age, the 

coexistence of other d rug/su rg ical therapies, preexisting comorbidities; these 

factors often dictate the type of treatment to be given (Frishman et al., 1997; Wei, 

1995)- 

5.3.5 Study population 

Exclusion of non-melanotic skin cancer (ICD-9 173) may have resulted in an 

underestimation of the proportions of cancer and non-cancer underlying causes 

of death since over ten thousand people were diagnosed with this cancer. 

However, the intention of this study was to include malignant neoplasms that 

were reported regularly as opposed to non-melanotic skin cancers which are 

somewhat underreported because many cases are not brought to the attention of 

a physician (NCIC, 1998). Additionally, patient identifiers for this cancer are 

generally poorer, as there are few admissions and no multiple sources of data 

(R. Dewar (Nova Scotia Cancer Registry), personal communication, August 

1999). This makes record linkage more difficult and therefore linkage error 

(missed deaths or deaths incorrectly ascribed to ICD 173 patients) is more likely. 

Persons diagnosed through death certificate only (DCO cases) were excluded 



because of the method of registration being through Vital Statistics. This 

exclusion resulted in a loss of 9% of cases. Unregistered cancer cases usually 

implies a short survival period (Mao et al., 1991). Because many cancers with 

short survival tend to be lethal cancers such as lung cancer or pancreatic cancer, 

exclusion of these cases may have resulted in an underestimation of cancer 

deaths. 

This study covered a twenty-year mortality period during which two versions of 

the ICD were implemented. Advancement in medical knowledge and diagnostic 

technology could influence how causes of death were diagnosed and recorded, 

possibly resulting in an increase or decrease of specific causes. 

A last consideration is that patients with more than one primary cancer were 

included in this study; the first cancer diagnosis (according to date order) and 

cause of death, if applicable, were used in the analyses. Inclusion of these 

patients may bias these results, perhaps by underestimating the risk for excess 

mortality, because their risk of mortality may be different from patients with one 

primary cancer. It is suggested that patients with multiple primaries may have a 

survival advantage due to the natural history of their tumours being different 

possibly as a result of immunological differences (Robinson, Rennert, Rennert 

and Neugut, 1993; Varty, Delrio and Boulos, 1994; Sankila and Hakulinen, 1998). 



5.4 Conclusion and Future Directions 

This study has attempted to contribute inforrnation about the causes of death 

among cancer patients using a Nova Scotian cancer cohort. Cause of death 

studies are often not an investigated topic in and of itself in cancer research. A 

reason for this lack of information is that most cancer patients will die from 

cancer or from complications associated with the disease. These data show that 

over half (54.2%) of the incident cases of cancer died fiom cancer, and that 

13.2% died from non-cancer causes. The majority (10.5%) of non-cancer deaths 

were attributed to circulatory, respiratory or digestive diseases, occurring mainly 

in persons 50 years of age and older. Although the mortality experience of this 

population may not be generalizable to other jurisdictions because these data 

were from one province of Canada, this does not limit the potential for further 

study in other Canadian provinces. In fact, only one other Canadian study has 

reported to have investigated the non-cancer causes of death. If we are to more 

fully understand how cancer affects individuals, it is equally important to be 

aware of other risks of mortality so that they can either be prevented or detected 

earlier and then possibly be treated. 

In this study, mortality data were limited to the underlying cause of death 

recorded on the death certificate. There are many limitations associated with this 

source of information and future studies should analyze the data by the multiple- 

cause approach, where all data mentioned on the death certificate would be 

used. Generally speaking, multiple-cause of death studies have shown that the 



average number of causes of death listed on death certificates is quite low when 

any malignant neoplasm is mentioned as the underlying cause of death. 

However, there may be exceptions for some cancers for which longer survival is 

probable and where other chronic illnesses may be prevalent. These 

malignancies may include male and female genital organ cancer and cancers of 

the urinary system (Israel et al., 1986; Mackenbach et al., 1997; W~lkins et al.. 

1997). 

A non-cancer cause of death observed in this study that was not discussed 

was suicide. Forty-seven cancer patients had suicide or sepinflicted injury 

recorded as the underlying cause of death- In absolute terms, the number of 

deaths from this cause may appear minor over a twenty year mortality period, 

however, it is unknown whether suicide was higher than expected compared to 

suicide in the general population of Nova Scotia. Future cancer research may 

want to investigate this cause of death, perhaps using a larger data set, since an 

increased risk of suicide among cancer patients has been reported (Allebeck, 

Bolund and Ringback, 1989; Storm, Christensen and Jensen, 1992). Allebeck 

and colleagues reported an overall SMR of 1.9 (95% CI 1.8-2.1) for males and an 

SMR of 1.6 (95% CI 1.5-1 -8) for females. Storm and colleagues reported a 

relative risk (RR) of suicide among men to be 1.8 (95% CI 1.6-2.1) and for 

women a relative risk (RR) of 1.6 (95% CI 1.3-1 -9). Stomach, lung, brain and 

central nervous system cancers as well as the first 1 to 2 years after diagnosis 

appeared to be associated with an increased risk for suicide possibly as a result 



of advanced stage upon diagnosis or the amount of pain and other physical 

discomfort associated with these cancers. 

Standardized mortality ratios were also calculated for selected cancer cohorts 

using specific causes of death. Several limitations are inherent to €he SMR, 

namely, that it summarizes the mortality experience over all age groups. If in 

future this method is used to examine the causes of death in cancer patients, it is 

suggested that the age-specific mortalw ratios be calculated to determine 

whether the SMR adequately describes the mortality experience of the entire 

cohort It also recommended that the SMR be stratified by time since diagnosis 

since an increased or decreased risk for mortality may change over time. 

Knowing when to intervene if there is an increased risk of death from a certain 

cause may have important consequences for survival. 

Future Canadian cancer research from other populations is needed to help 

substantiate whether cancer patients are at an increased risk of mortality from 

non-cancer causes of death. Other patient information such as cancer stage, 

treatment modality and comorbidity, should be incorporated to investigate how 

these factors may help explain the risk for other competing causes of death. 

Only basic patient information such as age and date at diagnosis, sex, cancer 

site, and underlying cause of death (if applicable) and date of death were 

available for analyses. 



Deaths from circulatory, respiratory and digestive diseases were higher than 

expected (as shown from the SMRs) among prostate, colorectal, lung and breast 

cancers. These higher than expected ratios could suggest that cancer patients, 

who are usually older, are at risk for certain causes of death because they are 

more likely to concunently experience other chronic ailments (Yancik et al., 

1996). However, as Satariano and colleagues (1998) suggest, information on 

how cumorbidities and cancer interrelate and what it means to have both cancer 

and another or possibly several comorbidity(ies) is important, especially in terms 

of care and treatment Research is needed to attempt to explain the relationship 

between comorbidity and cancer and how it may influence cancer prognosis, 

quality of life and survival. 



Appendix A 

The National Cancer lncidence Reporting System (NCIRS) and Canadian 
Cancer Registry 

In 1969 the National Cancer Incidence Reporting System (NCIRS) was 

established via the collaboration of provincial cancer registries and the National 

Cancer Institute of Canada (NCLC). NClRS existed until 1991 and was changed 

in 1992 to the Canadian Cancer Registry (CCR). This project therefore used 

incidence data from the NCIRS. The goal of the CCR is to collect incidence and 

survival information for cancer control using a standardized, patient-oriented, 

updateable database. NCIRS and CCR are managed by the Health Statistics 

Division (HSD) at Statistics Canada (SC) whereby population-based information 

is compiled from each provincial and territorial cancer registry (PTCR). This 

information has been used in various health research applications such as trend 

analysis, the monitoring and evaluation of screening programs, future projections 

of cancer burden. potential risk factors, and survival analysis. 

Cancer registration in each province is unique with respect to each registry's 

history and style of registration. To standardize the method of recording cancer 

incidence in Canada, the CCR in 1992 helped establish a standard system of 

reporting cases to the national level. The variables that the CCR collects are 

more or less a subset of the information collected by each PTCR. These include 

patient name, health insurance number, provincial registry identifier, birthplace, 

sex, date of birth, method of diagnosis, ICD-0 topography and morphology, ICD- 



9 code of diagnosis, reporting year, place name of residence (i.e. standard 

geographic code of residence), patient status, death registration number, and 

date of death. 

Yearly incidence data, which includes basic patient and diagnostic information, 

are sent from the PTCR to Statistics Canada. Updates and deletions may also 

be sent to the CCR. As of 1992, all registries must edit their data before sending 

it to the CCR in accordance with the standardized layout CCR has outlined. If 

there are any records that have failed to be edited, CCR rejects them and returns 

them to the PTCR for correction and re-submission. An internal recurd linkage 

providing provincial death clearance is performed on all records in the CCR file 

(from 1992 onward) each year. 



Appendix B 

Record Linkage 

... The Canadian Mortality Oata Base, which is maintained by Statistics Canada, 

receives mortality data from provincial vital statistics registrars which are 

converted to a standardized format. The mortality data are linked or matched to 

the cancer records using a process known as the Generalized Iterative Record 

Linkage System (GIRLS). Record linkage is peHormed by a weighted 

probabilistic matching process where weights are assigned to each record based 

on rarity of names and common name misspellings through the use of the New 

York State Identification and Intelligence System (NYSIIS) phonetic codes. This 

method uses field compatibility checks to assign a final weight for each patient 

record. To obtain the cause of death for patients who died between 1969 and 

1989, the death registration number from the Canadian Cancer Data Base 

(CCDB) was matched to the Canadian Mortality Data Base. If matching did not 

occur with the CMDB, then the analyses assumed the patient was alive up to 

December 31 *, 198% 



Appendix C 

Permission to access NClRS cancer incidence and mortality data from the 
Nova Scotia Cancer Registry. 

Queen E l i a t h  II 
Health Sciences Centre 



Appendix D 

Sample SAS program for personyeam at risk calculation. 

* T h i s  program is t o  c a l c u l a t e  t h e  number of person years 
observed f o r  each subject ;  
opt ions Is = 80 ps = 60 nodate; 
t i t l e  'Person years observedr; 
Libname l i b r a r y  l . ' ;  

libname set ' , I ;  

d a t a  peryrs; 
set set -maSteri 

*One can select the cancer type here and run the se lec ted  group 
through t h i s  program; 

*Setting each person-year category t o  0 so that as it goes 
through each individual ,  SAS can put  t h e  observed person years  
i n t o  each s p e c i f i c  age category. 'P' is the t o t a l  number of 
person years f o r  t h a t  indiv idual  and t h e  remaining p ca tegor ies  
are: pO = 0-19 years, p20 = 20-29, p30 = 30-39, etc,; 

'Setting up the  ca l cu la t ions  f o r  age a t  diagnosis and age at 
death; 

agediagl = (diagyr - b i r t h y r )  + (diagmn - birthmth) /l2; 
agedeath = (1900 + mdbdyear - b i r t h y r )  + (mdbdmnth - 
birthmth) /l2; 

*Person year groups should be s e t  up s o  t h a t  as t h e  program 
processes each individual ,  SAS can go through each i n t e r v a l  to 
see  whether it is  t r u e  o r  f a l s e  and then appropriately 
ca lcula te  the  person-years observed f o r  each age in t e rva l .  
Total  person years f o r  each i n t e r v a l  could then be ca lcula ted-  
Each of  the i n t e r v a l s  is set t o  zero s o  t h a t  t h e  number of  
person years can be ca l cu la t ed  f o r  each individual;  

*For those presumed a l i v e  since t h e  s tudy end-date i s  December 
31st,  
1989- When the  number o f  deaths a r e  ac tua l ly  calculated,  the 
fallowing w i l l  have t o  be turned "off" so t h a t  the number o f  
deaths is ca lcula ted  properly; 



if mdbdyear = . then agedeath = (1989 - birthyr) + (12 - 
birthmth) 112; 
if mdbdyear > 89 then agedeath = (1989 - bi r thyr )  + (12 - 
birt--hmtb) 112; 
i f  diagyr < 1984 then agediagl = (1983 - bi r thyr )  + (12 - 
bi*th) 112; 
diagyrl = diagyr; 
i f  diagyr C 1984 and mdbdyear > 83 then diagyr = 1984; 

+This par t  of the program w i l l  s t a r t  t o  s e t  up the person-years 
observed calculation f o r  each age interval .  P(n)  stands f o r  
each age in terval ;  

i f  1984 C= diagyr <= 1989 then do; 

i f  agediagl < 20 then do; 
i f  agedeath > 20 then do; 
pO = 20 - agediagl - p; 
end; 
else do; 
pO = agedeath - agediagl - p; 
end; 
p = pO + p; 
end; 

if agediagl < 30 then do; 
i f  agedeath > 30 then do; 
p20 = 30 - agediagl - p; 
end; 
e l s e  do; 
p20 = agedeath - agediagl - p; 
end; 
p = p20 + p; 
end; 

if agediagl c 40 then do; 
if agedeath > 40 then do; 
p30 = 40 - agediagl - p; 
end; 
e l s e  do; 
p30 = agedeath -agediagl - p; 
end; 
p = p30 t p; 
end; 

i f  agediagl < 50 then do; 
if agedeath > 50 then do; 
p40 = 50 - agediagl- p; 
end; 
else do; 
p40 = agedeath - agediagl - p; 
end; 
p = p40 + p; 
end; 

i f  agediagl < 60 then do; 
i f  agedeath > 60 then do; 
p50 = 60 - agediagl - p; 
end; 
e l s e  do; 
p50 = agedeath - agediagl - p; 
end; 



p = p50 t p; 
end; 

if agediagl C 70 then do; 
i f  agedeath > 70 then do; 
p6O = 70 - agediagl - p; 
end; 
e l s e  do; 
p60 = agedeath - agediagl - p; 
end; 
p = p60 + p; 
end; 

i f  agediagl < 80 then do; 
i f  agedeath > 80 then do; 
p70 = 80 - agediagl - p; 
end; 
else do; 
p70 = agedeath - agediagl - p; 
end; 
p = p70 + p; 
end; 

i f  agediagl < 90 then do; 
i f  agedeath > 90 then do; 
p80 = 90 - agediagl - p; 
end; 
else do; 
p80 = agedeath - agediagl - p; 
end; 
p = p80 + p; 
end; 

i f  agediagl < 100 then do; 
i f  agedeath > 100 then do; 
p90 = 100 - agediagl - p; 
end; 
e l s e  do; 
p90 = agedeath - agediagl - p; 
end; 
p = p90 + p; 
end; 

i f  agediagl < I10 then do; 
i f  agedeath > 110 then do; 
plOO = 110 - agediagl - p; 
end; 
else do; 
plOO = agedeath - agediagl - p; 
end; 
p = pl00 + p; 
end; 
end; 

*Using t h e  proc means command, w e  can use the <sum> option that 
w i l l  give us the sum of person years at risk f o r  each age 
group; 

proc means mnxdec = 2 n mean sum; 
var p pO p20 p30 p40 p50 p60 p70 p80 p90 plOO p110; 
run; 



Appendix E 

Calculations for the expected number of deaths. 



Table El. Standardized mortality ratio for circulatory diseases among male lung 
cancer patients, Nova Scotia, 1969-1 989. 

Circulatory diseases mortality Expected deaths: 
Person-years rates for Nova Scotia males due to circulatury 

Age group at risk (per 100,000) diseases 

1 969-1 973: 
0-19 
20-29 
30-39 
40-49 
50-59 
60-69 
70-79 
80-85+ 

1 974-1 978: 
0-1 9 
20-29 
30-39 
40-49 
50-59 
60-69 
70-79 
80-85+ 

1 979-1 983: 
0-1 9 
20-29 
30-39 
40-49 
50-59 
60-69 
70-79 
80-85+ 

1984-1 989: 
0-1 9 
20-29 
30-39 
40-49 
50-59 
60-69 
70-79 
80-85+ 

SMR 

Total expected deaths: 



Table €2. Standardized mortality ratio for circulatory diseases among bmale 
lung cancer patients, Nova Scotia, 1969-9 989. 

Circutatory diseases mortality Expected deaths: 
Person-years rates for Nova Scotia males due to cimulato y 

Age group at risk (per 1 0a000) diseases 

SMR = observed/expected 
= 45/21 -60 
= 2.08 

Total expected deaths: 



Table E3. Standardized mortality ratio for respiratory diseases among male lung 
cancer patients, Nova Scotia, 1969-1 989. 

Respiratory diseases mortafi w e d  deaths: 
Person-years rates for Nova Scotia males due to re8pimtory 

Age group at risk (per 100.000) diseases 

SMR 

Total expected deaths: 



Table E4. Standardized mortality ratio k r  respiratory diseases among femak 
lung cancer patients, Nova Scotia, 1969-1 989 

Respiratory diseases mortality Expected deaths: 
Person-years rates for Nova Scotia females due to mpimtory 

Age group at risk (per 100,000) diseases 

SMR = observedlexpected 
= 1513.11 
= 4.82 

Total expected deaths: 



Table €5. Standardized mortal'ny ratio for digestive diseases among male lung 
cancer patients, Nova Scotia, 1969-1 989. 

Digestive diseases mortality Expected deaths: 
Person-years rates for Nova Scatia maIes due ta digemhe 

Age group at risk (per 1~,000)  diseases 

Total expected deaths: 

SMR = obsewedlexpected 
= 28/7-71 
= 3.63 



Table €6. Standardized mortality ratio for digestive diseases among M a l e  lung 
cancer patients, Nova Scotia, I969-fg89. 

- -- -- 

Digestive diseases mortality Expected deaths: 
Person-years rates for Nova Scotia females due to digestive 

Age group at risk (per 1 00,000) diseases 

SMR = observed/expected 
= 5/1.68 
= 2-98 

Total expected deaths: 



Table E7. Standardized mortality ratio tor circulatory diseases among male 
colorectal cancer patients, Nova Scotia, l96SwI989. 

Circulatory diseases mortality m e d  deaths: 
Person-years rates for Nova Scotia males due to circulrto y 

Age group at risk (per 1~~,000)  diseases 

Total expected deaths: 



Table E8. Standardized mortality ratio for circulatory diseases among fmaie 
colorectal cancer patients, Nova Scotia, 1969-1 989. 

Circulatory diseases mortari Expected deaths: 
Person-years rates for Nova Scotia females due to circulatory 

Age group at risk (per 100,000) diseases 

1 969-1 973: 
0-1 9 
20-29 
30-39 
4049 
50-59 
60-69 
70-79 
80-85+ 

1 974-1 978: 
0-1 9 
20-29 
30-39 
40-49 
50-59 
60-69 
70-79 
80-85+ 

1979-1 983: 
0-19 
20-29 
30-39 
4049 
50-59 
60-69 
70-79 
80-85+ 

1984-1 989: 
0-1 9 
20-29 
30-39 
4049 
50-59 
60-69 
70-79 
80-85+ 

SMR 

Total expected deaths: 



Table E9. Standardized mortality ratio for respiratory diseases among male 
colorectal cancer patients, Nova Scotia, 1969-1989. 

Respiratory diseases mortality Expected deaths: 
Person-years rates for Nova Scotia males due to respiratory 

Age group at risk @er 100.000) diseases 

SMR 

Total expected deaths: 

0.00 
0-00 
0.00 
0.02 
0-15 
0.74 
1-71 
1.56 

0.00 
0.00 
0.00 
0.01 
oat 
1-57 
3.42 
6.1 2 

0.00 
0-00 
0.00 
0.01 
0.16 
1.69 
6.60 
7.67 

0.00 
0.00 
0.00 
0.01 
0.20 
1-79 
7.98 

14.40 

56.02 



Table El 0. Standardized mortality ratio for respiratory diseases among M a l e  
colorectal cancer patients, Nova Scotia, '1969-1 989. 

Respiratory diseases mortality Expected deaths: 
Person-years rates for Nova Scotia h a l e s  due to respiratory 

Age group at risk (per t0WW) diseases 

SMR = obsenred/expected 
= 45130.75 
= 1-46 

Total expected deaths: 



Tabb Ell. Standardized mortality ratio for digestive diseases among male 
colorectal cancer patients, Nova Scotia, 1969-1989. 

Digestive diseases mortality Expected deaths: 
Person-years rates for Nova Scotia males due to digdive 

Age group at risk (per 100,000) diseases 

SMR 

Total expected deaths: 



Table El?. Standardized mortality ratio for digestive diseases among m a l e  
colorectal cancer patients, Nova Scotia, 3 969-1 989- 

Digestive diseases rnortalii Expected deaihs: 
Person-y-ears rates for Nova Scotia females due to digestive 

Age group at risk (per 100.000) diseases 

SMR = obse rved/expected 
= 35I14.81 
= 2.36 

Total expected deaths: 



Table E13. Standardized mortality ratio for circulatory diseases among male 
prostate cancer patients, Nova Scotia, 1969-1 989. 

-- 

Circulatory diseases mortality Expected deaths: 
Person-years rates for Nova Scotia males due to circulatoy 

Age group at risk (Per f ~ . 0 w  diseases 

SMR 

Total expected deaths: 



Table E l l  Standardized mortality ratio for respiratory diseases among mab 
prostate cancer patients, Nova Scotia, 1969-1 989. 

Respiratory diseases mortality Expected deaths: 
Person-years rates for Nova Scotia males due to mspiratory 

Age group at risk (per 1~ ,000 )  diseases 

Total expected deaths: 

SMR = observedlexpected 
= 160/106.27 
= 1-51 



Table E1S. Standardized mortrlity ratio for digestive diseases among male 
prostate cancer patients, Nova Scotia, i 969-1 989. 

Digestive diseases mortality Expected deaths: 
Person-years rates for Nova Scotia males due to digestive 

Age group at risk (Per 1 ~ . O 0 0 )  diseases 

SMR 

Total expected deaths: 



Table E16. Standardized mortality ratio for circulato y diseases among kmale 
breast cancer patients, Nova Scotia, 1969-1 989. 

Circulatory diseases mortari Expecfed deaths: 
Person-years rates for Nova Scotia kmales due to circulate y 

Age group at risk (Per 100.000) diseases 

1 969-1 973: 
0-1 9 
20-29 
30-39 
40-49 
50-59 
60-69 
70-79 
80-85+ 

1974-1 978: 
0-1 9 
20-29 
30-39 
40-49 
50-59 
60-69 
70-79 
80-85+ 

1979-1 983: 
0-1 9 
20-29 
30-39 
40-49 
50-59 
60-69 
70-79 
80-85+ 

1984-1 989: 
0-T9 
20-29 
30-39 
40-49 
50-59 
60-69 
70-79 
80-85+ 

SMR 

Total expected deaths: 



Table E17. Standardized mortality ratio for respiratory diseases among female 
breast cancer patients, Nova Scotia, 1969-1 989. 

Respiratory diseases mortality Expeded deaths: 
Person-years rates for Nova Scotia females due to mpimtoy 

Age group a t  risk (per 100,000) diseases 

SMR 

Total expected deaths: 



Table E18. Standardized mortality ratio for digestive diseases among female 
breast cancer patients, Nova Scotia, 1969-1 989. 

Digestive diseases mortalii Gcpected deaths: 
Person-years rates for Nova Scotia females due to d i m  

Age group at risk (per 100.000) diseases 

SMR = obsewediexpected 
= 36/23-08 
= 1.56 

Total expected deaths: 
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