
Although cancers of the kidney, renal
pelvis and ureter are relatively uncommon,
i.e., accounting for less than 2% of all can-
cers worldwide, incidence and mortality
rates have been rising steadily in almost
every country. Considerable international
variations are observed, with a ten-fold dif-
ference in incidence, the lowest occuring in
Asian populations, and the highest in
Scandinavia and Canada as well as in
American Caucasians.1 Approximately
80% of primary kidney cancers are renal
cell carcinomas of the renal parenchyma;
most are adenocarcinomas. The remaining
are primarily renal pelvis cancers, most of
which are transitional cell carcinomas.
Wilm’s tumour is a malignant tumour of
the kidney which occurs primarily in
young children.2,3

Kidney cancer accounts for about 3% of
all new cancers diagnosed in Canada, cur-
rently making this site the sixth most com-
mon cancer among men and the eighth
among women.4 The average annual per-
centage change in age-standardized inci-
dence (1984-1991) is 2.5% for males and
2.3% for females. In 1996, there will be an
estimated 4,050 new cases of kidney cancer
and 1,350 deaths; 60% of new cases and
deaths occur among men.4

This study was conducted to identify the
incidence and mortality patterns of kidney
cancer since 1969 in Canada, to determine
the relative contributions to the observed
increases of age, period and cohort by
using an age-period-cohort Poisson regres-
sion model, and to discuss some possible
risk factors.

METHODS

Data source
Incidence data were obtained from the

National Cancer Incidence Reporting
System (NCIRS) of Statistics Canada,
which collected data from provincial and
territorial cancer registries from 1969-
1991. In this paper, incidence data for
Canada exclude Quebec, due to a change
in registration procedures in Quebec start-
ing in 1981. Mortality statistics were
derived from data obtained from the Vital
Statistics Section of the Canadian Centre
for Health Information of Statistics
Canada. Annual population estimates were
obtained from the Demography Division
of Statistics Canada. The study period was
1969 through 1991 for incidence and
1969 through 1993 for mortality. 

Kidney cancer was coded using the 9th
revision of the International Classification
of Diseases (ICD)5 rubric 189. Kidney
cancer was defined to include malignant
neoplasms of the kidney and other and
unspecified urinary organs, i.e., ICD-9
rubrics 189.0 to 189.9. Histology was clas-
sified using the International Classification
of Diseases for Oncology,6 i.e., was catego-
rized as transitional cell (ICDO 8120,
8123, 8130), adenocarcinoma (ICDO
814-838), Wilm’s (ICDO 8960-8962),
other (ICDO 801-998) and unknown
(ICDO 800, 999). Provinces for which
comparable histology data were available
for the full study period included British
Columbia, Saskatchewan and Ontario.

Statistical analysis
Age-standardized incidence and mortali-

ty rates for kidney cancer using the world
population as standard were calculated. As
a visual inspection indicated that a linear
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Purpose: To examine kidney cancer incidence
and mortality patterns since 1969 in Canada.
Method: Linear regression of the log rates was
used to estimate secular trends by age group and
sex, and age-period-cohort models were fitted to
examine changes in kidney cancer and renal ade-
nocarcinoma incidence rates.
Results: A substantial increase in incidence rates
was observed among those 35 years and older,
with average increases of 2.5% or more annually
for both sexes. Age-period-cohort modelling sug-
gested that much of this increase resulted from a
period effect. Changes in mortality were much
more modest, especially among those aged 0-34,
for whom mortality rates actually declined by an
average of 4.2% and 5.4% annually for males
and females respectively.
Conclusions: Kidney cancer incidence rates have
increased significantly, especially renal adenocar-
cinoma among adults and seniors. Diagnostic
improvements and increasing levels of obesity in
the Canadian population may have contributed
to these trends.
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Objectif : Étudier l’incidence du cancer du rein et
les tendances de la mortalité au Canada depuis
1969.
Méthode : La régression linéaire des logarithmes
de taux a été utilsée pour estimer les tendances
générales en fonction des groupes d’âge et de
sexe. Des modèles de cohorte par âge ont été
ajustés en vue d’étudier la variation des taux
d’incidence du cancer du rein et de l’adénocarci-
nome rénal.
Résultats : L’étude a révélé une augmentation
importante du taux d’incidence chez les person-
nes âgées de 35 ans et plus. L’augmentation
moyenne est de 2,5 % par an ou plus pour les
deux sexes. Cette modélisation semble indiquer
que l’augmentation des taux est due avant tout à
un effet lié à des périodes. Les variations des taux
de mortalité étaient beaucoup moins impor-
tantes, surtout chez les personnes âgées de 0 à 34
ans. Dans cette tranche d’âge, le taux de mortal-
ité a diminué en moyenne de 4,2 % par an chez
les hommes et de 5,4 % par an chez les femmes.
Conclusions : Les taux d’incidence du cancer du
rein ont augmenté de façon significative, surtout
ceux de l’adénocarcinome rénal chez les person-
nes d’âge moyen et les personnes âgées. Il est
possible que de meilleures méthodes diagnos-
tiques et un accroissement de l’obésité dans la
population canadienne aient influé sur les ten-
dances observées.
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model provided a good fit, trends starting
from 1969 to 1991 for incidence and from
1969 to 1993 for mortality were modelled
using a linear regression on the logarithm
of the annual rates, of which secular trends
were tested by using t-test. In the linear
regression model, ß is the estimated coeffi-
cient and the average annual percent
change is derived from [exp (ß)-1]x100.
The period rates for initial and final three
years, relatively more stable, were used to
compare the difference across the study
periods.

Incidence rates from 1969 to 1991 were
plotted for four 5-year periods and one 3-
year period as the sum of annual incidence
frequencies among 5-year age intervals (35-
39 years to 80-84 years) to demonstrate
the difference in the time periods of diag-
nosis. Age-period-cohort analysis of inci-
dence rates of kidney cancer and its main
subtype, adenocarcinoma, were based on
categorized data from the 10 age groups
and the 5 time periods of diagnosis. Thus,
a total of 14 overlapping, 10-year birth
cohorts (1884-1893 to 1949-1958) were
created. Each case diagnosed with cancer
in a given 5-year age group and 5-year or
3-year time period of diagnosis was
assigned to only one 10-year birth cohort,
though the cohort intervals overlap.7 Age-
period-cohort models and various sub-
models were fitted with standard Poisson
assumptions.8,9 The parameters of the

models were estimated by means of the
maximum likelihood method through the
SAS procedure GENMOD.10

RESULTS

Secular trends
Table I presents the 3-year period rates

and the average annual percent change in
kidney cancer incidence and mortality
rates during the study period among both
men and women ages 0-34, 35-64 and 65
or older. A substantial increase in inci-
dence was observed only for the adult and
senior groups, with an average increase of
2.5% or more annually for both males and
females in the 35-64 and 65+ age groups.

The average annual percent change in
mortality rates for all age groups was much
more modest than was observed for inci-
dence rates. Graphing annual age-specific
rates for 10-year age groups starting with
35 years and for all ages on a semi-log scale
further demonstrates the rapidly increasing
trends in incidence for men and women
(Figure 1).

Figure 2 shows temporal trends in the
age-standardized incidence rates by histol-
ogy for all ages for males and females,
respectively in the three available
provinces. The incidence rates in adenocar-
cinoma increased greatly during the period
1969-1971 to 1989-1991, with average
annual increases of 5.1% and 4.5% for
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TABLE II
Analysis of Age-period-cohort Models for Incidence of Kidney Cancer and its Subtype, Renal Adenocarcinoma, in Canada

(ex. Quebec), 1969-1991

Kidney Cancer Adenocarcinoma
Models Effect df Deviance ��2 p-value Deviance ��2 p-value

Male
Age-period-cohort Goodness-of-fit 24 16.45 ns 24.06 ns

P|A, C 3 8.40 0.0384 9.44 0.0240
C|A, P 12 12.04 0.4423 17.60 0.1283

Age-period Goodness-of-fit 36 28.49 ns 41.66 ns
P|A 4 529.57 0.0001 489.07 0.0001

Age-cohort Goodness-of-fit 27 24.85 ns 33.50 0.1811
C|A 13 533.21 0.0001 497.24 0.0001

Age Goodness-of-fit 40 558.06 0.0001* 530.74 0.0001*
Female

Age-period-cohort Goodness-of-fit 24 27.99 ns 28.02 ns
P|A, C 3 16.00 0.0011 17.55 0.0005
C|A, P 12 25.13 0.0142** 10.43 0.5784

Age-period Goodness-of-fit 36 53.12 0.0328 38.45 ns
P|A 4 404.60 0.0001 309.53 0.0001

Age-cohort Goodness-of-fit 27 43.99 0.0207 45.57 0.0141
C|A 13 413.73 0.0001 302.41 0.0001

Age Goodness-of-fit 40 457.73 0.0001* 347.98 0.0001*

* Significant lack of fit
** p-value for corresponding overdispersion model is 0.1075.  The cohort effect is attributed to Period-cohort interaction, i.e., the period effect is not con-

sistent across all age groups.

TABLE I
Average Annual Percent Change (Standard Error) of Kidney Cancer Incidence

and Mortality Rates per 100,000, Canada*p

Incidence Rate Mortality Rate
1969/71 1989/91 Annual % 1969/71 1991/93 Annual %

yy

Change Change

Males
0-34 0.69 0.74 0.23 (0.62) 0.19 0.09 -4.17 (0.99)‡
35-64 10.77 17.44 2.51 (0.21)‡ 5.67 5.55 0.18 (0.17)
65+ 37.12 65.58 2.83 (0.21)‡ 25.60 30.81 0.88 (0.20)‡
All ages 6.37 10.46 2.53 (0.16)‡ 3.67 3.93 0.44 (0.12)‡

Females
0-34 0.65 0.71 1.35 (0.56) 0.26 0.07 -5.42 (1.40)‡
35-64 5.22 9.23 2.85 (0.33)‡ 2.61 2.50 0.14 (0.30)
65+ 17.57 31.77 3.13 (0.28)‡ 11.84 14.35 1.06 (0.21)‡
All ages 3.25 5.53 2.80 (0.23)‡ 1.80 1.82 0.37 (0.30)

* For incidence, Quebec data were excluded from Canadian data.  Rates were standardized to the
World Population.

† p�0.05, ‡ p�0.01
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Figure 1. Age-specific incidence rates for 10-year age groups from 35 years old and age-standardized rates for all ages
per 100,000 of kidney cancer are plotted anually on semi-logarithmic scales in males (left) and females (right)
in Canada (ex. Quebec), 1969 to 1991.

Figure 2. Standardized incidence rates of kidney cancer by histologic type for all ages per 100,000 in males (left) and
females (right) of British Columbia, Saskatchewan and Ontario, 1969 to 1991.



males and females respectively.
Transitional cell and Wilm’s tumours did
not change significantly. As a consequence,
the proportion which were adenocarcino-
mas increased from 54% of all cases during
the period 1969-71 to 65% during the
period 1989-91 (data not shown).

Period effects
The temporal trends in age-specific inci-

dence of kidney cancer from ages 35 to 84
differed among periods of diagnosis for
both men and women (Figure 3). For both
sexes, rates increased in almost every age
group over time, with larger increases
noted with increasing age.

The full age-period-cohort models and
various sub-models were fitted for kidney
cancer and renal adenocarcinoma for ages
35 to 84 years for both males and females
(Table II). The goodness-of-fit statistics for
all full models are not significant, indicat-
ing that the data patterns are reasonably
explained by the models based on the
Poisson assumption. Although the good-
ness-of-fit statistics for age-cohort models
are not significant either, the addition of
birth cohort in all full age-period-cohort

models did not significantly improve the
fit of the models compared to models with
age and period only, and the models with
age and period of diagnosis fit better than
models with age and cohort. Therefore, the
age-period model is preferable for either
kidney cancer or renal adenocarcinoma,
suggesting that a positive period effect
could have had an impact on the incidence
trends.

Using the period 1969-1973 as the refer-
ence, large increases in both kidney cancer
and renal adenocarcinoma have been
observed (Table III). For kidney cancer,
incidence rates in 1989-1991 were 163%
and 172% higher than in 1969-1973 for

males and females respectively. For adeno-
carcinoma, rates were 200% and 198%
higher for men and women respectively. 

DISCUSSION

Increases in kidney cancer mortality
were much smaller than those observed for
incidence. This pattern is similar to that
observed in the U.S.11 In our study, most
of the increase in incidence of kidney can-
cer was attributable to adenocarcinoma;
other histologies were relatively stable. The
increase appeared to be greater with
advancing age, with a significant period
effect of diagnosis for both males and

KIDNEY CANCER TRENDS

102 REVUE CANADIENNE DE SANTÉ PUBLIQUE VOLUME 88, NO. 2

TABLE III
Period Relative Risks (95% Confidence Intervals) of Kidney Cancer in Canada
(ex. Quebec) and Renal Adenocarcinoma in Bristish Columbia, Saskatchewan

and Ontario Diagnosed at Ages 35 to 84 Years, 1969 to 1991g g

Period of Kidney Cancer Adenocarcinoma
Diagnosis Men Women Men Women

1969-1973 1.00 1.00 1.00 1.00
1974-1978 1.07 (1.01-1.13) 1.06 (0.98-1.15) 1.08 (0.99-1.18) 1.05 (0.93-1.18)
1979-1983 1.22 (1.16-1.29) 1.20 (1.12-1.29) 1.36 (1.25-1.48) 1.26 (1.12-1.41)
1984-1988 1.43 (1.36-1.50) 1.52 (1.43-1.63) 1.71 (1.58-1.85) 1.76 (1.59-1.96)
1989-1991 1.63 (1.55-1.72) 1.72 (1.61-1.85) 2.00 (1.83-2.17) 1.98 (1.78-2.21)

Figure 3. Age-specific incidence rates per 100,000 of kidney cancer are plotted for each diagnosis period among males (left)
and females (right) in Canada (ex. Quebec). The rates are plotted at the midpoints of the 5-year age intervals.



females. No significant birth cohort effect
in age-period-cohort models was noted.
The observed increase in incidence may be
explained by changes in patterns of detec-
tion and surveillance and/or changing pat-
terns of exposure to new or pre-existing
risk factors.

Since the 1970s, the introduction of
ultrasonography (US) and computed
tomography (CT) diagnostic imaging has
led to dramatic advances in detection,
diagnosis, and subsequent treatment of
kidney masses.12-14 The improved diagnos-
tic ability afforded by US and CT as well
as the widespread application of these pro-
cedures has led to both the intentional and
incidental detection of small asymptomatic
renal masses that would not otherwise have
been detected at that time.15,16 The result-
ing lead time bias may explain in part the
increasing survival time for kidney cancer
patients.17,18 Transitional cell carcinoma,
which often presents as haematuria, is less
likely to be an incidental finding.19 The use
of US and CT imaging would be expected
to contribute to a positive period effect for
adenocarcinoma incidence, but not transi-
tional cell carcinoma incidence.

Changes in the incidence in renal adeno-
carcinoma may be partly attributable to
changing patterns of exposure to risk fac-
tors. Cigarette smoking appears to be a risk
factor for renal cell carcinoma, but the
association is much weaker and less consis-
tently observed than the association with
transitional cell carcinoma, with a recent
case-control study reporting an odds ratio
of 7.2 for long-term smokers. In 1966,
54% of all Canadian males and 29% of all
Canadian females above age 15 were active
smokers. By 1991, the prevalence of smok-
ing had declined to 26% for both sexes.20

The downturn in smoking may not have
contributed appreciably to the changing
adenocarcinoma incidence rates, but may
help explain the stable incidence rates of
the transitional cell carcinoma during the
study period. 

Another risk factor reported in virtually
all studies of kidney cancer is obesity. The
risk of renal cell carcinoma increases with
level of body mass index (BMI), and the
association is stronger among women than
men.21,22 Recently, a case-control study of
risk factors for renal cell carcinoma con-

ducted in Ontario reported that men and
women in the upper 25% quartile of BMI
had a two-fold increased risk, resulting in
attributable risk percents of 17% and 26%
for men and women respectively.23 This
association was also noted in China, a
country with low rates of obesity.24 In
Denmark, the overall risk of renal cell car-
cinoma among obese individuals was
increased in both sexes, while risk of cancer
of renal pelvis was not different from that
of the Danish population in general.25 In
Canada, the prevalence of obesity, as
defined by BMI > 27 for both sexes,
increased from 22% among men and 14%
among women aged 20-64 in 1985 to
28% and 19% in 1991.20

Approximately 30-50% of patients on
long-term dialysis develop acquired cystic
disease, and up to 6% of these patients
with acquired cystic disease develop renal
cell carcinoma.3 The association between
dialysis and renal cell carcinoma has result-
ed in a recommendation for frequent CT
scan screening for this population.26

Incidence rates of haemodialysis and peri-
toneal dialysis increased to 4.9 and 2.9 per
100,000 respectively in 1993 from 2.5 and
1.9 per 100,000 in 1981 in Canada (world
population-based age-standardized rates).27

However, the increasing dialysis popula-
tion is likely to have contributed in only a
minor way to the period effect noted for
renal adenocarcinoma incidence. 

Abuse of phenacetin has been causally
linked to transitional cell carcinoma of the
renal pelvis.28,29 Long-term use of
phenacetin-containing analgesics has also
been associated with an increased risk of
renal cell carcinoma.30-32 However, the use
of phenacetin as a component of analgesic
preparations has been banned in Canada
since the mid-1970s. Although the latency
of renal cell or transitional cell carcinoma
due to phenacetin is unknown, phenacetin
use is unlikely to have contributed appre-
ciably to recent increases in kidney cancer
incidence. 

In conclusion, there has been a signifi-
cant increase in the incidence of kidney
cancer among both sexes ages 35 or greater
since 1969. The incidence of adenocarci-
noma, the most common histology of kid-
ney cancer, has risen steadily and continues
to do so, while the incidence of transitional

cell carcinomas and Wilm’s tumour has
been stable. Diagnostic improvements
leading to the detection of tumours at ear-
lier stages, and to a much lesser extent
increasing levels of obesity in the Canadian
population are suspected contributors to
the rapidly increasing trends. Declines in
cigarette smoking prevalence may be relat-
ed to the stable incidence of transitional
cell carcinoma.
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Avez-vous entendu parler de cette
jeune mère qui a enduit de sirop 
contre la toux les éruptions cutanées
de son enfant?
Les gens suivent deux fois mieux les instructions qu’on leur donne
en matière de santé lorsqu’on leur parle ou qu’on leur fournit des
renseignements en langage clair.

Les risques de responsabilité professionnelle diminuent lorsque les
clients comprennent bien les renseignements qui leur sont donnés.

Le Programme national sur la santé et l’alphabétisation de
l’Association canadienne de santé publique (ACSP) vient de
mettre au point la Trousse d’information et la Trousse
académique, deux outils qui vous aideront à donner des instructions
simples et des renseignements faciles à lire en matière de santé.

Pour de plus amples renseignements sur la documentation 
produite dans le cadre du Programme national sur la santé et
l’alphabétisation, veuillez communiquer avec :

Le Centre de documentation sur la
santé, Association canadienne de
santé publique

400-1565, avenue Carling, Ottawa, ON
K1Z 8R1
Tél.: (613) 725-3769  Téléc.: (613) 725-9826
Courrier électronique: hrc/cds@cpha.ca

Programme national sur
l'alphabétisation et la santé

Parrainé par le Secrétariat 
national à l'alphabétisation

Did you hear about the young
mother who put cough medicine
on her baby’s rash?
People follow health instructions 50% more often when you
use clear verbal communication and plain language health
information.

Increasing your client’s comprehension decreases the risk of 
professional liability.

The Canadian Public Health Association’s (CPHA) National
Literacy and Health Program has developed two resources: an
Information Kit and School Package which can help you give
simple instructions and easy-to-read health information.

For more information on the National Literacy and Health
Program’s resources contact:

Canadian Public Health Association
Health Resources Centre

400-1565 Carling Avenue, Ottawa,
ON  K1Z 8R1
Telephone: (613) 725-3769 
Fax:  (613) 725-9826
E-mail: hrc/cds@cpha.ca

National Literacy
& Health Program
Funded by the National Literacy Secretariat




