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"Well, grandson," said the Lone Ranger, "that's about as much as we

can do for ycu. How do you feel?"

Lionel jammed his hands into his pockets. "I feel fine."

"Fixing up the world is hard work," said Ishmael.

“Even fixing up the little things is tcugh,” said Robinson Crusoe.
Thomas King Green Grass, Running Water
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Abstract
Background. Incidence of cancer of the corpus uteri (of which 89% is endometrial
adenocarcinoma) in Canada is declining in women under 70 years of age; in women
70 and over incidence increased from 1969 until 1982 since when it has been stable.
These incidence data use as a denominator all women in the population, rather than
just women with intact uteri, who constitute the real population at risk. Several of the
known risk factors could potentially lead to a cohort effect. Some other cancers have
had increased incidence related to better diagnosis. Therefore we need this study to
describe the disease patterns in elderly women, correct incidence data to reflect
hysterectomy prevalence, perform a cohort znalysis, and look for evidence of improved

diagnosis in these elderly women.

Methods. A descriptive analysis was done using data from national databases on
incidence, mortality, morphology, method of diagnosis, surgical procedures and
population numbers, focussing on incidence in women 270 years of age. Adjustment
for prior hysterectomy modelled surgical rates before 1969 and used actual surgical
rates from 1969 to 1990 to estimate proportions of women with intact uteri for
different age groups and years. A chart review of incident cases in three periods
(1969-72, 1980-81, 1990-91) in the Ottawa Regional Cancer Centre looked for

evidence of increased diagnosis in elderly women in more recent periods.

Results: A variety of models for the hysterectomy adjustment all resulted in a trend



i
of increasing incidence in women over 70 years of age; this effect is most important in
the most recent period, where the adjustment changes stable crude rates into increasing
adjusted ones. The cohort analysis showed a birth cohort effect (greatest for the 1915-
19 birth cohort) for incidence but not mortality. Analysis of adjusted incidence data
was consistent with a persistert increased risk for that birth cohort even in the most
recent data points, 14 years after the peak in sales of unopposed estrogen in Canada.
Decreasing proportions of diagnosis by death certificate only, and decreasing
mortality/incidence ratios in recent periods suggest some improvement in diagnosis in
elderly women, The chart review showed a trend of a greater proportion of stage 1
disease in more recent periods () for linear trend 10.676, p=.001). Endometrial

biopsy, a technique not available in the earliest two periods, played a minor role in

diagnosis in cases (6.7%) from 1990-91.

Conclusions: Incidence of cancer of the corpus uteri, adjusted for hysterectomy
prevalence, is increasing in women over 70 years of age in Canada. There is a cohort
effect which may represent residual increased risk from unopposed estrogen use in the
1970s, There is also some (weak) evidence to suggest improved diagnosis of this
cancer in elderly women in recent periods. Absolute numbers of cases in women 270
years are definitely increasing as the population ages. Epidemiologic monitoring and

clinical research need to emphasize study of this disease in older age strata,



iv

Table of Contents

Acknowledgements ......... ... .. .. .. ... ... i
ADBSITACE . . . . e e e i
List of Figures ............ ... ... . i vii
Listof Tables .. ..... ... ... . .. . . ix
Infroduction . . ...... ... ... . . .. e 1
Canadian trends . . . ... ... ... ... ... .. .. .. ... ... i 3
Background . . ....... ... . 7
International trends . .. .............. ... .. ... .. . ... . ..., 7

The true denominator: women with intact uteri . . .. ......... 10
Hysterectomy adjustment methods . .. ..................... 14

US methodology . .......... ... . i 14

Canadian methodology .. ......... .. ... ... ... ..., 15

Historical information on early hysterectomy rates . ... ........ 17

When is a hysterectomy a hysterectomy? . .. ................ 18
Hysterectomies done for cancer of the corpus uteri . . . ......... 20

Risk factors .. ... ... ... ... ... .. . . ... ol 20
Cohorteffects .. ............ .. . ... i, 26
Cancerintheelderly ..... ... ........................... 26
Quality of information . . . ... ..... ... ... .. ... i 27

Improving diagnostic methods .. ......... ... ... ... ... ... 27

Age biasinresearch ......... ... ... . ... i, 27

Age related clinical patterns .. ... .......... .. ... ... ... 28

Age related management pattemns . . . ......... .. ... ... 28

Issues related to standardisation . . . .. ..................... 28
Summary of relevant issues . ............................ 30
Objectives & Hypotheses ............... ... ... ... ... o, 33
Objectives ....... ... ... .. . . i 33
Hypotheses . ... ........ .. ... .. .. .. . . il 34

Materials and methods



Resuits

Discussion

References

National database materials
Hysterectomy adjustment ... .. ..........................
Analysis of temporal trends .. ... ... ... ... .. ... ... ... ...

Probability, incidence measures & hysterectomy adjustments .
Cohort analysis .. ....... ... .. . .. .. . . . . . . .. ...

Chart review at Ottawa Regional Cancer Centre
Staging for endometrial cancer

...........................

....................................................

Hysterectomy patterns . ......... ............ ... .......

Trends in age-specific incidence of cancer of the corpus

uteri; hysterectomy adjustment
Morphology ....... ... ... ... . .. . ... .. ..l
Cohort analysis . . ... ... ... . ... .. ... ... . . ... oo,
Trends in D&Cs .. .............. ... ... ... ... ...
Mortality/Incidence ratios .. .............................
Most confirmed method of diagnosis
Chart review

......................

.....................

..........................................

.................................................

Age specific trends and hysterectomy adjustments
A cohort effect, still? . . . ........ .. .. ... ... ... ... ...
Is there increased diagnosis in the elderly ?
Limitations of using cancer clinic data
Conclusions . . ........ ... ... .. ... ..,

Recommendations

..........

................

....................

.....................................

.................................................

Appendices ............ .

Appendix A: ICD Revisions and Cancer of the Corpus

Uteri ... ... . . . .
Appendix B: National Cancer Incidence Reporting System

& ICD-O Morphology Coding ... ...................
Appendix C: Year by year proportions in hysterectomy

models ... .. ... ... . . . .. . ...
Appendix D: Surgical procedures coding .................
Appendix E: International Federation of Gynecology and

52
56
58
65
66
71
71

78
78
83
85
87
88
88

a0



Obstetrics (FIGO) Staging Issues . . ... ............... 107
Appendix F: Proportions of female population by age

group, Canada 1971 .. ... ... ... ....... ... ... ... 111
Appendix G: Proportions of women with intact uteri

calculated using various models .. ................ .. 112
Appendix H: Hysterectomy rates/100,000 women by 5 year

AEE ZTOUD . .. ..........ccivinieiiiiiiii 117

Appendix I: Chart reviewing form ... .. .............. 118



Page

12

13

19

31

37

53

54

55

57

59

Figure 1:

Figure 2:

Figure 3:
Figure 4:

Figure 5:

Figure 6:

Figure 7:

Figure 8:

Figure 9

Figure 10:

Figure 11:

Figure 12:

Figure 13:

Figure 14:

vii

List of Figures

Incidence and mortality of cancer of the corpus uteri (ICD9 182),
Canada, by age group.

Age standardised incidence of cancer of the corpus uteri (ICD9
182), Canada, by age range and region.

Mortality, ICD9 182, Canada, standardised in various age ranges
Standardised incidence of ICD9 182, selected countries,

Standardised hysterectomy rates by age range, Canada; includes
subiotal hysterectomies.

Hysterectomies (crude numbers) for Canada 1989 by age group,
and percentage of hysterectomies done on patients with discharge
diagnosis of ICD9 182,

Hysterectomies in Canada, subtotal or partial contrasted with
total counts,

Incidence of ICD9 182 in Canada, crude numbers by age range.

Hysterectomy models: age specific hysterectomy rates as a
proportion of the 1970 rates.

Incidence rates for Canada of 1ICD9 182, unadjusted and adjusted
using various simple models.

Incidence of ICD9 182 adjusted using a mixed model with
different temporal patterns of hysterectomy rates for different age
ranges.

Hysterectomy adjustment using US baseline prevalence for 1970
and Canadian procedure rates for the same birth cohort in
Canada.

Standardised incidence rates of histologic subtypes of ICD9 182,
age group 70-84,

Incidence of ICD9 182: birth cohort analysis displayed as age



60

62

63

64

67

68

69

70

100

Figure 15:

Figure 16:

Figure 17:

Figure 18:

Figure 19:

Figure 20:

Figure 21:

Figure 22:

Figure 23:

viii
specific curves.

Birth cohort analysis of ICD9 182 mortality, displayed as age
specific curves.

Birth cohort analysis of ICD9 182 in Canada. Curves represent
the age specific incidence associated with that birth cohort.

Birth cohort analysis of incidence of ICD9 182, adjusted for
hysterectomy prevalence using second degree polynomial model.

Birth cohort analysis of mortality, ICD9 182.

Age specific rates of 'other’ D&Cs (not related to pregnancy),
Canada.

Mortality/incidence ratios by age range over time.

Diagnosis of ICD9 182 by death certificate only in Canada for
four periods, by 10 year age groups.

Most confirmed method of diagnosis over time, for women with
ICD9 182, age 70 and over, in Canada.

Incidence of ICD9 182 alone vs combined ICD9 179 & 182.



Page

22 Table I:
45 Table II:
72 Table 1Tk
73 Table IV:.
74 Table V:
74 Table VI:
75 Table VII:
76 Table VIII:
77 Table IX:
81 Table X:
Appendix C

103  Table I
Appendix D

106  Table I:
Appendix E

107 Table I:
107  Table II:
108  Table III:
108  Table IV:

ix

List of Tables

Studies of long term risk after cessation of estrogen use.

Hysterectomy probability, CI & ID for a fixed cohort with no
withdrawals or losses.

Risk factor information

Clinical stage by period.

Early (stage 1) vs late stage disease.
Length of symptoms by period.
Presenting symptom by period.
Initial method of diagnosis by period.
Pathology: carcinomas vs sarcomas.

Estimates of proportions of women with intact uteri, US baseline
vs modelling technique.

Hysterectomy rates as a proportion of 1970 rates, 1930-1970.

Hysterectomy codes.

Early staging 1951-61.
Staging 1962-71.
Staging 1971-1988.

1988 Staging.



Introduction

Cancer of the corpus uteri is cancer occurring in the anatomic body of the uterus. In
the 9th revision of the International Classification of Diseases (ICD9), this is clearly
distinguished from both cancer of the cervix and cancer of the uterus, site unspecified,

at the three digit level (see Appendix A).

It is the most common female genital cancer in Canada, with an expected lifetime
probability for women of developing the cancer of 2.4% and of dying from it of
0.6%.' It is usually diagnosed at an early stage due to vaginal bleeding. The good
prognosis is reflected in a five year relative survival of 85% (Canada, both for 1970-74
& 1980-84)." The highesi incidence rates are in the 65-74 year age groups (see Figure
1) This is reflected in low ranking when impact is assessed by potential years of life
lost; 9000 PYLL based on life expectancy for 1990, compared with 94,000 for breast

cancer, 76,000 for lung cancer in women, or 11,000 for cervical cancer.'

When classified histologically, the great majority of cases are adenocarcinomas or
variants thereof (89% in Canada for 1989). It was endometrial adenocarcinomas like
these that were the subject of intense study in the mid 1970s when they were linked

to the use of unopposed estrogens.
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Canadian trends

Overall (age 0-85+) age standardised incidence rates of cancer of the corpus uteri
(ICD9 182) in Canada rose from 1969 to a peak in 1978, with the annual rate of
increase being 3.7% (see Figure 2). These summary rates subsequently declined by
1.8% per year up to 1990. Analysis by region confirms a mid 1970s peak followed by
a decline in all areas with the exception of the Atlantic region where there is no
obvious trend. The remarkable peak in 1978 for Quebec is likely artefactual,

representing some backreporting of cases from previous ears.

Analysis of the age ranges 35-69 and 70-84 (also standardised to Canada 1971) reveals
two distinct patterns.  The rise to a mid 70s peak (3.5% per year) followed by a
gradual decline (2.6% per year) is striking in the younger age range. In elderly
women, however, the pattern is of increased incidence until around 1982 (2.9% per
year) followed by stability. The regional patterns are once again similar except for
the Atlantic region, where the 1970s peak for the 35-69 year age range was not as
high. Incidence rates in the elderly in the Atlantic region have been lower during
most of the period. The rise in incidence for this age range between 1969 and the

early 1980s in all other regions is not present in data from the Atlantic provinces.

Age-standardised (0-85+ years) mortality from cancer of the corpus uteri in Canada

has declined steadily from 1950 to 1990. This is most marked in the truncated (35-69
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years) standardised rate. In the 70-84 year age range, in contrast, there is decreased

mortality in the most recent years, but no clear long term trend (see Figure 3).

s



Background

International trends

There are marked international differences in incidence and mortality; unfortunately,
these differences are confounded by variations in hysterectomy patterns, diagnostic
coding practices (chiefly the frequency of using ICD9 179, uterus not otherwise
specified, in some countries, rather than the more specific ICD9 182), pathologic
interpretations, intensity of diagnostic efforts (especially in older age groups), and not
least of all, differences in reporting systems and quality of registries. Nonetheless,

there appear to be important geographic differences.

Cancer of the corpus uteri is in general a disease of affluent societies, with an
estimated two-thirds of known cases arising in developed countries.®> The highest
incidence rates (age-adjusted to a world standard population) are found in the United
States and Canada (see Figure 4),*¢ In Europe the highest rates are reported from
Switzerland, Denmark and Germany, with lower rates being reported from the UK,
east European countries, France and Spain.* The ratio between the highest and lowest
European rates is about 3:1. Asian countries including Japan have rates lower than the
lowest European rates, while Australia and white New Zealanders have intermediate

rates. Maoris have a higher rate than whites in New Zealand (16.4 vs 9.3/100,000).*
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Figure 4: Standardised incidence of ICD9 182, data from mid 1980s. Source: Cancer
Incidence in Five Continents, Vol VI, 1992 (reference 6).



Age specific incidence patterns are consistent internationally, rising sharply from 30

years of age to a peak incidence between 60-70 years and usually declining thereafter.’

The most striking temporal trends in incidence have been in North America. US data
shows a marked increase in incidence in the early 1970s to a peak in 1975, followed
by a decline in age standardised rates.*® The Surveillance Epidemiology and End
Results Program of the National Cancer Institute (SEER) collects data from 11
locations representing 10% of the US population. Analysis of age-specific rates from
this program show that most of the recent decrease up until 1986 is in 45-64 year old
women, with no clear trend in older or younger age groups.”® The same pattern is still

apparent after a correction to reflect previous hysterectomy.

Data on endometrial cancer from a population-based registry in the Swiss canton of
Vaud from 1974-88 present a similar picture of declining rates in 30-59 year old
women with no apparent trend in women 260 years old’ A Swedish study of
endometrial cancer covering the period 1960-1984 showed a peak in the age
standardised incidence rate in the 1975-9 time period followed by a decrease. Age
specific rates showed a pattern like the US data: a mid 1970s peak followed by decline

for ages 35-59, while rates for women aged 60 years or more were stable.'

Trends in Cancer Incidence and Mortality® presents data from cancer registries on five

continents which, for cancer of the body of the uterus, cover the period 1973-87. For
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incidence of ICD9 182 the patterns are complex and cannot be summarised in a few
words. Mortality on the other hand has been consistently decreasing in North
America, Australia and most of Europe. There is no mid 1970s peak in US mortality

data to match the incidence pattern.

The true denominator: women with intact uteri

Hysterectomy is & common operation in developed countries, particularly in North
America. Rates of performing this operation may vary markedly from one region to
another even within one country, as well as by socioeconomic status.''*'*'"*"*The US
and Canadian hysterectomy rates are very similar, and are twice that of England and
Wales, and over three times those of Norway and Sweden.'® Age-specific

hysterectomy rates in the JS and Canada peak in the 35-44 year age group.

As a result of these operations a proportion of women in each population is not at risk
for developing cancer of the body of the uterus, and incidence and mortality data using
the entire female population for the denominator underestimate the true rates. In the
US, surveys have estimated that up to 35-40% of women in strata over the age of 35
do not have intact uteri;'*'™"®* a mathematical model combining survey and hospital

separation data showed similar proportions.”

Recent work on incidence or mortality trends for cancer of the corpus uteri frequently

involves adjusting the data to reflect the real denominator at risk (women with intact



11

uteri). This is particularly important in North America where clear temporal trends in
hysterectomy rates may confound the data. Age standardised hysterectomy rates
peaked in Canada in 1971-72 (see Figure 5), and in the US in 1975 and have declined

Since. 11,12,19,20

Since hysterectomy rates vary widely by time and place it is desirable to use data for
the adjustment from the same population whose disease patterns are being studied.
Unfortunately there are no cross sectional studies of ‘hysterectomy prevalence' in

Canada.

This paper will only correct incidence (and not mortality) data for 'hysterectomy
prevalence' since trends in incidence data are the focus of this study. The rationale for
correction of mortality data is less clear in that almost all women who die of cancer
of the body of the uterus will have had a hysterectomy shortly after diagnosis, and
thus not be represented in the adjusted denominator at the time of their death. The
risk of dying from cancer of the corpus uteri is related to the proportion of women
with intact uteri at the time the cancer began, rather than the proportion with intact
uteri at the time of death. As well, in women over the age of 70, 20% of those having

hysterectomies have a discharge diagnosis of cancer of the corpus uteri (Figure 6).
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hysterectomies, 1989
by age group
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Hysterectomy adjustment methods

Hysterectomy adjustments described in recent literature are of two types: those using
cross sectional data on proportions of women with intact uteri, and those relying on
modelling of temporal patterns of hysterectomy rates to estimate those proportions.
Both techniques then estimate the proportions for later periods using procedural data:
for each cohort of women they subtract the proportion who have hysterectomies within

the period of interest.

US methodology
US adjustments have been able to use cross-sectional data from the US Health
Examination Survey (HES) of 1960-1962'""*'"** or the 1970 National Fertility

Survey? and procedure data from the National Hospital Discharge Survey (NHDS).

The most relevant survey question was about menopause in the first cycle of the HES
mentioned above. It was part of a self-administered medical questionnaire. It asked
if periods had stopped, and, if yes, the age at which they had stopped and whether this

had been due to an operation.”

The NHDS gathers yearly data from a sample of all hospitals in the Master Facility
Inventory of Hospitals and Institutions; in 1965 this sample size was 315 out of 6965
hospitals. Although sample size increased to 553 by 1984, the proportion participating

in the survey dropped from 94% to 73% over the same period."



15

Other US surveys such as the 1988 Behavioral Risk Factor Surveillance System'* and
a large sample 1982 survey in upstate New York have provided estimates of
hysterectomy prevalence similar to those calculated on the basis of surgical procedure

data.

US hysterectomy corrections by Lyon & Gardner'®, Marrett”, and Pokras & Hufnagel
have all been based on answers to the 1960 menopause question mentioned above plus
NHDS procedures figures. In 1980 Marrett suggested a modification to the survey
results for women over the age of 50 to account for those who had had hysterectomies
after a natural menopause. Hysterectomy rates were only available from 1965
onward, and she assumed that the pre 1960 age-specific hysterectomy rates were
comparable to those in 1965. Her method calculated person-years at risk (of surgery)
by subtracting age at interview from average age of natural menopause, and applied

the 1965 age-specific operative rates to these.

Thus the US longitudinal methods have the advantage of early survey data, but use
only a sample of all hospital separations, and make the assumption that hysterectomy

rates for women over 50 remained stable over time,

Canadian methodology
In Canada there have been no similar surveys. On the other hand hospital separation

data on procedures are available from 1969 forward for virtually 100% of hospitals.



16

In Canada the options for a hysterectomy adjustment are to use US data or to model

early patterns of hysterectomy rates to replace cross sectional data.

In 1981 Miller published a method for estimating prevalence of previous hysterectomy
by combining actual procedure data from 1969 to 1976 with various models of the
patterns of hysterectomy rates over time prior to 1969."" The models assumed that no
hysterectomies took place before age 20; for each (single year of age) birth cohort, it
cumulated the risk of hysterectomy year by year until age 84. The proportion (”) of

women of age K in year L with intact uteri was calculated as:

X h
Py s1-Y R0
=20 Njp-e20

where A, = number of hysterectomies in women of age i in year j and N, = population

count for women of age / in year j.

Miller used three models of early hysterectomy trends: an exponential model fitted to
British Columbia hospital separation data, a high linear mode! in which the rates were
assumed to have been zero before 1950 and then constant from 1950 to 1969 (at 1969
rates), and a low linear model in which rates were assumed to increase linearly from

zero in 1950 up to the actual rates in 1969 (and have been zero prior to 1950).

The BC data points were from a study by Boyes et al. which estimated age-specific



17

hysterectomy rates in BC for two cohorts of women in the 1950s and 1960s: those
born in 1914-18 and 1929-33.%° These were based on provincial hospital separation
data. The estimated hysterectomy rate for age group 36-40 of the early cohort was
7.29/1000 women in 1954; the rate for the later cohort applying to the same age group

was 16,35/1000 in 1969,

All three models assume that the pattern of hysterectomy rates over time is the same
for all age groups. In the 1970s in Canada, however, hysterectomy rates varied little
for those over the age of 55, but there were striking fluctuations in women under the

age of 45."

Historical information on early hysterectomy rates

A similar problem exists for study of carcinoma of the cervix: a need for a
hysterectomy adjustment, and a lack of procedural data for the period prior to 1969.
To supplement the BC data mentioned above, P. Holowaty reviewed historical data on
hysterectomies in Canada and the US. She concluded that a model consisting of two
exponential curves intersecting around 1950 was a reasonable one to adjust Canadian
cervical cancer data.” Hysterectomies were performed only rarely prior to 1930; they
became gradually more common during the 1930s and early 1940s, followed by a

rapid increase in the late 1940s.%

There are published Saskatchewan data for the period 1964-75 which show an increase



18

in crude numbers of procedures from close to 1700/year in 1964 to just over 3000/year
in 1971 (up 76%), followed by a decline back to the same baseline by 1975. The
information is also displayed as a rate/100,000 women 15 years of age and over, but

no age standardised or age specific rates are included.®

US 'all ages' hysterectomy rates/100,000 women rose from 439 in 1965 to 490 in 1968
(an 11% increase) and 651 in 1973 (up 48% from 1965)." The youngest age groups

showed the greatest increase in age specific rates.

When is a hysterectomy a hysterectomy?

Even where there are data there remains the issue of what types of hysterectomies to
count. The major problem is that in earlier periods subtotal abdominal hysterectomies
(which removed the corpus and left a cervical stump) were common because the
surgical technique was easier.”® In one 1946 US paper on hysterectomies 65.8% of
246 hysterectomies were subtotal.® These are uncommon now because of the

persistent risk of the cancer in the residual cervical tissue.

In published papers on hysterectomy adjustments, however, there is little discussion of
what constitutes a hysterectomy. Including subtotal hysterectomies in the adjustment
model is reasonable for cancer of the body of the uterus but not for cervical cancer.
The procedure code which includes partial and subtotal hysterectomies in Canada

decreased from 11-12% of all hysterectomies in 1969 and 1970 to 3% in 1978 (see
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hysterectomies in Canada

subtotal or partial vs all types

Thousands -

i
i
f

40 e e s P O LT T e R

30 I S T

20 e em e m e amn . mtn v rm e w7 n AmAes ot e s r mmnm = et ami = e e e At b 8 7.2 s e o e e 21 o

]0 o

B
3
982
983

34
985
986
987
088
989

P R T T T = T T Y — Y T B B B o

{:total numbers — subtotal or partial abdominal !

Figure 7: Hysterectomies in Canada: subtotat or partial contrasted with totaf counts.



20
Figure 7). In 1979 Statistics Canada changed its procedure coding from an ICD8A

based system to the Canadian Classification of Diagnostic, Therapeutic, and Surgical

Procedures (CCP), and since then the corresponding code has accounted for .6-.9%

each year (until 1989).

Hysterectomies done for cancer of the corpus uteri

Another issue related to these adjustments is that some of the hysterectomies are done
as treatment for cancer of the corpus uteri. Between 1979 and 1989 in Canada these
accounted for only 2.8-3.5% of the total number done per year. Since the proportions

are small it is usually assumed to be reasonable to disrepard this in the hysterectomy

counts.

Risk factors

This discussion of risk factors will apply mostly to endometrial carcinomas, which
comprise 90% or more of most series of cancer of the corpus uteri; sarcomas and
related tumours usually comprise less than 10% of cases, and less is known about their
epidemiology.?’ A great deal of evidence has been accumulated on risk factors for
endometrial cancer in the past 25 years. Several recent reviews summarise the

available evidence well 22829303132

The most clearly established risk factors are the use of unopposed estrogens, obesity,

nulliparity, and a variety of menstrual factors (early menarche, late menopause,
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amenorrhea cr long menstrual cycles). Combined oral contraceptive use and smoking

have been associated with reduced risk.

The increase in incidence of endometrial cancer in the mid 1970s in North America
resulted in multiple studies which showed a relationship between uncpposed estrogen
use and endometrial cancer which is duration dependant and consistent across many
different study designs. A recent review (not a formal metaanalysis) of studies
published in English language journals listed 2 cohort and 17 case-control studies, ¥
Women who used estrogens for less than six months have no measurable increase in
risk. After 1 year of use the relative risk increased with increasing length of exposure;
studies of medium-term use (12-60 months) have yielded odds ratios of 1.0-5.6. Long
term use (260 months) has been associated with ORs of between 1.8 and 63, with
half the studies of 96 months or greater use having ORs of greater than 10. In the
eight reviewed studies which addressed recency of use all showed a decrease in risk
after cessation of estrogen therapy. Seven of the eight showed some long term
residual increased rigk *43%3637.38.39400 T ghle | displays the risk estimates from those

studies for lengths of time 2 § years after cessation of estrogens,

Progestogens have clearly been shown to prevent or reverse estrogen induced
endometrial hyperplasia (thought to be a precursor to endometrial carcinoma).”* %
There is epidemiological evidence that the risk of endometrial cancer from estrogens is

similarly decreased or eliminated by adding progestogens, but the literature is not
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Table I: Studies of long term risk after cessation of estrogen use

Duration of use Time since Odds ratio from 95% C.1.
cessation of study
estrogens
unadjusted :
>5 years 4.5% 1.4-15

adjusted (for
duration of use):

>8 years 3.0% 0.9-11
stratified by
duration:

<1 year 210 years 1.2% 0.4-3.6

<2 years 26 years 1.4% 0.4-5.2

<3 years 215 years 6.2* ¢ 2.3-17

1-4 years 210 years 3.54 1.4-8.3

5-9 years 210 years 4,1% 1.1-15

4-14 years 215 years 4.0% 0.9-17

22 years 26 years 5.4% 1.6-19

210 years 25 years 3.7 0.8-18

215 years 215 years 7.2%% 1.8-28
*relativ:tuzliiselé (cohort studies); all other values are odds ratios from case/control

source: condensed from Herrinton & Weiss®

X

" 3
extensive, 3230414243

An article by Horwitz in 1978% started a debate about the importance of detection bias
in the apparent association between estrogens and endometrial carcinoma. Among

postmenopausal women, taking estrogens may precipitate uterine bleeding. This could
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result in diagnosis of endometrial cancer which would have remained otherwise
undetected, or in misdiagnosis of estrogen-induced hyperplasia as carcinoma.
Estimates of the importance of asymptomatic endometrial cancer are available from
necropsy prevalence data,*” and it is currently thought that this does not account for a

significant emount of the apparent association.

Estrogen associated tumours occur in younger patients and have an earlier stage and
histologic grade; patients with them have improved survival rates.”*” Because of these
characteristics the issue of pathologic misdiagnosis within the grey zone between
endometrial hyperplasia and endometrial carcinoma arose. It was assessed by two
pathology studies in the late 1970s with the conclusion that the amount that existed
was not great enough to account for the observed trends. The estrogen-carcinoma
association was also present for cases in which all of a panel of pathologists

independently agreed on the diagnosis of endometrial carcinoma.*™”

The issue of misdiagnosis was also addressed by epidemiologic studies which found
that although the association between estrogens and adenocarcinoma of the
endometrium is strongest with low grade cancers, there is also an increased risk for

more invasive types of cancer.” *%

Obesity has been repeatedly shown to be a risk factor for endometrial cancer,

supposedly because of increased peripheral conversion of androstenedione to estrone
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and lower levels of sex hormone binding globulin.®"** Relative risks associated with
being overweight (body mass index >25 kg/ m°) in a recent study by La Vecchia
ranged from 1.2 to 8.1, increasing with higher BMI and age. Obesity close to the

age of tumour diagnosis is important, while weight as a young adult is probably not.*!

Nulliparity has consistently been found to be a risk factor, with relative risks of parous
women usually being .3-.8; some studies have found a trend for decreasing risk with

increasing parity, as well.***!

A number of different menstrual factors have been associated with increased risk.
Early menarche has been associated with relative risks of 1.2 -3.9. Late menopause
has been associated with relative risks of 1.5-2.5 in North American studies.®

Similarly amenorrhea and long menstrual cycles have been found to increase risk.

A number of other associations have been investigated in the past whose status is not
as clear. Diabetes is a commonly cited association with evidence both for and
against.”® For hypertension, as well, the evidence is inconsistent. Dietary fat has been

linked in ecologic studies to increased risk, but the interpretavion of this is unclear.*

Tamoxifen was first used as adjuvant chemotherapy for breast cancer, but primary
prevention trials are now underway using it for asymptomatic women at high risk of

breast cancer. It competes with estrogen for binding sites in target tissues, and



25

although usually classified as an estrogen antagonist, it is also has weak estrogen
agonist properties. A 1991 analysis of pooled results from 7 trials concluded that the
relative risk of endometrial carcinoma associated with tamoxifen use was 5.0%, while a
more recent RCT of adjuvant therapy yielded a relative risk of 7.5.% It has recently
been shown to induce atypical hyperplasia (a premalignant lesion) in a cohort of

women involved in one of the primary prevention trials.’"**

Alcohol as a risk factor has been assessed in two recent studies, one of which showed

a trend to lower risk in heavier drinkers.*®*

Repeated studies have confirmed a protective effect of combined oral contraceptives
with a typical relative risk of 0.5; the effect is duration-related and lasts 15 years or

more after stopping.”™*"*

Smoking cigarettes has consistently been associated with decreased risk of endometrial
cancer of about 50%; there is evidence for a dose-related effect.*** It is thought to be

mediated through an anti-estrogenic effect of smoking.

Population attributable risk from all known risk factors combined has been estimated

at 30-60% in various populations.*
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Cohort effects

A cohort effect is defined in Lasts' Dictionary of Epidemiology as a variation in health
status that arises from the different causal factors to which each birth cohort in the
population is exposed as the environment and society change (synonymous with
generation effect).”” Several of the well documented risk factors could result in a
cohort effect; use of unopposed estrogens is associated with increased risk, while use
of oral contraceptives and cigarette smoking are associated with reduced risk, There

are distinctive temporal trends in prevalence of all three for certain age groups.

Cancer in the elderly

Age is a strong risk factor for most types of cancer. Current US estimates are that
over 50% of cancer cases occur in patients over the age of 65.° Analysis of all cause
cancer incidence (excluding non-melanoma skin cancer) for Canada shows that from
1969 to 1989 the proportion of patients over the age of 65 has climbed steadily from

48.2% to 57.9%.°

There is an urgency to the study of cancer in the elderly as the oldest age groups
(especially women) comprise an increasingly large proportion of populations in
industrialised countries. For Canada, Statistics Canada has projected that by the year
2000 women over the age of 65 will make up 14.7% of the female population, and
that by 2011 this will grow to 16.6%.* In a review of current literature related to

cancer in the elderly, the following issues emerge:
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Quality of information
The quality of information is poorer for the elderly, especially for those in the oldest
age strata.® This is typified by high rates of disease diagnosed by death certificate
only, lower proportions of histologically confirmed cancer, and higher error rates on
death certificates.® %% A study done in Japan found that death certificate errors in
general were becoming less frequent over time, and that this change was most marked
in people over the age of 75. As well population estimates of the oldest age strata

may be less accurate.”

Improving diagnostic methods

Some trends in cancer incidence may be explained by changes in diagnostic methods.
Incidence of brain cancer climbed following introduction of CT scanners, and some of
the increase was likely due to improved diagnosis.”” Greater numbers of pathologic
specimens from treatment of benign prostatic disease may have resulted in increased
diagnosis of prostatic cancer.”® Widespread adoption of screening with prostate
specific antigen (PSA) will contribute to a further apparent increase: 39% of new
prostate cancer cases in eight Quebec City hospitals between October 1990 and

December 1992 were discovered after PSA assay.”

Age bias in research
In the past, little research has been done on the oldest age groups which are at highest

risk of developing cancer, most studies of response to treatment have been done in
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younger patients, often using age above 65 as an exclusion criterion.”

Age related clinical patterns

Patterns of stage at diagnosis, relative survival, and to some extent diagnostic delay
may be different in the elderly, and do vary with tumour type. The available evidence
suggests that breast cancer is diagnosed at a more advanced stage in the elderly, and

lung and pancreatic cancer at an earlier stage, while for cancer of the colon and

prostate there was no relationship between age and stage.”' ™

A ge related management pattems
The elderly may be less likely to be seen by clinical oncologists or to receive curative
treatment, even with comparable comorbidity.” Some of this may be related to

accessibility: older patients who no longer drive must find someone else to drive them

for radiotherapy, for example.™

Issues related to standardisation

Epidemiologic literature describing trends in cancer incidence and mortality over time
must deal with the problem of changes in the age structure of the population over time
in deciding how to present the information. These changes in age structure act as a
confounder, since most types of cancer have strong age related incidence and mortality

patterns.
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Displaying age specific statistics is one way to deal with this problem. This is a
stratified analysis based on age ranges. The amount of confounding removed depends
on the change in risk within the age strata chosen: if the age related risk is fairly
uniform within strata, most of the confounding will be removed. In simpler terms, the
narrower the age strata, the more confounding will be removed. The disadvantage of
presenting age-specific rates is the large mass of information which must be
assimilated by the reader. However, a much better understanding of the variation of
the cancer rates over time can be gained. Trends in different directions in different

age strata, for instance, will be obscured in summary figures.

A more common method of dealing with the changing age structure is to use summary
rates based on the age structure of a particular population. The standardised rates
which Statistics Canada publishes are an example of direct standardisation using the
age-specific rates pertaining to the population of interest and applying to them weights
derived from the reference population (I have used Canada 1971 as the reference
population in this paper). The advantage of having a single summary figure to
compare is counterbalanced by the loss of detail, and the inherent assumption that it is
reasonable to use a single summary figure to represent trends in many different age
strata. To the extent that trends in different age strata are not uniform, a single

summary figure is misleading.

Dol! & Peto, among others, have made the point that both population estimates and
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death certification are less reliable in older age strata,” and for this reason a truncated
standardised rate has frequently been used, with the age span 35-64 years being

common.”

Another limitation of both age-standardised summary figures and age specific rates is
that, with confounding of the change in age structure removed, one loses an
appreciation for the impact of the crude incidence and mortality numbers on the
medical care system. In planning resources for the medical care system the crude
numbers are more important. The difference is iliustrated in data from the present
study: the overall (0-85+) standardised incidence rates are clearly declining (see Figure
2) while the crude case numbers in 1990 were at about the same level as in 1978
(Figure 8). Crude numbers of cases in the 70-84 year age range have increased
linearly from 1969 to 1990, and the proportion of total cases from that age range has

increased from .2 to .32 over the same period.

Summary of relevant issues

Temporal trends in incidence of endometrial cancer in Canada are different for women
70 years and older than they are for younger age groups. In these elderly women
incidence (unadjusted for hysterectomy prevalence) increased from 1969 to 1982 and
has been stable since; in younger women incidence peaked in 1978 and has declined

since.
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To analyse trends in the real population at risk, the incidence data need to be adjusted
to reflect the proportion of women with intact uteri in different age groups and for

different years.

There are many risk factors which could result in a cohort effect: use of unopposed

estrogens, use of oral contraceptives and prevalence of cigarette smoking, for instance.

With some other cancers increased diagnosis (as opposed to increased disease) has
contributed to an apparent increase in incidence. This can be through earlier diagnosis
(as diagnostic techniques are introduced, disserinated or intensified), diagnosis of
asymptomatic cases (which would have otherwise remained undetected), or more
precise diagnosis (less misclassification of brain tumours, for instance). This may be

accompanicd by a shift to an earlier stage disease.
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Objectives & Hypotheses
Objectives
This paper focuses on incidence of cancer of the corpus uteri (ICD9 182) in women
70 years and over in Canada. It will:
sdescribe trends over time in incidence and mortality in different age groups in
Canada; this will include data on trends in morphology for elderly women
sadjust incidence data to reflect previous hysterectomy
eperform a cohort analysis for incidence (adjusted and unadjusted) of and mortality
from ICD9 182 to try to explain the trends
eassess the role of increased diagnosis for women 270 years by:
-analysing temporal trends in diagnostic procedures (D&Cs) in hospital
separation data
-analysing cancer registry data for indicators of greater precision in
diagnosis (trends in most confirmed method of diagnosis,
diagnosis by death certificate only, mortality/incidence ratios)
-a chart review of incident cases of ICD9 182 from three time periods
to assess evidence for earlier diagnosis (shift to an earlier stage,
decreased length of symptoms, more asymptomatic cases) and

use of new diagnostic methods
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Hypotheses

The hypotheses related to these objectives are:

(1) with a hysterectomy correction applied, incidence rates of ICD9 182 in women 270

years old will be increasing;
(2) there is a birth cohort effect involved in incidence trends of cancer of the corpus

uteri, with increased risk in women who were postmenopausal during a period

centring on the mid 1970s;

(3) there is increased diagnosis (as opposed to increased disease) of ICD9 182 for

elderly women in the most recent periods.
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Materials and methods

This is a descriptive study of trends related to cancer of the corpus uteri in Canada,
focussing on elderly women, using incidence, mortality, surgical procedure and
population data (among others) from national databases, and a chart review of

incident patients from a regional cancer centre.

National database materials

Incidence, mortality, population and surgical procedures data were supplied by

Statistics Canada.

The Nationa! Cancer Incidence Reporting System (NCIRS) is a database managed by
the Canadian Centre for Health Information(CCHI); it supplied incidence and
morphology data, as well as method of diagnosis (see Appendix A). The morphology
data presented use data from five provinces (Newfoundland, Ontario, Saskatchewan,
Alberta and British Columbia) from 1969 to 1989; the other choice would have been '

to use all provinces from 1982 onward.

Mortality data came from the Canadian Mortality Database (CMDB), a consolidated
computerised file containing information based on all death registrations in Canada
back to 1950.”" Although its coverage has not been formally tested, it is assumed to

approach 100% because of Canadian legal requirements related to death certification,™
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The National Hospital Morbidity Statistics Database (also at CCHI) provided numbers

of surgical procedures by single year of age, province and four digit ICD code from
1969 to 1990. These are collated from provincial hospital separation data representing
all hospitals other than National Defence, Worker's Compensation hospitals and
psychiatric hospitals, but do not include data from the Yukon or North West
Territories. Although it was established in 1960, it only started collecting surgical

procedure data in 1968,

Population numbers were supplied by Statistics Canada by single year, sex, single year

of age, and province for the period 1969 to 1990.

Hysterectomy adjustment

The method used in this paper is based closely on a technique used by Miller in 1981
to adjust cervical cancer mortality data, with some modifications.'' A comparison was
also made with a recent (as yet unpublished) version of that model by P. Holowaty.”
The method defines birth cohorts by single year of age and subtracts from them the
proportion each year who have had a hysterectomy in that calendar year at the age
appropriate for that cohort. It assumes that the mortality rate is the same for women

with and without hysterectomies.

Actual hysterectomy rates are only available from 1969 to 1990, which correspond to

the incidence data. For the years prior to 1969 it is necessary to model the pattern of
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Figure 9: Hysterectomy models: the vertical axis represents the proportion of 1970 age
specific hysterectomy rate which would apply to the same age group for the years stated.
The same proportion is assumed to apply to all age groups for that year. The flat model is
used only as one component in a mixed model,
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age-specific hysterectomy rates over time. The data-based model, partly on the basis
of some British Columbia estimates and partly based on history, uses a second degree
polynomial equation to estimate these rates. As a sensitivity analysis, 1 have included
a high model (linear, with a change in slope in 1950), a high linear model, and a low
linear model (see Figure 9). The ideal data to add to the cohort methodology would
be cross sectional data in 1969 giving hysterectomy prevalence by single year of age.

The various models are substitutes for that missing information.

The method used in this paper assumes that no hysterectomies were done prior to
1930. For the period 1930-1968 age-specific (by single year of age) hysterectomy
rates are calculated as a proportion of the 1970 age-specific rates according to the
various models. Reference rates from 1970 are used rather than 1969 rates as likely
representing more complete reporting to the database in the second year of its full
operation. The proportion is a function of which model is being used, and is assumed

to apply uniformly to all age groups in that calendar year for that model.

The polynomial model uses a second degree polynomial equation to describe a curve
through three data points: two based on the BC study mentioned above (a rate of
7.29/1000 in 1954 and 16.35/1000 in 1969), the third being a value of 0 set arbitrarily

based on the historical review mentioned above. The equation used is:

¥=0.1190x+0.0077x?

where y is the hysterectomy rate/1000 women, x is the time in years (0 in 1930 and
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39 in 1969).

This is used to generate hysterectomy rates for the years from 1950 to 1970. These
rates are then divided by the 1970 rate, yielding a hysterectomy rate for each year as a
proportion of the rate in 1970. The polynomial equation above predicts a rate of
17.08/1000 women for 1970, compared with the actual rate of 18.13 for the 35-39

year age group.

The high model has two linear components with different slopes, one before 1950
(from 0 in 1930 to .6 of the 1970 rate in 1950) and one after (from .6 in 1950 to 1 in
1970). It provided a model with rates intermediate between the high linear and flat

models.

In the high linear model hysterectomy rates increase from 0 in 1930 to 1 in 1970 in
a linear fashion. It models higher rates than the 'polynomial' model to account for
inclusion of incomplete hysterectomies which were proportionately more common in

earlier years.

The low linear model is a low model in which the rates prior to 1950 are assumed to
be 0, and increase from 0 in 1950 to 1 in 1970 linearly. It acts as a lower bound of

possible models.
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A flat model was developed for use only as one component in a mixed model which
used different models for temporal patterns of different age ranges (discussed on pages
14, 41 and 79) . It assumed that hysterectomy rates increased from 0 in 1930 to 1 in
1950 and remained constant at that level thereafter. The proportions for all models are

shown in Figure 9.

The proportion (P) of women of age & in year / with intact uteri was calculated as:

kb
P 1=y N”"‘“

im0 AYpl-k+l
where: #;; is the number of hysterectomies carried out on women of age i in year j,
and N; is the population count for age / in year j. These calculations are carried out
for ages from 0 to 89. This formula is similar to what is described in Miller's text, but
differs from the formula shown in Miller's article. The technique in this paper differs
from Miller's in that I have included hysterectomy rates in women less than 20 years
old, whereas Miller assumed that they were zero, The hysterectomies in the

adjustment in this paper include subtotal hysterectomies.

As a comparison to this method, I have also included a less elegant hysterectomy
adjustment which uses as a baseline the prevalence of intact uteri in 1970 according to
a US study (it assumes that the 1970 US data appiy to Canada). That study, by
Pokras and Hufnagel, used the 1960 USHES menopause data with Marrett's suggested

modification for post menopausal women. From that baseline, for each five year age
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cohort, I have subtracted the proportion of women having had hysterectomies in that
birth cohort in Canada for each five year period, yielding a total of five data points for

each model.

To assess the magnitude of the bias built into these models by assuming that
hysterectomy rates follow the same temporal pattern for all age groups, I have
included a mixed mode! which uses the polynomial model for age groups less than 60
years, the 'flat' model for women 60-74 and the 'high linear' model for women 75+,

The reasons for these particular choices will be are described in the discussion section

(page 80).

The hysterectomy adjustment is done as follows: Each model is used to estimate the
proportion of women with an intact uterus by single year of age for each year of
interest (1969-1990). Values for 5 year age groups are then derived by weighting
these proportions to reflect the age structure of each 5 year age group for each year.
This results in proportions of women with intact uteri by 5 year age group and year.
Incidence rates of ICD9 182 are available by 5 year age group. The adjusted
incidence rates are calculated by dividing the crude (unadjusted) incidence rates by the
proportion of women with intact uteri for each age group and year. Unless the
proportion of women with intact uteri for an age group is 100%, this will result in the

adjusted incidence rate being higher.
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Trends in these adjusted and unadjusted age specific incidence rates are then displayed

by means of line charts showing temporal patterns of three year moving averages.

Analysis of temporal trends

Analysis of temporal trends in data is usually done by simple visual display or by
complex modelling methods. Multiple regression techniques look at the relationships
between independent variables. They are not appropriate for analysis of temporal
trends in a single variable because in a time series the values are serially correlated,

and the temporal order of the data points is important.

The simplest technique to perform and for a reader to understand involves visual
display using a line chart, and is used in the present study. The major advantage of
simplicity is counterbalanced by a degree of subjectivity in interpretation, and a lack

of statistical testing.

The alternative to this involves ARIMA (autoregressive integrated moving averages)
modelling. It deals with the autocorrelation and trends in an iterative process of model
identification.’™® The effect of an intervention can be analysed by comparing models
developed separately for the pre- and post-intervention data. It is a complex process
which is both difficult to learn and difficult for a reader to understand, and for these

reasons has not be used in this study.
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The most significant source of uncertainty in the adjusted incidence data is that due to

the models, and different models are used as a sensitivity analysis.

Probability, incidence measures & hysterectomy adjustments

The method used in this paper for the hysterectomy adjustment cumulates the year by
year hysterectomy probabilities for a birth cohort from the birth year until the year of
interest. To adjust one age specific cancer incidence rate in a particular year, the
cohort of interest is limited to those (#) women of the birth cohort who have survived
till that year. For this fixed cohort the year by year hysterectomy probabilities would

be hy/n, h/n, hyn, ../n, where h, is the number of hysterectomies done at age k.

The actual hysterectomy probabilities are not available for the fixed cohort, and I
assume that the age specific 'hysterectomy rate' for the appropriate single year,
calculated with national data, is a reasonable estimate of the hysterectomy probability
of our fixed cohort of n women. A real hysterectomy probability for a cohort for a
single year would involve defining the population of interest at the beginning of the
period, counting the procedures done in the next 12 months, and adjusting the
denominator to reflect withdrawals. This would be similar to calculating a cumulative
incidence by the actuarial method:*

Br =—1 __

ot No-(Wj2)

which estimates the probability for the time from t, to t, N being the population at
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time 0 and W the number of withdrawals during the period. The national age specific
hystercctomy rates use a mid-year population estimate as the denominator, which is
what the term (N,-W/2) is estimating; the procedures, however, are provided for a 12

month period from April 1 to March 31 rather than the calendar year.

The assumption is inherent in this technique that mortality and emigration are not

affected by hysterectomy status, and that immigrants have the same 'hysterectomy

experience' as native born women.

The hysterectomy probability which is cumulated for each birth cohort is closely
related to, but distinct from, cumulative incidence and incidence density. The
hysterectomy probability for each year for each cohort has as its denominator the total
population for that birth cohort in that year (includes women with and without uteri).
The cumulative incidence (CI) for the year is the risk of having a hysterectomy during
that period for those women in the cohort who have intact uteri at the beginning of the
year. For the first year of the birth cohorts this will be identical to the hysterectomy
probability, but thereafter the denominator of the CI will exclude women with previous
hysterectomies. The incidence density (ID) is an average rate per unit time of
procedures performed on women with uteri. For the ID calculated for a year, the
denominator should exclude women with previous hysterectomies and also half the
women who have hysterectomies in that year: operations are distributed over the

twelve months, and women are no longer 'at risk' once they have had a hysterectomy.
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Table II: Hysterectomy probability (Pr), CI and ID for a fixed cohort (N) with no withdrawals or losses
Yea No. of Total Population Pr Ci D
r hysterectomics population wilh intact
uteri
0 hy N N ho/N hy/N ho/(N-hy/2)
1 h N N-h, h/N h{N-bg) hy/{(N-{hy+h,/2))
" 2 y N N-lig*hy) BN | BN | BN-(hethythy2))
k by N N-(hg+h+h;) h/N hy/{N- hyf(N-(hy+...hy,
{hg+h,..+hy)) H2)

#

The different denominators are shown in Table II.

The year by year probabilities are mutually exclusive, and thus are additive.

The cumulative probability for a cohort from age 0 to age k would be:

where h, is the number of hysterectomies performed on women of age i in the year

“h
W

which corresponds to age i for that birth cohort, and N, is the total population of

women age / in that same year.

A more common epidemiologic method to calculate cumulative incidence over time is:

where CI, is the cumulative incidence for the year 1.** The equivalence of these two

methods is shown below:



46

k
cl,..=1-[] a-cn
=0

Cfo-k=1-(l 'ﬁ 1- b 1- hy o 1- iy
N N-ho N-(h°+hl) N-(ho +h]'“ +hk- ])
=1_(N—ho N-ho-hy Y N-ho-hyhy) (N-hy—hm iyl
N N‘ho N-ho-hl N"'(ho"'hl"' +h-:¢-|)

1 _(N-(ho+hl...hk)]_[h0+hl... +h,,}

N N
Thus the cumulative probability method used in this paper is mathematically

equivalent to calculating a cumulative incidence by the method above (simple

cumulative method).

The assumption that the hysterectomy rate calculated from national databases is a
reasonable estimate of hysterectomy probability is analogous to assuming that a Cl for
one year is equal to the ID, The CI is a measure of risk, and the ID a rate. The

relationship between the two is:

Cl=1-¢ -IDAr
For rare diseases, where IDAt < .10, the assumption can be made that CI=ID.** There
is error introducrd by equating the hysterectomy rate with a hysterectomy probability,
but other potential sources of error in the method (e.g., the modelling of early
hysterectomy rates) seem to be a greater problem, and the degree of error introduced

would best be judged by validating the estimated hysterectomy prevalence by a survey.
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Cohort analysis
An age-period-cohort analysis attempts to disentangle the effects of age, period and
birth cohort in longitudinal data. An inherent limitation in this analysis is the linear
dependency of each variable on the other two. Thus each set of data has at least two
explanations (the "identification problem"). Separating the three effects empirically

depends on a priori knowledge and is not solved by using statistical techniques.®

This can be done by displaying the three elements using line charts (often referred to
simply as a ‘cohort analysis'). This technique is simple to perform, makes few
assumptions and is more easily understood than the alternative method. In the present
study birth cohorts are defined by five year age groups in 1969; later data points for
that cohort are the values appropriate for the aging of that birth cohort at five year

intervals. The analysis involves interpretation of line charts of that data.

An alternative method involves analysis of the same elements using a computer
program. This involves using a model, and the assumptions inherent in that model.
Using three separate variables in the model for age, period and cohort makes the
assumption that the three elements are independent, and it is now common to include
only two. This method does offer the advantage that it can be used to adjust the data
(e.g., to remove the cohort effect), but does not solve the basic problem of the
'‘identification problem'; as well, its shortcomings may be less obvious to the reader.

There do not appear to be significant advantages to the modelling technique that
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outweigh the simplicity of the simple graphical technique for the present study.

Chart review at Ottawa Regional Cancer Centre

A chart review of incident cases of cancer of the corpus uteri at both branches of the
Ottawa Regional Cancer Centre (ORCC) was done to assess the role of increased
diagnosis in elderly women in more recent periods. It looked for evidence of earlier
diagnosis (shift to an earlier stage, decreased length of symptoms before diagnosis),
and more frequent diagnosis of asymptomatic cases, as well as use of new diagnostic

techniques.

The Ottawa Regional Cancer Centre is an organisation providing clinical oncology
services to western Quebec and eastern Ontario during the period of study through two
branches situated in the Ottawa Civic (OCH) and Ottawa General Hospitals (OGH).

It is part of a system of regional cancer centres in Ontario. Hospital-based tumour
clinics at OCH and OGH became part of the Ontario Cancer Treatment and Research
Foundation in 1953. The satellite clinic at the Ottawa General Hospital has been a
separate division since 1958.* It has a smaller volume of patients and draws a

significant proportion of its clientele from western Quebec.

Permission for the chart review was obtained from the clinical research committee of
the Ottawa Regional Cancer Centre. Charts were pulled from both divisions of the

ORCC for three time periods:1969-72, 1980-81, and 1990-91. Criteria for inclusion in
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the study were: age of 65 or greater at the time of admission to the clinic, a new
diagnosis of cancer of the corpus uteri (ICD9 182) during the time periods of interest,
and that the patient had been seen within a six month period after the date of the
definitive diagnostic procedure. Patients whose usual residence was not within the
ordinary catchment area of the ORCC were excluded. All eligible charts within each

time period were included.

The information gathered included clinical stage, presenting symptoms, length of
symptoms before diagnosis, method of diagnosis, and histologic diagnosis. Initially,
as well, 5 charts from each time period were examined to assess the feasibility of

collecting risk factor information.

Analysis was done by performing %* for linear trend of proportions over the three time
periods, and unpaired t-tests, %* and Fisher exact tests where appropriate comparing the
later periods to the earliest period. Some tests were further stratified by age (65-74,
>75). Where tests of statistical significance are done in this paper, they are tests of

the relevant null hypotheses.

Staging for endometrial cancer

In 1988 the International Federation of Gynecology and Obstetrics (FIGO) chunged the
staging for endometrial cancer from a clinical staging system to a surgicopathologic

one which offered better precision in terms of prognosis and treatment decisions.
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Although that system is the one in current use and is thought to be more accurate than
the previous clinical staging, it involves histologic grading and surgical staging
information which were not available from the charts of the two earliest periods in this

study.” This meant that a clinical staging scheme was the only appropriate method

for this chart review,

Since 1950 there have been three staging plans drawn up by FIGO. The most
‘developed' one which could be supported by the chart data is the 1961 staging:
-Stage I: confined to the corpus
-Stage II: involving the corpus and the cervix
-Stage 1II: extending outside the uterus but not outside the true pelvis
-Stage IV: outside the true pelvis or involving the mucosa of the bladder or
rectum
This was modified by not considering the results of fractional D&Cs in the staging;
these have been shown to be a significant source of misclassification in the past™ '

(see Appendix E for more detailed discussion of staging issues).
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Results

Hysterectomy patterns

Age standardised hysterectomy rates in Canada peaked in 1971-72 and have declined
continuously since. Underlying this simple trend are marked changes in rates for
women under 60 years of age, peaking in the early 1970s, stable rates for the age
group 60-74 and slowly increasing rates in the 75-89 year age group. Rates for these
age ranges have been standardised to the 1971 Canadian age distribution (see Figure

3).

Even within the three youngest age ranges, the proportionate increase in rates from
1969 to 1972 was inversely related to age: the increase from 1969 rates was 72% for
the 20-24 year age group, 43% for 30-44 year old women, and 20% for the 45-59
year old group. Hysterectomy rates by five year age group for the period 1969-90 are

included in Appendix F.

Subtotal and partial hysterectomies only contributed significantly during the first years
of the period, as can be seen in Figure 7. There was a coding change in 1979, but
even before that, the proportion of subtotal and partial hysterectomies had fallen

dramatically.
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Trends in age-specific incidence of cancer of the corpus uteri;
hysterectomy adjustment

Age specific incidence rates of 1CD9 182 in Canada both with and without
hysterectomy adjustments are displayed in Figure 10. In age groups under 70, cancer
of the corpus uteri is clearly declining after peaking in the mid 1970s. In age groups
over 70, however, unadjusted incidence rates have been fairly stable since around

1982, after rising during the 1970s.

After adjustment for hysterectomy prevalence using the modelling technique derived
from Miller, incidence rates in age groups under 70 still show declining trends for all
models, although the slopes are not as steep. For age groups over 70, after adjustment
using this technique, all age groups show a rising incidence. This was true for all
models tested, even the improbably low linear model which assumed no

hysterectomies prior to 1950,

The mixed model was done to demonstrate the effect on adjusted trends of
overestimating hysterectomy rates in older women relative to the estimates in younger
women (see Figure 11). It raises the 1969 (adjusted) incidence rates by 1.8%, 2.9%
and 3.7% for age groups 70-74, 75-79 and 80-84 years, and thus decreases the slope

of the initial segment of the incidence curves. This make little difference to the
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Figure 11: Incidence of ICD9 182 adjusted using a mixed model with the polynomial model
for age <60 years, flat model for age 60-74, and linear model for age 75-84 of euch cohort;
unadjusted rates and polynomial model included for comparison. This uses higher estimates
of hysterectomy rates in older age groups for earlier periods. All data displayed as three year
moving averages,
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adjusted rates for the 1980s in which period the adjustment technique yields increasing
incidence rates in women over 70, rather than the stable pattern seen with unadjusted

rates.

The other crude hysterectomy adjustment presents five data points, using US baseline
prevalence rates and Canadian procedure data for five year age groups. It shows a
different picture (Figure 12). Using this method, incidence in age groups below 70
years is decreasing in the most recent period. In 70-74 year old women incidence
increased from 1975 to 1985 and then declined slightly to 1990. In the 75-79 year age
group adjusted incidence rates were quite stable from 1975 onwards, whereas in the
80-84 year age group a similar stability was replaced by an increase of 16.4% from

1985 to 1990. Overall the adjustment does not change the picture much.

Morphology

Trends in morphologic subtypes of ICD9 182 in women aged 70-84 were analysed to
see whether one particular morphologic type was increasing in that age group. The
analysis was done on data from five provinces from 1969 to 1989 (Newfoundland,
Ontario, Saskatchewan, Alberta, British Columbia), age standardised to the 1971
Canadian female population. This information is displayed in Figure 13. The largest
diagnostic group, adenocarcinomas (ICDO-M 814), showed the only important increase
over the whole period increasing from 47.5/100,000 to 58.8/100,000 or 86% of the

total increase among carcinomas. Sarcomas increased from 3 to 3.6/100,000 over the
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same time.

1t should be noted that the incidence rates in this morphology section do not add up to
the same total as the national incidence figures: although they are standardised to the

1971 Canadian population, the morphology data represent the experience of only five

provinces.

Cohort analysis

The cohort analysis presents information from birth cohorts in five year age groups in
an attempt to disentangle the effects of age, period and birth cohort. This information
can be displayed in a number of different manners, two of which are used in this

paper.

In Figure 14 age specific incidence rates are presented by birth cohort. These rates
have not been adjusted to reflect hysterectomy prevalence. Each data point represents
the incidence for that birth cohort when it reaches the stated age. In a stable situation
(no cohort or period effect) 1his type of graph should consist of a series of parallel
horizontal lines with the highest one being that of the age group with the highest age
specific incidence rate (65-74 years), A strong birth cohort effect on this graph will
show as peaking of the age-specific incidence curves for that birth cohort. This

appears to be the case for age groups greater than 55 years of age, which peak for the
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1915-19 birth cohort. The risk decreases for birth cohorts ¢arlier than that.

A strong period effect on the graph would appear as a peak in the age specific
incidence curves marching down and to the right: moving one birth cohort to the right
for each decrease in the age group. The curves covering age groups 45-59 years fit

that pattern; an increased risk for the 'period' 1974.

The data can be interpreted as a combination of birth cohort effect (in older women)

and a smailer period effect in younger women.

Figure 15 is a similar analysis of mortality by birth cohort, not adjusted for
hysterectomy prevalence. The highest mortality tends to be in the oldest birth cohorts
for the oldest age proups. To some extent the wild fluctuations in mortality for birth
cohorts prior to 1900-04 represent the unstable rates associated with small numbers of
cases. In birth cohorts from 1900-04 onwards, mortality for all age groups other than
70-74 year old women is declining. There is no peak in mortality for the 1915-19

birth cohort corresponding to the peak in incidence.

Figures 16, 17 & 18 present the birth cohort information as incidence or mortality by
five year age group, with each line representing a birth cohort. In a period of stable
incidence and mortality these should yield a smooth curve resembling the age specific

curves for a single year (Figure 1), with the birth cohort lines overlapping.
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It is possible to tease a few useful pieces of information out of these colourful tangles
of lines. The incidence chart (Figure 16) demonstrates that the 1915-19 birth cohort
had the highest age specific rates from ages 50-74, followed by the birth cohorts on
either side of it. Age specific rates for these three birth cohorts were higher than for
either earlier or later birth cohorts, As these three high risk birth cohorts age, their
incidence rates are converging towards those of earlier birth cohorts if they are
constructed with unadjusted data. If the same type of birth cohort analysis is
constructed with incidence rates adjusted using the second degree polynomial model
(Figure 17), the two highest risk birth cohorts (1915-19 & 1920-24) still carry an

excess risk for the most recent period.

The highest mortality (see Figure 18} is in the earliest birth cohorts: for 70-84 year old
women in the 1890-94 cohort, and for women in their 50s in the 1895-99 and 1900-04

cohorts. Recent birth cohorts are associated with lower mortality.

Trends in D&Cs

Increased diagnostic intensity in older women might result in increased diagnosis of
cancer even if there were no real increase. Dilatation and curettage of the uterus
(D&C) is the most common initial test done which provides tissue for histologic

examination.

Age specific rates of D&Cs done as inpatients are published on an annual basis by
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the Canadian Centre for Health Information, and are displayed in Figure 19. The
procedure codes used are those for 'other' D&Cs as distinguished from D&Cs related
to pregnancy or therapeutic abortions. There was a change in coding system in 1979
from ICD8 based procedure codes to Canadian Classification of Diagnostic,

Therapeutic, and Surgical Procedures (CCP) codes.

The remarkable rise from 1969 to 1970 in the two youngest age groups is likely
artefactual, due to incomplete reporting in the first year or a change in coding
procedures. For 55-64 year old women there is a decrease in the rate of D&Cs during

the period of study. The rate for women >65 years decreases slightly from 1969 to

1989.

Mortality/Incidence ratios

Mortality/incidence ratios (MIRs) are included here as a measure of completeness of
cancer registration (higher MIRs may indicate underreporting of incident cases). Other

factors which influence these ratios are discussed below.

These ratios for Canadi=n data are shown in Figure 20 based on age standardised rates
for the three age ranges. There are decreases from 1969 to 1975 for all three age
ranges. For women 70-84 years, there is a fairly consistent decline from 1978 to

1990, while for the younger age range the pattern is fairly stable since 1982.
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Figure 19: Age specific rates of 'other’ D&Cs (not related to pregnancy), Canada.
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mortality/incidence ratios
ICD9 182 by standardised age ranges
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Figure 20: Mortality/incidence ratios by standardised age renge (Canada 1971) over time.
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Figure 21: Diagnosis of ICD9 182 by death certificate only in Canada for four periods, by
10 year age groups.
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Most confirmed method of diagnosis

The NCIRS file lists the most confirmed method of diagnosis for each case. One
obvious age-related problem with the data is the increased frequency of diagnosis by
death certificate only (dco) in the elderly. In the NCIRS 'death certificate only’ is a
composite of two codes (‘unknown' on method of diagnosis or a 'yes' code for the
vital statistics source variable). The results by period for 10 year age groups from age
45 to 84 are in Figure 21. The age group 75-84 consistently has a higher proportion

of dco than the other age groups, even though it is markedly improved since 1970-74,

Figure 22 is a line chart presenting the most confirmed method of diagnosis for
women = 70 years of age for data from 1969 to 1989. The percent confirmed by
histologic diagnosis rose from 86% in 1969 to 92.4% in 1989, while 'unknown method

of diagnosis' fell from 9.1% to 3.8% over the same period.

Chart review

The chart review was primarily designed to assess the role of better diagnosis of

cancer of the corpus uteri in women 65 years and over in more recent periods.

Of an original list of 341, 8 charts could not be located (3 from period 1 and 5 from
period 2). After applying the exclusion criteria a total of 183 charts were eligible: 38

from period | (1969-72), 54 from period 2 (1980-81) and 91 from period 3 (1990-91).



Table I

Risk factor information

mean (sd)
1969-72 1980-81 1990-91
age (n=183) 71.7 years(5.8) 71.8 years(7.0) 73 years(5.9)
parity (n=173) 1.94(2.9) 2,04(2.6) 2.14(2.6)

X S

The type and quality of information present in the charts varied with time period.

This was particularly true of risk factor information, which seemed to be most
consistently recorded when it was the responsibility of a non-physician (usually a
nurse or nutritionist). Unfortunately this "routinely” collected information was
different in the three time periods; only parity, marital status and age were consistently
available (mean age and parity are listed in Table III). Even weight (within a month
of first admission) and height were only available for 71% and 44% of the cases
respectively, The quality of some information varied markediy from period to period:
there was no information at all about hormone use in 83% of charts from period |, v
43% in period 2 and 30% in period 3. The information present only rarely included

dose or duration.
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The distribution of clinical stages in the three periods is shown in Table IV.

Table IV
w

Clinical stage by period

Period
Stage 1969-72 1980-81 1990-91 Total
I 27(71.1%) 40(74.1%) 84(92.3%) 151(82.5%)
II 5(13.2%) 4(7.4%) 1(1.1%) 10(5.5%)
11 4(10.5%) 7(13.0%) 5(5.5%) 16(8.7%)
v 2(5.3%) 3(5.6%) 1(1.1%) 6(3.3%)
Total 38 54 91 183

X —

In Table V stage is analysed as a dichotomous variable, early (stage I} vs late (ail
others). Relative risks of early stage disease in the later periods (using the earliest
period as a reference) are listed. There is a significant trend for a greater proportion
of early stage disease in more recent periods ()* for linear trend=10.676, p =.001).
Stratifying by age (65-74, 75+) does not materially change the results. A greater

proportion of cases are stage I in more recent periods.

Duration of symptoms before diagnosis could be estimated for 156 women. The mean

number of complete months of symptoms was 7.1(sd 13.5) in period 1, 3.8(6.2) in



Table V "

Early (stage I) vs late stage disease

unstratified stratified (65-74, 275)*
RR period 2 vs period 1 1.04(.81-1.35) 1.05(.82-1.35)
RR period 3 vs period | 1.25(1.01-1.55) 1.32((1.06-1.63)
y? for linear trend 10.676, p=.001 12.798, p=.0004

¥RR,,, or extended Mantel-Haenszel

e

Table V1

e

Length of symptoms by period

length of period 1 period 2 period 3

Symptorms (1969-72) (1980-81) (1990-91) total
<1 month 12 17 25 54
1-3 months 8 14 21 43
4.6 months 5 7 11 23
6 months 7 9 20 36
total 32 47 77 156

Kruskal-Wallis H=,754, p=.69
M
period 2 and 6.7(10.9) in period 3. The quality of the data was so poor that it is most
reasonable to present them in broad categories (see Table VI). There is no evidence

that length of symptoms before diagnosis is shorter in more recent periods.

Information on presenting symptoms was present in 182 charts, and is summarised in

Table VII. In period 2, of the two patients with no symptoms referrable to the
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Table Vil

“

Presenting symptom by peried

period 1 period 2 period 3

symptom (1969-72)  (1980-81)  (1990-91)  total
No symptoms 0 23.7%) 2(22%)  4(2.2%)
Any symptoms 38(100%) 52(96.3%) 88(97.8%) 178(97.8%)
vaginal bleeding 34(89.5%) 48(88.9%) 85(94.4%) 167(91.8%)
abdominal pain 1(2.6%) 2(3.7%) 1(1.1%) 4(2.2%)
mass 1(2.6%) 0 1(11%) 2(1.1%)
vaginal discharge 0 2(3.7%) 0 2(1.1%)
cough 1(2.6%) 0 0 1(0.5%)
diarrhea 1(2.6%) 0 0 1(0.5%)
abnormal ultrasound 0 0 1(1.1%) 1(0.5%)
total 38 54 90 182

spercentage refers to the total cases in that period
sexpressed as a dichotomous variable, asymptomatlc/symptomanc p =671 by
Fisher's exact test (two-tail) on the 3x2 table (periods x symptoms)

X
cancer, one had a suspicious Pap smear done essentially for screening purposes during
a visit for uterine prolapse, and the other was diagnosed as an incidental finding on
pathology after a vaginal hysterectomy for uterine prolapse. The two asymptomatic
women in period 3 also consisted of one woman diagnosed on a 'routine' Pap smear
and a second diagnosed incidentally after a vaginal hysterectomy. The woman listed
as presenting with an abnormal ultrasound in period 3 was being investigated for an
abnormal endometrial echo on ultrasound. Although she did have some vaginal

bleeding just before her D&C, the D&C had already been arranged prior to the onset
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of symptoms. The reason for doing the initial ultrasound was not clear from the chart.

Table VIII

12—

Initial method of diagnosis by period

method of period 1 period 2 period 3

diagnosis (1969-72)  (1980-81)  (1990-91)  total
D&C 27(N%)  36(67%)  T0(78%)  133(73%)
Pap smear 3(7.9%) . H13%)  6(6.7%)  16(8.8%)
laparotomy 5(13.27%)  5((9.3%)  3(3.3%)  13(7.1%)
cervical biopsy 2(5.3%) 4(7.4%) 2(2.2%) 8(4.4%)
endometrial biopsy 0 0 6(6.7%) 6(3.3%)
incidental finding on 0 2(3.7%) 1(1.1%) 3(1.6%)
path.specimen
ultrasound 0 0 2(2.2%) 2(1.1%)
vaginal biopsy 1(2.6%) 0 0 1(.5%)
total 38 54 %0 182

w

The initial method of diagnosis lists the first tests done which were clearly abnormal
(see Table VILI); this usually involves a pathology specimen and a nathologic or

cytologic diagnosis. Ultrasounds, however, were listed as the initial method for two
patients in whom they were clearly abnormal and for whom a hysterectomy was the

next procedure done, as a direct result of the ultrasound findings.

New diagnostic techniques are playing a role in the most recent period, endometrial

biopsy in 6.7%(6) of cases and ultrasound in 2.2%(2). Endometrial Hiopsy in
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particular is a technique suitable for outpatient use in a hospital or in a physician's
office, and was not in use in earlier periods. For 6 women in period 3 endometrial

biopsies were the first positive confirmatory tests,

Table IX
—

Pathology: carcinomas vs sarcomas

period 1 period 2 period 3

(1969-72) (1980-81) (1990-91) total
carcinomas 36(97.3%) $2(96.3%) 84(92.3%) 172(94.5%)
sarcomas 1(2.7%) 2(3.7%) 7(7.7%) 10(5.5%)
total 37 54 91 182

p=.51, Fisher's exact test; %° for linear trend 1.573, p=21
[ P

Fourteen different pathologic diagnoses were listed in 182 charts. These can be
divided into carcinomas and sarcemas as in Table IX. The apparent trend of
increasing proportions of sarcomas in more recent periods is not statistically significant

(this may of course be due to the small numbers).
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Discussion

Age specific trends and hysterectomy adjustments

The clearest aspect of the age-specific trends is that they are different in women above
and below the age of 70. In age groups below the age of 70 the incidence of cancer
of the corpus uteri is decreasing whether or not previous hysterectomies are taken into
account.. For age groups above 70 unadjusted incidence rates have been stable since

around 1982 after increasing over the previous 10 years.

After using the modelling technique to adjust for previous hysterectomies, incidence in
age groups above 70 is increasing regardiess of whether a ‘high' or 'low' model is used.
Modelling the early hysterectomy rates provides an estimate of cross sectional
hysterectomy prevalence rates for 1968. Two possible types of errors may introduce a
trend into the adjusted data and need to be considered: error in estimating the average
hysterectomy rate for a year or period (whether the model is in general low or high),
and error resulting from the assumption of uniform rates of change in all age groups.
I find it easiest to think of them in terms of their effects on the cross sectional

estimates.

If the model provides estimates that are in general lower than actual hysterectomy
prevalence the errors will be cumulated over the 'lifetime’ of the birth cohort, and the

absolute value of the underestimation will be highest for the oldest women (since they
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have accumulated more of their lifetime risk of hysterectomy by 1968 than younger
women). An age-specific hysterectomy prevalence for a later period (for example, the
80-84 year age group in 1978 as compared with the ‘cross sectional’ estimate for 1968)
represents the 1968 estimate for 70-74 year old women and 10 years of good quality
procedural data. The 1968 estimate for the 70-74 year age group will not have
cumulated as much of the lifetime risk for that age group, and thus not be as low in
absolute terms. This will show up as a trend of increasing hysterectomy prevalence,
and consequently, incidence of adjusted data. This change of slope will be steepest in
the earliest period of study which relied more on the models and less on the procedure

data for the estimates.

The 'high' model (0 in 1930, .6 in 1950 and 1 in 1970) gives higher hysterectomy
rates in the past than are likely to have been the case, and still shows increasing

incidence in elderly women.

One assumption of these models is that hysterectomy rates for all age groups changed
at the same rate from 1930 to 1970. An examination of the hysterectomy rates for
Canada from 1969 to 1990 shows that this is not strictly true. Whereas rates in age
groups under 60 in general rose to a peak in 1971 or 1972 followed by a gradual
decline, rates for women from age 60 to 74 have been more uniform, and rates in

women over 75 have risen during most of the 1980s.
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If rates in older women prior to 1969 did not fall off as fast as those in younger
women, estimates of hysterectomy rates for older women derived from the models
would be lower relative to their true values than the estimates for younger women.
These relatively low values would result in high estimates of the proportion of women
with intact uteri in these age strata, and consequently an adjusted incidence rate that
was low, These low values would appear as the adjusted values for higher age strata
in the earliest years of the study period. Similar to the situation discussed above,
values later on in the study period for the same age stratum represent progressively
younger age cohorts whose estimates of hysterectomy rates (and adjusted incidence
rates) were not as relatively low. This would appear as a temporal trend of increasing
incidence in the elderly, with the extent depending on the degree of underestimation of
operative rates in the elderly relative to that in younger age groups. This affects only

the lifetime cumulative risk of hysterectomy left after age 60.

The importance of this effect was tested by using a mixad model which overestimated
early hysterectomy rates in older women by using different (higher) models for older
age ranges. The magnitude of this effect in the mixed model was small, and did not
greatly affect the adjustments to the data in the 1980s, which were more dependent en

the procedure data.

The US method used by Pokras and Hufnagel makes the assumption that hysterectomy

rates for women prior to 1960 were similar to the age-specific rates in 1965. This
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assumption will result in an overestimation of operative rates in the elderly,
particularly in the oldest age groups. Women aged 75 in 1960 were 50 in 1935, and
calculation of their risk of hysterectomy would involve 25 years at 1965 age-specific
rates. This will result in an overestimate of hysterectomy rates, an underestimate of
the real proportion of women with intact uteri, and a resultant overcorrection of the
incidence rates. Corrected incidence rates for older women in the early years with this

method will be too high.

Table X: estimates of proportions of women with intact uteri, US baseline vs
modelling technique.

|

Proportions of women with Intoct uted In 1974, vartous mcthody

method or model wved

Apge group

Pokn, US low lincar polynomiul Iigh linear high
20-24 yrs 997 999 999 999 499
25-29 yrs 983 990 99 A9 90
30-34 yrs 945 959 958 956 953
35-39 yrs 915 904 899 K9] HR9
40-44 yrs R26 842 827 K09 K02
45-49 yrs 769 807 75 T4 728
50-54 yrs 51 817 762 2 691
55-59 yrs S0 866 91 T2 (1]
60-64 yrs 670 212 H28 760 120
65-69 yry 636 941 863 796 767
70-74 yrs 602 956 194 K37 R13
75-79 yrs 642 965 922 877 K60
80-84 yrs 705 974 944 213 A0

*ihe Tow Tinear, polynanual, figh Binear and high models are ull from the present study

m

The resulting biases can be kept in mind in comparing estimates of the proportions of
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women with intact uteri for the Pokras method and the models described in this paper.

The US baseline technique shows a stable incidence since 1975; the bias inherent in
that method would overestimate the prevalence of hysterectomy in older women, and
this would appear as a declining incidence over time. Stable incidence rates using this
correction method are therefore consistent with some degree of underlying real

increase over time in the elderly.

Using the modelling technique. adjusted incidence rates with all models show an
increase in the elderly over time. The actual procedural data used are very good,
covering very close to the entire Canadian population, and estimates produced using
the technique in this paper will continue to improve as greater proportions of the
hysterectomy rates are from the procedural data and less from the modelling. Visually
this can be seen as a convergence of the curves from various models. This is already
apparent for younger age groups. On balance, it seems likely that incidence is

increasing in women over 70; quaniifying it is a matter of speculation.

Overall the polynomial model is the most reasonable to use, since it uses the two data
points from the BC study. However, it is also possible that the 'high linear' model is
closer to the truth: if the BC data points represent only total hysterectomies, an

adjustment for cancer of the corpus uteri should use higher values as it inciudes
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subtotals which were more common in earlier periods.

The model-based hysterectomy adjustments in this paper have inherent biases which
may affect trends in elderly women. A more sophisticated model with different
temporal patterns for different age groups would be useful but is limited by the lack of
data and the rapidly changing hysterectomy rates in the early 1970s, making it hard to
develop a believable model. A large sample survey of Canadian hysterectomy
prevalence rates by age group would be useful, but would not help for the inost

uncertain period (the earliest)

The present method of hysterectomy adjustment in Canada is an imprecise tool, and
not much faith can be put in the exact adjusted rates for older women or for the early
years for which the method is used (close to 1969). However the pattern of increasing

incidence in the elderly seems clear since it is insensitive to the model being used.

A cohort effect, still?

Both uncorrected and corrected age specific incidence rates are compatible with a birth
cohort effect for age groups 55 and over, with the effect not yet having worked its
way through to age groups 70 and older. With data adjusted for hysterectomy
prevalence, there still appears to be an excess risk for two birth cohorts for the most

recent period (1989). For women 55 and younger, the data are more compatible with
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a period effect in the mid 1970s. The most plausible explanation is that this is related
to unopposed estrogen use: the affected birth cohorts (1910-14, 1915-19, and 1920-24)
were 51-65 years of age at the time of the peak in estrogen sales in Canada® This is
consistent with the evidence mentioned above (page 22) that excess risk may persist

for 15 years or more after estrogen use. Other factors which may present as a cohort
effect are the use of oral contraceptives, and the prevalence of cigarette smoking; both
of these are protective, and both will affect younger birth cohorts than those discussed

in this paper.

Terminology in describing age, period and cohort effects is not as simple as it might at
first seem. A cohort effect is defined in Last's Dictionary of Epidemiology as
variation in health status that arises from different causal factors to which each birth
cohort in the population is exposed as the environment and society change.”” On the
other hand Kleinbaum, Kupper & Morganstern state that a cohort effect is present

when disease rate varies by year of birth, regardless of age.”

According to the data presented in this study the 1910-24 birth cohorts are at excess
risk for incidence of cancer of the corpus uteri from the age of 55 onwards, but not
before. Although this does not meet the stricter of the two definitions above, the term
'cohort effect’ conveys the idea of a risk which persists over time for a population
defined by its age at a particular period. For these data this involves being in the age

group 51-65 in 1974, rather than being born in a particular year. If the 'exposure’ does
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not occur until after menopause, there wiil be no excess risk before about age 50. An
analysis by ‘menopause cohort' rather than by birth cohort might fit the stricter

definition more closely.

A combination of age and period effects can also explain the findings, but does not
convey the idea of an ongoing increased risk. These descriptions are all
simplifications: they take for granted the age effect which is a consistent finding in

studies of cancer of the corpus uteri (peak incidence in elderly women), for example.

Is there increased diagnosis in the elderly?

There is some weak evidence both from the chart review and national database

material that increased diagnosis is playing some role in the trends.

While over 90% of cases at the ORCC presented with vaginal bleeding, there was
a trend of greater proportions of stage I disease in the most recent periods, but no
decrease in duration of symptoms that might accompany earlier diagnosis. Other
explanations for this finding are also possible: a change in aggressivity of tumours
over time, or a change in referral patterns (the latter will be discussed in the section
which follows). Although D&Cs are still the most importan: method of diagnosis,

endometrial biopsy is a new technique used in the most recent period.

Some role for improved diagnosis in elderly women is suggested by lower percentages
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of diagnosis by 'death certificate only' in women 75-84 and decreasing
mortality/incidence ratios in women 70 and over. In a situation where disease patterns
and cancer registration are stable, MIRs provide an estimate of case fatality. The
interpretation of changing ratios, however, is not clearcut. A decrease in MIRs can be
due to a number of factors including more complete reporting of incident cases to the
registry, better diagnosis, better treatment (less mortality), or a change in the biology

of disease (estrogen associated tumours are less biologically aggressive, for example).

Trends in age specific rates of D&Cs in Canada (Figure 19) do not support increased
diagnostic intensity in the elderly, but there are important limitations to the data. The
rate for women 65+ years decreased slightly from 1969 to 1989, These figures are not
age standardised, and the 65+ population in 1989 would have had an older mean age
than in 1969. In effect, then, it is possible that a standardised rate for women 65 and

over would have increased slightly.

Unfortunately availability of diagnostic techniques (D&Cs and endometrial biopsies)
was not well assessed by hospital separation data, as they are often done as
outpatien's, or in physicians’ offices. A more complete assessment of the intensity of
the relevant diagnostic procedures would need some other source of information,

such as physician billing data.
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Limitations of using cancer clinic data
The regional cancer clinic had the advantage of being a centralised source of data for
the region. Incident cases were easy to select from the total caseload for the three
periods of interest, and the relevant information for clinical staging was consistently

present. Within each period the data in the charts was collected in a fairly consistent

manner.

The primary purpose of the cancer clinic charts is to serve as an information base for
and record of treatment decisions. Patients are referred to the clinic by their primary
treating physicians (usually gynecologists, sometimes family physicians). There are

limitations to the data related to both these factors.

Information relevant to treatment decisions is clearly recorded, as are the details of the
therapy decided upon. Detailed risk factor information is not as relevant to treatment
decisions, and thus is not as well recorded. There is a particular problem in studying
temporal trends, since the type and quality of information varied from period to period.
This depended both on who was responsible for recording information, and the state of
medical knowledge (estrogens were not known to be associated with endometrial

cancer in 1969-72, for example).

Changes in referral patterns over time may affect disease patterns seen at a regional

cancer clinic: if there is a tendency in more recent years to refer elderly women with
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early stage disease who would not have been referred in an earlier period this will lead
to an apparent shift to earlier stage disease in the most recent period. This is one
possible explanation for the data in the present study. On the other hand early stage
disease in 1969-72 was often treated with radiation, and now is not, which would have

created a bias in the other direction.

Conclusions

Incidence of cancer of the corpus uteri, adjusted for hysterectomy prevalence, is
increasing in women over 70 years of age in Canada. This finding is present using a
variety of models for temporal patterns in hysterectomy rates for the period prior to
1969. Birth cohorts from 1910 to 1924 are at increased risk from age 55 onwards; this
may represent residual increased risk from unopposed estrogen use in the 1970s in
postmenopausal women. There is also some (weak) evidence to suggest improved
diagnosis of this cancer in elderly women in recent periods: there is a shift to earlier
stage disease in more recent periods at the Ottaw/a Regional Cancer Centre, as well as
decreasing mortality/incidence ratios and decreasing proportions of cases diagnosed by
'death certificate only' in national administrative data. Alternative explanations for
these findings are also possible. Absolute numbers of cases in women 270 years are

increasing as the population ages.

Recommendations

The impact of this disease in older women on the health care system is hidden in
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overall standardised rates. Older age groups need to be targeted specifically in
monitoring trends, either by following age specific rates, or by presenting standardised
data in appropriate age ranges (70-84 in the present study). For Canada's fastest

growing age group it is important to follow trends in crude numbers as well,

Clinical researchers need to focus on the elderly as well: age as an exclusion criterion

may make the research less relevant to the age group which needs it most.

To validate the method involved in the hysterectomy adjustment and choose the most
appropriate model a large sample survey of hysterectomy prevalence by age needs to
be done, with specific oversampling of the elderly population. The absence of data on
early hysterectomy rates could be partly remedied by counting hysterectomies done in

a hospital (or hospitals) with a known catchment area.
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A ppendices

Appendix A: ICD Revisions and Cancer of the Corpus Uteri

The chief difficulty with ICD revisions is to distinguish clearly between cancer of the
body of the uterus, cancer of the cervix (with markedly different epidemiology) and
cancer of the uterus, site unspecified. Within the time frame of the Canadian
incidence data in this paper (1969-90), uterus, site unspecified, is uncommon compared
with cancer of the body of the uterus.*® In the daia used for this study trends of the
pooled diagnostic grouping of cancer of the corpus uteri and uterus, site unspecified
(ICD9 179 + 182) showed no appreciable difference from those of ICD9 182 alone,
although uterus site unspecified formed a greater proportion in the oldest age groups

(see Figure 23).

King & Wigle in 1982 studied death certificate misclassification in Alberta women
who died of uterine cancer between 1969 and 1978. By examining Alberta Cancer
Registry records they were able to reclassify all but 16 of 136 cases of uterus

unspecified; of these 96 (71%) were reclassified as cancer of the corpus uteri.”.

The ratio of cancer of the uterus, site unspecified, to cancer of the body of the uterus

is considerably higher in some countries than in others. This may reflect differing
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degrees of sophistication of pathology services, reporting systems, or perhaps disease

epidemiology. It makes international comparisons more problematic.”

ICD9:

This is the currently used version, soon to be superseded by ICD10, which has already
been published. ICD9 was based on recommendations of a conference in 1975,
published in 1977, and was used by Statistics Canada starting in 1979. It separates
cancer of the corpus uteri (ICD9 182) from cancer of the cervix (ICD9 180) and
uterus, part unspecified (ICD9 179) at the three digit coding level. This paper, unless

otherwise stated, uses ICD9 182, with older coding converted to ninth revision codes..

ICD8:

The distinction between cancer of the corpus uteri (ICD8 182.0) and those with site
unspecified (ICD8 180.9) was made at the four digit level. Cancer of the cervix was
assigned ICD8 180. The ICD8 was used in Statistics Canada data starting in 1969 up
to and including 1978. Information at the four digit level is needed to ensure

comparability with ICDs 7 and 9.

ICD7:
Distinguished at three digit level between cancer of the corpus uteri (ICD7 172),

cervical cancer (ICD7 171) and those with site unspecified (ICD7 174). Used for

Canadian data from 1958-1968.°%
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Appendix B: National Cancer Incidence Reporting System & ICD-O
Morphology Coding

The National Cancer Incidence Reporting System began operating in 1969, and up to
1978 collected information on incident cancers classified according to 1CD code. The
NCIRS was established at Statistics Canada with the help of the National Cancer
Institute of Canada. The original 9 participating provincial cancer registries were
joined in 1981 by the Ontario registry which has now back reported all cases to 1969.
The Northwest Territories similarly back reported cases up to 1969 after a cancer

registry was established there.”

The NCIRS is a population-based tumour registry currently covering 100% of the
country's population. New primary sites of cancer are reported to the cancer registry

belonging to the province or territory in which the patient resides.

Starting in 1979 morphology (histologic type) was reported by most provinces,
classified according to the International Classification of Diseases of Oncology
(ICDO). In 1981 Quebec began reporting ICDO morphology, and since 1982 (when

Manitoba did as well) all provinces have consistently reported it.”

There are differences between provinces both with regard to sources of data used, and
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coding practices used: use or non-use of death certificates or cytology reports as
sources of cases, whether or not "other skin cancers” (ICD9 173) are reported, for
example. Quebec is an outlier in using only hospital data as & source. These
differences are well described in recent publications.”* However, uniformity has
increased over time, and measures of quality have become more similar as well as
improving. The percentage of cancers microscopically confirmed has increased from
82 to 85% over the four five-year periods since the start of the NCIRS, while the
percent diagnosed on death certificate only has dropped from 4 to 2%;
mortality/incidence ratios have decreased from 60 to 51%, with less variability
between registries,”

Estimated coverage is over 95% at the national level.*
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Table 1: Hysterectomy rates as a proportion of 1970 rates, EJ-IWO
year low linear second degree high linear high model
mode! polynomial model model

1930 000 000 .000 .000
1931 .000 .007 025 030
1932 .000 .016 .050 060
1933 .000 025 075 090
1934 .000 .035 100 120
1935 000 .046 125 150
1936 .000 058 150 .180
1937 000 071 175 210
1938 .000 .085 200 240
1939 .000 099 225 270
1940 000 115 .250 300
1941 .000 131 275 330
1942 .000 149 .300 360
1943 000 167 325 390
1944 .000 186 350 420
1945 .000 206 375 450
1946 .000 227 .400 480
1947 .000 249 425 510
1948 000 272 450 540
1949 .000 295 475 570
1950 .000 320 .500 600
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year low linear polynomial model high linear high model
model model
1950 .000 320 500 .600
1951 050 345 525 620
1952 100 371 550 640
1953 150 399 575 660
1954 200 427 .600 .680
1955 250 456 625 .700
1956 300 486 650 720
| 1957 350 517 675 740
" 1958 400 .548 .700 760
| 1959 450 581 725 .780
1960 .500 615 750 800
1961 550 649 75 .820
1962 .600 685 800 .840
" 1963 650 721 825 .860
" 1964 700 758 850 .880
l 1965 750 796 875 900
1966 .800 835 .900 920
1967 850 875 925 .940
1968 900 916 950 960
1969 950 957 975 980
‘1970 1.00 1.00 1.00 1.00
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Appendix D: Surgical procedures coding
In the hospital separations data used for this study, [CD8 procedure codes were used
from 1969 to 1978, inclusive and codes from the Canadian Classification of

Diagnostic, Therapeutic, and Surgical Procedures (CCP) from 1979 to 1990.**"

Only one coding space was available for surgical procedures from 1969 to 1980,
whereas from 1981 to 1990 there were three. Although additional information was
present in the second and third coding spaces the hysterectomy models and data on
trends in hys'~rectomy rates were restricted to the first surgical code which was
available throughout the study period. For the nine years for which three surgical

coding spaces were available, the extra two contributed between 2.2 and 5.6% of the

total.

Unfortunately there is an age refat