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In developed countries, time trends in the incidence of colorectal cancer differ markedly from trends in mortality.
This study sought to explain simultaneously changes in both colorectal cancer incidence and mortality. Data on
first admissions, interventions and outcome from the national hospital registry over the period 197W989 and
data on mortality from Statistics Netherlands over the same period were analysed by age-period models and
subsequently entered in a Markov chain model, simulating disease history from first admission to death. Over the
period 197b1989, age adjusted numbers of first admissions and interventions
increased by 37% and 32%,
respectively, while mortality declined by 8%. For every 100 patients admitted between 1987 and 1989,13 more
will survive compared with 1978-1980. Of these, 3 will be saved by improving results of primary treatment but the
other 10 will survive their diagnosis for the subsequent 10 years. Although progress in treatment has been made,
therapeutic improvement can account only for the smaller part of the divergence between morbidity and mortality.
Increased diagnostic activity, raising incidence and lowering mortality simultaneously, is the most likely cause of
the unexplained divergence.
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INTRODUCTION

Cancer registers in many developed countries detect increasing
incidences of cancers unrelated to smoking, and commonly
attribute these increases to changing environmental hazards
{1,2]. However, in the same countries, trends in cancer mortality differ strikingly from trends in incidence; as a rule,
mortality has been decreasing while incidence has been increasing [3, 41. This divergence between incidence and mortality can
be explained by improved therapy and/or decreasing lethality
[ 1, 21. Advances have been made in specific therapies, such as
the dramatic improvements of treatment in juvenile cancers, and
the more modest gains realised by adjuvant chemotherapy in
advanced breast and colorectal cancer [5, 61. However, unspectacular but effective non-specific changes have probably contributed even more to lowered cancer lethality, because they apply
to the majority of solid tumours, and such changes include
better preparation of the surgical patients, safer procedures
and anaesthesia, improved control of infections, more effective
reanimation, etc.
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An alternative hypothesis explaining this divergence is
increased case detection. By lowering diagnostic thresholds,
lesions with less invasive potential are added, increasing incidence and improving prognosis at the same time [7]. If this is
the case, it implies that part of the observed morbidity increase
is iatrogenic and perhaps preventable. To shed light on the
likelihood of either explanation, we have examined the incidence, mortality and survival from colorectal cancer in The
Netherlands.
Colorectal cancer is the second most frequent cancer among
men and women in The Netherlands, showing an incidence
increase relative to mortality (Figure 1).
In The Netherlands, mass screening for colorectal cancer is
not recommended. The Dutch policy makers feel that the
unavoidable increase in morbidity and costs, induced by the
many false positives (faecal occult blood testing) and/or by more
demanding diagnostic procedures (sigmoido- or colonoscopy)
are not justified by the still uncertain decrease in mortality [8, 91.
However, individual physicians may feel otherwise, and are free
to act accordingly. Long before mass screening for breast cancer
was introduced in The Netherlands, the regional cancer registry
showed increasing numbers of small turnours, witnessing earlier
diagnosis [lo]. Contrary to breast cancer, we do not possess
accurate data on colorectal cancer stages at primary diagnosis in
The Netherlands. Such information would be much harder to
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1. Solid lines aad symbols show the age standardised rates (30-64 years) of first admissions, major interventions and deaths within
The Netherlands. Broken lines and open symbols show the cancer incidence and mortality from the Southeastern Netherlands (1978-1987)
and the national cancer incidence (1989) [14]. The error bars show 95% confidence limits (see text).

interpret in any case because staging in colorectal cancer is more
dependent on modern diagnostic imaging. This may give rise to
stage migration: previously missed invasion of deeper tissues
may be diagnosed by more modem diagnostic imaging, such
as magnetic resonance imaging (MRI), causing an artefactual
migration from milder to more severe disease stages [ 111.
This paper presents the trends in !irst admissions for colorectal
cancer as primary diagnosis, major interventions during these
first admissions to the hospital and mortality over the period
19711989 in The Netherlands. The change inprognosis needed
to explain the divergence between incidence and mortality is
quantified, and we conclude that it is unlikely that improved
therapy can explain the improving prognosis.
PATIENTS AND METHODS
Numbers of deaths from colon and rectum cancer
(International Classification of Diseases, 9th revision, Nos 153
and 154) by calendar year (1978-1989), 5 year age group (30-64)
and sex were obtained from Stcltistics Netherlands [ 121. Person
years at risk were approximated by the midyear population of an
age and sex group in a calendar year. Summary estimates over
age were calculated by using direct standardisation, using the
European Standard Population as weights; standard errors were
calculated from the formula:

where 0 represents the numbers, N the midyear population, w
the weights and a the 5 year age groups between 30 and 64 years
[ 131.Colon and rectum cancer were taken together in one group
to avoid possible changes in codification [3]. Nationwide data on
colorectal cancer incidence have been available since 1989 [ 141.
The regional cancer register in the Southeastern Netherlands
(SE-N) has published cancer incidences since 1975, but the
population covered is relatively small (1 million) and, in the

period of interest (1978-1989), the colorectal cancer mortality in
SE-N was significantly higher than in the rest of The Netherlands
(see Figure 1 and Table 1) [IS, 161.
Therefore, we used primarily national hospital register data
as a proxy for incidence. In addition to administrative data, the
hospital register records the diagnosis at discharge (primary and
secondary), the result at discharge (alive or dead), all major
interventions, and whether it is a first admisison for the considered cancer or not. We considered first admissions with
colorectal cancer as primary diagnosis (International Classification of Diseases, 9th revision, Nos 153 and 154), and major
interventions during first admission as partial or total colectomy,
rectum amputation or enterostomy [17]. Comparing the
(national) incidence for 1989 with the first admissions of the
hospital register, we decided to limit the analysis up to the age
of 64 years. The hospital register became increasingly incomplete
in the higher age groups, but for the younger age groups the
incidence corresponded closely with the first admissions (see
Figure 1 and Table 1). It has been shown before that more than
97% of all patients under 65 years with colorectal cancer are
treated in The Netherlands [18]. Therefore, the nationwide
hospital register of The Netherlands is an acceptable proxy of
colorectal cancer incidence, if limited to the young and middle
aged patients (30-64 years old).
Period trends in intervention, first admission and mortality
rates have been estimated by loglinear regression analysis [ 191.
The observed rates are related to age group, sex and calendar
year as follows:
E,, = N~,p’““,s + Pa,*)
where E is the expected number (of deaths, first admissions or
interventions) and N the midyear population; a denotes 5 year
age groups from 30 to 64 years of age, s sex and x is the calendar
year. p is the slope of the regression line of the logarithm of the
rates of every age and sex group versus calendar year, and
represents the trend of age- and sex-specific rates over time.
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Table 1. Age standardised incidence and mortality per 100 000 peryear and their standard errors
(SE), by sex, period and source. The cancer registerjiguresfiom theperiod 19711987 arejhm the
Southeastern region only; thosejim 1989 are thefirst available national data (see text)
Men (30-64 years of age)

Incidence
GE)

1978-1982
198%1987
1989

34.9 (1.3):
42.0 (1.9)*
37.3 (1.0)

Hospital register

Cancer register
Mortality

Ratio

(SE)

(SE)

17.9 (l.o)*
19.2 (1.3):
15.1 (0.6)

1.95 (0.14)*
2.19 (0.18)*
2.47 (0.12)

First

Mortality

admission
(SE)

(SE)

(SE)

28.2 (0.3)
33.9 (0.4)
35.9 (1.0)

14.9 (0.2)
15.3 (0.3)
15.1 (0.6)

1.90 (0.03)
2.21 (0.05)
2.38 (0.12)

Ratio

Women (30-64 years of age)
Cancer

Incidence
(SE)

register
Mortality

Hospital register
First
admission

Ratio

(SE)

(SE)

Mortality
(SE)

Ratio

(SE)

(SE)
19711982
1983-1987
1989

34.7 (1.3)’
35.8 (1.7)*
31.8 (0.9)

17.6 (l.l)*
15.2 (1.1)’
13.2 (0.6)

1.98 (0.15)*
2.35 (0.21)*
2.41 (0.12)

27.8 (0.3)
30.2 (0.4)
31.2 (0.8)

14.4 (0.2)
14.2 (0.3)
13.2 (0.9)

1.93 (0.03)
2.14 (0.05)
2.36 (0.17)

* From the Southeastern region; all other data are national.

Summary estimates over age are calculated by specifying only
sex as an explanatory p variable.
The disease history is modelled by a Markov type state
transition model (see Figure 2). The model assumes three groups
of patients after definite diagnosis: a fraction which dies during
first admission termed CFR (case fatality rate); a fraction which
leaves hospital “cured” and a fraction which will die of the
disease at some later time, provided they do not die from other
causes (termed “not cured”). The probability of dying from
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2. The Markov model1 of colorectal cancer. Incidence is
determined by age and sex. Persons may die in hospital (CFR), or
may be cured (c). If not, they face a time-dependent probabiity of
cancer death P(r) (see Appendix). All patients ran a risk of dying from
other causes and a kigher risk of a second primary tumour.

colorectal cancer for the not cured is lognormally distributed
over time, character&d by a geometric mean (identical to
the median survival time) and variance (see Appendix) [20].
Consequently, the model accommodates changes in four components of prognosis: the probability of surviving primary treatment, the probability of being cured and, if not cured, the
median survival time and variance before dying from colorectal
cancer. The CFR, defined as the fraction that dies in hospital
within 2 months of primary diagnosis, is known from the
hospital register. The fraction which is cured approximates the
fraction surviving 10 years after hospital discharge (corrected
for death from other causes): the risk of dying more than 10
years after diagnosis of colorectal cancer equals the risk of death
of the reference population [21]. All patients, the cured and the
not cured, run twice the risk of the reference population for a
second primary colorectal cancer [22]. All persons, healthy,
cured and not cured, run a risk of dying from all other causes,
determined by Dutch life tables corrected for colorectal cancer
death [12].
The survival distribution is first estimated by an iterative nonlinear least squares regression, weighted for the numbers of
death, based on survival figures from the Norwegian and SE-N
cancer registry [23,24]. Then, by using incidence and survival,
the model determines expected mortality: the model starts from
observed incidence and calculates expected numbers of death,
given a stated survival and cure rate. Combinations of cure
rates and survival periods will lead to age-specific estimates of
mortality, which may or may not be different from observed
estimates (see Appendix). Numerous pairs of cure rates and
survival periods have been tested. The variance between calculated and observed numbers of deaths is tested by assuming a
Poisson distribution of the probability of death (see Appendix)
[25]. If the calculated numbers differ significantly from the
observed (P < O.OS),that speciiic pair of cure rate and survival
period is rejected as unlikely.
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RESULTS
For both sexes, rates of first admissions increased over the
period 1978-1989, while mortality remained stable or declined
(Figure 1). The cancer incidence and mortality of the Southeastern Netherlands showed the same trend, although the incidence
mortality ratios were somewhat higher (Table 1). The cancer
incidence of 1989 corresponded closely with the first admission
rates of the hospital register of the same year (Figure 1).
Table 2 shows the annual changes by age and sex, estimated
by the loglinear age-period models. Over this relatively short
period, first admission rates increased by 39.9% (Males) and
20.4% (Females), rates of major interventions after primary
diagnosis increased by 32.6% (Males) and 14.0% (Females), but
mortality nearly remained stable for men (+ 2.2%) and declined
substantially among women (- 15.3%). Hence, clinical incidence increased by more than 35% relative to mortality, and the
incidence of major interventions increased by 30%. The standard
errors (SE) in Table 1 show that this increase in clinical
incidence compared with mortality is highly significant. Major
intervention rates during primary admission increased 5% less
steeply than first admission rates: this difference is statistically
not significant, but probably indicates a shift from major surgery
towards more non-invasive colonoscopic treatment for early
lesions.
The CFR in these age groups declined quite strongly: from
5.6% (SE 0.5) for men and 5.9% (SE 0.5) for women in
1978-1980 to 2.5% (SE 0.3) and 2.4% (SE 0.3), respectively.
However, as shown in Table 1, this decline in lethality can only
explain the smaller part of the observed difference between the
morbidity and mortality trend: late mortality, excluding deaths
during first admission, increased by 9.2% among men and
decreased among women (- 9.5%).

Table 3 shows relative survival rates which fit closely the
observed incidence and mortality rates of two 3 year periods at
the beginning and at the end of the study period. Alongside
these simulated relative survival rates are the figures from
Scandinavian and Dutch cancer registries originally used for
estimation of the survival distribution. The simulated (fitted)
survival rates are slightly lower than the observed. This can be
expected if the hospital register misses a few very early lesions
with good prognosis, curable by non-invasive procedures (see
Discussion).
The relative survival expected for 1987-1989 predicts that
cure rates (equal to the 10 year relative survival rate after hospital
discharge) have increased by 11.8%, given a constant median
survival time: from 41.8% (range 38.W.5)
in 19711980 to
53.6% (range 51.2-55.1) in 1987-1989. In otherwords, for every
100 patients (< 65 years old) admitted in 1978-1980,6 died in
hospital and 55 in the subsequent years; 9 years later less than 3
died in hospital and 45 will die in subsequent years. 13 extra
patients survived a colorectal cancer diagnosis, 3 thanks to
lowered hospital mortality.
Figure 3 shows areas of all pairs of cure rates and median
survival time which fit the observed incidence and mortality
within 95% confidence limits (see Appendix). As median survival
increases, the corresponding cure rate has to decrease to fit the
given mortality. Indeed, two processes can explain any change
in mortality rates, given incidence: death from colorectal cancer
can be cancelled (hence, persons are cured; arrow a in Figure 3)
or postponed (hence, median survival is increased; arrow b in
Figure 3). Obviously, both processes can also take place at the
same time (arrow c in Figure 3). For example, the incidence and
mortality data of 19711980 can be explained by a median
survival of 1.5 years and a cure rate of 0.44 or by a median

Table 2. Annual change of admissions, major interventionsand deaths by age and sex over the
period 1978-1989; “late deaths” refers to all patients dying after surviving primary diagnosis and
treatment, and correctsfor changes in operative lethality
Men; % annual change (standard errors in parentheses)
Age group

First admissions

Interventions

All deaths

Late deaths

30-34
35-39
40+4
45-49
SO-54
55-59
60-64

0.0
0.2
5.9
3.1
3.3
3.4
2.8

(1.9)
(1.5)
(1.5)
(0.9)
(0.7)
(0.6)
(0.5)

-2.2 (2.2)
-0.4 (1.7)
4.2 (1.2)
2.4 (0.9)
2.4 (0.7)
3.0 (0.6)
2.6 (0.5)

-5.5 (3.1)
-3.1 (2.3)
0.5 (1.7)
-0.8 (1.3)
1.2 (1.0)
0.0 (0.8)
0.7 (0.6)

-4.7 (3.2)
-2.4 (2.4)
0.7 (1.8)
-0.4 (1.4)
1.9 (1.0)
-0.5 (1.1)
1.3 (0.7)

30-64

3.1 (0.3)

2.6 (0.3)

0.2 (0.4)

0.8 (0.4)

Women; % annual change (standard errors in parentheses)
First admissions

Interventions

All deaths

30-34
35-39
4U
45-49
50-54
55-59
60-64

2.6 (2.1)
-0.2 (1.6)
0.1 (1.2)
2.2 (0.9)
2.0 (0.7)
1.1 (0.6)
2.2 (0.5)

3.2 (2.4)
1.4 (4.2)
-0.1 (1.2)
1.0 (1.0)
1.1 (0.7)
1.0 (0.6)
1.6 (0.5)

-0.3 (3.7)
-2.2 (2.5)
-2.6 (1.8)
-1.9(1.4)
-1.3 (1.0)
-1.5 (0.8)
-1.4(0.7)

-0.6
-1.8
-2.4
-0.9
-0.5
-1.1
-0.7

30-64

1.7 (0.3)

1.2 (0.3)

-1.5 (0.4)

-0.9 (0.4)

Agegroup

Late deaths
(3.8)
(2.6)
(1.8)
(1.4)
(1.1)
(0.8)
(0.7)
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Table 3. Published relative survival rates in % from Scandinavian wuntries [23, 26, 271 and The Southeastern
Netherlands (SE-N) [24] are compated with the simulated relative survival, whichfits best observedfirst admission
and mortality ratesfrom the periods mentioned
Simulated

Observed

Time after diagnosis

Finland
1953-1974

Norway
1972-1975

Sweden
1970-1974

NA
54.2
NA
31.1
30.2

NA
67.1
47.8
42.7
NA

88.6
70.5
NA
45.0
41.9

2 months
lY=r
3 years
5 years
10 years

Sweden
SE-N
1975-1979 1975-1985
90.6
71.7
NA
46.8
NA

NA
NA
NA
46.5
42.2

The Netherlands
1978-1980
1987-1989
94.2
68.0
48.2
42.6
39.4

97.5
74.3
58.8
54.6
52.3

NA, not available in published ligures.
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Figure 3. Two way sensitivity analysis. The two areas contain all
pairs of cure rate and median survival of the not cured which will fit
the given incidence and mortality rates of 19784980 and 1987-1989
within 95% confidence limits. The arrows indicate three hypothetical
explanations for the difference between the two periods: increase of
numbers which are cured (a), increase of survival of the not cured (b),
or a combination of both (c).

survival of 3 years and a cure rate of 0.37. The incidence and

mortality figures of 1987-1989 can be explained by a median
survival of 1.5 years and a cu:re rate of 0.54 or a median survival
of 3 years and a cure rate of 0.50. Figure 3 shows also that the
model is much less sensitive to changes in assumptions about the
median survival time than cure rate. To fit the same combinations of incidence and mortality, cure rates have to decrease
by an average of 4.2% (a relative decrease of 10%) when median
survival increases within 1 year (a relative increase of more than
50%). This is a consequence of the fact that more than 80% of
those who will eventually die of colorectal cancer will do so
within 3 years of their diagnosis. Consequently, prolonged

survival in the absence of cure cannot explain much of the
widening gap between incidence and mortality; cure rates must
have improved considerably. The most plausible explanation for
the increasing cure rates is increasing case detection. Earlier
diagnosis probably improves, the effectiveness of treatment [9]
and certainly increases the numbers

of benign lesions.

DISCUSSION
The first question to be addressed concerns the validity of the
data. We found increasing clinical incidence and decreasing
mortality. For the considered age groups, colorectal cancer
mortality trends are generally valid [3]. Artefactual trends may
be caused by higher diagnostic efficacy in more recent periods;
fewer fatal cancers are missed and more patients with widespread
cancer have the site of primary origin of their cancer determined.
However, these changes in diagnostic practice will increase, not
lower disease-specific mortality.
Incidence data are collected from the hospital register, which
is not constructed for epidemiological purposes. Less than 3%
of young and middle aged patients with a primary diagnosis of
colorectal cancer will not be treated, thus hospitalisation rates for
incident colorectal cancer are nearly complete [ 181. If anything,
patients with early lesions curable by non-invasive colonoscopic
procedures tend to be treated more often in outpatient clinics,
which will cause an artefactual decreasing trend of admission
instead of increasing. Only substantial changes in codification
practices of both admissions for colorectal cancer and of major
interventions might have biased trend estimates; we cannot
exclude a priori such changes, but they seem unlikely for such a
short period and for a disease such as colorectal cancer. Finally,
the Dutch hospital register shows the same trends as those
observed in the regional cancer register in the Southeastern
Netherlands (Table 1 and Figure 1); similar analyses will yield
similar results. Regional differences do exist, but nevertheless
are small. The Netherlands are small, with a homogeneous
population.
Our analysis might be weakened by the cross-sectional nature
of the incidence and mortality data, biasing our assessment of
(longitudinal) changes in prognosis. However, the effects of
therapy are period-, not cohort-dependent and most deaths from
colorectal cancer occur within 3 years of primary diagnosis
(Table 3). The most recent mortality figures (199&1992) suggest
a sharpening decrease, particularly among men [ 121. This would
be inconsistent with the hypothesis that death is only postponed,
not cancelled; such postponed deaths would cause a “catch-up”
increase of mortality.
Increasing incidence and decreasing mortality of colorectal
cancer can only be explained by a substantial improvement in
prognosis. We have quantified the expected increase in survival
needed: cure rates, defined as 10 year survival after hospital
discharge, have to increase by 12% between 1978-1980 and
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1987-1989, from 42 to 54%. The simulated survival distribution
for the beginning of the period (1978-1980) was similar to the
observed figures of cancer registries. The mortality soon after
primary diagnosis decreased, as has been observed elsewhere
[26, 281. This can be attributed, at least partly, to increases in
therapeutic efficacy, safer intervention procedures and better
postoperative care [28]. However, as shown in Table 2, this
change can only explain the smaller part of the observed divergence between morbidity and mortality. Recent advances have
been made in the adjuvant treatment of advanced colorectal
cancer, but such treatments were rarely applied before 1990 in
The Netherlands [5, 6, 291. We did not find any other indication
of advances in treatment which might have benefited more
than a small subgroup (such as patients with solitary hepatic
metastases), except for the short-term results of surgery. Consequently, the statement that the divergence between incidence
and mortality trends has been caused by improved therapy and
decreasing lethality is not well supported.
If we exclude less likely alternative hypotheses, such as
decreasing malignancy of colorectal cancer in humans, the
most probable explanation of the improving prognosis remains
increased case detection. Earlier diagnosis deals with both
incidence and mortality simultaneously:
1. Earlier diagnosis may account for decreasing lethality. While
this remains a matter for debate, there is now at least some
evidence that earlier diagnosis improves long term prognosis [9].
2. Earlier diagnosis will increase incidence by shifting diagnosis
towards an earlier age. In screening theory this is called lead
time [7, 301. Obviously, lead time alone would not cause an
incidence increase: a tumour which is diagnosed at the earlier
age, (a - t), will not be diagnosed again at age (a). But, in period
(a - t), patients run a risk of dying of other causes and colorectal
cancer incidence increases sharply with age. The steeper the
incidence increases with age, the more lead time will increase
observed incidence rates, by moving diagnosis to younger ages.
For colorectal cancer, shifting the whole age-specific incidence
curve of 19711980 by 1 year towards a younger age causes an
increase of the age standardised incidence by 12.5%.
However, advancing diagnosis by 1 year in the natural disease
progression will cause a shift of incidence by age which is always
more than 1 year. This is caused by “length time bias”-the
slower tumours grow, the likelier they are to be detected by
earlier diagnosis [7, 301. How much incidence will increase,
given earlier diagnosis, depends again on the relation of incidence
with age and of the time distribution of the “silent” period that
tumours would have passed unnoticed previously, but are
detected now. This distribution is unknown, but will reflect the
variability of disease progression. A high variability implies
many slowly growing tumours and a high potential to boost
observed incidence. Such high variability seems likely; unsuspected macroscopic colorectal cancer during necropsy varies
between 1 and 1.7% in occidental countries, representing nearly
20% of all incident colorectal cancers [31, 321. Without early
detection, many of those ‘slow growers’ will remain unnoticed
because the person will have died before, from other causes.
We conclude that the increase in incidence of colorectal cancer
and the concomitant decrease in mortality cannot be caused by
therapeutic improvements only. The most probable explanation
of this divergence is increased cancer detection. This has
important epidemiological and health policy implications:
(i) Increasing case-detection, which shifts cancer diagnosis to an
earlier age both of the patient and the tumour, increases inci-

dence (at least in age-dependent cancers) and decreases mortality
simultaneously, biasing both as indicators of underlying cancer
hazards. Time series of stage at primary diagnosis might confirm
this; in the U.S.A., where incidence and mortality diverge
similarly, more early lesions are detected, while rates of distant
disease remain stable [33]. However, to evade stage migration
bias, stages should be ascertained independently of modern
imaging techniques.
(ii) No recommended screening policy, or even proof of benefit,
was needed to increase case detection, and induce a parallel
increase in major interventions. It is worrying that we do not
know how much of the induced morbidity increase is truly
rewarded by a mortality decrease.

1. Adami HO, Bergstrom R, Sparen P, Baron J. Increasing cancer
risks in younger birth cohorts in Sweden. Lancer 1993,341,77%777.
2. Davis D, Dinse G, Hoe1 D. Decreasing cardiovascular disease and
increasing cancer among whites in the United States from 1973
through 1987.3AMA 1994,271,431-437.
3. Doll R, Peto R. The causes of cancer. Sources of bias in estimating
trends in cancer mortality, incidence and curability (appendix Q.3
Nat1 Cancerlnst 1981,66,127&1281.
4. Rutqvist LE, Mattson B, Signomkla T. Cancer mortality trends in
Sweden 1960-1986. Acta Oncoll989,28,771-777.
5. Krook JE, Moertel CG, Gunderson LL, et al. Effective surgical
adjuvant therapy for high risk rectal carcinoma. N EnglJ Med 1991,
324,70%715.
6. Slevin ML, Gray R. Adjuvant therapy for cancer of the colon. Br
Med3 1991,302, llO&llOl.
7. Black WC, Welch HG. Advances in diagnostic imaging and overestimations of disease prevalence and the benefits of therapy. N EnglJ
Med 1993,328,1237-1243.
8. Ahlquist DA, Wieand HS, Moertel CG, er al. Accuracy of fecal
occult blood screening for colorectal neoplasia. A prospective study
using Hemoccult and HemoQuant tests (see comments). 3AMA
1993,269,1262-1267.
9. Mandel JS, Bond JH, Church TR, et al. Reducing mortality from
colorectal cancer by screening for fecal occult blood. N EnglJ Med
1993,328,1365-1371.
10. Coebergh JWW, Crommelin MA, Kluck HM, van Beek M, van
der Horst F. Breast cancer in Southeastern Netherlands: trends in
incidence and earlier diagnosis in an unscreened female population
(in Dutch). Ned Tzjdschr Geneeskd 1990,134,760-765.
11. Feinstein AR, Sosin DM, Wells CK. The Will Rogers phenomenon:
stage migration and new diagnostic techniques as a source of
misleading statistics for survival in cancer. NE&J Med 1985,312,
1604-1608.
12. Netherlands Central Bureau of Statistics. Death by causes of
death, age and gender 19711989: Netherlands Central Bureau of
Statistics, published annually.
13. Breslow GE, Day NE. Rates and rate standardization. In Srutisrical
Methods in Cancer Research II. The De&n and Am&is of Cohort
Studies. Lyon, International Agency for Research on &n&r, 1987,
48-79.
14. Netherlands Cancer Registry. Incidence of cancer in the Netherlands 1989. First report: Netherlands Cancer Registry, 1992.
15. Eindhoven Cancer Registry. Cancer incidence and survival
1975-1987 in Southeastern Netherlands: Comprehensive Cancer
Center South, 1991.
16. Netherlands Central Bureau of Statistics. Atlas of cancer mortality
in the Netherlands 1979-1990: Netherlands Central Bureau of
Statistics, 1992.
17. Stichting Informatiecentrum voor de Gezondheidszorg. Clas&cation of interventions (in Dutch): SIG, 1977.
18. Coebergh JWW. Epider&ological aspects of cancer in the elderly
(in Dutch). The Practikmer 1990.10.753-757.
19. Clayton 6, Schifflers E. Models for temporal variation in cancer
rates. I: age-period and age-cohort models. Stat Med 1987, 6,
449-467.
20. Rutqvist LE. On the utility of the lognormal model for analysis of
breast cancer survival in Sweden l%l-73. Br_7 Cuncer 1985, 52,
875-883.

Diverging

Trends

in Colorectal

21. H&linen
T, Pukkala E, Hakama M, Lehtonen M, Saxen E,
Teppo L. Survival of cancer patients in Finland in 1953-1974. Ann
Clin Res 1981,3 (suppl. 31), 32-37.
22. Harvey EB. Second cancer following cancer of the colon and rectum
inConnecticut, 1935-82. NaN’CancetInstMonogr1985,68,Y9-112.
23. Cancer Registry of Norway. Survival of cancer patients. Cases
diagnosed in Norway 1968-1975: Cancer Registry of Norway, 1980.
24. Coebergh JWW, Crommelin .MA, van der Heijden LH, Hop WCJ,
Verhagen-Teulings MT. Survival of cancer patients in southeastern
Netherlands in the period 1975-85 (in Dutch). Ned Tijdschr
Geneeskd 1991,135,935-943.
25. Breslow NE. Dav NE. Fitting models for nrouwd data. In Statistical
Methods in can& Research II. The Des&n a;td Analysis of Cohort
Studies. Lyon, International Agency for Research on Cancer, 1987,
12&176.
26. Enblad P, Adami HO, Bergstrom R, Glimelius B, Krusemo U,
Pahlman L. Improved survival of patients with cancers of the colon
and rectum?3 Narl Cancer Znst 1988,80,586-591.
27. Finnish Foundation for Cancer Research. Cancer in Finland
1954-2008. Helsinki: Cancer Society of Finland, 1989. (Vol. 42).
28. Gordon NLM, Dawson AA, Bermet B, Innes G, Eremin 0, Jones
PF. Outcome in colorectai adlenocarcinoma: two seven-year studies
of a oowlation. BrMed 7 1993.307.707-710.
29. Wageier DJT, Wils AJM. Progressin adjuvant treatment of colon
and rectum cancer (in Dutch). Ned Tzjdsckr Geneeskd 1990, 134,
1689-169 1.
30. Cole PH, Morrison AS. Basic issues in population screening for
cancer.J~Natl Cancerlnsr 1980,64,1263-1272.
31. Beree T. Ekelund G. Mellner C. Pihl B. Wenckert A. Carcinoma of
the :oloA and rect& in a def&d popdlation. An epidemiologic&
clinical and postmortem investigation of colorectal cancer and
coexisting benign polyps in Mahno, Sweden. Acta Chir Scand 1973,
438 (suppl), l-86.
32. Delendi M, Gardiman D, Riboli E, Sasco AJ. Latent colorectal
cancer found at necropsy. Lancet 1989, i, 1331-1332.
33. Chow WH, Devesa SS, Blot WJ. Colon cancer incidence: recent
trends in the United States. Cancer Causes Control 1991,2,419-425.
34. Chiang C. An Zntroductionto Stochastic Processes. New York, Wiley,
1968.
Acknowledgements-We
wish to thank David J. Bruinvels and Gouke
J. Bonsel for their help and crititz comments to previous drafts of this
article. Jacqueline M.H. Van den Bos and Gerrit J. Van Oortmarssen,
(mathematicians), assisted in constructing and documenting the continuous time Markov model. This istudy was funded by the Ministry of
Welfare, Health and Cultural Affairs, The Netherlands.

Cancer Morbidity

1671

and Mortality

c, + (1 - CA

P&h, = (1 - CFRJ

py

i
The subscript a refers to two age groups (< 55 and 55-64 years); these
age groups have been introduced because younger persons had a lower
CFR and a higher cure rate, resulting in a better survival. CFR is the
fraction of persons, tirst admitted for colorectal cancer, dying in hospital
within 2 months, and c (for “cured”) is the fraction of long-term (10
year) survivors. Models incorporating sex as a determinant for survival
were not signilicantly better, and were ignored. c, p and crare estimated
from observed survival figures, and then varied by the model (see
further).
The presented cancer model is a subsector of a global public health
model, mode&g several diseases, and is implemented as a continuous
time Markov chain, describing discrete sub-populations, cycling in 1
year steps. The continuous time specification allows multiple transitions
in one time step [34]. To this aim, the parsimonious lognormal distribution, defined by two parameters, is translated into a sequence of
exponential waiting time distributions, described by four parameters,
simulating the lognormal survival distribution in the Markov model.
The subpopulation which survives mortality related to primary diagnosis and therapy but which is not “cured”, enters a first stage. They
will leave that stage with transition probability P and median duration
-In (0.5)/P. After leaving this stage, parametery distributes survivors
over two subpopulations in two separate terminal stages, with transition
probabilities 4 and r leading to death from colorectal cancer. For the
purpose of this paper, these parameters have no direct practical meaning,
except for simulating the lognormal survival distribution for a population
of uncurable colorectal cancer patients.
The mean (and median) survival of incurable patients is changed by
the model through P. The variablesy , qand r are kept constant; changing
these parameters has the same effect of prolonging the disease process.
Random values between 0 and 1 are generated for the cure rate c and for
the transition probability P, and the calculated number of colorectal
cancer deaths are then compared to the observed numbers by the scaled
deviance (log likelihood ratio statistic). Let O,,, be the observed number
and E,,+ the expected calculated by the model, with a reference to all 5
year age groups between 30 and 64 and s to sex, then the scaled deviance
A [25] is calculated by

- E,,,)
APIPENDM
Survival was modelled by u:sing a discrete approximation of the
lognormal distribution, with median survival p, variance d and ti the ith month after diagnosis. The probability of surviving colorectal cancer
until time @‘(.I$,is then given by:

1

If the calculated numbers differ significantly (P < 0.05), the pair of c
and P values is rejected as unlikely.

