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Colorectal cancer is the third most common cancer worldwide
and the second most common cancer in Europe. Cumulative rela-
tive survival curves for both cancer of the colon and cancer of the
rectum generally plateau after ~6–8 years. When this occurs,
‘‘population’’ or ‘‘statistical’’ cure is reached. We analyzed data
from the Finnish Cancer Registry over a 50-year period using
methods that simultaneously estimate the proportion of patients
cured of disease (the cure fraction) and the survival time distribu-
tion of the ‘‘uncured’’ group. Our primary aim was to investigate
temporal trends in the cure fraction and median survival of the
uncured by age group for both cancer of the colon and rectum.
For both cancers, the cure fraction has increased dramatically
over time for all age groups. However, the difference in the cure
fraction between age groups has reduced over time, particularly
for cancer of the colon. Median survival in the uncured has also
increased over time in all age groups but there still remains an
inverse relationship between age and median survival, with
shorter median survival with increasing age. The reasons for these
impressive increases in patient survival are complex, but are
highly likely to be strongly related to many improvements in can-
cer care over this same time period.
' 2007 Wiley-Liss, Inc.
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Colorectal cancer is the third most common cancer worldwide
and the second most common cancer in Europe where it accounts
for 13% of all incident cancer cases and 12% of all cancer deaths.1

There is large geographical variation in the incidence rates with
nearly a 4-fold higher incidence rate in more-developed compared
with less-developed regions of the world.2 Population-based stud-
ies of cancer patient survival are important as they provide a mea-
sure of the combined effects of diagnostic and treatment improve-
ments. Such information is relevant for clinicians, patients and
health administrators.

Patient survival for both cancer of the colon and cancer of the
rectum has improved over the past few decades.3–7 In population-
based studies, patient survival is typically measured using the
cumulative survival function (relative survival or cause-specific
survival). An alternative approach, which may provide greater
insights, is to simultaneously estimate the proportion of patients
cured together with the cumulative survival function of the
‘‘uncured.’’8 We make use of recent advances in methodology and
software to study temporal trends in survival of patients diagnosed
with cancer of the colon and rectum in Finland over a 50-year period.

Material and methods

Data

Data were obtained from the Finnish Cancer Registry, which
has registered all diagnosed cases of cancer since 1953. Notifica-
tion has been compulsory since 1961. For solid tumors the com-
pleteness of the registration is over 99%.9 The patient data are
linked to the mortality register (maintained by Statistics Finland)
to obtain information on date and cause of death in addition to

identifying individuals dead with cancer that had not previously
been reported to the registry. The cancer register is routinely
matched with the central population register to verify that those
individuals classified by the registry as being alive, in fact, exist
and are alive and resident in Finland.

We studied patients diagnosed in the period 1953–2003 with
follow-up to the end of 2004. We excluded patients if the tumor
was registered solely on death certificate information, was inci-
dentally diagnosed at autopsy or if histopathology was classified
as other than adenocarcinoma (Table I). Patients who emigrated
were censored at the date of emigration. Patients older than 80
years of age at diagnosis were excluded from the analyses as cure
models are less reliable for older age groups. Surgical interven-
tion, the only potentially curative treatment until very recently, is
less common in this age group. Two patients with colon cancer
and 2 with rectal cancer were excluded because of incomplete
information on date of death.

Statistical methods

It is standard in population-based studies to use relative survival
as the measure of cancer patient survival. Relative survival is the
ratio of observed (all-cause) to expected survival and provides a
measure of excess mortality associated with diagnosis of the dis-
ease. It has the advantage that the cause of death information is
not required10 and it captures both mortality directly because of
the cancer as well as indirect mortality (e.g., increased risk of non-
cancer mortality caused by the treatment).

The point of statistical cure is defined as the point during fol-
low-up at which the patients still alive no longer experience excess
mortality compared with the general population. That is, the
patients are considered ‘‘statistically cured’’ from the point that
they experience the same mortality as individuals without cancer
of the same age and sex. The point of statistical cure occurs when
the cumulative relative survival curve plateaus and the value at
which it plateaus is the estimated cure fraction (Fig. 1). Two
groups of patients may have the same cure fraction but the point
of cure may be reached sooner in one group. The distribution of
survival times for the uncured provides a measure of how fast the
cure point is reached.

The concept of statistical cure applies at a grouped level and is
distinct from ‘‘medical cure’’ at an individual level, where all can-
cerous cells in the body have been eradicated. It is, however, diffi-
cult to determine with any certainty that an individual has been
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medically cured, and medical cure cannot be studied using cancer
registry data. Statistical cure is perhaps the ultimate measure of
long-term survival in population-based cancer studies, but has
rarely been used in practice because of difficulties in its estimation.

The statistical models we use for estimating the cure fraction
are similar to those described by Verdecchia et al.8 and Lambert
et al.11 We assume that a proportion, p, of patients will be cured
(experience the same mortality as the general population) whereas
the remaining 1 2 p will experience excess mortality compared
with the general population. The models provide estimates of both
the proportion cured along with the distribution of survival times
for the uncured.

Algebraically the models can be expressed as follows. The
overall survival, S(t), is the product of the expected survival, S*(t),
and the relative survival. We assume that the relative survival is
made up of 2 components, the ‘‘cured’’ and the ‘‘uncured.’’ Thus,

SðtÞ ¼ S�ðtÞ�pþ ð1� pÞSuðtÞ
�

where p is the proportion cured of disease and Su(t) is the relative
survival function for the uncured. For the models in this article,
we assume that the survival times of the uncured have a Weibull
distribution, i.e.

SuðtÞ ¼ exp �ktgð Þ

We summarize parameter estimates in terms of the cure fraction,
the median survival time of the uncured and the time at which
90% of the uncured are dead. We restrict followup to 10 years

since we would expect cure to be reached within this period and
sparse data toward the end of followup may lead to instability in
the cure models.

Estimation of the model parameters is obtained using maximum
likelihood on the individual level data. The estimation procedure
is similar to that of De Angelis et al.,12 but extended to model
both parameters in the Weibull distribution.11 The models are fit-
ted using freely available software for the Stata package.13

Modeling approach

We are chiefly interested in the trends in the cure fraction and
the survival of the uncured as a function of calendar year of diag-
nosis and age at diagnosis. We defined 4 age groups <50 years,
50–59 years, 60–69 years and 70–79 years. To model the effect of
year of diagnosis, we used restricted cubic splines with 5 knots (2
external and 3 internal). These provide a flexible way to model
nonlinear trends.14 The cure fraction models have 3 components
that may vary over time and by age groups, namely the cure frac-
tion, p, and the 2 Weibull parameters (k and g). The 2 Weibull
parameters model the survival distribution of the uncured group.
Each model component included the restricted cubic spline terms
for year of diagnosis and terms for age group. In addition, an inter-
action between each age group and a linear effect of year of diag-
nosis were included. Full interactions between the age groups and
restricted cubic spline terms were investigated, but all cases did
not result in a significant improvement in fit using the likelihood
ratio test and so only the age group and linear calendar time inter-
actions were included in the analyses. We present results based on
patients diagnosed up to and including 1999. Cure is a long-term
measure and although the model will estimate cure and associated
measures up to 2003 these, by definition, will be based on a degree
of extrapolation. The survival distribution of the uncured group
was summarized by median survival and the time at which 90% of
the uncured group would be dead.

To assess the fit of the cure models, we also calculated the
Ederer II life table estimates of relative survival.15 Separate cure
models were fitted for each combination of age group and period
of diagnosis, and then compared with the life table estimates.

Interpreting the results of cure models

With traditional methods for studying temporal trends in patient
survival, we plot estimates of 5-year relative survival for different
periods of diagnosis and attempt to correlate the observed trends
with changes in factors that may affect survival (primarily changes
in clinical practice). A common problem is that an observed trend
may be consistent with several competing hypotheses. When using
cure models we study trends in both the cure fraction along with
some summary measure of the survival of the uncured thereby
giving greater possibilities to distinguish between the many com-
peting explanations for an observed trend.

FIGURE 1 – Hypothetical cumulative relative survival curve where
the estimated cure fraction is 0.4.

TABLE I – INCLUSIONS AND EXCLUSIONS FOR PATIENTS AGED LESS THAN 80 YEARS AT DIAGNOSIS,
BY PERIOD OF DIAGNOSIS

Period of diagnosis Included
Exclusions

Death certificate/autopsy only Not adenocarcinoma

(a) Cancer of the colon
1953–1964 2,904 (89.7%) 249 (7.7%) 84 (2.6%)
1965–1974 3,739 (92.1%) 141 (3.5%) 179 (4.4%)
1975–1984 5,562 (91.5%) 188 (3.1%) 328 (5.4%)
1985–1994 7,337 (91.7%) 144 (1.8%) 517 (6.5%)
1995–2003 8,212 (91.4%) 185 (2.0%) 612 (6.8%)

Total 27,754 (91.4%) 907 (3.0%) 1,720 (5.7%)
(b) Cancer of the rectum
1953–1964 2,539 (93.8%) 146 (5.4%) 22 (0.8%)
1965–1974 3,491 (97.3%) 63 (1.8%) 34 (1.0%)
1975–1984 4,679 (96.8%) 61 (1.3%) 94 (1.9%)
1985–1994 5,324 (96.2%) 63 (1.1%) 150 (2.7%)
1995–2003 5,852 (95.3%) 64 (1.0%) 224 (3.6%)

Total 21,885 (96.0%) 397 (1.7%) 524 (2.3%)
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Consider, for example, the hypothetical situation where we
compare patient survival between the 2 calendar periods of diag-
nosis. The black dot in Figure 2 represents the estimated cure frac-
tion and median survival of the uncured at baseline and the arrows
represent various scenarios for how these measures could change
between the 2 periods of diagnosis.

Scenario (a) represents a general improvement; we have cured a
higher proportion of patient in the latter period and those we are
unable to cure have a longer median survival time. Scenario (b)
might be termed ‘‘selective improvement’’ and could arise if, for
example, improvements in treatment enable us to cure those
patients who previously would have had a longer survival time
(among the uncured). Scenario (c) might occur following improved
palliative care or, alternatively, introduction of new diagnostic
techniques that bring forward the time of diagnosis without affect-
ing the time of death, that is, lead time bias (see Dickman and
Adami,16 Fig. 2). Here, we are faced with the same dilemma as
with traditional methods in that 2 competing hypotheses may
explain the same observed data. In this situation, knowledge of
changes in clinical practice can guide our interpretation. Lead-
time bias is often suggested as a possible explanation for improve-
ments in patient survival when using traditional methods. An
advantage in cure models is that the cure fraction cannot be
affected by lead-time bias so an observed increase in the cure frac-
tion must be due to other factors. Note that we make a distinction
between the effect of earlier diagnosis and lead-time bias. It is
quite possible, and certainly desirable, that earlier diagnosis will
lead to greater potential for cure. The resulting increase in the cure
proportion reflects a true clinical benefit independent of lead-time
bias (a statistical artifact that would also exist in this scenario).

Scenario (d) might occur if, during the latter period, we intro-
duced a diagnostic procedure (e.g., PSA screening for prostate
cancer) that resulted in inclusion of additional patients who expe-
rience no excess risk. There are, of course, other explanations for
these 4 scenarios as well as other scenarios, but we believe that
these examples provide a basis for interpreting the results of cure
models.

Results

Patients

There were 27,754 patients with cancer of the colon and 21,885
patients with cancer of the rectum included in the analyses (Table
I). The number of cases of both cancers has been increasing rap-

idly over time. This is partly due to an increasing population, but
the age-standardized incidence rate of particularly colon and also
rectal cancer has increased in Finland.17,18 It is possible that the
relatively higher increase in colon cancer incidence can be due to
differences in how the rectosigmoid cancers are referred during
the time period, but the most pronounced increase in incidence is
seen for right-sided colon cancers. The proportion of patients
excluded because of death certificate/autopsy only has decreased
over time for both cancer types. The proportion of patients
excluded as the tumor was not an adenocarcinoma increased over
time for both cancer of the colon and rectum.19 Of the patients
included in the analyses for cancer of the colon, 2,903 (10.5%)
were aged <50 years; 4,440 (16.0%) were 50–59; 8,763 (31.6%)
were 60–69 and 11,648 (42.0%) were 70–79. Of the rectal cancer
patients included, 1,798 (8.2%) were aged <50 years; 3,980
(18.2%) were 50–59; 7,443 (34.0%) were 60–69 and 8,664
(39.6%) were 70–79. The stage distribution by period of diagnosis
has remained relatively stable in Finland over time (data not
shown), but interpretation is complicated by the high proportion
of patients for whom there were no stage details (10.7 and 10.2%
in 1953–1964 for cancer of the colon and cancer of the rectum,
respectively, with the corresponding figures for 1995–2003 being
17.7 and 20.4%) and the usual issue of stage migration.

Exploratory analyses

Initially, separate models were fitted by age group and period of
diagnosis. The fitted values of the estimated relative survival
curves for each age group as a whole and also the estimated rela-
tive survival curves for those uncured can be seen in Figures 3 and
4 for cancer of the colon and rectum, respectively. For the relative
survival curves for the group as whole, the empirical life table
estimates obtained using the Ederer II method are also shown. It
can be seen that the mixture cure fraction model provides a good
fit to the data with perhaps the only noticeable exception being the
oldest age group for the periods 1953–1964 and 1965–1974 for
cancer of the colon, where there is a slight underestimate of the
proportion cured of their disease. For both cancer of the colon and
rectum there is a clear improvement in relative survival over time
for all age groups, with the greatest improvement for the oldest
age group, who started from a lower base. For both cancer types,
the 5-year relative survival estimates obtained using the Ederer II
life table estimate of relative survival are very similar to the model
based estimates. However, the relative survival curves tend not to
reach a plateau, indicating statistical cure, until some time after 5
years of followup.

Cancer of the colon modeling results

Figure 5 shows the estimated cure fraction and the median sur-
vival of the uncured group as a function of calendar year of diag-
nosis by age group. Table II shows the model-based estimates of
the cure fraction, the median survival of the uncured group and
the time at which 90% of the uncured group are dead for a selec-
tion of years. There has been a clear increase in the proportion
cured of their disease in all age groups with the increase fairly
constant over time. There has been a large reduction in the differ-
ence in the cure fraction between the age groups over time, with
the youngest age group now having a slightly lower cure fraction.
For the uncured group, the median survival for all age groups was
approximately constant until the early 1960s and then rapidly
increased until the early 1980s, after which the rate of increase
was reduced. In 1999, median survival of the uncured group was
estimated at over 1.5 years for the youngest age group and about 1
year for the oldest age group. The time at which 90% of those in
the uncured group are dead has also increased for all age groups.

Cancer of the rectum modeling results

Figure 6 shows the estimated cure fraction and the median sur-
vival of uncured group as a function of calendar year of diagnosis
by age group. Table III shows the model-based estimates of the

FIGURE 2 – Hypothetical changes in the cure fraction and median
survival of the uncured between the 2 periods of diagnosis.
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FIGURE 4 – Cancer of the rectum: predicted relative survival curves by age group.

FIGURE 3 – Cancer of the colon: predicted relative survival curves by age group.
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cure fraction, the median survival of those uncured group and the
time at which 90% of the uncured group are dead. For all age
groups the estimated cure fraction was approximately constant for
the first 10 years, followed by a rapid increase until the mid 1970s
where it appeared to stabilize until the late 1980s whereupon it
started to increase again. The difference in the cure fraction
between the age groups has reduced over time with the estimated
values being similar for the 4 age groups in 1999 (Table IIIa). The
median survival for the uncured group has a constant increase
until the late 1980s whereupon the improvement ceased and

numerically declined. The time at which 90% of the uncured
group has died shows a similar pattern to median survival, i.e.,
with a continuous improvement with calendar time until the last
few years when a small decrease was seen.

Discussion

The cure fraction and median survival of the uncured group
have increased over time for both cancer of the colon and rectum.
The cure fraction is now broadly similar for both types of cancer,

FIGURE 5 – Cancer of the colon: estimated cure fraction and median survival of the uncured group, with 95% confidence intervals presented
by age group.

TABLE II – CANCER OF THE COLON: MODEL BASED ESTIMATES

Year
Age group (years)

<50 50–59 60–69 70–79

(a) The cure fraction (%)
1960 34.1 (30.6–37.6) 28.0 (24.8–31.2) 22.6 (20.1–25.1) 17.6 (15.1–20.1)
1970 40.0 (37.3–42.7) 36.6 (34.2–39.0) 32.2 (30.2–34.2) 28.8 (26.7–30.8)
1980 45.8 (43.4–48.2) 45.0 (42.9–47.2) 41.6 (39.7–43.6) 39.8 (37.9–41.7)
1990 47.8 (45.0–50.5) 49.7 (47.4–52.0) 47.3 (45.3–49.3) 47.0 (45.0–49.0)
1999 51.0 (47.0–54.9) 55.3 (52.2–58.4) 53.8 (51.0–56.5) 54.9 (52.3–57.5)

(b) Median survival for the uncured group (years)
1960 0.65 (0.56–0.75) 0.52 (0.46–0.60) 0.39 (0.36–0.44) 0.29 (0.26–0.32)
1970 0.89 (0.81–0.98) 0.73 (0.67–0.80) 0.58 (0.54–0.63) 0.40 (0.37–0.43)
1980 1.32 (1.21–1.44) 1.11 (1.03–1.20) 0.95 (0.88–1.02) 0.65 (0.61–0.70)
1990 1.51 (1.37–1.66) 1.27 (1.17–1.39) 1.15 (1.06–1.24) 0.79 (0.73–0.86)
1999 1.62 (1.42–1.85) 1.38 (1.24–1.55) 1.31 (1.18–1.46) 0.92 (0.81–1.03)

(c) Time at which 90% of the uncured group are dead (years)
1960 3.02 (2.58–3.53) 2.43 (2.10–2.80) 1.90 (1.69–2.15) 1.26 (1.12–1.41)
1970 3.64 (3.24–4.08) 2.99 (2.69–3.34) 2.55 (2.31–2.81) 1.73 (1.58–1.90)
1980 4.76 (4.27–5.31) 4.02 (3.65–4.44) 3.77 (3.43–4.13) 2.73 (2.48–2.99)
1990 5.14 (4.56–5.79) 4.41 (3.97–4.91) 4.46 (4.04–4.93) 3.45 (3.09–3.84)
1999 5.20 (4.36–6.19) 4.54 (3.92–5.24) 4.91 (4.25–5.68) 4.08 (3.48–4.78)
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but median survival of the uncured group is still higher for cancer
of the rectum. The reasons for these improvements over time are
complex and likely because of many interrelated factors. How-
ever, much of the improvement is likely because of improved
patient care, both surgical and nonsurgical (radiation, pharmaco-
logical and supportive). The data provide no direct relationships,
at an individual level, between the changes in patient care and
improved survival, but it is useful to review what these changes
are and how they may have contributed to improved survival.
Whenever possible, we have identified studies from Finland pre-

senting changes in the patterns of care. However, since such stud-
ies have frequently not been reported, we have primarily identified
studies from the other Nordic countries having a very similar
health care structure. Also, several examples of joint clinical trials
between these countries are present.

Surgical and anesthesiological techniques have become more
sophisticated over time and the proportion of patients safely
resected has increased over time for both cancer of the colon and
rectum.20–23 The age of the patient at which surgeons are prepared
to operate has increased over time,20,21 which may partially

FIGURE 6 – Cancer of the rectum: estimated cure fraction and median survival of the uncured group, with 95% confidence intervals presented
by age group.

TABLE III – CANCER OF THE RECTUM: MODEL BASED ESTIMATES

Year
Age group (years)

<50 50–59 60–69 70–79

(a) The cure fraction (%)
1960 26.5 (22.3–30.7) 26.1 (22.7–29.4) 22.3 (19.4–25.3) 15.7 (12.8–18.6)
1970 35.2 (32.0–38.3) 34.5 (31.9–37.1) 31.5 (29.2–33.7) 25.5 (23.1–27.9)
1980 44.3 (41.3–47.3) 43.4 (40.9–45.8) 41.1 (38.9–43.3) 35.8 (33.5–38.1)
1990 45.6 (42.0–49.2) 44.4 (41.7–47.2) 42.9 (40.4–45.3) 38.3 (35.5–41.0)
1999 55.1 (50.0–60.3) 53.8 (49.9–57.6) 52.8 (49.4–56.3) 48.9 (45.5–52.3)

(b) Median survival for the uncured (year)
1960 1.27 (1.11–1.46) 1.11 (0.99–1.23) 0.97 (0.88–1.07) 0.65 (0.59–0.72)
1970 1.53 (1.40–1.68) 1.41 (1.31–1.52) 1.24 (1.15–1.34) 0.87 (0.80–0.94)
1980 1.81 (1.66–1.97) 1.74 (1.62–1.87) 1.55 (1.45–1.66) 1.16 (1.07–1.25)
1990 2.08 (1.86–2.33) 2.05 (1.88–2.23) 1.82 (1.68–1.97) 1.41 (1.28–1.56)
1999 1.93 (1.63–2.28) 1.95 (1.73–2.19) 1.70 (1.52–1.91) 1.36 (1.20–1.55)

(c) Time at which 90% of the uncured are dead (years)
1960 4.25 (3.67–4.93) 4.02 (3.55–4.55) 3.95 (3.49–4.48) 2.74 (2.42–3.10)
1970 4.89 (4.36–5.47) 4.75 (4.31–5.23) 4.68 (4.25–5.14) 3.53 (3.19–3.91)
1980 5.27 (4.73–5.86) 5.20 (4.73–5.72) 5.15 (4.71–5.63) 4.33 (3.93–4.76)
1990 6.22 (5.36–7.21) 6.17 (5.51–6.90) 6.09 (5.46–6.79) 5.59 (4.90–6.37)
1999 5.56 (4.43–6.98) 5.53 (4.72–6.48) 5.37 (4.59–6.28) 5.25 (4.43–6.24)
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explain the reduction in the difference in the proportion cured
between age groups. Some of the trends over time are likely to be
due to the ‘‘learning period’’ when gradually introducing new
techniques within and between hospitals. A learning period is also
seen when individual doctors/teams become more familiar with
and skilled in a particular technique.24–26 Although we do not
have information on trends in surgical factors in Finland as a
whole, we have some information from the Department of Surgery
of Helsinki University Central Hospital from 1966 to 2005 for
cancer of the colon and rectum combined27,28 (Personal Commu-
nication, Professor Heikki J. J€arvinen, Helsinki University Central
Hospital). The percentage of primary tumors operated on
increased from 83% in 1966–1975 to 97% in 1996–2005. The fre-
quency of radical operations (RO) also increased over the same
time period from 61 to 80%. The operative mortality fell from
6.5% in 1966–2005 to 2.8% in 1996–2005.

The approximate linear increase with time in the cured fraction
in cancer of the colon suggests that the various factors responsible
for the improvements have had a constant net effect. This linear
effect is much steeper in the highest age groups reflecting the
greater possibilities to resect the colon cancer safely.20 During the
late 1960s/early 1970s improvements may be related to improve-
ments in postoperative care, particularly with the creation of inten-
sive care units in Finland. During the late 1990s improvements
may be associated with adjuvant chemotherapy in stage III.29

In contrast to the almost linear increase in the cured fraction for
cancer of the colon, different factors have influenced this fraction
much more unevenly in cancer of the rectum. Rectal cancer sur-
gery is more demanding than colon cancer surgery,30,31 and the
general improvements in anesthesiology and postoperative care
seen in the late 1960s/early 1970s were relatively more important
in cancer of the rectum than in cancer of the colon. The steep
increase during the 1990s seen in all age groups likely reflects the
marked decrease in the risk of a local failure after rectal cancer
surgery seen after the introduction of total mesorectal excision and
increased use of preoperative radiotherapy or postoperative radio-
chemotherapy.32 A local failure is a much less clinical problem in
cancer of the colon than in cancer of the rectum.33,34 There is now
a similar proportion being cured for cancer of the colon and cancer
of the rectum (compare Tables II and III). The exception is those
aged 70–79 where the cure fraction for cancer of the rectum
remains lower. One reason for this could be the greater risks
involved with surgery for cancer of rectum leading to a reluctance
to operate on some of these individuals. Similar 5-year survival
for cancer of the colon and cancer of the rectum has also been
reported in one county in Sweden4 and in Sweden as a whole.6

Also the evolution with time in the median survival of the
uncured group differs between cancer of the colon and cancer of
the rectum. Metastatic disease has been the predominant cause
of death in cancer of colon through the decades whereas in cancer
of the rectum a local failure has also been frequent until the last
decade.24–26,34–36 The natural course of a local failure is longer
than that of distant metastases, liver being most frequently
involved. Thus, the median survival of the uncured group has
always been much longer in cancer of the rectum, however, with a
gradually decreasing difference with time reflecting the decreasing
importance of the local failures after cancer of the rectum.

Potential reasons for longer survival of the uncured group are
better general health in society, supportive care activities, less
postoperative mortality after a palliative bowel resection,20,23,37

systemic chemotherapy and possibilities to resect metastatic dis-
ease, e.g., in the liver. Changes in the stage distribution of the
patients could also partially explain these changes. The more rapid
increase in median survival seen in cancer of the colon during the
1970s may reflect generally better health, more awareness of the
relevance of supportive care activities and above all less postoper-
ative mortality after a bowel resection. Before the improvements
in the postoperative care during late 1960s/early 1970s, patients
were rarely resected in the presence of metastatic disease because

of a very high postoperative mortality.23,38 Postoperative mortality
after a palliative resection has continued to be higher than after a
curative resection through the decades, but there is no longer a
fear to resect the primary, if possible, even if metastatic disease is
present.37 During the 1970s the first patients also received pallia-
tive chemotherapy with 5-fluorouracil alone, however, only with
limited influence on median survival.39 Slightly more effective
chemotherapy using 5-fluorouracil modulated with methotrexate
or leucovorin was not introduced until during the late 1980s/early
1990s.40 However, knowledge of the palliative effects benefiting
many patients41 meant that more patients were offered this treat-
ment prolonging median survival about 4–6 months.40,42 Irinote-
can and oxaliplatin were not used until the last years of the 1990s
and may then have contributed to a further prolongation of median
survival (about 2–3 months) for cancer of the colon. These drugs
are also used in metastatic cancer of the rectum and with the same
efficacy.43 However, the reason why survival has not continued to
improve during the last 5-year period for cancer of the rectum
may be related to the marked decrease in local failure rates
(having a longer natural course than metastatic disease). Finally,
possibilities to resect local recurrence and liver and lung metasta-
ses have increased, however, only in few individuals,35 and thus
has only limited effects on the population. Further, since some
patients can be cured by this surgery it may actually decrease me-
dian survival of those not cured.

There are some limitations in using cure models. First, the mod-
els will still estimate the cure fraction even when it is not reasona-
ble to do so. For example, women with breast cancer experiences
excess mortality for at least 30 years subsequent to diagnosis.44

However, for cancer of the colon and rectum it is likely to be a
reasonable assumption. Second, we have used the Weibull distri-
bution to model the distribution of the uncured group. Although
this will generally provide reasonable estimates of the cure frac-
tion and associated parameters, in some situations the Weibull dis-
tribution may not be flexible enough to capture the shape of the
survival distribution and biased estimates can result.11 This tends
to occur in older age groups and is one reason why we excluded
the oldest age group in the analyses presented here. We are cur-
rently developing methods to overcome this problem.

Cure models have been applied previously for cancer of the co-
lon in Finland.12 However, we believe that our analysis has a num-
ber of advantages to the previous analysis. First, our analysis is
over a longer period and excludes individuals aged over 80, which
is important as we observed that use of the Weibull model for
elderly age groups leads to biased estimates of the cure fraction.
Second, we use median survival as a summary measure for sur-
vival of the uncured group, while the previous analysis used mean
survival, which can be unstable because of the skewed nature of
survival data. Third, we have included year of diagnosis as a con-
tinuous factor using restricted cubic splines, as opposed to broad
categories of time, allowing improved understanding of the
changes over time. Fourth, we have included interactions between
year of diagnosis and age group. This is important as for both can-
cer types the effect of age varies over time for both the cure frac-
tion and the survival distribution of the uncured group. Finally, we
have also modeled both parameters in the Weibull distribution,
which we have previously shown to be important in reducing bias
when fitting cure models.11

We believe cure models to be a valuable tool for studying tem-
poral trends in patient survival and, in particular, gaining insights
into the underlying reasons for these trends.
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