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ABSTRACT

Background: The increasing number of colorectal cancer (CRC)
survivors need survival estimates that account for the time already
survived. The aim of this population-based study was to determine
conditional survival, cure proportions, and time-to-cure (TTC) of
patients with colon or rectal cancer. Materials and Methods: All
patients with pathologic stage I–III CRC treated with endoscopy or
surgery, diagnosed and registered in the Netherlands Cancer Reg-
istry between 1995 and 2016, and aged 18 to 99 years were included.
Conditional survival was calculated for those diagnosed before and
after 2007. Cure proportions were calculated using flexible para-
metric models. Results: A total of 175,384 patients with pathologic
stage I (25%), II (38%), or III disease (37%) were included. Conditional
5-year survival of patients with stage I, II, and III colon cancer having
survived 5 years was 98%, 94%, and 92%, respectively. For patients
with stage I–III rectal cancer, this was 96%, 89%, and 85%, respec-
tively. Statistical cure in patients with colon cancer was reached di-
rectly after diagnosis (stage I) to 6 years (stage III) after diagnosis
depending on age, sex, and disease stage. Patients with rectal cancer
reached cure 0.5 years after diagnosis (stage I) to 9 years after di-
agnosis (stage III). In 1995, approximately 42% to 46%of patients with
stage III colon or rectal cancer, respectively, were considered cured,
whereas in 2016 this percentage increased to 73% to 78%, re-
spectively. Conclusions: The number of patients with CRC reaching
cure has increased substantially over the years. This study’s results
provide valuable insights into trends of CRC patient survival and are
important for patients, clinicians, and policymakers.
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Background
Colorectal cancer (CRC) is the third most common
cancer in the world.1,2 Survival of patients with CRC
has improved significantly because of earlier diagnosis
and better treatment of the primary tumor and meta-
static disease.3 Survival estimates of patients with cancer
based on data collected by population-based cancer
registries are commonly determined using relative sur-
vival methods, with survival reported as a function of
time since diagnosis. Excessmortality resulting fromCRC
is highest in the first year after diagnosis, especially in the
geriatric population.4 Thus, published estimates of sur-
vival provide an overly pessimistic prognosis for patients
who have survived an initial period after diagnosis. Al-
ternative approaches to reporting patient survival, such
as conditional survival and cure models, have recently
been applied in the field of CRC.5,6 Conditional survival is
the probability of surviving an additional time, given the
patient has already survived some fixed time after di-
agnosis.7 Conditional survival is of interest for planning
and designing more patient-centered follow-up sched-
ules by healthcare professionals. In addition, it provides
patient prognostic information based on the amount of
time they have already survived since diagnosis and may
increase their insurability.8 For many cancers, including
CRC, the all-cause mortality of patients will return to the
level of the general population at some time during
follow-up (ie, excess mortality will tend to zero). When
this point is reached, the patients (as a group) alive are
considered statistically cured. The time between di-
agnosis and this cure point is called time-to-cure (TTC).
Cure modeling has been described in statistical litera-
ture, but has only recently gained popularity in cancer
research.6,7 In cancers with long-term survivors, cure
models can be a good way to characterize and study
patients’ survival.6,9,10 Some studies have reported long-
term conditional survival outcomes, but mostly based on
older data.5,11,12 There is an growing need for up-to-date
and specific survival outcome information for the increasing
number of CRC survivors. The aim of this population-based
study was to report relative survival and 5-year condi-
tional relative survival of patients diagnosed between
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1995 and 2016. In addition, cure proportions and TTC
were modeled.

Materials and Methods

Study Design and Data Collection
This retrospective cohort study was conducted using
data from the Netherlands Cancer Registry (NCR).13

All patients newly diagnosed with cancer are regis-
tered in the nationwide NCR. Information regarding
patient and tumor characteristics are extracted di-
rectly from medical records by trained NCR data
managers. Information on vital status at the end of
February 2019 was obtained through annual linkage
with the Municipal Personal Records Database. There
were no patients included based on death certificate–only
information.

Patient Selection
All patients with pathologic stage I–III colon or rectal
cancer diagnosed and endoscopically or surgically
treated between January 1995 and December 2016 in the
Netherlandswere included (N5178,384). Patients treated
without surgery were excluded because resection con-
tinues to be the gold standard for curative treatment, and
nearly all patients undergo resection. The mean age of
patients treated without surgery was significantly higher
than those undergoing resection (75.2 vs 69.3 years; chi-
square test, P,.001).

If patients had multiple diagnosed CRCs, only the
first diagnosed cancer was selected. In case of multiple
simultaneous CRCs, the cancer with the highest patho-
logic stage or prognostically worst histology type was
selected for analysis. Tumor localization was categorized
using the ICD-O into colon (C18.0–18.9) and rectum
(C19.9–20.9). Disease stage was based on the patho-
logic TNM classification according to the edition used
at time of diagnosis (edition 4.2 for 1993–1998, the 5th
edition for 1999–2002, edition 6 for 2003–2009, and the
7th edition for 2010–2019). Because there were only
limited changes in TNM classification over time, no
corrections were made. Information about age, sex,
disease stage, and treatments were complete for all
included patients.

Statistical Analysis
Net survival is a measure of patient survival in which
deaths resulting from other causes are removed. Net
survival can be estimated in either a relative survival or a
cause-specific (also called disease-specific) framework.7

A cause-specific framework requires accurate informa-
tion on cause of death, which is not always available
with cancer registry data and in the case of the NCR.
The relative survival framework facilitates estimation of

the same quantity by incorporating expected probabilities
of dying due to causes other than cancer estimated from
general population life tables. We calculated relative
survival using the Ederer II method up to 24 years after
diagnosis using Dutch sex-, age-, and year-specific
population life tables, and grouped patients into age
categories of ,60 and $60 years.14,15 Incidence periods
between 1995 and 2007 and 2008 and 2016 were defined.
For each value of follow-up time from 0 (diagnosis) to 10
years, in half-year intervals, we used the same approach
to estimate conditional 5-year relative survival. That is,
we first estimated 5-year relative survival from diagnosis

Table 1. Baseline Patient Characteristics
(N5175,384)

Colon Cancer
n (%)

Rectal Cancer
n (%)

Total, n 117,530 57,854

Sex

Male 59,512 (50.6) 34,744 (60.1)

Female 58,018 (49.4) 23,110 (39.9)

Age, mean (SD), y

Male 69.5 (10.7) 66.9 (10.6)

Female 71.1 (11.4) 67.7 (11.9)

Year of diagnosis

1995–1999 20,101 (17.1) 10,636 (18.4)

2000–2004 22,505 (19.1) 12,183 (21.1)

2005–2009 26,892 (22.9) 13,786 (23.8)

2010–2014 31,974 (27.2) 14,653 (25.3)

2015–2016 16,058 (13.7) 6,596 (11.4)

Pathologic stage

I 26,788 (22.8) 17,204 (29.7)

II 50,233 (42.7) 17,027 (29.4)

III 40,509 (34.5) 23,623 (40.9)

Histology of primary tumor

Nonmucinous adenocarcinoma 98,977 (84.2) 52,853 (91.4)

Mucinous adenocarcinoma 16,892 (14.4) 4,616 (8.0)

Signet cell carcinoma 1,154 (1.0) 261 (0.5)

NOS 507 (0.4) 124 (0.2)

Systemic chemotherapy alone

No 90,802 (77.8) 22,312 (89.7)

Yes 25,951 (22.2) 2,567 (10.3)

Radiotherapy alone

No 90,802 (99.6) 22,312 (51.4)

Yes 409 (0.4) 21,077 (48.6)

Chemoradiation therapy

No 117,162 (99.7) 45,956 (79.4)

Yes 368 (0.3) 11,898 (20.6)

Abbreviation: NOS, not otherwise specified.

JNCCN.org | Volume 18 Issue 9 | September 2020 1231

ORIGINAL RESEARCHTrends in Patient Outcomes in CRC

http://www.JNCCN.org


(traditional 5-year relative survival). We then restricted
the time at risk so that all patients first became at risk
0.5 years after diagnosis, and estimated relative sur-
vival for the interval (0.5, 5.5). That is, we imposed late
entry. Patients who died or were censored within
the first 0.5 years were excluded from the analysis.
We then restricted the follow-up again so that all patients
first became at risk 1 year after diagnosis, and estimated
relative survival for the interval (1, 6), and so forth.
The approach used for estimating conditional survival is
illustrated elswere.16 When conditional survival exceeded
95%, patients were considered as having minimal excess
mortality compared with the general population, which is
a commonly used definition for statistical cure.17,18 For the
life table estimates, follow-upwas divided into intervals of
0.1 years. The conditional relative survival estimates were
calculated with half-year splits.

TTC was defined as the time until conditional
5-year survival reached 95%. In addition, cure pro-
portions and median survival of the uncured were
calculated using flexible parametric survival models.
We chose to analyze the data in the framework of
flexible parametric models, because these models are
flexible enough to capture high excess hazard within
the first period after diagnosis, which is common
among the aged population. In the past, older patients
were excluded to calculate accurate estimates with
conventional parametric models.6 The cure proportion

was defined as the proportion of patients estimated
to experience mortality equal to the general pop-
ulation. Stata version 14 (StataCorp LLP) was used for
analysis.19–21 We adhered to the STROBE checklist for
observational cohort studies.22

Results
A total of 175,384 patients with pathologic stage I (25%), II
(38%), and III (37%) CRC were included. More than
half of the patients were male (54%) and two-thirds
(67%) had colon cancer. Systemic chemotherapy was
administered in 22% of the patients with colon cancer
and 10% of the those with rectal cancer, often as part
of a combined chemoradiation regimen. Radiation
therapy alone was given to 0.4% of the patients with
colon cancer and 49% of those with rectal cancer. An
overview of patient and tumor characteristics is provided
in Table 1.

The 5-year relative survival of patients diagnosed
with stage I, II, and III colon cancer between 2008 and
2016 was 96%, 90%, and 71%, respectively (Figure 1).
For patients with rectal cancer, 5-year relative sur-
vival was 96% (stage I), 89% (stage II), and 78% (stage
III). Relative survival of patients recently diagnosed
with CRC has increased substantially compared with
those diagnosed and treated between 1995 and 2007.
This increase was most evident for patients with stage
II or III disease.
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Figure 1. Relative survival (according to the Ederer II method) of patients with (A) colon or (B) rectal cancer, per stage, for both 1995–2007 and
2008–2016 cohorts.
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Conditional Survival and TTC
Conditional survival increased with each additional
year survived up to 10 years postoperatively. The 5-year
relative survival for tumor site, stage, and age group
conditional on 1, 5, and 10 years from diagnosis is
presented in Table 2. Survival outcomes differed be-
tween stages, with stage III having lowest conditional
survival. Conditional survival has increased in the past 2
decades, being higher in patients diagnosed between 2008
and 2016 (Figures 2 and 3). Better conditional survival was
also seen for patients with colon cancer compared with
those with rectal cancer for all stages and age groups.
These differences diminished 10 years after diagnosis.
Results are presented per stage for patients with colon or
rectal cancer diagnosed between 1995 and 2016.

Stage I
Five-year relative survival for colon cancer conditional on
having survived 1, 5, and 10 yearswas consistently 98%. After
1-, 5-, and 10-year follow-up, patients with rectal cancer had
5-year relative percentages of 95%, 96%, and 98%.

Both male and female patients with colon cancer,
irrespective of age, reached (statistical) cure directly after
diagnosis (TTC, 0 years) (Table 3). Patients with rectal

cancer aged 60 to 99 years reached cure at 0.5 years,
whereas those aged 18 to 59 years were cured directly
after diagnosis.

Stage II
Conditional survival of colon cancer increased from 89%
at 1 year, to 94% and 97% after having survived 5 and 10
years, respectively. Patients with rectal cancer alive at 1,
5, and 10 years after diagnosis had 83%, 89%, and 95%
chance of being alive another 5 years.

Male patients with colon cancer reached the cure
point at approximately 6.5 years after diagnosis, whereas
TTC for female patients was 4.5 years.

TTC for female patients with rectal cancer was 9.5
years. Conditional survival of male patients with stage II
rectal cancer did not exceed 95%within our follow-up time.

Stage III
Conditional 5-year relative survival of colon cancer in-
creased from 71% at 1 year, to 92% and 98% after having
survived 5 and 10 years, respectively. Patients with stage
III rectal cancer alive at 1, 5, and 10 years after diagnosis
had 69%, 85%, and 97% chance of being alive another
5 years.

Table 2. Five-Year Relative Survival Conditional (N5175,384)

Cancer Stage
and Site Age Group

Age at Diagnosis,
% (95% CI)

Years of Survival After Diagnosis, % (95% CI)

1 2 3 4 5 10

Stage I

Colon All 95 (94–96) 98 (97–98) 97 (97–98) 97 (97–98) 98 (97–99) 98 (97–99) 98 (97–100)

18–59 y 96 (95–97) 96 (96–97) 96 (95–97) 96 (95–97) 97 (96–98) 97 (96–98) 98 (97–100)

60–99 y 95 (94–96) 98 (97–99) 98 (97–99) 98 (97–99) 98 (97–99) 98 (97–99) 98 (96–100)

Rectal All 93 (93–94) 95 (94–96) 94 (93–95) 94 (93–95) 95 (94–96) 96 (95–97) 98 (96–99)

18–59 y 95 (94–96) 95 (94–96) 94 (93–95) 94 (93–95) 95 (94–96) 96 (95–97) 98 (96–99)

60–99 y 93 (92–94) 95 (94–96) 94 (93–95) 94 (93–95) 95 (93–96) 95 (94–97) 98 (95–100)

Stage II

Colon All 85 (84–85) 89 (89–90) 91 (90–91) 92 (91–93) 93 (92–94) 94 (93–95) 97 (95–98)

18–59 y 87 (87–88) 88 (87–89) 90 (89–91) 91 (90–92) 92 (91–93) 94 (93–94) 97 (96–98)

60–99 y 84 (84–85) 90 (89–90) 91 (90–92) 92 (91–93) 93 (93–94) 94 (93–95) 97 (95–98)

Rectal All 81 (81–82) 83 (82–84) 84 (83–85) 86 (85–87) 88 (87–89) 89 (88–90) 95 (93–96)

18–59 y 84 (83–86) 83 (82–84) 84 (82–85) 86 (85–87) 87 (86–89) 89 (88–91) 95 (91–97)

60–99 y 81 (80–82) 83 (82–84) 84 (83–86) 86 (85–87) 88 (86–89) 89 (87–91) 94 (91–97)

Stage III

Colon All 64 (64–65) 71 (70–72) 78 (77–78) 83 (82–84) 88 (87–88) 92 (91–92) 98 (96–99)

18–59 y 72 (71–73) 73 (72–74) 78 (77–79) 82 (81–84) 86 (85–87) 90 (88–91) 97 (96–98)

60–99 y 63 (62–63) 70 (69–71) 77 (76–78) 83 (82–84) 88 (87–89) 92 (91–93) 98 (96–100)

Rectal All 69 (68–70) 69 (68–70) 72 (71–73) 76 (75–77) 81 (80–82) 85 (84–86) 97 (95–98)

18–59 y 73 (72–74) 71 (70–72) 73 (72–75) 77 (76–78) 81 (79–82) 85 (84–87) 97 (95–99)

60–99 y 67 (67–68) 68 (67–69) 71 (70–72) 75 (74–77) 80 (79–82) 85 (84–87) 96 (93–99)

Follow-up available up to 2019.
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Cure was reached 7 and 6 years after diagnosis for
male and female patients with colon cancer, respectively.
Patients with rectal cancer were considered cured 9
(men) and 8.5 (women) years after diagnosis.

Cure Proportion and Survival of the Uncured
The proportion of patients without excess mortality com-
pared with the general population has increased. Cure
proportions for patients aged 18 to 59 years with stage I, II,
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Figure 2. Conditional 5-year relative survival for every year survived after diagnosis of colon cancer stage stratified by incidence year interval
(1995–2007 and 2008–2016) and age group: (A) 18–59 years and (B) 60–99 years. Conditional relative survival estimates were only possible up to 6
years for the 2008–2016 cohort (follow-up until 2019).
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Figure 3. Conditional 5-year relative survival for every year survived after diagnosis of rectal cancer stage stratified by incidence year interval
(1995–2007 and 2008–2016) and age group: (A) 18–59 years and (B) 60–99 years. Conditional relative survival estimates were only possible up to 6
years for the 2008 to 2016 cohort (follow-up until 2019).
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and III colon cancer were 0.88, 0.70, and 0.46, respectively,
in 1995. In 2016, cure proportions had increased to 0.96,
0.88, and 0.78 for stage I, II, and III, respectively. Cure
proportions for older patients were lower (Figure 4).

Moreover, cure proportions of patients with rectal
cancer aged 18 to 59 years have also increased. In 1995,
cure proportions were 0.86 (stage I), 0.67 (stage II), and
0.42 (stage III). In 2016, cure proportions were 0.95, 0.87,
and 0.73, respectively. Patients aged 60 to 99 years again
had lower cure proportions.

Median survival of patients with stage I colon cancer
aged 18 to 59 years not reaching cure (ie, having excess
mortality compared with the general population) has in-
creased from 3.3 years in 1995 to 4.4 years in 2016
(Figure 4). For stage II and III, median survival of the
uncured has increased from3.0 and 2.7 years in 1995 to 4.3
and 4.2 years in 2016. Uncured patients with stage I–III
rectal cancer had increasedmedian survival over the past 2
decades, both for patients aged 18 to 59 and 60 to 99 years.

Discussion
This study presented up-to-date relative survival, con-
ditional survival, cure proportions, and TTC estimates of
patients with stage I–III CRC. Relative survival of patients

with colon or rectal cancer has increased substantially over
the years, and the increment is highest in more-advanced
disease stages. These improvements in survival are in line
with previous findings in the literature.3,23 The 5-year rel-
ative survival conditional on the number of years survived
has increased as well. Conditional survival outcomes of
patients recently diagnosedwithCRCwerebetter compared
with those diagnosed between 1995 and 2007. For patients
with stage I, II, and III colon or rectal cancer, conditional
survival improved with years survived and was higher in
colon cancer compared with rectal cancer. This holds, in
particular, for more advanced disease (stage II–III).

The largest improvements in conditional survival for
patients with colon or rectal cancer were seen in older
patients and during the first years after diagnosis. This is
in line with a recent observation by our group in which
we observed that especially elderly patients have an
improved postoperative survival in the first years.4 The
gap in survival difference has narrowed in recent years,
and elderly patients (aged 60–99 years) now have an
almost similar survival after treatment with curative
intent compared with younger patients (aged 18–59
years). Conditional survival of women was slightly higher
than that of men, and statistical cure was reached earlier
than in male patients. TTC was longer for advanced
disease stages. Among patients with stage I rectal cancer,
younger patients were considered cured earlier. In
contrast, older patients with stage II–III colon cancer had
higher conditional survival and shorter TTC estimates
than younger patients with a similar stage. All of these
findings are in line with comparable studies.12 Patients
with stage II rectal cancer did not reach conditional
survival .95% until 9 to 10 years after diagnosis. Despite
being peculiar, this finding has been noted previously.5,11

Perhaps this patient group experienced long-term excess
mortality because of disease recurrence. It is likely that
excess mortality among older patients decreases faster
over time compared with younger patients.11 Within the
relative survival framework, the impact of mortality is less
dominating because of limited life expectancy in the el-
derly. In general, cure proportions have increased sub-
stantially over the past 2 decades, illustrating improved
survival and cure after CRC surgery. Moreover, median
survival of the uncured population has also increased.
Reasons for this could be decreased all-cause mortality,
and possibly improved supportive care services (ie, pal-
liative care).24 In line with the ameliorated survival of
patients with nonmetastasized CRC, broader perfor-
mance of treatment strategies for patients with metas-
tasized disease led to better outcomes. For instance,
selected patients can be treated with chemotherapy, ab-
lation therapy, or surgical resection of metastases.

Table 3. Time-to-Cure Estimates According to
Conditional Survival Exceeding 95%

Cancer Stage and Site Age Group Overall Men Women

Stage I

Colon All 0 0 0

18–59 y 0 0 0

60–99 y 0 0 0

Rectal All 0.5 0.5 0.5

18–59 y 0 0 0

60–99 y 0.5 0.5 0.5

Stage II

Colon All 5.5 6.5 4.5

18–59 y 6 7 6

60–99 y 5.5 6 4

Rectal All 10 N/Aa 9.5

18–59 y 9 N/Aa 7.5

60–99 y N/Aa N/Aa 10

Stage III

Colon All 6.5 7 6

18–59 y 7.5 7.5 7

60–99 y 6 7 5.5

Rectal All 9 9 8.5

18–59 y 8.5 9 8.5

60–99 y 9 9 8

Abbreviation: N/A, not applicable.
aConditional survival .95% not reached within available follow-up time.

JNCCN.org | Volume 18 Issue 9 | September 2020 1235

ORIGINAL RESEARCHTrends in Patient Outcomes in CRC

http://www.JNCCN.org


Relative and conditional survival outcomes pre-
sented here are slightly better than in earlier studies.5,11,12

This is possibly because of the more recent data in the
present study. Only few studies have modeled cure and
TTC in patients with CRC.6,17,18 These studies from dif-
ferent countries found lower cure fractions for patients
with CRC ranging between 0.45 and 0.57 and longer TTC
estimates between 7 and 10 years after diagnosis. The
results from these studies are limited by heterogeneity.
First, they often present data from.10 years ago. Second,
results are not always stratified by disease stage, age, and
sex. Third, it is common for outcomes to be presented for
CRC as a group rather than for colon and rectal cancer
separately. In our study, recent Dutch national data over a
period of.20 yearswere used to calculate cure proportion
and TTC. We strove to minimize these limitations by
providing organ-, sex-, and age-specific outcomes.

Using recent data reflects the current state of sur-
vival of patients with CRC in the Netherlands. In the past
decade, many advancements have been made in the
diagnosis, treatment, and follow-up of patients with CRC.
Broader practice of multidisciplinary treatment strate-
gies, the change of postoperative to preoperative ra-
diotherapy and chemotherapy, and limited measurable

in this study the introduction of national prevention pro-
grams led to earlier diagnosis, disease downstaging, and
less treatment-related mortality and morbidity. Including
data from before this period might have biased our con-
ditional survival outcomes. However, long-term follow-up
is needed to calculate conditional survival and todetermine
TTC. In addition, we illustrated that the conditional survival
outcome of recently diagnosed patients is better. We chose
to only include endoscopically and surgically treated pa-
tients, because these remain the gold standard for curative
treatment. Excluding nonresected patients (likely older, frail
patients) might bias comparison with previous studies on
this subject.5,11,12 However, most patients have received
endoscopic or surgical treatment, and up-to-date condi-
tional survival estimates based on patients who received
similar treatment is therefore most relevant.

Another factor that might have affected our analyses
is stage migration as a result of preoperative therapies.
Clinically advanced disease could be downstaged in
patients with good response to neoadjuvant therapy.
Consequently, these patients will have lower pathologic
TNM stages compared with clinical TNM stages after
preoperative systemic or radiation therapy. Bosch et al25

described that survival was different between clinical and
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Figure 4. Cure proportions (top; ratios) and median survival (bottom; years) of the uncured among patients with stage I–III (A) colon or (B) rectal
cancer diagnosed and followed between 1995 and 2016.
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pathologic stage in patients with rectal cancer, and that
survival outcomes are not always comparable. However,
pathologic stage is a more precise measure of the extent
of cancer and a better predictor for treatment response
and prognosis.

Last, we presented relative survival outcomes. Rel-
ative survival is an approximation of cause-specific
survival in a hypothetical world in which competing
risks are assumed to be eliminated, meaning that one
cannot die of causes other than the cancer of interest.
Results should be communicated with caution, because
daily practice could differ from the hypothetical world.
However, it is useful as ameasure of the survival of patients
with cancer that is independent of background mortality,
which makes comparisons across time and different age
groups possible. The assumptions made in the relative
survival framework are strong, and relative survival pro-
vides accurate estimates of cancer-specific survival.26

Conclusions
This study presented relative survival, conditional sur-
vival, cure proportions, and TTC of patients with stage
I–III colon or rectal cancer. Our results can be gen-
eralized to other Western countries with comparable

healthcare systems. In an era of minimally invasive and
multidisciplinary treatment strategies, the results of this
comprehensive study provide clinically highly relevant,
up-to-date survival outcome information for clinicians,
patients, and health policymakers.
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