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ABSTRACT
Background: Recurrence is a common outcome among patients that have undergone an intended
curative resection for colorectal cancer. However, data on factors that influence colorectal cancer recur-
rence are sparse. We report descriptive characteristics of both colon and rectal cancer recurrence in an
unselected population.
Material and methods: We identified 21,152 patients with colorectal cancer diagnosed between May
2001 and December 2011 and registered with the Danish Colorectal Cancer Group. Recurrences were
identified in 3198 colon and 1838 rectal cancer patients during follow-up. We calculated the frequency,
proportion, and incidence rates of colon and rectal cancer recurrence within descriptive categories,
and the cumulative five- and ten-year incidences of recurrence, treating death as a competing risk.
We used a Cox proportional hazard model to calculate hazard ratios (HR) and 95% confidence
intervals (CI).
Results: Recurrence risk was highest in the first three years of follow-up. Patients <55 years old at ini-
tial diagnosis (incidence rate for colon: 7.2 per 100 person-years; 95% CI: 6.5–7.9; rectum: 8.1 per 100
person-years; 95% CI: 7.2–9.0) and patients diagnosed with stage III cancer (colon HR: 5.70; 95% CI:
4.61–7.06; rectal HR: 7.02; 95% CI: 5.58–8.82) had increased risk of recurrence. Patients diagnosed with
stage III cancer from 2009 to 2011 had a lower incidence of recurrence than those diagnosed with
stage III cancer in the years before. Cumulative incidences of colon and rectal cancer recurrence were
similar for both cancer types among each descriptive category.
Conclusions: In this population, increases in colorectal cancer recurrence risk were associated with
younger age and increasing stage at diagnosis. Cumulative incidence of recurrence did not differ by
cancer type. Descriptive characteristics of colon and rectal cancer recurrence may help to inform
patient–physician decision-making, and could be used to determine adjuvant therapies or tailor surveil-
lance strategies so that recurrence may be identified early, particularly within the first 3 years of
follow-up.
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Introduction

Colorectal cancer is the third most common cancer in the
world; the lifetime risk for developing colorectal cancer is
�5% in both the United States and Denmark [1,2]. In 2012,
about 1.4 million cases were diagnosed worldwide with
135,000 cases in the United States [3] and 4800 in Denmark
[4]. Colorectal cancer prognosis largely depends on the stage
at which it is diagnosed: at localized stage, treatment is most
successful and the five-year survival rate is 90%. In contrast,
the five-year survival rates for regional and distant stages are
70 and 13%, respectively [3]. Currently, there are 1.2 million
colorectal cancer survivors in the United States alone [3]; of
these survivors, recurrence is a major concern. Recurrence
reflects disease burden and quality of care, including staging,

surgery, and adjuvant therapies, and is itself a risk factor for
subsequent disease progression and death. The European
Society for Medical Oncology guidelines recommend adju-
vant chemotherapy for some subgroups of colorectal cancer
patients; however, this recommendation is based on older
data that do not reflect recent improvements in preoperative
staging and surgical techniques [5]. Specific data on charac-
teristics associated with increased recurrence risk could guide
the type (e.g., oxaliplatin) and extent of adjuvant therapy in
certain patient groups, and inform effective follow-up plans
to detect cancer progression.

Population-wide recurrence data are, unfortunately, sel-
dom available. Furthermore, studies of cancer incidence,
recurrence, and mortality often combine colon and rectal
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sites, though they may have important differences, particu-
larly in hypermutated tumors [6–8]. We have recently vali-
dated an algorithm by which recurrence can be identified [9].
Here, we apply this algorithm to an unselected population of
stage I–III colon and rectal cancer patients to provide the first
nationwide descriptive data on both colon and rectal cancer
recurrence risk.

Material and methods

Data sources and data collection

Records in the Danish Colorectal Cancer Group (DCCG) data-
base, the Danish National Registry of Patients (DNPR),
Danish Cancer Registry (DCR), and Danish Pathology
Registry (DPR) were linked by the Central Personal Registry
number, a unique identifying number assigned to Danish
citizens and legal residents. The DCCG database is nearly a
complete clinical database of Danish colorectal cancer
patients [10–12]. In addition to the date of surgery, this
database provided information on the date of colorectal
cancer diagnosis as the date of the first hospital contact
with a diagnosis of colon or rectal cancer, stage at diagno-
sis, and receipt of surgery and chemotherapy. The DNPR
contains administrative and clinical data, including informa-
tion on patient demographics, diagnoses, and surgical pro-
cedures, and has estimated 94% sensitivity and 100%
specificity for classification of receipt of chemotherapy in
colorectal cancer patients [13,14]. Data from the DNPR also
informed our measure of prevalent comorbid diseases at
the time of colorectal cancer diagnosis. The DCR is a popu-
lation-based registry that contains all incidences of malig-
nant neoplasms from 1943 onwards, and includes patient
and tumor characteristics [15]. The DPR, which contains
electronically recorded standard data on biological speci-
mens from all Danish pathology departments since 1998,
was used to identify pathologically diagnosed recurrences
[16]. The study protocol was approved by the Danish
Data Protection Agency (record number 2011–41–6968)
and the North Denmark Region Committee on Health
Research Ethics (record number N–20130027). Registry-based
research in Denmark does not require participants’ informed
consent.

Study population

We included Danish colon and rectal cancer patients who
had surgery and were registered in the DCCG database
between 1 May 2001 and 31 December 2011. We excluded
patients with metastatic disease and unknown cancer stage.
We also excluded patients with a diagnosis of colorectal can-
cer or metastases in the DNPR or DCR within 180 days of the
date of colorectal cancer diagnosis as recorded in the DCCG
database, and excluded patients with a diagnosis of cancer
different from colorectal cancer (except non-melanoma skin
cancer) or cancer metastases before the date of initial colo-
rectal cancer diagnosis. Patients were followed to December
2012.

Definition of analytic variables

Cohort characteristics
Eligible patients were categorized as having colon or rectal
cancer. Rectal cancers were clinically defined as those
0–15 cm from the anus. Within these cancer types, patients
were categorized by sex, age group at cancer diagnosis
(<55, 55–64, 65–74, 75–84, or �85 years old), AJCC stage at
diagnosis (I, II, or III) [17], Charlson comorbidity score [18] at
diagnosis (0, 1 or 2, or �3), surgical procedure, number of
lymph nodes with metastases (0, 1–3, 4–6, or �7), calendar
period of cancer diagnosis (2001–2004, 2005–2008, or
2009–2011), surgical approach (laparotomy, laparoscopy, or
endoscopy), and surgical urgency (elective or acute).
Surgeries converted from laparoscopy to laparotomy were
categorized as the latter; endoscopies were mucosal resec-
tions or transanal endoscopic microsurgeries. Data on utiliza-
tion of neoadjuvant and adjuvant therapy were available for
patients diagnosed with colon or rectal cancer from 2009
to 2011.

Recurrences
To identify colon and rectal cancer recurrences, we used a
previously-developed algorithm with sensitivity of 95%, speci-
ficity of 97%, positive-predictive value of 86%, and negative-
predictive value of 99% when compared to an actively fol-
lowed cohort of colorectal cancer patients [9]. We defined
colon or rectal cancer recurrences as (a) tumor growth at or
near the site of the original tumor and in the same organ
(colon or rectum), or (b) metastases to tissue adjacent to the
original tumor site or to a distant organ. We identified recur-
rences as having codes for metastasis, cytostatic therapy, or
Systematized Nomenclature of Medicine (SNOMED) combina-
tions corresponding to malignant biopsies recorded 180 or
more days after first colorectal cancer surgery, 60 or more
days after last cytostatic therapy code, and without a new
primary cancer diagnosis registered in DNPR or DCR between
the date of the first colorectal cancer surgery and the date of
the DNPR cytostatic therapy code [9].

We categorized “early” colon or rectal cancer recurrences
as occurring within five years of cancer diagnosis. “Late”
colon or rectal cancer recurrence was defined as occurring
more than five years after the cancer diagnosis.

Statistical analysis

For both colon and rectal cancer, we calculated the fre-
quency and proportion of recurrence for members of the
cohort within categories of sex, age group, Charlson comor-
bidity score, stage, surgical procedure, number of lymph
nodes with metastasis, calendar period of diagnosis, surgical
approach, surgical urgency, and use of neoadjuvant or adju-
vant therapy. We also calculated incidence rates for each of
the previous categories, with the exception of neoadjuvant
or adjuvant therapy use. Using a Cox proportional hazard
model, we calculated crude hazard ratios (HR) and 95% confi-
dence intervals (CI) as well as adjusted hazard ratios and con-
fidence intervals simultaneously modeling sex, age group at
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surgery date, Charlson comorbidity score, tumor stage, surgi-
cal procedure, number of metastatic lymph node category,
calendar period of cancer diagnosis, surgical approach, and
surgical urgency for both colon and rectal cancer. The
assumption of proportionality was tested by plotting the
log–log functions of the estimated survival function. The sep-
aration between the curves remained parallel across analysis
time, satisfying the assumption of proportionality. We also
calculated the 5- and 10-year cumulative incidences of colon
and rectal cancer recurrence within each of the listed catego-
ries treating death as a competing risk, as well as the propor-
tion of late recurrences. To visualize the cumulative incidence
of colon and rectal cancer recurrence, we constructed cumu-
lative incidence curves according to sex and calendar period
of diagnosis, stratified by cancer stage. Statistical analyses
were performed using SAS version 9.3 (SAS Institute, Cary,
NC, USA). All statistical tests were two-sided.

Results

There were 34,801 patients registered in the DCCG from 1
May 2001 to 31 December 2011, including 4649 patients
with metastases and 4189 with unknown cancer stage who
were excluded from analyses. The total number of eligible
individuals in the DCCG database cohort was 21,152, as
described in Figure 1; of these, there were 5036 recurrences
identified from May 2001 to December 2012. Colon cancer
patients had 3198 of these recurrences while rectal cancer
patients had 1838. Table 1 describes general characteristics
of the study population. The frequency of colon cancer was
similar among males and females, and highest in individuals
between ages 65–74 and those with fewer comorbidities.
The frequency of rectal cancer was highest in males,

individuals between ages 65–74, and those with fewer
comorbidities.

Table 2 describes incidence rates and hazard ratios within
stratified characteristics for colon and rectal cancer recur-
rence. Colon cancer recurrence rates were highest in patients
<55 years old (7.2 per 100 person-years; 95% CI: 6.5–7.9) and
lowest among those �85 years old (5.0 per 100 person-years;
95% CI: 4.3–5.8) and were highest in patients with regional
spread to at least seven lymph nodes (22 per 100 person-
years; 95% CI: 20–24). Adjusted hazard ratios indicated that
patients with stage III cancer (HR: 5.70; 95% CI: 4.61–7.06,
compared with stage I) or patients with acute surgical
urgency (HR: 1.89; 95% CI: 1.65–2.17, compared with elective
surgeries) had a higher rate of colon cancer recurrence.
Patients diagnosed between 2009 and 2011 (HR: 0.79; 95%
CI: 0.68–0.91, compared with 2001–2004) had a decreased
rate of recurrence.

Like colon cancer, rectal cancer recurrence rates were
highest in patients <55 years old (8.1 per 100 person-years;
95% CI: 7.2–9.0) and decreased with increasing age. Adjusted
hazard ratios indicated that males (HR: 1.13; 95% CI:
1.01–1.27, compared to females), patients with stage III can-
cer (HR: 7.02; 95% CI: 5.58–8.82, compared with stage I) or
patients with acute surgical urgency (HR: 1.85; 95% CI:
1.07–3.20, compared with elective surgeries) had a higher
rate of rectal cancer recurrence. Crude hazard ratios were not
appreciably different within either cancer type for most
descriptive characteristic categories.

Table 3 shows the 5- and 10-year cumulative incidences
of recurrence and the proportion of late recurrences for
colon and rectal cancer. Though males had higher 5- and 10-
year cumulative incidences of colon cancer recurrence (five-
year: 26%; 95% CI: 25–27%, 10-year: 30%; 95% CI: 28–31%)
than females (five-year: 23%; 95% CI: 22–24%, 10-year: 27%;

Figure 1. Flow chart of the Danish Colorectal Cancer Group patients included in analyses.
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95% CI: 25–28%), females had a slightly higher proportion of
late colon cancer recurrences (6.0% vs. 5.5%). Patients diag-
nosed with stage III colon cancer (five-year: 36%; 95% CI:
35–38%, 10-year: 40%; 95% CI: 38–41%) and patients who
underwent laparotomies (five-year: 26%; 95% CI: 25–26%,
10-year: 29%; 95% CI: 28–30%) had the highest 5- and 10-
year cumulative incidences of colon cancer recurrence when
compared with other categories within the same strata. A
higher proportion of late colon cancer recurrences occurred
in patients who specifically underwent resection of the trans-
verse or sigmoid colon (Supplementary Table 4).

Compared to females (five-year: 25%; 95% CI: 23–26%,
10-year: 29%; 95% CI: 27–31%), males had slightly higher 5-
and 10-year cumulative incidences of rectal cancer recurrence
(five-year: 27%; 95% CI: 26–28%, 10-year: 32%; 95% CI:
30–33%). Patients diagnosed with stage III rectal cancer (five-
year: 41%; 95% CI: 39–43%, 10-year: 45%; 95% CI: 43–47%)
and patients who underwent conventional abdominoperineal
rectal resections (five-year: 30%; 95% CI: 27–32%, 10-year:
35%; 95% CI: 32–38%) had the highest 5- and 10-year cumu-
lative incidences of rectal cancer recurrence when compared
with other categories within the same strata (Supplementary
Table 4).

Cumulative incidence curves stratified by tumor stage
show that males had a slightly higher cumulative incidence
of recurrence than females over the 10-year follow-up period
for stages I–III colon and rectal cancer (Figure 2). Figure 3
shows that patients with stages I and II colon or rectal

cancers had almost the same incidence of recurrence when
comparing time periods of initial cancer diagnosis, with slight
decreases in the cumulative incidence of colon cancer recur-
rence for the 2009–2011 period. However, patients diagnosed
with stage III colon or rectal cancer in the period 2009–2011
had a lower incidence of recurrence after one year of follow-
up than those diagnosed with stage III cancer in the years
before. Both figures show that the greatest increases in
recurrence occurred within three years of follow-up; the larg-
est increase in recurrence risk occurred between the first and
second year after cancer diagnosis (Supplementary Table 5).

Discussion

Although many studies describe incidence and survival rates
for colorectal cancer, none has systematically measured colon
or rectal cancer recurrence as an outcome, overall or with
respect to descriptive characteristics. In general, the cumula-
tive incidence of colon cancer recurrence was similar to the
cumulative incidence of rectal cancer recurrence for most
descriptive characteristics. In our study, age was associated
with colon and rectal recurrence risk; patients who were <55
years old at initial surgery date were more likely to have a
recurrence. For patients <55 years old, a higher risk of recur-
rence may be due in part to hereditary cancers or these indi-
viduals having more aggressive or advanced cancers than
their older counterparts [19,20]. More studies, perhaps using
pathology data, are warranted to further elucidate this

Table 1. Characteristics of the Danish Colorectal Cancer Group by cancer type.

Variable Colon n (%) Rectum n (%) Total n (%)

Sex
Females 7070 (51%) 2888 (39%) 9958 (47%)
Males 6752 (49%) 4442 (61%) 11194 (53%)

Age group at surgery date
<55 years 1250 (9.0%) 924 (13%) 2174 (10%)
55–64 years 2825 (21%) 2006 (27%) 4831 (23%)
65–74 years 4538 (33%) 2467 (34%) 7005 (33%)
75–84 years 4060 (29%) 1624 (22%) 5684 (27%)
�85 years 1149 (8.0%) 309 (4.0%) 1458 (7.0%)

Charlson comorbidity index
Comorbidity 0 8853 (64%) 5260 (72%) 14113 (67%)
Comorbidity 1–2 4066 (29%) 1777 (24%) 5843 (27%)
Comorbidity 3þ 903 (7.0%) 293 (4.0%) 1196 (6.0%)

AJCC tumor stage
I 1790 (13%) 1734 (23%) 3524 (17%)
II 6874 (50%) 2982 (41%) 9856 (46%)
III 5158 (37%) 2614 (36%) 7772 (37%)

Lymph nodes with metastasis
None 8664 (63%) 4716 (64%) 13380 (63%)
1–3 3190 (23%) 1611 (22%) 4801 (23%)
4–6 1051 (7.5%) 512 (7.0%) 1563 (7.4%)
7þ 917 (6.5%) 491 (7.0%) 1408 (6.6%)

Calendar period for date of cancer diagnosis
2001–2004 4543 (33%) 2533 (35%) 7076 (33%)
2005–2008 5234 (38%) 2801 (38%) 8035 (38%)
2009–2011 4045 (29%) 1996 (27%) 6041 (29%)

Surgical technique
Laparotomy 10122 (73%) 5701 (78%) 15823 (75%)
Laparoscopy 3648 (26%) 1555 (21%) 5203 (24%)
Endoscopy 52 (1.0%) 74 (1.0%) 126 (1.0%)

Surgical urgency
Missing 2 (<0.1%) 1 (<0.1%) 3 (<0.1%)
Elective 12005 (87%) 7247 (99%) 19252 (91%)
Acute 1815 (13%) 82 (1.0%) 1897 (9.0%)

Total 13822 (100%) 7330 (100%) 21152 (100%)
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pattern of recurrence. An initial diagnosis of stage III colorec-
tal cancer, in which there is metastasis to regional lymph
nodes, was strongly associated with recurrence. This risk fac-
tor is unsurprising, because tumor stage and lymph node
involvement are used as morphological indicators of progno-
sis [21]. Our results showed that increasing lymph node
involvement was similarly predictive of both colon and rectal
cancer recurrence.

In our crude model, patients who initially underwent lap-
aroscopic surgery had a decreased risk of recurrence com-
pared with patients who underwent laparotomies; however,
this association was attenuated in our adjusted model.
Recent studies, including randomized controlled trials and a
large cohort study examining outcomes of laparoscopic sur-
gery for colon cancer, also demonstrated and observed simi-
lar recurrence rates between the two techniques [22–24].
Because laparoscopic procedures are more technically com-
plex and not recommended for certain tumor locations (not-
ably, obstructive right-sided or transverse colorectal cancers)
[25], laparotomies are still the more common procedure.

We used cumulative incidence plots to estimate absolute
differences in colon and rectal cancer recurrences over time.
Each of these curves showed that the greatest recurrence
hazard occurred within the first three years of follow-up, and
are supported by other studies showing that recurrence is
most likely to occur within the first two years of an intended

curative resection [26–28]. The proportion of late recurrences
was less than 10% for most descriptive categories of interest.
These findings support current Danish guidelines for postop-
erative surveillance in colorectal cancer patients recommend-
ing CT scans after one and three years, and a colonoscopy
every five years until the age of 75. Our tables depicting the
cumulative incidences of colon and rectal cancer recurrence
showed that the cumulative incidence of recurrence was
similar for both cancer types, whereas previous studies have
suggested that rectal cancer recurrence was higher [29,30].
These differences, as well as the figure illustrating lower
cumulative incidences of recurrence for colon and rectal can-
cers diagnosed between 2009 and 2011, may be due to bet-
ter staging and prognostic evaluations, ever-improving
surgical procedures (e.g., total mesorectal excision), and adju-
vant treatment (particularly for colon cancer) over time
[31,32]. The incremental improvement in staging intervals
over time may also be due to changes implemented through
the 2010 Danish National Cancer Plan: to address delays in
treatment, any patient suspected of having colorectal cancer
received diagnostic work-up (including staging and a treat-
ment plan) within 10 working days after referral to the
department responsible for treatment [33]. Our results are
similar to a recent study that observed a decreased rectal
cancer recurrence rate in Norwegian Colorectal Cancer
Registry patients over a similar time period; the study also

Figure 3. Cumulative incidence of colon (A) and rectal (B) cancer recurrence by calendar period of diagnosis, stratified by stage.

Figure 2. Cumulative incidence of colon (A) and rectal (B) cancer recurrence by sex, stratified by stage.
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attributed these improvements to the implementation of
high-quality surgical techniques and an emphasis on better
treatment planning [34].

One limitation to our study is that the dataset does not
specify individuals whose laparoscopies were converted to
laparotomies. We also lack data on detailed tumor histopath-
ology, as histological classification of colon and rectal tumors
is also a marker of disease prognosis. These types of informa-
tion may have influenced treatment decision-making, so
partly explain the patterns and associations between recur-
rence and surgery types and other treatments. Another limi-
tation is possible misclassification of comorbidities or surgical
procedures due to inaccurate coding within the databases.
However, the positive-predictive value of initial cancer diag-
nosis in the DCR is between 95 and 98% [35] and the per-
formance characteristics of our algorithm to ascertain
recurrences is also quite good [9]. The strengths of our study
include a population-based design with high-quality clinical
registry data and complete follow-up. In addition, this is also
the first population-based study to address potential risk fac-
tors for colon or rectal cancer recurrence up to 10 years after
cancer diagnosis. Our ability to link population-wide informa-
tion across several data sources allows for more generalizable
interpretations regarding factors that may affect recurrence
risk, particularly as oncology care is considered to be fairly
uniform due to nationalized healthcare in Denmark [1,33].
Without systematic registry data, research on recurrence is
limited to clinical trial settings, patient self-reporting, and
small cancer cohorts with active surveillance, each of which
have substantial limitations [36–38].

Among colorectal cancer patients, recurrence is a common
event. In our population, nearly a quarter of patients diag-
nosed with colon or rectal cancer had a recurrence during
the 10-year follow-up period. Though there are several regis-
tries that record colorectal cancer recurrence, they are often
incomplete [39,40]. In addition, data on factors that influence
recurrence are sparse. Here, we used a validated algorithm
on population-based registry data to report on several
descriptive characteristics of colon and rectal cancer recur-
rence. Regardless of cancer type, the patterns of colon and
rectal cancer recurrence observed within the first 5 years of
follow-up among younger patients, patients with higher
AJCC tumor stage, and patients with an increasing number
of metastatic lymph nodes point to the necessity of stratify-
ing recurrence risk so that clinicians can better plan the
intensity, frequency, and duration of postoperative treatment
and surveillance for individual patients. As a whole, our find-
ings support the current Danish guidelines for postoperative
surveillance in colorectal cancer patients.
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