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ABSTRACT

Aim: Several trials have shown that preoperative (chemo)radiotherapy (CRT) reduces local recurrence
rates (LRRs) in rectal cancer (RC). The use of CRT varies greatly between countries. It is unknown
whether the restrictive use of CRT in Denmark results in a higher LRR relative to other countries. The
aim was to evaluate the LRR in a national Danish consecutive cohort of patients with RC.

Methods: All data from patients with RC in Denmark in 2009-2010 who were operated on with cura-
tive intent were retrieved from the Danish Colorectal Cancer Group database. Patients with metastases
at the time of diagnosis, patients with synchronous colon cancer, and patients, in whom only local sur-
gical procedures were performed, were excluded. In total, 1633 patients met the inclusion criteria.
Clinical follow-up was at least five years with a cut-off date of 31 December 2015.

Results: Clinical follow-up was 5.4 years (median) with an interquartile range of 4.5-6.1 years. Of all
included patients, 479 (29%) were treated with preoperative long-course CRT. Local recurrence was
found in 68 patients, resulting in an LRR of 4.2%, and 182 (11%) patients developed distant metasta-
ses. Five-year overall survival was 74% (95% Cl: 71.64-75.91).

Conclusions: Five-year follow-up of curatively treated patients with RC in Denmark revealed a low
LRR. This figure is identical to those reported in other Nordic countries, despite Denmark’s consider-
ably stricter guidelines for CRT. The obtained results justify the currently adopted restrictive use of pre-
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operative CRT in Denmark.

Background

Rectal cancer (RC) has a relatively high annual incidence of
15-25/100,000 in Europe and the United States [1,2].
Improved staging, surgical procedures, radiotherapy, chemo-
therapy, and biological agents have all contributed to the
current five-year cancer specific survival rate of approxi-
mately 60% [3].

Locally advanced RC (LARC) is a challenging clinical situ-
ation in which the treatment aims are to minimize the risk of
local recurrence, which is a feared outcome. In randomized
trials, preoperative radiotherapy has been consistently pro-
ven to be effective at reducing local recurrence rates (LRRs)
[4,5]. However, in earlier randomized trials, reduced LRRs
have not led to a prolongation of overall survival (OS) [6].
Preoperative chemoradiotherapy (CRT) has significantly
increased the rate of late morbidity compared to surgery
alone as reported in both a randomized trial and in registry
studies [7-9]. In a Nordic population-based registry study
from the 1990s, LRRs were reported to be high (9-23%) after

curatively intended surgery [10]. In this publication, the LRR
for the Danish cohort could not be reported due to missing
register data. LRRs have diminished significantly following
the introduction and establishment of total mesorectal exci-
sion (TME) by Heald and colleagues [11]. Numerous subse-
quent publications of randomized trials and registry studies
cite LRRs between 4.4% and 8.0% [5,6, 12-14].

According to the Danish Colorectal Cancer Group
(DCCG.dk) [15], approximately 45% of the Danish patients
with RC have tumors that are resectable at the time of diag-
nosis and are primarily treated with surgical procedures
alone. Twenty percent of the patients have locally advanced
resectable tumors and obtain preoperative CRT. Twenty per-
cent of the patients are diagnosed with stage IV disease and
are treated with chemotherapy and/or biological agents.
Fifteen percent of the patients have an unknown stage of
the disease; they are often patients of advanced age,
patients who reject surgical procedures or patients with a
severe comorbidity for whom full clinical staging has no
consequence.
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All Danish patients diagnosed with
RC, Jan 2009 - Dec 2010 (n=2687)

Patients lost to follow-up (n=22)
Patients with inconsistent

Patients screened for treatment
aim (n=2544)

database reporting (n=121)

Patients not resected (n=406)
Patients with palliative surgery
only (n=221)

Patients with curatively intended
resections (n=1827)

Patients with local excision only
(n=83)
Patients with R2-resection (n=7)

Included for separate follow-up:

Patients included (n=1633)

Patients resected with
synchronous metastatic disease
(M1) (n=159)

Patients with resected
synchronous colorectal cancer
(n=35)

Figure 1. Flowchart showing all patients diagnosed with RC. RC, rectal cancer. R2, macroscopic non-radical resection.

The number of Danish patients treated with CRT differs
significantly from the number of patients treated with CRT in
other countries, representing approximately 30% of resected
RC patients in Denmark. In other European countries, this
number ranges between 40% and 80% [16]. A Norwegian
publication reports the use of preoperative CRT in almost
40% of the patients [17], and a Swedish publication reports
that 66% of the patients are preoperatively treated with CRT
during the years of the current study [18]. Danish guidelines
are rather strict in the selection of patients for preoperative
CRT (see Material and methods) [19]. These guidelines are
intended to prevent late morbidity due to bowel obstruction,
sexual dysfunction, and fecal incontinence in as many
patients as possible [8,9,20,21]. It is unknown whether this
restrictive treatment strategy results in a higher LRR in
Denmark than in internationally published data.

Recently, a study compared the outcomes of patients
with RC in Norway and Sweden in terms of LRR and OS [22].
The two countries have different treatment algorithms with
great differences in the percentage of patients receiving pre-
operative CRT. The authors reported a difference in out-
comes in the 1990s, but recently, no difference in LRRs could
be detected.

The aim of the study was to investigate the LRR in a
national Danish consecutive cohort of resected RC patients.

Material and methods

RC management in Denmark was carried out at 18 surgical
centers and 7 oncology centers. All newly diagnosed patients
with RC (International Code of Disease, 20.9) histopathologic-
ally defined as adenocarcinoma were recorded in the
DCCG.dk database. This nation-wide database mainly
includes demographics, which are supplemented by peri-
operative surgical data and histopathological, radiological,
and oncological variables. The database had a completeness
of more than 98% during the study period [23]. All registry
information from this consecutive nation-wide cohort diag-
nosed from 1 January 2009 to 31 December 2010 was

retrieved and stored in the study database (n=2687). In the
first data export, several variables, including histopathology,
were missing. The registry was updated by asking the corre-
sponding pathology departments to complete the registry
data for approximately 500 patients. After this update, a new
data extraction step was performed. The study period was
chosen because treatment-related guidelines were imple-
mented during the three years before the study and had not
changed afterwards, and because the clinical follow-up data
of all patient files had to be manually reviewed. All patients
who had surgery with curative intent were selected for fur-
ther analysis (n=1930). Patients with metastatic disease at
diagnosis (n =164) and patients with synchronous colon can-
cer (CC) (n=35) were followed up separately. Patients who
had only local surgery (e.g., transanal endoscopic microsur-
gery) were excluded (n=82) unless histopathological exam-
ination resulted in immediate full surgical resection. Finally,
patients with an R2-resection (n=5) were also excluded. R2
was defined as a macroscopically residual tumor visible in
the surgical field as judged by the surgeon at the end of the
procedure. In all, 1633 patients were included in this study,
as shown in Figure 1.

The diagnostic workup comprised a complete colonos-
copy, a biopsy of the suspected tumor, rigid proctoscopy to
measure tumor height from the anal verge (low 0-5cm, mid
5-10cm and high 10-15cm), MRI of the lower abdomen and
pelvis, and a CT scan of the thorax/abdomen to assess the
Tumour Node Metastasis (TNM) stage. Based on diagnostic
staging, patients were (a) referred to surgery without pre-
operative treatment or (b) referred to preoperative CRT in
cases of T3/T4 (a and b) tumors in low RC, all T3/T4 (a and
b) tumors in mid RC with a distance to the mesorectal fascia
of less than 5 mm measured by MRI (mrMRF) or non-resect-
able T4 (b) tumors in high RC. CRT consisted of 50.4 Gy/28
fractions with concomitant capecitabine 850 mg/m? BID. In
cases with patients of advanced age or with severe comor-
bidities, concomitant capecitabine might have been omitted
or radiotherapy was given as 25Gy in five fractions. Surgery
was performed according to national guidelines [24]. In cases



ACTA ONCOLOGICA 1641

Table 1. Characteristics of the 1633 included patients.

All patients
n=1633 (%)

Age, mean (range) 68.1 (23.9-94.6)

Gender
Female 628 (38.5)
Male 1005 (61.5)
ASA score
| 397 (24.3)
Il 931 (57.0)
1] 254 (15.6)
I\ 15 (0.9)
Unknown 36 (2.2)
Tumour height
High 520 (31.8)
Mid 669 (41.0)
Low 417 (25.5)
Unknown 27 (1.7)
Type of resection
Anterior resection 971 (59.5)
Hartmann 225 (13.8)
APR 377 (23.0)
Other 38 (2.3)
Unknown 22 (1.3)
UICC stage
| 524 (32.1)
Il 553 (33.9)
1] 502 (30.7)
\% 54 (3.3)

CRT No CRT
n=479 (%) n=1092 (%) P
66.2 (26.4-89.3) 68.8 (23.9-94.6) <.005
2
173 (36.1) 433 (39.7)
306 (63.9) 659 (60.3)
3
100 (20.9) 283 (25.9)
281 (58.7) 614 (56.2)
1(14.8) 174 (15.9)
4 (0.8) 10 (0.9)
23 (4.88) 11 (1.0)
<.005
22 (4.6) 482 (44.1)
204 (42.6) 435 (39.8)
239 (49.9) 165 (15.1)
14 (2.9) 0(0.9)
<.005
175 (36.5) 756 (69.2)
1(12.7) 157 (14.4)
221 (46.1) 147 (13.4)
7(1.4) 27 (3.0)
15 (3.1) 5 (0.5)
<.005
194 (40.5) 313 (28.7)
152 (31.7) 374 (34.2)
119 (24.8) 366 (33.5)
14 (2.9) 39 (3.6)

Patient, tumor and treatment characteristics. Sixty patients had missing data on preoperative CRT and
were thus included in only the column with total patients. CRT: preoperative chemoradiotherapy. ASA:
American Society of Anesthesiologists. UICC: Union for International Cancer Control. UICC stages I-Ill are
based on histopathological findings, and stage IV is reported as clinical information only. APR: abdomino-

perineal resection.

of preoperative CRT, re-staging and surgery was performed
after 6-8 weeks. During the project period, patients were
referred to postoperative adjuvant chemotherapy given as 5-
Flurouracil (x oxaliplatin) in cases in which histopathology
demonstrated high-risk stage Il or stage Ill disease with no
considerations of whether the patients had preoperative
treatment or not [25]. Postoperative radiotherapy was not
recommended.

During the study period, no standardized follow-up pro-
gram existed in Denmark. However, most patients were seen
regularly at surgical departments with clinical examinations
and endoscopic procedures. Furthermore, a CT scan of the
thorax/abdomen/pelvis was performed after one and three
years. Some patients refused follow-up, and for some
patients, the responsible physician decided to end the fol-
low-up, most often due to the patient’s advanced age or
cognitive dysfunction.

All clinical follow-up data were obtained from patients’
surgical, oncological, and medical files for at least five years.
The cut-off date was 31 December 2015. In case of out-
patient visits to departments other than the department of
surgery, the date of this visit was used for follow-up.

Local (or loco-regional) recurrence was defined as any
recurrent tumor growth in the pelvic cavity as documented
by clinical, radiological, or histopathological examination.

Distant recurrence was defined as any tumor growth dis-
tant to the pelvic region mentioned above as documented
by clinical, radiological, or histopathological examination.

During the follow-up period, all subsequent primary
events were recorded: (1) local recurrence, 92) distant meta-
stases, or (3) death.

Patients with synchronous CC, patients with metastatic
disease at diagnosis, and patients with distant recurrences as
a first event were all included for separate follow-up to
determine whether they presented with local recurrence as a
later event during the follow-up period.

The primary endpoint of the investigation was to obtain
the LRR in the cohort of resected RC patients. Secondary
endpoints were their distant recurrence rate and OS.

This study was approved by the National Data Protection
Agency (2008-58-0028) and the Danish Patient Safety
Authority (3-3013-1580/1/).

Statistics

All data extracted from the national DCCG.dk database and
supplementary data from the patients’ files were transferred
to a research database designed specifically for this study.
Statistical analyses were performed with the statistical soft-
ware Stata, version 15 (StataCorp, College Station, Texas,
USA). Demographic data together with tumor and treatment
characteristics were described by a frequency table. P values
were calculated by a paired t-test for age and Fisher's exact
test for the remaining variables in Table 1. LRRs and distant
recurrence rates were calculated by using the cumulative
incidence accounting for competing risk of death by means
of the Aalen-Johansen estimator [26]. OS was estimated
using Kaplan-Meier plots. A Cox proportional hazards regres-
sion model was used to model the impact on local and dis-
tant recurrence from (y)pTNM, R-status and preoperative
CRT, calculating both crude and adjusted hazard ratios,
where adjusted hazard ratios were mutually adjusted for
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Cumulative incidence of local recurrence

8 10 12 14

6

Cumulative incidence (%)
4

Lt s
i

o4 —=="(1607)

(1586)

0 1 2 3 4 5 6 7
Follow-up (years)

(1572)  (1564)  (1424) (646) (0)

Number of patients: 1633

Number of events: 68
Figure 2. Cumulative incidence of local recurrence during the follow-up period.
The number of patients at risk is shown per year. Of the 1633 patients with RC,
68 (LRR 4.2%) developed local recurrence. Dotted lines represent 95% confi-
dence intervals.

Table 2. Factors influencing local recurrence.

Variable Crude HR (95% Cl) Adjusted HR (95% Cl)
Preoperative CRT

No 1 (ref) 1 (ref)

Yes 1.11 (0.61-2.02) 1.10 (0.59-2.03)
R status

RO 1 (ref) 1 (ref)

R1 3.83 (1.80-8.16) 3.05 (1.38-6.72)
pTNM stage

| 1 (ref) 1 (ref)

Il 1.48 (0.61-3.57) 1.37 (0.56-3.33)

1] 3.35 (1.52-7.41) 3.03 (1.35-6.81)

p: histopathological.

each other. Due to the limited number of events, only the
three variables mentioned previously were used in the
regression model.

Results

The characteristics of the 1633 included patients are shown
in Table 1. A total of 479 patients were treated with CRT and
1092 patients were not treated with CRT. For 62 patients, no
information regarding preoperative treatment was found.
Data on diagnostic MRI variables as well as use of adjuvant
chemotherapy were not available. The clinical follow-up was
54 years (median) with an interquartile range of
4.5-6.1 years.

Of the 1633 included patients with RC, 44 developed local
recurrence as a first event (2.7%) and 24 developed local
recurrence synchronously with distant recurrence; see below.
Thus, in total, local recurrences were found in 68 patients,
corresponding to an LRR of 4.2%. Figure 2 shows the cumu-
lative incidence of local recurrence over time.

Among the 68 patients with local recurrence, baseline
characteristics (Supplementary Table A) showed that 22
patients had high RC, 21 had mid RC, and 23 had low RC as
their primary tumor location. In two patients, tumor height
was not found in the registry. Preoperative CRT was per-
formed in 19 patients and no CRT was given in 40 patients.

Regarding residual tumor (R-status), 8 patients had a R1-
resection and 48 had a RO-resection. A total of 12 patients
had no recorded information regarding R-status. The T-cat-
egory showed that 13/68 patients had only (y)pT2-tumors
and in the N-category, 32/68 with (y)NO.

The clinical follow-up revealed that in the CRT group 19/
470 (4.0%) and in the no CRT group 40/1068 (3.6%) devel-
oped a LR. In nine patients with LR, no data regarding use of
CRT could be obtained. Of the 68 patients, 15 were treated
with curative intent, whereas the remaining 53 were referred
to palliative treatment. Of the 15 patients curatively treated
for local recurrences, 5 developed a later recurrence at
any site.

Table 2 shows the results of regression analysis for the
risk of local recurrence. In the crude analysis, both R-status
and histopathological stage Ill show a statistically significant
increased risk of local recurrence. In the adjusted analysis,
both variables remain statistically significant.

A total of 158 patients developed distant metastases as
the first site of recurrence, and 24 patients developed local
and distant recurrence synchronously, yielding a total of 182
patients (11.4%). Figure 3 shows the cumulative incidence of
distant metastases over time. Of these 182 patients, 94 were
referred to palliative care. The remaining 88 patients were
treated with curative intent, 53 of whom were continuously
followed without later re-recurrence.

Of the remaining 35 patients with re-recurrence (5 local
re-recurrences), 10 underwent curative treatment again,
whereas the other 25 were referred to palliative treatment.

For distant recurrences, regression analysis was also per-
formed (see Supplementary Table B) using (y)pT and (y)pN
variables. In crude analysis, both pN1 and pN2 were statistic-
ally significant. In addition, both variables significantly
increased the risk of distant recurrences based on the
adjusted analysis (adjusted HR 432, 95% Cl 3.00-6.21
for pN2).

Figure 4 shows the OS for all 1633 RC patients included.
The five-year OS was 74% (95% Cl: 72-76).

Patients with separate follow-up

Of the 35 patients with synchronous CC, 33 patients had
resection of both primary RC and CC, and three of these
patients developed local recurrence at the site of RC during
follow-up.

Of the 159 patients with metastatic disease at diagnosis,
90 were referred to palliative care. The remaining 69 were
treated with curative intent; 35 developed a recurrence, and
6 of them had a local recurrence.

Discussion

The present study is based on baseline characteristics from
the DCCG.dk database [23]. In its current form, no clinical fol-
low-up data are registered in this database, which necessi-
tated chart reviews for all included patients. It would be
greatly advantageous to additional registry studies if more
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Figure 3. Cumulative incidence of distant recurrence during the follow-up
period. The number of patients at risk is shown per year. Of the 1633 patients
with RC, 158 developed distant recurrence as a first site and 24 developed local
and distant recurrence synchronously as a first site, yielding a total of 182
occurrences (11.4%). Dotted lines represent 95% confidence intervals.
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Figure 4. Five-year OS for the 1633 included patients with RC (74%, 95% Cl:
72-76). The number of patients at risk is shown per year.

follow-up data, including data for local and distant recur-
rences, were registered or collected from other registries.

Compared to other international reports, our study
revealed comparable figures for the total LRR in patients
curatively treated for RC when Danish CRT guidelines were
applied, which consequently resulted in fewer patients
treated with CRT. Of interest, our recent Danish figure for a
cumulative LRR (4.2%) is close to those reported in both
Norway (5%) and Sweden (4%) [22].

The results in Figure 2 are quite similar to those obtained
in the TME trial with a 12-year follow-up [6]. Thus, our results
are aligned with others, showing that the LRR is mostly evi-
dent after at least five years of follow-up.

Approximately one-third of the patients who developed
local recurrence had primary high RC. These patients were
described as having a fairly good prognosis and were often
treated with only surgical procedures and less extensive sur-
gery in terms of partial mesorectal excision [27,28]. This less
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extensive treatment schedule might reflect the relatively
high number of local recurrences, which has also been
described by others [29-31]. However, a better approach
could be more extensive surgery in terms of TME to remove
a sufficient amount of the mesorectum in the upper part of
the rectum. Two previous studies have shown contradictory
results regarding preoperative radiotherapy for high RC [4,5].
Thus, the role of preoperative CRT remains uncertain for
high RC.

Our finding that local recurrence occurred in 19 out of 68
patients despite preoperative CRT was in agreement with
previous publications [32]. These tumors may show primary
radio resistance [33]. Local recurrences may be avoided with
improved tumor and patient characteristics.

The results showed an increased risk of local recurrence
for patients receiving a R1-resection. This finding emphasizes
the importance of proper diagnostic staging to achieve an
RO-resection. Thus, patients with a threatened margin should
be considered for preoperative CRT to avoid a local recur-
rence. The UICC stage displayed in Table 1 is significantly
lower in patients treated with CRT, which may likely be
explained by down staging. Patients with stage Ill show a
significantly increased risk for local recurrence, which is in
line with other publications and has led many societies to
recommend CRT for all patients preoperatively staged as
stage Il [1,2]; however, MRI-based preoperative staging has
shortcomings concerning the identification of involved
lymph nodes [34].

The frequency of distant metastasis is lower than that
reported in Norway and Sweden, who have a five-year dis-
tant recurrence rate of approximately 18% [22]. This discrep-
ancy is difficult to explain, but it might be explained by
differences in follow-up schedules and patient attendance.
For distant recurrence, pN1 and pN2 significantly raised the
risk of recurrence. As described in the literature, postopera-
tive adjuvant chemotherapy is a controversial matter in RC
[35]. Further intensified neoadjuvant treatment schedules
might be a promising way to decrease this risk [36,37].

In the present study, a relatively high five-year OS was
obtained. This result could be explained by the strict selec-
tion of patients with curatively intended treatment of RC
only, thus excluding patients with metastatic disease and
palliative surgery.

In all, when comparing the results from Norway to those
from the present study, a more restrictive use of long-course
preoperative CRT could be justified. However, the use of pre-
operative CRT worldwide has been widened considerably,
changing from the prevention of local recurrence in resect-
able tumors and conversion of non-resectable to resectable
lesions only to the inclusion of a strategy of organ-sparing
with minimal or no surgical procedures [38]. Now, the most
interesting question is who among these patients with small
lesions could be candidates for preoperative CRT, which
reveals the urgent need for predicting response to CRT.

The results obtained in this study confirm the findings of
other reports, that with modern RC management, distant
recurrences remain a dreater issue than local recurrences
[14,39]. New treatment schedules have therefore focused on
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increasing the use of full-dose chemotherapy preoperatively
in clinical trials [37].

Strength and limitations: A strength of this study is its
consecutive design with a complete national investigation of
a large cohort of patients with RC with appropriate follow-up
times and a low drop-out rate.

A limitation might be the local recurrences that occurred
late after distant recurrence. Patients may have been referred
to palliative care, and local tumor control is often assessed
only in case of symptoms. This scenario could affect the true
LRR, but the applied method attempted to include all clinic-
ally important recurrences. In addition, patients with distant
recurrences could be missed due to limited follow-up.

In conclusion, a five-year follow-up of curatively treated
patients with RC in Denmark revealed a low LRR. The figures
are identical to those reported from other Nordic countries,
despite considerably stricter Danish guidelines for CRT. In
our opinion, the obtained results justify the currently
adopted restrictive use of preoperative CRT in Denmark.
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