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Abstract
Purpose This study aimed to investigate the outcome for
stage II and III rectal cancer patients compared to stage II
and III colonic cancer patients with regard to 5-year cause-
specific survival (CSS), overall survival, and local and com-
bined recurrence rates over time.
Methods This prospective cohort study identified 3,355 con-
secutive patients with adenocarcinoma of the colon or rectum
and treated in our colorectal unit between 1981 and 2011, for
investigation. The study was restricted to International Union
Against Cancer (UICC) stages II and III. Postoperative mor-
tality and histological incomplete resection were excluded,
which left 995 patients with colonic cancer and 726 patients
with rectal cancer for further analysis.

Results Five-year CSS rates improved for colonic cancer from
65.0 % for patients treated between 1981 and 1986 to 88.1 %
for patients treated between 2007 and 2011. For rectal cancer
patients, the respective 5-year CSS rates improved from
53.4 % in the first observation period to 89.8 % in the second
one. The local recurrence rate for rectal cancer dropped from
34.2 % in the years 1981–1986 to 2.1 % in the years 2007–
2011. In the last decade of observation, prognosis for rectal
cancer was equal to that for colon cancer (CSS 88.6 vs.
86.7 %, p=0.409).
Conclusion Survival of patients with colon and rectal cancer
has continued to improve over the last three decades. After
major changes in treatment strategy including introduction of
total mesorectal excision and neoadjuvant (radio)chemothera-
py, prognosis for stage II and III rectal cancer is at least as
good as for stage II and III colonic cancer.

Keywords Rectal and colon cancer . Treatment
improvement . Three decades

Introduction

The prognosis for colon cancer has long been held superior to
that of rectal cancer due to better accessibility during surgery,
shorter operating time, fewer complications, and consequently
a much lower local recurrence rate [1–5]. Since the 1980s,
however, the prognosis for rectal cancer has caught up after
the introduction of total mesorectal excision (TME) [3–9],
specimen-directed pathologic work-up [10, 11], MRI-guided
decision making [12], and preoperative (neoadjuvant) radio(-
chemo)therapy [13]. For colon cancer, an embryologic con-
cept similar to TME called complete mesocolic excision
(CME) was developed after 2000 but has gained wide accep-
tance only slowly [14], while adjuvant chemotherapy has
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become standard in many countries for International Union
Against Cancer (UICC) stage III tumors [15]. This study
was undertaken to compare outcomes for rectal and colon
cancers over the last three decades in which major therapeutic
improvements were introduced for both tumor entities using a
prospectively held database.

Patients and methods

All patients with malignancies of the colon and rectum treated
in our Department of Colorectal Surgery have been prospec-
tively documented in a database since 1981. Follow-up was
organized in a coloproctologic clinic where patients were seen
at least annually for 5 years and every 2 years thereafter for
10 years in total. During the follow-up visits, all relevant data
were collected in a meticulous search for local or distant re-
currence. For patients who did not show up, a form was sent
out to the family doctor inquiring about the life status and
evidence of recurrence.

Management of colorectal cancer including operative tech-
nique changed considerably over time. Concerning rectal can-
cer surgery, blunt dissection of the rectum was carried out in
the 1980s as in many other centers worldwide. After 1990, a
more radical approachwas pursued with stripping off the aorta
and the iliac vessels of all tissue. TME was introduced in our
department in 1996; 1 year later, we started to participate in
the CAO/ARO/AIO-94 Study on preoperative vs. postopera-
tive RCT in rectal cancer [13]. From that time on, MRI was
regularly used for clinical staging and planning of surgery.
After publication of the CAO/ARO/AIO-94 Study in 2004,
neoadjuvant treatment became the standard for UICC stage II
and III tumors. Adjuvant chemotherapy was regularly consid-
ered for all UICC stage III colon cancer after publication of the
first German guideline for colorectal cancer in 1997. The prin-
ciples of CMEwere introduced from 2006 on. Figure 1 shows
a timeline when changes in treatment strategy were imple-
mented in our clinic (Fig. 1).

From the database, all patients with histologic proven ade-
nocarcinoma of the colon and rectum (excluding carcinoma of
the appendix) were identified for this study. We excluded pa-
tients classified as UICC stage I and IVand investigated only
locally advanced cancers (i.e., UICC stages II and III). With
the introduction of neoadjuvant chemoradiotherapy for rectal
cancer, it was no longer possible to determine the initial tumor
stage by pathological examination because of intended tumor
shrinking and lymph node sterilization by therapy. For these
tumors, only clinical staging reflected the extent of the tumor
at the start of therapy. Clinical staging has well-known limita-
tions, especially with regard to accuracy of lymph node me-
tastases. To circumvent this problem, we analyzed stages II
and III together. Thus, we selected all patients with pathologic
stages II and III when no preoperative therapy was given.

Patients who had had preoperative treatment were selected
by using clinical stages II and III. In a further subanalysis,
stages II and III were considered separately. Furthermore, we
considered all cancers only for patients who achieved a histo-
logic complete resection (R0, irrespective of width of circum-
ferential margin) and excluded postoperative mortality [16].

For survival analysis, we defined the date of diagnosis as
the starting point. For cause-specific survival (CSS) estima-
tions, we censored all deaths without tumor. This comprised
all patients who died of other causes (including other malig-
nancies). In overall survival, all deaths irrespective of the
cause were counted as events. Local recurrences as well as
combined recurrence (comprising distant and local recur-
rence) were also calculated as cumulative rates. The start of
inclusion for recurrences was the date of operation. Survival
analyses and recurrence rate analyses were performed accord-
ing to the product limit method of Kaplan-Meier. For compar-
isons between the groups, we used the log rank test. Patients
were divided in time intervals of 5 years. For reasons of clar-
ity, we chose only two time intervals (1981–2001 vs. 2002–
2011) for the depiction of the Kaplan-Meier curves.

Data collection was done with a d-base software through-
out the time. For statistical analysis, we used SPSS vs. 21
(IBMCorp. Armonk, New York, USA). The follow-up period
for this study ended on September 30, 2014.

Results

From 1981 through 2011, we treated a consecutive series of 3,
355 patients with histologically proven adenocarcinoma of the
colon or rectum in our department. We excluded 716 patients
with distant metastases (stage IV) and another 35 patients with
unknown M-category. Furthermore, we excluded 598 patients
with stage I disease. Of the remaining patients with stage II
and III tumors, 147 patients were excluded for in-hospital
mortality and another 138 patients because of an R1 or an
R2 status. This left 995 patients with colon carcinoma and
726 patients with rectal carcinoma for analysis. Only 2.4 %
(22 of 929 alive at last follow-up) of patients were lost to
follow-up at 5 years and 5.1 % (47 of 929) at 10 years.
Median follow-up for patients treated from 2007 to 2011
was 56.4 months, and for all other time periods, it exceeded
5 years. Complete (R0) resection rate for colon carcinoma
increased from 89.7 % (1981–1986) to 96.0 % (2007–2011),
whereas R0 resection rate for rectal carcinoma increased from
84.2 % (1981–1986) to 95.5 % (2007–2011). Selected demo-
graphic and treatment data are given in Table 1. Patients with
colon cancer were a median 3 years older than patients with
rectal carcinoma, but age did not change significantly over
time within the groups. Emergency operations with removal
of the primary tumor were performed in 15.5 % of colon
carcinoma cases. This rate varied over the time period but
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did not show any clear trend. Primary tumor resection of rectal
carcinoma as an emergency was avoided whenever possible,
resulting in a rate of 1.2 % for the entire time period. Of the
patients with rectal carcinomas, 38.9 % had been treated with
some kind of neoadjuvant therapy. As expected, neoadjuvant
treatment was given more often during the later study period,
reflecting the change of policy in Germany. In the last time
interval (2007–2011), 76.5% of patients with clinical stages II
and III received preoperative radio(chemo)therapy. In colon
carcinoma, neoadjuvant treatment was only given in eight
(0.8 %) locally advanced cases. However, in this group of
patients, the change in treatment strategy concerning adjuvant
therapy started earlier in the 1990s. From this time on, adju-
vant 5FU-based chemotherapy was administered in 55.0 % of

patients with pathologic UICC stage III, with oxaliplatin
added in an increasing proportion of cases over time.

For the whole study period, there was an increase in the 5-
year CSS rate for colon cancer patients from 65.0% in the first
study period (1981–1986) to 88.1 % in the last study period
(2007–2011) (Table 2 and Fig. 2). A 5-year CSS rate of more
than 80 % was reached already in the period from 1992 to
1996 with only a slight increase in the following periods.

The 5-year CSS rate for rectal carcinoma patients improved
from 53.4 % (1981–1986) to 89.8 % (2007–2011) (Table 2
and Fig. 2). The most pronounced improvement was observed
in the time periods 1997–2001 and 2002–2006, when the 5-
year CSS rate rose from 74.4 to 87.9 %. In 2002–2006, the 5-
year CSS rate was similar to that of colonic cancer, and both

1985 1990 1995 2000 2005 2010
Introduc�on of adjuvant 
chemotherapy

Introduc�on of 
MRI assessment

Start of data 
base

Introduc�on of 
TME

Introduc�on of 
neoadjuvant therapy

Rectal Cancer

Colon Cancer
Introduc�on of CME

Introduc�on of 
ELAPE

Fig. 1 Timeline of changes in
treatment strategy. Changes in
treatment strategy for rectal
cancer are displayed on top and
for colon cancer at the bottom.
TME total mesorectal excision,
CME complete mesocolic
excision, ELAPE extralevator
abdominoperineal excision

Table 1 Demographic and treatment data of patients with tumor resection

1981–1986 1987–1991 1992–1996 1997–2001 2002–2006 2006–2011 1981–2011

N colon 105 125 161 220 216 168 995

N rectum 80 87 99 128 170 162 726

Median age colon 67 71 66 70 70 71 69 (27–97)

Median age rectum 68 69 68 66 66 66.5 67 (28–94)

Stage (colon)

II 69 (65.7) 86 (68.8) 113 (70.2) 134 (60.9) 130 (60.2) 88 (52.4) 620 (62.3)

III 36 (34.3) 39 (31.2) 48 (29.8) 86 (39.1) 86 (39.8) 80 (47.6) 375 (37.7)

Stage (rectum)

II 59 (73.8) 57 (65.5) 57 (55.8) 55 (44.0) 58 (34.1) 26 (16.0) 312 (43.0)

III 21 (26.2) 30 (34.5) 42 (44.2) 73 (56.0) 112 (65.9) 136 (84.0) 414 (57.0)

Emergency surgery colon 14 (13.3 %) 20 (16.0 %) 30 (18.6 %) 28 (12.7 %) 29 (13.4 %) 33 (19.6 %) 154 (15.5 %)

Emergency surgery rectum 0 0 3 (3.0 %) 3 (2.3 %) 1 (0.6 %) 1 (0.6 %) 9 (1.2 %)

Neoadjuvant therapy colon 0 0 0 1 (0.4 %) 4 (1.8 %) 3 (1.8 %) 8 (0.8 %)

Neoadjuvant therapy rectum 0 21 (24.1 %) 12 (12.1 %) 38 (29.7 %) 92 (54.1 %) 124 (76.5 %) 286 (39.5 %)

Adjuvant therapy colon 3 (2.9 %) 12 (9.6 %) 30 (18.6 %) 52 (23.6 %) 52 (24.0 %) 45 (26.8 %) 194 (19.5 %)

Adjuvant chemotherapy rectum 1 (1.3 %) 1 (1.1 %) 19 (19.2 %) 56 (43.8 %) 80 (47.1 %) 62 (38.3 %) 219 (30.2 %)

Adjuvant radiotherapy rectum 3 (3.8 %) 39 (44.8 %) 25 (25.3 %) 31 (24.2 %) 34 (20.0 %) 10 (6.2 %) 142 (19.6 %)

Only patients with UICC stage II and III were included. Postoperative mortality and histologic incomplete resection was excluded. Median age was
rounded, emergency surgery was defined as tumor resecting surgery within 24 h of diagnosis, and adjuvant therapy colon included chemotherapy and/or
radiotherapy after surgery
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rates remained on a plateau in the following period. This pla-
teau phase from 2002 to 2011 was compared for the two
different tumor sites in contrast to the earlier phase from
1981 to 2001 (Figs. 3 and 4). Whereas we could detect a
significant difference for the earlier phase (77.9 (74.4–
81.4)% for colon cancer vs. 64.5 (59.6–69.4)% for rectal can-
cer (p<0.001)), the 5-year CSS rate was almost identical in the
later phase (86.7 (83.0–90.4)% for colon cancer vs. 88.6

(84.9–92.3)% for rectal cancer (p=0.409)). Trends for CSS
were similar for stages II and III separately, albeit more inho-
mogeneous over time (Fig. 5).

Overall survival in the period from 1981 to 2001 for colon
carcinoma patients was calculated with 61.9 (58.0–65.8)%
and for rectum carcinoma patients with 54.3 (49.4–59.2)%.
This difference reached a significant level with p=0.01. For
the second period under observation from 2002 to 2011,

Table 2 Cause-specific, overall survival rates, and recurrence rates

Observation period 1981–1986 1987–1991 1992–1996 1997–2001 2002–2006 2007–2011

N colon 105 125 161 220 216 168

N rectum 80 87 99 128 170 162

5 YSR CSS colon
CI

65.0
(55.0–75.0)

73.6
(65.4–81.8)

81.2
(74.7–87.7)

83.9
(78.6–89.2)

86.4
(81.7–91.1)

88.1
(82.8–93.4)

5 YSR CSS rectum
CI

53.4
(42.2–64.6)

58.2
(46.4–70.0)

65.3
(55.3–75.3)

74.4
(66.6–82.2)

87.9
(82.8–93.0)

89.8
(84.7–94.9)

P (log rank) 0.033 0.115 0.003 0.005 0.725 0.418

5 YSR OS colon
CI

48.6
(39.0–58.2)

57.6
(49.2–66.1)

67.7
(60.4–75.0)

66.3
(60.0–72.6)

74.0
(68.1–79.9)

71.1
(63.4–78.7)

5 YSR OS rectum
CI

46.1
(35.1–57.1)

42.2
(31.6–52.8)

54.5
(44.7–64.3)

67.2
(59.0–75.4)

77.0
(70.7–83.3)

80.6
(73.9–87.3)

P (log rank) 0.460 0.090 0.360 0.802 0.814 0.540

5 Y cum comb recurrence colon 38.7
(28.5–48.9)

37.6
(28.6–46.6)

23.7
(16.8–30.6)

24.1
(18.2–30.0)

20.8
(15.1–26.5)

19.0
(11.6–26.5)

5 Y cum comb recurrence rectum 51.0
(39.8–62.2)

43.4
(31.8–55.0)

43.1
(32.9–53.3)

34.2
(25.8–42.6)

23.7
(17.0–30.4)

20.1
(13.0–27.2)

P (log rank) 0.055 0.412 0.002 0.013 0.633 0.896

5 Y cum local recurrence colon 13.9
(6.1–21.8)

12.5
(5.8–19.2)

3.8
(0.5–7.1)

1.5
(0.0–3.3)

1.6
(0.0–3.4)

1.5
(0.0–3.5)

5 Y cum local recurrence rectum 34.2
(23.2–45.2)

22.4
(11.8–33.0)

13.7
(5.7–21.7)

6.6
(1.9–11.3)

3.5
(0.0–7.0)

2.1
(0.0–5.0)

P (log rank) 0.002 0.098 0.012 0.005 0.170 0.929

Only patients with UICC stage II and III were included. Postoperative mortality is excluded, histological incomplete resection is excluded, and death
without tumor is censored

CI confidence interval, 5 YSR CSS 5-year survival rate cause-specific survival,OS overall survival, 5 Y cum comb 5-year cumulative combined (local and
distant) recurrence rate

Fig. 2 Five-year cause-specific
survival. Five-year cause-specific
survival in patients with rectum
carcinoma vs. patients with colon
carcinoma. Survival rate is given
as a percentage. The date of
surgery was used for forming
groups. Only patients with UICC
stages II and III are included.
Death without tumor is censored
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overall survival for colon carcinoma was 72.5 (67.8–77.2)%
and 78.5 (73.8–83.2)% (p=0.179) for rectal carcinoma,
respectively.

After emergency operation for colon cancer, 5-year CCS
dropped significantly by 12.4 % for emergency resections if
all patients over the entire study period were included. In
rectal cancer, the number of emergency resections was too
small for a meaningful analysis. If we excluded all emergency
resections, prognosis for colon cancer increased by approxi-
mately 2 % in each time interval, but the relation in prognosis
to rectal cancer did not change (data not shown).

Similar trends were seenwhenwe analyzed the 5-year local
and combined recurrence rates for colon and rectal cancer
patients. In the early years of observation, the cumulative iso-
lated local recurrence rate for patients with rectal cancer was
34.2 %. The combined recurrence, including distant metasta-
ses, was 51%. In the same time period, the patients with colon
cancer had a recurrence rate of 13.9 % for isolated local recur-
rence and 38.7 % for local and distant recurrence combined
(Table 2). Over the observed time periods, this changed sig-
nificantly for the patients with rectal cancer, to an isolated
local recurrence rate of 2.1 % in the latest period observed
and an overall recurrence of 20.1 %, which approached the
combined recurrence rate for colon cancer with 19.0 %.
Figures 6 and 7 illustrate the trend for isolated local and com-
bined recurrence rates over time.

Discussion

Our study based on a prospective clinical database shows that
the outcomes for rectal and colon cancer have continued to
improve over the last three decades. Until recently, the surviv-
al rates for colon cancer have always been better than those for
rectal cancer [2, 3]. Andreoni et al. calculated 5-year survival
rates for colon cancer at 100 % (UICC I), 91% (UICC II), and
76 % (UICC III), whereas rectal cancer patients showed 5-
year survival rates of 93 % (I), 83 % (II), and 68 % (III) [3].

Fig. 3 Cause-specific survival 1981–2001. Cause-specific survival in
patients with rectum carcinoma vs. patients with colon carcinoma.
Survival rate is given as a percentage. Five-year cause-specific survival
(CSS) rate for rectum (n=394) 64.5 % (CI 59.6–69.4 %); CSS rate for
colon (n=611) 77.9 % (CI 74.4–81.4 %), p<0.001. Only patients with
UICC stages II and III are included. Death without tumor is censored. CI
confidence interval

Fig. 4 Cause-specific survival 2002–2011. Cause-specific survival in
patients with rectum carcinoma vs. patients with colon carcinoma.
Survival rate is given in percent. Five-year cause-specific survival
(CSS) rate for rectum (n=332) 88.6 % (CI 83.0–90.4 %); CSS rate for
colon (n=384) 86.7 % (CI 83.0–90.4 %) p=0.409. Only patients with
UICC stages II and III are included. Death without tumor is censored. CI
confidence interval

1981-19861987-1991 1992-1996 1997-20012002-2006 2007-2011
0.0%

10.0%

20.0%

30.0%

40.0%

50.0%

60.0%

70.0%

80.0%

90.0%

100.0%

rectum stage II
rectum stage III
colon stage II
colon stage III

Fig. 5 Five-year cause-specific survival for UICC stages II and III
separately. Five-year cause-specific survival in patients with rectum
carcinoma vs. patients with colon carcinoma. Survival rate is given as a
percentage. The date of surgery was used for forming groups. Death
without tumor is censored
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Similarly, Rutter et al. stated that patients diagnosed with rec-
tal cancer had a poorer survival than colon cancer patients
across all stages except stage IV in an analysis of 233,965
patients from the Surveillance, Epidemiology and End
Results (SEER) program, collected from 1975 through 2003
[5]. Our study provides proof that in recent years, the progno-
sis for rectal cancer has at least caught up with the prognosis
for colon cancer, due to profound changes in treatment strat-
egies. A major step towards improved results for rectal cancer
was the introduction of TME by Richard Heald in the early
1980s [9]. This specimen-oriented surgery following
embryologic planes was able to reduce local recurrence rates
from more than 20 % to well below 10 %. This could be
demonstrated by nationwide changes of surgical technique
by means of comprehensive workshops in Sweden, Norway,
and the Netherlands [17–19]. The improvement in local recur-
rence rates was mirrored by an improvement of overall and
cause-specific survival in a range of 10–13 % [6–8].

Parallel to the changes in surgical approach, in-depth pa-
thology work-up of the specimens revealed the importance of
an uninvolved circumferential resection margin (CRM) and
the quality of the specimen itself [10, 20–23]. Both factors
proved to be predictive for outcome and showed a high cor-
relation with each other [22]. Nagtegaal et al. were able to
show in a case series of 180 specimens an increased risk for
local and distant recurrence if the circumferential resection
margin was involved. This led to a combined local and distant
recurrence rate of 36.1 vs. 20.3 % in the group with an unin-
volved circumferential resection margin [21]. Furthermore,
MRI was able to predict the relation of the tumor to the future
CRM, i.e., the mesorectal fascia, with high accuracy, allowing
the surgeon to adapt the extension of surgery to the individual
requirement of the tumor [12, 24, 25]. The MERCURY Study
Group was able to show a diagnostic accuracy of 94 % in a
series of 408 patients for preoperative magnetic resonance
imaging to predict CRM involvement by the tumor [26].

1981-1986 1987-1991 1992-1996 1997-2001 2002-2006 2007-2011
0.0%

5.0%

10.0%

15.0%

20.0%

25.0%

30.0%

35.0%

40.0%

45.0%

50.0%

rectum
colon

Fig. 6 Five-year isolated local recurrence rates. Isolated cumulative local
recurrence rates after 5 years of follow-up in patients with rectum
carcinoma vs. patients with colon carcinoma. The recurrence rate is given
as a percentage and was calculated as a cumulative rate. The start of

inclusion was the date of operation. Only patients with UICC stages II
and III are included. Postoperative mortality and histologic incomplete
resection are excluded

1981-1986 1987-1991 1992-1996 1997-2001 2002-2006 2006-2011
0.0%

10.0%

20.0%

30.0%

40.0%

50.0%

60.0%

rectum
colon

Fig. 7 Five-year combined recurrence rate (local and distant). Combined
(local and distant) recurrence rates after 5 years of follow-up in patients
with rectum carcinoma vs. patients with colon carcinoma. The recurrence
rate is given as a percentage and was calculated as a cumulative rate. The

start of inclusion was the date of operation. Only patients with UICC
stages II and III are included. Postoperative mortality and histologic
incomplete resection are excluded
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Iannicelli et al. were able to confirm this data by calculating a
predictive CRM accuracy of 94.5 % for high-resolution stag-
ing MRI in rectal cancer [27].

Another important development in rectal cancer treatment
was the introduction of radiotherapy or chemoradiotherapy,
preferably administered as preoperative or neoadjuvant thera-
py [13, 18, 19]. (Chemo)radiotherapy is able to reduce local
recurrence rates by approximately 50 %, even in series in
which TME was the surgical standard [18]. However, no im-
provement of overall survival could be demonstrated in
combination with TME [18]. Nowadays, all evidence
about rectal cancer treatment is bundled in multidisci-
plinary team (MDT) discussions to individualize therapy
for each patient [24, 28, 29].

For colon cancer, awareness of surgical principles based on
embryologic preconditions was raised by Hohenberger in
2009 [14]. The cornerstone of CME is the removal of the
entire lymphatic package of the involved colonic segment
within embryologic planes and a central tie of the artery feed-
ing this colonic segment. Furthermore, in transverse colon
cancers and cancers of both flexures, special consideration
must be given to gastroepiploic and inferior pancreatic lymph
nodes [30]. Even in lymph node-positive cases, this kind of
surgery leads to excellent results. Weber et al. presented data
with improving 5-year cause-specific survival rates from
82.1 to 90.1 % as well as a reduction of local recur-
rence rate from 6.5 to 3.2 % [30, 31]. In the 1980s and
1990s, many studies were undertaken to demonstrate the
benefit of adjuvant chemotherapy [32]. The current stan-
dard for stage III colon cancer is a regime that com-
bines 5FU, leucovorin, and oxaliplatin [32].

Our effort was to demonstrate the impact of the change of
treatment strategy on survival rates of patients with rectal can-
cer. For a reasonable comparison, we excluded patients in
stage I and stage IV. The prognosis in stage I is so excellent
that a detection of improvement over time seemed unlikely. In
stage IV, prognosis is generally poor and depends on the rate
of patients able to undergo metastatectomy. It was assumed
that this would unduly bias the outcomes of surgery directed
towards the primary tumor. For analysis, we excluded postop-
erative mortality, because improvement in that respect rather
reflected achievements in perioperative care and not in onco-
logic therapy [16]. We found a substantial increase of CSS
from 65.0 to 88.1 % for stage II and III colon cancer within
the study period. For stage II/III rectal cancer, the increase in
CSS was even more pronounced (53.4 vs. 89.8 %). The fig-
ures for the last two time intervals under investigation (2002–
2011) compare favorably with the literature (Table 3). Most
importantly, in our study population, the survival rates for
both tumor entities seem to be almost equal for the last decade.
Some authors still describe a difference of about 10 % worse
survival for rectal cancer [3]. Birgisson et al. [19] and Nedrebo
[17] showed on a register level that relative survival for rectal

cancer had caught up with that for colon cancer (compare
Table 3). However, it is difficult to estimate the net impact
of treatment strategy in their studies because data was not
stratified for tumor stage. Thus, the effects of increased aware-
ness, screening, and consecutively a higher number of patients
with earlier tumor stages may have biased the data. In our
study, only stages II and III were selected to avoid this kind
of bias. A similar approach as ours was used by Renouf et al.,
who selected stage II and III colon and rectal carcinoma for
comparison as well [4]. Again, their study was based on reg-
ister data. They were able to show an improvement in cause-
specific survival for rectal cancer patients from 53.0 % in
1989/1990 to 65.7 % in 2001/2002 after implementing TME
surgery in the affiliated surgery units. The improvement in
disease-specific survival for colon cancer patients was only
marginal from 63.2 to 68.7 % in the respective time periods.
The differences in survival rates compared to our study might
be explained by different extend of TME usage (42.8 % in the
2001/2002 time period vs. almost 100 % from 1996 on in our
series) as well as the introduction of CME for colon cancer
surgery in our unit. The rates of chemotherapy as well as
radiotherapy were comparable to our study. Adjuvant thera-
pies did not differ very much from our policy regarding type
of chemotherapy, patient selection, or radiation protocols. In
general, follow-up is a complex challenge for registries [33].
We had the opportunity to follow-up almost every single pa-
tient and were able to perform follow-up examinations in our
department, allowing us to document the entire course of the
disease.

Our study has some limitations that need to be addressed.
First, restriction of the study to stage II and stage III patients
may have led to some bias, especially for rectal cancer when
clinical staging was used. Especially with regard to the lymph
node evaluation, this might contain some inaccuracy.
However, to ensure a high quality of staging, we have been
using MRI as the standard diagnostic measure since introduc-
tion of neoadjuvant treatment in our center. The main problem
of clinical staging is lymph node evaluation, with rates of
accuracy ranging from 63 to 82 % in MRI scan as compared
to accuracy for the T-category (81–94 %) [27, 34, 35]. To
compensate for this uncertainty, we first analyzed stages II
and III together. The separate analysis of the two stages
showed similar trends with an improvement in prognosis for
all four groups over time and insignificant differences in the
later time periods. However, trends were more inhomoge-
neous and reflect the problem of stage migration provoked
by neoadjuvant therapy. Nevertheless, we are convinced that
the combination of stages II and III defines the group of pa-
tients that benefited most from modern treatment strategies
and gives the most informative results. Second, we provided
cause-specific survival rates and overall survival rates, being
well aware of the problems inherent in that. Whereas accuracy
of cause-specific survival depends heavily on the
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completeness of follow-up, overall survival is biased by age
and general health of the population under investigation.
However, for colorectal cancer, cause-specific survival is al-
most identical to relative survival and provides a high degree
of accuracy in a population with close follow-up [36].

Third, this study shows an improvement of prognosis in
general but is not sufficient to determine the impact of single
treatment measures on patient survival. Before the introduc-
tion of TME in rectal cancer surgery, 30–50 % of recurrences
were only local [37]. Eradication of local recurrence obviously
resulted in higher survival rates. This could either be accom-
plished by improved surgery or by radiotherapy that compen-
sated for suboptimal surgery. Series with quality-controlled
TME surgery failed to show a survival benefit from radiother-
apy for rectal cancer patients when given to an unselected
patient population [18].

Comparing our observation periods from 2002 to 2006
with the period from 2007 to 2011, we almost see the same
5-year cause-specific survival for patients with rectal cancer.
In the latter period, 76.5 % of the patients underwent some
kind of neoadjuvant treatment compared to 54.1 % in the
period before without observing major benefits in survival
rates. This observation suggests that a more selective

approach to neoadjuvant therapy based on high-quality MRI
and high-quality TME is necessary. Recent studies have
shown that this strategy results in short-term outcomes that
are not inferior to unselected preoperative RCT in all UICC
stage II and III patients [24, 38]. For colon cancer, it is even
more difficult to outline the impact of improved surgery, be-
cause local recurrence is rare and often difficult to measure.
Surrogate parameters like number of retrieved lymph nodes
depend not only on surgical quality but also on the dedication
and resources of pathological investigation. In our population,
we found a decrease in combined local and distant recurrence
from 25 to 19 % in the last three periods, although the rate of
patients who received adjuvant chemotherapy plateaued at
approximately 25 %. This may reflect the benefit of the intro-
duction of CME in our department.

Conclusion

Our study provides evidence that 5-year cause-specific and
overall survival rates for rectal cancer are as good as those
for colon cancer. The implementation of modern treatment
strategies has led to a better prognosis for both tumor entities.

Table 3 Review of survival rates

Author/year N Survival rate calculation Tumor stage Survival rate colon Survival rate rectum

Weber et al. 2013 [31] 1,453 5-year cause-specific UICC I–III
UICC III only

1978–1984, 82.1 %
2000–2004, 90.1 %
1978–1984, 62.0 %
2000–2004, 81.8 %

No data

Andreoni et al. 2007 [3] 902 5 years overall UICC II
UICC III

91 %
76 %

83 %
68 %

Andre et al. 2009 [32] 2,246 6 years overall UICC II
UICC III

72.9 %
68.7 %

No data

Birgisson 2005 [19] 142,084 Cumulative relative survival
5-year periods

UICC I–IV 1960–1964, 39.6 %
1970–1974, 41.4 %
1980–1984, 49.3 %
1990–1994, 54.5 %
1995–1999, 57.2 %

1960–1964, 36.1 %
1970–1974, 39.9 %
1980–1984, 46.0 %
1990–1994, 53.6 %
1995–1999, 57.6 %

Nedrebo et al. 2011 [17] 19,053 5-year relative survival UICC I–III with intended
curative resection

1994–1996, 73.8 %
2001–2003, 78.0 %

1994–1996, 72.1 %
2001–2003, 79.6 %

Renouf et al. 2013 [4] 1,427 5-year disease-specific survival UICC II and III with
curative resection

1989/1990, 63.2 %
2001/2002, 68.7 %

1989/1990, 53.0 %
2001/2002, 65.7 %

Rutter et al. 2013 [5] 233,965 5-year cumulative
relative survivala

UICC II
UICC III

Age 50–59, 83 %
Age 60–69, 82 %
Age 70–79, 82 %
Age 50–59, 59 %
Age 60–69, 58 %
Age 70–79, 55 %

Age 50–59, 77 %
Age 60–69, 73 %
Age 70–79, 70 %
Age 50–59, 55 %
Age 60–69, 52 %
Age 70–79, 49 %

Our study 1,800 5-year cause-specific survival UICC II and III with
curative resection

1981–86, 65.0 %
1992–96, 81.2 %
2002–06, 86.4 %
2007–11, 88.1 %

1981–1986, 53.4 %
1992–1996, 65.3 %
2002–2006, 87.9 %
2007–2011, 89.8 %

For a better overview, the data of Birgisson, Rutter, and our own study were summarized and not completely displayed in this table
a Cumulative relative survival for white men diagnosed with colon or rectal cancer in 1990
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Room for improvement was greater for rectal carcinoma, and
measures taken to avoid local recurrence, especially the appli-
cation of proper surgical techniques, have leveled the com-
monly reported differences in outcome. This emphasizes the
importance of well-organized multidisciplinary teams with
well-trained surgeons for the adequate management of colo-
rectal cancer.
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