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Abstract
Purpose To investigate the prognosis of adenocarcinomas of
the upper third of the rectum and the rectosigmoid-junction
without radiotherapy.
Methods Patients from a multicenter randomized controlled
trial from 1987–1993 on adjuvant chemotherapy for R0-
resected colorectal cancers with stage I–III disease were ret-
rospectively allocated: cancers of the lower two-thirds of the
rectum (11 cm or less from anal-verge, Group A, n=205), of
the upper-third of the rectum and rectosigmoid-junction (>11–
20 cm from anal-verge, Group B, n=142), and of the colon
(>20 cm from anal-verge, Group C, n=378). The total
mesorectal excision (TME) technique had not been introduced
yet. The adjuvant chemotherapy turned out to be ineffective.
None of the patients received neoadjuvant or adjuvant
radiotherapy.
Results The patients had a regular follow-up (median,
8.0 years). The 5-year disease-free survival (DFS) rate was
0.54 (95%CI, 0.47–0.60) in Group A, 0.68 (95%CI, 0.60–
0.75) in Group B, and 0.69 (95%CI, 0.64–0.74) in Group C.
The 5-year overall survival (OS) rate was 0.64 (95%CI, 0.57–

0.71) in Group A, 0.79 (95%CI, 0.71–0.85) in Group B, and
0.77 (95%CI, 0.73–0.81) in Group C. Compared with Group
C, patients in Group A had a significantly worse OS (hazard
ratio [HR] for death 2.10) and a worse DFS (HR for relapse/
death 1.93), while patients in Group B had a similar OS (HR
1.12) and DFS (HR 1.07).
Conclusions Adenocarcinomas of the upper third of the rec-
tum and the rectosigmoid-junction seem to have similar prog-
nosis as colon cancers. Even for surgeons not familiar with the
TME technique, preoperative radiotherapy may be avoided
for most rectosigmoid cancers above 11 cm from anal-verge.
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Introduction

For patients with rectal cancer, the introduction of total
mesorectal excision (TME) led to a reduction of the local
recurrence rate [1–3], seemed to improve survival if systemic
disease was absent [3], and allowed the preservation of the
male genital function better when compared with convention-
al rectal cancer surgery [4].

By adding preoperative short-term radiotherapy, the 10-
year cumulative incidence of local recurrence could be re-
duced further from 11 % for surgery alone to 5 % for radio-
therapy plus surgery (number needed to treat, 17) in a ran-
domized controlled multicenter trial [2]. Interestingly, overall
survival did not differ between the group with and the group
without preoperative radiotherapy [2].

In a subgroup analysis of n=180 of the non-irradiated
patients, 24 % had no completely removed mesorectum [5].
This had a significant impact on overall recurrence rate and on
overall survival rate in these patients [5]. Thus, especially in
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non-irradiated patients, the oncosurgical quality seems to be of
utmost importance.

It can be concluded that only few patients seem to benefit
from radiotherapy, but all are subject to the risk of the corre-
lated short- and long-term side effects [6] with low numbers
needed to harm (NNH). These are fecal incontinence (NNH,
7) [7], (male) genital dysfunction (NNH, 4) [8], urinary in-
continence (NNH, 6) [9], anal blood loss (NNH, 13) [7], and
mucus loss (NNH, 8) [7]. Further research is needed to iden-
tify those patients who do not benefit from preoperative
radiotherapy.

One field of research is on the value of magnetic resonance
imaging (MRI)-based preoperative radiochemotherapy in pa-
tients with rectal carcinoma treated with TME [10, 11]. Pre-
operative radiochemotherapy seems to be avoidable in 45 %
of patients with stage II or III disease, if high quality of TME is
achieved and preoperative MRI predicts the minimum dis-
tance from tumor to the anticipated circumferential resection
margin to be more than 1 mm [10].

Another field of research is on the value of preoperative
radiochemotherapy for carcinomas of the upper third of the
rectum. It has been claimed that preoperative radiochemother-
apy was only justified for T4 cancers of the upper third of the
rectum [12]. According to the available literature, it is ques-
tionable if cancers of the upper third of the rectum indeed
should be treated as rectal cancers or rather as sigmoid cancers
[13, 14].

The aim of the present retrospective study was to clarify
any differences in prognosis between low/mid rectal cancer
and high rectal/rectosigmoid junction cancer compared with
colon cancer. To exclude two of the probably main confound-
ing factors such as the surgeons’ expertise/performance, as
well as any perioperative radiotherapy, we retrospectively
analyzed a population from a prospective randomized con-
trolled multicenter trial on colorectal cancer patients originat-
ing before adoption of the TME technique and before adop-
tion of radiotherapy for rectal cancer (SAKK 40/87) [15].
Thus, going back in time, this study might provide further
insight on which patients with rectal cancer have a similar
prognosis as patients with colon cancer and may not benefit
from preoperative radiotherapy.

Materials and methods

Patients with potentially curable colorectal cancer, who were
included in the SAKK 40/87 trial, a multicenter prospective
randomized controlled trial on short-term perioperative che-
motherapy with 5-fluorouracil and mitomycin C from 1987 to
1993 (n=769) [15], were retrospectively analyzed.

The SAKK 40/87 trial had the following inclusion criteria:
potentially curable colorectal cancer, age equal to or less than
75 years, Eastern Cooperative Oncology Group performance

status [16] equal to or less than 2, radical en-bloc resection of
the tumor (R0), normal renal and hepatic function, and UICC
1987 (International Union against Cancer) stage I, II, or III
disease [15, 17]. Exclusion criteria were the presence of
distant metastases, pre-existing malignancies (with the excep-
tion of adequately treated in situ carcinoma of the cervix, or
basal cell carcinoma of the skin), insulin-dependent diabetes
mellitus, acute infections, portal vein thrombosis, leucopenia,
thrombocytopenia, receipt of preoperative chemo- or radiation
therapy, and planned postoperative radio- or immunotherapy
[15].

Ethical review board approval and written informed con-
sent from all the patients were obtained [15]. Patients were
randomly assigned to either surgery alone (arm 1, 5 years
disease-free survival (DFS), 65 %; 5 years OS, 72 %), to an
immediate postoperative continuous portal vein chemo infu-
sion (arm 2, 5 y DFS, 60 %; 5 years OS, 69 %), or to the same
chemo infusion administered through a central venous cathe-
ter (arm 3, 5 years DFS, 64 %; 5 years OS, 74 %) [15]. Thus,
the study did not show any improvement of either the DFS or
the overall survival (OS) for the administered chemotherapy
regimens in arm 2 or 3 [15].

From the n=769 patients included in the prospective
SAKK 40/87 trial, n=44 were excluded for different reasons
(see Fig. 1), and n=725 were analyzed.

The distance of the distal border of the tumor to the anal
verge was assessed intraoperatively or by rigid proctoscopy
and recorded in centimeters in 88 % of the patients. The
tumors of the remaining 12 % of patients were categorized
into the three groups by other descriptions of the tumor site in
the surgical reports (e.g., relation of the tumor site to the
peritoneal reflection or relation of the tumor site to the
rectosigmoid junction featured by the loss of the taeniae coli
and the loss of appendices epiploicae or distal security margin
in combination with the distance of the anastomosis from the
anal verge or combination of several). The different measure-
ment conditions were taken into account, with the awareness
that a bowel specimen shrinks to about one half of its length if
it is fixed in formalin without stretching [18].

The included patients (n=725) were prospectively catego-
rized into three groups according to the site of the distal border
of the tumor. Cancers of the lower two thirds of the rectum
(Group A, 11 cm or less from the anal verge, n=205), cancers
of the upper third of the rectum and the rectosigmoid junction
(Group B, between >11 cm and 20 cm from the anal verge, n=
142), and colon cancers (Group C, > 20 cm from the anal
verge, n=378) as shown in Fig. 2. An overview of the present
investigation is shown in Fig. 1. Details regarding the regular
follow-up were published elsewhere [15]. Time of relapse was
defined as the time point when recurrent disease was first
diagnosed or, if later confirmed, when it was first suspected.
Disease-free survival was defined as the interval from surgery
to the date of relapse, or the detection of a second tumor, or
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death, whichever occurred first [15]. The median follow-up
time is 8.0 years.

Statistics

All the analyses were conducted using R 3.0.1 and SAS 9.2.
All Pvalues are two-sided, with a significance level of 0.05.
As no adjustment for multiple testing was applied, the analy-
ses are exploratory and hypothesis-generating. For categorical
variables, chi-square tests were used to detect significant
differences between groups. For numeric variables, Kruskal–
Wallis tests were used. Survival functions (for time-to-event
variables) were estimated using Kaplan–Meier method, and
median follow-up time was calculated by applying inverse
Kaplan–Meier method. The confidence intervals of hazard
ratios for Cox regression and survival function were

calculated based on cumulative hazard and point-wise log-
survival. P values for the hazard ratios were calculated using
Wald tests. Log-rank tests were applied to compare survival
functions.

Results

The patient characteristics data and the data of surgical
radicality and oncosurgical quality are shown in Table 1.
The length of distal bowel margin in centimeters had no
significant impact on neither OS (p=0.391) or on DFS (p=
0.100).

The 5-year DFS rate was 0.54 (95%CI, 0.47–0.60) in
Group A, 0.68 (95%CI, 0.60–0.75) in Group B, and 0.69

Fig. 1 Overview of the
methodology of the present study

Fig. 2 Anatomy of the rectum,
applied definitions of the rectum,
and study group criteria
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(95%CI, 0.64–0.74) in Group C. The 5-year OS rate was 0.64
(95%CI, 0.57–0.71) in Group A, 0.79 (95%CI, 0.71–0.85) in
Group B, and 0.77 (95%CI, 0.73–0.81) in Group C. The
causes of death are shown in Table 2. The corresponding
Kaplan–Meier curves demonstrate the worse DFS and OS of
group A, compared with group B and to group C (Figs. 3 and
4). Group A has significantly worse hazard ratios regarding
time to local recurrence, time to distant recurrence, time to
local and distant recurrence, and time to death due to tumor
recurrence if compared with group C (Table 3). However,
group B only had a significant worse hazard ratio for time to
local recurrence if compared with group C, while there were
no significant differences between these groups regarding
time to distant recurrence, time to local and distant recurrence,
and time to death due to tumor recurrence (Table 3). Multi-
variate analysis with T-category and N-category as indepen-
dent prognostic factors showed that group A had a signifi-
cantly worse hazard ratio with a shorter DFS and a shorter OS
if compared with group C, while there was no significant

difference in the hazard ratio for a shorter DFS or a shorter
OS between groups B and C (Table 4).

Subgroup analysis comparing cancers of the upper third of
the rectum (>11–15 cm from anal verge) with cancers of the
rectosigmoid junction (>15–20 cm from anal verge) did not
show significant differences regarding OS (p=0.126) and
DFS (p=0.091).

Discussion

The aim of this study was to clarify the difference in prognosis
between low/mid rectal cancer and high rectal/rectosigmoid
junction cancer compared with colon cancer. Possible con-
founders such as effective preoperative or adjuvant radioche-
motherapy or specialized surgery with adoption of TME were
avoided.

Patients with cancers of the lower two thirds of the rectum
had significantly more favorable tumor stages than patients

Table 1 Patient’s characteristics and treatment (oncosurgical radicality/
quality and chemotherapy) of patients with cancer of the lower two thirds
of the rectum (Group A), of the upper third of the rectum and the

rectosigmoid junction (Group B), and of the colon (Group C); due to
rounding, the sum does not always equal 100 %

Variables Group A (n=205) Group B (n=142) Group C (n=378) p value

Gender 0.332

Male 125 (61.0 %) 83 (58.5 %) 207 (54.8 %)

Female 80 (39.0 %) 59 (41.6 %) 171 (45.2 %)

Median age in years (range) 62 (15–76) 64 (37–75) 65 (18–75) 0.152

Tumor stagesa (UICC 1987) <0.001

I 71 (34.6 %) 34 (23.9 %) 62 (16.4 %)

II 61 (29.8 %) 54 (38.0 %) 194 (51.3 %)

III 71 (34.6 %) 54 (38.0 %) 121 (32.0 %)

<Missing> 2 (1.0 %) 0 (0.0 %) 1 (0.3 %)

T stage <0.001

T1 13 (6.4 %) 5 (3.5 %) 26 (6.9 %)

T2 76 (37.1 %) 38 (26.8 %) 50 (13.2 %)

T3 113 (55.12 %) 88 (62.0 %) 275 (72.8 %)

T4 2 (1.0 %) 11 (7.8 %) 27 (7.1 %)

<Missing> 1 (0.5 %) 0 (0.0 %) 0 (0.0 %)

Operation type <0.001a

Sphincter-sparing procedures 132 (64.4 %) 142 (100.0 %) 378 (100.0 %)

Abdominoperineal excision 73 (35.6 %) 0 (0.0 %) 0 (0.0 %)

Median number of examined nodes (range) 8 (0–36) 9 (0–36) 10 (0–61) 0.103

Randomized treatment 0.945

Control 70 (34.2 %) 44 (31.0 %) 127 (33.6 %)

Portal 66 (32.2 %) 47 (33.1 %) 128 (33.9 %)

Systemic 69 (33.7 %) 51 (35.9 %) 123 (32.5 %)

Days of hospital stay: median (range) 18 (1–136) 15 (6–62) 14 (2–124) <0.001

30-day mortality 3 (1.5 %) 5 (3.5 %) 6 (1.6 %) 0.204b

a Spearman’s correlation coefficient between tumor stage and group is 0.072 (p value=0.053)
b Fisher’s exact test extended with Monte-Carlo simulation
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with cancers of the upper third of the rectum, the rectosigmoid
junction, and the colon as demonstrated in Table 1. Neverthe-
less the OS and DFS in patients with cancers of the upper third
of the rectum and rectosigmoid junction were more favorable
and very similar to colon cancer, whereas patients with can-
cers of the lower two thirds of the rectum had a much worse
outcome.

The hazard ratio for local recurrence was significantly
higher in patients with cancers of the upper third of the rectum
and rectosigmoid junction compared with patients with colon
cancer (demonstrated in Table 3). This suggests the necessity
of neoadjuvant radiotherapy. However, first, no significant
difference could be detected between these groups in multi-
variate analysis regarding DFS; second, the introduction of the
TME technique after completion of enrollment of the patients
of this study led to a relevant reduction of local recurrence

[1–3], and third, in randomized trials, preoperative short-
course radiotherapy did not significantly reduce the local
recurrence rate in patients with cancer of the upper rectum in
conventional [19] and in TME surgery [20]. Thus, the detect-
ed difference in local recurrence is of limited relevance.

There are several possible reasons for the favorable prog-
nosis of cancers of the upper third of the rectum and
rectosigmoid junction compared with the much worse out-
come of cancers of the lower two thirds of the rectum.

First: The surgical treatment of tumors of the upper third of
the rectum and rectosigmoid junction is less challenging if
compared with tumors of the lower two thirds of the rectum.
In tumors of the upper third of the rectum and rectosigmoid
junction, the same security margins are demanded as in can-
cers of the colon, and only partial mesorectal excision is
required [1, 13]. Furthermore, the operative situs is better

Table 2 Causes of death of patients with cancer of the lower two thirds of the rectum (Group A), of the upper third of the rectum and the rectosigmoid
junction (Group B), and of the colon (Group C)

Variables Group A (n=205) Group B (n=142) Group C (n=378)

Survival status during study period

Alive 105 (51.2 %) 91 (64.1 %) 259 (68.5 %)

Lost to follow-up 5 (2.4 %) 4 (2.8 %) 11 (2.9 %)

Death 95 (46.3 %) 47 (33.1 %) 108 (28.6 %)

Death causes Group A (n=95) Group B (n=47) Group C (n=108)

Tumor recurrence 74 (77.9 %) 31 (66.0 %) 64 (59.2 %)

Other causes (death not due to tumor or toxicity) 16 (16.8 %) 14 (29.8 %) 30 (27.8 %)

Second malignancya 1 (1.1 %) 1 (2.1 %) 9 (8.3 %)

Not known 4 (4.2 %) 1 (2.1 %) 5 (4.6 %)

Due to rounding, the sum does not equal the total percentage of deaths
aMetachronous primary colorectal neoplasia or neoplasia other than colorectal origin

Fig. 3 Kaplan–Meier curves of
the disease-free survival of pa-
tients with cancer of the lower two
thirds of the rectum (Group A), of
the upper third of the rectum, as
well as the rectosigmoid junction
(Group B), and of patients with
colon cancer (Group C)
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accessible if compared with the lower two thirds of the rectum
with required TME and an often deep and narrow pelvis,
especially in obese male patients with a bulky prostate.

Second: The mesorectum is more voluminous proximally,
and the natural coning of the mesorectum distally (most of all
ventrally) leads to a smaller circumferential margin, demand-
ing a more exact dissection in the “holy plane” to avoid
incomplete mesorectal excisions in tumors of the lower two
thirds of the rectum. Especially in those tumors lying near the
anal verge, required dissection is sometimes challenging.

Third: The different lymphatic anatomy of the upper third
of the rectum is similar to the sigmoid colon, compared with
the lower two thirds of the rectum [21]. The lymphatic drain-
age leads to a typical upward spread of cancers of the upper
third of the rectum [22], which allows for a better local cancer
control compared with cancers of the lower two thirds of the
rectum. Cancers of the middle third of the rectum can spread
laterally in the case of metastatic obstruction of mesorectal
lymphatic tissue and cancers of the lower third of the rectum

can spread up- and downward and laterally, even in early
tumor stages [22].

Recently, it has been shown that the cranial border of the
clinical target volume of short-course preoperative radiother-
apy can safely be lowered for patients without expected nodal
or circumferential resection margin involvement [23]. How-
ever, the acceptance that radiotherapy for rectal cancers of the
proximal rectum can almost always be omitted is only slowly
emerging. This might be due to a wide range of definitions of
rectal cancer internationally and other factors. Themacroscop-
ic landmarks of the rectosigmoid junction (loss of the taeniae
coli and appendices epiploicae with a wide variation between
individuals) cannot be assessed before operation [24]. There-
fore, the rectosigmoid junction in rectal cancer has been
defined by the distance from the anal verge during rigid
sigmoidoscopy of below 16 cm (UICC TNM classification
[25]), of below 15 cm (most European studies [12]), and
below 12 cm (in the United States of America [12]). Radio-
logical landmarks (sacral promontory [26] or the S2/S3

Fig. 4 Kaplan–Meier curves of
the overall survival of patients
with cancer of the lower two
thirds of the rectum (Group A), of
the upper third of the rectum, as
well as the rectosigmoid junction
(Group B), and of patients with
colon cancer (Group C)

Table 3 Comparison of death due to tumor recurrence and site of first
recurrence between patients with cancer of the lower two thirds of the
rectum (Group A) with patients with cancer of the upper third of the

rectum and the rectosigmoidal junction (Group B) with patients with
cancer of the colon (Group C)

Group A vs. C Group B vs. C

Hazard ratio [95 % CI] p value Hazard ratio [95 % CI] p value

Time to local recurrence 9.00 [4.53, 17.89] <0.001 4.33 [1.97, 9.55] <0.001

Time to distant recurrence 1.83 [1.31, 2.56] <0.001 1.00 [0.64, 1.55] 0.995

Time to local and distant recurrence 2.30 [1.69, 3.11] <0.001 1.27 [0.86, 1.87] 0.238

Time to death due to tumor 2.33 [1.66, 3.25] <0.001 1.28 [0.84, 1.97] 0.256
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vertebra [24]) used in the Japanese classification system [12]
are not reliable alternatives to rigid sigmoidoscopy [27].

In our opinion, (preoperative) radiotherapy in cancers of
the upper third of the rectum is still justified in the case of the
tumor touching (<=1 mm) or infiltrating the mesorectal fascia
and/or in the case of a cT4 tumor-infiltrating neighboring
organs and making complete en bloc resection hazardous.
However, in the case of limited infiltration of the fundus of
the urinary bladder or infiltration of a segment of small bowel,
complete en bloc resection is feasible and oncologically safe,
and thus (preoperative) radiotherapy can be omitted.

The surgical radicality and oncosurgical quality was similar
in the three groups as shown in Table 1 and cannot explain the
observed differences.

It could be hypothesized that the favorable outcome of
Group B is mainly due to inclusion of cancers of the
rectosigmoid junction into this group. However, no significant
differences regarding DFS and OS could be detected between
patients with cancers of the upper third of the rectum (>11–
15 cm from anal verge) and patients with cancers of the
rectosigmoid junction (>15–20 cm from anal verge).

Due to the randomization of the study population, all the
groups in the present study had a similar frequency of

chemotherapy as shown in Table 1. Furthermore, since che-
motherapy—as given in this protocol—turned out to be inef-
fective, there is very little risk of bias due to different adjuvant
therapies in this study.

Limitations

This is a retrospective analysis of data collected in a prospec-
tive randomized study, thus unknown bias is theoretically
possible. However, according to the baseline data, the groups
seem comparable (Table 1), and there was no significant
difference between the groups regarding tumor stages and
the type of (inefficient) adjuvant chemotherapy [15]. There-
fore, a bias is rather unlikely.

The strength of this study is the study population originat-
ing from a time before adoption of the TME technique and
before adoption of radiotherapy for rectal cancer (SAKK 40/
87) [15]. This gives us the possibility to analyze which pa-
tients indeed have a benefit from radiotherapy and the TME
technique. However, it has to be underlined that the outcome
of the patients cannot be compared with the outcome of
patients treated according to recent guidelines.

In 12% of the patients, the distance of the tumor to the anal
verge was not exactly measured by rigid or flexible endoscopy
(see “Methods” section). These patients were categorized into
Group A, B, or C by other descriptions of the tumor site.
However, the categorization was done before any statistical
calculation was started. Thus, a bias due to migration between
the groups is very unlikely.

Conclusions

Long-term results (OS, DFS) of patients with upper third
rectal and rectosigmoid junction cancer seem very similar to
those with colon cancer and much more favorable than those
with lower two third rectal cancers. Adenocarcinomas of the
upper third of the rectum and the rectosigmoid junction may
therefore be oncologically regarded as colon cancers. Periop-
erative radiotherapy for these cancer sites may be omitted in
most cases without compromising the oncological long-term
result.
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Table 4 Results of Cox proportional hazard regressionmodel comparing
disease-free survival and overall survival of patients with cancer of the
lower two thirds of the rectum (Group A) and of the upper third of the
rectum as well as the rectosigmoid junction (Group B) to patients with
colon cancer (Group C)

Variables Hazard ratio [95 % CI]
disease-free survival

p value

Group A 1.93 [1.49, 2.52] <0.001

Group B 1.07 [0.78, 1.47] 0.689

Group C 1.00 [NA] Reference group

T1 0.37 [0.17, 0.82] 0.014

T2 0.60 [0.36, 1.02] 0.058

T3 0.78 [0.49, 1.23] 0.284

T4 1.00 [NA] Reference group

Nodal positive 2.16 [1.70, 2.73] <0.001

Nodal negative 1.00 [NA] Reference group

Hazard ratio [95 % CI]
overall survival

p value

Group A 2.10 [1.57, 2.79] <0.001

Group B 1.12 [0.79, 1.59] 0.517

Group C 1.00 [NA] Reference group

T1 0.23 [0.09, 0.57] 0.002

T2 0.42 [0.24, 0.73] 0.002

T3 0.63 [0.39, 1.00] 0.049

T4 1.00 [NA] Reference group

Nodal positive 2.05 [1.58, 2.65] <0.001

Nodal negative 1.00 [NA] Reference group

NA not applicable
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