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Abstract

Background/Aim: Neoadjuvant chemoradiation (nCRT) in
rectal cancer is associated with significant long-term mor-
bidity. It is unclear whether nCRT in resectable mesorectal
fascia circumferential resection margin (mrCRM)-negative
rectal cancer treated by adequate total mesorectal excision
(TME) is beneficial. The aim was to determine if nCRT can be
omitted in patients with MRI-assessed cT3 rectal cancer and
a negative mrCRM undergoing good-quality TME. Methods:
By means of a prospective nationwide registry (n = 43.147;
prospective multi-center observational study), patients with
cT3 rectal cancer <12 cm from the anal verge with a negative
(>1 mm) MRI-assessed CRM undergoing radical resection
from 2006 to 2008 were selected. Overall, 87 patients were
available for the final analysis (TME-alone, n = 25; nCRT+TME,
n = 62). Groups were balanced for age, sex, and ASA score,
with a nonsignificant predominance of males in the
nCRT+TME group. As main outcome measures, local and dis-
tant recurrence rates were compared between patients un-
dergoing primary surgery (TME-alone) vs. neoadjuvant
chemoradiation + surgery (nCRT+TME). Results: In the TME-

alone group, tumors were located closer to the anal verge
(p = 0.018) and demonstrated a smaller minimal circumfer-
ential distance from the resection margin (p = 0.036). TME
quality was comparable, as was median follow-up (48.9 vs.
44,9 months; p =0.268). Local recurrences occurred at a sim-
ilar rate in the TME-alone (n =1;5.3%) and nCRT+TME groups
(n =3;5.5%) (p = 0.994) and were diagnosed at 10 months
(TME-alone) and at 8, 13, and 18 months (nCRT+TME). Dis-
tant recurrences occurred in 28.9 and 17.4% of the cases, re-
spectively (p =0.626). The analysis was limited to cT3 cancers
with a negative mrCRM. In addition, caution is required when
appraising these results because of the limited number of
evaluable subjects (especially in the TME-alone group),
which adds some uncertainty to the statistical analysis. Con-
clusions: In this cohort of patients with rectal cancer located
<12 cmfrom the anal verge and a negative mrCRM undergo-
ing adequate TME, omission of nCRT had no impact onto the

local recurrence rate. ©2021 The Author(s)
Published by S. Karger AG, Basel

Background

Until the early 1990s, rectal cancer resections were
associated with a 5-year local recurrence rate between 20
and 45% [1-3]. This was the rationale for investigating
a multimodal treatment regimen including preoperative
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5 x 5 Gy short-course radiation in Sweden in the 1980s,
with the aim being to improve local tumor control [4-7].
Local recurrence rates were reduced by 50% but still re-
mained high (around 15-20% at 5 years). It was not until
the adoption of total mesorectal excision (TME) as de-
scribed by Heald et al. [8] that 5-year local recurrence
rates of 8.2% were achieved in the Swedish TME project
[9].

In a similar effort to improve local tumor control, pre-
operative 5 x 5 Gy short-course radiation was investigat-
ed in the randomized-controlled Dutch TME trial in the
1990s [10]. In that study, surgery was performed accord-
ing to the TME principles after dedicated training of the
participating surgeons. As a result, local recurrences were
reduced from 10.9 to 5.6% at 5 years in the combined-
modality arm compared to the surgery-alone arm; how-
ever, the significant benefit from preoperative radiation
was limited to UICC stage III rectal cancers and cancers
localized in the mid-rectum [11, 12]. This trial remains
the only randomized controlled trial (RCT) investigating
the impact of preoperative radiation in resectable rectal
cancer treated by standardized TME. Still, comparing
these results with the local recurrence rate after TME
alone reported by Heald et al. [8] in 1998 (6% at 5 years)
casts some doubt on the benefit of neoadjuvant radio-
therapy in resectable rectal cancer treated by optimized
surgery.

As with the Swedish TME project [9], the Dutch TME
trial was started immediately after the TME surgical prin-
ciples had been adopted and training of the participating
surgeons had been completed, resulting in a relatively
large proportion of incomplete TME surgeries and speci-
mens with a positive circumferential resection margin
(CRM) in that study [13, 14]. This may have influenced
the recurrence rates and must be taken into account when
interpreting these results.

In Germany, neoadjuvant chemoradiation or neoad-
juvant short-course radiation became the nationwide
treatment standard for resectable UICC stage II and III
rectal cancers in the early 2000s [15]. As from 2007/2008,
almost 50% of all rectal cancers (75% of all clinical stage
IIT rectal cancers) received preoperative radiation, pre-
dominantly as a part of 5-FU-based chemoradiation ther-
apy. The rate of incomplete TME surgeries (MERCURY
grade IIT) was approximately 3%. Local recurrences occur
in 4.6% of all stage I to III patients at 5 years [15].

Considering radiation-associated long-term morbidi-
ty [16], as well as the fact that adequate TME surgery is
currently performed in most institutions, the current
standard of administering neoadjuvant (chemo) radia-
tion therapy to all stage II/III rectal cancer patients with
tumor lesions located at <10 cm from the anal verge has
increasingly been called into question. Recent study re-
sults suggest that a local recurrence rate around 5% can
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be achieved in cancers located in the lower two thirds of
the rectum even without neoadjuvant radiation if pre-
therapeutic imaging demonstrates a clear CRM [17-19].

In this report based on a prospective multi-center ob-
servational study, we compared long-term outcomes in
patients with locally advanced rectal cancer located in the
lower 2 rectal thirds with a tumor-negative CRM on pre-
operative magnetic resonance imaging undergoing ei-
ther primary TME or neoadjuvant radiation and subse-
quent TME under routine conditions of daily surgical
practice.

Methods

Data Source

This analysis is based on data from the prospective, multi-cen-
ter observational study on quality assurance in rectal cancer care
performed by the “AN-Institut fiir Qualititssicherung in der op-
erativen Medizin” at Otto-von-Guericke University (Magdeburg,
Germany). In this registry, demographic data and diagnostic-, tu-
mor-, and treatment-related parameters, as well as histopathology
results from rectal cancer patients, are prospectively documented.
Follow-up information is obtained annually from the treating in-
stitutions as well as from general practitioners. Hospitals through-
out Germany can enter their data on a voluntary basis. Written
informed consent from patients is required before data collection.
Since 2000, >40,000 patients undergoing surgery for rectal cancer
have been documented.

Study Design/Subjects

From the registry, all patients undergoing TME for histologi-
cally proven, nonmetastatic rectal cancer located <12 cm from the
anal verge between January 1, 2006, and December 31, 2008, were
selected for whom preoperative MR imaging demonstrating ¢T3
stage and a minimal distance of >1 mm from the mesorectal fascia
(negative circumferential resection margin; mrCRM-) was avail-
able.

Obtaining preoperative pelvic MRI is not mandatory for data
entry into the quality assurance registry, and information on
whether mrCRM was determined in an individual patient was not
obtained during primary data collection. Therefore, all patients in
whom preoperative MRI had been performed were identified, and
their imaging data were obtained from the treating institutions at
the time of the analysis. mrCRM was then determined on the orig-
inal MR images by a radiologist with adequate experience in inter-
preting rectal cancer MRI. Only patients with mrCRM-negative
¢T3 rectal cancers were considered for final analysis. These pa-
tients were classified into 2 groups (TME-alone vs. neoadjuvant
chemoradiotherapy [nCRT] + TME) according to their treatment.
Patients undergoing short-course radiotherapy or intensified
chemoradiotherapy (i.e., those receiving drugs other than 5-FU
with radiotherapy) were excluded.

Analysis

Patient- and tumor-related parameters, TME quality according
to the MERCURY classification as assessed by the pathologist, and
long-term outcomes (local and distant recurrence rate, disease-
free survival, and overall survival) were compared between groups
(TME-alone vs. nCRT+TME).
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Fig. 1. Patient selection for the current study. n.d., not determined.
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Table 1. Univariate comparison of patient, tumor, and treatment characteristics

TME-alone group nCRT+TME p value
(n=25) group (n = 62)
Age, years 68.0 (62.9-73.1) 66.5 (64.0-69.0) 0.545
Male:female ratio 1.08:1 2.65:1 0.081
ASA score 0.883
I 4.0 6.5
I 52.0 50.0
111 40.0 41.9
v 4.0 1.6
Tumor location from the anal verge, cm 0.018
8-11.9 36.0 40.3
4-7.9 36.0 50.0
<4 28.0 9.7
mrCRM, mm 0.036
>1-2 48.0 22.6
>2-5 24.0 51.6
>5-10 28.0 21.0
>10 - 4.8
TME quality (MERCURY criteria) 0.445
Grade I 84.0 91.2
Grade II 16.0 8.8
Grade III - -
(y)pT, % 0.442
(y)pT1 4.0 12.9
(y)pT2 32.0 25.8
(y)pT3 64.0 61.3
Maximum tumor diameter, mm 41.0 (35.8-46.2) 21.3 (21.2-26.5) <0.001
(y)pN positive cases, % 40.0 37.1 0.812
Examined lymph nodes, n 18.4 (15.3-21.5) 14.2 (12.8-15.6) 0.017
PCRM, % 0.495
Negative 95.5 98.4
Positive 4.5 1.6
Adjuvant chemotherapy, % 36.0 87.1 <0.001
Follow-up time, months 48.9 (39.5-58.3) 44.5 (40.9-48.0) 0.268

Values are presented as means (95% CI) or percents unless otehrwise stated. p values in bold indicate signifi-

cant difference.

Statistics

SPSS Statistics version 22.0 was used for statistical analysis.
Categorical parameters were compared using the x> test and the
Fisher exact test. Results for categorical variables are reported as
absolute and relative frequencies. For continuous parameters, the
Student ¢ test was used for comparison between groups. Results are
reported as mean values and 95% CI. Long-term outcomes were
analyzed using the Kaplan-Meier method, and univariate compar-
ison between groups was performed using the log-rank test. A
2-sided p value <0.05 was considered statistically significant.

Results

Of the 8,532 patients entered into the registry during
the study period, 2,375 underwent radical resection of
nonmetastatic ¢T3 cancer <12 cm from the anal verge.
Only 320 of these (13.5%) underwent preoperative pelvic
MRI. MRI scans of 281 potentially suitable patients un-
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dergoing primary TME or 5-FU-only-based nCRT
(Fig. 1) were requested from the treating institutions, of
which 109 scans were obtained. Reassessment of these
scans revealed a negative mrCRM in 87 patients, who rep-
resent the final analysis population. Of these, 25 under-
went primary surgery (TME-alone group), whereas 62
underwent nCRT prior to surgery (nCRT+TME group;
Fig. 1).

Pre-Therapeutic Patient- and Tumor-Related

Parameters

Age, ASA score, and gender distribution were not sig-
nificantly different between groups, with a nonsignificant
predominance of males in the nCRT+TME group (Table
1). Significant differences were found in tumor location,
in tumor lesions of the TME-alone group being located
closer to the anal verge than those in the nCRT+TME
group (p = 0.018), as well as in mrCRM. Most patients in
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Fig. 2. Cumulative local recurrence rate in the TME-alone and
nCRT+TME groups.

the TME-alone group had an mrCRM >1-2 mm, where-
as this was >2-5 mm in the majority of patients in the
nCRT+TME group (p = 0.036).

Postoperative Tumor Characteristics

TME quality was graded as “good” (grade I) in 84% of
the specimens from the TME-alone group and in 91% of
the specimens from the nCRT+TME group (Table 1). No
specimen was assessed as “poor” (grade III) in either
group. TME quality was not significantly different be-
tween groups (p = 0.445).

Postoperative tumor infiltration depth (pT or ypT
stage, respectively) was not significantly different be-
tween groups (p = 0.442), even though patients in the
nCRT+TME group showed a tendency toward a lower
infiltration depth and the maximum tumor diameter was
significantly lower in the nCRT+TME group compared
to the TME-alone group (p < 0.001).

The mean number of lymph nodes investigated per
specimen was significantly lower in the nCRT+TME
group compared to the TME-alone group (14.2 vs. 18.4;
p =0.017); however, no difference regarding lymph node
positivity (detectable tumor infiltration) between groups
was found (TME-alone group, 40.0%; nCRT+TME group,
37.1%; p = 0.812). One patient in each group demonstrat-
ed a pCRM of 1 mm or less (4.5 vs. 1.6%; p = 0.495).

Long-Term Outcomes

Twenty-two patients in the TME-alone group and 59
patients in the nCRT+TME group consented to having
their follow-up information documented in the registry.
Follow-up information was available for 19 out of 22 pa-
tients in the TME-alone group and for 56 out of 59 pa-
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Fig. 3. Cumulative rate of distant recurrences in the TME-alone
and nCRT+TME groups.

tients in the nCRT+TME group. The median follow-up
was 489 vs. 44.5 months in the TME-alone and
nCRT+TME groups, respectively (p = 0.268).

Kaplan-Meier plots for local recurrence rates are
shown in Figure 2. One patient in the TME-alone group
developed local recurrence 10 months after surgery. In
the nCRT+TME group, local recurrences were detected
in 3 patients 8, 13, and 18 months after surgery. The
5-year local recurrence rate was not different between
groups (TME-alone group, 5.3%; nCRT+TME group,
5.5%; p = 0.994).

Distant recurrences were diagnosed during follow-up
in 3 patients in the TME-alone group and in 8 patients in
the nCRT+TME group. The estimated 5-year distant re-
currence rate in both groups according to the Kaplan-
Meier method was 28.9 vs. 17.4%, respectively (p = 0.626;
Fig. 3).

No significant difference in disease-free and overall
survival was found between the groups. The 5-year dis-
ease-free survival was 71.1% in the TME-alone group vs.
82.6% in the nCRT+TME group (p = 0.626). The mean
overall survival in both groups was 60 vs. 58.6 months,
respectively (p = 0.429).

Discussion and Conclusion

The analysis presented here found a 5.3% local recur-
rence rate in patients with MRI-assessed ¢T3, CRM-neg-
ative rectal cancer closer than 12 cm to the anal verge who
underwent upfront TME without neoadjuvant chemora-
diation. Comparison of this result with the local recur-
rence rate of 5.5% in patients with a similar extent of dis-
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ease treated by nCRT followed by TME indicates that
omitting nCRT in these patients does not seem to com-
promise local tumor control.

The selection of patients for this analysis from the raw
data collected within the prospective observational study
was intended to generate a cohort of patients with clearly
defined disease characteristics (¢T3, CRM-, pretherapeu-
tic MRI assessment) suitable to address a clinically rele-
vant issue. A CRM-negative surgical specimen is one of
the most relevant factors predicting alow local recurrence
rate [20]. Pretherapeutic MRI has been demonstrated to
be the most accurate diagnostic modality to predict a neg-
ative CRM on subsequent surgery [21, 22]. Hence, pelvic
MRI was a prerequisite for inclusion into the current
analysis. During the study period, only 28% of all rectal
cancer patients in the registry underwent pretherapeutic
MRI [23], which greatly reduced the number of suitable
subjects. Moreover, it was necessary to select a study pe-
riod when the nationwide TME quality in routine care for
rectal cancer had achieved an adequate level but neoad-
juvant (chemo-) radiation, though recommended by the
national guidelines [24], was not yet fully established. Ob-
serving all these requirements, only a small number of
patients were available for the analysis. Because the inci-
dence of local recurrences was generally low, this consti-
tutes a significant limitation to the validity of any statisti-
cal comparison between groups, which must be kept in
mind when interpreting our results and precludes any
general recommendation to be derived therefrom.

The 5.3% local recurrence rate with upfront TME pre-
sented here is in line with recent results reported by other
authors [17-19], who found local recurrence rates be-
tween 4.3 and 5.4%. Kulu et al. [17] retrospectively com-
pared their results with a historical cohort of patients
treated by nCRT+TME, whereas Fan et al. [18] performed
a prospective, randomized comparison between patients
treated with upfront TME or nCRT+TME. Similar to our
analysis, local recurrences for primarily resectable rectal
cancer did not differ between the cohorts compared in
both studies.

Adequate TME quality is a prerequisite for a low local
recurrence rate [13, 25]. Heald et al. [8], in 1998, reported
local recurrences to occur in 6% of patients at 5 years after
TME who were operated on during a period of almost 20
years. Comparing the first and second halves of their study
period, they reported a reduction in local recurrences from
8.5 to 3% in all patients, or from 4 to 0.5% in patients un-
dergoing anterior rectal excision with a curative intent.
These results clearly demonstrate that a learning curve ex-
ists for performing good-quality TME. This must be borne
in mind when comparing the data presented here with the
results from the Dutch TME trial [11, 12] and the MRC
CRO7/NCIC-CTG C016 trial [26]. Both of these random-
ized controlled trials included all patients with primarily
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resectable rectal cancer and were able to demonstrate a sig-
nificant improvement in local recurrences in patients with
low rectal cancer through preoperative short-course radia-
tion. Local recurrence rates were 5.6% at 5 years [11] and
4.4% at 3 years [26]. During preparation for the Dutch
TME trial, participating surgeons were familiarized with
the TME concept through workshops, symposia, and video
presentations. Moreover, the first 5 TME procedures in
each institution were supervised by an instructor surgeon.
Hence, the participating surgeons had limited experience
with TME at the time the study was started. In an examina-
tion of TME quality in the Dutch TME trial, Nagtegaal et
al. [13] found only 57% of TME specimens to be “com-
plete,” whereas 24% of the TME specimens were classified
as “incomplete.” In the MRC CR07/NCIC-CTG CO016 trial,
adherence to the TME technique was merely recommend-
ed but no standardized training was required prior to par-
ticipation in the study. Analyzing TME quality in speci-
mens from this trial, Quirke et al. [25] found 52 and 13%
of them to be excised along the mesorectal and muscularis
propria planes of surgery, respectively. In the observation-
al study presented here, TME quality was assessed by the
collaborating pathologists at participating centers accord-
ing to MERCURY criteria. “Good” TME quality was found
in 84 and 91% of specimens in the TME-alone and
nCRT+TME groups, respectively. None of the specimens
in either group was graded as “poor.” The relative im-
provement in TME quality in our observational study
compared to the 2 randomized-controlled trials men-
tioned may be one factor contributing to the low local re-
currence rate achieved with upfront TME in our analysis.

Interestingly, 4.5% of the specimens in the TME-alone
group and 1.6% of the specimens in the nCRT+TME
group demonstrated a positive pCRM. pCRM is one of
the strongest independent predictive factors for local re-
currence following surgery for rectal cancer, and it is de-
pendent on TME quality. As reported by Nagtegaal et al.
[13], the rate of pCRM-positive surgical specimens in the
Dutch TME trial was 23%, whereas it was 12% in the MRC
CRO7/NCIC-CTGO16 trial as reported by Quirke et al.
[25]. The substantially lower positive pCRM rate found
in the analysis presented here can be considered another
contributing factor for the reduced rate of local recur-
rences observed after TME alone. In the study by Kulu et
al. [17], an even lower positive pCRM rate (1.8% of the
specimens) was found; however, that study included
cT1-2, cN+ tumors whereas our analysis was limited to
¢T3 cancers with a negative mrCRM.

In conclusion, the results presented here suggest that
omission of neoadjuvant chemoradiation prior to TME
in mrCRM-negative, cT3 rectal cancer located at <12 cm
from the anal verge does not compromise local tumor
control. However, caution is required when appraising
these results because of the limited number of evaluable
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subjects (especially in the TME-alone group), which adds
some uncertainty to the statistical analysis.

Such a policy should be limited to a setting where sur-
gical expertise guarantees a high probability of obtaining
a good-quality TME specimen, as well as to patients in
whom a minimum distance between the circumferential
tumor margin and the intended plane of resection of >1
mm is seen on pretherapeutic MRI. Obviously, adequate
MRI imaging is essential for pursuing this concept.

As only limited data regarding the long-term outcome
following TME alone exist from the era when good-qual-
ity TME was established in routine care, further studies
are needed before a general recommendation to omit
neoadjuvant radiation in any subset of rectal cancer pa-
tients can be given.
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