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Abstract

Aim 1Is it possible to reduce the frequency of neoadjuvant
therapy for rectal carcinoma and nevertheless achieve a rate
of more than 90% circumferential resection margin (CRM)-
negative resection specimens by a novel concept of magnetic
resonance imaging (MRI)-based therapy planning?
Materials and methods One hundred eighty-one patients
from Berlin and Mainz, Germany, with primary rectal car-
cinoma, without distant metastasis, underwent radical surgery
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with curative intention. Surgical procedures applied were
anterior resection with total mesorectal excision (TME) or
partial mesorectal excision (PME; PME for tumours of the
upper rectum) or abdominoperineal excision with TME.
Results With MRI selection of the highest-risk cases, neo-
adjuvant therapy was given to only 62 of 181 (34.3%). The
rate of CRM-negative resection specimens on histology was
170 of 181 (93.9%) for all patients, and in Berlin, only 1 of
93 (1%) specimens was CRM-positive. Patients selected for
primary surgery had CRM-negative specimens on histology
in 114 of 119 (95.8%). Those selected for neoadjuvant therapy
had a lower rate of clear margin: 56 of 62 (90%).
Conclusion By applying a MRI-based indication, the
frequency of neoadjuvant treatment with its acute and late
adverse effects can be reduced to 30—35% without reduction
of pathologically CRM-negative resection specimens and,
thus, without the danger of worsening the oncological long-
term results. This concept should be confirmed in prospec-
tive multicentre observation studies with quality assurance of
MRI, surgery and pathology.

Keywords Circumferential resection margin (CRM) -
Indication for neoadjuvant therapy -

Magnetic resonance imaging (MRI) - Rectal carcinoma -
Surrogate endpoint

Introduction

At present, the indication for neoadjuvant treatment for
rectal carcinoma usually is based on the clinical assessment
of the local extent of the tumour, in particular by T and N
classification (T3,4 and/or N+) [1-5]. Unfortunately, this
policy inevitably is connected with undesirable overtherapy
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[6-8]. An alternative is offered by pretherapeutic assess-
ment of the relation of the carcinoma to the plane of
surgical excision (mesorectal fascia) as today possible by
the modern high-resolution thin-section magnetic resonance
imaging (with phased-array surface coils) with high
reliability [8—11]. The experience of two institutions with
a magnetic resonance imaging (MRI)-based indication for
neoadjuvant treatment and use of the circumferential
resection margin (CRM) status as early surrogate endpoint
will be reported.

Materials and methods

This study reports the pooled experience of the Department
of General and Visceral Surgery, Vivantes Klinikum im
Friedrichshain, Berlin, Germany, and the Department of
General and Abdominal Surgery, Johannes-Gutenberg-
University, Mainz, Germany, with rectal carcinoma patients,
treated according to a uniform concept of MRI-based indi-
cation for neoadjuvant therapy and optimised total mesorectal
excision (TME)/partial mesorectal excision (PME) surgery in
Berlin between 11/2001 and 10/2005 and in Mainz between
12/2003 and 11/2007. Patients in Berlin have taken part in
the MERCURY Study (Magnetic Resonance Imaging and
Rectal Cancer European Equivalence Study) evaluating the
possibilities of modern magnetic resonance imaging for
predicting involvement of CRM [11]. The data of Berlin
have in part already been reported by Strassburg et al. [12].
Inclusion criteria were:

1) Carcinoma of the rectum (aboral margin of the tumour
within 16 cm from the anal verge when measured from
below with a rigid sigmoidoscope), at least invading
into the submucosa

2) No emergency presentation (no need for urgent surgery
within 48 h of admission)

3) No distant metastasis

4) Pretherapeutic high-resolution thin-section MRI
employing pelvic phased-array coils performed

5) Indication for neoadjuvant therapy: (a) fixed or tethered
tumour (cT4); (b) mobile tumour in case of CRM
positivity on MRI (for definition, see below); (c)
mobile low rectal carcinoma (<6 cm from anal verge)
with invasion beyond the muscularis propria as
assessed by ultrasonography and/or MRI (cT3)

6) Radical surgery by anterior resection with total mesorectal
excision for tumours of the middle and lower rectum or
partial mesorectal excision for tumours of the upper
rectum or abdominoperineal excision (APE) with TME

7) Curative intention of surgery, i.e. complete tumour
resection with no remaining residual tumour according
to the surgeon’s assessment
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8) Histopathological examination with special attention
paid to the relation between tumour and circumferential
resection margin [13, 14]

In some patients, the indication for neoadjuvant therapy
was given; however, it was not applied, e.g. in case of
refusal by patient or because of extensive perirectal abscess
formation. Such patients have been excluded (three patients
in Berlin, seven in Mainz).

For the classification of tumour site, the rectum was
subdivided into three parts according to the distance of the
lower margin of the tumour from the anal verge (assessed
by rigid sigmoidoscopy) [15, 16]: upper rectum, 12 to 16 cm;
middle rectum, 6 to <12 c¢m; lower rectum, <6 cm.

The MRI technique of the MERCURY Study was used
[17]. CRM-positive was defined as minimal distance be-
tween tumour and mesorectal fascia of 1 mm or less.

The surgical treatment for carcinomas of the upper rectum
was high anterior resection with PME. Carcinomas of the
middle and lower rectum were treated by anterior resection
or APE, both with TME.

As neoadjuvant therapy, concomitant radiochemotherapy
(50.4 Gy in 28 fractions through 5 weeks, 5-fluoracil either
in weeks 1 and 4 or as continuous infusions on days 1-38)
was applied. Surgery followed 4-6 weeks after the end of
radiotherapy.

The histological classification and grading followed the
rules of WHO [18]. For the assessment of anatomical extent
of tumour and stage, the sixth edition of tumour—node—
metastases (TNM) [16, 19] was applied.

The histological examination of the circumferential re-
section margin distinguishes between two categories [13,
20, 21]:

— pathological CRM (pCRM)-positive, direct carcinoma-
tous involvement of the CRM or minimal distance
between tumour and CRM of 1 mm or less

— pathological CRM-negative, minimal distance between
tumour and CRM more than 1 mm

For the evaluation of the CRM status, continuous
extensions of the primary tumour, discontinuous extensions
(tumour deposits, satellites), lymphatic and venous invasion
(tumour cells in the lumen with adherence to the vessel wall
and/or vessel wall invasion), perineural invasion and lymph
node metastasis were taken into account.

Tumour perforation (spontaneous, iatrogeneous) and
incision into/through tumour tissue were registered by the
pathologist. The assessment of the quality of mesorectal
excision by the pathologist was carried out in a part of
specimens only.

Differences in frequencies between categorial variables
were tested for statistical significance with the chi-square test
or Fisher’s exact test when appropriate. For differences of
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quantitative variables, the U test (Mann—Whitney) was used.
The level for statistical significance was set at p<0.05.
Differences with p=0.05-0.10 were marked as “trend”.

Results

One hundred eighty-one consecutive patients met the inclu-
sion criteria, 93 (51.4%) from Berlin and 88 (48.6%) from
Mainz. Table 1 shows the patient, tumour and treatment

characteristics. Significant differences between the two in-

Table 1 Patient, tumour and treatment characteristics

stitutions are seen relating to pretherapeutic grading of the
primary tumour, pathological stage following neoadjuvant
therapy and frequency of partial mesorectal excision. Neo-
adjuvant treatment was given in both institutions in the same
frequency (34%).

For all patients, the rate of pCRM-negative resection
specimens was 170 of 181 (93.9%). This rate was sig-
nificantly different between Berlin (92/93=99%) and Mainz
(78/88=89%; p=0.004).

The rate of pathologically CRM-negative resection
specimens for patients following neoadjuvant therapy and

Berlin (n=93)

Mainz (n=88) Total (n=181) Statistically significant

differences (p)

Age (years)

Median (range) 65 (44-87)
Sex
Males/females 63/30 (2.10)

Tumour site

Lower rectum (<6 cm) 26 (28%)
Middle rectum (6 to <12 cm) 44 (47%)
Upper rectum (12 to 16 cm) 23 (25%)
Pretherapeutic grading of primary tumour

Gl 0 (0%)
G2 85 (91%)
G3 8 (9%)
GX 0 (0%)
Tumour mobility

Mobile (cT1-3) 83 (89%)
Tethered/fixed (cT4) 10 (11%)
NG 0 (0%)
Pretherapeutic clinical stage

1 18 (19%)
11, 111 75 (81%)
Pathological stage/primary surgery (n=61)
Is* 1 (2%)

1 22 (36%)
I 20 (33%)
11 18 (30%)
Pathological stage/following neoadjuvant therapy (n=32)
y0 0 (0%)
yis 2 (6%)
yl 5 (16%)
yll 10 31%)
yIII 15 (47%)
Neoadjuvant radiochemotherapy applied 32 (34%)
Surgical procedure/Mesorectal excision

TME 89 (96%)
PME 4 (4%)
Surgical procedure/Sphinkter preservation

AR 75 (81%)
APE 18 (19%)
Hartmann -

69 (37-85) 67 (37-87) n.s.
55/33 (1.67) 118/63 (1.87) n.s.
27 31%) 53 (29.3%) n.s.
39 (44%) 83 (45.9%)

22 (25%) 45 (24.9%)

3 (3%) 3 (1.7%) 0.001
63 (72%) 148 (81.8%)

21 (24%) 29 (16.0%)

1 (1%) 1 (0.6%)

76 (86%) 159 (87.8%) n.s.
11 (13%) 21 (11.6%)

1 (1%) 1 (0.6%)

21 (24%) 39 (21.5%) n.s.
67 (76%) 142 (78.5%)

(n=58) (n=119) n.s.
- 1 (0.8%)

21 (36%) 43 (36.1%)

23 (40%) 43 (36.1%)

14 (24%) 32 (26.9%)

(n=30) (n=62) 0.013
0 (0%) 2 (3%)

1 3%) 1(2%)

12 (40%) 17 (27%)

12 (40%) 22 (35%)

5 (17%) 20 (32%)

30 (34%) 62 (34.3%) n.s.
75 (85%) 164 (90.6%) 0.021
13 (15%) 17 (9.4%)

66 (75%) 141 (77.9%) n.s.
19 (22%) 37 (20.4%)

3 (3%) 3 (1.7%)

AR Anterior resection, TME total mesorectal excision, PME partial mesorectal excision, APE abdominoperineal excision

#One patient clinically uT2, primary surgery, pathologically pTis
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for those with primary surgery were 56 of 62 (90%) and
114 of 119 (95.8%), respectively. This difference is sta-
tistically not significant (p=0.190).

Table 2 shows the results of univariate analysis of factors
influencing the frequency of pCRM-positive resection
specimens. For patients treated by primary surgery, signif-
icant factors were sex, surgical procedure and institution;
for pT, a trend to a significant difference was seen. For
patients treated by neoadjuvant radiochemotherapy, tumour
mobility, pathological stage and surgical procedure influ-
enced the frequency of pCRM-positive resection specimens

significantly; pretherapeutic clinical stage, ypT and institu-
tion showed a trend to significant differences. Because of
the small number of terminal events (five and six pCRM-
positive resection specimens, respectively) a multivariate
analysis could not be carried out.

Discussion

The present treatment of rectal carcinoma is influenced
predominantly by the advances in surgical methods

Table 2 Frequency of pathologically circumferential resection margin-positive resection specimens

Influencing factor

Patients with primary surgery (n=119)

Patients with neoadjuvant RCT followed by surgery (n=62)

pCRM-positive P pCRM-positive p*

Sex

Male 1/78 (1%) 0.047 4/40 (10%) n.s.
Female 4/41 (10%) 2/22 (9%)
Tumour site

Low 0/18 (0%) n.s. 4/38 (11%) n.s.
Middle 4/65 (6%) 2/22 (9%)

Upper 1/36 (3%) 0/2 (0%)
Tumour mobility

Mobile (cT1-3) 5/116 (4%) n.s. 1/45 (2%) 0.006
Tethered/fixed (cT4) 0/3 (0%) 5/17 (29%)
Pretherapeutic grading of primary tumour

Gl 0/3 (0%) n.s. - n.s.
G2 3/96 (3%) 4/26 (15%)

G3 2/20 (10%) 2/35 (6%)

GX - 0/1 (0%)
Pretherapeutic clinical stage

1 1/38 (3%) n.s. 1/1 (100%) (0.097)
11, III 4/81 (5%) 5/61 (8%)
pT classification

is® 0/1 (0%) (0.069) - -

1 0/11 (0%) -

2 0/44 (0%) -

3 4/60 (7%) -

4 1/3 (33%) -
ypT classification

0 - - 0/6 (0%) (0.052)
is - - 0/1 (0%)

1 - 0/3 (0%)

2 - 0/12 (0%)

3 - 3/37 (8%)

4 - 3/3 (100%)
pN classification

0 3/87 (3%) n.s. - -
1,2 2/32 (6%) -
ypN classification

0 - - 6/42 (14%) n.s.
1,2 - 0/20 (0%)

Pathological stage

is® 0/1 (0%) ns. - -
I 0/43 (0%) -

I 3/43 (7%) -
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Table 2 (continued)

Influencing factor Patients with primary surgery (n=119) Patients with neoadjuvant RCT followed by surgery (n=62)
pCRM-positive P pCRM-positive P’

1L 2/32 (6%) -

y0 - - 0/2 (0%) 0.047

yis - 0/1 (0%)

yl - 0/17 (0%)

yll - 6/22 (27%)

ylII - 0/20 (0%)

Mesorectal excision

TME 3/102 (2.9%) n.s. 6/62 (10%) -

PME 2/17 (12%) -

Surgical procedure

AR 3/104 (2.9%) 0.041 2/37 (5%) 0.038

APE 1/13 (8%) 3/24 (13%)

Hartmann 1/2 (50%) 1/1 (100%)

Intraoperative tumour cell dissemination

Yes 0/6 (0%) n.s. 1/9 (11%) n.s.

No 5/113 (4.4%) 5/53 (9%)

Institution

Berlin 0/61 (0%) 0.025 1/32 3%) (0.099)

Mainz 5/58 (9%) 5/30 (17%)

Dependence on selected tumour-related factors, surgical procedure and institution. Univariate analysis.
n.s. Differences not significant (p>0.100), RCT radiochemotherapy, TME total mesorectal excision, PME partial mesorectal excision, AR anterior

resection, APE abdominoperineal excision

p values in parentheses indicate a trend to significant differences (p=0.050-0.100).

° One patient clinically uT2, primary surgery, pathologically pTis

(optimised TME surgery) but also by the introduction of
multimodal procedures, in particular by neoadjuvant radio-/
radiochemotherapy and adjuvant chemotherapy for patients
with regional lymph node metastasis.

The indication for the neoadjuvant treatment conven-
tionally is based on the clinical classification of tumour
extent according to T and N categories of the Union
Internationale Contre le Cancer TNM system as assessed by
digital rectal examination, rigid rectosigmoidoscopy, endo-
rectal ultrasonography and sometimes pelvic computed
tomography. In this way, neoadjuvant treatment is frequent-
ly recommended in case of T3,4 and/or N+ tumours, i.e. for
about 70-75% of patients [1-5]. By applying such a policy,
certainly a quite considerable part of patients is overtreated,
especially if optimised TME surgery is performed. This is
valid for the about 15-30% of patients with overstaging by
imaging procedures (see review by Junginger et al. [8]). But
neoadjuvant treatment has to be considered as overtreat-
ment at least for T1,2 N+ patients [22, 23] and patients with
pT3 carcinomas invading perirectal tissue in only limited
extension (not more than 5 mm [24]).

As neoadjuvant radiotherapy has acute toxicity, subacute
and late adverse effects [25-29] and increased occurrence of
secondary malignancies [30] is observed, any unnecessary
neoadjuvant therapy should be avoided. Thus, the demand

for a more selective indication for neoadjuvant treatment
increases [7, 8, 31-34].

One possibility to accomplish this goal has been opened
by the modern high-resolution thin-section MRI with
phased-array surface coils and imaging the tumour in its
true transverse plane [11, 17, 35-38]. This technique allows
the assessment of the relation between tumour and meso-
rectal fascia with high reliability (see overviews by Lahaye et
al. [9] and Hermanek et al. [10]). In this way, the possibility
of complete tumour resection can be predicted. In cases of
potentially involved CRM and, thus, questionable complete
resection, in particular if the distance between tumour and
mesorectal fascia is 1 mm or less in MRI, neoadjuvant
treatment with the target of tumour shrinkage and regres-
sion (downsizing, downstaging) seems indicated [8, 31, 39—
42].

Up to now, there are no studies comparing T/N-based
and MRI-based indication for neoadjuvant treatment. A
possibility of evaluation of these two policies is the as-
sessment of pCRM status on the resection specimens. In
this respect, today [21] it should be differentiated between:
— pCRM-negative—minimal distance between tumour

and CRM more than 1 mm,
—  pCRM-positive—tumour minimal 1 mm or less from
the CRM or directly involving the CRM.

@ Springer
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radiochemotherapy, has to be assessed as hypothesis only
that should be confirmed in prospective multi-centre obser-
vation studies with quality assurance of surgery, pathology
and MRI. Such a study has started recently (contact Prof. Dr.
T. Junginger, e-mail junginger@uni-mainz.de).
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