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Neoadjuvant Radiochemotherapy and Surgery
for Advanced Rectal Cancer
Prognostic Significance of Tumor Regression*

Hans Theodor Eich', Anna Stepien’, Christian Zimmermann', Martin Hellmich3, Ralf Metzger?,
Arnulf Holscher?, Rolf-Peter Muller!

Purpose: Preoperative radiochemotherapy is widely used in the treatment of locally advanced rectal cancer. The predictive val-
ue of response to neoadjuvant treatment remains uncertain. We retrospectively evaluated the impact of downstaging and tumor
regression as prognostic factors and its influence on the ability to perform sphincter-sparing surgery.

Patients and Methods: A total of 72 consecutive patients with advanced rectal cancer were included in this retrospective analy-
sis. All patients were treated with preoperative 5-fluorouracil-based chemotherapy and pelvic radiation with a total dose of 50.4
Gy followed by surgery 6 weeks later.

Results: A sphincter-preserving procedure could be performed on 42 patients, and in all 72 patients complete resection (R0)
was achieved. A pathological complete response (ypTO, ypNO) was achieved in 8 (11%) patients. None of the patients showing a
complete pathological response relapsed or died during the follow-up period. At a median follow-up of 28 months, 65 patients
were alive, none of these patients had local recurrence and 15 patients had metastatic disease. Patients showing a complete
pathological response had a significantly better 2-year disease-free survival compared to patients with > 10% residual tumor cells
(p = 0.024). Patients < 65 years showed a significantly better response rate, compared with those > 65 years of age (p = 0.036).
Acute toxicity was moderate.

Conclusion: Preoperative radiochemotherapy is an effective and safe treatment for patients with locally advanced rectal cancer.
Pathological parameters after preoperative radiochemotherapy, including tumor regression grading, could be correlated with
disease-free survival. The impact of tumor regression grading needs to be further validated in prospective clinical trials.
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Neoadjuvante Radiochemotherapie und Operation fortgeschrittener Rektumkarzinome: Tumorregression stellt
prognostischen Faktor dar

Hintergrund: Die prdoperative Radiochemotherapie (RChT) gefolgt von einer Operation stellt heute die Standardbehandlung
fur Patienten mit lokal fortgeschrittenem Rektumkarzinom dar. Der Vorhersagewert des Ansprechens auf eine neoadjuvante
RChT ist nicht definiert. Wir untersuchten retrospektiv die Bedeutung des Tumoransprechens (Downstaging) und der Tumor-
regression als prognostische Faktoren und ihren Einfluss, eine sphinktererhaltende Operation zu ermdglichen.

Material und Methode: Die vorliegende Analyse umfasst 72 konsekutive Patienten mit fortgeschrittenen Rektumkarzinomen,
die im Zeitraum Januar 1999 bis Dezember 2006 eine neoadjuvante RChT erhielten. Die Behandlung bestand aus einer perkuta-
nen Radiotherapie mit 50,4 Gy und einer simultanen 24-h-Dauerinfusion von 5-Fluorouracil (Woche 1 und 5) gefolgt von einer
radikalen Tumorresektion. Neben dem Ansprechen des Tumors im Sinne eines Downstagings wurden mdgliche prognostische
Faktoren analysiert.

Ergebnisse: Nach einer medianen Nachbeobachtungszeit von 28 Monaten kam es bei keinem Patienten zu einem Lokalrezidiv
und bei allen 72 Patienten gelang eine komplette Resektion (R0). Das Ansprechen auf die neoadjuvante RChT im Sinne einer
histopathologischen Tumorregression konnte als relevanter Prognosefaktor fiir das krankheitsfreie Uberleben herausgearbeitet
werden (Abbildung 1). 8 Patienten (11%) erreichten eine histopathologische komplette Remission (ypTO0, ypNO). Dariiber hinaus
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zeigten Patienten unter 65 Jahre ein signifikant besseres Ansprechen auf die praoperative RChT im Sinne eines Downstagings als
Patienten tiber 65 Jahre (p = 0,036). Die Akuttoxizitat der neoadjuvanten Therapie ist moderat.

Schlussfolgerung: Die neoadjuvante RChT mit anschlieBender radikaler Resektion ist eine effektive und sichere Behandlung
lokal fortgeschrittener Rektumkarzinome. Die Tumorregression konnte mit dem krankheitsfreien Uberleben korreliert werden.
Inwieweit die Tumorregression als valider Prognoseparameter angesehen werden kann, muss in prospektiven klinischen Studien

Uberpriift werden.

Schliisselworter: Radiotherapie - Rektumkarzinom - Neoadjuvante Radiochemotherapie - Prognostische Faktoren

Introduction
Locally advanced rectal cancer is one of the most frequent tu-
mors. Rectal cancer has an annual incidence of 22 per 100,000
men and 16.4 per 100,000 women. Most of the patients are male
and the mean age is between 60-65 years.

Prospective trials that have investigated the potential ad-
vantage of preoperative radiochemotherapy with 5-fluoroura-
cil (5-FU) over radiotherapy (RT) alone have shown that the
addition of chemotherapy to preoperative RT results in downs-
izing and pathological downstaging and improves local control
but has no significant effect on survival of patients. Based on
these clinical data, preoperative radiochemotherapy followed
by surgery is the standard treatment for locally advanced rectal
cancer [1,2,4,9, 15, 16, 23, 26, 28].

The purpose of this analysis was to evaluate the Cologne
experience of patients who received neoadjuvant radiochemot-
herapy for locally advanced rectal cancer. Factors associated
with pathologic tumor response following preoperative thera-
py and the prognostic impact of pathologic response on overall
and disease-free survival (DFS) were evaluated. Furthermore, a
possible correlation between the occurrence of acute- or long-
term toxicities [20, 21, 22, 29] and the treatment planning pro-
cedure (2D vs. 3D) was determined.

Patients and Methods

Study Design and Treatment
This study comprises a retrospective review of 72 consecu-
tive patients, who received neoadjuvant radiochemotherapy
at the Department of Radiation Oncology, University of Co-
logne, Germany, between January 1999 and December 2006.
Surgery was performed in 46 patients at the Department of
General, Visceral, and Cancer Surgery, University of Cologne,
Germany, and in 26 patients at nonacademic referral hospitals
(n=10).

The regime was used for locally advanced rectal cancer
stage II-III according to the UICC classification which were
resectable and had no distant metastases. RT was delivered with
10-15 MV photon beams at 1.8 Gy/fraction up to 50.4 Gy in 28
daily fractions for 5 days a week. Patients were treated in prone
position with a belly-board immobilization device. Doses were
always prescribed according to the International Commission
on Radiation Units and Measurements reference point. Ninety-
five percent of the planning target volume (PTV) had to be co-
vered by at least 95% isodose line in all patients. A three-field
box technique was usually used; all treatments fields were in-
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dividually configured with multileaf collimators (MLC). Ra-
diation treatment planning consisted of 2D techniques in 52
patients (72%) and 3D techniques in 20 patients (28%). Pre-
operative chemotherapy was given as a 120-hour continuous
infusion in two 5-day courses during the first and fifth week of
radiotherapy. 5-FU was given at a dose of 650 or 1000 mg/m?
body area per day. Patients older than 70 years achieved a redu-
ced 5-FU dose of 650 mg. Surgery followed 4-6 weeks after the
completion of the preoperative treatment and clinical restaging
[12, 18]. Standardized surgery which included total mesorectal
excision (TME) was used. Postoperative chemotherapy of pati-
ents with pre- and postoperative N+ status was scheduled de-
pending on the patient’s condition 4-6 weeks after surgery and
was delivered in four courses (5-FU 500 mg/m? every 4 weeks).

Preoperative Clinical Staging

All patients underwent a complete history, physical examina-
tion, digital rectal examination, transrectal rectoscopy with bi-
opsy, full colonoscopy when possible, computed tomographic
(CT) scan of the chest, abdomen and pelvis, and endosonogra-
phy. The distance between the tumor from the anal verge was
determined by rigid rectoscopy. T-stage was primarily defined
within the transrectal ultrasound. Every visible lymph node in
the transrectal ultrasound and/or in the CT was classified as
positive [25].

Histopathologic Staging and Assessment of Tumor

Regression
Histopathologic staging was performed according to the pTNM
classification of the UICC [31]. Tumor regression of the pri-
mary tumor was semiquantitatively determined by the amount
of viable tumor vs. the amount of fibrosis, ranging from no evi-
dence of any treatment effect to a complete response with no
viable tumor identified, as described by Miiller and Junker [14].
Tumor regression grade (TRG) I was defined as no regression;
TRG ITa as more than 10% residual tumor cells; TRG IIb, as less
than 10% residual tumor cells; TRG III, as total regression (no
viable tumor cells). Tumor downstaging was defined by a com-
parison in the pretreatment TN stage (determined by clinical,
radiographic, and ultrasound staging) to the pathologic stage
[30].

Follow-Up

Follow-up examinations were recommended at 3-month inter-
vals for 2 years, then at 6-month intervals for 3 years. Evalua-
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tions consisted of physical examination and blood tests. Recto-
and colonoscopy, abdominal ultrasound, CT of the abdomen,
and chest radiograph were applied according to the guidelines
of the German Cancer Society [13, 27]. Histologic confirma-
tion of local and distant recurrence was encouraged. Alternate
acceptable criteria included sequential enlargement of a mass
in radiologic studies.

Statistical Analysis

The X? trend test for ordered categories was used for ordered
prognostic factors with more than two categories. For dichoto-
mous variables, the ordinary X? test was used. The prognostic
factors were evaluated for overall survival (OS) by log-rank test
[18] and Cox regression analysis. Survival was defined as the
time between diagnostic biopsy and last follow-up or death.
Survival curves were estimated according to the Kaplan-Meier
method [17]. A p level < 0.05 was considered significant. Data
was analyzed using SPSS statistical software (Release 15.0, SPSS
Inc. Chicago, IL, USA).

Results

Patient Characteristics
A total of 72 patients received the full course of multimodal
therapy. Patient and tumor characteristics are displayed in
Table 1. Tumor resection was performed in all 72 patients.
Complete resection (R0) was achieved in all patients. The
surgical procedures included abdominoperineal resection
in 20 patients (28%), low anterior resection in 40 patients
(56%), anterior resection in 5 patients (7%), intersphincter
resection in 1 patient (1%). Two patients (3%) received a full
rectal wall excision by transanal endoscopic microsurgery.
Four patients (6%) with simultaneous liver metastases re-
ceived preoperative treatment based on the strong patients
wish. Two of these patients, each with two liver metastases,
were treated with radiofrequency ablation, 1 patient with
three metastatic lesions with hemihepatectomy, and another
patient with five metastases was treated with atypical liver
segmentectomy.

Survival
At a median follow-up of 28 months, 90% of the patients
were alive. The 2-year OS was 93% + 3.2% and 2-year DFS
was 78% + 5.3%. Patients with complete pathologic response
were characterized by significantly improved 2-year DEFS
(p = 0.024; Figure 1). The 2-year DFS for patients with in-
termediate (less than 10% residual tumor cells) or complete
tumor regression (ypTO, ypNO) was 100% compared with
82% + 9.4% for patients with 10% residual tumor cells and
76% + 14.8% for patients with poor response (> 10% residu-
al tumor cells). The 2-year DFS for patients who achieved a
downstaging was 78.7% * 6.8% and for patients without down-
staging 81.6% + 7.5% (n.s.). Fifteen patients (21%) developed
distant metastases (lung 8, liver 4, bone 2, lymph node 1).
Seven patients (10%) died. Causes of death were distant
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Table 1. Patients and tumor characteristics.

Tabelle 1. Patienten und Tumorcharakteristika.

Number of patients 72
Age range (years) 31-81
Median age (years) 59
Sex
Male 41 (58%)
Female 31 (42%)

Tumor localization

< 6 cm from anus 20 (28%)

6-12 cm from anus 37 (51%)

> 12-16 cm from anus 15 (21%)
Histology

Adenocarcinoma 70(97%)

Signet-ring cell carcinoma 2 (2%)

Undifferentiated carcinoma 1 (1%)
cT stage

cT2 7 (10%)

cT3 50 (69%)

cT4 15 (21%)
cN stage

cNO 28 (39%)

cN1 41 (57%)

cN2 3 (4%)
Dukes stage

ulcCl 4 (6%)

ulccl 23 (32%)

uicci 44 (61%)

uicCIv —

metastasis<patients and independent of the primary tumor or
treatment in 2 patients.

Pathological Response

The pre- and posttherapeutic histopathological tumor stages
(both UICC) are summarized in Table 2. Downstaging was
achieved in 42 patients (58%). A complete remission (ypTO0, yp-
No) was achieved in 8 patients (11%): 1 of these patients had an
initial UICC stage of I, 2 patients stage II, and 5 patients stage
III. Of the 44 tumors (61%) examined for tumor regression, 8
tumors (18%) showed no viable tumors cells in the rectal wall
(TRG III), whereas in 9 tumors (21%) no regressive changes
could be found (Table 3).

Sphincter Preservation
For the group as a whole, sphincter preservation (SP) was
possible in 59% (n = 42), and an abdominoperineal resec-
tion (APR) was required in 41% (n = 29) of cases. SP was pos-
sible in 28 patients of the group who achieved downstaging
(n = 42). No correlation was observed between downstaging
and sphincter preservation. There was also no correlation be-
tween SP and the pretreatment distance from the anal verge
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Figure 1. Disease-free survival of 44 patients with rectal carcinoma after
preoperative radiochemotherapy and curative resection (R0), according
to tumor regression grading (TRG). The 2-year survival was: TRG | = 76.2%
+14.8%, TRG lla = 82.3% + 9.4%, TRG IIb and Ill = 100% (p = 0.024).

Abbildung 1. Krankheitsfreies Uberleben von 44 Patienten mit Rektum-
karzinom nach praoperativer Radiochemotherapie beztiglich der Tumor-
regression (TRG) . Das 2-Jahres-Uberleben betrug: TRG | = 76,2% + 14,8%,
TRG lla =82,3% + 9,4%, TRG llb and Ill = 100% (p = 0,024).

(Table 4). However, a correlation between SP and T stage
(p =0.027) could be defined (Table 5).

Correlation Between Age and Tumor Staging
Interestingly, a relationship between downstaging and the pa-
tients’ age was observed. Among patients < 65 years, 33 patients
(46%) showed downstaging in comparison to 9 patients (13%)
in the group of patients > 65 years (p = 0.036).

Toxicity of Radiation and Chemotherapy
The intensity of clinical adverse events was graded according to
the National Cancer Institute Common Toxicity Criteria (NCI-
CTC) [29]. The most frequent acute side effects were mild
(grade 1 and 2) erythema (6%) and mucositis (3%). Gastroin-
testinal toxicity (enteritis) was observed in 10 patients. There
was no case of radiogenic cystitis. No hematological grade 3 or
4 toxicity was encountered during therapy. Five patients had
perioperative wound complications. The overall rates of long-
term toxic effects during the 28-month follow-up were low. One
patient suffered delayed wound healing. Four patients (7%) re-
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ported some form of fecal incontinence, 6 patients complained
about perianal pain, 1 patient about erectile dysfunction, and 3
patients had chronic diarrhea [5, 7, 8].

Discussion

This retrospective study presents the outcome of 72 consecu-

tive patients, who received neoadjuvant radiochemotherapy

for locally advanced rectal cancer comparable to the regimen
of the German Rectal Cancer Group [26]. The following results
emerge from this study:

o Preoperative radiochemotherapy induces a significant
downstaging with 8 patients (11%) achieving a pathological
complete response (pCR) of the tumor (ypTOypNO).

« Tumor regression revealed by the histopathological exami-
nation serves as a good prognostic index for disease-free
survival.

« Sphincter sparing was achieved in 59% of all patients. It was
clearly related to the depth of tumor invasion.

The results in our experience include a 11% complete response
and a 58% downstaging rate. This correlates to other studies
which present complete remissions in 7-30% with a compara-
ble regimen [6, 12, 15, 26]. In the German Rectal Cancer Trial,
a pCR rate of 8% was achieved [26]. Janjan et al. [12] presented
the results of preoperative radiochemotherapy in 117 patients
with locally advanced rectal cancer: 45 Gy in 25 fractions over
5 weeks with continuous infusion of 5-FU (300 mg/m?/day).
Surgery was performed 6 weeks later. They reported an im-
pressive pCR rate of 27% and a downstaging rate of 62% [12].
The pCR rate was identified as a prognostic factor for patients
undergoing neoadjuvant radiochemotherapy for rectal cancer
[24]. The long-term outcome of patients exhibiting pCR is fa-
vorable (local relapse rate 1.6%, 5-year cancer-specific survival
94%) [3]. Two-drug regimens were shown to be associated with
higher pCR rates in an analysis of several trials including a to-
tal 3,157 patients [10]. Furthermore, molecular targeted agents
such as cetuximab, an antibody targeting the epidermal growth
factor receptor (EGFR), seems to be attractive in neoadjuvant
regimens and are currently pursued. However, in the German
MARGIT Phase 1II trial, which enrolled 50 patients, the addi-
tion of cetuximab in combination with capecitabine, irinote-
can, and radiotherapy failed to increase the pCR rate (8%) as
well as the downstaging rate (45%) [11].

In the present analysis, complete pathological regression
was significantly associated with an improved disease-free sur-
vival rate. The differences in disease-free survival were accoun-
ted for by the development of distant metastases. However,
freedom from distant metastases was achieved in all ypTOypNO
patients after a median of 28 months. Rodel et al. [24] assessed
the impact of tumor regression grading (TRG) in a cohort of
rectal carcinoma patients treated by preoperative radiochemo-
therapy. TRG was evaluated in surgical specimens of 385 pati-
ents treated within the preoperative radiochemotherapy arm of
the CAO/ARO/AIO-94 trial. The 5-year disease-free survival
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was 86% for patients when no viable tu-
mor cells were detected, 75% for patients

Table 2. Preoperative vs. postoperative UICC staging.

Tabelle 2. Praoperatives vs. postoperatives UICC-Stadium.

with intermediate pathologic response,

Postoperative b3
and 63% for patients with a morpholo- Preoperative ypT,NM, I I m unknown
gically unaltered tumor mass (p = 0.006) 1(T,N,M,) 1(1%) 2 (3%) 0 0 5 (7%)
(24]. The authors recommended inclu-(r\ TN M) 2(3%) 9 (129%) 609% 101%)  24(33%)
ding TRG into the‘ patholo'glc evaluati- I(T,_N, M) 5 (7%) 6(9%)  19(26%) 0 43 (60%)
on. Another positive predictor for the s 8 (11%) 17 (24%)  27(38%) 19(26%) 1(1%) 72 (100%)

patient outcome could be toxicity duri-
ng treatment. Wolff et al. [32] reported
on a statistically significant correlation
between high-grade acute organ toxicity
during preoperative radiochemothera-
py and complete tumor regression after

total mesorectal excision in multimodal ohne Downstaging.

Table 3. Histopathologic regression rating for clinical responder and nonresponder. RTC: residual
tumor cells; responder: patients who achieved downstaging; nonresponder patients who did not
achieve downstaging.

Tabelle 3. Histopathologischer Regressionsgrad in der,Responder”- und,Nonresponder“-Gruppe.
RTC: residuelle Tumorzellen; Responder: Patienten mit Downstaging; Nonresponder: Patienten

treatment oflocally advanced rectal can- Histopathologic regression Clinical responder Clinical nonresponder ¥ p

cer. No regression 3 (7%) 6 (14%) 9 0.031
Sphincter preservation (SP) is ano- >10% RTC 10 (23%) 9 (20%) 19

ther important goal of preoperative < 10%RTC 6 (14%) 2 (5%) 8

therapy. In the presented analysis, SP is No residual tumor cells 8(18%) 0 (0%) 8

rather low at 59% of all patients. This cor- z 27 (62%) 17 (38%) 44

relates with the reported data by Janjan et
al. [12], where SP was possible in 59% (n
= 69), and an abdominoperineal resec-
tion was required in 41% (n = 48). Ho-

Table 4. Surgery with or without preservation of the sphincter in rrelation to the pretherapeutic
localization of the tumor.

Tabelle 4. Operation mit oder ohne Sphinktererhalt in Bezug auf die pratherapeutische Tumor-

wever, in the CAO/ARO/AIO-94 study
[26], the abdominoperineal resection

rate was only 26% in the preoperative
radiochemotherapy arm. The lower rate
of SP in our retrospective analysis could
be influenced by a number of variables,
including the specific criteria used for SP

lokalisation.
<6-cm 6-12cm >12cm
from anus fromanus fromanus P
Without sphincter preservation\ 1(15% 4(20% 4 (5%) 29 (40%) NS
With Sphincter preservationl 9(13% D3 (32% 11 (15%) 43 (60%)
> 20 (28%) 37 (52%) 15 (20%) 72

by the referring surgeon and referral bias.
There was no correlation between SP and
the site of surgery (university hospital vs.
nonacademic referral hospital) and there was no correlation
between DFS and site of surgery. SP was clearly related to the
depth of tumor invasion. However, in the present analysis the
rates of complete resection and sphincter sparing surgery did
not differ between the groups with and without downstaging.
No statistical relationship was observed when SP was considered
relative to the pretreatment distance from the anal verge. This is
possibly also caused by the large variety of referring surgeons
in this limited number of patients with different experience in
the surgical management of rectal carcinoma [19]. Janjan et al.
[12] clearly demonstrated that preoperative radiochemotherapy
allowed sphincter sparing surgery in over 40% of patients whose
tumors were located < 6 cm from the anal verge who otherwise
would have required colostomy.

Conclusion
Neoadjuvant radiochemotherapy with 5-FU and 50 Gy pelvic
irradiation represents the standard treatment for patients with
locally advanced rectal cancer. This procedure achieves high
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Table 5. Correlation between T stage and sphincter pres
Ebelle 5. Korrelation zwischen T-Stadium und Sphinktererhalt.
pTO pT1 pT2,3 pT4 X p
Without sphincter presgrvation] Iﬂ El 3 29 0.027
With sphincter preservation 7 3 31 1 42
> 8 4 55 4 712

20ne additional patient with no information about posttherapeutic
histopathologic tumor stage.

rates of tumor regression. Pathological parameters after pre-
operative radiochemotherapy including TRG have been corre-
lated with disease-free survival. The impact of TRG needs to be
further validated in prospective clinical trials.
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