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Objective: Standard surgery alone was not able to decrease local recurrence (LR) rate below 20% in rectal cancer
treatment. Thus, many centers administered neoadjuvant radiotherapy (preopRTx) with or without concomitant
chemotherapy for the prevention of LR. In this study, the results of 164 consecutive patients with mid- and distal
rectal cancer who received surgery and adjuvant chemoradiotherapy (Group A) or neoadjuvant chemoradiotherapy
(Group NA) followed by surgery are presented.

Material and Methods: The staging system used in this study is that of the American Joint Committee on Cancer
(AJCQ), also known as the TNM system. Eligible patients were required to have radiologically assessed stage 1 (only
T2NOMO) to stage 3C (T4bN1-2MO0) tumor with pathologically confirmed RO resection. The surgical method was total
mesorectal excision (TME). Radiotherapy was applied with daily 180 cGy fractions for 28 consecutive days. Chemo-
therapy comprised 5-fluorouracil (450 mg/m?/d) and leucovorin (20 mg/m?/d) bolus at days 1-5 and 29-33.

Results: Nine patients (13%) in Group NA achieved pathologic complete response (pCR). In Group NA and Group A, lo-
coregional recurrence (LRR) rates were 6.7% and 30.8%, (p<0.001), the mean LR-free survival was 190.0+7.3 months
and 148.0+£11.7 months (p=0.002) and the mean overall survival (0S) was 119.2£15.3 months and 103.0+9.4
months (p=0.23), respectively. A significant difference with regard to LR has been obtained with a statistical power
of 0.92. Secondary outcome measures (DFS and 0S) have not been met.

Conclusion: Neoadjuvant chemoradiotherapy with TME is an efficient treatment protocol, particularly for the treat-
ment of magnetic resonance imaging-staged 2A to 3C patients with two or three distal rectal adenocarcinomas.
Given that a considerable proportion of patients with cT2NOMO would develop pCR, this method of treatment can
be considered for further studies.
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INTRODUCTION

Local recurrence (LR) and regional recurrence (RR) after the treatment of rectal cancer is an extremely
serious and devastating consequence and the success rates of corrective treatment are quite low (1).
The incidence of LR ranges widely from 10% to 40% and is directly correlated with the extension of
tumor through the rectal wall and involvement of adjacent lymph nodes (2, 3). Although a worldwide
accepted method of surgery has been implemented in many centers over the last two decades, the
LR rate remained >20% in all surgery-alone groups of previous prospective study reports (4-6). Similar
result had been reproduced by our group in 82 consecutive patients with mid- and distal rectal adeno-
carcinomas having specific histology. The treatment modality was surgery and adjuvant radiotherapy
when indicated; patients in Stage B1-B2 had a local failure rate of 15% compared with 31% of patients
in stage C1-C2 (7).

The most important treatment for the prevention of LR and RR is so far the neoadjuvant radiotherapy
(preop RTx) with or without concomitant chemotherapy. The rationale in this approach is based on more
efficient destruction of the normally oxygenated tumor cells compared to those with impaired perfu-
sion after pelvic surgery; thus, it is hypothesized that this method will eradicate micrometastasis, shrink
tumor burden, and downstage the tumor (8).

MATERIAL AND METHODS

In this study, the results of 164 consecutive patients with mid- and distal rectal cancer who have been treat-
ed with different methodologies at two different periods are presented. In the first period, i.e., between
1993 and 2003, 90 patients received surgery and adjuvant chemoradiotherapy (Group A); in the second
period, i.e.,, between 2004 and 2013, 74 patients received neoadjuvant chemoradiotherapy (Group NA) fol-
lowed by surgery.



Informed consent was obtained from all patients. The eligible

patients were required to have the following conditions:

1. Radiologically assessed TNM stage 1 (T2NOMO) to stage
3C tumor,

2. Adenocarcinoma including all histologic subtypes,

Pathologically confirmed RO resection,

No history of previous cancer, except skin malignancies

(squamous or basal cell carcinoma).

> ow

All patients in the Group NA underwent preoperative chemo-
radiation and total mesorectal excision (TME). The primary and
secondary outcome measures were locoregional recurrence
(LRR) and overall survival (OS). Preoperative assessment in-
cluded complete blood count, blood chemistry, tumor mark-
ers (CEA; CA 19-9), and comorbid disease evaluation. All pa-
tients underwent total colonoscopy to exclude synchronous
tumor. Computed tomography (CT) scanning of the whole ab-
domen and thorax were performed to rule out pulmonary and
liver metastases. Preoperative radiological staging was based
on contrast-enhanced thin-slice (5 mm) CT (CE-CT) in the first
period (Group A) and contrast-enhanced magnetic resonance
imaging (CE-MRI) of the pelvis in the second period (Group
NA). All of the patients underwent elective surgery with cura-
tive intent and had undergone one-stage resection. The pa-
tients who underwent palliative or emergency surgery were
not included.

In the Group A, all patients with TANOMO and advanced tu-
mors and those with peritumoral lymphovascular or perineu-
ral invasion received adjuvant radiotherapy. Radiotherapy was
applied as four-field radiation with daily 180 cGy fractions for
28 consecutive days. A double boost with a cumulative dose of
1080 cGy was administered to the tumor bed and to adjacent
lymphovascular structures. Concurrent chemotherapy with
5-FU (450 mg/m?/d) and leucovorin (20 mg/m?/d) boluses at
days 1-5 and 29-33 was administered, unless otherwise in-
dicated. The same regimen was performed for additional 4-6
courses following neoadjuvant chemoradiotherapy.

In the Group NA, all patients in the clinical stages 1b, 2 (cT2-4,
NO, M0), and 3 (cT1-4, N+, M0) are concerned as candidates for
preoperative radiotherapy+chemotherapy. In this group, ra-
diotherapy consisted of 45 or 50 Gy delivered using a four-field
technique in 1.8- or 2-Gy fractions up to five times per week.
This dose was restricted to posterior pelvic organs including
the complete rectum and mesorectum below the peritoneal
deflection but the external and common iliac nodes were pro-
tected. The same chemotherapy regimen mentioned above
was administered and two or three courses were administered
before surgery. Irradiation treatment for both groups was ad-
ministered by the same center.

All of the patients underwent surgery between 5 and 6 weeks
after the completion of radiotherapy.

The method of resection in both periods was TME. Principally,
tumors located at a distance of 26 cm from the anal verge were
treated with low anterior resection (LAR) and those located at
a distance of <6 cm mostly underwent the Miles procedure.
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Quality Control in Surgery

The surgical technique in this study is described extensively in
the earlier publication (7). The surgical team actively involved
in the kidney and liver transplantation since 1990 have the ex-
pertise and knowledge in cadaver operations and pelvic anat-
omy. Besides, a majority of cases were recorded during the
operation and the pathologic specimen was photographed to
verify the integrity of mesorectal structures (Figure 1).

Pathology

All specimens were sent to the pathology laboratory in 10%
buffered neutral formalin solution. Tumor blocks were cut
transversely into 5-mm sections, including full-thickness tis-
sue of the rectum and mesentery. Hematoxylin-eosin-stained
paraffin slides of 4-um thickness were prepared. The patho-
logical examination of the resection specimen included the
description of the nature, subtype, degree of differentiation of
the primary tumor with the assessment of the invasion depth,
proximal-distal resection margin (PRM-DRM) and circumfer-
ential resection margin (CRM), positive lymph nodes, angio-
invasion, perineural invasion, and presence of satellite tumor.
Our study protocol mandated RO resection; therefore, the me-
sorectum was complete in all specimens and there were no
mesorectal defects deeper than 5 mm in the periphery of the
primary tumor.

Additionally, pathologically assessed RO resection was defined
as follows: no residual tumor cells in non-peritonealized soft
tissue of the rectum, lymph node, or vein at a distance of <1
mm from CRM and longitudinal resection margin.

Statistical Analysis

The difference between the demographic features, surgi-
cal interventions, and morbidities of the two groups were
analyzed by independent sample t-test. Pearson’s chi-square
analysis was used to detect the differences between survival
outcomes. The survival analysis was performed on the basis of
treatment; thus, it excluded nine patients in the Group A who
were lost to follow-up. For all survival analyses, Kaplan-Meier
survival functions were computed with the Cox proportional
hazards model. A p value of <0.05 was considered to be statis-
tically significant.

Figure 1. Total mesorectal excision specimen
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RESULTS

The follow-up was complete in all patients in the Group NA.
However, we could not follow up nine patients in the Group A
over the last 3 years; hence, although they had an uneventful
course during their last follow-up, we excluded them from the
study. Thus, we performed on-treatment analysis. The mean
follow-up period was 53.2+38 months and 69.8+7.8 months
in the Groups NA and A, respectively (p<0.001). Pathological
stage of the tumors in the Group A was not different when
compared with the pretreatment MRI stage of tumors in the
Group NA (p=0.11) (Table 1). There was no difference between
the groups with regard to age, sex distribution, and tumor
localization. However, moderately differentiated adenocar-
cinoma (MDA) subtype was more frequent in the Group NA
(p=0.002) and adenocarcinoma with mucinous differentiation
was more common in the Group A (p=0.001). As expected, the
pPTNM stage of the specimens of the Group NA was significant-
ly lower than that of the Group A.

Among 74 patients in the Group NA, 54 received up to 4-6
cycles of adjuvant chemotherapy. Five patients did not receive
chemotherapy either due to poor performance or gastrointes-
tinal and hematological side-effects, which were unrespon-
sive to a dose reduction of 25%. The oncology council rec-
ommended clinical follow-up for the remaining 15 patients,
of whom 6 had pathologic complete response (pCR), six had
tumor regression to stage 1, and 3 had tumor regression to
stage 2A.

Approximately 13% of the patients (nine patients) in the Group
NA achieved pCR. MRI-based clinical stage was cT2NOMO in
four, cT3NOMO in two, and cT3-T4aN2bMO in three patients.
The histological subtype of these tumors was well or MDAs in
common. None of the patients had LRR until the last follow-
up. However, one patient with cT4aN2bMO has been admitted
with liver metastasis at 24 months after surgery and is already
receiving second-line adjuvant chemotherapy (Table 2). No
difference was observed in terms of the type of surgery and
related complications between the groups (Table 3).

Locoregional Recurrence

In the Group NA, LRR occurred within 5-25 months after sur-
gery in 5 of 74 patients (6.7%). In the Group A, 25 of 81 patients
(30.8%) developed LRR within 6-108 months (p<0.001). The
statistical power is 0.92 (Table 3). The mean LRR-free survival
was 190.0+7.3 months in the NA and 148.0+11.7 months in the
Group A (Log Rank Mantel-Cox; p=0.002) (Figure 2).

Disease-Free Survival Analysis

Nineteen patients in the Group NA (25.7%) and 41 of 81 pa-
tients (50.6%) in the Group A had either locoregional or dis-
tant organ metastasis during the last follow-up (Table 4). Time
to first LRR and time to distant metastasis ranged between 6
and 67 months and between 6 and 195 months after the op-
eration, respectively. Median DFS was 110+£16.1 months in
the Group NA and 113£25.4 months in the Group A (Figure 3).
None of the patients developed distant metastasis while re-
ceiving neoadjuvant chemoradiotherapy or during the wait-
ing phase of 6 weeks before curative surgery. One patient in

Table 1. Pretreatment MRI-staging in Group NA versus
pathological stage of tumors in Group A

Adjuvant group Neoadjuvant group
(pathological staging (pretreatment
after surgery) MRI staging)
(n, %) (n, %) p
Stage 1 8(9.9) 0(0) 0.108
Stage 2A 28 (34.6) 24 (32.4)
Stage 2B 6(7.4) 3(4)
Stage 3A 2(2.5) 1(1.4)
Stage 3B 24 (29.6) 33 (44.6)
Stage 3C 13(16) 13(17.6)

MRI: magnetic resonance imaging

Table 2. Demographic patterns

Group Adjuvant Neoadjuvant p
Age (MeanzSD) 56.2+11.9 62+10.6 0.083
Sex (n, %)

Female 27 (33.3) 33(446) 0.187
Male 54 (66.7) 41 (55.4)

Tumor localization (cm) 6.21+2.43 6.45+2.74 0.448
(Mean+SD)

Histologic subtype (n, %)

Well differentiated 8(9.8) 4(5.4) 0.015
Moderately differentiated 56 (69.1) 66 (89.2)

Poorly differentiated 3(3.7) 3(4.1)

Mucinous 13 (16) 1(1.3)
Signet-cell carcinoma 1(1.4) 0(0)
Histopathologic stage (n, %)

Stage 0 0(0) 9(12.7)  <0.001
Stage 1 8(9.9) 19 (26.8)

Stage 2A 28 (34.6) 22 (31)

Stage 2B 6 (7.4) 2(2.8)

Stage 3A 2(2.5) 2(2.8)

Stage 3B 24 (29.6) 16 (22.5)

Stage 3C 13 (16.0) 1(1.4)

SD: standard deviation

the Group NA developed metachronous colon tumor during
the follow-up.

Overall Survival Analysis

During the last follow-up, 56 patients in the Group NA (69%)
and 25 patients in the Group A (31%) were alive. Fifty-four
patients in the Group NA and all patients in the Group A had
no evidence of pelvic or distant organ metastasis. The mean
and median OS were 119.2+15.3 vs. 103.0£9.4 months and
119.0£24.7 vs. 69.0+£24.0 months, respectively (Log Rank Man-
tel-Cox; p=0.23) (Figure 4).



Table 3. Surgery and morbidity

Group Adjuvant Neoadjuvant p
Operation (n, %)

Miles 51 (63) 39(52.7) 0.281
LAR 30(37) 35 (47.3)
Technique of anastomosis (n, %)

Colostomy 51(63) 39(52.7) 0.251
Manual 10(12.3) 10(13.5)

Stapler 20 (24.7) 25(33.8)
Postoperative complication (n, %)

Absent 68 (84) 59(79.7)  0.406
Present 13(16) 15 (20.3)

Type of complication (n, %)

Anastomotic leak 6(7.3) 6(8.1) 0.392
Colostomy necrosis 0(0) 2(2.7)
Rectovaginal fistula 0(0) 3(4.0)

Wound infection 2(2.5) 1(1.4)
Eventration 2(2.5) 1(1.4)
Mechanical bowel obstruction 2 (2.5) 2(2.7)

Ureteral damage 1(1.2) 0(0)

LAR: low-anterior resection
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Figure 2. Locoregional recurrence-free survival; Kaplan-
Meier survival plot

In this study, a significant difference between the two groups
in terms of LR (the primary outcome measure) has been ob-
tained with a statistical power of 0.91. The rate of adherence
to preoperative chemotherapy was 86.5% (64 patients) and to
postoperative chemotherapy was 96% (78 patients).

DISCUSSION

This is a single-center clinical trial in which all patients were care-
fully monitored and the treatment protocol in two consecutive pe-
riods was strictly followed with no violation. Moreover, although a
standard surgery with the pathological assessment of quality have
been implemented throughout the study, the prerequisite of RO
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Figure 4. Overall survival; Kaplan-Meier survival plot

resection for final analysis eliminated inter-individual variability in
surgery and eliminated the possibility of the surgeon being the
predominant prognostic factor. Thus, this enabled us to clearly
demonstrate the efficacy of neoadjuvant versus adjuvant chemo-
radiotherapy with no confounding factor and bias.

In this longitudinal prospective study, we compared the effi-
cacy of adjuvant and neoadjuvant radiotherapy with fluoropy-
rimidine-based concomitant chemotherapy in patients with
2/3 distal rectal cancer. For a total of 155 patients for whom a
standard surgery was implemented, LR rates of 30% in the first
decade could be reduced to 7% in the second decade, thereby
indicating the superiority of neoadjuvant chemoradiotherapy.
Besides, in the Group NA, all LRR occurred within 25 months
after the surgery, indicating a uniform biological behavior;
however, LRR in the Group A followed an unpredictable course
and were detected at 6-108 months after surgery (25% were
observed after 24 months).

With respect to LRR and pCR, our results are similar to EORTC
Radiotherapy Group Trial 22921 and FFCD 9203 Trial, in which
a 5-year cumulative incidence of 7.6% and 8.1% LR with 13.4%
and 11.4% pCR were reported, respectively, in the group of
patients who received neoadjuvant chemoradiotherapy with
postoperative chemotherapy. In these studies including 1100

21



222

Zengel et al.
Neoadjuvant chemoradiotherapy in rectal cancer

Table 4. Loco-regional recurrence and distant metastasis

Group Adjuvant  Neoadjuvant p
Locoregional recurrence (n, %)

Absent 56 (69.2) 69(933) <0.001
Present 25(30.8) 5(6.7)

Distant metastasis (n, %)

Absent 57 (70.4) 60 (81) 0.12
Present 24 (29.6) 14 (19)
Locoregional recurrence with 8(9.8) 0(0) 0.005
distant metastasis (n, %)

Metastatic site (n, %)

Liver 13(16.0) 2(2.8)

Lung 4(4.9) 5()

Brain 0(0) 1(1.4)

Peritonitis carcinomatosa 6(7.5) 0(0)

Multiple metastases 1(1.2) 4(5.6)

Other 0(0) 2(238)

and 733 eligible patients, neoadjuvant chemoradiotherapy
with adjuvant chemotherapy appeared to have a positive im-
pact on LRR, despite the absence of any effect on OS; thus, this
regime was recommended for T3-4, NO-2, and M0 adenocarci-
noma of the mid- and distal rectum (9, 10).

pPCR was obtained in nine patients of the Group NA (12.7%). All
of these patients had well or moderately differentiated tumors,
whereas MRI-based clinical stage varied between stage 2A and
3C. In another single-center trial with an identical treatment
protocol, 24% of 140 patients had no viable tumor (T0) on
the pathological analysis of the surgical specimens. Subgroup
analysis of TO tumors revealed that 26% of the preoperative
stage 2 and 20% of the preoperative stage 3 patients achieved
pCR after neoadjuvant chemoradiotherapy (11). Therefore,
concerning the achievement of pCR, decision making via MRI
staging and implementation of neoadjuvant radiotherapy in
early stage tumors may produce excellent results. In a pooled
analysis of 3105 patients in 17 prospective randomized clinical
trials, 16% of the patients had pCR with a median follow-up of
48 months. pCR was the one and only predictor of disease-free
survival with a hazard ratio of 0.54 (12).

Neoadjuvant (preoperative) concomitant chemoradiotherapy
(CRT) has become a standard treatment of locally advanced
rectal adenocarcinomas that represent clinical stages 2 (cT3-4,
NO, M0) and 3 (cT1-4, N+, MO) according to International Union
Against Cancer (IUCC) (13). During the initial phase of our
study, we have included all pathological stage 2A (T3NOMO)
patients in the Group A. To prevent any violation in the proto-
col, we have also included patients with MRI-stage 2A into the
Group NA. In a systematic review of six randomized controlled
trials regarding the efficacy of neoadjuvant chemoradiation
for non-metastatic locally advanced rectal cancer, this treat-
ment policy achieved a significant reduction in LR when com-
pared with preoperative radiation-only arm (14). We have not

observed significant benefit of neoadjuvant chemoradiother-
apy and adjuvant chemotherapy on OS or disease-free surviv-
al in our study. This finding may be regarded as inconsistent
with some studies or meta-analyses; however, in majority of
the studies, the OS benefit is low. For example, a meta-analysis
of seven randomized control trials (RCTs) and 10 retrospective
studies including >5000 patients who were treated with neo-
adjuvant chemoradiotherapy and surgery for rectal cancer,
subsequent adjuvant chemotherapy improved the 5-year OS,
particularly in downstaged patients and in retrospective series
(15). In a single-center retrospective study of patients under-
going curative surgery for stage 2 and 3 rectal cancer, there
was a significant difference in LR between the neoadjuvant
chemoradiotherapy and surgery-alone groups but not in OS
(64.2% versus 64.6%; p=0.628) (16).

Another reason underlying the lack of survival benefit in our
series may be the standard neoadjuvant and adjuvant chemo-
therapy regimen composed of 5-FU in bolus (450 mg/m?) plus
leucovorin (20 mg/m?). Furthermore, in a multi-center ran-
domized trial of patients with pathological stage 2 or 3 rectal
cancer after preoperative fluoropyrimidine-based chemora-
diotherapy and TME, the addition of oxaliplatin to fluoroura-
cil and leucovorin (FOLFOX) improved the 3-year disease-free
survival (71.6%) when compared with that of the fluorouracil
plus leucovorin group (62.9%) (hazard ratio, 0.657; p=0.047);
thus, further investigation of different potential regimens as
complementary to neoadjuvant chemoradiotherapy proto-
cols is recommended (17). Finally, after a median follow-up of
11 years, the German Rectal Cancer Study Group reported a
small but statistically significant benefit solely in local relapse
(7% vs. 10%, respectively, in the Groups NA and A; p=0.048)
and no differences in OS and disease-free survival (18).

Our study has some drawbacks. One of them is the absence
of trans-rectal endoscopy for the preoperative staging of pa-
tients in both treatment periods. The second is that the che-
motherapy protocol was invariably composed of 5-FU in bolus
(450 mg/m?) plus leucovorin (20 mg/m?). It has already been
demonstrated that infusional 5-FU rather than bolus 5-FU dur-
ing RT increases the likelihood of pCR in patients with locally
advanced rectal cancer (19). However, to prevent treatment
bias in the period of neoadjuvant treatment, we did not use
the infusion protocol.

CONCLUSION

Neoadjuvant chemoradiotherapy with TME is an efficient
treatment protocol, particularly in terms of local relapse for
the treatment of MRI-staged 2 and 3 patients with 2/3 distally
located rectal adenocarcinomas. In addition, given that a con-
siderable proportion of patients with cT2NOMO would develop
pCR, this treatment modality can be implemented more fre-
quently in future studies.
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