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Factors predict Complete Histological Response following neoadjuvant
radiochemotherapy for rectal cancer

ABSTRACT

Introduction and objective : Radiotherapy combined with concomitant chemotherapy, followed by surgery, is
currently the standard treatment for locally advanced rectal cancer. This therapeutic strategy improves local control
and increases the sphincter preservation rate. In addition, a pathological complete response (pCR) can be achieved
in up to 20% of cas.

The objective of our study was to determine the predictive factors for pCR after neoadjuvant RCT.

Methods : This is a retrospective study of a series of 430 patients with rectal carcinoma, collected from January 2018
to December 2023 at the National Institute of Oncology in Rabat, who received radiotherapy with concomitant
chemotherapy based on Capecitabine and subsequent surgery.

Results : In this study, 430 consecutive patients with rectal carcinoma were treated with RCC, 315 underwent surgery
performed 6 to 8 weeks after the end of radiotherapy. The median age was 55 years (15—88 years). Regarding the
stage of the primary tumour, 0 cases had T1 disease, 38 cases had T2 disease, 280 cases had T3 disease and 112
cases had T4 disease. 106 cases had NO disease, 324 cases had N+ disease. The pathological stages of the patients
were as follows: 16 cases with ypT1 disease, 92 cases with ypT2 disease, 116 cases with ypT3 disease, and 23 cases
with ypT4 disease. 68 had ypTONOMO disease (ypCR). The total ypCR rate for the 315 patients with LARC was 21.58%.
The predictive factors for p CR were as follows: tumour location: middle rectum, tumour size less than 3 centimetres,
clinical stage T, and well-differentiated tumours.

Conclusions : Pathological characteristics that have been reported to significantly influence patient outcomes after
neoadjuvant RCC include post-treatment pathological stage (ypTNM). They provide a good indicator of tumour
radiosensitivity and chemosensitivity. The incidence of complete histological response in our study was 21%. Tumour
site, size and differentiation were clinical predictors of a complete histological response associated with a very good
prognosis.

KEYWORDS Rectal tumor; neoadjuvant chemoradiotherapy; pathologic complete response

Introduction
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The management of locally advanced cancers of the middle and lower rectum (stage T3 or T4 with or without
lymph node metastases) is based on neoadjuvant treatment (preoperative neoadjuvant chemoradiotherapy (nCRT)).
This strategy has been shown to reduce the rate of local recurrence and facilitate surgical resection [2].

The selection of patients for nCRT is based on preoperative staging, with the aim of identifying those at risk of
marginal resection margins and positive lymph node involvement. These patients have higher recurrence rates,
which can be reduced through a combination of nCRT and total mesorectal excision.

A complete pathological response (pCR) has been observed in approximately 20% of patients, suggesting a potential
survival benefit [9-11]. It is conceivable that this group of patients could be exempted from the morbidity and risks
associated with surgery. However, it should be noted that there is a paucity of case series reporting this approach
[12]. The preoperative prediction of pCR may be possible based on a number of tumour-related factors, including
clinical, pathological, radiological and molecular markers [18-20].

The objective of this study was to identify predictive factors for histological response to neoadjuvant treatment of
locally advanced rectal cancer.

Patients and methods
1. Patient selection

This is a retrospective, cross-sectional study conducted at the National Institute of Oncology in Rabat over a five-year
period between 2018 and 2023. Data was collected from 430 patients with rectal cancer who were referred to the
radiotherapy department for preoperative chemoradiotherapy. 73,25 %, 315 underwent surgery 6 to 8 weeks after
the end of radiotherapy.

Patients were recruited according to the following criteria:

e tumour located within the first 15 centimetres of the anal margin

e presented with rectal adenocarcinoma confirmed by histological examination.
e All patients underwent curative surgery after nCRT

o The study excluded patients

e with distant metastases,

e patients who did not undergo surgery after neoadjuvant treatment.

Data collection :

e Medical history and clinical findings: age, gender, medical history, suggestive clinical signs and time to
consultation.

e Endoscopy and diagnostic biopsy

e Imaging: pre-treatment staging and pelvic MRI, which allowed the tumour size, degree of rectal wall
infiltration and lymph node status to be determined.

e The nature of neoadjuvant treatment

e Type and timing of surgery

e Anatomopathological results of the surgical specimen: the degree of differentiation of the ADK according to
the 2010 World Health Organisation (WHO) classification, the presence or absence of vascular and
perineural invasion, the ypTNM stage. The tumour classification system used to assess tumour response was
the Dworak TRG system.

e Theinformation also included data relating to patient follow-up.

The information was collected from paper and computerised patient records on ENOVA.
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Treatments
All of the patients received:

e Radiotherapy: Radiotherapy was administered at a dose of 50 Gray (46 Gray at the site of the primary tumour
and lymph nodes, followed by a 2 Gy boost, in fractions of 2 Gray 5 days a week.
- Determination of target volumes and organs at risk
- GTV T = Macroscopic tumour (based on clinical, endoscopic and radiological examinations)
- GTV N = Suspicious ADP
- CTV50: GTV T+ 2 cm cranio-caudal margin including the mesorectum at this level,
- CTV 46: CTV HR + entire mesorectum + entire presacral space + 1-1.5 cm anterior margin in adjacent organs
opposite the GTV + CTV N.
- CTV N : lliopsoas areas + (presacral) + external iliac if adjacent organs (prostate, vagina, uterus, bladder) are
affected + Inguinal: to be discussed in case of extension to the anal canal or lower third of the vagina
- PTV:CTV+10 mm
e The concomitant chemotherapy protocol was 800 mg/m2 of oral capecitabine (twice daily) during the
radiotherapy period.
e Patients received surgical treatment 6 to 8 weeks after neoadjuvant treatment. Surgical intervention consisted
of low anterior resection surgery or abdominoperineal resection surgery.

2. Statistical analysis

Statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS) version 21.0 for
Windows. The chi-square test to explore the independent effects of potential predictors on pCR rate.

The predictive factors studied in the univariate analysis were age, sex, TNM stage, tumour diameter, differentiation,
nodal involvement, and the association of chemotherapy with radiotherapy.

Results

Anatomical and clinical characteristics:

The study involved 315 patients with locally advanced ADK of the lower or middle rectum, with or without lymph
node metastases, who underwent concomitant chemoradiotherapy followed by surgery.

The average age of the patients was 55 years, ranging from 15 to 88 years. Male predominance with 52% of cases.
More than 90% of patients exhibited good performance status of <2. On endoscopy, the rectal tumour was budding
in more than 80% of cases. TAP CT scan was requested in 91% of cases, and an abdominal-pelvic MRI was performed
in 74% of patients before neoadjuvant treatment.

Regarding the stage of the primary tumour, 0 cases had T1 disease, 38 cases had T2 disease, 280 cases had T3
disease, and 112 cases had T4 disease. 106 cases had NO disease, 324 cases had N+ disease.

STAGE OF THE PRIMARY TUMOURE
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119 Treatement

120  Atotal of 315 patients (75%) had surgery after receiving neoadjuvant CCRT, which took between 6 and 8 weeks.
121  The following techniques are used:

122 A total mesorectal excision with two types of resection: an abdominoperineal amputation (ACAD) or an anterior low
123  anastomosis (AAP), with or without additional pelvic lymph node dissection (CPC).

124  The most common complication after neoadjuvant treatment was gastrointestinal (Gl) diseases.

125 Anatomopathological study of the surgical specimen

126  The patient's iliness progressed as follows: There were 16 cases of ypT1 disease, 92 cases of ypT2 disease, 116 cases
127  of ypT3 disease, and 23 cases of ypT4 disease. 68 patients had ypTONOMO disease (i.e., ypCR). The overall ypCR rate
128  for the 315 patients with LARC was 21.58%.

129
Anatomopathological study of
the surgical specimen
mypTl
9% 0% 5
ypT2
ypT4
H ypCR
130
131
132 pCR

133 In univariate analyses, patients with well-differentiated histology had a higher pCR rate than patients with poorly
134  differentiated or undifferentiated histology.

135  The pCR rate was also higher in patients with tumour size less than 3 centimetres and T2 stage cancer than in
136 patients with T3 or T4 stage cancer.

137 The predictive factors for pCR were as follows: tumour location: middle rectum, tumour size less than 3 centimetres,
138 clinical stage T, well-differentiated tumours, absence of lymph node involvement (cNO).

139

i&g Table 1 Patient characteristics

1&3 Characteristics n=430

145 Age, years Median 55

146 (ranging from 15 to 88)

147 Gender

148 Male 223 (52)

149 Female 107 (48)

150 Clinical stage

151 T2 38 (22)
T3 280 (78)
T4 112

Lymph node involvement
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Discussion

Over the past decade, significant advances have radically changed the management of locally advanced rectal
cancer. Currently, the therapeutic approach is based on three methods: chemotherapy, radiotherapy and surgery.
The combination of these approaches and the selection of treatments are determined by initial prognostic factors
and tumour response. It is known that treatment outcomes may differ depending on whether or not patients
achieve pCR, and it has been proven that pCR is associated with a better prognosis. It therefore seems reasonable to
determine the clinical, biological and therapeutic factors associated with pCR. Previous research has highlighted
significant variations in pCR rates and the potential predictive factors identified. According to our research, the pCR
rate of 21.58% is within the range of pCR rates documented in scientific publications.

The search for predictive factors for treatment response ideally allows the selection of ‘good’ and ‘poor’ responders
in order to adjust subsequent therapeutic management. It allows certain patients to be spared treatment without
benefits, with added perioperative morbidity, high costs and unnecessary loss of time. These patients could benefit
from an alternative therapeutic strategy or more aggressive treatment from the outset.

Clinical predictive factors

The main clinical factors studied in the literature that influence pCR are: tumour size, circumferential extent, pre-
treatment clinical stage T and N, tumour fixity and distance of the tumour from the anal margin.

Size

Some studies have reported that tumour size prior to treatment was a predictive factor for achieving pCR. In studies
conducted by De Felice et al. and Bozkaya et al., it was indicated that a tumour size <5 cm was associated with a
higher pCR rate (P = 0.035; P = 0.03, respectively) [1,2]. Furthermore, in the study by Bitterman et al., a tumour size 2
3 cm was predictive of a poor response to nCRT (P = 0.023). Our study also indicates that a tumour size 2 6 cm was
associated with a poor tumour response in univariate analysis (P = 0.017).

The disparity in the results found in the different studies could be partly explained by differences in techniques or
interpretation thresholds for the same factor. Indeed, for tumour size, some authors use endoscopic size [3,4]. while
others use rectal examination or imaging size, as in our case [5].

T stage

Clinical T stage and clinical lymph node involvement have been studied as predictors of pCR in previous studies.
Several studies have found that the absence of lymph node involvement at initial evaluation was predictive of pCR
[2]. The study by Yoon et al. [6], which included 351 patients, found that a cNO classification before treatment was a
predictive factor for good tumour regression (p = 0.044). In our study, T2 classification and cNO lymph node status
were independent predictors of pCR.

N stage



192
193
194
195

196

197
198
199
200
201
202
203

204

205
206
207
208

209

210
211
212
213

214

215
216
217
218

219

220

221
222
223
224
225
226
227

228
229
230
231
232
233

We also demonstrated that cNO in patients with rectal cancer was associated with high rates of pCR in univariate (p =
0.021) and multivariate (p = 0.03) analyses . In previous studies, Yoon et al [8]. and Choi et al [7]. both identified cNO
as an independent predictor of pCR and that the use of TME decreased the recurrence rate in patients with rectal
cancer (< 10%) [8].

Distance from the anal margin

The distance from the tumour to the anal margin has been studied as a predictor of histological response by several
authors; a distance from the tumour to the anal margin > 5 cm is thought to be less favourable for tumour stage
reduction (P =0.01) [9]. In our study, tumour location was significantly associated with histological response. The
histological type of rectal tumour has rarely been implicated in the histological response to neoadjuvant treatment
due to the low representativeness of types other than Lieberkuhn adenocarcinoma. However, Bitterman et al. noted
in their study that none of the ten patients with mucinous carcinoma achieved pCR, without being able to
demonstrate a statistical association between these two factors [10].

Differentiation

We also found that the pCR rate was significantly higher in patients with well-differentiated tumours; these results
were consistent with those reported in the literature [11]. A well-differentiated tumour would be more favourable
for tumour sterilisation according to the study by Bozkaya et al. (P = 0.002) [2]. In our study, tumour differentiation
was linked to tumour regression.

IHC

Numerous biomarkers were also tested on pre-treatment biopsies, using IHC in the majority of cases. According to
Reerink and Kuremsky, there is no relationship between the expression of p53, bcl-2 or Ki-67 on pre-treatment
biopsies and response to treatment [12,13].. In our series, we did not test biomarkers but rather clinical, histological
and radiological data.

Treatment-related predictive factors

Over the past two decades, the management of locally advanced rectal cancer has seen considerable progress
thanks to three major revolutions in therapeutic strategies: TME, neoadjuvant radiotherapy and neoadjuvant
chemotherapy. These therapeutic methods have improved local control of the disease and thus increased overall
patient survival.

Preoperative radiotherapy

Several trials have demonstrated the benefits of preoperative radiotherapy on local disease control and survival. The
Stockholm I trial, which randomised 849 patients between surgery alone and short-course radiotherapy at a dose of
25 Gray followed by surgery after one week, found a significant difference in terms of local recurrence (p < 0.001)
[14]. The Swedish trial and the Stockholm Il trial demonstrated the role of short-course preoperative radiotherapy in
reducing local recurrence and increasing overall survival [15,11]. After standardisation of surgery with total
mesorectal excision (TME), the Dutch trial confirmed the benefit of short-course radiotherapy followed by surgery
with TME on the local recurrence rate compared with TME alone.

Currently, intensity-modulated radiotherapy (IMRT), volumetric modulated arc therapy (VMAT) and adaptive
radiotherapy techniques make it possible to irradiate target volumes while preserving neighbouring organs at risk,
particularly the small intestine, the bladder and the bone marrow, and to increase the dose to the tumour through
sequential or integrated dose boosting. A review of the literature published by Burbach et al., which included 487
patients treated with radiotherapy doses >= 60 Gy, showed higher pCR levels. The advantage of intensity-modulated
radiotherapy combined with an additional dose above 45 Gray and a low rate of acute toxicity [16,17].
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In addition, the combination of neoadjuvant chemotherapy and radiotherapy increases the pCR rate and reduces
local recurrence compared to neoadjuvant radiotherapy alone, but does not affect overall survival or disease-free
survival [18,19,20,21].

Chemotherapy

The PROSPECT trial compared neoadjuvant chemotherapy with FOLFOX and selective use of CRT with preoperative
CRT before TME for patients with rectal cancer with a good prognosis [22].. Eligibility criteria included: tumour
between 5 and 12 centimetres from the anal margin on rectoscopy, classified as T2N1, T3NO or T3N1 (by MRI, CT
scan or endoscopic ultrasound) justifying preoperative CRT, circumferential margin = 3 mm, eligible for sphincter
preservation, and managed by a surgeon accredited in TME. T4 tumours, tumours of the lower rectum and tumours
with more than 4 perirectal lymph nodes > 10 mm or lateral lymph nodes on imaging were excluded. Tumours were
considered NO if there were no perirectal lymph nodes 25 mm.

Some studies have indicated that the combination of oxaliplatin and 5FU is not superior to 5FU alone, is not well
tolerated, and is associated with increased toxicity. Another interesting therapeutic strategy for patients with
advanced rectal cancer is neoadjuvant chemotherapy followed by chemoradiotherapy. Numerous clinical trials have
reported favourable results, such as higher pCR rates, higher progression-free and disease-free survival, and
improved overall survival in enrolled patients.

PRODIGE 23 is an ongoing phase 3 trial evaluating the benefits of neoadjuvant chemotherapy with FOLFIRINOX and
preoperative chemoradiotherapy compared to preoperative chemoradiotherapy alone in patients with locally
advanced, resectable rectal cancer. The primary outcome of this trial is expected by next year.

In the phase Il trial: EXPERT-C, whose primary endpoint was complete histological response. The results of this trial
showed no difference in terms of complete histological response. The results of this trial showed no difference in
terms of complete histological response with or without cetuximab (9% vs 11%; P = 0.1), however, cetuximab
improved the radiological response rate after chemotherapy (51% vs. 71%; P = 0.038) and RT-CT (75% vs. 93%,; P =
0.028) as well as overall survival (P = 0.034) [23].

Delay between chemoradiotherapy and surgery

In 2016, a meta-analysis by Petrelli et al., involving 3,584 patients from 13 studies, revealed that a waiting period
before surgery longer than the standard 6 to 8 weeks would increase the pCR rate by 6% [24]. Another meta-analysis
conducted in 2017, involving 19,652 patients, showed that the pCR rate was significantly higher in patients who
underwent surgery after a delay of > 8 weeks compared to those who underwent surgery after a delay of < 8 weeks
(p =0.0001), without a significant increase in the rate of postoperative complications [25].

In the GRECCAR-6 trial, the results showed that waiting 11 weeks after CCRT does not increase the pCR rate after
surgical resection. A longer waiting period could be associated with higher morbidity and more difficult surgical
resection [26].

Conclusions

The evolution of rectal cancer treatment has been observed to increasingly gravitate towards conservative
approaches. Consequently, a significant body of research is currently examining various methods for intensifying
neoadjuvant therapy. The identification of predictive factors for histological response has the potential to assist
clinicians in estimating prognosis and suggesting organ preservation for patients who respond well.

The pathological features that have been identified as having a significant impact on patient outcomes after
neoadjuvant CRC treatment include post-treatment pathological stage (ypTNM). These indicators have been
demonstrated to be reliable predictors of tumour radiosensitivity and chemosensitivity. In the present study, the
complete histological response rate was found to be 21%. The location, size, and degree of differentiation of the
tumour were clinical indicators of a complete histological response, which was associated with a very favourable
prognosis.
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In this study, emphasis was placed on the significance of accurate disease staging prior to therapy by routinely
performing pelvic MRI accurately within the TNM classification. Furthermore, emphasis was placed on the
enhancement of neoadjuvant radiotherapy, the necessity of evaluating tumour response within a designated time
frame, the standardisation of pathology reports, and the implementation of a unified score for tumour regression.
Furthermore, emphasis was placed on the significance of close collaboration between radiotherapists, medical
oncologists, and surgeons at every stage of treatment, with the objective of enabling the adjustment of the
therapeutic strategy if necessary.
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